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food safety meet in Cancun, Mexico, Nov 9 through 11, 2016. 
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are related to the most contemporary topic in Food Science and Technology, with special 
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ABSTRACT 

The effect of osmotic dehydration of guava shells (Psidium guajava L.) at two temperatures (30 and 

50 oC) with or without vacuum pulses and three types of osmotic solution (glucose, sucrose and a mix 

of glucose-sucrose) was evaluated by calculating the water loss (WL), solids gain (SG) weight 

reduction (WR), WL/SG, mass transfer coefficients (Ka, Ks), color changes (E) and hardness 

changes. Guava shells were blanched and osmotically dehydrated during 2 hours at atmospheric 

pressure or with vacuum pulses (10 cm Hg for 3 min) in periods of 15 min, to subsequently being 

drain, packed and stored under refrigeration by triplicate, mean values and standard deviation were 

calculated. The results shown that the mass transfer coefficients (Ka, Ks) were higher for the trials of 

osmotic dehydration applying vacuum pulses and using glucose as osmotic solution, at a temperature 

of 30oC, because of the use of pressures below atmospheric facilitate the water outlet from the product. 

Glucose, being of lower molecular weight than sucrose, can more easily migrate into the guava tissue. 

E presented the greater variations by using sucrose-glucose as osmotic solution at a temperature of 

50 °C. WL increased with temperature and vacuum. The greater SG was obtained by using sucrose. 

The highest relationship (WL/SG) was obtained with glucose at 30oC at vacuum during the first 60 

minutes and glucose at and 50 oC at atmospheric pressure at the end of the process. The better osmotic 

conditions found were: glucose at 50 oC for colour and with any kind of solution for hardness. 

 

Keywords: guava shells, osmotic dehydration, vacuum pulses, colour changes 

 

INTRODUCTION 

Guavas have a short shelf life and their quality can be loosed easily. In addition, they are seasonal 

items. It is necessary to apply preservation technologies to extend their quality along the time. There 

is a trend to develop preservation techniques, which maintain nutritional quality and sensory 

characteristics as the fresh products, without chemical agents, like the osmotic dehydration. This 

process removes water from a product immersed in a hypertonic solution during a specific time and 

temperature. (1). Extraction is due to the driving force of the high osmotic pressure of the solution or 

due the concentration gradient between the osmotic solution and the solid to be dried. (2). The aim of 

this work was to evaluate the influence of temperature (30 and 50 oC), pressure (atmospheric and 

vacuum pulses) and type of solution (glucose, sucrose and glucose-sucrose at 50%) on weight 

reduction (WR) solids gain (SG), water loss (WL), mass transfer coefficients (Kw,Ks), WL/SG, total 

color change (E) and hardness, in the osmotic dehydration of guava shells. 
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METHODS AND MATERIALS. 

Guavas (Psidium guajava L.) with a homogenous maturity (yellow color without black spots) were 

washed, blanched and cut in two parts to remove the seeds from the centers, using just the shells. 

Three osmotic solutions were prepared (glucose 50%, sucrose 50% and glucose 25%-sucrose 25%). 

Guavas were immersed in one of those solutions by 2 h at temperatures of 30 oC or 50 oC at 

atmospheric pressure or with vacuum pulses of 10 cm Hg for 3 min, every 15 min. The osmotically 

dehydrated samples were drained, dried at 60 oC for 20 min, packed and finally stored under 

refrigeration. Weight reduction (WR) solids gain (SG) and water loss (WL) were calculated by 

equations 1,2, and 3 respectively (3).  

𝑊𝑅 =
𝑊𝑜−𝑊

𝑊𝑜
                (1) 

where: Wo = Initial weight of the sample (g), W = Weight of the dried sample (g). 

 𝑆𝐺 =
𝑊𝑡𝑆𝑡−𝑊𝑜𝑆𝑜

𝑊𝑜
          (2) 

where:  Wt = Weight of the dried sample (g), St =  solid fraction of the dried simple, Wo = Initial 

weight of the sample (g)  So = solid fraction of the initial simple. 

                                                              𝑊𝐿 = 𝑊𝑅 + 𝑆𝐺             (3) 

Mass transfer coefficients Kw and Ks were calculated respectively from the slopes of the graphs of 

WL and SG as a function of tˆ (0.5) respectively (4). (Mw /Ms) is an index of the process 

effectiveness and a quality parameter. Higher values indicate a better osmotic process (5, 6). It was 

calculated at 60 and 120 min of process. Photographs before and during the osmotic dehydration 

every 15 min were take. Through Photoshop CS6 software, L* a* b* parameters were obtained and 

colour differences were calculated by using equation 4:  (7) 

                                      E = ((L)2 + (a)2 + (b)2)0.5             (4) 

 

Hardness was evaluated with a mechanical penetrometer by applying equation 5: 

𝐷 =
𝐹 

𝐴
=

𝑀𝑎 𝑔 

𝐴
                           (5) 

 

 

RESULTS AND DISCUSSION. 

Weight reduction (WR). The use of a high temperature and vacuum pulses increases WR probably 

because the vacuum increases the contact surface solid-liquid, increasing water outlet and solids gain 

inlet. (8, 9, 10). WR was highly influenced for type of osmotic solution, temperature and pressure. 

Solids gain. With glucose, being of lower molecular weight (180.16 g/mol) than sucrose (342.29 

g/mol) there was a higher migration into the guava tissue. The highest solids gain occurred with 

glucose solution at 500C using vacuum pulses. The type of osmotic solution and pressure influenced 

solids gain.  

 

Water loss. It also was increased with glucose, at 500C with vacuum pulses. WL depends on type of 

osmotic solution and pressure employed.  

 

Mass transfer coefficients. In Table 1 the mass transfer coefficients Kw and Ks are presented. They 

are related with the mass transfer velocities associated with the osmotic diffussion mechanism.  (8) 
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The highest coefficients were obtained with glucose, 30 oC and vacuum pulses. Coefficients are 

directly influenced by pressure.  

 

Table 1 Mass transfer coefficients for guava shells during osmotic dehydration. 

Osmotic Dehydration condition Kw (minˆ0.5) Ks (minˆ0.5) 

Sucrose 30°C 0.0328 0.023 
Sucrose 50°C 0.0237 0.0133 

Sucrose 30°C vacuum pulses 0.0253 0.0131 

Sucrose 50°C vacuum pulses 0.0306 0.0201 
Sucrose-glucose 30°C 0.0166 0.0099 

Sucrose-glucose 50°C 0.0274 0.0170 
Sucrose-glucose 30°C vacuum pulses 0.0191 0.0124 

Sucrose-glucose 50°C vacuum pulses 0.0325 0.0201 

Glucose 30°C 0.0217 0.0146 
Glucose 50°C 0.0331 0.0215 

Glucose 30°C vacuum pulses 0.0262 0.0123 
Glucose  50°C vacuum pulses 0.0319 0.0194 

 

Process effectiveness. The highest effectiviness was obtained using glucose at 30 oC and vacuum 

pulses in the first 60 min and glucose at 50oC at atmospheric pressure at the end of the process. This 

suggest the possibility of a combination of conditions during the process to improve effectiveness. 

 

Color. The highest E value (25.79) was obtained with sucrose-glucose at 50 oC, in the second place 

were sucrose at 30 oC or 50 oC, the lowest values of  E were obtained with glucose at 30 oC or 50 
oC with or without vacuum pulses, these last treatments were the best to maintain the initial color of 

guava shells..  

 

Hardness. The better conditions to maintain hardness were at 50 oC with any kind of solution or 

pressure.  
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ABSTRACT 

This study aims to evaluate the effect of microwave pretreatment on lignin degradation and an 

increment in the content of hemicellulose and cellulose in Crescentia alata seeds. To carry out the 

methodology was used a response surface factorial desing 32 to evaluate the effect of the factors time 

and temperature at three levels each on three response variables on percentage of delignification and 

increasing evaluated surface area percentage of hemicellulose and cellulose to favor enzymatic attack, 

the design was evaluated in the centurión statgraphic program. For this research Crescentia alata seeds 

were used, which were washed, dried, shelled and crushed; 5 g of sample were taken for each treatment, 

in which water was added in a solid/liquid ratio 1:2, and placed in a microwave at 400 W at different 

time and temperature. Samples were transferred to 50 mL Falcon tubes which were centrifuged at 4000 

rpm for 30 min, once the phases were separated, the cake was dried in an oven at 70 °C until constant 

weight for further evaluation by FTIR. The quantitative absorption spectrometry analysis was based 

on the Bouguer Beer Lambert law. The obtained results with a 5 % significance indicate that the time 

and temperature have a positive effect on achieving up to 36 % delignification at 100 min and 70 °C, 

while was able to increase the surface area of hemicellulose and cellulose up to 14 % at 100 min and 

50 °C where time only had a positive effect. These results favor the enzymatic attack by using 

commercial hydrolytic enzymes. Microwaving has been used for the preparation of active ingredients 

because its main advantage is selective heating, this method provides an alternative as a pretreatment 

in oil seeds to extract oil using commercial hydrolytic enzymes and thus increasing oil yield.  

 

Keywords: Microwave, FTIR, Enzymes 

 

INTRODUCTION 

At present they have searched alternatives of securing of oils from not conventional seeds with 

oleaginous characteristics, this for purpose of covering the big world demand of oil that is destined 

for diverse uses, the FAO informs that every year the demand of this product is on the increase while 

the production has diminished provoking that the prices rise, however, it is important to take into 

consideration that most of the oleaginous seeds have a very different complex chemical structure and 

that's why they have chosen to use different methods of extraction of oil that guarantee the efficiency 

in yields, conventional methods prove to be inefficient like the use of the hydraulic press or that they 

contaminate with the use of solvents; alternative methods offer big advantages because there obtain 

high performances of oil and improves the quality of the final products, these methods are considered 

to be green technologies. The microwave this has been used for the organic compounds extraction 
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with the intention of diminishing the times, the solvents quantity, and of avoiding the solvents 

liberation to the environment, also there has been used like pretreatment in the extraction of oil of 

some oleaginous seeds that for the purpose of that the chemical structure of the seeds turns out to be 

modified breaking the recalcitrant structure of the lignina and increasing the superficial area of the 

cellulose and hemicelulosa, with the intention of that the pretreatment with microwave guarantees the 

efficiency of using the alternative method of extraction of oil by means of enzymatic hydrolysis, 

doing that the hydrolytic enzymes employed have major contact area with the substrata after the 

cellulose layers remain more exposed and hemicelulosa. The objective of this work was to evaluate 

the effect of the microwave like pretreatment on the chemical structure of seeds of Crescentia alata 

using the FTIR skill and to compare the oil yields obtained by means of enzymatic hydrolisis with 

the conventional method using solvent. 

 

METHODS AND MATERIALS 

Collect seeds Crescentia alata. The batch of fruit was collected at La Jaya ranch, located in Malpaso 

dam in the state of Chiapas (93 ° 17'01.8''; 17 ° 07'35.6''), seeds were extracted from the fruit, washed, 

dried, shelled and crushed, stored in amber bottles and refrigerated until the time of use. 

Oil extraction solvent. The extraction was carried out using the technique reported by the AOAC, 

1990. 

Pretreatment microwave. The microwave used in the experimental work for pretreatment of the 

ground seeds is MARS brand model CEM Corporation (manufactured in the United States of 

America). A full factorial design 32 with response surface was used. The power factor was fixed 

irradiation (400 W) (5). The effect of the factors time (40, 70 and 100 min) (5) and temperature (50, 

60 and 70 ° C) (7) were evaluated. The response variable was the percentage of lignin degradation 

and increased surface area (cellulose and hemicellulose) determined by FTIR (1) technique. 

Enzymatic hydrolysis. Best treatment conditions were taken to the enzymatic hydrolysis step for 

obtaining oil, in which a fractional factorial design 25-1 that serve to discriminate the factors 

influencing the response variable in this case is used the oil yield. The time factors evaluated were (1 

and 5 h) (7,3), enzyme concentration (1 and 3%) (5), solid: liquid ratio (1: 4 and 1: 6) (8), particle 

size (0.297 and 0.59) (2) and type of enzyme complex (Protease and Viscozyme L.) (9, 10). 

 

 

RESULTS AND DISCUSSION 
The percentage of oil obtained by solvent extraction was 36%, these results are similar to those 

reported by (4) where the same seed oil content in 100g sample was 39.7%. 

 

Results of the analysis performed by FTIR, the microwave treatment of seeds. Samples were 

pretreated by microwave were analyzed using the technique of absorption spectrophotometry using 

FTIR considering law Bouguer Beer Lambert it implies that the intensities of the bands are linearly 

proportional to the concentration of each component in a mixture or homogeneous solution therefore 

the parameter considered for quantitation was the peak height. Spectral information of cellulose, 

hemicellulose and lignin pure was developed to identify characteristic peaks of the respective 

components, distinguishable characteristic peaks in the sample were chosen to measure the respective 

peak height (1) Figure 1. 
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Figure 1 FTIR spectrum obtained in microwave pretreated sample compared to standard spectrum 

 

The results were evaluated by statistical analysis in order to determine appropriate where conditions 

takes just more delignification, equally were obtained the best conditions of time and temperature in 

increasing surface area of cellulose and hemicellulose, the following figure show the response surface 

graph for delignification (Figure 2) 

 
Figure 2 Estimated response surface 

 

Because lignin is a three-dimensional polymer with amorphous and branched chains composed of 

units phenyl-propane tridimensional polymer has -OH groups which are capable of fixing water in 

small proportions, lignin is substantially impermeable and protects the rest of the structure cell wall 

that gives rigidity is why it is important to reduce the lignin content, thus the inner layers such as 

cellulose and hemicellulose increase the surface area that favor the enzymatic attack. The results 
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obtained in the design determined that treatment with higher percentage of delignification (36.28%) 

was a time and temperature of 100 min and 70 ° C respectively, while a time of 100 min and 50 ° C 

there was an increase in the surface area of cellulose and hemicellulose of 14.85 and 14.62% 

respectively. Times and temperatures evaluated in the microwave for this work had already been 

evaluated for other seeds, however, these factors were not optimized by fiber degradation of the cell 

wall, but directly evaluating the percentage obtained oil (5,7, 8). 

 

Results of oil yields in enzymatic hydrolysis. The statistical analysis at this stage (R2 0.97) 

determined that the best treatment more results in oil percentage (69.7 ± 8.3%) compared to the 

control (28.4 ± 0.02%) is the one that took me just at 5 h with an enzyme concentration of 3% (W / 

W), a liquid solid ratio 1: 6 (W / V), a particle size of 0.59 mm using the enzyme Viscozyme L, these 

yields are similar to those reported by ( 6) for the seed Cucurbita maxima finding results of 64.7% 

oil using enzymatic hydrolysis microwave assisted with a liquid solid ratio 1: 6 and 5 h of incubation, 

while (2) evaluates different particle sizes in oil extraction Corozo seed finding good yields with an 

average size of 0.65 mm, (5) evaluating different enzyme concentrations obtaining higher 

performance with 1.82% (W / W), the effective action of the enzyme complex during the aqueous 

hydrolysis can be attributed to the degradation of the structural integrity of the cell walls of grain. 

The efficiency of the enzyme complex during the aqueous extraction process can be attributed to the 

synergistic action of multiple enzyme activities, these favor the release of seed oil due to the efficient 

degradation of cellulose, pectins and proteins thereby break the structural integrity of the cell walls 

(5). 
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ABSTRACT 

Bovine milk containing different milkfat levels was pretreated by selected thermosonication (TS) 

treatments as a means of incorporating whey proteins from a whey protein concentrate (WPC-80) that 

functional-wise serves as potential substitutes of milk fat. Bovine milk was skimmed, standardized at 

1 and 2 g fat /100 g milk, later adding 1.33% and 0.67% WPC-80, respectively. Each mixture was 

subjected to TS treatments coupling high intensity ultrasound (US) (24 KHz, 400W theoretical power) 

at selected processing temperatures (50, 55 and 60°C) and exposure times (2, 4 and 6 min) with a 

LTLT pasteurization (63°C, 30 min) according to a randomized complete design with three replicates. 

Whole milk (3 g fat /100 g milk) was LTLT pasteurized and used as a control. Physicochemical 

parameters (pH, titrable acidity, color) and functional properties (water holding capacity, WH, gel 

strength, GS) were determined. All tests were run in triplicate. Two-way ANOVA and Tukey’s 

Honestly Significant Difference test were used for multiple comparisons using a level of significance 

of 0.05. Selected reduced milkfat formulations (1%) and US treatments (50°C, 2 min) did not exhibit 

significant (p<0.05) differences in all physicochemical properties, WHC and GS when compared to 

those of control treatment. In this sense, WPC-supplemented milk treated by TS seems to be a 

promising tool for developing reduced fat dairy products. 

 

Keywords: Thermosonication, Low-fat milk, WPC) 

 

INTRODUCTION 

During the last years, the consumers increasing demand for reduced-fat food products has promoted 

the development of new products, mainly in dairy sector. In this sense, one of the strategies employed 

by dairy science to cover this demand is the use of emerging technologies and modifications in the 

formulation. In this sense, the thermosonication (TS) consist in the application of high intensity 

ultrasound (10-1000 W/cm2 <100 kHz) combined to heat treatment. This process generates changes 

in milk structure that can be used to improve some properties in dairy products, mainly functional 

properties such as water holding capacity, gel firmness and clotting time (1, 2, 3). 

 

Whey proteins have been used as a fat replacers during the last years with interesting results. In this 

sense, (4) evaluated low fat Manchego cheeses (15 g fat/ L milk), prepared with commercial fat 

replacer consisting of why protein concentrated (WPC) (10 g WPC/ L milk), employing low-fat 

cheese without addition of replacers and full fat cheese (30 g fat/L milk) as a controls. After 30-day 

ripening, the cheeses with WPC presented hardness, elasticity, cohesiveness and chewiness values 

similar to the full fat control cheese. Furthermore, Skeie et al. (2013) (5) reported the improvement 

in Norvegia (type Gouda cheese) reduced-fat texture by the addition of 15% of whey butter proteins 



 

11 
 

and 3% of microparticulated whey proteins to the cheese milk. Based on this, the aim of this work 

was to evaluate the functional properties of reduced-fat milk serum proteins incorporated by TS. 

 

 

MATERIALS AND METHODS 

Materials. Raw milk was obtained with a local producer (Chipilo, Puebla) and was storage at 4°C 

until its processing the same day. WPC-80 (76% protein, 9% carbohydrate, 10% fat) was employed 

(ARLA foods, Denmark), double intensity rennet (Cuamix, Chr. Hansen, Mexico) and calcium 

chloride food grade (Medinatural, Mexico).  

Sample preparation. Milk was skimmed at 40°C and standardized at 3, 2, and 1% fat/100 g milk. 

Subsequently, 0.67 and 1.33 g WPC/ 100 mL milk were added to the standardized milks and left half 

hour at slow stirring speed to allow the complete rehydration.  

Thermosonication treatments. For US treatments, a sonotrode ultrasound equipment was employed 

(UP 400S, Hielscher, Teltow, Germany) with a steady operation frequency of 24 kHz and theoretical 

output power of 400 W. The titanium sonotrode was submerged 3 cm in the crystal reactor (2 L). 

Milk standardized samples were subjected a TS treatments of 2, 4 and 6 minutes, with a temperature 

of 50, 55 and 60±3°C. The temperature was controlled by a water recirculation system of 7 L 

(AD07R-20, PolyScience, llinois, USA). After TS treatment, milk samples were LTST pasteurized 

(63°C 30 min) in a minipasteurizer (Minipasteurizador FJ15, Mr. Milky, Austria). Finally, milk 

temperature was reduced to 32°C using an ice-water system.  

Water holding capacity. Water holding capacity (WHC) was determined by the centrifugation 

method (6) based on the centrifugation of a milk-coagulated sample, to evaluate its capacity to hold 

water into the formed matrix. For this purpose, 30 g of TS milk at 32°C was placed in a 45 mL tube. 

After, a 1:10 rennet Cuamix (Chr Hansen Mexico) solution was prepared and 33 μL was added to 

each sample. The samples were maintain a 32°C for 45 minutes. Later, the coagulated sample was 

centrifuged at 4500 rpm for 40 min at 10°C in a chilled centrifuge 320R (Massachussets, USA). The 

whey expelled (mL) and the weight curd at the bottom of the tube. Water holding capacity was 

calculated based on Eq. 1  

𝑊𝐻𝐶 = (
𝑀×𝑚0

100
− 𝐸) (

100

𝑀−𝐸
) (Eq. 1) 

Where, M = sample weight before centrifuge; E= mass exude; m0= initial water content percentage 

in the curd (wet basis). The results are expressed in g of water contend in 100 g of curd. The initial 

water content percentage in the curd was considered as the water content in the fresh milk.  

Gel firmness. The gel firmness (GF) of the treated samples was evaluated employing the method 

proposed by (7). For this analysis, 280 mL sonicated milk were used and 28 μL of a solution of 

calcium chloride (6.6 M) were added. The mixture was pasteurized at 32°C for 30 minutes, and the 

mixture was cooled at 32°C. Later, the pH was adjusted at 6.15 (with HCl 0.1 N) and 308 μL of a 

Cuamix (Chr Hansen Mexico) rennet solution (1:10) was added. The solution was perfectly mixed 

and divided into bottles of 70 g, which remained at 32°C 45 minutes. After this time, the samples 

were placed in an ice-bath for 5 minutes and then the firmness (force applied in a period of time) was 

measured. The firmness was evaluated in a TA-XT Plus texturometer (Stable Microsystems, UK), 

with a load cell of 30 kg. For the measurements, a circular probe (1-inch diameter) was employed, 

with a penetration distance and speed of 10 mm and 1 mm/s, respectively. The firmness was expressed 

as g force.   
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Color. Color evaluations were carried out in a Hunter Lab colorimeter Colorflex (Hunterlab, USA), 

using the parameters of the CIELAB scale L*, a and b. To calibrate the instrument, a black and white 

tiles were used. Net color change (ΔE*) was evaluated using Ec. 2 and comparing the treatments to 

pasteurized milk.  

ΔE∗ = √ΔL∗2 + Δa∗2 + Δb∗2 (Eq. 2) 

pH. pH was determined in milk mixtures, using a Denver Instruments potenciometer UB-10 (Denver 

Instruments, USA). The evaluation was carried out submerging the electrode on each milk sample, 

until the lecture was stable.  

Experimental design. Results were analyzed by ANOVA, using the software Minitab 16 (Minitab 

Inc., USA). The data were presented as mean ± standard deviation. The Tukey or Dunnett tests were 

used to compare sample data. Evaluations were based on a significance level of P <0.05. Two 

replicates of each experiment were carried out. Besides, a regression analysis was performed for water 

holding capacity and firmness parameters. 

 

 

RESULTS AND DISCUSSION 

Water Holding Capacity. Table 1 presented the values of WHC of the WPC-milks mixtures. In all 

cases, the WHC was increased compared to the value observed in the control (whole milk, pasteurized 

LTLT). The WHC increased may be due to the polar nature of fat replacers, which make that the 

protein-matrix can be exposed and retained a higher amount of water, improving also the texture and 

the yiend in low and reduce-fat cheeses (10). Further, it has been suggested that water can be attached 

directly to the fat replacers and these can interfere with the casein matrix contraction, which is related 

to the curd’s water expelling phenomenon (11, 12, 13, 14). 

 

Table 1. TS effects on WHC in WPC-milk mixtures 

US time 

(min) 
°C 

% Fat 

1 2 

2 50 46.46±3.64AB 58.45±2.53BC 

55 57.66±5.13BC 58.07±1.49C 

60 51.78±3.60ABC 59.40±2.88C 

4 50 56.79±0.58BC 57.70±3.29BC 

55 55.33±0.69BC 61.67±0.01D 

60 54.06±1.69BC 62.65±4.52D 

6 50 55.31±2.19BC 54.39±0.74BC 

55 59.04±1.92C 65.32±2.55D 

60 56.53±5.02BC 67.25±1.45D 

1. Data is presented as water g / 100 g curd  ± SD . The results are means ± SD (n = 2 

independent experiments). 
2. Superscript with upper letters indicates similarity to the WHC observed in the 

control sample according to Dunnett test (P<0.05) (A) =Similarity to LTLT milk 3% 

fat = 44.93±1.02; (B) = Similarity to a LTLT milk 2% fat = 52.87±2.31; (C) = 

Similarity to a LTLT milk 1% fat = 55.24±2.57; (D) = Superior to Control 1% fat 
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On the other hand, the US process was able to denature the whey proteins exposing their hydrophilic 

places, which is results in higher amounts of water retained in the network (15). Furthermore, the 

cavitation and mechanical effects breakdown the fat membrane globule, making possible that caseins 

and other proteins can be integrated to the membrane in the sites that have been exposed, improving 

the interaction among fat globules and the casein network (16, 17, 18).  

 

Gel Firmness. The values of the GF are presented in Table 2. In this case, the majority of the TS 

treatments exhibited a similar GF values than the value observed in the full fat milk (3 g fat/100 g 

milk= 36.08±2.51). Although, there is an increase in the GF in the US treatments at 6 minutes with 

1% fat. In this sense (19) studied the changes in gelling properties induce by TS in WPC systems. 

The authors concluded that the gels formed by heat and US (20 kHz) showed higher GF values and 

less syneresis, compared to the non TS gels.  

 

pH. In all TS samples, a reduction of pH value was observed after treatment. The pH reduction may 

be due to enzymatic actions promoted by the cavitation that hydrolyses ester bounds (19). In this 

sense, (20) observed minor changes in milk pH as a function of the sonication time, that can be related 

to the formation of small amounts of nitric acid (21), as a result of the reactions among nitrogen and 

oxygen inside of the burbles generated by cavitation.  

 

Tabla 2. Firmness Gel in coagulated WPC-milk mixtures (gf) 

US time 

(min) 
°C 

% Fat 

1 2 

2 

50 39.23±1.73AB 33.48±2.12A 

55 35.58±0.81A 34.11±3.84A 

60 33.05±0.87A 39.38±2.51ABC 

4 

50 38.42±0.26AB 35.98±2.57AB 

55 35.20±0.35A 38.83±0.39AB 

60 34.92±1.77A 38.20±0.57AB 

6 

50 41.27±3.30ABC 37.03±1.38AB 

55 40.58±1.03BC 33.78±1.45A 

60 38.78±3.50AB 34.00±1.98A 
1 Values are means ± SD (n = 2 independent experiments). 
2 Superscript with upper letters indicates similarity to the WHC observed in the control 

sample according to Dunnett test (P<0.05) (A) =Similarity to LTLT milk 3% fat = 

36.08±2.51; (B) 2% fat 40.18±3.25; (C) 1% Fat. 47.05±3.00. 

 

Color. The net color changes in the WPC-milk mixtures are presented in Table 3. The ∆E value 

indicates how far the TS samples were regarding a full fat milk (3 g fat/100 g milk). In this sense, the 

samples with 2 g fat/100 g milk and TS treatment presented the higher change in color, especially the 

samples with US treatment of 4 minutes. Nevertheless even though significant differences existed in 

the instrumental evaluation of the samples, no visual differences were perceived among the treated 

samples. 
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Table 3. Net color change in WPC-milk mixtures after TS treatments 

time US 

(min) 
°C 

% Fat 

1 2 

2 

50 1.90±0.01ABa 2.43±0.34Bb 

55 1.02±0.23Ca 2.91±0.15ABb 

60 1.51±0.15BCa 1.32±0.13Ca 

4 

50 1.35±0.25BCa 3.63±0.47Ab 

55 1.04±0.22Ca 3.06±0.06ABb 

60 1.19±0.04BCa 3.26±0.05ABb 

6 

50 0.96±0.14Ca 2.60±0.12Bb 

55 0.86±0.03Ca 2.86±0.30ABb 

60 1.02±0.00Ca 3.30±0.27ABb 

1.Data are means ± SD (n = 2 independent experiments). 

Different upper letters in the same column represents significant difference (P<0.05). 

Different lower letters in the same row represents significant difference (P<0.05). 

 

 

CONCLUSION 

Thermosonication applied in conjunction with small amounts of WPC in milk, resulted in important 

increases in water holding capacity, maintaining gel firmness, pH and color values similar to the 

values observed in a 3% fat milk. Further, this results are promising for the use of TS in different 

dairy products to reduce fat consumption, without compromising any technological property related 

to fat in the product.  
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ABSTRACT 

Essential oils are lipid-based aromatic substances found in virtually all plants. In the case of the 

Moringa oleifera, it has been reported that the oil content in its seed is 35% v/w. Antioxidant activity 

has been attributed to the Moringa oleifera seed oil; in this seed this property is directly attributed to 

the polyphenols, mainly gallic acid, quercetin and kaempferol; Also, there are reports on the 

antimicrobial activity against bacteria (Pasteurella multocida, Escherichia coli, Bacillus subtilis and 

Staphlocuccus aureus), fungi (Fusarium solani solani) and Rhizopus strains. The methods for 

obtaining essential oils determine their potential uses. The type of solvent used can contaminate or 

limit the ways in which oils are used depending on the solvent’s toxicity and the process used for its 

disposal. In this paper two methods for extracting oil from seeds of Moringa oleifera were tested: 

soxhlet and ultrasound using ethanol as a solvent. In the ultrasound method, ethanol was evaporated 

using a rotary evaporator. In total, 16 oil extractions were performed, 8 for each method. Yield was 

quantified according to the following formula Y = (V / M) * 100 where Y: yield (%), V: volume of 

essential oil (ml) and M: mass of the plant material (g). Data was statistically analyzed finding 

significant difference (P <0.01) between the two extraction methods having a 3.4% (b) yield from 

ultrasound and 12.9% (a) for soxhlet. 

 

Keywords: Moringa oleifera, seed oil, extraction methods. 

 

INTRODUCTION 

Essential oils are lipid-based aromatic substances found in virtually all plants. In the case of the 

Moringa oleifera, it has been reported the oil content in its seed is 35%. Charoensin (1) attributes 

antioxidant activity to the Moringa oleifera seed oil; in this seed this property is directly attributed to 

the polyphenols, mainly gallic acid, quercetin and kaempferol; Jabeen et al., (2) note antimicrobial 

activity against bacteria (Pasteurella multocida, Escherichia coli, Bacillus subtilis and Staphlocuccus 

aureus), fungi (Fusarium solanisolani) and Rhizopus strains (2). 

 

The methods for obtaining essential oils determine their potential use. The type of solvent used, its 

toxicity and the process used for its disposal can contaminate or limit the ways in which oils are used 

in the pharmaceutical, cosmetic and food industries (3). The extraction method using Soxhlet 

equipment is used for the extraction of organic compounds in solid matrices, the material is in 

continuous contact with the solvent, however; this method involves larger volumes and longer times 

compared to other techniques. (4). With regard to the extraction using ultrasound, its applicationis 

focused on the dye, food and pharmaceutical industry where it is used to extract bioactive compounds. 

This method involves using high frequency sound waves to extract the compound of interest from the 
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plant material and its first commercial application took place in 1917. (5) The present work was 

performed in order to evaluate the oil yield from Moringa oleifera seeds using two methods: soxhlet 

extraction and ultrasound using ethanol as a solvent. 

 

 

METHODS AND MATERIALS. 

This research was conducted in the laboratory of Microbial Biotechnology of the Faculty of 

Agriculture of the Universidad Autónoma de Nuevo León (FAUANL) located on the Agricultural 

Sciences Campus in Escobedo, Nuevo León. The vegetative material used for the extractions was 

donated by the Protected Agriculture Research Center of the FAUANL, and consisted of Moringa 

oleifera seeds. Collection of pods was done manually, subsequently the seeds were removed and 

cleaned by removing their covers; the initial weight was registered, seeds were placed on a drying 

tray in an oven at 50 °C for a 24-hour period. The procedures used for the oil extraction fromthe 

Moringa oleifera Lam. seeds were a) Soxhlet equipment extraction and b) ultrasound extraction. 

Soxhlet extraction.-For extracting the Moringa oleifera seed oil, methanol was used as organic 

solvent and a Soxhlet equipment was used as stated by Balcinde et al., (6). First, 10 g of seed were 

ground in a mortar and then put into a cellulose thimble. Subsequently, 250 ml of ethanol were poured 

into a ball flask, which was incorporated to the Soxhlet equipment for the solvent recirculation process 

to take place using heat provided by a heating plate that increased the solvent’s temperature up to its 

boiling point (78ºC).(Figure 1.-a) 

   

 

  a)          b)   c)   d) 

Figure1.-Soxhlet extraction equipmenta, Rotoevaporatorb, Eppendorf tube c, ultrasound bath d 

 

The extraction was performed during a period of two hours. A rotary evaporator (Fig. 1-b) was used 

for solvent evaporation; the sample was placed into a flask which was in contact with water at a 

temperature of 78 °C and 30 rpm, the vacuum pump was turned on and left for the process to take 

place for an hour. The oil was recovered using a pipette and then poured into an Eppendorf tube, 

weight and volume of the product were measured (Fig. 1-c).  

Ultrasound extraction. Samples of 60 g of previously dried and ground Moringa oleifera Lam seeds 

were placed into an Erlenmeyer flask with 250 ml of ethanol (6) and immersed in an ultrasonic bath 

(AQUASONIC Model 50 D, Fig. 1-d). During two hours, 35 khz were applied at a temperature of 28 

°C. Subsequently, the sample was filtered using a Whatman # 1 paper. Oil recovery was done using 

a rotary evaporator using vacuum (Fig. 1-b); the sample was then placed into a flask which was in 

contact with water at a temperature of 78 °C and 30 rpm, the vacuum pump was turned on and left 
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for the process to take place for an hour. The oil was recovered using a pipette and then poured into 

an Eppendorf tube, weight and volume of the product were measured (Fig. 1-c).  

Yield quantification. A total of 8 extractions for each method (Soxhlet and ultrasound) were 

performed. The percent yield was determined on a dry basis by the expression: 

 

P= M1  x100 

     M2 

 

Where; M1= final mass of essential oil (g) 

M2: initial mass of ground seeds 

100 = mathematical factor 

(7,8). 

Statistical analysis. A variance analysis was performed in only one direction since only one factor 

was analyzed having 2 treatments (Soxhlet and ultrasound) and 8 repetitions for each one (16 

observations) (9). 

 

 

RESULTS AND DISCUSSION 

The percent yield for each method are shown in Tables 1 and 2. It can be seen the ultrasound bath 

had a low yield (average 2.73%) despite having used six times more ground seed volume tan in the 

Soxhlet method (10 g) (average yield 12.04%). Analysis of variance results are shown in Table 3, 

where it can be seen the difference between both oil extraction methods is highly significative (P < 

0.001). 

 

Table 1.-Oil yield from Moringa oleífera Lam. seeds using Soxhlet method. 

Sample Sample 

weight g 

Initial ethanol 

volume ml 

Oil yield 

 ml 

Oil yield weight 

 g 

Percent yield 

#1 10.14 250 1.2 1.12 11.04 

#2 10.06 250 1.2 1.12 11.13 

#3 10.09 250 1.2 1.12 11.10 

#4 10.07 250 1.2 1.12 11.12 

#5 10.03 250 1.5 1.4 13.95 

#6 10.01 250 1.1 0.99 9.89 

#7 10.03 250 1.5 1.43 14.25 

#8 10.06 250 1.5 1.39 13.81 

Average 
    

12.04 

 

Research by Gomez (8), show a greater percentage of oil yield from Moringa seeds (Moringa oleifera 

Lam.) using a solid-liquid technique with water as solvent in reflux extraction (46,25%); on the other 

hand, by using hexane and methanol in Soxhlet extraction a greater yield was obtained with methanol 

(22,10%) than with hexane (27,15%). This behavior was attributed to the dielectric constant of the 

solvent, since hexane is anapolar solvent with dielectric constant of 1.89, methanol isa polar solvent 

with a dielectric constant of 33.6 and water is a polar solventwith a dielectric constant of 78.3. 
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Table 2.- Oil yield from Moringa oleífera Lam. seeds using ultrasound method. 

Sample Sample 

weight g 

Initial ethanol 

volume ml 

Oil yield ml Oil yield weight  

g 

Percent 

yield 

#1 60 250 2.2 2.03 3.38 

#2 60.05 250 1.9 1.01 1.68 

#3 60.11 250 1.9 1.01 1.68 

#4 60.41 250 1.9 1.01 1.67 

#5 60.03 250 2.1 2.02 3.36 

#6 60.05 250 2.2 2.03 3.38 

#7 60.04 250 2.1 2.02 3.36 

#8 60.04 250 2.2 2.03 3.38 

Average 
    

2.73 

 

Table 3.-Variance analysis for the variable “percent yield” of oil from Moringa oleífera Lam. Seeds through 

2 methods: Soxhlet and ultrasound. 

FV GL SC CM F P>F 

TREATMENTS 1 345.96 345.96 191.93 0.000 

ERROR 14 25.23 1.80   

TOTAL 15 371.19    

 

In our case, only ethanol (isoelectric point 33.6) was used, however, an important factor for the 

extraction is the boiling points of the solvents (8), so there was a greater temperature gradient in the 

Soxhlet extraction (78 °C) than in the ultrasound extraction (26 °C).This can justify the higher yield 

obtained with ethanol (average yield of 12.04%). 

 

Finally the highlight of the extractions are the compounds that constitute them. Gomez (8), found that 

secondary metabolites that are revealed during the extraction using hexane contained primarily esters. 

Extractions with methanol contained phthalic esters and some fatty acids such as palmitic acid, oleic 

acid and 3-nitrophthalic, and other components such as 5-hydroxymethyl-2-furancarbaldehyde and 

4-hydroxibenzene-acetonitrile, the latter one also found in the aqueous extract. The most important 

of those found in the methanol extract was oleic acid. This is a monounsaturated fatty acid of the 

omega 9 series. The aqueous extracts showed few secondary metabolites, mostly esters and others 

that were not identified. 

 

In the present work oil extractions at laboratory level were performed achieving higher recoveries of 

Moringa seed (Moringa oleifera Lam.) oil through a solid-liquid technique, using 10 g of dried, 

ground seeds and 250 ml of ethanol by Soxhlet extraction (78 °C) (12.04% yield average). It is 

recommended to try other methods of extraction, complemented with chemical analysis of its 

components. 
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ABSTRACT 

The aim this study was to evaluate the effect of blanching pre-treatment with tocopherol nanocapsules 

and the freeze-thaw process during the storage of bell pepper at -28 °C and 4 °C on the quality 

parameter and shelf life. To carry out the study, red bell pepper was selected without mechanical 

damage, fungi and pitting. Peppers were washed, disinfected and cut into pieces of 2 x 2 x 0.7 cm, 

which were blanching by dipping in colloidal dispersions with α tocopherol (200 mg / kg) at 50 ° C/5 

min and quickly cooled by immersion in water at 4 °C/2 min, then drain and were packaged in 

polyethylene bags with 100 g of product. Samples were frozen at -28 ° C, and stored frozen at -18 ° C 

during 7, 14, 18 and 25 days, later the samples were thawed and stored at 4 ° C during 2, 5 and 7 days. 

The changes in physicochemical parameters and enzymatic behavior were monitored. The bell pepper 

treated with nanocapsules showed better characteristics in firmness with initial values of 4.06 N and 

2.5 N at the end of storage time, while emulsion had 2 N and control with the largest loss of firmness 

with 1.5 N. The α-tocopherol incorporate in colloidal systems had a greater influence in the 

maintenance of red color in bell pepper. On the other hand, the pH, acidity titratable remained 

unchanged in samples with tocopherol inside ranges of the NOM. Furthermore, the loss of ascorbic 

acid was minimum for samples with tocopherol of 115 mg/100 g initial to 110 mg/100g. The α-

tocopherol showed better control of peroxidase activity with values of 5 to 10 U/g respect to control 

with 35 U/g. The treatment with nanocapsules of α-tocopherol is an alternative that preserved the 

quality attributes of bell pepper during freezing-thawing-refrigerated storage prolonging the shelf life. 

 

Keywords: α-tocopherol, bell pepper, frozen, thawing, refrigerated 

 

 

INTRODUCTION 

Recently, there a tendency to the technological innovation for the preservation of quality parameter 

of fruits and vegetables, with the goal of increase the shelf life of fresh refrigerate products. In 

addition, the increased consumption of these products is due to the health benefits, the bell pepper 

like many other vegetables contain bioactive compounds that prevent disease, which is attributed by 

the antioxidant capacity of its substances (1,2). 

 

There is currently surge interest in the combined technology of freeze-thawing process, which find 

increasing application in the food industry for logistical reasons as markets have access and allows 
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bulk production of product frozen, thaw and throw the market mean little transformation and present 

in refrigerated form (3). 

 

The aim this study was to evaluate the effect of blanching pre-treatment with tocopherol nanocapsules 

and the freeze-thaw process during the storage of bell pepper at -28 °C and 4 °C on the quality 

parameter and shelf life.  

 

MATERIALS AND METHODS 

A batch of 20 kg of red bell pepper was selected without mechanical damage, fungi and pitting. This 

was cooling at 4 °C and storage at use. The vegetables were washed, disinfected and cut into pieces 

of 2 x 2 x 0.7 cm previously to blanching. 

Emulsion and nanocapsules preparation. The nanocapsules of α-tocopherol were prepared by 

emulsification-diffusion method according the methodology proposed by Zambrano-Zaragoza et al., 

(2011) (4), the particle size mean was of 250 nm with monomial distribution PDI < 0.3 and zeta 

potential of -30 mV. The NE was prepared with 2 g/L of α-tocopherol and polyvinyl alcohol as 

stabilizer (0.8 g/L). Blanching red bell pepper. The cubes of product were blanching by dipping in 

colloidal dispersions with α tocopherol (200 mg / kg) at 50 ° C/5 min and quickly cooled by 

immersion in water at 4 ° C/2 min, then drain and packaged in polyethylene bags with 100 g of 

product. 

Freezing red bell pepper. Samples blanching of red bell pepper were frozen at -28 ° C and stabilized 

by 24 h, subsequently were transfer to frozen stored at -18 ° C during 7, 14, 18 and 25 days, later the 

samples were thawed and stored at 4 ° C during 2, 5 and 7 days. 

Physicochemical changes. After thawed red bell pepper, were determined the loss weight 

measurement the drain liquid, pH and acidity tititrable according AOAC methods (5). 

Ascorbic acid. Ascorbic acid was determined according to the method of Ranggana (6), briefly, 10 

g of red bell pepper was homogenized with 100 mL of 3 % HPO3, filtered and centrifuged at 6,000 

x g, supernatant was titrated with 2,6-dicholorophenol indophenol dye (containing 2.49 mM 

NaHCO3) until pink color persisted for 15 s. Standardization of  2,6-dicholorophenol indophenol dye 

was determined prior to analysis by titrating 1 g l−1 ascorbic acid (dissolved in 3 % HCl) against the 

prepared DCPIP dye to obtain the dye factor. Ascorbic acid content was calculated using the 

following equation and expressed in mg of ascorbic acid/100 g of sample. 

 

𝐴𝑠𝑐𝑜𝑟𝑏𝑖𝑐 𝑎𝑐𝑖𝑑 =  
𝑑𝑦𝑒 𝑓𝑎𝑐𝑡𝑜𝑟 𝑥 𝑡𝑖𝑡𝑟𝑒 𝑣𝑎𝑙𝑢𝑒 (𝑚𝐿) 𝑥 𝑠𝑎𝑚𝑝𝑙𝑒 𝑣𝑜𝑙𝑢𝑚𝑒 (𝑚𝐿) 𝑥 100

𝑠𝑎𝑚𝑝𝑙𝑒 𝑤𝑒𝑖𝑔ℎ𝑡 (𝑔) 𝑥 𝑎𝑙𝑖𝑞𝑢𝑜𝑡 𝑜𝑓 𝑠𝑎𝑚𝑝𝑙𝑒 𝑢𝑠𝑒𝑑 (𝑚𝐿)
 

 

Firmness changes. Firmness of red bell pepper cubes was measured at 7, 14, 18 and 25 days after 

thawing and at 2, 5 and 7 day after thawing and stored at 4 °C. 3 pieces from each treatment batch 

were evaluated using a Brookfield CT3 with a load cell of 245 N equipped with a fixed, 2 mm punch 

thickness. The samples were puncture 3 mm of thickness at 2 mm/s to measure the maximum force 

(Highest N values) (2). 

Peroxidase activity (POD). The crude enzyme extract was prepared with 2 g of red bell pepper 

homogenized with 20 mL of sodium phosphate buffer (pH 6.4) with 0.2 g of polyvinyl 

polypyrrolidone. The homogenized was centrifuged at 12,000 x g for 30 min at 4 °C, the supernatant 

was used for determining the POD activity. POD activity was determined with a crude extract (0.1 
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mL) was mixed with 2 mL de guiacol (8 mM) in 100 mM sodium phosphate buffer pH 6.4) and 

incubated for 30 min at 30 °C. Then, 1 mL of hydrogen peroide (24 mM) was added. The peroxidase 

actiiy was determined by measuring the conversion of guiacol to tetraguaiacol and meaduring the 

absorbance at 460 nm using a spectrophotometer Genesys 10S. 

 

 

RESULTS AND DISCUSSION 

Physicochemical changes. The pH obtained by red bell pepper frozen-thawed, was between 4.5 to 

4.9, which means minimal variations, indicative of few changes in the product, the pH of red bell 

pepper unfrozen was 4.88, value also reported by other authors (7,8), so the time stored frozen no 

influence on the pH change. The titratable acidity expressed as % of citric acid by red bell pepper 

unfrozen was 0.24 %, values reported by this product (9), showed the freezing storage and the thawing 

influences increasing acidity, however, these variations were minimal reaching values of 0.38 %. In 

Figure 1, changes in weight loss due to frozen storage are reported, observed that the blanched 

samples with nanocapsules of α-tocopherol were those with less weight loss compared to the control 

samples.  

 

Ascorbic acid. Fresh red bell pepper unfrozen had an ascorbic acid content of 145 mg/100 g de 

product, values according of reported (7,8). In the Figure 2 shows the variation on ascorbic acid 

content in function of blanching immersion dispersion for red bell pepper, observing that the control 

samples had a greater decrease in the ascorbic acid with a reduction from 26 % during the storage 

time frozen, being greater the reduction at 18 and 25 days, shown that the leas loss of ascorbic acid 

was for pre-treated with nanocapsules of α-tocopherol, attributed this comportment to the antioxidant 

potential of tocopherol since ascorbic acid is labile and sensitive to oxygen (10). Since, ascorbic acid 

is an indicator of quality changes in vegetables, so it is indicative of characteristics and sensitivity of 

conditions process, if this component not is degraded then other components will breakdown (11). So 

that in this study the use of nanocapsules of α-tocopherol (200 mg/kg of product) during the blanching 

by dip was effective to prevent degradation of ascorbic acid. 

 

 
Figure 1. Weight loss in red bell pepper after to the frozen storage period. C = Control, NCS = nanocapsules 

of α-tocopherol and NE = nanoemulsion of α-tocopherol. 
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Figure 2. Effect of blanching treatment on the ascorbic acid during the frozen storage of red bell pepper. C = 

Control, NCS = nanocapsules of α-tocopherol, NE = nanoemulsion of α-tocopherol. 

 

Firmness Changes. Figure 3 shows changes in firmness on red bell pepper frozen and stored at -

18°C by 0, 7, 14,18 and 25 days and thawed previously of analysis. The freezing affects the texture 

damaging the cell walls, caused by mechanical stress in the tissue, due to the changes in volume by 

the ice water formation, the spatial distribution and size of the ice crystals.  These mechanisms 

deteriorate the product, mainly influencing the texture and structure of the tissue, which together 

maintaining the nutritional value of the product, this reason is necessary to search forms to maintain 

the best quality of processed vegetables (12, 13). In this study the immersion in colloidal dispersion 

during the blanching process with nanocpasules of α-tocopherol helped keep the firmness whit a 

decrease of 21 % of firmness respect to fresh product, without difference statistically significant 

storage time, showing that emulsions also promote the preservation of texture compared to red bell 

pepper without any treatment (control samples). 

 

 
Figure 3. Effect of blanching treatment with colloidal systems of α-tocopherol, C = control, NCS = 

nanocapsules, NE = nanoemulsion 

 

Peroxidase activity (POD). Figure 4 shows the activity of POD for red bell pepper as function of 

freezing storage, noting that the samples treated with nanoemulsion and nanocapsules, had less 

activity of POD during time frozen-thawed and refrigerated storage. Many changes in the quality of 

bell pepper during storage are due to the reactions catalyzed by enzymes included the POD, the 

participation of this enzyme is a indictor of damage by the arrangement of electron-accepting 
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compounds such as superoxide radicals, hydrogen peroxide and lipid peroxides (8). In the presence 

of POD produce free radicals that react with a wide range of organic compounds such as ascorbic 

acid carotenoids and fatty acids, leading to losses in color, flavor and nutritional value (13,14). 

 

 
Figure 4. Peroxidase activity during frozen storage and thawed-refrigeration of red bell pepper. C = control; 

NCS = nanocapsules of α-tocopherol and NE = nanoemulsion of α-tocopherol. 

 

 

CONCLUSIONS 

The application of nanocapsules of α-tocopherol during blanching by immersion at 200 mg/L 

promoted the conservation of the quality parameters on red bell pepper, the nanocapsules lower the 

peroxidase activity of enzymes, better maintenance of firmness some significant differences 

according to the days of frozen storage. 
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ABSTRACT 

The hydro conservation of fresh-cut fruit is an alternative that helps to maintain the quality attributes 

and increase the shelf life. The objective this work was evaluate the effect of use an immersion liquid 

based on cactus mucilage, inulin or mucilage/inulin, in the preservation of physicochemical, color and 

textural properties of fresh cut pineapple MD2 (Ananas comosus var comosus) at 8 °C for 28 days. 

Pineapples were selected based on maturity stage (mature 1/2), free of mechanical damage and 

microbial growth. The effect of composition of liquid (0.2 % mucilage, 2 % inulin and mixture of 

these, 0.2 % mucilage and 1.8 % inulin) were studied and compared with control samples without 

treatment. The results showed that the immersion in liquid of fresh-cut pineapple contribute to maintain 

the luminosity with values 71 to 68 without having a significant difference between treatments, with 

slight discoloration during storage time of 97 to 80 °hue, emphasizing that the control showed the 

highest values decrease from 95 to 62. For weight loss for the different treatments was approximately 

of 5 % compared with the control showed a weight loss of 8 % respect the initial conditions. Minimal 

changes were observed in pH and titratable acidity for all treatments. The firmness in the treatments 

had mucilage and the mixture mucilage-inulin was retarded a greater extent compared with the control 

treatment or inulin, having values of 3.5 to 1.2 N. In general, the treatment that presented the best 

results for all parameters evaluated was the mixture of mucilage-inulin. 

 

Keywords: inulin, hydro-conservation, pineapple, fresh-cut 

 

 

INTRODUCTION 

The rhythm of life of the modern societies has changed the food consumption patterns and due to the 

increase in the incidence of cardiovascular diseases and diabetes, there has been a considerable 

growth in the development of food ready for its consumption, between which the cut fresh products 

prevail. The pineapple is one of the most popular fruits in the world standing out its excellent quality 

and sensory characteristics (3). Fresh cut products, including the pineapple, are commercialized in 

supermarkets and food distribution networks, despite this, few studies are published with regard to 

the ideal conditions to maintain the quality of these fruits (7). Dipping the fruits in a liquid with water 

and other ingredients, it is a useful conservation alternative for fresh cut products. The formulation 

of this liquid is related to the characteristics of every fruit; it can be water, juice of fruit pulp with or 

without the addition of color and flavor, as sugar or sweeteners, syrup, salt, acid, lemon or oils (5). 

An interest in the use of nature hydrocolloids with functional properties that improves the existing 
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conservation alternatives has increased lately, examples of this hydrocolloids are nopal mucilage and 

inulin. The mucilage is a hydrocolloid rich in fiber with excellent perspectives as additive in the food 

and chemical industries (9). Inulin is not a digestible carbohydrate present in many vegetables, fruits 

and cereals, it is commonly added to functional foods due for its benefits to the health, like prebiotic 

and low caloric value (6). The objective of this work was to evaluate the effectiveness of an immersion 

liquid added with lime oil charged nanocapsules and inulin or mucilage on the shelf life of fresh cut 

pineapple.  

 

METHODOLOGY 

Biological Material. A batch of 20 kg of pineapples variety MD2 (Pineapple Comosus var. comosus) 

were selected without mechanical damage, fungi and pitting with an approximate weight of 1.5 kg in 

physiological ripeness. Pineapples were washed and disinfected by immersion in colloidal silver (10 

mL/L) for 10 min; the rind and the heart were eliminated, the pulp was cut in rectangular prisms with 

dimensions of 1.5 cm breadth, length of 2 cm and depth of 1 cm and then they were dipped into CaCl2 

(10 g/L) for 5 min to improve the rigidity to the pineapple (2).  

Hydro-dispersions preparation. Three different dispersions were prepared to be employed as 

liquid of hydro-conservation, one of them was prepared with mucilage (10 g/L), the second one 

with inulin (10 g/L) and the third one was a mixture of both hydrocolloids; 50 g/L of sugar and 1 

g/L of citric acid were used in all cases.  

Fresh-fruit preparation. The fruit and liquid were placed into polystyrene crystal containers, 70 mL 

of liquid and 80 g of fruit were introduced to every container, all batches were stored at 8°C for 4 

weeks.  

Physicochemical changes. The weight loss, total soluble solids, pH and the titratable acidity 

expressed as citric acid were determined by A.O.A.C. methods. 

Color. Color change was evaluated by image analysis in accordance to the method proposed by 

Briones and Aguilera (2005) (5), the parameters obtained L *, a* and b* were used to determine hue 

angle (°h) and chroma (*C) with the following equations. 

°h = arctg (
b∗

a∗)    (i)  C∗ = √a∗2 + b∗2   

Firmness. The firmness was evaluated using a Brookfield CT3 Texture Analyzer with a load cell of 

245 N equipped with a fixed 2 mm punch thickness. The samples were puncture 3 mm of thickness 

at 2 mm/s to measure the maximum force. 

Statistical Analysis. ANOVA of two factors was used to compare the treatments with the statistical 

software (Minitab 16, USA) to establish the effect of the hydro-conservation liquid composition in 

the properties of pineapple. A Tukey test was performed to set the differences between treatments 

(α= 0.05). 

 

RESULTS AND DISCUSSION 

Physicochemical changes. The soluble solid content obtained was in a range of 8.1 - 9.2, pH 3.6 - 

3.8 and acidity titratable between 0.12 – 0.20 %. For all the cases, the changes in these parameters 

are attributed to the osmotic dehydration that occurs during storage; few soluble solids were added to 

the formulation and the polysaccharide act as a barrier to the diffusion, anyway a balance must exist 

between the pineapple and the liquid of hydro-conservation. Acidity and pH values maintained in a 

suitable interval, this demonstrates that microorganism proliferation do not occur. 
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Figure 1 shows weight loss for the different treatments, the pineapples control showed a weight loss 

of 8% compared to the initial condition. Pineapples immersed in the liquid gradually lost weight 

during the first 7 days, later remain without changes, this behavior can be attributed to the pineapple 

water absorption from the liquid of hydro-conservation. 

 

Color changes. The Figure 2 shows the changes in luminosity L* for fresh-cut pineapple, this range 

from 71 to 69 and °Hue angle from 97 to 80 units. The slight decrease in luminosity was attributed to 

the transparence that develop the product during the storage at 4 °C. The yellow color characteristic 

of pineapple decreased due to the water diffusion because the solutes across the cellular membranes 

of tissue decrease the sugar content and water soluble pigments. 

 
Figure 1. Weight loss (%) in fresh cut pineapple stored at 8 °C for 4 weeks. 

 

 
Figure 2. Luminosity of fresh cut pineapple stored at 8 °C for 4 weeks. 

 

Firmness. The Figure 3 shows the changes in texture expressed as firmness. The firmness decreased 

from 3.5 to 1.2 N. The samples treated with mucilage presented the better behavior with the lower 

decrease in firmness, this can be explained due to the composition of the mucilage, it contains a 

considerable amount of glucuronic acid, which is associated to the presence of calcium ions that 
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enhances the polymer links in the product surface (Aguilar, 2007), this acid interacted with the 

pectinmethyl esterase and polygalacturonase enzymes presented in the cellular wall allowing the 

formation of bonds between the cells that improve the structure and texture of the fruit. Moreover, 

the changes in firmness cannot be attributed to the growth of microorganisms because the 

microbiological analysis was negative at week 4 of storage. 

 

 

 

 

 

 

 

 

 

 

 

Figure 3. Firmness in fresh cut pineapple stored at 8 °C for 4 weeks. 

 

CONCLUSIONS 

The addition of lime oil nanocapsules into the hydro-conservation liquid and the mixture of mucilage-

inulin helped to preserve the quality of fresh-cut pineapple since they maintains the firmness and 

reduce the weight loss of the product. It was also possible to stablish that the composition of the 

immersion liquid contributes greatly to preserve the characteristics of the product.  
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ABSTRACT 

The aim of this work was to prepare and characterize nanocapsules containing β-carotene using two 

different types of polymers (shellac and ethyl cellulose) and two types of stabilizers; polyvinyl alcohol 

(PVA) and Pluronic® F-127 (P-127). Shellac nanoparticles were prepared by the solvent displacement 

method, while ethyl cellulose nanoparticles were obtained by the emulsion-diffusion method using for 

both methods two different devices of homogenization (rotor-stator and ultrasound systems). A 

concentration of β-carotene 50 mg/L was used to prepare the nanocapsules. Nanoparticles obtained 

were characterized by their particle size (PS), polydispersity index (PDI) and zeta potential (ζ), and 

micrographs were obtained by SEM. The nanoparticles prepared with shellac had a PS 244.4 nm and 

264.2 nm using PVA and P-127 respectively fabricated with a rotor-stator system at 4000 RPM. While 

the ones obtained by ultrasonic homogenization at 100 W of power had a PS of 292.2 nm and 181.4 

nm with PVA and P-127 respectively. The IPD was less than 0.25 for all systems prepared with shellac, 

indicating a narrow distribution. The ζ were lower than -25 mV indicating that stable colloidal systems 

were obtained. Furthermore, the nanoparticles prepared using the ethyl cellulose and rotor-stator 

system presented PS of 419.3 nm and 305.5 nm with PVA and P-127 respectively. In contrast with the 

use of ultrasonic homogenizing a statistically significant decrease in the PS was found, obtaining a 

diameter of 116.8 nm with PVA and 94.2 nm using P-127 and translucent dispersions were observed. 

The IPD in all cases were less than 0.20 indicating a narrow size distribution. Respect to ζ, the effect 

of stabilizers was evident, the nanocapsules prepared with PVA had a ζ of -15.8 mV and -13.0 mV 

when were prepared with rotor-stator and ultrasonic homogenization respectively, while with P-127 

the ζ were of -25.9 mV and -24.1 mV using rotor-stator and ultrasound respectively. SEM 

morphological evaluation showed structures below 500 nm. Therefore, nanoparticles can be obtained 

with polymers such as shellac and ethyl cellulose using devices of homogenization as rotor-stator and 

ultrasound, to create nanoparticulate systems that have an application in the functionalization and food 

preservation. 

 

 Keywords: Nanocapsules, nanoparticles, shellac, ethyl cellulose, β-carotene 
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INTRODUCTION 

Nanotechnology has had a major impact on different areas of science and food processing has not 

been the exception, generating new techniques and materials to produce submicron systems. 

Nanoparticles are defined as solid or colloidal particles including nanocapsules and nanospheres 

having as principal characteristic the size that is in the range between 1 and 1000 nm. The main 

difference between the nanocapsules and nanospheres is their architecture, where the first are 

composed of a solid barrier surrounding a cavity, which is available to include oily substances while 

nanospheres are composed of a dense polymer matrix where the substance may be permanently or 

temporarily embedded, dissolved or covalently bounded (1). Various methodologies have been 

developed in order to incorporate oily materials within polymeric cavities, among the most used 

methodology are displacement solvent and emulsification-diffusion method. The selection of a 

particular method of nanoparticles preparation depends largely on the solubility of polymer and the 

encapsulating material in the organic phase. Both preparation methods have several advantages the 

most important being the high amounts of active compound encapsulated (>80%), obtaining stable 

nanodispersions with good size distribution (2). For the formation of nanoparticles different devices 

have been used as ultrasonic homogenizing system, rotor-stator systems, microfluidizers or high 

pressure homogenizers (3). Polymeric materials that serve as a barrier to the formation of the 

nanocapsules are commonly synthetic compounds because they have higher purity and better 

reproducibility than natural polymers, however in the food area natural or semisynthetic compounds 

are preferred. Therefore, few studies have been made with polymeric materials such as ethyl cellulose 

and shellac gum as a barrier for preparing nanocapsules, being that are approved for consumption 

materials and can be effective to release oil components at different pH conditions (4). Therefore the 

aim of this work was to prepare and characterize nanocapsules containing β-carotene prepared with 

two different polymers (ethyl cellulose and shellac), using two different homogenization devices 

(ultrasound and rotor-stator) and two different stabilizers (P-127 and PVA).   

 

 

MATERIALS AND METHODS 

Materials. β-carotene food grade (300 g/L of β-carotene in corn oil) was acquired from DSM 

Nutritional Products (Guadalajara, Mexico), Pluronic® F-127 (P-127), ethyl cellulose standard 10 

and polyvinyl alcohol (PVA) were purchased from Sigma-Aldrich® (USA), ethyl acetate analytical 

grade was obtained from Fermont (Distrito Federal, México). The distilled water was of Milli-Q® 

quality (Millipore, USA). All others reagents used were at least analytical grade.  

Preparation of β-carotene/ethyl cellulose nanocapsules The nanocapsules of ethyl cellulose were 

prepared by emulsification-diffusion method (5) using ultrasonic and rotor-stator devices for the 

homogenization. Briefly, ethyl acetate and water were saturated up equilibrium, into the aqueous 

phase was dissolved the stabilizers (Pluronic® F-127 or PVA; 30 g/L) and in the organic phase were 

dissolved the polymer (ethyl cellulose) and the β-carotene. Both solutions were emulsified with an 

ultrasonic homogenizer (UP200HT; Helshier; Teltow, Germany) using a sonotrode of 14 mm of 

diameter and a homogenization power of 100 watts or a rotor-stator homogenizer (Ultraturrax T18; 

IKA® Labotechnik, Staufen, Alemania). After to obtaining the primary emulsion, 180 mL of water 

were added to promote the solvent diffusion and polymer aggregation using ultrasound or rotor stator 

system. Finally, solvent excess was removed using a rotavapor (HB10; IKA® Works, Inc.; 

Wilmington, USA) at 40 °C under reduced pressure (50 cmHg).  
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Preparation of β-carotene/shellac nanocapsules. The nanoparticles of β-carotene/shellac were 

prepared by solvent displacement method (6). Briefly, shellac and β-carotene were dissolved in 

ethanol while the PF-127 or PVA stabilizers were dissolved in water. The organic phase was slowly 

dripped on the aqueous phase (5 mL/min) under homogenization using two different devices 

(ultrasonic or rotor-stator systems). Finally, excess solvent was removed using a rotary evaporator 

system at 40 ° C under reduced pressure (50 cmHg). 

Determination of particle size, polidispersion index and zeta potential. The particle size (PS) and 

polydispersity index (PDI) were determinate by dynamic light scattering technique using a Zetasizer 

Nano ZS90 (Malvern Instruments Ltd; Worcestershire, UK) with a detector angle at 90° and a 

wavelength of 633 nm. One mL of each colloidal dispersion was up to 10 mL volumetric with distilled 

water to obtaining a diluted dispersion (5). The measurements were performed in triplicate. The zeta 

potential was determinated using a Malvern Zetasizer Nano ZS90, based in the electrophoretic motion 

of particles in dispersion, using as reference a standard polystyrene dispersions (ζ=-55 mV). This 

parameter indicate the repulsion grade between the adjacent particles. The measurements were 

performed in triplicate (7).  

Morphological analysis. Scanning electron microscopy was used to determine the morphology of 

nanoparticles. The batches of nanocapsules was centrifuged at 20000 rpm for 45 min, obtaining a 

pellet of nanocapsules concentrate that was dispersed in 5 mL of water. A drop of the nanocapsules 

concentrate were placed and spread on the surface of a sample holder under refrigeration. The dry 

samples were coated with gold (2 nm) using a JFC-1100 sputter coater (JEOL, Tokyo, Japan) and 

observed under a JSM 5600 LV-SEM® LV microscope (JEOL, Tokyo, Japan) at a resolution of 5 

nm and 28 kV with a pressure of 12-20 Pa in the chamber (7). 

 

 

RESULTS AND DISCUSSION  

Characterization of nanoparticles of β-carotene/ethyl cellulose. Nanoparticles of β-carotene/ethyl 

cellulose obtained by the emulsification-diffusion method had a PS between 94 and 420 nm, with a 

PDI <0.20 and ζ between -13 and -26 mV (Table 1). It was observed that the method of 

homogenization is a key factor to reducing the particle size during formation, where the use of the 

ultrasound system greatly reduces the final size of the particle, which is attributed to the high 

turbulence generated in the dispersion due to cavitation process as described may occur pressures 

located up to 1000 bar thereby inducing a reduction in the particle size of the primary emulsion and 

a quick diffusion of the partially water-miscible solvent resulting in decreased final PS in 

nanodispersions (8). The physical appearance of the nanodispersions is more translucent in 

nanodispersions prepared with ultrasonic device attributable to lower PS generated (Figure 2). 

Likewise, it was observed that with the use of Pluronic F-127 is slightly decreases the PS and ζ 

maintaining low size dispersity, indicating that the Pluronic F-127 at low concentrations is more 

effective to prepare colloidal systems with good stability compared to the PVA. (5), reported a 287 

nm PS, PDI 0.076 and ζ of -27.8 for the preparation of nanocapsules containing β-carotene using poly 

(ε-caprolactone) as barrier polymer and Pluronic F-127 as a stabilizer using methodology 

emulsificación- diffusion and a rotor-stator system to homogenize and prepare the submicron 

particles. SEM analysis for nanocapsules of β-carotene/ethyl cellulose is presented in Figure 2, where 

the formation of submicron structures below 200 nm is evident, correlated with the measurements 

obtained with dynamic light scattering technique.  
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Table 1 Characterization of β-carotene/ethyl cellulose nanoparticles prepared by emulsion-diffusion method 

Polymer Homogeneization 

method 

Stabilizing PS (nm) PDI ζ (mV) 

Ethyl 

cellulose 

Rotor-stator  PVA 419.3±6.8 0.15±0.01 -15.8±0.39 

Ethyl 

cellulose 

Rotor-stator Pluronic F-127 305.5±3.8 0.14±0.02 -25.9±.17 

Ethyl 

cellulose 

Ultrasound PVA 116.8±0.95 0.17±0.01 -13.0±0.15 

Ethyl 

cellulose 

Ultrasound Pluronic F-127 94.2±0.8 0.20±0.01 -24.1±0.6 

 
Figure 1. Photographs of β-carotene/ethyl cellulose nanodisperiones obtained by the method of emulsion-

diffusion 

 

Characterization of nanoparticles of β-carotene/shellac. Table 2 shows the characterization of 

nanoparticles of β-carotene/shellac prepared by the method of solvent displacement using two 

different devices homogenization and two stabilizers, which shows that the lower PS (181.4 nm) was 

obtained when ultrasound is used as a method of homogenization and Pluronic F-127 as a stabilizer. 

Likewise, PDI was lower to 0.22 indicating a narrow distribution of sizes and ζ obtained were lower 

than -25 mV, indicating that it was possible to prepare submicron systems containing β-carotene and 

shellac as barrier polymer. For encapsulation of different carotenoids extracted from carrots using 

solvent displacement methodology have been reported a PS of 166.53 nm with a ζ of -18 mV, 

indicating the formation of stable dispersions up to 100 days (9). (4) they have been used shellac as 

barrier polymer to prepare silibinin nanocapsules with the solvent displacement method, finding that 

the submicron particles had a PS between 160 to 225 nm. Regarding physical appearance dispersions 

(Figure 3) all prepared batches shown to be turbid it is because they are concentrated compared to 

those obtained by the method of emulsification-diffusion. Figure 4 shows a micrograph of 

nanocapsules β-carotene/schellac observing submicron capsular structures with PS lower to 500 nm. 
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Figure 2: SEM micrograph of β-carotene/ethyl cellulose nanocapsules. 

 

Table 2: Characterization of β-carotene/shellac nanoparticles prepared by solvent displacement method 

Polymer Homogeneization 

method 

Stabilizing PS (nm) PDI ζ (mV) 

Shellac Rotor-stator PVA 244.4±1.9 0.22±0.02 -28.9 ± 0.2 

Shellac Rotor-stator Pluronic F-127 264.2±5.1 0.19±0.01 -24.8 ± 0.2 

Shellac Ultrasound PVA 292.2±3.6 0.22±0.01 -26.5 ± 0.2 

Shellac Ultrasound Pluronic F-127 181.4±0.9 0.19±0.19 -25.3 ± 0.6 

 

 
Figure 3: β-carotene/shellac nanocapsules prepared with solvent displacement method and ethyl cellulose as 

polymer. 



 

37 
 

 
Figure 4: SEM micrograph of β-carotene/shellac nanocapsules. 

 

 

CONCLUSIONS  

Nanocapsules of β-carotene were prepared with two different types of polymers such as ethyl 

cellulose and shellac, by sonication and rotor-stator as homogenization methods, finding that it was 

possible to obtain the submicron systems with both devices, obtaining best results respect to TP, 

PDI and ζ when the ultrasonic system and Pluronic F-127 is used. The generation of dispersions 

with nanometric size encapsulating edible oils may have different applications for functionalization 

and food preservation. 

 

ACKNOWLEDGEMENTS 

Galindo-Pérez thanks to Consejo Nacional de Ciencia y Tecnología (CONACyT) for the financial 

grant received (CVU/Becario: 510518/288847). The authors acknowledge the financial support for 

this work from PAPIIT: IT200814 of DGAPA and Investigation Internal Project PIAPI1467. 

 

REFERENCES  

1) Quintanar-Guerrero, D., Allémann, E., Fessi, H., Doelker, E. (1998). Preparation techniques and 

mechanisms of formation of biodegradable nanoparticles from preformed polymers. Drug development 

and industrial pharmacy, 24(12):1113-1128. 

2) Mora-Huertas, C. E., Fessi, H., Elaissari, A. (2010). Polymer-based nanocapsules for drug delivery. 

International journal of pharmaceutics, 385(1): 113-142. 

3) Anandharamakrishnan, C. (2014). Techniques for nanoencapsulation of food ingredients. Springer. 

4) Patel, A., Heussen, P., Hazekamp, J., Velikov, K. P. (2011). Stabilisation and controlled release of 

silibinin from pH responsive shellac colloidal particles. Soft Matter, 7(18): 8549-8555. 

5) Zambrano-Zaragoza, M. L., Mercado-Silva, E., Gutiérrez-Cortez, E., Castaño-Tostado, E., Quintanar-

Guerrero, D. (2011). Optimization of nanocapsules preparation by the emulsion–diffusion method for 

food applications. LWT-Food Science and Technology, 44(6): 1362-1368. 

6) Fessi, C., Devissaguet, J. P., Puisieux, F., Thies, C. (1992). U.S. Patent No. 5,118,528. Washington, DC: 

U.S. Patent and Trademark Office. 

7) Galindo-Pérez, M. J., Quintanar-Guerrero, D., Mercado-Silva, E., Real-Sandoval, S. A., Zambrano-

Zaragoza, M. L. (2015). The Effects of tocopherol nanocapsules/xanthan gum coatings on the 

preservation of fresh-cut apples: evaluation of phenol metabolism. Food and Bioprocess Technology, 

8(8):1791-1799. 



 

38 
 

8) Raso, J., Manas, P., Pagan, R., Sala, F. J. (1999). Influence of different factors on the output power 

transferred into medium by ultrasound. Ultrasonics Sonochemistry, 5(4):157-162. 

9) da Silva, M. M., Nora, L., Cantillano, R. F. F., Paese, K., Guterres, S. S., Pohlmann, A. R., de Oliveira 

Rios, A. (2016). The Production, Characterization, and the Stability of Carotenoids Loaded in Lipid-

Core Nanocapsules. Food and Bioprocess Technology, 9(7):1148-1158. 

 

  



 

39 
 

I276 

 

Effect of Solid Lipid Nanoparticles-Xanthan Gum Coatings on Metabolic 

Changes in Guava (Psidium guajava l.) During Ripening. 

 
García-Betanzos, C.I.1, 2, Hernández-Sánchez, H.1, Bernal Couoh, T.F.2, Zambrano-Zaragoza. 

M.L.2*. 
1Escuela Nacional de Ciencias Biológicas, Instituto Politécnico Nacional, Departamento de Graduados e 

Investigación en Alimentos, C.P. 11340, México, 2Universidad Nacional Autónoma de México, Facultad de 

Estudios Superiores Cuautitlán, Laboratorio de Procesos de Transformación y Tecnologías Emergentes en 

Alimentos, San Sebastián Xhala, C.P. 54714, Edo. De México. Corresponding author Email: 

luz.zambrano@unam.mx 

 

 

ABSTRACT 

The objective of this work was to evaluate the effect of solid lipid nanoparticles-xanthan gum 

(SLN/XG) coatings on the changes of ascorbic acid (AA), oxygen consumption (O2) and pectin 

methylesterase activity (PME) in guava ripening. Mature green guavas “Media china” (116 ° hue 

angle) were chosen for this study. SLN were obtained by hot homogenization method and then blended 

with XG to prepare film-forming dispersions. The SLN concentrations used in the coatings based on 

wax content were 65 and 75 g/L, they were compared with control samples. The film-forming systems 

were applied by dipping and storing the guavas at 10 °C and 85% RH for 37 days, all samples were 

transferred at 25°C for 5 days to evaluation chilling injury in climacteric fruits. The SLN film-forming 

systems were stable when particle size was in the range of 222-257 nm with polydispersity index > 0.3 

and the zeta potential (ζ) was >|30| mV. The best results were obtained with SLN concentration of 65 

g/L since at this concentration, guavas showed the lowest range of AA loss (13%), also, presented the 

lower oxygen consumption with an average of 12.75 mL O2/ kg h, suggesting the formation of a 

modified atmosphere that limits the O2 transfer, which is the primarily responsible of guava ripening. 

Besides at this concentration, guava cell wall hydrolysis monitored by PME activity was delayed 

showing an activity maximum peak at day 20. High content of SLN (75 g/L) produce physiological 

damage in guavas, thus the AA loss was 42%, the average oxygen consumption for this samples was 

15 mL O2/ kg h and the activity maximum peak for PME showed up at day 20 but the green color of 

this samples did not change during the storage. According to the results, SLN/XG coatings with 65 g 

L-1 of SLN act as a gas exchange barrier, preserving the shelf life of guavas for almost 5 weeks. 

 

Keywords: coatings, solid lipid nanoparticles, guava fruit, ascorbic acid, pectin methylesterase 

 

 

INTRODUCTION 

In recent years, it has become increasingly important to extend the shelf life of fruits and vegetables 

in order to minimize post-harvest losses and improve the distribution of these products worldwide. 

Guava (Psidium guajava L.) is in great demand because of its flavor and nutritional composition, but 

it is susceptible to chilling injury when stored at temperatures below 8 °C and its post-harvest life is 

short when stored at room temperature (15). Guavas are rich in antioxidant activity, perhaps due to 

their high vitamin C content and phenolic compounds. Guava is also rich in pectin substances (3). 
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The enzyme pectin methyl esterase (PME; EC: 3.1.1.11), also known as pectin esterase, catalyzes the 

hydrolysis of the methoxyl group of pectins; a reaction that produces pectic acid. The decrease in the 

degree of pectin methoxylation may, in turn, trigger diverse processes related to texture and firmness. 

Such catalytic action makes PME one of the most important enzymes in the industrialization and 

preservation of fruits (3). Also, the gas exchanges that occur in the pericarp play a major role during 

maturation in fruits. Oxygen (O2) is consumed by the guava and acts as a substrate of many metabolic 

processes that result in fruit ripening, before being released as carbon dioxide (CO2).  

 

One of the treatments most often used to conserve fruits consists in applying edible films and coatings 

whose function is to regulate gas exchanges and thus slow the ripening process. They also offer 

structural protection that helps prevent mechanical damage during transportation, while protecting 

against oxidation and microbial growth (4). Recently (15) developed an edible coating with solid lipid 

nanoparticles (SLN), those authors reported that low concentrations of SLN (60-65 g/L) allowed 

guavas to continue to mature slowly, but that high concentrations produced epoxy, which impeded 

normal ripening. 

 

The aim of this study was to extend the physiological analysis of guava in order to determine the 

effect of the application of an edible coating on pectin methyl esterase activity, ascorbic acid, oxygen 

uptake and the release of carbon dioxide, which undergoes considerable change during ripening. 

 

 

MATERIALS AND METHODS 

Materials. Pluronic® F-127 (poloxamer-407 Mw 9,840-14,600 g/mol) was the stabilizer, xanthan 

gum from Xanthomonas campestris (Mw ≈ 2X106 g/mol and Ƞint = 7627 mL/g) was used to form the 

coating, and propylene glycol (Mw 76.09 g/mol, ρ = 1.036 g/cm) was the plasticizer. These materials 

were provided by Sigma-Aldrich Chemical® S.A. de C.V. (State of Mexico, Mexico). Candeuba® 

wax (a mixture of carnauba and candelilla waxes with a melting point of 84±2°C) was obtained from 

Multiceras® S.A. de C.V. (Monterrey, Mexico). All other chemicals were analytical grade. Mature 

green “Media China” guavas from the state of Michoacán, Mexico, were chosen for this study. The 

fruit was carefully selected according to color uniformity (116° hue angle). Storage temperature was 

10°C and then transferred at room temperature for 5 days; RH ~85%, and the testing period 5 weeks.  

Solid lipid nanoparticle (SLN) preparation. SLN were prepared using the hot high-shear stirring 

method described by (15). The lipid phase was prepared with 100 g/L of candeuba® wax melted at 

90°C. The aqueous phase consisted of a pluronic® F-127 solution (50 g/L) at 90°C. The melted wax 

was dispersed into the aqueous phase using a high-shear stirrer (Ultra-Turrax® T25, IKA®, USA), and 

this mixture was cooled to room temperature to obtain the SLN dispersion. 

Determination of particle size, the polydispersion index (PDI) and zeta potential (ζ). The mean 

diameter and particle size distribution (PDI) of the nanoparticles was analyzed using dynamic light 

Scattering (Zetasizer Nano Series Malvern Ltd., France), and the zeta potential () by electrophoretic 

mobility. All  values were normalized via polystyrene standard dispersion (ζ= -55 mV). All 

measurements were made in triplicate at 25°C. 

Coating dispersions and their application on guava. The continuous matrix of edible films was 

obtained by dispersing 4 g/L of xanthan gum (XG) in water and performing incorporation with a 

variable speed agitator (Eurostar Power Control Visc, IKA® Werke). The edible SLN coatings with 
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XG (4 g/L) were prepared from dilutions of the initial SLN suspension in 100 g/L of candeuba® wax. 

Three systems (65 and 75 g/L of SLN, xanthan gum, and control) were prepared. The fruit was 

disinfected, separated into four batches and then coated by dipping for 2 min in the different film-

forming dispersions. The fruit was allowed to drain for 1 min at 25°C, before being packed in 

polyethylene clamshells and stored at 10°C and 85% RH, every testing day the samples were 

transferred at 25°C for 5 days and then analyzed. All tests were performed in triplicate.  

Respiration rate. The effect of the coatings on O2 consumption rates were determined using the static 

method (7). Briefly, 1000-mL glass bottles were used. Coated guavas of known weight were placed 

inside the bottles and sealed, then each bottle was refrigerated at 10°C. Samples of head space gas 

were drawn through a needle inserted into a septum placed in the top of container and connected to 

an oxygen analyzer (Quantek® Instruments model 905, USA) to obtain the oxygen concentration, 

expressed as a fraction of the volume inside the container. Behavior was monitored twice a week for 

5 weeks. The O2 consumption rate (RO2) was expressed as: 

 

𝑅𝑂2 =
 𝑦𝑖𝑂2−𝑦𝑂2

𝑡−𝑡𝑖
∗  

𝑉𝑓

𝑊
      (1) 

where yiO2 and yO2 are, respectively, the O2 concentration in the gas mixture at time ti (any time 

except time zero, expressed in hours); RO2 is the respiration rate; W is the weight of the guavas (kg); 

and Vf is the free volume inside the container.  

Determination of pectin methyl esterase activity (PME). PME activity was determined following 

the method of Hagerman & Austin (9) with slight modifications. Samples assays were prepared in a 

final volume of 3 mL using 2 mL of the 5 g/L pectin solution (citrus pectin, Sigma Aldrich, Mexico), 

180 µL of 1 g L-1 bromothymol blue in phosphate buffer (PBS, pH 7.4), 800 µL of distilled water, 

and 20 µL of enzyme extract. For the extract, 5 g of guava were homogenized in an Ultra-Turrax 

Tube Drive, (IKA, USA) and left at 4°C for 2 h to allow extraction; then the homogenized guava was 

centrifuged (HERMLE Z 323 K refrigerated ultracentrifuge, Germany) at 10,000 rpm for 30 min at 

4°C. The supernatant was used as the PME extract. Color change was monitored in a 

spectrophotometer (Thermo Scientific Genesys 10S UV-Vis, USA) at 620 nm. The standard curve 

was built with polygalacturonic acid. Each sample was replicated five times. 

Determination of ascorbic acid content (AA). Ascorbic acid (AA) content was determined by direct 

colorimetric assay (12). The dye solution was prepared by dissolving 100 mg of 2, 6-dichlorophenol-

indophenol dye and 84 mg of sodium bicarbonate in hot (85-95°C) distilled water. The solution was 

cooled and adjusted to 100 mL. Later, the dye was filtered, and 25 mL were taken to dilute to 500 

mL with distilled water. The extract was prepared with 10 g of homogenized guava (Ultra-Turrax 

Tube Drive, IKA, USA) and 2% HPO3, and adjusted to 100 mL. The extract was filtered and 

centrifuged (Hermle Z 323 K refrigerated ultracentrifuge, Germany) at 6000 rpm for 20 min, and the 

supernatant was used to determine AA. For every sample, 5 mL of the extract were placed in a tube 

and 10 mL of the dye were added. Color absorbance was measured at 518 nm in a spectrophotometer 

(Genesys 10S UV-Vis, Thermo Scientific, USA). 

Statistical analysis. A one-way analysis of variance (ANOVA) was performed to determine the 

influence of the SLN concentrations on oxygen rate (O2), PME activity, and AA content. The 

Minitab® 16 program was used to perform these analyses.  
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RESULTS AND DISCUSSION 

Determination of particle size, the polydispersion index (PDI) and zeta potential (ζ). Particle size 

was in a range of 222-257 nm, which is within nanometer range. The PDI was < 0.173, indicating a 

narrow and homogeneous size distribution, since the value was ≤ 0.5 (1). Some authors (15) reported 

particle size values of 239 nm and a PDI of 0.18 for SLN made with candeuba wax; results that are 

similar to those reported in the present work. ζ is a measure of the degree of repulsion between 

adjacent and similarly-charged particles in the dispersion. The ζ value obtained was -27.43 mV. In 

general, the preferred ζ values for obtaining particle stability solely by means of electrostatic 

stabilization are >|30| mV (11). Although ζ presented a lower value than the one required, the SLN 

repulsion charges were sufficiently strong to establish that the system was stable.  

 

Oxygen rate (RRO2). According to the ANOVA, the application of an edible coating (made with 

SLN and XG) had a significant influence (p ≤ 0.05) on lowering the oxygen consumption rate 

compared to the uncoated guavas. The control guavas showed the highest O2 consumption rate during 

the first 15 days of storage, with an average value of 48 mL/ Kg h after this time the RRO2 decreases 

until 7 mL/ Kg h at day 38. This behavior is characteristic of the physiological death of fruits. The 

guavas coated with SLN had the lowest oxygen consumption rate, with an average values of 15 and 

14 mL/ Kg h for 65 and 75 g/L of SLN, respectively. However, the ANOVA did not show statistical 

significance (p ≤ 0.05) between these concentrations. Therefore, the use of SLN dispersed into XG 

as coatings decreased oxygen consumption in the fruit. The use of edible films generates a low oxygen 

transmission rate due to the formation of a semi-permeable barrier around the product, and the 

reduced oxygen consumption slows the ripening rate (8). 

 

 
Figure 1. Oxygen rate for guavas coated with 65 and 75 g/L of SLN and uncoated fruit. 

 

Determination of pectin methyl esterase activity (PME). Uncoated guavas showed an increase in 

PME activity during the first 13 days of storage, reaching a maximum value of 4.76 U/ min mL. After 

that, activity decreased.  
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Figure 2. Pectin methyl esterase (PME) activity for guavas coated with 65 and 75 g/L of SLN and uncoated 

fruit. 

 

The guavas coated with 75 and 65 g/L of SLN presented an increase in enzyme activity that reached 

a maximum value on day 20 with 4.95 and 4.73 U/ min mL, respectively. All the batches exhibited a 

common behavior, described as the process of fruit tissue softening (after reaching the peak) due to 

the rupture of homogalacturonic chains This behavior might correlate with O2 consumption, since 

this plays a key role in the maturation process and –according to the results presented in section 3.2– 

the coatings made with SLN showed the lowest O2 consumption rate. Authors like (5) and (7) reported 

an increase in PME activity until their samples of passion fruit, guava and fresh cut apples reached 

the stage of commercial maturity. After that, a decrease in the activity indicated the onset of 

senescence. 

 

Ascorbic acid content (AA). Figure 3 shows that uncoated guavas had the largest loss of ascorbic 

acid during storage. Vitamin C is very sensitive to oxygen concentrations, which oxidize the acid in 

a metabolic process that occurs during maturation. Application of coatings with SLN have a 

significant effect (p ≤ 0.05) on the degradation of ascorbic acid since both batches (65 and 75 g/L of 

NLS) showed the lowest loss of vitamin C. The guavas coated with a concentration 75 g/L of SLN 

presented an AA degradation of 53 % with a value of 179 mg/ 100 g of fruit to day 38, while the fruit 

coated with 65 g/L of SLN lost 56% of vitamin C and reached a value of 190 mg/100 g of fruit These 

two coatings had the highest oxygen barrier in the previous section. Authors like (2) reported lower 

values of ascorbic acid: 60 and 75 mg/ 100 g of fruit for white and pink guava, respectively. In all 

these cases, time had a significant effect (p ≤0.05) on the degradation of ascorbic acid. 
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Figure 3. Ascorbic acid content (AA) for guavas coated with 65 and 75 g/L of SLN and uncoated fruit. 

 

 

CONCLUSIONS 

The guavas coated with 65 g/L of solid lipid nanoparticles and xanthan gum showed the slowest rate 

of oxygen consumption and the least degradation of ascorbic acid. PME activity reached its peak 

during the maturation stage, before decreasing. In all cases, the guavas coated with 65 g/L of SLN 

showed the smallest changes in metabolism. These results confirm that this modified atmosphere 

condition has a positive effect on the shelf life of guava fruit. 
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ABSTRACT 

Melon belongs to the family Cucurbitaceae and it is cultivated in all tropical regions of the world. 

Seeds containing this fruit are considered agroindustrial waste, it has been reported that these seeds 

contain fatty acids, mostly extracted by the method of solid: liquid extraction (Soxhlet). Conventional 

methods for extraction already established need the implementation of new technologies to assist them 

and allow them to have higher yields of extraction. Steam explosion (SE) is proposed as an alternative 

for the arrangement of the metabolites of primary interest, therefore the objective of this study is to 

evaluate the extraction of melon seed oil assisted by SE. The operating condition in SE was 180 ° C, 

10 Bar for 12 min dried for 1.5 h at 80 ° C, subsequently it carried out grinding and sieving. The 

extraction was carried out by Soxhlet with hexane evaluating the particle size (710, 500, 355 and 300 

µm) and the ratio S: L (1:5, 1:6.25, 1:8.33 and 1:12.5) in samples SE and control samples without SE 

(CWSE). The oil obtained was characterized by physicochemical assays and the fatty acid profile was 

obtained by GC, all assays were carried out in triplicate. The statistic used was a univariate ANOVA 

with statistical software Minitab version 17. The results indicate that the higher extraction yield was 

obtained with 355 µm size and the ratio S: L of 1: 12.5 for SE (34.51±0.19 % W/W) and CWSE 

(32.13±0.58 % W/W); the lipid profile obtained by SE contains: Oleic acid (39.5%), Stearic Acid 

(18.2%), Cis-10- Heptadecenoic acid (9.8%) and Cis-10- Pentadecenoic acid (10.9%) and CSEV oil 

has: Oleic acid (26.2%), Stearic Acid (9.9%), Cis-10 Pentadecanoic acid (7.4%) and Cis-10- 

Pentadecenoic acid (6.0%). It can be concluded that obtaining melon seed oil is increased by applying 

the pre-treatment SE and extraction improvement above conventional methods. 

 

Keywords: Steam explosion; Melon seed, Fatty Acids 

 

 

INTRODUCTION  

The melon fruit belongs to the family of Cucurbitaceae and is cultivated in all the tropical regions of 

the world. The pulp of the fruit is very refreshing and sweet in taste with a pleasant aroma, the 

intensity of which varies depending upon the variety (1, 2) .The fruit contains a great quantity of 

seeds which are reported to possess medicinal properties. In spite of being a rich source of oil and 

protein, the seeds are normally treated as waste products (3, 4, 5, 6, 7, 8). Fewer studies have been 

focused on fatty acids, tocopherols, sterols and phenolic profiles of seed oil and on its 

physicochemical properties (6,9). Nowadays the demand for vegetable oil is ever increasing, and the 
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world relies mostly on the popular vegetable oil for the preparation of many products, melon seed 

seems to be a viable alternative resource for oil production (10). Soxhlet extraction is a successful 

tool for the extraction and recovery of added value analytes from different solid matrices, including 

grains and seeds. Today, it is still a benchmark technique for extraction from solid samples to which 

the performance of other leaching techniques is compared (11). However, in order to achieve an 

appropriate recovery of compounds to be analyzed, solid samples require proper sample handling 

before extraction. The efficiency of extraction is correlated mostly with three interrelated factors: 

solubility, mass transfer and matrix effects (12). So, it is obvious to consider the practical issues 

relating to extraction techniques, such as matrix characteristics, particle size, solvent choice, liquid-

solid ratio, temperature and pressure (11,13).  

 

Conventional methods for extraction already established need the implementation of new 

technologies to assist them and allow them to have higher yields of extraction. Steam explosion (SE) 

is proposed as an alternative for the arrangement of the metabolites of primary interest. Normally, 

steam explosion is classified as a physicochemical pretreatment process, accompanied by the 

mechanical shearing and defibrillation of fibers. During the pretreatment, saturated steam under high 

pressure penetrates the recalcitrant cell wall by diffusion, and the mechanical separation of fibers is 

achieved by the sudden evaporation of condensed moisture from the pressure release. 

Correspondingly, a shear force is generated and acts on the surrounding structure, resulting in the 

mechanical breakdown and exposure of the metabolites of interest (14). Therefore the objective of 

this study is to evaluate the extraction of melon seed oil assisted by Steam Explosion (SE). 

 

 

MATERIALS AND METHODS 

The melon seed Cantaloupe used in this study was provided by local fruit processing market from 

Tierra Blanca, Veracruz, Mexico. The seeds for the control sample (CWSE) were dried at 80 ºC for 

1.5 h; subsequently it carried out grinding and sieving.  The operating conditions in Steam Explosion 

(SE) process were T=180 ° C, P=10 bar and t= 12 min, subsequently it carried out grinding and 

sieving. The extraction of SE and CWSE samples were carried out by Soxhlet using 250 mL of 

hexane. Aditionally, the particle size (710, 500, 355 and 300 µm) and the ratio S: L (1:5, 1:6.25, 

1:8.33 and 1:12.5) were evaluated to both samples. 

 

Table 1. Physicochemical assays in the melon seeds oil. 

Relative density (AOCS,1998) Cc 10a - 25  

Saponification 

(AOCS,2009) Cd 3 – 25 

 

Unsaponifiable matter (AOCS,1998) Cc 6a – 40 

Free fatty acids (AOCS, 1997) Ca 5a-40 

Rancidity NMX-F-222-1975 

 

Proximate analysis of seeds. Moisture, protein, lipid, ash and crude fibre contents were determined 

for triplicate following the standard Association of Official Analytical Chemists (AOAC, 1990) 

methods.  
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Physical and physicochemical properties of oil. The oil obtained with the optimal conditions for 

both pretreatments was characterized by physicochemical assays (relative density, saponification, 

unsaponifiable matter, free fatty acids and racidity) for triplicate according the methods presented in 

Table 1. 

Fatty acid composition of seed oil. Fatty acids were transformed to their methyl esters (FAME) 

following the method of Lepage & Roy and Ferrer-Álvarez et al (15,16). After that Fatty acids were 

determined by using Gas Chromatography (VARIAN CP-3380 equipped with a flame ionization 

detector). 2 µl of the FAME sample was injected and GC separation was carried out on a Supelco 37 

Omegawax capillary column (30 m length, 0.25 mm i.d. and 0.25 µm film thickness). The carrier gas 

(Nitrogen) head pressure was maintained at 11.5 psi and the column flow rate was 1mL/min. The 

oven temperature was held initially at 120 ºC for 1 min, increased from 120 ºC at  8 ºC/min to 210 ºC 

and then maintained at 210 ºC for 45 min. The temperatures of the injection port and of detector were 

250 and 280 ºC, respectively. FAME were positively identified by matching their retention time data 

with standards obtained from Supelco F.A.M.E. Mix C4-C24 

Experimental data analysis. Statistical analysis was carried out using a univariate experimental 

design with two levels and as a response variable the yield of extraction with an analysis of variance 

(ANOVA) with p> 0.05 using the Software Statistic Version 7. 

 

 

RESULTS AND DISCUSSION 

The proximate analysis for both pretreatment is presented in the Table 2. 

 

Table 2. Proximate composition in melon seed for both pretreatments 

Same letters in a column, there is no significant difference (p> 0.05) 

 

Results obtained between both treatments shown that there was no significant difference for moisture, 

lipid and protein, while that for ash and crude fibre a contrary effect occur (significant difference with 

p>0.05).  This means that pretreatment does not affect the metabolite of interest in this research, 

which they are lipid. Therefore SE treatment does not cause damage to lipids and allows its 

subsequent extraction. Lipid values in Table 2 were similar to those reported by De Melo et al. (2)  

and De Melo, Bora, & Narendra (1) with 30.83±2.1 and 32.3±0.82 % w/w respectively. 

 

Pretreatment 

Proximate composition(%w/w; average value ± standard deviation) of melon seeds 

Moisture  Lipid Protein Ash Crude Fiber 

CWSE 6.56±0.39a 31.36±0.78a 9.37±0.49a 4.37±0.03a 30.51±0.84a 

SE 6.92±0.43a 32.53±0.65a 10.85±0.91a 3.20±0.31b 27.91±0.87b 
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Analysis of the influence of pretreatments, particle size and ratio S: L (sample size) is shown in Figure 

1., with three sections (A),(B) y (C). The section (A) clearly shows that the yields are higher in the  

steam explosion that in the conventional pretreatment, this because the steam explosion fracture the 

structure of the seed allowing more available lipids[14]. However, although  the lipids are more 

available  applying the steam explosion pretratamient, the particle size and sample size (ratio S: L)  

directly influence Soxhlet extraction yield. 

 

Figure 1. Influential parameters in the yield extraction:  (A) Type of extraction; (B) Particle size (µm); (C) 

Ratio S:L ( Sample size ) 

 

The reduction of the particle increases the speed and yield of extraction accordig with the previously 

reported (17), since the greater the surface area of contact in the diffusion of solvent, increasing the 

extraction yields, although there are certain limits from which they can originate a series of physical 

processes that hinder the process (18, 19). In Section (B) of figre 1can be observed an increase in the 

extraction yield according to the particle size decreases until the optimum in 355 µm, but values 

below this particle size favoring matrix interactions such as cohesive (molecule–molecule)  and 

adhesive interactions caused by Parameters Van der Waals forces, hydrogen bonding and dipole 

attraction and are diminished by applying temperature but not entirely, causing agglomeration of 

particles, generally reaching even of 500 µm particle size and therefore decreasing the extraction (20). 

Ratio solid: liquid (sample size) is shown in the section C of the figure 1, this results indicate that the 

decrease of the sample size promoted a increse on the extraction yield, this is because the solvent is 

less saturated and allows better diffusion of compounds (21). Best conditions for both pretreatment 

were of  355 mm and 20 g of sample (ratio 1: 12.5) but  the extraction yield was higher in steam 

explosion (SE) with  34.51±0.19 % that the control sample (CWSE) of   32.13±0.58%. 

 

(A) (B) 

(C) 
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The oil extracted acording to the best conditions and for both treatments were analyzed 

physicochemically. The oil had a specifc gravity of 0.9112±0.0013 and  0.9112±0.0013, saponifcation 

value of 175.7 ± 0.85  mg KOH/g sample and 176.9 ± 0.93  mg KOH/g sample, Unsaponifiable matter 

of 1.68±0.045% and 1.72±0.028%, Free fatty acids of 0.7628±0.0574% and 0.7297±0.0580%, for 

CWSE and SE respectively, with a negative assay in rancidity for both. Comparing the results 

obtained from both treatments shows no significant difference for any of the analysis, proving no 

degradation by pretreatments. The fatty acid composition of the seed oil for both pretreatment is 

presented in the Figure 2 and Figure 3. The lipid profile obtained by SE contains: Oleic acid (39.5%), 

Stearic Acid (18.2%), Cis-10- Heptadecenoic acid (9.8%) and Cis-10- Pentadecenoic acid (10.9%) 

and CSEV oil has: Oleic acid (26.2%), Stearic Acid (9.9%), Cis-10 Pentadecanoic acid (7.4%) and 

Cis-10- Pentadecenoic acid (6.0%). It is shown that increases the oleic and stearic acid using steam 

explosion. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 2. Gas Chromatogram of SE    Figure 3. Gas Chromatogram of CWSE 

 

CONCLUSION  

The results of this work pointed that yield extraction of melon seed oil was increased by applying the 

pre-treatment Steam Explosion (SE) making easier the use of conventional methods. Additionally, 

this work suggested a better use for the melon seed to obtain a value added byproduct with application 

in foods, drugs or cosmetic sector. Results from this work showed that Steam explosion is a promising 

alternative for melon seed oil extraction. 
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ABSTRACT 

The aim of this study was to evaluate the effect of β-carotene nanocapsules on the quality changes of 

a beverage with 30% of strawberry juice, pasteurized and stored at 4 °C.  30 kg of strawberry were 

purchased, washed and disinfect, and, extracted juicing for preparing of the beverages. The 

nanocapsules used were prepared by the method of emulsification-diffusion, using 1 g / L of β-carotene 

and 250 mg of poly--caprolactone in the organic phase and 0.8 g / L Pluronic F-127 as surfactant 

in the aqueous phase. The beverage was prepared using a 30% of strawberry juice, 100 mg / mL of β-

carotene nanoencapsulated, 3.5% sugar, 0.015% citric acid, 5% gum arabic and / or 0.05% of xanthan 

gum, controls without nanocapsules without gums were considered. The beverages prepared were 

packaged and pasteurized at 80 ° C / 5 min with cooling to 4 °C /4 min and subsequently stored at 4 

°C / 4 weeks. Changes in pH, acidity, turbidity, color and total anthocyanins were determined. Acidity 

not vary significantly in the samples with nanocapsules of β-carotene, however, in the control samples 

without any treatment they showed an increase from 0.24 to 0.30%, which was also reflected in the 

change of pH, samples with nanocapsules of β-carotene and a mixture arabic gum-xanthan gum 

showed minor changes in turbidity which it is lower to 200 NTU compared with control samples had 

a decrease of turbidity from 300 to 150 NTU due to sedimentation of solids strawberry juice, by 

contrasting this with the behavior that luminosity which increased in control samples, while samples 

with nanocapsules remained constant for 4 weeks storage. The content of anthocyanins showed minor 

variations in anthocyanins when nanocapsules and a mix arabic and xanthan gums were used. 

Concluded that the use of β-carotene nanocapsules and the mixture of xanthan gum and arabic gum 

help to maintain the quality of beverages for at least 4 weeks refrigerated at 4 ° C. 

 

Keywords: Beverage, nanotechnology, β-carotene, strawberries juice 

 

 

INTRODUCTION 

The demand of beneficial health products has resulted in the development of new alternative 

technologies applicable in the development of products with different uses and applications. In this 

sense, nanoscience and nanotechnology have an important role. Nanotechnology has grown rapidly 

in recent years and is having a great impact on the development of new materials and products. The 

technological repercussions throughout the world, will be an important economic engine for the near 

future. The β-carotene is now widely used as an additive in the food industry to improve the color of 

certain foods and beverages. Studies show that has high antioxidant activity, in addition to the 

beneficial health function such as the prevention and/or protection against cancer and cardiovascular 

diseases (1,2).  

mailto:luz.zambrano@unam.mx
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Strawberry is an important crop worldwide, however, due to high metabolic activity this requires 

finding alternatives for the development of products that take advantage of the benefits that this fruit 

presents, appearing as an alternative incorporating fruit pulp in development of beverages (3). A 

strawberry has been attributed beneficial properties for health neuroprotective properties related to its 

content of anchocyanins (4). Antocyanins, responsibles for the red coloration, are absorbed efficiently 

by the body and have antioxidant effects; however, it is necessary to prevent degradation in fruit 

beverages during the storage. For this reason, the objective of this work was to evaluate the effectivity 

of α-tocopherol nanocapsules and the form of β-carotene incorporation in a beverage elaborated with 

30 mL of juice, xanthan and arabic gum on the quality of product during 4 week of storage at 4 °C. 

 

MATERIALS AND METHODS 

Strawberries selection. Strawberry from Zamora, Michoacán, was purchased in Ecatepec, México, 

selected as indicated by the NOM-SCFI-2009, for a healthy fruit free from disease, injury, rots, 

damage caused by insect, free of live or dead insect or their larva’s. After selection the strawberries 

were washed and disinfected using colloidal silver (0.5 g/L). The juice was extracted and passed 

through a stainless steel sieve of 100 mesh, to obtain a dispersion with homogeneous particle size. 

The product was maintained at 4 °C until use. 

Nanoemulsions and nanocapsules preparation. The nanocapsules (NC’S) of  β-carotene (1 g/L) 

taken from a dispersion with 30 % β-carotene in sunflower oil or α-tocopherol (2 g/L) were prepared 

using the emulsification-diffusion method, considering the optimization methodology proposed by 

Zambrano-Zaragoza, et al., [5]. PS distribution and the PDI were determined by the laser light-

scattering technique at 25ºC and a fixed angle of 273° using a Z-sizer 4 (Zetasizer Nano Series 

Malvern Ltd., UK). The zeta potential,, was evaluated by electrophoretic motion using standard 

polystyrene dispersions as a reference ( = -55 mV). All measurements were performed in triplicate 

at 25 °C. 

Beverage reparation. All beverages were prepared with 300 g/L of strawberry juice, 1.5 g/L of citric 

acid, 35 g/L of saccharose. 5 batch of 24 bottles with 200 mL of beverage were tested 1) control, 2) 

beverage with xanthan gum (5 g/L) 3) beverage with Arabic gum (5 g/L); 4) beverage with α-

tocopherol nanocapsules and 5) beverage with α-tocopherol and β-carotene nanocapsules. The 

beverages were pasteurized at 80 °C/5 min, cooling at 4 °C and storage at 4 °C for 4 weeks.  

pH and turbidity. pH was measured with a potentiometer (Philips Harris model E3039018G/K, 

Shenstone England) equipped with an electrode  (model P43-120). The turbidity was determined with 

a turbidimether Ratio RWGZ-200 and the nefelometrics unit were reported. All measurements were 

performed in triplicate.  

Color evaluation. The effect of the different composition of beverages on the color was determined 

with a colorimeter Agrocolor Apollinare (Apollinare, USA) every 3 days during the 4 weeks of 

storage at 4 °C obtaining the RGB parameters that were then transformed to CIELAB scale (L*, a*, 

b*). Three samples from each treatment were tested.  

Anthocyanin. The anthocyanins content of beverages with strawberry juice was determined with a 

modified pH differential method described by Meyers et al., (6), using two buffer systems: KCl 0.025 

M at pH 1, and sodium acetate 0.4 M at pH 4.5. Briefly, 5 mL of sample was transferred to a 50 mL 

volumetric flask and made up with each buffer. The absorbance of the mixtures at pH 1 and 4.5 was 



 

54 
 

then measured with a UV spectrophotometer Thermoscientific Genesy 10 at 510 and 700 nm against 

distilled water blank. 

 

RESULTS AND DISCUSSION 

The nanoparticles system obtained by emulsification-diffusion presented small particles sizes < 300 

nm, polydispersity index of 0.24 which implying narrow size distribution and zeta potential of -37 

mV. 

 

pH and Turbidity. Beverages prepared with 30 % of strawberry juice showed minimal changes in 

pH ranged between 3.2 at 3.4 for all samples including control, however, those with nanocapsules of 

β-carotene and arabic gum showed pH between 3.4 to 3.6, which means that the drink was developed 

stable for at least four weeks of storage. 

 

Figure 1 shows the behavior of turbidity during the storage time at 4 °C of beverages added with 30 

% of strawberry juice, observing that the control samples were those that showed the least turbidity, 

this behavior is attributed to the pectin substances sedimentation presented in the juice incorporated 

to the beverage, while beverages with arabic gum and nanocapsules showed a lightweight increase in 

the turbidity during storage time, similar behavior was shown by the beverages with xanthan gum. 

However, the samples with xanthan-arabic gum showed the best behavior respect to the turbidity with 

a homogeneous beverage and more integration of components. In this sense it is possible to mention 

that the stability of large particles in fruit-based beverages (> 10 µm) suspended in a fluid is governed 

by the hydrodynamic forces (7). 

 

 
Figure 1. Turbidity strawberry beverage. AG = Arabic gum, XG = xanthan gum, XG-

A = xanthan gum-arabic gum; Ncs = nanocapsules, 0 = without nanocapsules and 

gums. 
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Luminosity. Figure 2 shows the variations in Luminosity in function of beverage composition, 

including those that were added with all ingredients except the xanthan or arabic gum. According 

with the luminosity of beverages it possible note that this parameter was increased with respect to 

storage time, due to the phase separation of ingredients and the loss of stability due to the separation 

of pectins and sugars in the formulation attributable to the strawberry juice presence (8). On the other 

hand, the samples that were stabilized with Arabic gum and nanocapsules maintained their turbidity 

for at least three weeks, increasing slightly the luminosity in the four weeks. The samples with 

xanthan gum and nanocapsules were those that increased more the luminosity indicative of poor 

stability of system. It is important to note that samples with xanthan and arabic gum combination 

maintained the homogeneity of beverage for more time indicative of more stable product, which also 

correlates with changes in turbidity, shown by fruit incorporated beverages studied. 

 

Anthocyanin. Figure 3 shows the behavior of anthocynins according the formulation used in the 

beverage with 30 % strawberry juice added with nanocapsules of β-carotene. The arabic gum is 

widely used in the preparation of fruit beverages and other food emulsions, this gum has been reported 

that inhibit the degradation of anthocyanins in the presence of ascorbic acid (9). Figure 3 shows that 

the use of xanthan-arabic gum helped to reduce the degradation of anthocynins in the beverage during 

the storage time and together with the use of nanocapsules in the beverage had greater stability and 

smaller loss of anthocynins compared with the samples that only had arabic gum, contributed to 

maintain the anthochynins to about 3 weeks of storage at 4 °C. 

 

 
Figure 2. Luminosity comportment in strawberries beverages. C = control; NCS = 

nanocapsules, AG = Arabic gum; XG = xanthan gum, XG-A= xanthan and Arabic 

gums. 
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Figure 3. Changes in anthocyanins as function of nanocapsules and gum used 

in beverage with 30 % strawberries juice. C = Contro; NCS = nanocapsules; 

XG = xanthan gum; AG = Arabic gum, XG-A = xanthan and Arabic gums. 

 

 

CONCLUSIONS 

The use of arabic-xanthan gum mixture contributes to maintain the homogeneity of the beverage with 

30 % de strawberry juice. The use of only arabic gum also helped to obtain homogeneous systems; 

finally the addition of β-carotene nanocapsules reduce the degradation of anthocyanins and improved 

the stability of the system.   
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ABSTRACT 

Orange juice samples were pasteurized in a scraped surface heat exchanger and storage at 25 °C for 4 

weeks. The systems of β-carotene of submicronic size were solution, nanoemulsion and nanocapsules 

in a concentration of 100 µg/mL and a control for contrast of results. The samples was evaluated by 

its pH, °Bx, particle size (PS), polydispersion index (PDI) and zeta potential (ζ), turbidimetry (τ) and 

colorimetry (ΔΕ). Results were analyzed using the statistical analysis software Minitab® Release 16 to 

determine the effect of submicronic size systems on the variables analyzed. Differences among 

treatments were a function of variation with respect to the mean performing an ANOVA and Tukey 

test (α = 0.05). Nanocapsules had an average PS of 244 nm with a PDI of 0.09 and nanoemulsion PS 

of 195 nm with PDI of 0.119 indicating a submicronic size with narrow particle distribution. The ζ was 

of -42.19 mV for nanocapsules and -45.13 mV for nanoemulsion suggesting a physical stable 

dispersion with low probability of aggregation. A substantial changes in PS was evaluated in all the 

treated juices, less than 1000 nm in all samples. ζ was e significant effect given by submicronic size 

system and time of storage (p≥0.05) with values around on – 40 mV to -15 mV. On the other hand, 

pasteurized juice has lower and a* (redness) and b* (yellowness) and higher L* colors than untreated 

juice showing ∆E around than 11 at end of storage associated with the loss of total β-carotene content. 

τ no show significant changes with values around of 3000 NTU. The use of nanotechnology could be 

an alternative to thermal treatments and could contribute to better maintain valuable attributes of 

orange juice. 

 

Keywords: Nanotechnology, β – Carotene, Orange Juice 

 

INTRODUCTION 

β-carotene is one of the most important food additives and it is widely used as a colorant in foods and 

beverages, it is also a most effective vitamin A precursor, and it is a preventive agent against certain 

types of cancer and cardiovascular diseases (2,4). Thermal processing is a common process to 

preserve food products. Unfortunately, sensory properties including nutrient content, color and 

texture deteriorate during the process (4). Specifically, scraped-surface heat exchangers (SSHEs) are 

widely used in the food industry to cook, chill, crystallize or sterilize certain foodstuffs quickly and 

efficiently without causing unwanted changes to the constitution, texture and appearance of the final 

product (1). The Emulsification–Diffusion Method (EDM) allows the preparation of nanocapsules 
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(NCs) which architecture enhances to encapsulate lipophilic active-substances. Nanotechnology is 

now set to impact the food industry at all stages of processing, right from primary production at the 

farming level, and has been shown to improve the functionality of some emerging technologies, such 

as edible films for food applications (7) Nanoencapsulation provides an additional protector effect 

that impedes the degradation of thermolabile compounds in a thermal process. This effect is attributed 

to the presence of the membrane film formed around the oily core (4). 

 

MATERIALS AND METHODS 

Materials. Poly-ε-caprolactone (PCL) (Mw ~80 kDa, ρ = 1.147 s/cm3 at 25°C) was obtained from 

Sigma-Aldrich® (USA). The stabilizing agent was Pluronic®, F-127 (Poloxamer 407, PF-127) 

(BASF, México). Sunflower oil (ρ=0.921 g/cm3 at 25 °C), β-carotene was used as oily core from 

Sigma-Aldrich® (USA). The partially water-miscible solvents were ethyl acetate (EA) HPLC grade 

supplied Fermont (México). The solvent was selected due to their low toxicity (ICH class: 3). 

Distilled water was of Milli-Q quality (Millipore®, USA-Bedfore, MD). All other reagents were of 

analytical grade and were used without further purification. 

Nanocapsules and Nanoemulsion Preparation. NCs were produced by the Emulsification-

Diffusion Method (EDM) described in detail elsewhere (6) according to optimization performance 

proposed by (7). The nanoemulsions were obtained from an emulsion at 3 cycles of 5 min at 10 000 

rpm of high agitation and rest intervals of 5 min between cycles, using a rotor/stator homogenizer 

(Ultra-Turrax IKA® T50 USA) and a dispersion tool (Model S 25 N-25 G, IKA®). The β-carotene 

solution was prepared with 100 µg/mL in the orange juice. 

Particle Size (PS), Polydispersion Index (PDI) and Zeta Potential (ζ). PS distribution and PDI 

were determined by the laser light scattering technique at 273° fixed angle and 25ºC, using a Z-sizer 

4 (Zetasizer Nano Series Malvern Ltd, France). The dispersion was diluted in Milli-Q® water, 

according to the volume frequency histogram. ζ was evaluated for the system prepared using a Z-

sizer 4 (Zetasizer Nano Series, Malvern Ltd, France) after appropriate dilution in distiller water Milli-

Q®. ζ values were normalized with polystyrene standard dispersion (ζ = -55 mV). Measurements were 

made at 25°C in triplicate. 

Pasteurization Process and Storage. An SSHE (Armfield® LTD FT25C, England) was used to the 

thermal treatment of the juices with β-carotene of submicronic size according to optimization 

performance proposed by (4) and storage at 4 °C for 4 weeks. The systems of β-carotene of 

submicronic size were solution, nanoemulsion and nanocapsules in a concentration of 100 µg/mL and 

a control for contrast of results. All measurements were performed in triplicate at 25 °C. 

pH and °Bx. The saccharose concentration was determinate using an ABBE refractometer 

(Spectronic, Inc., USA). pH was measured with a potentiometer (Hanna Instruments 213, Portugal) 

equipped with an electrode (HI 1131B). All measurements were performed in triplicate at 25 °C. 

Colorimetry. Color was evaluated with a Minolta spectrophotometer (CM – 5, Japan) with a quartz 

cell for liquids, as stated the CIE (Commission Internationale de l'Eclairage), L*, a*, and b* 

coordinates were recorded using C illuminant and a 10° standard observer as reference system. L* is 

lightness, a* (− green to + redness), b* (− blueness to + yellowness). All measurements were made 

in triplicate at 25 °C. The ΔE was calculated as follows: 

Turbidity. Turbidity (τ) was measured with a turbidimeter (Hanna LP 2000, Romania) at 890 nm 

using 15 mL sample container previously calibrated with distilled water obtained Nephelometric 

Turbidity Units (NTU). All measurements were made in triplicate at 25 °C. 
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Experimental Design. Results were analyzed using the statistical analysis software MINITAB® 

Release 17 to determine the effect of submicronic size of β.carotene on the response variables. 

Differences among treatments were a function of variation with respect to the mean performing an 

ANOVA and Tukey test (α = 0.05). 

 

RESULTS AND DISCUSSION 

Particle size, PDI and zeta potential (ζ) of Submicronic Systems.Nanocapsules had an average PS 

of 244 nm with a PDI of 0.09 and nanoemulsion PS of 195 nm with PDI of 0.119 indicating a 

submicronic size with narrow particle distribution. The ζ was of -42.19 mV for nanocapsules and -

45.13 mV for nanoemulsion suggesting a physical stable dispersion with low probability of 

aggregation. 

 

Particle Size (PS), Polydispersion Index (PDI) and Zeta Potential (ζ) on the Orange Juice.  Fig. 

1 shows a substantial changes in PS was evaluated in all the treated juices (p≤0.05), less than 600 nm 

in all samples at the end storage. 

 

 
Figure 1. Evolution of particle size of orange juice at storage at 4°C 

 

ζ was e significant effect given by submicronic size system and time of storage (p≥0.05) with values 

around on – 40 mV to -15 mV. 

 

pH and °Bx. The changes in pH (3.5 – 3.7) and °Bx (10 – 12) were not affected by concentration of 

β-carotene of submicronic size (p≤0.05). This indicates good physicochemical stability in cold 

storage. 
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Figure 2 Evolution of zeta potential of orange juice at storage at 4°C 

 

Colorimetry and Turbidimetry. On the other hand, pasteurized juice has lower and a* (redness) 

and b* (yellowness) and higher L* colors than untreated juice showing ∆E around than 7 at end of 

storage associated with the loss of total β-carotene content. τ no show significant changes with values 

around of 3000 NTU (p≤0.05). 

 
Figure 3. Evolution of ΔE of orange juice at storage at 4°C 

 

CONCLUSIONS 

The use of nanotechnology could be an alternative to thermal treatments and could contribute to better 

maintain valuable attributes of orange juice. It was concluded that the added of nanocapsules of β-

carotene have a potential of application in the thermal process as pasteurization. 
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ABSTRACT 

This work presents preliminary results concerning the separation of proteins such as -lactalbumin 

and -lactoglobulin by tangential membrane-based ultrafiltration as a simple, robust and scalable 

process to convert whey into a high added value by-product in the cheese manufacturing industry. 

Whey protein concentrate (WPC, Lacprodan 80) was kindly donated by Arla Foods Industries (USA). 

WPC dispersions were tested at low concentrations (0.05-0.15%) and at varying transmembrane 

pressures (TMP < 1 bar) and different feed flow rates (20-76 L/h), to screen the effects on permeate 

flux. -Lactalbumin and -lactoglobulin were separated from WPC dispersions by ultrafiltration using 

a Quixstand unit (General Electric, USA) coupled to a peristaltic pump Watson-Marlow 313S; the 

membrane module, an UFP-10-C-3MA (Xampler, GE, USA), has a surface area of 140 cm2. Permeate 

flux of the hollow fibre membrane was measured for distilled water and for each tested whey dispersion 

at different feed velocities and at one output pressure. The protein concentration in the feed, permeate 

and retentate were analysed by HPLC (Agilent Technologies, Germany). The results showed that 

increasing the feed flow rate leads to an increase in distilled water permeate flux, from 84 to 215 

L/m2.h.bar; on the contrary, when increasing the TMP at a fixed feed flow rate (47 L/h), a maximum 

permeate flux of around 220 L/m2.h.bar was obtained at very low transmembrane pressures (around 

0.4 bar), indicating that TMP may have a more important effect in permeate flux and could be limiting 

in the permeation process. When WPC dispersions were filtered at varying TMP and a fixed feed flow 

rate, an important permeate flux decline was observed (up to 50%). The membrane module could 

filtrate the WPC dispersions operating continuously up to 70 minutes before important surface fouling 

was observed. HPLC analysis indicated that protein concentration in the permeate flow is very low or 

null, confirming that protein is effectively separated from WPC.  

 

Keywords: proteins, membrane separation 

 

 

INTRODUCTION  

Milk is one of the most important human foodstuffs because of its numerous essential nutrients. To 

keep its natural characteristics, modern processing procedures of commercialised milk include milk 

filtration. The spectrum of application of membrane separation processes in the dairy industry may 

include separation of bacteria, casein micelles, lactose, vitamins and protein aggregates, among other 

important components. Industrial milk filtration uses clean technology based only upon molecular 

size, not requiring additives. With the installation of a good filtration system, milk producers benefit 

in the way they obtain a high quality product and high value product and because the product complies 
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with the increasingly rigorous demands of both public authorities and consumers. Besides, membrane 

based technologies are considered clean. 

 

Membrane filtration is a process that separates an effluent (generally liquids) into two streams using 

a semi-permeable, selective membrane. Membrane filtration processes have been used in the dairy 

industry, notably by cheese plants, for over 20 years. A pressure gradient forces the components that 

are smaller than the membrane pores through the membrane as "permeate". The remaining 

components are retained as "retentate". A substantial flow moving parallel to the membrane prevents 

the membrane surface from blocking during the process. This is known as cross-flow filtration (1, 2). 

When the flow circulates perpendicular to the filter surface, the retained particles are rapidly 

coagulated on it, forming a cake-like layer. This is known as dead-end filtration (3). The pores of the 

filter are clogged by the cake, reducing considerably the filtration performance in a very short period 

of time. On the contrary, cross-flow filtration makes it possible to run the filtration process 

continuously with less filter blockage and with constant filter characteristics. In cross-flow filtration 

most of the feed flow travels tangentially across the surface of the membrane, rather than into it. 

 

This work aims at acknowledging the filtration characteristics of a commercial ultrafiltration unit, 

operating in cross-flow mode, towards model dispersions of whey proteins concentrate in order to 

determine the separation performance of two of its main constituents, the proteins -lactalbumin (a-

LA) and -lactoglobulin (b-LG).  

 

METHODS AND MATERIALS 

Ultrafiltration unit. The filtration equipment is a lab scale Quixstand (GE, USA) that consists of an 

ultrafiltration hollow fiber cartridge, an UFP-10-C-3MA (Xampler, GE, USA), with a 10 kDa MWCO 

and 140 cm2 filtration area; a peristaltic pump Watson-Marlow 323S; and a couple of manometers on 

the feed and on the retentate sides.  

Calculation of membrane resistance. The membrane resistance was calculated from the variable 

distilled water flux when the transmembrane pressure was varied between 0.2 and 0.9 bar in the 

membrane hollow fibers. The data obtained for the water flux were graphed against the 

transmembrane pressure and the membrane resistance was derived from the flux definition and the 

slope of the straight line adjusted to these data. 

Ultrafiltration of model solutions. WPC 80 was kindly donated by Arla Foods, Mexico. The 

dispersions to be filtrated in the 10 kDa membrane module were prepared at low concentrations (0.1 

and 0.5 wt.%) with distilled water. The dispersions were poured in the feed tank and the equipment 

was operated at two different conditions: firstly, at variable feed flow (20-76 L/h) keeping the 

transmembrane pressure constant (at 0.55 bar); secondly, keeping the feed flow constant varying the 

transmembrane pressure (between 0.2 and 0.8 bar) to determine the operating conditions that limited 

the permeate flux.  

HPLC analysis. The chromatographic separation of major whey proteins β-LG and α-LA was 

determined by HPLC as described in the standard International Dairy Federation method (4). The 

HPLC equipment (Infinity 1260, Agilent, Germany) consisted in an automatic sample injector, 

quaternary pump system and UV detector. Solvent A was a mixture of HPLC grade water and 

trifluoroacetic acid (TFA) (100:0.1 v/v) and the solvent B was a mixture of acetonitrile and TFA 

(100:0.1 v/v). Samples of sonicated dispersions were dissolved in a mixture of two solutions, 6 M 
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urea and, water-acetonitrile -TFA (90:10:0.1 v/v/v). All the prepared samples were filtered (Whatman, 

0.45µm) before the injection (50 µL) into a column 300SB-C18 (150 x 4.6 mm), at isothermal 

operation (40°C). The mobile phase was fed at 0.5 mL min-1; proteins were detected at 220 nm. The 

solvent gradient used is reported by Van Boekel (4). The β-Lactoglobulin (β-LG) concentration (ppm) 

was obtained using a calibration curve reported elsewhere. 

 

RESULTS AND DISCUSSION 

Calculation of membrane resistance. To calculate the resistances the resistances in series model 

was considered and from Darcy’s Law the flux can be obtained, 𝐽 =
𝑇𝑀𝑃

𝜇(𝑅𝑚+𝑅𝑓)
, where TMP is the 

transmembrane pressure (Pa), Rm is the resistance of the new membrane (m-1), Rf is the resistance due 

to fouling (m-1), µ is the viscosity (Pa.s). Thus, the summation of both resistances gives the total 

resistance of the membrane considering fouling. Calculating these resistances it is possible to 

determine how important is the membrane fouling (5).  

 

The results are shown in Table 1. It can be observed that there is a clear effect of concentration on 

membrane fouling. This resistance involves reversible and irreversible fouling on the membrane 

surface.  

 

Table 1. Calculation of the resistances for several concentrations 

Concentration 0.1% 0.5% 

 Value (m-1) Percentage Value (m-1) Percentage 

Rm 7.56 x 1011 40 % 7.56 x 1011 13 % 

Rf 1.12 x 1012 60 % 5.01 x 1012 82 % 

 

Ultrafiltration of model solutions. The effects of transmembrane pressure (TMP), whey 

concentration and feed rate were evaluated to determine the ultrafiltration performance. Figure 1 

shows the coupled effect of TMP and whey concentration on permeate flux, at constant feed rate. The 

permeate flux increased from 46 to 187 L/h.m2 for distilled water. However, for the different whey 

dispersions the flux was visible decreased; it varied from 32 to 94 L/h.m2 for the dispersion at 0.1 

wt.% and from 18 to 24 L/h.m2 for the dispersion at 0.5 wt.%. This clearly indicates that fouling 

becomes important when the whey protein is increased even at low concentrations, which agrees with 

the resistances obtained in the previous section.   

 

The effects of feed rate at constant TMP on permeate flux are show in Figure 2. It can be observed 

that the increase in feed rate led to a flux decline in the range studied, from 9 to 25 m/h in the fiber 

bores. The initial flux was around 42 L/h.m2 and for the highest rate it declined to 31 L/h.m2. This is 

in agreement with the literature (6) where it was found that the observed flux decline may be due to 

particle deposition because the dispersion was becoming more and more concentrated as the 

ultrafiltration process continued. This, in turn, would indicate that permeate flux itself plays an 

important role in particle deposition, leading to a flux decline.  
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a) b) 

Figure 1. a) Variation of permeate flux as a function of transmembrane pressure (TMP, kPa) for distilled water 

( – ), and whey dispersions at 0.1 wt. % () and 0.5 wt. % (); feed rate 30 L/h. b) Variation of permeate flux 

as a function of feed rate at constant TMP (55 kPa).  

 

HPLC analysis. HPLC analysis allowed us to assess the separation extent of the b-LG and a-LA 

proteins from the rest of the whey components in the prepared dispersions. The chromatograms of 

three samples (feed at 0.05%, retentante and permeate) are shown in Figure 2.  

 

The chromatogram for the final permeate sample (c) indicated that protein concentration in the 

permeate flow is very low or null, as no peaks could be integrated between 5 and 25 min, the time 

where the protein peaks for a-LA and b-LG would appear. On the contrary, the chromatogram of the 

final retentate, corresponding to the concentrated protein, showed two broad peaks between 15 and 

25 min, the retention time interval of a-LA and b-LG (7), probably due to the aggregation of the 

proteins. This would be a first indication that protein is effectively concentrated with respect to the 

prepared model dispersion. 
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Figure 2. Chromatograms of the dispersions, initial dispersion (a) and after ultrafiltration, from the final 

retentate, i.e. the concentrated proteins (b) and from the final permeate (c) 

 

CONCLUSIONS.  

TMP, feed rate and permeate flux play an important role in flux pattern and fouling characteristics. 

Increasing the concentration of the model dispersion to be ultrafiltrated in the hollow fiber module 

increased the fouling resistance, which could be related to the permeate flux decrease in the 

experiment where the feed rate was varied at constant TMP. This would indicate that permeate flux 

itself plays an important role in particle deposition over the membrane surface, leading to the observed 

flux decline. 

(a) 

(b) 

(c) 
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ABSTRACT 

The present study was designed to model and optimize the ultrasonic-assisted extraction process for 

obtain the maximum yield of total phenolic compounds (TPC) and their antioxidant activity (AA) from 

avocado (Persea Americana var. Drymifolia) peels, which is a traditional Mexican fruit. For that 

purpose, the extractions of phenolic compounds were carried out using an ethanol-water solution (80 

% v/v) at 25 ºC and powder of avocado peels. Extractions were carried out with ultrasound (USE) at 

two different electric powers (60% and 100 %) and with agitation as the conventional extraction (CE) 

(1000 rpm) at different extraction times (3, 5, 10, 15, 25, 30, 40, 50 and 60 min). After, TPC and the 

AA were determined for each extract by Folin-Ciocalteu and TEAC methods, respectively. Ultrasonic-

assisted extraction was modeled and optimized by using stepwise regression (SR), using the extraction 

times and electric powers as factors and the TFC and AA as responses. The highest values of TFC 

(10009 mg GAE / 100 g d.m.) were reached at 0% of electric power and 60 min; however, the optimal 

conditions obtained for the AA were at 79% of electric power and 36 min (22294 mg TROLOX / 100 

g d.m.) of extraction. In spite of that the USE appears to increase the yield, this one only able at certain 

conditions of electric power and time, when this is compared with the CE. This fact could be related 

with the behavior of the ultrasonic assisted-extraction kinetics of TFC and their AA after 30 min, where 

the curves showed a decrease in comparison with the CE, it could be due to the chemical reactions 

induced by the cavitation phenomenon which degrades the phenolic compounds. Models obtained by 

SR were able to represent more than 78% of the variation of all experimental data with estimates 

deviated on average 4.7% from the real values. Compared to CE, the USE under certain conditions, 

can be considered a more efficient procedure, because it shortened the treatment time what could be 

considered an interesting alternative to improve the extraction process of phenolic compounds from 

Mexican avocado.  

 

Keywords: avocado, ultrasound, phenolic compounds, antioxidant 

 

 

INTRODUCTION 

Food industrial by-products (leafs, peels and seeds) could be used due to their high content of 

bioactive compounds, which are associated with the reduction in the incidence of some degenerative 

diseases (1). Mexican avocado leaf (Persea Americana var. Drymifolia) present high amount of these 
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bioactive compounds with antioxidant properties, but the traditional extraction of these compounds 

required a long time of extraction which induces an important energy consuming, a large quantity of 

solvents and the bioactive compounds degradation. Thus, the use of ultrasound has been reported as 

a faster, more highly efficient, and solvent saving technique (2), however, the extraction efficiency 

can be improved by choosing the best combination of process variables. Therefore, the aim of this 

work was to model and optimize the ultrasonic-assisted extraction process for obtain the maximum 

yield of total phenolic compounds (TPC) and their antioxidant capacity (AC) from avocado (Persea 

Americana var. Drymifolia) leafs, which is a traditional Mexican fruit. 

 

METHODS AND MATERIALS 

Plant materials. The samples were washed with distilled water, dried (35°C, 24 hours), milled and 

sieved (500 µm). The powder was stored under darkness conditions until use.  

Conventional extraction by agitation (CVE). The extract was obtained by mixing powder and 

solvent (1:20 (w/v); ethanol (80%)) and the sample was stirred (1000 rpm) a constant temperature 

(25°C). Different times of extraction (3, 5, 10, 15, 25, 30, 40, 50 and 60 minutes) were used and the 

experiments were conducted in triplicate. 

Ultrasound high intensity assisted extraction (UAE). The UAE was performed with an ultrasonic 

bath (P70, Elmasonic. Singen. Germany; 820W) at different times of extraction (3, 5, 10, 15, 25, 30, 

40, 50 and 60 minutes), thus, the sample powder was placed with the solvent in a ratio of 1:20 (w/v) 

in test tubes. The energy was supplied to 60 and 100% with a frequency of 37 kHz. Finally, the 

extracts were centrifuged at 1350xg (4°C; 15 minutes) and stored in refrigeration and darkness 

conditions. 

Determination of total phenolic compounds (TPC). The TPC of extracts was determined by Folin-

Ciocalteu assay as reported in literature (1). Briefly, 100 µl of the extracts was mixed with 200 µl 

Folin-Ciocalteu reagent. Then, there were added 2 mL of distilled water at 22°C for 3 minutes. After 

that, 1 mL of 20% sodium carbonate (𝑁𝑎2𝐶𝑂3) solution was added. After the incubation (25°C, 60 

minutes) the absorbance was measured (765 nm). Galic acid was used as standard for the calibration 

curve to express the TPC concentration of the sample as mg galic acid (GAE) per 100 grams of dry 

sample. 

Determination of antioxidant capacity (AC) 

Ferric Reducing Ability Power (FRAP) method. The antioxidant capacity (AC) of the extracts was 

evaluated by using the FRAP method (3). The FRAP reagent was prepared by adding 2.5 mL of 10 

mM TPTZ in a 40 mM HCl solution plus 2.5 mL of 20 mM FeCl3·6H2O and 2.5 mL of 0.3 M acetate 

buffer, pH 3.6. For each 30 µl of sample, 30 µl of distilled water and 900 µl of FRAP reagent were 

added at 37°C for 30 minutes. The absorbance was read at 595 nm. The calibration curve was 

determined with TROLOX, and the results expressed as mg TROLOX per 100 g of dry sample. 

ABTS method. The ABTS procedure was carried out using the method reported by (1) with some 

modifications. The stock solution included 7.4 mM ABTS·+ solution and 2.45 mM K2S2O8 solution 

(18 hours, 5°C). The solution was then diluted by mixing pure ethanol with the ABTS·+ solution 

(0.7±1, 734 nm). Fresh ABTS·+ solution was prepared for each assay. Thus, 100 µl of leaves extracts 

were mixed with 900 µl of the ABTS·+ solution for 30 seconds in a dark condition. The absorbance 

was measure at 734 nm and a standard curve of TROLOX was prepared. Results were expressed in 

mg TROLOX per 100 grams of dry sample. 

Modeling and optimization. For the stepwise regression (SR), a software of MatLab®7.1 SP3 (The 
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MathWorks, Inc., Natick, MA, USA) was used, thus, the best combination of variables was evaluated. 

The factors (time and the electrical power) were used to verifying their effect on the TPC and AC. 

The correlation coefficient (R2), adjusted correlation coefficient (R2adj) and the mean estimate error 

(MER) were determined. 

Statistical analysis. A multifactor analysis of variance and the LSD (Least Significance Difference) 

intervals were estimated and the interactions among the factors were also tested. The statistical 

analysis was carried out using a Statgraphics Centurion XVI software package (Statistical Graphics 

Corp., Herdon, USA). 

 

RESULTS AND DISCUSSION  

Total phenolic compounds (TPC). The Figure 1 showed an increase of the TPC with the extraction 

time for both techniques. With the CVE, values of TPC were reached from 5941.40±283.63 to 

9531.41±771.30 mg GAE / 100g d.s. for 3 to 60 min, respectively.  

 

 
Figure 1. Kinetics from TPC with ultrasound (UAE) application at two electrical powers (60 and 100%) and 

without (CVE) electrical power. Average values ± standard deviation. 

 

For the results of the UAE, the highest TPC value was reached at 30 minutes; this fact could be related 

with the phenomena of cavitation which can produce the collapse of the bubbles and the increase of 

the mass transfer between the sample and the solvent (2). Likewise, the kinetics showed that not exist 

a significant difference (p < 0.05) between the two electrical powers. Finally, after the 30 minutes 

the TPC decreases, this fact could be happen due to degradation reactions incited by the phenomena 

of cavitation as known as sonolisis. 

   
Figure 2. Response surface and contour plot for interactions between two independent variables (extraction 

parameters) on extraction of TPC. 

 

With the stepwise regression, it could be observed that the three independent variables have an effect 

on the yields of TPC. As shown in Figure 2, the TPC extraction yield was more significantly affected 

by the time in samples with CVE than UAE. The optimum conditions were obtained with the 

mathematical model as shown in Equation 1 (R2= 0.776, R2adj= 0.754, MER=4.5568), with a TPC 
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value of 10009 mg GAE / 100g d.s at 60 minutes without ultrasound application.  

 

TPC=5249.5+64.782US+269.87t−2.3344USt−0.44384US2−5.9861t2+0.017172US2t+0.046841t3 

     Equation 1. 

 

Antioxidant Capacity (AC). The leaf of the Mexican avocado has a lipophilic nature, so it could be 

have a greater affinity for the ABTS method (6). In Figure 3 (B), it could be observed that the kinetics 

with the application of ultrasound in both electrical powers (60 y 100%) with ABTS method had 

better behavior compared with the FRAP method. 

 

          
Figure 3. Kinetics from CA carried out with ultrasound application (UAE) and without (CVE). Average 

values ± standard deviation. FRAP (A) and ABTS (B). 

 

The UAE with 100% of power, obtained the maximum CA with 22796.80±781.01 mg 

TROLOX/100g d.s, while the 60% reached 22312.45±456.78 mg TROLOX/100g d.s, without 

significant difference (p < 0.05) between both.  

 
Figure 4. Response surface and contour plot for interactions between two independent variables (extraction 

parameters) on the determination of AC by ABTS. 

 

Figure 4 showed the response surface and the contour plot for the method of ABTS, and it could be 

observed that with a higher the time extraction and electrical power, the higher the AC. A 

mathematical model (R2=0.972, R2adj=0.970, MER=4.7818) was used to determinate the best 

combination of the process variables. 

 

AC=6056.1+269.98US+260.31t−1.433US2−2.937t2-0.0075US2t  Equation 2 

 

The optimum conditions for the AC were 22294 mg TROLOX / 100g d.s. in 36 minutes with 79% of 

application of the electrical power. 

 

In conclusion the USE under certain conditions, can be considered a more efficient procedure, 

because it shortened the treatment time what could be considered an interesting alternative to improve 

the extraction process of phenolic compounds from Mexican avocado.  
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ABSTRACT 

Health-conscious consumers are turning to low-fat cheeses (LFCs) as suitable alternatives to their full-

fat counterparts. However, texture defects in these products remain an issue. Thus, the dairy industry 

is interested in exploring novel ingredients and state-of-the-art technologies that help improving both 

textural and rheological properties of such products. In this work, thermosonication (TS, power 

ultrasound coupled with LTLT pasteurization) was evaluated as a tool for modifying whey proteins 

incorporated in panela cheesemilk to function as fat replacers. An ultrasonic processor (Hielscher 

UP400S, 400 W, 24 kHz, 120 μm) was used to sonicate reduced-fat milk and whey protein concentrate 

(WPC, 80% protein) mixtures. Three 2-L cheesemilk systems were prepared and TS-treated 

(US+LTLT) considering the following ultrasonic conditions and mix formulations: 120 s, 50°C (1%-

fat milk + 1.33% WPC); 144 s, 50°C (1%-fat milk + 1.33% WPC); 120 s, 60°C (1.5%-fat milk + 1% 

WPC). LTLT-pasteurized 3% fat milk was used as control. A conventional panela cheese-making 

procedure was followed. All treatments were run in duplicate according to a complete randomized 

design and analyzed by 1-way ANOVA. Use of TS in milk-WPC mixtures increased yield (0.5-7% 

increase) and moisture content (9-11%) of LFCs and showed reduced hardness compared to control 

while luminosity (L*), pH, titrable acidity and aw showed no significant differences between treatments 

at day 1 and remained unchanged during 14-d refrigerated storage. TS might be used as a valuable 

pretreatment of WPC-containing cheesemilk for low-fat panela cheese manufacture. 

 

Keywords: Thermosonication, Low-fat cheese, WPC 

 

 

INTRODUCTION  

Nowadays, the consumers increasing demand for reduced-fat food products has promoted the 

development of new products, mainly in dairy sector. To satisfy this demand, the dairy science sector 

has employed different approaches, such as the use of novel additives or the modifications in the 

processing systems. Regarding the application of emerging technologies, the thermosonication (TS) 

consist in the application of high intensity ultrasound (10-1000 W/cm2 <100 kHz) combined to heat 

treatment. This process generates changes in milk structure that can be used to improve some 

properties in dairy products, mainly functional properties such as water holding capacity, gel firmness 

and clotting time (1, 2, 3). 

 

On the other hand, the use of whey proteins as a fat replacer has showed remarkable results. In this 

sense, (4) evaluated low fat Manchego cheeses (15 g fat/ L milk), prepared with commercial fat 
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replacer consisting of why protein concentrated (WPC) (10 g WPC/ L milk), employing low-fat 

cheese without addition of replacers and full fat cheese (30 g fat/L milk) as a controls. After 30-day 

ripening, the cheeses with WPC presented hardness, elasticity, cohesiveness and chewiness values 

similar to the full fat control cheese. Furthermore, (5) reported improvements in Norvegia (type 

Gouda cheese) reduced-fat texture by the addition of 15% of whey butter protein proteins and 3% of 

microparticulated whey proteins to the cheese milk. Based on this, the aim of this work was to 

evaluate some technological parameters in low fat cheeses (developed with whey proteins as a fat 

replacer and the application of TS) such as yield, texture, syneresis, besides to compositional (protein, 

fat, salt) and color during 7 and 14 day-storage. 

 

MATERIALS AND METHODS 

Materials. Raw milk was obtained with a local producer (Chipilo, Puebla) and was storage at 4°C 

until its processing the same day. WPC-80 (76% protein, 9% carbohydrate, 10% fat) was employed 

(ARLA foods, Denmark), double intensity rennet (Cuamix, Chr. Hansen, Mexico) and calcium 

chloride food grade (Medinatural, Mexico).  

Samples preparation. Milk was skimmed at 40°C and standardized at 3, 1.5 and 1% fat/100 g milk. 

Subsequently 0, 1 y 1.33 g WPC/100 mL milk were added to the standardized milks and left half hour 

at slow stirring speed to allow the complete rehydration.  

Thermosonication treatments. For US treatments, a sonotrode ultrasound equipment was employed 

(UP 400S, Hielscher, Teltow, Germany) with a steady operation frequency of 24 kHz and theoretical 

output power of 400 W. The titanium sonotrode was submerged 3 cm in the crystal reactor (2 L. The 

temperature was controlled by a water recirculation system of 7 L (AD07R-20, PolyScience, llinois, 

USA). Standardized WPC-milk mixtures were subjected to US treatments according to Table 1.  fter 

TS treatment, milk samples were LTST pasteurized (63°C 30 min) in a minipasteurizer 

(Minipasteurizador FJ15, Mr. Milky, Austria). Finally, milk temperature was reduced to 32°C using 

an ice-water system. A 3% fat milk LTLT processed was used as a control. 

 

Table 1. US treatments applied in WPC-milk mixtures 

Fat 

(%) 

Temperature 

(°C) 

Time US 

(min) 

1.5 60 2 

1 50 2 

1 50 2.41 

 

Panela Cheese Elaboration. Panela cheeses were elaborated according a standardized procedure (6). 

Before milk enzymatic coagulation, the temperature was maintained at 32°C for 30 min; later, diluted 

rennet (150 μL/L rennet diluted in 10 mL water) was added to the milk allowing the coagulation 

process during 25 to 30 minutes. After the 1-day analysis, the cheeses were packed in polypropylene 

bags and sealed at vacuum in a Torrey sealer (EV-4, ECO, Mexico) and storage at 4°C for analysis 

at days 7 and 14.  

Cheese composition. After elaboration, cheese composition (fat, water and protein content), was 

determined. Fat was determined by Gerber Method. Water content was determined by gravimetric 

method. Protein content was determined by Kjeldhal method (7, 8, 9). 
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Titratable acidity. Titratable acidity was determined by the standard method employing for the 

analysis 10 g of cheese and lactic acid as a reference (10). 

Simple Yield. Cheeses simple yield was expressed as kg of cheese obtained per kg of milk employed 

(11). 

Syneresis. The syneresis level was reported as whey mL expelled on each cheese during their storage 

at 4°C, at days 7 and 14. 

Texture Profile Analysis (TPA). TPA was carried out in a TA-XT texturometer (Stable 

Microsystems, UK), with a load cell of 30 kg (12). Cheese cylinders of 20 mm diameter and 20 mm 

high were used. Cheese samples were placed in the equipment and were compressed twice with a 

circular probe (1-inch diameter), with a speed of 1 mm/s until it reach a 50% compression. The 

following parameters were analyzed hardness, cohesiveness, elasticity, gomosity and chewiness (12).  

Color. Color evaluations were carried out in a Hunter Lab colorimeter Colorflex (Hunterlab, USA), 

using the parameters of the CIELAB scale L*, a and b. To calibrate the instrument, a black and white 

tiles were used.  

pH. pH was determined in milk mixtures, using a Denver Instruments potenciometer UB-10 (Denver 

Instruments, USA). The evaluation was carried out submerging the electrode on each milk sample, 

until the lecture was stable.  

Experimental design. The results were analyzed by ANOVA, using the software Minitab 16 

(Minitab Inc., USA). The data were presented as mean ± standard deviation. The Tukey test was used 

to compare sample data. Evaluations were based on a significance level of P <0.05. Two replicates 

of each experiment were carried out.  

 

RESULTS AND DISCUSSION 

Cheese composition. After elaboration, cheeses were examined for their composition (Table 2). In 

this case, it is important to notice the fat reduction and the important increase in water and protein 

content in all TS cheeses. 

 

Tabla 2. Cheese composition1 

Treatment 

applied 

Fat  

(%) 

Water  

(%) 

Protein  

(%) 

Control 15.22±0.73A 60.41±1.35Aa 15.91±1.14A 

60°C 120 s 7.61±1.08B 66.23±1.03Ba 22.04±0.35C 

50°C 120 s 5.56±0.77C 66.53±1.12Ba 20.31±1.35BC 

50°C 144 s 5.22±0.25C 67.08±1.00Ba 19.12±0.06B 

1 Values are presented as %content ± SD 

 

Simple yield and syneresis. Simple yield and syneresis in TS and heat treated cheeses is presented 

in Table 3. In all treatments, no significant difference was observed regarding the yield obtained 

(P<0.05). Nevertheless, small increases in cheese yield such as the one presented in TS treatments of 

60°C and 2 minutes are sufficient to generate important profits to the producers (13). Regarding the 

whey expelled, the TS cheeses expelled more whey, presenting significant difference (P<0.05) 

compared to the control. The main cause of syneresis is the rearrangement of the protein matrix 
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formed by the paracasein micelles. In this case, the TS treatments is capable of increase the yield but 

is seems that part of this components are expelled during their storage.    

 

Table 3. Simple yield and syneresis in TS and heat treated cheeses1. 

% Fat °C 
US  

time (s) 

Simple yield (kg 

cheese/ 100 kg milk) 

Syneresis (%whey 

expelled) 

3 Control  20.75±2.04A 16.81±0.11A 

1.5 60 120 22.25±1.91A 19.20±1.53B 

1 50 120 20.96±1.31A 20.83±0.29B 

1 50 144 20.21±0.61A 19.05±1.53B 

1. Data are means ± SD (n = 3 independent experiments). Control= (63°C, 30 

min) Different upper letters in the same column represents significant 

difference (P<0.05) 

 

Texture. Texture parameters in the elaborated cheeses presented different behavior during their 

storage. Firmness: In all samples a gradual increase was observed, without significant difference 

(P<0.05). The cheese firmness depends on different factors such as water, fat and minerals content. 

The fat reduction implies cheeses with higher firmness (14). In this sense, the WPC addition and the 

TS treatments allowed the incorporation of higher amounts of water, with a reduction of the firmness 

expected. During their storage, the increase in firmness is related to the water expelled to the matrix. 

Elasticity: The values observed remain constant during cheese storage. Cohesiveness: The TS cheeses 

presented higher increases during their storage compared to the increase obtained in heat treated 

sample. Gumminess and Chewiness: Important increases were observed in TS cheeses presenting 

significant difference (P<0.05) with respect to the control sample. 

 

Color. During cheeses storage, a significant increase (P<0.05) in L* and a* parameters was observed 

and on the other hand, a decrease in the b* parameter was perceived. In all cases, the cheeses presented 

high luminosity values (above 90), with minor changes during their storage. Although significant 

differences existed in the instrumental evaluation of the samples, no visual differences were perceived 

among the treated samples. 

 

pH and titratable acidity. Minor changes in pH and titratable acidity in all processed cheeses were 

observed during their storage without presenting significant differences (P<0.05).  

 

CONCLUSION 

Based on the results obtained, it can be concluded that the use of thermosonication treatment in WPC-

milk mixtures for cheese elaboration, opens a new kind of possibilities to process low-fat panela 

cheese. The TS cheeses obtained similar characteristics to full fat cheese in yield, texture, color, pH 

and titratable acidity, with an important reduction in fat, which make them able to be part of any 

human diet.  
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ABSTRACT 

Based on promising physicochemical and microbial results obtained in a previous study evaluating the 

use of Ultra High Pressure Homogenization (UHPH) in milk, the aim of this work was to evaluate the 

volatile profile of whole milk treated by UHPH 300 MPa with inlet temperature (Ti) = 65, 75 and 

85°C, comparing the results to heat-treated milks (pasteurized and UHT). The results obtained showed 

that ketones and aldehydes were the most abundant compounds detected in all samples. In UHT milk, 

ketones and dimethyl sulfide concentration was higher than in any other sample. On the contrary, the 

concentration of aldehydes in UHPH-treated milk samples, especially in Ti = 85°C sample, was higher 

than the concentration detected in heat-treated samples, probably because of secondary stages of 

oxidation. PCA resulted useful to explain the variations in the observed responses, presenting well-

defined groups, with similarities in the volatile profiles between pasteurized and UHPH-treated milk 

at 300 MPa with Ti = 65 and 75°C. According to this, UHPH represents a suitable alternative to reduce 

the cooked-related compounds presented in heat-treated milk.  

 

Key words: Ultra-High Pressure Homogenization, milk, volatile profile, heat-treated milks 

 

 

INTRODUCTION  

The complex mix of volatile compounds found in milk plays an important role in flavor development 

in fluid milk (1, 2, 3). As a consequence of the processing techniques applied to milk some of the 

initial volatile compounds present in raw milk can change, modifying the flavor of the product. The 

development of the cooked flavor depends on the intensity of the heat treatment applied, being from 

low amounts of 2-heptanone in HTST milk to high presence of this compound in UHT and sterilized 

milk, respectively (4). Further, the oxidation of unsaturated fatty acids produces some aroma-active 

aldehydes and ketones capable of inducing cardboard-like flavors in heat-treated milk (5, 6, 7). 

 

The consumers increasing demand for like fresh milk, with less intense heat treatments, has pushed 

the dairy industry to explore alternative techniques to obtain the same safety standards, but with an 

improvement in sensory characteristics, leading to the development of a new gamma of processing 

techniques, known as emerging technologies. Different emerging technologies have been applied in 

milk such as high-hydrostatic pressure (HHP), pulsed electric fields, ultraviolet (UV) irradiation and 

more recently, ultra-high pressure homogenization (UHPH), showing to be effective to reduce 

microbial load in considerable numbers (8, 9, 10, 11, 12). Additionally, specific UHPH conditions 
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have been capable of obtain similar microbiological quality and shelf life than high pasteurized and 

UHT milks (13, 14), presenting the UHPH technology as a real alternative to milk heat treatment. For 

this reason, the aim of this work was to evaluate the volatile profile of milk treated by UHPH at 

moderate Ti, in contrast with UHT and other heat-treated milks. 

 

MATERIALS AND METHODS 

Milk treatments. For the experiments, raw milk (3.5% ± 0.2 fat) was obtained from a local producer 

(Can Badó, La Roca del Vallès, Spain) and store at 4°C during 10-12 h.  The UHPH treatments were 

accomplished in a Stansted high-pressure benchtop homogenizer (Stansted Benchtop Homogenizator 

nG12500, Stansted Fluid Power Ltd., Essex, UK). Raw milk was UHPH-treated under the following 

conditions: 300 MPa (first valve) at Ti of 65, 75 and 85ºC. Heat treatment in milk was applied in a 

tubular indirect heat exchanger Finamat (model 6500/010, GeaFinnah GMBH, Ahaus, Germany) at 

138ºC for 4 s. Previously, a traditional milk homogenization process was carried out at 18 + 4 MPa. 

All treated samples were manually collected in sterile bottles (50 mL), in a bench laminar flow clean 

air cabinet (Mini V/PCR, Telstar, Terrassa, Spain), previously sterilized maintaining aseptic 

conditions. Four replicates of each experiment were conducted. 

Isolation of volatile compounds. Volatile compound isolation in milk samples was carried out 

according to (15), employing the solid phase micro-extraction (SPME) technique. The vial with milk 

was heated for 5 min at 45°C in a water bath stirring at 700 rpm to allow the sample to reach 

equilibrium and after this time, the SPME fiber was inserted into the vial through the septum. After 

90 min of fiber exposure at 45°C passed, the fiber was retracted into the SPME assembly and removed 

from the vial and placed into the gas chromatograph equipment (GC).  

SPME GC-MS. Volatile compounds adsorbed into the SPME fiber were analyzed by GC-MS in a 

HP 6890 Series II gas chromatograph (MSD; Hewlett-Packard Inc., Wilmington, DL, USA), 

employing a DB-5 capillary column (60 m × 0.25 mm internal diameter with a film thickness of 1 

µm)  

Statistical analysis. Data were analysed using statistical software Minitab 17® (Minitab Inc., State 

College, PA, USA) by general lineal model ANOVA followed by Tukey's pairwise mean 

comparisons (P<0.05).  

 

RESULTS AND DISCUSSION 

Groups of Compounds  

Ketones. Ketones were the most abundant group in the volatile profile of the analyzed milk samples. 

A total of eight different ketones were identified in the samples examined, presenting important 

differences in the abundance of each compound in every sample analyzed. Some of the ketones 

present in milk have a specific pathway, such as 2-butanone, which may be a derivate of the bovine 

metabolism, or the cows feed (16, 17). By the contrary, other ketones production such as 2-pentanone 

and 2-heptanone is related to the use of heat treatment in milk. The production of these compounds 

may follow two main pathways: (1) the β-oxidation of saturated fatty acids followed by a 

decarboxylation process; (2) decarboxylation of β-ketoacids (17). The results observed for 2-

pentanone and 2-heptanone showed significant increases (P < 0.05) with the heat intensity applied in 

the following order 75/300> 65/300> 85/300> UHT. Besides, similar results were observed for other 

long-chain ketones compounds, such as 2-octanone, 2-nonanone and 2-undecanone. In heat-treated 
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milk (particularly bottle sterile milk), the cooked aroma is related to the presence of long-chain 

ketones (18) (Table 1).  

 

Aldehydes. These compounds have an important effect in milk flavor, especially the aliphatic 

aldehydes (19). The aldehydes found in UHPH- and UHT were linear aldehydes such as pentanal, 

hexanal, heptanal, octanal and the aromatic benzaldehyde. Most of these compounds are formed by 

auto-oxidation of unsaturated fatty acids and the spontaneous decomposition of hydroperoxides being 

promoted by heat and light that may increase their amount during storage. The highest amount of 

these compounds was detected in UHPH samples especially in UHPH treatment at 300°C Ti = 85°C, 

probably related to later stages to the oxidation reaction (Table 1). In that case, (13) suggested that in 

HHP treatments, the oxygen becomes more soluble, causing an increment in the amount of 

hydroperoxides, which results in higher amounts of aldehydes in milk. Even though HHP and UHPH 

have different operational principals, both technologies present an important increase in pressure 

(even the UHPH technology for a very short period of time), that can promote the increment in the 

aldehydes concentration in milk. In the case of UHPH-treated milk, fat droplet disruption by 

cavitation and subsequent rearrangement of oil droplets during homogenization, in addition promotes 

distribution of oxygen, which may thus accelerate the lipid oxidation. 

 

Table 1. Volatile compounds found in UHPH (°C/MPa) UHT and Pasteurized milka 

Compounds Rindex QIb IDc 65/300 75/300 85/300 UHT 

Ketones        

2-propanone 820 43, 58 ST, MS, RI 1.17b 1.73b 4.82b 23.99a 

2-butanone 906 43, 72 ST, MS, RI 0.69b 0.65b 1.62b 7.84a 

2-pentanone 985 43, 57 ST, MS, RI 0.56c 0.09d 11.69b 85.11a 

2-heptanone 1189 43, 58 ST, MS, RI 0.39c 0.27c 90.85b 312.95a 

2-octanone 1292 43, 58 MS, RI 0.40c 0.01d 0.64b 2.08a 

Aldehydes        

Pentanal 988 44, 58 ST, MS, RI 0.41c 0.83c 3.86a 1.30b 

Hexanal 1092 44, 56 ST, MS, RI 1.72c 3.64b 4.42a 0.57d 

Acids        

Butanoic acid 994 43, 74 MS, RI 0.10c 0.4b 0.13c 4.99a 

Benzoic acid 1169 267, 73 MS, RI 1.49d 2.08c 3.27b 55.40a 

Alcohols        

1-butanol 1161 41, 56 MS, RI 0.02b 0.02b 0.14a 0.10a 

1-pentanol 1262 42, 70 MS, RI 0.15c 0.16c 0.87a 0.37b 

Sulphur        

(DMS) 1572 63, 78 ST, MS, RI 0.04b 0.05b 2.33a 2.57a 

Different lower cases in the same row means significant difference (P < 0.05) among treatments; a: Media; b: QI: 

Quantification ions. Selected ions for each compound for selected ion monitoring (SIM) analysis. Bold ions were used for 

peak integration; c: Identification method. ST: Standard MS: Mass spectra RI: Retention index 

 

Acids. Short-chain fatty acids are produced by the degradation of triglycerides present in milk that 

can be easily attacked by peroxides leading to rancid or oxidized flavors (20). In UHPH- and UHT 

milks, three acids were detected as a part of the volatile profile. Butanoic, benzoic and hexanoic acid 
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concentration in UHT milk was higher than in the other analyzed milks, presenting significant 

differences (P < 0.05). Throughout the acids detected, benzoic acid is naturally present in milk in low 

concentrations (21), but it tends to increase its presence as a consequence of the heat treatment in 

milk. In this sense, (22) evaluated the sensory characteristics and volatile profile of milk (2% fat) 

subjected to heat treatment of 77, 79, 82 and 85°C for 15 s, observing an increment in butanoic acid, 

benzoic acid and hexanoic acid as a consequence of the temperature increase. With regard to the 

UHPH-treated milk (200 and 300 MPa with Ti = 30 and 40°C), (13) reported no significant change 

(P > 0.05) in the content of hexanoic acid compared to that found in pasteurized milk (90°C, 15 s), 

confirming the results presented in this study (Table 1). 

 

Alcohols. Four alcoholic compounds were detected in UHPH- and UHT milk. For these compounds, 

small but significant differences (P < 0.05) were observed among the heat- and UHPH-treated 

samples, showing an increment in the concentration of these compounds associated with the 

temperature increase. The highest values were observed in the UHT milk and UHPH milk sample 

treated at 300 MPa with Ti = 85°C (Table 1). The formation of alcohols in milk can be due to the 

reduction of the correspondent aldehydes. Further, because most of the alcohols do not have flavor, 

their contribution in the volatile profile of milk is almost insignificant (20). 

 

Sulfur compounds. The formation of these compounds starts with the sulfur of the aminoacids 

methionine and cysteine. By many different kinds of reactions, in which the sulfur is liberated and 

attach to other carbonyl fraction of the milk, the methionine becomes methional, being after converted 

to methanothiol, compound that is oxidized to form dimethyl disulfide. After that, the dimethyl 

disulfide may be transformed into dimethyl thrisulfide (DMS). Although, hydrogen sulphide was 

considered the major contributor to the cooked flavor of heat-treated milk, other studies concluded 

that the DMS and methanothiol are compounds with higher impact in the cooked flavor of heat-treated 

milk (18). Although, DMS was the only sulfur compound detected in the UHPH- and heat-treated 

milk samples, significant differences (P < 0.05) were observed among them. The highest values were 

detected in UHT and UHPH milk sample treated at 300 MPa with Ti = 85°C, without significant 

differences (P > 0.05) between them. In contrast, to the UHPH milk samples treated at 300 MPa with 

Ti = 65 and 75°C presented a very small amount of this compound (Table 1). Comparing the results 

obtained by (13), the amount of DMS presented in UHPH-treated milk at 200 and 300 MPa with Ti 

= 30 and 40°C was lower than the amount of this compound observed in the samples treated at 300 

MPa with Ti = 85°C.  

 

CONCLUSION 

The use of UHPH technology in milk in the conditions evaluated produced a milk with a different 

volatile profile than UHT milk. In all the UHPH conditions tested, the amount of ketones and DMS 

(compounds related to the cooked flavor in milk) were lower than the concentration detected in UHT 

milk. Nevertheless, the aldehydes concentration in the UHPH samples, especially in the sample 

treated at 300 MPa with Ti = 85°C, was higher than the amount presented in heat treated samples, 

possibly as a result of secondary stages of lipid oxidation. In the conditions evaluated, the UHPH 

technology seems to be an adequate solution for reduction of cooked off-flavor detected in heat-

treated milk.  
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ABSTRACT 

In this work were developed foils of polylactic acid (PLA) with different additives whose purpose was 

to allow the diffusion of active antioxidant compounds and increase the barrier properties to oxygen 

and water vapor, in order to study the feasibility to be used as material for food packaging. Additives 

used were: an oxygen scavenger (SCA), an UV stabilizer and two antioxidants; α-tocopherol (ATOC) 

and butyl hydroxy toluene (BHT). Foils were developed by co-extrusion process. Properties 

characterized were: a) physical-mechanical (tension and elongation, scraping and puncture) and b) 

thermal (thermogravimetric analysis (TGA), differential scanning calorimetry (DSC)). The results 

showed that the addition of antioxidants BHT and ATOC changed physico-mechanical properties but 

not the thermal of PLA. Additionally, the release of the antioxidant was evaluated from PLA foils in 

three food simulators (methanol, water and oil) at two temperatures (8 and 25 ° C) for 60 days. The 

results showed that the release in methanol for both antioxidants was gradual however, the ATOC 

release was 40% greater than BHT at both temperatures. At 60 days a release of 83.33% and 68.6% 

respectively of ATOC and BHT was recorded. In Oil or water no migration was detected for both 

antioxidants. As regards the study of the barrier properties, the low functionality of the additive SCA 

was confirmed, by increasing transmission rates of oxygen (OTR) and water vapor (WVTR) due to 

low compatibility and increase in free volume polymer matrix, confirmed by micrographs obtained by 

electron microscope (SEM). Finally, due to the physical-mechanical behavior of the materials 

obtained, the processing method of these polymeric matrices for the manufacture of containers remains 

restricted to thermoform. 

 

Keywords: migration, active packaging, polylactic acid, antioxidants 

 

INTRODUCTION 

An active container (AC), in addition to fulfilling the functions of conventional container 

(containment, protection and advertising), is able to improve the properties and extend the shelf life 

of food content, through positive interaction that exerts between the polymer and food (1). The PLA 

is a biopolymer produced by fermentation of glucose obtained from various sources of starch such as 

corn, wheat, lactose whey or sucrose from molasses (2). Its Characteristics; physical, optical, safety, 

biodegradability and versatility make it a polymer suitable for food packaging. However, it has 

drawbacks as high brittleness and the transmission rate of water vapor and oxygen (3). The use of 

oxygen scavengers also known as "oxygen eliminators" has the quality to improve the oxygen barrier 

property in the polymers. These compounds are and must be capable of reducing oxygen to values 

below 0.01%, which compared with conventional systems or internal inert gas injection in modified 

atmospheres (0.3-3%) are more efficient (4, 5). 
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Oxidation is a chemical reaction that leads to the alteration of the intrinsic properties of the food 

through the formation of odors and abnormal flavors, changes of color and texture as well as decrease 

the nutritional value to lose some vitamins and polyunsaturated fatty acids (6). Because of these 

undesirable properties, the development of AC added with antioxidants has a special interest in both 

food and polymeric materials destined for food packaging, because they avoid the thermo-oxidative 

degradation of the polymer during their processing and delay or prevent reactions food oxidation 

protecting their physicochemical characteristics (7). Therefore, the objective of this work was to 

develop foils of PLA added with SCA, BHT or ATOC, generating an active polymer, as well as being 

sustainable with the environment, can be adapted to the needs of the packaging industry improving 

the oxygen barrier properties, allowing the migration of antioxidants and finally offer the consumer 

a higher quality product and useful life. 

 

METHODS AND MATERIALS  

Development and characterization of formulations: Foils were processed in: 1) monolayer, 

constituted by PLA + SCA to 4 different concentrations (1, 2, 3, and 4%) with a thickness of 0.25 

mm, and 2) bilayer foils, where the first layer (layer a) was PLA with a constant thickness 0.25mm 

and the second layer (layer b) consisted by PLA + ATOC to 3%,  PLA+BHT to 3% and  PLA+UV 

0.01%. The layer b had a thickness of 10, 20, 30 and 40% plus compared to the layer a. These 

materials were mixed in melt in an extruder twin screw W&P of 30 mm diameter attached to a single 

screw extruder (Killion, L/D 24 ") as tandem form, this latter to incorporate materials which include 

the dispersed or additivated phase. These foils were characterized in their optical properties (ASTM 

D1003), mechanical, thermal and like barrier (ASTM D3985, ASTM F1249). 

Study of antioxidants migration: To assess the migration behavior of antioxidants (BHT and 

ATOC) from the polymer to different thicknesses, the foils were exposed to food simulators 

(methanol, water and oil) at two different temperatures (8 and 25 °C) in order to corroborate the effect 

of thickness on the total concentration migrated to 360 hours. Quantification of antioxidants BHT and 

ATOC in methanol was performed by high pressure liquid chromatography (HPLC), while oil was 

performed on a gas chromatograph coupled to a mass detector (GC / MS). 

 

RESULTS AND DISCUSSION  

In Table 1, the values of Tmax, Tg, Tc and Tm obtained from thermal analysis, those shows that the 

addition of 3% and 4% of SCA modified Tm temperature in 3% when increase at 5°C the fusion 

temperature while the Tmax, Tg and Tc of the polymer PLA were unaffected. The foil increase in Tm 

of PLA+SCA, can be explained by the intrinsic nature of the oxygen scavenger additive, to display a 

Tm of 87 °C higher than the PLA. The influence of 0.01% UV stabilizer additive addition was 

reflected in the increase of 2.97 and 2.74% in Tc and Tmax, respectively, but did not affect Tm and 

Tg. The addition of 3% of the ATOC and BHT antioxidants induced an increase of 2.74 and 4.72% 

in Tmax in the PLA, respectively, whit out Tg and Tm modification. 

 

In Figure 1, the values of WVTR, which shows that the incorporation of 1.0 and 4.0% SCA have not 

statistically significant effect on this parameter compared to PLA, while the addition of 2.0 and 3.0% 

increased significantly the permeability of water vapor PLA foils, contrary to the expected response. 

This increase in mass transport were attributed to various factors, among the main ones are: the 

compatibility having the additive with the polymer, it may cause an increase in the free volume of the 
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polymer, causing a high porosity explaining the increase rate of water vapor determined by WVTR 

and corroborated from SEM micrographs. 

 

Table 1. Values of T Max, Tg, Tc and Tm of PLA coextruded polymer foils and added. 

Temperature 

Treatment 

Tmax (°C) Tg (°C) Tc (°C) Tm (°C) 

PLA  353.36±0.01 59.88±0.15 105.87±0.83 145.97±0.54 

PLA+SCA 1 %   354.65±0.21 59.51±0.36 104.4±0.27 145.27±0.03 

PLA+SCA 2 % 354.35±0.01 58.25±0.14 106.23±0.40 145.15±0.53 

PLA+SCA 3 % 354.02±0.00 58.45±0.31 106.38±0.01 150.41± 0.29 

PLA+SCA 4 % 354.15±0.52 57.76±0.14 105.14±0.01 149.84 ±0.01 

PLA+UV 0.01 % 363.05±0.60 58.07±0.01 109.02±0.39 145.76 ±0.33 

PLA-ATOC 3 % 362.15±0.53 58.49±0.29 105.04±0.01 145.25 ±0.60 

PLA-BHT 3 % 370.05±0.71 59.14±0.75 104.76± 0.10 145.49 ±0.29 

Tmax = maximum temperature of decomposition; Tg = glass transition temperature; Tc = 

crystallization temperature; Tm = melting temperature; PLA = polylactic acid; PLA + PLA 

SCA = mixtures with oxygen scavenger additive at 1.0, 2.0, 3.0 and 4.0%. 

 

 

The results showed that the additives do not adversely alter the thermal properties of PLA to 

minimally modify the Tm and Tg, important parameters in polymer processing. 

 

 

 
Figure 1. A. water vapor transmission rate (WVTR) in PLA and PLA+SCA foils. Values are expressed as mean 

± standard error (SE), the same letters indicate no statistically significant difference by ANOVA Tukey (p ≤ 

0.05). B. SEM micrograph of PLA and PLA+SCA foils. 

 

Regarding the physical-mechanical films performance made with antioxidants, ATOC and BHT; 

oxygen scavenger additive, SCA and UV stabilizer, resistance tension tests were performed, ripped 

and puncture, showing that the PLA is a fragile to exhibit low elongation capacity when it is subjected 

to a tensile effort; 8.81 ± 3.07 and 3.71 ± 0.25% in DM and DT, respectively. It was also observed 

that the addition of 1.0 4.0% SCA modified ripped strength in 3.0% DM and 22.0% in TD and caused 

stiffness to register less elongation than PLA. Again the heterogeneous behavior of materials under 

ripped effort was due to inadequate distribution and arrangement of the SCA in the chains of PLA, 

caused by low compatibility additive-polymer. 

B A 
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Moreover, the foils added with antioxidants and UV stabilizer indicated that increasing foils thickness 

led to increased ripped resistance but not the elongation. The puncture was not changed by supplement 

of all additives. Release assays of BHT and ATOC antioxidant in water and commercial oleic oil® at 

8 and 25 °C showed no migration to 360h of monitoring. Release or migration of the BHT and ATOC 

antioxidants in methanol was gradually from 2h until 360h of exposure to both 8°C and 25 °C (Figure 

2). 

Migration varied according of antioxidant type, it was found that ATOC recorded migration rates 

40% higher than BHT in both 25 °C and 8 °C to 360h. Additionally, it found that both BHT and 

ATOC, migration was higher at 25 °C than 8 °C showing that the temperature plays an important role 

in spreading antioxidants. 

 

 
Figure 2. Migration of butylhydroxytoluene (BHT) and α-tocopherol (ATOS) in 95% methanol to 8 °C and 25 

°C. 

 

CONCLUSIONS 

The PLA added with 1% to 4% oxygen scavenger (SCA) had no effect on the barrier properties. As 

for migration concerning has been found that the ATOC speed migration is higher than BHT and it 

depends on the temperature in both cases. Due to its physico-mechanical behavior, the processing 

method of these polymeric matrices to containers manufacture is restricted to thermoforming. 
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ABSTRACT 
Biogenic amines (BA) are toxic compounds produced in food by bacteria that possess amino acid 

decarboxylase activity. Because some of them are toxic to humans when ingested, it is important to 

develop fast detection/quantification methods that guarantee safe levels of BAs. The objective was to 

develop an optical biosensor for BA detection in food. The biosensor was constructed using 1 cm2 

fragments of Type-P doped SiO2 wafers cleaned and surface-hydroxylated by piranha solution. The 

substrates were functionalized with 3-aminopropyltrimethoxysilane (3APTES) in order to expose 

amino-groups on the surface through a self-assembled-monolayer; the functionalized SiO2 substrates 

were then submerged in a 10% solution of glutaraldehyde (GA) in ethanol (v/v) for 2 hours at RT and 

washed with ethanol to remove the GA excess. Finally, a plant-source Diamine Oxidase (PSDAO) was 

covalently immobilized onto the SiO2-3APTES-GA substrates. To do this, 1U of PSDAO in 0.1M PBS 

was deposited over the substrates at RT for 2 hours. The enzyme excess was washed with 0.1M PBS. 

Every step in the biosensor’s fabrication was checked using FT-IR, AFM and SEM. To test the sensor’s 

a 100mM solution in 50mM Tris of either putrescine or histamine was deposited 

into de liquid stopper of an ATR (diamond crystal) accessory and measured in the mid-Infrared region 

for 50 minutes generating one spectrum per minute using a Bruker Vertex-70 FT-IR Spectrometer. By 

FT-IR it was determined that a wide band at 1200-1100cm-1 corresponded to the NH4 synthetized by 

the enzyme when oxidizing the BA. This was demonstrated getting the spectrum of a NH4OH standard. 

This band tends to increase its absorbance as the reaction takes place due to the accumulation of NH4 

and it was absent when running a kinetic exposing the biosensor with only Tris Buffer. Moreover, 

absorbance of this band was stabilized faster on putrescine than on histamine, this was expected 

because the KM of PSDAO is lower for the former than for the latter. At 20 minutes the band’s 

absorbance showed a complete stabilization aside the tested BA, so we propose it would be a suitable 

contact time for a biosensor-food assay. 

 

Keywords: Biosensor, biogenic amines, functionalization, FT-IR. 

 

INTRODUCTION 

Biogenic amines (BA) are poly-cations that exhibit biological activity. They are produced by bacteria 

that usually spoil food or that are even involved in food processing. These bacteria express L-amino 

acid decarboxylases that converts histidine to histamine, tyrosine to tyramine, ornithine to putrescine 

or lysine to cadaverine; just to set some examples. Food with a high protein content such as: meat, 

fish and dairy are often involved in food poisoning outbreaks because of the BA toxic effects on 

humans provoking headaches, migraine, increased blood pressure, hypotension, bradycardia (1); and 
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also mimic allergic reactions (2). Because of this, health authorities among countries had established 

regulations regarding to the maximum BA content in food, being liquid and gas chromatography the 

most used methods for their detection and quantification; nonetheless any of them are time-

consuming partially due to extraction and derivatization steps needed on both of them (3,4). Recently, 

biosensors have become a simple, cheap, fast and accurate alternative to traditional analytic 

methodologies in many test fields (5), because of this, the aim of this work was to develop an optical 

biosensor that can be used to detect BA in food making its determination cheaper, simpler and faster. 

 

METHODS AND MATERIALS 
Biosensor construction. P-type doped silicon wafers (substrate) were cut in to approximately 1cm2 

pieces and subsequently cleaned: first, using deionized water in an ultrasonic bath for five minutes 

and then sonicated in acetone for 20 more minutes. The substrates were then washed multiple times 

with abundant deionized water and dried under a N2 stream. In order to expose hydroxyl- groups onto 

the surface of the substrates, they were exposed to piranha solution (H2SO4 : H2O2 , 3:1 v/v) for 30 

minutes. After that, the substrates were carefully washed with deionized water and dried again with 

N2. All substrates were functionalized using 3-Aminopropyltrimethoxysilane (3-APTMS) in gas 

phase using the protocol described by Gunda et al. (2014) (6). In order to immobilize plant-source 

Diamine Oxidase (PSDAO) purchased to Bio-Research (USA) used in this work as bioreceptor, 3-

APTMS functionalized substrates were submerged in a 10% glutaraldehyde (GA) in ethanol solution 

for 2 hours at room temperature. The glutaraldehyde excess was washed-off with absolute ethanol 

and the substrates were washed multiple times with deionized water and dried using N2. 1U of 

PSDAO dissolved in 0.1M PBS pH 6.8 was carefully deposited over the SiO2-3-APTMS-GA 

substrates and left the reaction to occur for two hours at room temperature. After that, the enzyme 

excess was eliminated washing the biosensors with fresh PBS. In order to make sure every step in the 

biosensor construction was done correctly, all the process was monitored by FT-IR spectroscopy, 

Atomic-Force Microscope (AFM) and Scanning Electron Microscope (SEM). 

Biosensor activity tests. The biosensor’s activity was tested using FT-IR spectroscopy (Bruker 

Vertex 70) in the mid-IR region at ATR (Pike Technologies MIRacl accessory, diamond crystal) 

mode. To do so, 20µL of a 100mM solution in 50mM Tris  pH 6.8, of either putrescine or histamine 

was deposited into de liquid stopper of the ATR accessory, then the biosensor was placed over it had 

and measured the enzyme activity for 50 minutes generating one spectrum per minute. 

 

 

RESULTS AND DISCUSSION 

The FT-IR spectra of the biosensor assembly are shown in Figure 1. Hydroxylated silicon support 

(Figure 1A) shows the Si-Si symmetric stretching band of the wafer’s inner layer at 612 cm-1, as well 

as Si-OH stretching at 900 cm-1 due to the surface hydroxyl- groups (7). After the functionalization 

step an attenuation of the 612 cm-1 and 900 cm-1 bands can be noticed because of the deposition of 

the 3-APTMS layer over the substrate and its subsequent covalent bonding to the surface OH groups 

(Figure 1A). Bands at 1112 cm-1 and 1036 cm-1 are due to phonon splitting because of lateral (Lo) 

and Transverse (To) growth of the amino-silane layers (8); the band at 1572 cm-1 shows the in-plane 

bending of the exposed amino group at the surface of the functionalized substrate. Figure 1B shows 

the FT-IR spectra of the fully assembled biosensor. The lyophilized PSDAO spectrum is the top one, 

were Amide I (1632 cm-1) and Amide II (1548 cm-1) bands are evident. These bands are also present 
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at the biosensor spectrum, meaning that the enzyme was successfully covalently immobilized on the 

substrate. The 1070 cm-1 band remains from the SiO2-3-APTMS-GA substrate that’s why it is not 

present at the PSDAO spectrum as expected. 

 

 
Figure 1.  FT-IR spectra of the biosensor assembly stages. A, hydroxylated and functionalized substrate; B, 3-

APTMS functionalized substrate+GA, PSDAO and finalized biosensor spectra. 

 

Figure 2, shows the changes on the substrate topology during the different biosensor’s assembly 

stages by AFM. The hydroxylated silicon substrate roughness (Figure 2A) is around 0.15 nm. It is 

clear that the 3-APTMS layer increment the roughness of the surface as can be seen on Figure 2B 

(almost 2 nm), actually some clumps are visible. There are several factors that influence the correct 

deposition of 3-APTMS layer over a substrate. The most important of them is the presence of water 

molecules. When water is not effectively eliminated before the functionalization step, amino-silane 

tend to form non stable hydrogen bonds between methoxy- and amine- groups causing these 

clumps(9). 
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Figure 2. AFM and roughness profiles of biosensor assembly stages (A-D) and SEM of a cross section of the 

biosensor (D). A clean silicon wafer fragment after the piranha solution; B, silicon wafer functionalized with 3 

APTMS; C, assembled biosensor. The diagonal lines show the area roughness measurement for each stage; the 

dotted lines in the graphs show the quadratic average of the surface roughness. 

 

The completely assembled biosensor is shown on Figure 2C. It is clear the surface topology 

changed after the enzyme covalent immobilization. As it is expected, the roughness of the surface 

increased becoming somewhat irregular. On the SEM biosensor’s cross section (Figure 2D) the 

middle 3-APTMS+GA spongiform layer is evident between the silicon substrate and the enzyme 

exterior surface. Tanking together the IR spectroscopy results and the microscopy images, it is clear 

that the biosensor assembly was successfully achieve. So the next step was to put it to the test. 
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Figure 3. Biosensor’s response to histamine (A); putrescine (B) and Tris buffer (C) as negative control. 

Experiment set-up on the FT-IR spectrometer (D) 

 

Figure 3A and 3B shows the FT-IR kinetic of the biosensor’s activity to histamine and putrescine 

respectively. In both kinetics the appearance of a broad band between 1200 and 1100 cm-1 whose 

absorbance increases over time is observed. The spectrum of the NH4OH dissolved in Tris clearly 

shows that the mentioned band corresponds to the NH4 produced by the PSDAO because of the BA 

oxidation that is taking place. The band located at 1068 cm-1 corresponds to the Tris buffer and given 

its position within the spectrum could be attributed to C-C-O or C-N stretching vibrations. This band 

also augments its absorbance over time because of the water loss in the reaction mixture, which causes 

the increase of the Tris signal as a solute. To demonstrate the above, a kinetic study was performed 

only with the Tris buffer as a negative control. On Figure 3C the result for this experiment is shown; 

where it is observed the same pattern of the absorbance increment of the 1068 cm-1 band, but not 
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the 1136 cm-1. From the above experiments it can be concluded that the working biosensor signal can 

be detected by IR through the ammonium production at 1136 cm-1, and that water loss in the reaction 

mixture does not interfere with the signal at this wavenumber. Another interesting feature of the 

spectra shown on Figure 3A and 3B is that the final absorbance of putrescine kinetics is greater than 

histamine’s one. Which may be explained in terms of the enzyme’s affinity for the substrate. 

According to PSDAO specs, the enzyme has the lowest Km to putrescine, so it is expected to produce 

more ammonium from it than from any other BA. 

 

CONCLUSIONS 

An optical biosensor was successfully assembled by covalent immobilization of Diamine Oxidase 

from plant-source to a P-type silicon wafer fragments functionalized by 3-APTMS and crosslinked 

by glutaraldehyde. The above demonstrated by IR spectroscopy, SEM and AFM. The activity of the 

biosensor can be measured by absorbance changes at 1136 cm-1 band due to NH4 production by the 

enzyme when oxidizing the BA. 

 

REFERENCES 

1) Rodriguez MBR, Carneiro C da S, Feijó MB da S, et al (2014) Bioactive Amines: Aspects of Quality 

and Safety in Food. Food Nutr Sci 5:138–146.  

2) Kovacova-Hanuskova E, Buday T, Gavliakova S, Plevkova J (2015) Histamine, histamine intoxication 

and intolerance. Allergol Immunopathol (Madr) 43:498–506. 

3) Onal A, Tekkeli SEK, Onal C (2013) A review of the liquid chromatographic methods for the 

determination of biogenic amines in foods. Food Chem 138:509–15.  

4) Mohammed GI, Bashammakh AS, Alsibaai AA, et al (2016) A critical overview on the chemistry, clean-

up and recent advances in analysis of biogenic amines in foodstuffs. TrAC Trends Anal Chem 78:84–94.  

5) Long F, Zhu A, Shi H (2013) Recent Advances in Optical Biosensors for Environmental Monitoring and 

Early Warning. Sensors 13:13928–13948.  

6) Gunda NSK, Singh M, Norman L, et al (2014) Optimization and characterization of biomolecule 

immobilization on silicon substrates using (3-aminopropyl)triethoxysilane (APTES) and glutaraldehyde 

linker. Appl Surf Sci 305:522–530.  

7) Young TF, Chen CP (2000) Study on the Si Si Vibrational States of the Near Surface Region of Porous 

Silicon. J Porous Mater 343:339–343. 

8) Aissaoui N, Bergaoui L, Landoulsi J, et al (2012) Silane layers on silicon surfaces: mechanism of 

interaction, stability, and influence on protein adsorption. Langmuir 28:656–665.  

9) Guha Thakurta S, Subramanian A (2012) Fabrication of dense, uniform aminosilane monolayers: A 

platform for protein or ligand immobilization. Colloids Surfaces A Physicochem Eng Asp 414:384–392. 

 



 

96 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

II. FOOD BIOTECHNOLOGY 

 

  



 

97 
 

II007 

 

Evaluation of Fermented Pomegranate (Punica granatum L.) Juice: 

Physicochemical Properties and Antioxidant Profile 

 
Rios, C. G.1, Guerrero-Beltrán, J. A.2 

1 - 2Departamento de Ingeniería Química, Alimentos y Ambiental, Universidad de las Américas Puebla. Ex 

hacienda Sta. Catarina Mártir, San Andrés Cholula, Puebla 72810, México.E-mail: 

gabriela.riosco@udlap.mx, angel.guerrero@udlap.mx 

 

 

ABSTRACT 

The aim of this study was to evaluated the physicochemical (pH, titratable acidity, total soluble solids, 

and color parameters) and antioxidant (antioxidant activity, total phenols and anthocyanins) properties 

of fresh and fermented pomegranate juices. Antioxidant activity, total phenols and anthocyanins were 

evaluated according to the DPPH, phenol Folin- Ciocalteu, and differentia pH methods, respectively. 

Three fermentation conditions were tested based on the total soluble solids (°Brix) of pomegranate 

juice (°Bx in natural juice and adjusted to 17.5 and 25 °Brix). Differences within means were 

considered significant for p < 0.05 using ANOVA and Tukey´s tests. In fresh juice, the total soluble 

solids content was 13.9 ± 0.03 °Brix; pH and titratable acidity (citric acid) were in the range 3.3 to 3.7 

and 0.30 to 0.51 %, respectively. The L*, a*, b*, H (hue), and C (purity) color parameters were 

25.67±0.02, 24.12±0.05, 9.84±0.04, 22.20, and 26.05, respectively. For fresh and fermented 

pomegranate juices, the antioxidant activity was in the range 192.60±0.02 and 40.50±0.03 mg 

Trolox/100 mL of juice; total phenolics content varied from 229.39±0.01 to 29.7±0.02 mg Gallic 

acid/100 mL of juice and the anthocyanins content was observed between 3.92±0.03 and 1.30±0.04 

mg cyaniding-3-glucoside/100 mL of juice. Significant differences (p<0.05) were observed within 

averages for the physicochemical and antioxidant properties of fresh and fermented juices. These 

results provide valuable information on the changes in physicochemical and antioxidant properties of 

pomegranate juice during fermenting, which could be useful for determining the quality of fermented 

beverages.  

 

Keywords: pomegranate, fermented, antioxidants 

 

 

INTRODUCTION  

The pomegranate fruit (Punica granatum L.) is a large berry belonging to the Punicaceae family, 

pomegranate is original from the Middle East and contains seeds that correspond to the edible part of 

the fruit. It has been cultivated widely in many tropical and subtropical regions. Iran is one of the 

main producers and exporters of pomegranate in the world (1). Mexico also produces pomegranate, 

although the production is low. The total pomegranate production in Mexico was 4,400 t in 2013 (2). 

Pomegranate has been of recent interest due to its nutritional and antioxidant activity (3). Products of 

pomegranate may have a broad spectrum of activity; they may improve human health thanks to the 

high content of polyphenols (4). Pomegranate polyphenols include flavonoids (flavonols, flavanols, 

and anthocyanins among other), condensed tannins (proanthocyanidins), and hydrolyzable tannins. 
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Pomegranate fruits are widely consumed, fresh or processed, as juices, jams, syrups and sauces (5). 

Pomegranate juice has shown a 3-fold higher antioxidant capacity than red wine or green tea (6) and 

2-, 6- and 8-fold higher capacity than those detected in grape/cranberry, grapefruit, and orange juices, 

respectively (7). Thanks to its appearance and taste, the consumption of pomegranate is increasing; 

however, due to its relatively troublesome peeling, consumers frequently prefer to consume it 

processed. The increased interest in consuming pomegranate has contributed to its increased 

production. However, consumers are not aware about consumption of products with health-promoting 

properties. This may result in a limited knowledge of potential buyers about the beneficial effect in 

the human organism.  

 

The fermentation process may provide new potential applications for pomegranate. Products with 

very attractive sensory attributes and health-promoting properties could be obtained (4). The aim of 

this study was to evaluate the physicochemical and antioxidant properties of fresh and fermented 

pomegranate juices. 

 

MATERIALS AND METHODS  

Materials: Pomegranate fruits, variety “Apaseo”, were obtained from the local market in Puebla 

City, Mexico. Strain of Saccharomyces cerevisiae was obtained from the Microbiology Laboratory 

at Universidad de las Americas Puebla (UDLAP).  

Chemicals: All chemicals were of analytical grade.  

Extraction of juice and fermentation: fruits were washed and water wiped completely to dry fruits. 

The juice extraction was performed using an extractor (Turmix standard, Tu04, Switzerland). Three 

fermentation conditions were tested based on the total soluble solids (°Brix) of pomegranate juice 

(°Bx in natural juice and adjusted to 17.5 and 25 °Brix). Finally, fresh juices were inoculated with S. 

cerevisiae until °Brix remained constant (1 ± 4 °Brix). Fresh and fermented juices were analyzed in 

physicochemical and antioxidant characteristics. All analyses were performed in triplicate. 

Yield: Yield of juice was calculated using Eq. (1) 

 

                                             𝑦𝑖𝑒𝑙𝑑 (%): 
𝑚𝐿 𝑜𝑓 𝑗𝑢𝑖𝑐𝑒 𝑜𝑏𝑡𝑎𝑖𝑛𝑒𝑑

𝑔 𝑜𝑓 𝑒𝑑𝑖𝑏𝑙𝑒 𝑝𝑜𝑟𝑡𝑖𝑜𝑛 𝑓𝑟𝑢𝑖𝑡
 𝑥 100                                        (1) 

 

Total soluble solids (TSS), pH and Titratable acidity (TA): A refractometer (Atago Co. Ltd., 

Tokyo, Japan) was used to measure TSS (°Brix). pH was measured using pH meter (pH 10, 

Conductronic S. A., Puebla, Mexico). TA was determined by titration until reaching to pH 8.1 with 

0.1M NaOH solution and expressed as citric acid per 100 mL of juice (%).  

Color: A tristimulus colorimeter Chroma Meter CR-400 (Konica Minolta Sensing Inc. Osaka, Japan) 

was used to measure the color parameters (L*, a*, b*, hue and chroma) in the CIELab scale.   

Antioxidant activity: Antioxidant activity (DPPH) was assessed according to the method of Brand-

Williams (8). Results were expressed as mg Trolox equivalents per 100 mL of juice.   

Total phenols: Phenols were measured using the Folin-Ciocalteu method described by Singleton et 

al. (9). Results were expressed as mg Galic acid equivalents per 100 mL of juice.   

Anthocyanins: Anthocyanins were analyzed the pH differential method of Giusti and Wrolstad (10). 

Results were expressed as mg cyaniding-3-glucoside per 100 mL of juice.   
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Statistical analysis: Experimental data were analyzed using a Minitab 17 Statistical Software 

(Minitab Inc., State College, PA, USA). Differences within means of treatments were considered 

significant for p < 0.05 using ANOVA and Tukey´s tests.  

 

RESULTS AND DISCUSSION  

Yield. Pomegranate fruit used in this study had a significant yield of juice (71.03%). Diaz (11), 

reported a yield of 63.99% of pomegranate fruit (variety “Wonderful”) extracted with a processor 

using the whole fruit. The variation in yield could be due to the variety of pomegranate, the ripeness 

of the fruit and the extraction method (12).  

 

Physicochemical properties of pomegranate fresh juice . The physicochemical characteristics of 

pomegranate juice are showed in Table 1.  

Color parameters: The L*, a*, b*, hue (h), and chroma (C) color parameters were 25.67 ± 0.02, 

24.12 ± 0.05, 9.84 ± 0.04, 22.20, and 26.05, respectively (Table 2).  

Antioxidant profile. The antioxidant profile of pomegranate juice is showed in Table 3. Differences 

between pomegranate fresh juice of this study and other researches in physicochemical properties, 

color parameters, and the antioxidant profile, might be due to the variety of pomegranate and degree 

of fruit ripeness. 

Physicochemical properties of pomegranate fermented juice. Differences for physicochemical 

properties (Table 4) and color parameters (Table 5) were observed for fresh and fermented juices.  

Antioxidant profile. Data in antioxidant profile for fresh (BF) and fermented (AF) juices are shown 

in Figure 1 (a, b, c). For fresh and fermented pomegranate juices, the antioxidant activity was in the 

range 192.60±0.02 and 40.50 ± 0.03 mg Trolox/100 mL of juice; total phenolics content varied from 

229.39 ± 0.01 to 29.7 ± 0.02 mg Gallic acid/100 mL of juice. The anthocyanins content was observed 

between 3.92 ± 0.03 and 1.30 ± 0.04 mg cyaniding-3-glucoside/100 mL of juice. Significant 

differences (p<0.05) were observed within averages for the physicochemical and antioxidant 

properties of fresh and fermented juices. 

 

Table 1. Physicochemical characteristics of pomegranate fresh juice. 

 

 

 

Characteristics This study Reported Research 

TSS 

(°Brix) 
13.90 ± 0.45 

15.20 ± 0.01 

15.17 ± 0.30 

14.35 ± 1.03 

14.46 ± 0.03   

Sepúlveda et al., 2010   

Zarei et al., 2011 

Tehranifar et al., 2011 

Ismail et al., 2014 

pH 3.3 ± 0.02 

3.0 ± 0.02  

3.2 ± 0.02  

3.3 ± 0.08 

3.1 ± 0.04  

TA 

(% citric acid) 
0.30 ± 0.02 

0.36 ± 0.03  

1.35 ± 0.04  

0.36 ± 0.12  

0.74 ± 0.02 
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Table 2. Color parameters of pomegranate fresh juice. 

Color parameters This study Reported Research 

L* 25.67 ± 0.02 41.10 ± 0.03 

Ferrari et al., 2010 

a* 24.12 ± 0.05 11.97 ± 0.03 

b* 9.84 ± 0.04 2.87 ± 0.03 

hue (h) 22.20 13.5 

chroma (C) 26.05 12.31 

 

Table 3. Antioxidant profile of pomegranate fresh juice. 

Properties This study Reported Research 

Antioxidant Activity 

(mg TE/100 mL) 
192.60 ± 0.02 418.30 ± 0.10 Mustafa et al., 2009 

Total Phenols 

(mg GAE/100 mL) 
229.39 ± 0.01 72.20 ± 0.02 Sepúlveda et al., 2010 

Anthocyanins 

(mg C3G/100 mL) 
3.92 ± 0.03 2.80 ± 0.08 Elfalleh et al., 2011 

 

Table 4. Physicochemical properties for BF and AF pomegranate juices1. 

 
TSS 

(13.9°Brix) 
17.5°Brix 25°Brix 

  pH  

BF 3.3 ± 0.03ª 3.4 ± 0.01ª 3.5 ± 0.03ª 

AF 3.5 ± 0.02a 3.6 ± 0.01a 3.7 ± 0.01a 

 TA (% citic adcid) 

BF 0.30 ± 0.02ª 0.32 ± 0.01ª 0.33± 0.03ª 

AF 0.45 ± 0.03b 0.46 ± 0.01b 0.49± 0.01b 
1 Different letters within same column between BF and AF indicate significant 

differences (p < 0.05). 

 

Table 5. Color parameters for BF and AF pomegranate juice. 

 Color 

parameters 

TSS 

(13.9°Brix) 
17.5°Brix 25°Brix 

BF L* 25.67 ± 0.02 24.37 ± 0.02 27.67 ± 0.02 

AF L* 37.00 ± 0.07 44.27 ± 0.23 49.62 ± 0.06 

     

BF a* 24.12 ± 0.05 22.17 ± 0.02 20.17 ± 0.02 

AF a* 39.35 ± 0.03 15.11 ± 0.39 14.48 ± 0.06 

     

BF b* 9.84 ± 0.05 9.88 ± 0.02 9.99 ± 0.02 

AF b* 21.90 ± 0.07 14.03 ± 0.22 18.14 ± 0.08 

     

AF hue (h) 30.9 42.9 51.4 

BF hue (h) 22.20 25.68 25.89 

     

AF Chroma (C) 26.05 25.67  22.12 

BF Chroma (C)  45.03 51.21 53.21 

     

 (ΔE) 20.45 18.47 25.01 
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 a) b) 

 
c) 

Figure 1. Changes in antioxidant profile between BF and AF (a, b and c). 

 

CONCLUSION 

These results provide valuable information on the changes in physicochemical and antioxidant 

properties of pomegranate juice during fermenting, which could be useful for determining the quality 

of fermented beverages. 
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ABSTRACT 

Anthocyanins are plant pigments with great potential for competitive replacement of synthetic dyes, 

in addition to its chemical and bioactive properties, that are present in different organs of plants, such 

as fruits, flowers, stems, leaves and roots. The aim of this study was to evaluate the extraction and 

identification of anthocyanin compounds in Jamaica (Hibiscus sabdariffa) flowers. Extraction was 

performed at a temperature of 30 ° C with a solvent at pH = 2.3 and constant stirring at 350 rpm for 

120 min. Solvent ratio 1:20 (m / v) with two different particle sizes (1.25 mm and 0.595 mm) was 

used. Differential pH method was used to quantify the concentration obtained and UV-visible 

spectrometry for identification, reporting the values of the total monomer anthocyanins as 

anthocyanidin-3-soforoside-5-glucoside. Most extraction efficiency (48.96%), with mean values of 

329.39 concentration mg / L, was for the particle size 1.25 mm with 46.78% yield. The results were 

affected by parallel chemical reactions such as oxidation and co - pigmentation; the latter refers to a 

phenomenon that typically occurs in an aqueous medium, that it is affecting the anthocyanin's 

monomers in flavylium cation form, while another phenolic compounds, usually unpigmented, causing 

bathochromic effect, namely a shift to more bluish red color shades. The loss of anthocyanin in the 

presence of oxygen depends on the pH and color retention improves with oxygen removal by heating 

or by vacuum. The anthocyanin's extraction conditions open a new perspective for obtaining colored 

products, functional foods and / or dietary supplements with added value for human consumption. 

However, more studies are needed to establish the real implications of anthocyanins in the health - 

promoting properties conferred upon them.   

 

Keywords: Anthocyanins, Extraction, Co-pigmentation, Oxidation 

 

 

INTRODUCTION 

The Jamaica flower (Hibiscus sabdariffa) demand in the market varies according to their potential 

applications in the food, pharmaceutical and cosmetics industry, for its high content of 

phytochemicals: Anthocyanins, carboxylic acids, phenolics, dihydroxybenzoic acid and flavonoids. 

Anthocyanins are plant pigments with high potential for competitive replacement of synthetic dyes 

because of their bright attractive colors and solubility in water, in addition to its chemical and 

bioactive properties (1, 12). Anthocyanins belong to the flavonoids of polyphenols group and are 

responsible for the red and blue color of organ plants such as fruits, flowers and leaves. Chemically, 

anthocyanins are anthocyanidins glycosides. That is, an anthocyanidin molecule, which is the 

aglycone, joined to a sugar through a glycosidic bond. The basic chemical structure of these aglycones 
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is flavylium ion, also called 2-phenyl-benzopyrilium. It is consisting of two aromatic groups: 

benzopyrilium and a phenolic ring; the flavylium normally functions as a cation, containing 

conjugated double bonds responsible for absorption of light around 500nm, causing red pigments 

appear to the human eye (3, 11). However, co-pigmentation phenomenon, typically occurs in aqueous 

medium affecting monomeric anthocyanins; it has been suggested as a stabilizing mechanism in 

plants protect the flavylium cation color from nucleophilic attack by a water molecule (5), while 

another phenolic compounds, usually unpigmented, causing bathochromic effect, that is a shift 

towards more bluish hues of red. The loss of anthocyanin in the presence of oxygen is pH dependent; 

color retention improves with oxygen removal by heating or vacuum. 

 

The simplest method of operating a solid-liquid extraction is based on contacting the solid with the 

solvent and then separating the solution formed from the insoluble residual solid. In some cases, the 

solubilization step may include chemical changes promoted by the solvent, such as hydrolysis of 

soluble molecules to produce insoluble biopolymers. The most important factors affecting the 

extraction are the particle size, type of solvent, temperature and agitation (4). For the extraction of 

anthocyanins, its polar character permits its solubility in many different solvents, such as alcohol, 

acetone, dimethylsulfoxide and water. The choice for the extraction method should maximize the 

pigment recovery with a minimum amount of attachments and minimal degradation or alteration of 

the compound natural state (20). Likewise, the identification and quantification of the extracted 

species is paramount. For these purposes have been used the differential pH method, where the 

anthocyanin undergoes a reversible transformation with pH changes, manifested by a striking change 

in absorbance; and the UV / Vis spectroscopy, which studies the interaction between electromagnetic 

radiation and matter, and where from the absorption phenomenon can relate the amount of active 

species present in the sample (6). 

 

The anthocyanin´s extraction conditions open a new perspective for producing colored products, 

functional foods and / or dietary supplements with benefit for human consumption. However, more 

studies to establish the real implications of the anthocyanins in promoting health properties conferred 

upon them are needed; so that the objective of this work was to evaluate the extraction and 

identification of anthocyanin compounds Jamaica flowers (Hibiscus sabdariffa) with two particle 

sizes. 

 

MATERIALS AND METHODS 

Ground Jamaica flower (Hibiscuss sabdariffa) from Sudan, were used to work, and the moisture 

percentage based on the NMX-F-083-1986 (13) was determined. It Jamaica was spread in two meshes 

with apertures of 0.595 and 1.25 mm. Samples were placed into propylene cylindrical containers, of 

1.75 cm radius, and in contact with the solvent at pH 2.3, which were prepared with ethanol and water 

in a 1: 4 v/v ratio and with 1% citric acid. Extraction by 15, 30, 45, 60, 90, 120 and 180 min at a 

temperature of 30 °C, with constant stirring at 350 rpm and in a 1:20 m/v relation with the prepared 

solvent, for the 2 particle sizes was performed. The glasses with the solvent were covered with 

aluminium foil to reduce light contact. 

 

The total monomeric anthocyanins (TMA) concentration was determined by the differential pH 

method, AOAC 2005.02 (2); 500 l of each extracts were taken and diluted with pH = 1 and pH = 

https://es.wikipedia.org/w/index.php?title=Benzopirilio&action=edit&redlink=1
https://es.wikipedia.org/wiki/Fenol
https://es.wikipedia.org/wiki/Cati%C3%B3n
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4.5 buffer solutions. Then a sweep of 420-700 nm in the UV / VIS Cary 8454 (AgilentTechnogies, 

USA) spectrophotometer was performed. With the wavelength at which presented the highest 

absorbance, the type of extracted anthocyanin, according to reports from Giusti and Wrolstad (8) was 

determined. For the extraction kinetics (equation 1) the dilution absorbance (A) at each time was 

determined, where Aʎvismax is the absorbance value at the highest peak and Aʎ700 is the absorbance 

value at 700 nm. Once obtained the value was substituted into equation 2 to determine the amount of 

total monomeric anthocyanins (TMA) in mg/L, where MW is the molecular weight of the anthocyanin 

Ɛ is the molar absorptivity and FD is the dilution factor. 

 

𝐴 = (Aʎmax − Aʎ700)pH1 − (Aʎmax − Aʎ700)pH4.5                                            (1) 

TMA =
A∗PM∗FD∗1000

Ɛ∗1
                                                                 (2) 

Filter paper, which was weighed previously, was used for the solution, washing the solid residues 

with the same amount of solvent used for extraction, to performed efficiency determination. Then 

they wrapped and were dried at 75 °C in a 9023 A (ECOSHEL) oven, following the procedure used 

to determine moisture. The dried sample weight was obtained with equation 3, where Mt is the final 

weight of the dried sample (g) and Ps is the initial weight of filter paper (g). The equation 4 defines 

the process percentage efficiency, wherein Rformer are the residues of extraction (g) and ST are the 

total solids (g) obtained during the moisture determination. The yields based on the amount of total 

anthocyanins (MTAt) reported by Salinas et al. (17) were calculated using equation 5. 

 

𝑅𝑒𝑥 = 𝑀𝑇 − 𝑃𝑠                                                                    (3) 

%E =
R𝑒𝑥

ST
∗ 100                                                                    (4) 

%R =
MTA

MTAt
∗ 100                                                                  (5) 

 

RESULTS AND DISCUSSION 

The Jamaica flower moisture average was 11.69  0.75%, which agrees with Mohamed et al. (12) 

for the variety from Sudan.  In the UV / Vis spectroscopy, the highest absorbance value was obtained 

at 524 nm, corresponding to the anthocyanidin-3- sophoroside-5-glucoside, which is one of the most 

common cyanidins in flowers, according to studies of Saito et al. (16) and Tatsuwawa et al. (19). 

 

Table 1- Extraction values for Hibiscus sabdariffa 

 Particle size 

 0.595 mm 1.25 mm 

 pH=1 pH= 4.5 pH=1 pH= 4.5 

Max. absorbance 0.239% 0.066% 0.371% 0.097% 

Average concentration 217.52 mg/L 329.39 mg/L 

Efficiency 34.62% ± 3.6 48.96% ± 1.33 

Yield 27.27% 46.78% 
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The extraction values obtained for both particle sizes are shown in Table 1. The highest concentration 

of anthocyanins was at 120 min. Although size reduction increases the contact area for the 

anthocyanin´s extraction, the process loses about 19.51% when the particle is 0.595 mm, because it 

has more exposed structure, favoured co-pigmentation reactions and oxidation. 

 

According to the anthocyanin´s structure, it is known that at pH = 1 the prevailing species is the 

flavylium cation, which is known as the species with more color and tendency to be red (Fig. 1).  At 

pH = 4.5 the predominant species is the carbinol having less color, so the anthocyanin´s color depends 

upon the number and orientation of hydroxyl groups that produce shifts to blue hues, and the methoxyl 

molecules, which produce red coloring (7). The co-pigmentación is a phenomenon that was reinforced 

by the presence of another colorless flavonoid known as cofactor. From a molecular standpoint, the 

co-pigmentation complex is formed when structures are stacked and between the aromatic rings of 

both compound hydrogen bonds (14 are formed). 

 

 
Figure 1. Anthocyanins structures and color changes 

 

Figure 2a shows that in addition to anthocyanins also other compounds were extracted as organic 

acids and Jamaica own phenolic compounds, as the gallic acid, whose absorbance occurs in the 280 

nm (9), or flavones that its maximum absorbance is between 250-350 nm as reported by Soter et al. 

(18). According to what was observed in extracts, it can be said that the effect of co-pigmentation 

was bathochromic (Fig. 2b) as there is a change in color or degradation of anthocyanin in the spectrum 

(10); this decrease in absorbance could besides be the result of a direct and/or indirect oxidation as 

reported by Rein (15). The oxidation process can also occur by the presence of oxygen and 

temperature, where oxidized components result in colorless or brown products (11). Then the stability 

of anthocyanins is determined by the degree of oxidation, temperature, ionic strength, acidity and 

interaction with other radicals and complex molecules. 

https://es.wikipedia.org/wiki/Flavonoide
https://es.wikipedia.org/wiki/Fuerza_i%C3%B3nica
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Figure 2. UV/Vis spectrums: a) sample extracted in 120 min at 30° C, 350 rpm with a 0.595 mm particle size; 

b) obtained by differential pH method for samples with the two different particle sizes. 
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ABSTRACT 

Barley is an important crop, followed by wheat, corn and rice. Both the seed and the plant are used in 

livestock, food and brewing industries. In Mexico barley it is sown in an area of 283, 386 ha; where 

90% of this area is located between the states of Guanajuato, Hidalgo, Mexico, Puebla and Tlaxcala. 

Nevertheless, barley production is affected by fungal diseases such as cereal rusts (Puccinia spp.), net 

blotch (Pyrenophora/Drechslera teres), leaf spot or spots in leaves (Cochliobolus sativus/Bipolaris 

sorokiniana), root rots and head blight (Fusarium spp.) among other. Of these diseases the ones that 

cause more damage to barley plantations are the yellow rust and net blotch. In Mexico, there is not 

enough information about molecular identification of fungi barley diseases. Therefore, the aim of this 

research was to identify morphologically and molecularly strains of pathogenic fungi from barley 

grains with net blotch symptoms. The methodology involved the morphological and molecular 

characterization of the JCP2, JCP7, JCP10, JCP16, JCP19, JCP50, JCP51 and JCP57 strains. 

Morphological characterization of each isolate was performed using an optical microscope. Molecular 

characterization from total genomic DNA was extracted for each strain and was amplified the 

conserved region ITS I/5.8s/ITS II of the rDNA, using the primers ITS1-ITS4. Results confirmed 

identification of Pyrenophora teres and later was confirmed molecularly using the BLAST and MEGA 

version 6.0 programs. Results showed similarity between 98 to 99% for the GenBank sequences of P. 

teres (KP097728, JX187587, EF452452, JN943645, EF452469) with the Mexican barley strains 

isolated in this research. Morphological and ITS sequence based identification showed that the 

Mexican barley strains isolates from seeds with net blotch symptoms were consistent with 

Pyrenophora teres. With the results obtained can be identified in general, the major species of 

pathogenic fungi found in the cultivation of barley. Furthermore, it may establish a proposal for 

controlling Pyrenophora strains characterized in this work. 

 

Keywords: Barley, Molecular characterization, Pyrenophora teres 

 

 

INTRODUCTION 

Barley (Hordeum vulgare) is the fourth most important crop, followed by wheat, corn and rice. 

However, this culture is affected by the presence of several types of pathogenic fungi responsible for 

the transmission of diseases such as cereal rusts caused by several species of Puccinia genus (1, 2). 
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Another important disease is net blotch caused by Pyrenophora/Drechslera teres fungi which can 

cause yield losses greater than 50% (3). However, this crop also may be affected to different extents 

by the presence of other types of pathogenic fungi that are responsible for the transmission of diseases 

such as leaf spot or spots in leaves, caused by the fungus Cochliobolus sativus (anamorph Bipolaris 

sorokiniana; 4), root rots (5) and head blight caused by several species of Fusarium genus (6). Of 

these diseases the ones that cause more damage to barley plantations are the yellow rust and net blotch 

(7). Phytopathogenic fungi identification is important to develop strategies for controlling the disease 

that cause these fungi. Molecular techniques such as DNA amplification of conserved sequences by 

Polymerase Chain Reaction (PCR) have proven to be useful in studies of genetic diversity, life cycle, 

ecology, phylogeny and identification of microorganisms. The technique known as PCR-ITS (Internal 

Transcribed Spacer-PCR) allows replicate in vitro thousands of times, specific sequences of the inner 

region of ribosomal genes of fungal species. Thereupon, the sequences of the nucleotides were 

compared to others from GenBank, allowing its taxonomic identification. The genes were amplified 

and were compared with ribosomal DNA (18S, 5.8S and 28S regions), which are highly preserved 

(8). Therefore, the aim of this research was characterize molecularly eight fungi isolated from barley 

seeds with net blotch symptoms caused by Pyrenophora/Drechslera teres in the area of the Highlands 

for the states of Guanajuato, Hidalgo and Puebla in Mexico by means of the sequencing of the internal 

transcribed spacer (ITS I and ITS II) regions of the rDNA genes. 

 

MATERIALS AND METHODS 

Sampling and microorganisms identification. Seed samples were collected from various barley 

plantations from Guanajuato, Puebla and Hidalgo states in the center of Mexico during 2008-2013. 

Dried seeds were placed in moist chambers and incubated at 15°C under no ultraviolet light to induce 

sporulation. Pyrenophora strains JCP2, JCP7, JCP10, JCP16, JCP19, JCP50, JCP51 and JCP57 were 

isolated from the seeds of plants and were placed on Petri dishes containing Potatoes Dextrose Agar 

(PDA) and were incubated at 25°C for 7 days. Growth rates of colonies were determined on PDA, 

Cornmeal Dextrose Agar (CMD; Difco cornmeal agar + 2% w/v dextrose) and Sabouraud Dextrose 

Agar (SDA) (9, 10). Microscopic observations and measurements of conidia and conidiophores were 

made on PDA, from preparations mounted in lactophenol cotton blue. Isolates were incubated for 7 

days at 25°C or until the entire Petri dishes growth were filled. 

Molecular identification. Genomic fungal DNA Isolation was obtained by growing Pyrenophora 

teres strains for 6-8 days, in PD broth at room temperature under shaking at 220 rpm and 25°C. Eight 

strains characterized morphologically as P. teres were grown overnight, recovered and washed twice 

with TE buffer (Tris-HCl 10 mM, EDTA 1 mM). The total genomic DNA was extracted from each 

P. teres isolates based on the extraction method proposed by Kurzatkowski et al. in 1996 (11).The 

internal transcribed spacer (ITS I and ITS II) regions of the rDNA gene were amplified by PCR using 

the primer combinations ITS1 and ITS4 (12, 13). PCR amplifications were performed in a total 

volume to 50 μL (14) containing: 10 μL of buffer, 5x Colorless, 200 μM dNTPSs, 0.2 μM of each 

primer, 2.5 units Taq DNA polymerase, and 10-50 ng of template DNA. PCR reactions were placed 

in an automatic thermal cycler (Techne PRIME3 Model, Series No. 31309) under the following 

conditions: 5 min initial denaturation at 95°C, followed by 30 cycles of 1 min denaturation at 95°C, 

1 min primer annealing at 57°C, 1 min extension at 72°C and a final extension period of 12 min at 

72°C. Resulting products were purified with a GeneClean® II purification kit (Bio101 Inc., 

California, USA) according to the manufacturer's protocol and were sequenced in the Biotechnology 
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Institute (Mexico). Sequences were submitted to a similarity search against NCBI database sequences 

entries using the BLAST program (15). Sequence alignments and phylogenetic was analyzed with 

MEGA version 6.0 program (16) and then was analyzed using the NCBI hyperlink 

(http://www.ncbi.nih.gov/). Neighbor-Joining (NJ) tree was generated using Kimuraʹs two-parameter 

model and bootstrapped using 1000 random replicates with the MEGA v 6.0 software package (16). 

 

RESULTS AND DISCUSSION  

Morphological identification. The JCP2, JCP7, JCP10, JCP16, JCP19, JCP50, JCP51 and JCP57 

strains covered the surface of PDA, CMD and SDA in 7-10 days. Pure cultures on PDA were 

olivaceous brown to white-cream cottony colonies with 5.1 mm/day growth rate. On CMD and SDA 

mycelium were white to white-cream cottony colonies with 4.7 and 4.5 mm/day growth rate, 

respectively. The conidiophores observed on PDA medium showed different shape, being in the range 

(18-)4.39-81.73(-120) μm long, CI = 5.58-80.53, n = 25; (10-)10.52-16.6(-18)μm wide, CI = 25.67-

31.75, n = 25, (0-)3(-5) septate. Conidia of isolates were (25-)34.69-104.67(-120) μm long, CI = 

48.40-90.95, n = 25; (10-)13.32-25.00(-28)μm wide, CI = 15.61-22.71, n = 25, olivaceous brown, 

cylindrical, tapering to subtruncate bases. The results of the morphological study were in agreement 

with those of the previous literature (17, 18). Although the teleomorph obtained in the present study 

had minimum values for the conidiophores and conidia, than those reported by Crous and 

collaborators for P. teres (18). Whence, based on the phenotype characteristics and the measurements 

described above, the strains JCP2, JCP7, JCP10, JCP16, JCP19, JCP50, JCP51 and JCP57 were 

identified as Pyrenophora teres. 

 

Molecular identification. A total of 8 strains of Pyrenophora teres isolated from seeds with net 

blotch (Table 1). Fungi were identified by analysis of the ITS (ITS I and ITS II) regions of the rDNA 

genes. Analysis of the ITS regions of rDNA is a simple and reproducible molecular tool for the 

identification of fungal species (19). To confirm the morphological identification of strains, we 

performed PCR-based identification using the ITS1-ITS4 primer pair. These primers amplified the 

18S, ITS I, 5.8S, ITS II and 28S regions of the ribosomal DNA in the Pyrenophora strains, resulting 

in amplified products from among 547 to 617 base pairs. 

  

Table 1. Closest relatives P. teres obtained with BLAST search analysis based on ITS gene sequence. 

Isolat

e No. 

GenBank Closest Hit 

(Accession Number) 

Similarity 

(%) 

Sequence 

Based 

Identification 

Base pairs 
Accession 

Number 

JCP7 P. teres (KP097728) 99 P.teres 557 KX115407 

JCP50 P. teres f. maculata (JX187587) 98 P. teres 566 KX115408 

JCP2 P. teres (KP097728) 99 P. teres 547 KX115409 

JCP10 P. teres (EF452452) 99 P. teres 557 KX115410 

JCP19 P. teres (JN943645) 99 P. teres 617 KX115411 

JCP51 P. teres (EF452469) 99 P. teres 590 KX115412 

JCP16 P. teres (EF452469) 99 P. teres 579 KX115413 

JCP57 P. teres f. maculata (JX187587) 98 P. teres 607 KX115414 
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Phylogenetic analysis involved 27 sequences, of which 8 corresponded to Mexican barley grains 

isolated and other 19 sequences related from GenBank, generated a tree by the Neighbor-Joining 

method (Fig. 1). All positions containing gaps and missing data were eliminated. To be able to infer 

phylogenetic relationships the tree was rooted with Lactobacillus fermentum AF382391, Bacillus 

subtilis KM659218 and B. subtilis AB474001 as outgroup. Optimal tree with the sum of branch length 

(= 1.61826092) and the replication trees percentage in which the associated taxa clustered together in 

the bootstrap test (1000 replicates) is shown next to the branches. Pyrenophora teres strains were 

phylogenetically related to GenBank sequences corresponding to P. teres of South Korea 

(KP097728), South Africa (AF400890), Canada (FJ907534), United States (AY739765, JN943645, 

EF452452, EF452469, JN943641), Argentina (KF656729, KF656728); P. teres f. teres of the United 

States (GU014819); and P. teres f. maculata of the United States (JX187587, JX187589). Since the 

bootstrap value obtained was equal to 70 during the construction of the phylogenetic tree, these strains 

were easily distinguishable from other sequences of Pyrenophora species collocated in GenBank (P. 

graminea and P. tricini-repentis). 

 

At the bottom of the tree can be seen that most of the strains correspond to sequence of P. graminea 

(JN943640, JN943671) and P. tricini-repentis (KM011994, AY739838, AY739836) isolated in the 

United States and an individual isolated from P. graminea (Y10857) from Italy. Although, there are 

slight differences in the aggregation of strains isolated from Mexican barley within the GenBank 

sequences is not enough variation to say that they are a different species. Nevertheless, another gene 

region information is needed to establish genetic divergence to other species or its continuity within 

P. teres complex. In this regard, in 1967 McDonald considered P. japonica to be a mutant strain of 

P. teres and stated that the latter consisted of numerous clones that are tailored to particular 

environments (20). Smedegard-Petersen stated that P. graminea is morphologically similar to P. 

teres, but causes a leaf stripe disease of barley plant, and cannot infect leaves directly through conidia 

(21). On the other hand, Pyrenophora hordei was reported as a new pathogen of barley in Australia 

and South Africa, which anamorph state shows morphological characteristics similar to P. teres, but 

its teleomorph state is different in both morphology and the symptoms of the illness (22, 23). 
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Figure 1. Neighbor-Joining analysis derived from fungal ITS sequence data. Numbers on nodes are bootstrap 

values, i.e. The frequency (%) with which a cluster appeared in a bootstrap test of 1000 runs with Kimuraʹs 2-

parameters. The tree is draw to scale, with branch lengths in the same units as those of the evolutionary distances 

used to infer the phylogenetic tree. The evolutionary distances were computed using the Maximum Composite 

Likelihood method and are in the units of the number of base substitutions per site.  

 

CONCLUSION  

Strains isolates of seeds from Mexican barley with net blotch symptoms were consistent with 

Pyrenophora teres. However, is needed to do more research to establish which is the relationship 

between Pyrenophora species closely related to P. teres in Mexico. This species is responsible for 

causing two forms of one of the most important diseases that affect this crop, the net blotch form and 

the net blotch spot form. Therefore, with the results obtained can be identified the major species of 

pathogenic fungi found in the cultivation of barley. Furthermore, it may establish a proposal for 

controlling Pyrenophora strains by biological control with endophytic fungal strains of the genus 

Trichoderma. 
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ABSTRACT 

Lactoferrin (Lf) is an iron-binding glycoprotein belonging to the transferrin family. It is found in high 

concentrations in colostrum and milk, and in lower amounts in mucosal secretions such as tears, saliva, 

semen, nasal and bronchial secretions, bile, and gastrointestinal fluids. Because of its multiple 

properties, such as its antimicrobial, antioxidant and immunomodulator effect, Lf has been named 

nutraceutical protein. In the present work, bovine lactoferrin (bLf) was expressed in Pichia pastoris 

KM71-H under AOX1 promoter control, using pJ902 as the recombinant plasmid. Dot blotting 

analysis revealed the expression of recombinant bovine lactoferrin (rbLf) in Pichia pastoris. After 

Bach fermentation and purification by molecular exclusion, we obtained an expression yield of 3.5 g/L 

of rbLf. The functionality of rbLf was tested by its potential antimicrobial activity; rbLf and 

predominantly pepsin-digested rbLf (rbLfcin) demonstrated antibacterial activity against Escherichia 

coli (E. coli) BL21DE3, Staphylococcus aureus (S. aureus) FRI137, and, in a smaller percentage, 

Pseudomonas aeruginosa (Ps. Aeruginosa) ATCC 27833. The successful expression and 

characterization of functional rbLf expressed in Pichia pastoris suggest that, in the future, rbLf could 

be used safely in neonates and will have a positive impact on their development and health. 

 

Keywords: Lactoferrin, nutraceuticals, recombinant proteins, antimicrobial activity 

 

 

INTRODUCTION 

Lactoferrin (Lf) is an 80 kDa iron-binding glycoprotein belonging to the transferrin family. It is found 

in high concentrations in colostrum and milk, and in lower amounts in mucosal secretions such as 

tears, saliva, semen, nasal and bronchial secretions, bile, and gastrointestinal fluids (1); moreover, Lf 

is also produced by neutrophils, this fraction is known as serum lactoferrin. Lf has been named 

nutraceutical protein because of its multiple properties. Its high iron affinity helps to maintain iron 

levels in biological fluids, both antimicrobial purposes as free radicals formation suppression, so Lf 

is also an antioxidant (2). Lf is also known because of its ability to modulate the immune response 

and have antimicrobial effect (3); The antibacterial effect of Lf has been noticeably more studied; 

bioactive peptides of Lf have the ability to bind to some molecules of the cell membrane, causing 

instability and subsequent cell disruption (4). Due to the potential use as therapeutic protein, our 

research group has been expressed recombinant bovine lactoferrin (rbLf) in E. coli (5); however, 
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prokaryotic systems present several disadvantages, as the lack to perform post-translational 

modifications; the use of Pichia pastoris as expression system for therapeutic proteins allows to 

express proteins with post-translational modifications, moreover, high level expression of proteins 

can be obtained at very low costs. In the present work, we expressed in Pichia pastoris 3.5g/L of 

rbLf. The functionality of rbLf was tested by its potential antimicrobial activity; rbLf and 

predominantly pepsin-digested rbLf (rbLfcin) demonstrated antibacterial activity against Escherichia 

coli (E. coli) BL21DE3, Staphylococcus aureus (S. aureus) FRI137, and, in a smaller percentage, 

Pseudomonas aeruginosa (Ps. aeruginosa) ATCC 27833.  

 

MATERIALS AND METHODS  

Materials.P. pastoris KM71-H was used for protein expression. We use the plasmid pJ902sbLf 

containing a synthetic gene which encodes for bLf (DNA 2.0 Newark, CA, USA).  E. coli BL21DE3, 

S. aureus FRI37, and Ps. aeruginosa ATCC 2783 were used for the antimicrobial assay. 

Genetic transformation. Transformation of P. pastoris with p902sbLf was carried out by 

electroporation with a MicroPulser BioRad Electroporator (BioRad, Hercules, CA, USA) according 

to the manufacturer’s instructions. Protein induction. To carry out the rbLf expression, a single colony 

of transformant clones were inoculated into 5 mL of YPD medium supplemented with zeocin and 

incubated at 250 rpm and 30 C for 24 h, and the cells were harvested by centrifugation and incubated 

at a seeding density of 0.1–0.2 optical density (OD) in BMMY medium to induce the expression of 

rbLf. Methanol was again added to a final concentration of 0.5% (v/v) every 24 h for 4 days to 

maintain the induction. After that, cells were harvested by centrifugation at 5000 rpm for 10 min at 

4°C  and resuspended in lysis buffer (10 mM Tris-HCl, 100 mM NaCl at pH 6.5, 1X Protease Inhibitor 

Cocktail (cOmplete™, Mini, EDTA-free Roche ®, Pleasanton, CA, USA).  The lysate was 

centrifuged at 5000 rpm for 5 min at 4°C to obtain soluble proteins. The insoluble pellet which 

contained inclusion bodies was washed in lysis buffer with 6 M urea and incubated for 1 h on ice and 

centrifuged at 5000 rpm for 30 min at 4 C to obtain insoluble proteins.  

Purification. First crude extracts were precipitated with 28% of ammonium sulfate resuspended and 

dialyzed against 100 vol of phosphate buffer. Semi-purified extracts were applied to a sephacryl S-

200 HR Column (GE Healthcare, Aurora, OH, USA) pre-equilibrated with four column volumes of 

lysis buffer. Then, the column was washed with wash buffer (20 mM Tris-HCl and 150 mM NaCl at 

pH 7.9). All of the fractions were collected and applied to a 12% SDS-PAGE analysis. Dot-blot 

analysis. Protein extracts were spotted in a PVDF membrane. The membrane was blocked with 1% 

BSA in PBS and shaken for 2 h. The rbLf was detected using ananti-bLfHRP polyclonal antibody 

(United States Biological, Salem, MA, USA). The bound antibody was detected using 

Diaminobenzidine (DAB)/Peroxide substrate system for color development. The expression level was 

determined via dot-blot by densitometry.   

Antibacterial activity. The rbLf was digested with Pepsine (Invitrogen) to release the bioactive 

peptides (rbLfcin). Approximately 2x108 CFU per mL of each strain were incubated in a 96-well 

microplate, containing LB broth with rbLf and pepsin-hydrolyzed rbLf. The final concentration in 

each well was 5.0ng/L of rbLf and rbLfcin. 0.01% resazurine was added to each well as a REDOX 

indicator of the cell viability. Untreated strains cultured in LB were used as a control. Commercial 

bLf (5ng/mL) and kanamycin (60ng/mL) were used as a control of growth inhibition of growth 

inhibition. Cultures were incubated at 37°C C for 1 h and monitored by color change as a consequence 
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of the oxidative metabolism of the microorganisms. One-way unstacked ANOVA by the Tukey test 

with a confidence level of 95% in MINITAB 16 was applied. 

 

RESULTS AND DISCUSSION  

The linearized vector pJ902sbLf (Fig. 1) was used to transform P. pastoris KM71-H. This vector 

encodes for rbLf under the control of AOX1 promoter. The ZeoR gene confers Zeocine resistance.  

 
Figure 1. pJ902sbLf vector. Synthetic bovine lactoferrin (sbLf) gene was cloned into pJ902 for expression in 

P. pastoris yeast  

 

P. pastoris transformation with p902sbLf allowed us to recovery eight transformant clones that 

growth in the presence of marker selection. The clones were isolated and after induction, proteins 

were recovered. Dot blotting analysis (Fig. 2) confirmed the presence of rbLf in all the clones and it 

was detectable until a concentration of 0.5 mg/mL  

 

 
Figure 2. Immunodetection of rbLf.  Spots 1-8: protein samples of clones; Spot 10: commercial bovine 

lactoferrin (cbLf) (0.5mg/mL); spot 11: commercial bLf (0.05mg/mL); spot 12 (undetectable): protein extracts 

from native P. pastoris.  

 

The expression level of rbLf was increased on a larger scale and we achieved a level of 3.5 g/L of 

rbLf;  SDS-PAGE revealed the presence of a ~80 kDa protein, according with the lactoferrin weigh 

[6] (Fig 3).  This level is the highest level which has been reported for expression of rbLf at date (4).  
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Figure 3. Molecular weight analysis of purified rbLf by SDS-PAGE. Lane 1: cbLf; Lanes 2–3: purified rbLf.  

 

Finally, the potential activity of rbLf against E. coli, S. aureus and Ps. aeruginosa was demonstrated. 

Digested rbLf (rbLfcin), the bioactive peptide of Lf, presented a highest percentage of inhibition. 5 

ng/mL from rbLfcin were adequate to inhibit 100% of E coli growth; S. aureus growth was able to 

inhibit in 70% only. Ps. aeruginosa growth was inhibited in a 40% using rbLfcin (Fig 4).  

 

 
Figure 4. Bacterial growth inhibition by rbLf. Bacteria were treated with rbLf and rbLfcin. The cbLf and 

Kanamycin (Kan) were used as positive control of inhibition.  

 

With these results, we demonstrated the antibacterial activity of recombinant bovine lactoferrin 

expressed in Pichia pastoris, and its potential use as antibiotic in the future. At the day, we are 

working with the possible glycoforms of recombinant bovine lactoferrin from different expression 

systems and the possible impact of these glycoforms in the immune response.  
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ABSTRACT 

A Penicillium commune strain with high endoglucanase activity was isolated from soil samples of 

tomato crops in the Cotaxtla Experimental Station, Veracruz, México. In order to purify the enzyme, 

cells were grown in cellulose and activity was induced (112,182 mU/mL). A 10-500 kDa concentrated 

fraction was obtained by ultrafiltration from the fermented broth and was fractionated by isoelectric 

focusing (IEF), since it showed significant endoglucanase activity (895,757 mU/mL). Twenty fractions 

were obtained, seven of which showed endoglucanase activity (F2-F8). The fractions with the highest 

endoglucanase activity were purified to homogeneity by gel filtration chromatography (Sephadex G-

100). The chromatographic separation showed one peak with high endoglucanase activity. According 

to SDS-PAGE, the endoglucanase purified is a monomeric enzyme with a molecular mass of 88.3 kDa 

(EG88). Based on IEF, EG88 has an estimated pl of 4.01. The optimum conditions for EG88 activity 

were at pH 4.0 and 38 °C. The enzyme showed high specificity toward CMC, was inhibited completely 

by Hg2+ and its activity was increased by Co2+ ions. EDTA had not effect on activity and suggests that 

EG88 does not require divalent cations for its catalytic function. In conclusion, an extracellular 

endoglucanase purified showed characteristics for biotechnological applications. 

 

Keywords: Penicillium commune, endoglucanases, characterization, purification, cellulose. 

 

 

INTRODUCTION 

Cellulose is the most abundant and renewable natural product in the biosphere with an estimated 

synthesis rate of 1010 tonnes per year (1). Cellulases are enzymes that form a complex capable of 

acting on cellulosic materials and promote its hydrolysis (2). Most studies about the cellulase complex 

refer to microbial enzymes from fungi and bacteria, due to their potential to convert insoluble 

cellulosic material into glucose, which can subsequently serve as feed-stock for the production of 

different chemicals and fuels via anaerobic fermentation (3). It has been generally accepted that 

complete hydrolysis of native cellulose into glucose, performed by most fungi, require the synergistic 

action of three types of cellulases: (1) 1, 4-β-endoglucanase [EC 3.2.1.4], (4) 1, 4-β-exoglucanase 

[EC 3.2.1.91] and (5) β- glucosidase [EC 3.2.1.21] (6). The 1, 4-β-endoglucanases act randomly at 

internal sites, the exoglucanases break the end of the cellulose releasing glucose, while the β-
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glucosidases complete the hydrolysis by converting cellobiose and cello-oligosaccharides into 

glucose (7). Aspergillus sp. and Penicillium sp. are able to produce a complete system of cellulases 

and hemicellulases, and they have not been investigated to the same extent as Trichoderma sp. (8). 

For example, endoglucanases have many applications in textile and paper industries (9), in animal 

feed manufacture (10), and they also play a key role in the high yield of the fruit juices, beer and 

bakery products (11). Many Penicillium species could produce extracellular enzyme systems with 

good lignocellulose hydrolysis performance. However, these species and their enzyme systems are 

still poorly understood and explored. Liu et al. (12) found that Penicillium commune, Penicillium 

granulatum and Penicillium chrysogenum showed the highest cellulase productivity and were 

therefore the most destructive for timber. In a previous work, we isolated a strain of Penicillium 

commune (ITV01) from tomato crops in the Cotaxtla Experimental Station, Veracruz, Mexico, which 

possess high cellulase activity. The aim of this work was to purify and partially characterize an 

endoglucanase from P. commune ITV01. 

 

MATERIALS AND METHODS 

Microorganisms, cultivation conditions and inoculum preparation. Penicillium commune ITV01 

pure culture was isolated from soil cultivated with tomato crops in Cotaxtla Experimental Station. 

The strain was maintained and propagated on agar-YPD medium. A 100 mL of liquid culture medium 

was prepared with 0.6 % (w/v) of powdered cellulose (Solka floc, Brown Company, USA) as the 

carbon source and minimal medium with a final pH of 5.0. The sterilized liquid medium was 

inoculated with 1 x 106 spores /mL from P. commune and incubated on a rotary shaker (Lab-Line) at 

200 rpm and 28 °C for 50 h. After growth, the mycelium was separated from supernatant through 

filtration and was used as inoculum. 

Production of extracellular endoglucanase. The extracellular enzyme production was carried out 

at 200 rpm on a rotary shaker and 28 °C for 75 h. The fermentation product was withdrawn and was 

centrifuged at 10,000 rpm for 15 min at 4 °C. Endoglucanase activity was determined in the 

supernatant. 

Endoglucanase assay. Endoglucanase assay was performed according to the modified method of 

(11) at 50 °C for 30 min, with 1 % (w/v) of carboxymethyl cellulose (CMC; St. Louis MO, USA) as 

substrate, in 0.5 mL of 0.05 M sodium citrate buffer (pH 4.8) and 0.5 mL of enzyme solution. The 

reaction was stopped by adding 3 mL of DNS reagent to 1 mL of reaction mixture. Samples were 

incubated in a boiling water bath for 15 min. The amount of reducing sugars released was quantified 

by the method of Miller (13) measuring the absorbance at 540 nm. One unit of endoglucanase activity 

(U) was defined as the amount of enzyme required to produce 1 µmol of reducing sugars per minute. 

Protein concentration was measured by method described by Bradford (14). 

Enzyme purification. The extracellular enzymatic extract was subjected to filtration using a 0.22 m 

membrane and then an ultrafiltration 500 kDa cutoff membrane (Millipore, MA. USA) according to 

manufacturer’s instructions. Enzymatic extract obtained was concentrated by ultrafiltration through 

Millipore 10 kDa cutoff membrane and injected into an isoelectrofocus (IEF) cell (BioRad CA). 

During the electrofocusing, the temperature inside the cell was 4°C and the time required for 

separation was 5.5 h. At the end of the procedure, the protein content, endoglucanase activity and pH 

in each fraction were measured. Fractions with endoglucanase activity were subjected to fractionation 

by gel filtration chromatography (GFC) with Sephadex G-100 (St. Louis MO, USA) as stationary 

phase. 
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Determination of molecular mass. The molecular mass of the purified endoglucanase was estimated 

after separation by 12 % SDS-PAGE followed by a silver staining according to the protocol of Bio-

Rad Silver Stain Kit. Molecular weight markers used were: Prestained Standard Kaleidoscope and 

Prestained SDS-PAGE Standards Low Range (Bio-Rad, Hercules CA, USA).  

Effect of temperature and pH on enzyme activity. The effect of temperature and pH on enzyme 

activity was determined by using response surface methodology through an experimental design 

2k+2k+1, with nine treatments at different levels of factors, between 25-65 °C for temperature and 1-

7 for pH. The endoglucanase activity was quantified after incubating 21 mU of enzyme with CMC 

for 30 min at the different values of pH and temperature. A second order polynomial model was fitted 

to the experimental data: y = β0 + β1 x1 + β2 x2 + β11 x12 + β12 x1x2 + β22 x22; where x1 = pH 

and x2 = temperature. 

Stability of enzyme activity to pH and temperature. The stability of the enzyme to pH was 

evaluated after pre-incubating the enzyme for 0, 1.0 and 14 h, at 40 °C in 50 mM citrate phosphate 

buffer at a pH range of 3.0 to 7.0 with intervals of one pH unit. Samples with 21 mU of enzyme were 

collected at the different time intervals to assess residual activity. The thermal stability of the enzyme 

was determined by pre-incubating the enzyme for 0, 1.0, 3.5, 14 and 39 h, in 50 mM phosphate citrate 

buffer at pH 4.0 in a temperature range of 30 to 70 °C, with intervals of 10 °C. The residual enzyme 

activity was expressed in percentage compared to the enzyme activity before pre-incubation. 

Determination of kinetic parameters and substrate specificity. The Michaelis-Menten constant 

(Km) and maximal reaction velocity (Vmax) of purified endoglucanase were determined by 

measuring the enzyme activity at different concentrations of CMC (0.01 to 1.0 mg/mL) under the 

standard assay conditions. The kinetic constants were estimated by non-linear regression using the 

software STATISTICAv7.0®, Statsoft. 

Effect of metal ions, SDS and EDTA on endoglucanase activity. The stability of enzyme activity 

was evaluated after pre-incubating enzyme with various effectors: metal ions (Hg2+, Zn2+, Ca2+, 

Mg2+, Co2+, Mn2+, K+, Cu2+, and Fe2+), SDS and EDTA. a final concentration of 5 mM. The enzyme 

was exposed to each effector during 30 min at room temperature.  

 

RESULTS 

Production of the enzyme and purification. Endoglucanase activity (112, 82 mU/L) was found in 

the supernatant from the fermentation medium of P. commune ITV01, with powdered cellulose as the 

sole carbon source. Our results showed a yield of 0.561 (per 100), a purification fold of 9.4, and a 

specific activity of 18,496 mU/mg protein (Table 1).  

 

Table1. Summary of purification steps of EG88 from P. commune ITV01 

Stage Volume 

(mL) 

Total protein 

(mg) 

Total Activity 

(mU) 

Specific 

activity 

(mU/mg) 

Fold 

purification 

Yield (%) 

Crude extract 1000 57.17 112,182  1,962 1.0      100 

Clarified 950 54.31 106,573  1,962 1.0       95 
       Ultrafiltration 58 28.80 95,757  3,325 1.7      85.40 

c       Isoelectric F.(F3)         2 1.77 9,614  5,444 2.8       8.57 

Gel filtration           2 0.034      629    18,496            9.4      0.561 
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Effect of temperature and pH of endoglucanase activity and stability. The endoglucanase activity 

was determined for each treatment and the polynomial model was fitted to the results of 

endoglucanase activity by using the software STATISTICAv7.0®, Statsoft. The behavior of 

endoglucanase activity in function of temperature and pH is shown in Figure 1. The model that 

describes the dependence of endoglucanase activity in function of temperature and pH is: 

y=0.1596+0.0146x1 0.0385x2-0.03915x1
2+0.00549x1x2-0.0418x2

2. Regarding thermal stability, the 

purified enzyme lost almost 100 % of its activity at 50 °C after 3.5 h of pre-incubation (Figure 2a y 

2b). 

 

Figure 1.  Effect of pH and temperature on EG88 activity 

 

 

 

Figure 2. Effect of temperature (a) and pH (b) on the enzyme stability. The assays were carried out in duplicate. 

Bars represent standard deviation. 

 

Kinetic parameters and substrate specificity. The Km and Vmax values of the EG88 according to 

the simplex method (nonlinear regression) were 0.4751 % and 3.1417 µmol/min·mg, respectively. 

The endoglucanase was specific toward CMC (735.2 U/mg), since laminarin was hydrolyzed in a 

lesser degree (52.9 U/mg). 
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Effect of different metal ions 

 

Figure 3. Effect of metal ions, SDS and EDTA on the enzyme activity. Different 

letter indicate significant differences (P<0.05, ANOVA and Tukey’s tests). 

 

DISCUSSION 

Endoglucanase activity obtained from P. commune ITV01 broth culture (0.112 U/mL) is much lower 

than those reported for other Penicillium species. Most of reported values of endoglucanase activity 

are the result of optimised production conditions which vary in a significant way between one and the 

other condition. P. funiculosum produced around 10.252 U/mL of CMCase activity and the production 

of cellulases was done batch-wise in an instrumented bioreactor with pretreated acid and alkaline sugar 

cane bagasse (15). The maximum reported activity has been 24.44 U/mL for P. atrovenetum using 

plantain peels as substrate (16). Although the objective of this study was to purify and characerize and 

endoglucanase of P. commune our optimized results showed that with the activity assay at 40 °C and 

pH of 4.0 we would have obtained higher activity instead of the endoglucanase assay conditions (50 

°C and pH of 5.0). The purified endoglucanase from P. commune ITV01 had a higher molecular mass 

than endoglucanases reported for Penicillium pinophilum, 42 kDa (17), endoglucanases EGa, EGb1 

and EGb2 from P. brasilianum, with small molecular masses, 21 kDa, 53 kDa and 54 kDa, respectively 

and a thermostable endoglucanase from Daldinia eschscholzii, 46.4 kDa (19). Optimal temperature 

and pH for EG88 activity were 38 °C and 4.3, respectively. The optimum temperature and pH for 

endoglucanase activity from Penicillium pinophilum MS20 is 50 °C and 5.0, respectively (18) and 

from Penicillium chrysogemum PCL501 is 48 °C and 4.9, respectively (19). In all cases, the optimum 

pH of most endoglucanases varies from 4 to 5 and maximum enzymatic activity was obtained at 

incubation temperature of 30-50 °C. 

 

The enzyme EG88 was stable over the temperature range 30-40 °C and pH 4.0-7.0 for 14 h retaining 

more than 80 % relative activity. The cellulases from Penicillium funiculosum were highly stable at 37 

°C, losing less than 15% of their initial activity after 23 h of incubation (20). The endoglucanase from 

Penicillium pinophilum retained 100 % activity at 50 °C for 6 h, and it had half-lives of 4 and 3 h at 

60 and 70 °C, respectively (17). The estimated Vmax value of EG88 (3.1417 mol/min mg.protein) was 

lower than that reported for other endoglucanases (21), regardless of the conditions and units that were 
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expressed. The purified EG88 was used to check the substrate specificity. It was observed that the 

enzyme could hydrolyze laminarin and CMC. The Hg2+ inhibited completely the activity of the 

enzyme EG88. The partial or full sensitivity to Hg2 + suggests the existence of at least one important 

sulfhydryl group. In contrast, Co2+ stimulates significantly enzymatic activity of EG88.The Co2+ 

replaces the Zn2+ in many of these enzymes to produce the active form The results showed that Mg2+ 

was not an EG88 activator. Interestingly, the chelating agent EDTA did not inhibit the activity of the 

EG88, indicating that divalent cations could not be required to activate the enzyme. Most of the 

enzymes are inactivated by SDS.  

 

 

CONCLUSIONS 

In conclusion, the endoglucanase purified from P. commune ITV01 shows potential as an industrial 

source of enzyme. It shows high specificity to CMC and its activity increases in an important way 

with Co2 ions. On the other hand is stable at pH ranges between 4.0 -7.0 and has high activity al low 

temperature (30-40 °C) in comparison with endoglucanases obtained from other microorganisms (50-

106 °C). These optimal values of pH and temperature match with the values of the commercial 

cellulases indicating a potential use of EG88 as a supplement. 
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ABSTRACT 

Lactic acid bacteria (LAB) are involved in agave juice fermentation, actually, there are not reports 

about their functions in this fermentation process and how they survive in this harsh environment, 

where high level of ethanol and osmotic pressure inhibit the growth of many microorganisms. The aim 

of this study was to find which ethanol and sugar concentrations allowed the growth of Lactobacillus 

plantarum, Leuconostoc sp, Weisella cibaria, Lactobacillus fermentum and Oenococcus sp in MRS 

modified medium, which simulates the agave must concentrations. The experimental strategy for 

ethanol tolerance testing was to growth the LAB in traditional MRS medium with different ethanol 

concentrations (6%, 12% and 18% v/v). The effect of osmotic stress was determined in MRS medium 

containing 100, 150 and 200g/l of sucrose, these two conditions were incubated at 30°C for 48 hours 

and taking samples every 4 h determining O.D. at 600 nm. As a result of this study only 3 LAB grew 

at the same osmotic and ethanol concentrations of agave must, and some of them grew more than the 

traditional MRS medium (control test). Due to this characteristics these LAB are capable to survive 

during the alcoholic fermentation process, where the initial sugar concentration in agave juice is 100 

g/L and 6% (v/v) ethanol concentration at the end of alcoholic fermentation, in fact not only is 

necessary to know the osmotic and ethanol tolerance, but is important to know how they interact with 

yeast, due to the interactions between LAB and yeast can improve or deplete the quality on the final 

product. 

 

Keywords: LAB, Ethanol tolerance, Agave juice. 

 

 

INTRODUCTION 

Tequila and mezcal are distilled beverages obtained from the fermented sugars of the cooked agave 

plant core (called “piña”). In these fermentation processes there are involved not only Saccharomyces 

and non-Saccharomyces yeasts, but also lactic acid bacteria (LAB), where the variety of 

microorganisms is crucial for the volatile compounds formations and play an important role on the 

quality of the final product (1-3). Actually, there are not reports about LAB role in this fermentation 

process and how they survive in this harsh environment, where high level of ethanol and osmotic 

pressure inhibit the growth of many microorganisms. The aim of this study was to find the ethanol 

and sugar concentrations that allowed the growth of Lactobacillus plantarum, Leuconostoc sp and 

Weisella cibaria, in a MRS modified medium, simulating the ethanol and sugar concentration in the 

agave must. 
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METHODS AND MATERIALS 

The experimental strategy for ethanol tolerance was to grow the LAB in traditional MRS medium 

with different ethanol concentrations (6%, 12% and 18% v/v). The effect of osmotic stress was 

determined in MRS medium containing 100, 150 and 200 g/l of sucrose. Batch cultures in Erlemeyer 

flasks were carried out at 30°C for 48 hours, taking samples every 4 h and measuring optical density 

(O.D.) at 600 nm (4). 

 

RESULTS AND DISCUSSION 

As a result of this study, the three LAB grew at the same sugar and ethanol concentrations of agave 

must and some of them more than the traditional MRS medium (control test). In the osmotic essay, 

the LAB strains were able to grow in the 3 different conditions (figure 1). L. plantarum showed a 

delay in the initiation of his the exponential phase of growth of around 4 hours under the osmotic 

conditions used, but the final growth in 10°Brix is similar to the control test. On other hand, the 

exponential phase in leuconostoc sp and W. cibaria started at the same time as the control test at 12 

hours, however these two LAB reached the same OD in 10° Brix as the control test, which is very 

important as the agave juice fermentation starts with a sugar concentration of 10° Brix approximately.  

 

In the ethanol essay, the 3 bacteria showed a delay in the exponential phase and limited growth in 

12% and 18%v/v ethanol, but on the other hand, at 6% v/v ethanol  Leuconostoc sp and  L. plantarum  

were able to grow to the same OD value as compared with the control test. In contrast, W. cibaria 

showed a poor development under this ethanol condition, although these LAB are capable to survive 

during the alcoholic fermentation process, where the initial sugar concentration in agave juice is 100 

g/L and 6% (v/v) ethanol concentration at the end of the alcoholic fermentation (5).  

 

This is the first part of the work which demonstrates these LAB are able to survive and to growth. 

Now it is also important to know how these bacteria interact with yeast, because is due to the 

interactions between LAB and yeast, the reason that could improve or decrease the quality on the 

final product. 
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Figure 1. Growth of LAB Lactobacillus plantarum (1), Leuconostoc sp (2) and Weisella cibaria (3) under 

Osmotic (A, control (filled circle), 20°Brix (filled triangle), 15° Brix (triangle), 10° Brix (diamond), 15°B-

12% ethanol (square)) and ethanol (B, control (filled circle),  18% (circle), 12% (filled triangle), 6% 

(triangle)) conditions. 
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ABSTRACT 

The objective of this work was to compare the production of a fructanase in batch cultures, evaluating 

five different carbon sources, using the Kluyveromyces marxianus SLP1 strain isolated from the 

elaboration process of mezcal in San Luis Potosí, México. Batch fermentations were carried out in 3L 

fermenters with a working volume of 1.5L under the following parameters: from 20 to 40 x 106 

inoculated cells, 1vvm of aeration, 500rpm, controlled pH at 4.5 and a constant temperature of 30ºC. 

The carbon sources (at 25g/L) were glucose, fructose, sucrose, inulin or agave fructans in chemically 

defined medium. Sampling was executed every 1-2h until the stationary phase was reached following 

the growth kinetics by means of an in-line permittivity probe. Enzyme activity was performed via the 

3,5-Dinitrosalisylic acid technique using sucrose as substrate. The resulting enzyme activity increased, 

depending on the carbon source, as follows: glucose (215U/g), fructose (968U/g), sucrose (1267U/g), 

agave fructans (5838U/g) and inulin (6681U/g). The ANOVA showed that there was no significantly 

statistical difference between the agave fructans and inulin batch cultures, but they were significantly 

different from the glucose, fructose and sucrose cultures. Moreover, glucose culture was no different 

from the fructose culture, and the latter, had no significantly difference from the sucrose batch culture 

(all the analysis were performed in STATGRAPHICS Centurion XVI at the 95% significant level using 

Tukey HSD test). All the results indicate a partially constitutive enzyme that could be produced in 

order to hydrolyze long chain oligosaccharides for the production of high fructose syrup from agave 

fructans, in a one enzyme - one step process, pointing towards the organic market which is growing 

every year. 

 

Keywords: Kluyveromyces marxianus, fructanase, cultures. 

 

INTRODUCTION 

Of the 310 species of Agave reported, 272 can be found in México, which is considered as the center 

of origin and biodiversity of this genus. These members of the Agavaceae family have undergone 

some morphological and physiological adaptations in order to survive the arid and semiarid regions. 

One specific adaptation is the use of crassulacean acid metabolism (CAM), involving a reduced 

transpiration water loss, opening the stomata at night (when temperature is cooler) decreasing the 

evaporative demand. The main products of CAM are reported to be fructans (1) which are plant 

reserve carbohydrate polymers with fructose as the repeating unit and a single glucose moiety.  

 

With regards the Agave tequilana Weber var. Azul, the fructans (ATF) are branched polymers with 
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complex structures that combine fructose moieties linked by β2-1 and β2-6 bonds with a 

polymerization degree of 3 to 29 units (1). ATF are very important to the Mexican agro-industry, 

specifically for the tequila production, which nowadays is one of the most important alcoholic 

beverage around the world, albeit, the growing interest in sweeteners by the global food and 

pharmaceutical industries has raised interest in high fructose syrups (HFS) and in the sources for its 

production (2). 

 

Currently, corn is the main source for HFS, but in order to obtain it, at least three enzymatic steps are 

required, besides the low yields attained (45%), in contrast with a one enzymatic step of a β-

fructofuranosidase (inulinase, 95%) using ATF as substrate (3). Inside the glycosidases family (EC 

3.2.1.-), which are an important group of enzymes with significant biochemical, medical and 

industrial uses (4), the non-specific β-fructofuranosidades are able to hydrolyze fructosides from the 

reducing β2-1 and β2-6 end as exoinulinases or exolevanases (5).  

 

Nowadays, is well known the Kluyveromyces marxianus enzyme production capabilities, as well as 

its thermotolerance, rapid growth and a wide spectrum over carbon source assimilation (6), which 

altogether, contribute to produce an important diversity of molecules, as ethanol polyols and aromatic 

compounds, secondary alcohols, esters and organic acids, which implies the synthesis and production 

of diverse enzymes as glycosidases and glycosyl transferases (7).  For this particular case, 

Kluyveromyces marxianus yeasts have proven to be good β-fructofuranosidase (fructanase) producers 

(8, 9). 

 

In this work, the main goal was to characterize the β-fructofuranosidase producing skills of K. 

marxianus SLP1 under easily assimilable carbon sources as well as linear and branched carbon 

polymers, seeking for an enzyme capable to hydrolyze long chain oligosaccharides aiming to a 

possible application in the production of HFS from agave plants. 

 

METHODS AND MATERIALS 

Strain reactivation. An inoculation loop was introduced into a cryovial containing Kluyveromyces 

marxianus SLP1 and then was streaked in a petri dish with YPD agar (Yeast extract 10g/L, Glucose 

20g/L, Tryptone 20g/L and agar 20g/L, pH=5.5). This was left to incubate at 30ºC until several CFU 

were grown. The strain used belongs to the CIATEJ collection, and was isolated from a fermentation 

process of mezcal in San Luis Potosí, Mexico. All supplies were purchased from Sigma-Aldrich (St. 

Louis, Missouri, USA). 

Inoculum propagation. One CFU of Kluyveromyces marxianus SLP1 was taken from a petri dish 

and suspended in 100mL of YPD medium. This culture was incubated at 30ºC and 250rpm for 12h. 

From this culture, 1x106 cells were taken and put into a 1L Erlenmeyer flask with 200mL of 

chemically defined medium (10) which was incubated for 12h at 250rpm and 30ºC. This culture was 

used for the inoculation of the bioreactor. 

Batch cultures with different carbon sources. Five batch cultures were performed. All were run 

with chemically defined medium at 30ºC, pH of 4.5, aeration of 1vvm and agitation at 500rpm. The 

variable was the type of carbon source (glucose, fructose, sucrose, inulin and agave fructans at a 

concentration of 20g/L).  
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Biomass measurements. Optical density was measured from sample (diluted when necessary) at 

600nm. Dry weight was measured by centrifuging the sample (5000rpm at 4ºC), saving the 

supernatant for enzymatic activity measurement, resuspending the cells in distilled water for another 

centrifugation cycle, discarding the supernatant and pouring the cells in a previously dried and 

weighted cup, which was then introduced into an oven at 70ºC for at least 24h. 

Enzymatic activity measurements. The method used to measure this activity in the supernatant was 

the 3,5-dinitrosalycilic acid (DNS) technique (Miller, 1959), with some modifications (11). Statistical 

analysis was performed with STATGRAPHICS Centurion XVI at the 95% significant level using 

Tukey HSD test. 

 

 

RESULTS AND DISCUSSION 

The characterization of Kluyveromyces marxianus SLP1 under the working conditions of this work 

showed differences between batch cultures with the different carbon sources used. Growth kinetics 

(Figure 1) were similar (7) between the glucose, fructose and sucrose cultures, depleting the substrate 

at 8h after inoculation. Inulin and ATF cultures had an analogous behavior, stopping exponential 

growth at 12h-13h. This comportment is in accordance with the specific growth rates of the batch 

cultures (Table 1), where the oligosaccharides slowed down slightly the growth rate of the 

microorganism (12) due to its complexity and the need of an enzyme in order to hydrolyze the inulin 

and ATF prior to its assimilation by the cell.  

 

Also, as shown in Figure 1, higher biomass concentrations were reached when using more complexes 

carbon sources, which was reflected in the yield of biomass over substrate consumption (Table 1). 

These results showed that the metabolism of the cell changes from fermentative (using glucose, 

fructose and sucrose) to respire-fermentative (with inulin and ATF) and that hydrolysis of the 

oligosaccharides was the limiting step for growth kinetics during batch cultures in bioreactor under 

the parameters used. 

 

Table 1. Maximum specific growth rate and biomass yield over substrate.    
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Figure 1. Growth kinetics of K. marxianus SLP1 under different carbon sources. 

 

Enzymatic activity (Table 2) increased when using inulin and ATF, as expected (8). This type of 

enzymes have been catalogued as inducible (13), partially constitutive (8) and catabolically repressed 

by hexoses (14). While these results could indicate an induction, the maximum enzymatic activities 

for the glucose, fructose and sucrose batch cultures were reached much after the carbon source was 

exhausted (Table 2) and the enzyme activity was initially measurable at 7h, where the substrate 

concentration was below 2.52g/L, indicating hexose repression as the limiting factor for enzyme 

expression. From all the carbon sources used, glucose presented the lowest enzymatic activity, 

although there was not a significant difference with the fructose batch culture which was not 

statistically different from the sucrose culture. Inulin and ATF cultures were significant different from 

the latter three cultures, but not different from each other (Figure 2).  

 

Table 2. Enzymatic activity of batch cultures. 

Carbon 

source 

Time of 

measurable 

enzymatic 

activity (h) 

Maximum 

enzymatic 

activity 

(U/gDW) 

Glucose 7 215  at 14h 

Fructose 7 968 at 12h 

Sucrose 7 1267 at 12h 

Inulin 3 6681 at 15h 

ATF 3 5838 at 14h 

        Figure 2. Multiple range test at a confidence of 95%. 

 

The enzyme produced by K. marxianus SLP1 is able to hydrolyze inulin (a fructan) and ATF, which 

is from it gets its name: fructanase. The potential of a fructanase, produced by a microorganism, in 

the Mexican agro-industry is diverse. This enzyme could be used to improve the tequila production 

by means of a better hydrolysis of the ATF, in the production of fructo-oligosaccharides (FOS) and 

for the production of HFS from agave plants. For instance, the organic market is growing every year 
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(15) and the production of HFS from other sources different from corn are being explored, which 

adds to an existing market of high fructose agave syrup (HFAS) using a fructanase from a GRAS 

microorganism that is well adapted to ATF.  
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ABSTRACT 

The damaging effect caused by chemical pesticides to the environment, have resulted in the 

implementation of other alternatives such as biological control. In this regard, many microorganisms 

like Trichoderma have demonstrated its usefulness in controlling pathogens. However, other 

microorganisms have been targeted as potential antagonists of phytopathogenic fungi diseases of fruits 

and vegetables. Penicillium strains or their enzymes could be used as biological control agents of 

phytopathogenic fungi. The objective of this study was to purify and characterize the β-1,3 glucanolytic 

system of the strain Penicillium commune ITV01 which has high glucanase activity. β-1,3-glucanases 

were induced in minimum medium and laminarin as sole carbon source. Proteins were precipitated 

with ammonium sulphate and β-1,3-glucanases were purified by Sephadex G75 gel filtration and 

DEAE-sepharose ion exchange chromatography. The fungus produced at least four β-1,3-glucanases. 

Their molecular masses were estimated by SDS-PAGE: 98, 87, 58 and 32 kDa and designated as F98, 

F87, F58 and F32. F98 and F87 had its maximum activity at pH 5.0 and temperature of 50°C. F58 and 

F38 reach maximum activity at pH 6 and 5, respectively. F87 was specific for β-1,3 and β-1,4 linkages. 

F98 and F87 were stimulated by Co2+, F58 by Mg2+ and F32 by Mn2+. Incubations of Pestalotia 

pezizoides and Helminthosporium solani cells walls with F58 enzyme resulted in the highest 

production of reducing sugars (67 and 69 μg mL-1). The effect of purified enzymes on fungi growth on 

PDA medium showed that produced inhibition on S. rolfsii (13%) and F. solani (36%). The results 

show that β-1,3 glucanolytic system has low capability as a biological control agent of phytopathogenic 

fungi, however, its properties could conduce to a research from biotechnological applications. 

 

Keywords: β-1,3-glucanase, characterization, phytopathogenic, Penicillium commune, purification. 

 

 

INTRODUCTION 

Several microorganisms have demonstrated to have the skill of controlling pathogens of fruits and 

vegetables. Among them, the most studied are the species of the genus Hypocrea/Trichoderma (1), 

Debaryomyces hansenii (2) and fungi such as Fusarium oxysporum (3), Penicillium oxalicum (4). 

One of the mechanisms that have been described for the control of phytopathogenic fungi by 

antagonistic microorganisms is mycoparasitism: competition of substrate and space, secretion of 
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antibiotics and lytic enzymes, mainly glucanases and chitinases, which hydrolyze the cell wall of 

phytopathogenic fungi β-1,3-glucanases have been studied extensively, they are widespread in nature 

and are found in most fungi (5). Although many studies of β-1,3-glucanases have focused on its 

application for obtaining fungi protoplast (6), the search of microorganisms with high capacity to 

produce β-1,3-glucanases make them also potentially attractive for use in biological control (7). The 

aim of this study was purify and characterize extracellular β-1,3-glucanases produced by Penicillium 

commune ITV01, isolated from tomato crop by its ability to secrete β-1,3-glucanases and proteases. 

Additionally, we tested the lytic activity of the purified enzymes against cell walls obtained from 

eight phytopathogenic fungi. The antifungal activity of the purified enzymes also was tested in vivo 

against Fusarium solani and Sclerotium rolfsii growth on potato dextrose agar medium (PDA). 

 

METHODS AND MATERIALS 

Microorganism and production of β-1,3-glucanases. Penicillium commune ITV01 was isolated 

previously from tomato crop (21). Phytopatogenic isolates (Macrophomina phaseolina, 

Helmintosporium solani, Alternaria alternata, Fusarium solani, Pestalotia pezizoides, 

Colletotrichum falcatum, Sclerotium rolfsii and Aspergillus niger) were obtained from the Centro 

Experimental La Posta, Veracruz. All the strains were maintained on PDA (Bioxon®). The induction 

of β-1,3-glucanases by P. commune was made on 400 ml of minimal medium (8), supplemented with 

cell walls from phytopathogenic fungi or laminarin as sole carbon source at 0.1% (w/v). The 

preparation of fungal cell walls was performed according to (9). The Erlenmeyer flask was incubated 

5 days at 220 rpm and 30°C. After the incubation, the culture broth was centrifugated (7,000×g, 15 

min, 4°C) and supernatant was used for further purification. 

Purification of β-1,3-glucanases. The proteins in the supernatant fluid were precipitated with 

(NH4)2SO4 (80% saturation) at 4°C overnight, recovered by centrifugation (18,000 g, 40 min, 4°C), 

dissolved in 10 mM of Tris-HCl (pH 8.0) and dialyzed against the same buffer. The nondiffusible 

matter was fractionated onto a column (1.5 by 25 cm) of Sephadex G-75 (Sigma) the β-1,3- glucanase-

positive fractions were pooled and loaded onto a column (1.5 by 25 cm) of DEAE-Sepharose 

(Amersham) then eluted with a linear gradient of 0 to 200 mM NaCl at a flow rate of 70 mL/h. Finally, 

the β-1,3-glucanase-positive fractions were lyophylized. In order to determine de molecular mass of 

proteins, SDS-PAGE was carried out in 12% acrylamide gel. The proteins were stained with 

Comassie blue or with the silver staining kit (Bio-Rad) and zimogram was carried out (23). 

Protein and enzymatic activity assay. Protein concentration was determined by Bradford method 

(5) with BSA as standard. β-1,3-glucanase activity was determined by measuring the amount of 

released reducing sugar (20). The standard assay mixture (1 mL) contained enzyme solution properly 

diluted, 4 mg of laminarin (Sigma Chemical Co., St. Louis, Mo.) and 50 mM potassium acetate buffer, 

pH 5.5. A unit of β-1,3-glucanase activity was defined as the amount of enzyme catalyzing the release 

of 1 μmol of glucose equivalent per min. 

Effect of pH and temperature on enzyme activity and stability. The enzyme activity was 

investigated in a pH range of 3.0-7.0 using 50 mM citrate phosphate buffer and a pH range 8.0-11.0 

using 50 mM glycine-NaOH. The temperature effect was determined between 30 and 70°C for 60-

min incubation at optimum pH. Thermal and pH stability of enzymes were examined by measuring 

the residual activity after the enzyme was incubated for 24 h at different temperatures (30-70°C) and 

solutions (pH 4.0-8.0). 
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Kinetic parameters and effect of effectors on enzyme activity. Michaelis-Menten constants were 

determined from Lineweaver-Burk plots using data of laminarin concentrations from 0.1 to 10 

mg/mL. The effect of metal ions [Co2+(CoCl2), Mn2+(MnCl2), Ca2+(CaCl2), Cu2+(CuSO4), Na+(NaCl), 

K+(KCl), Mg2+(MgCl2·6H20), Zn2+(ZnCl2) and Hg2+(HgCl2)] was determined by adding them to the 

reaction mixture at 5 mM concentration and incubating it for 60-min at 50°C. Effects of chelating 

agent EDTA, non-ionic detergents Triton X-100 and SDS were determined by incubating the enzyme 

solution with each agent at 0.1% (w/v) concentration. 

Chromatography of hydrolyzed products and mode of action on substrates. To test the mode of 

action of the purified enzymes, 100 μL of enzyme extract was incubated with 100 μL of 1% (w/v) 

laminarin solution in sodium acetate buffer (100 mmol/L), pH 5.0 at 50°C for 1 h. The reaction was 

stopped by boiling for 60 min. Enzyme reaction products were analyzed by thin layer chromatography 

(4) where glucose and laminaritriose (Sigma) were used as standards. 

Hydrolysis of fungal cell walls by purified β-1,3-glucanases. The effect of purified β-1,3-

glucanases to phytopathogenic fungi cell walls was tested: 125 μL of purified enzyme was added to 

1.0 mL of substrate solution, which contained a 0.1% suspension of phytopathogenic cell walls in a 

phosphate buffer (50 mM, pH 7) and the mixture was incubated at 50°C for 8 h, centrifuged and 

determined the amount of reducing sugar in the supernatant. 

Statistical analysis. The experiments were made by triplicate and analysis of variance (ANOVA) 

was performed with the data analysis software Statistix 9. 

 

RESULTS AND DISCUSSION 

Induction of β-1,3-glucanase by fungi cell-walls and laminarin as the carbon source. Low levels 

of β-1,3-glucanase activity at 48 h were detected when, A. niger, S. rolfsii, H. solani, P. pezizoides 

and F. solani, cell-walls were used as the carbon source (23, 25, 26, 27 and 33 mU/µg protein, 

respectively). The highest β-1,3-glucanase production by P. commune ITV01 was reach with 

laminarin as substrate, enzyme production increase sharply in the first 12 hours and this trend 

continued nearly 24 h, after reaching a maximum of 92 mU//µg protein at 48 h. A decline was 

observed, probably due to the action of extracellular proteases. Similar results were obtained by other 

authors using fungi such as T. harzianum and as a carbon source: laminarin, cell walls of M. rouxii, 

N. crassa, R. solani, D. sorokiniana and S. rolfsii (28) β-1,3-glucanase induction of cell walls of C. 

falcatum, A. alternata and M. phaseolina resulted also in high specific activity (43, 47 and 71 mU//µg 

protein, respectively). These results showed that the degree of induction of β-1,3-glucanase enzymes 

is related with the type of cell-wall tested. 

 

β-1,3-glucanases purification. Enzyme production at 30°C and pH 5.0 reached the maximum levels 

after 48 h with laminarin as the carbon source. The 48 h culture broth was used for enzyme 

purification. Four extracellular β-1,3-glucanases (F98, F87, F58 and F32) were purified to 

electrophoretic homogeneity by the steps listed in Table 1. It was obtained 24, 13, 1 and 4 fold with 

recoveries of 8, 9, 1 and 1% for F98, F87, F58 and F32, respectively. 
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Figure 1. Anion-exchange chromatography profile on DEAE-Sepharose of the pool of fractions obtained from 

the fractions with β-1,3-glucanase activity. A linear elution 0-200 mM NaCl was applied. Samples of the peaks 

F98, F87, F58 and F32 with β-1,3-glucanase activity were electrophoresed on 12.5% SDS-polyacrylamide gels. 

The gels were stained with the Silver Staining (a) and Comassie kit (b) from Bio- -

1, 3-glucanase activity (U/mL) (♦), Protein (mg/mL) ( ). 

 

The specific activities (mU/µg protein) of the purified enzymes were 1643 (F98), 907 (F87), 70 (F58) 

and 293 (F32). The fractions containing β-1,3-glucanase activities (F11 to F16) were pooled and 

applied to a DEAE-Sepharose anionic column, as described in section 2.1. Four peaks containing β-

1,3-glucanase activity were detected in the eluted fractions (Fig. 1, Table 1). 

 

The active fractions were eluted at NaCl concentrations of 25, 50, 110 and 150 mM. The fractions of 

the peaks were dialyzed and concentrated by lyophilization. As shows the Figure 2, the fractions 

preparations migrated as a single band on SDS-PAGE with an apparent masses weights of 98 (F98), 

87 (F87), 58 (F58) and 32 (F32) kDa after Comassie staining. The laminarin zymogram shows that 

purified F58 efficiently hydrolyzed laminarin. Similar results were found with F98, F87 and F32 (data 

no shown). We conclude that this procedure achieved purification of β-1,3-glucanases to apparent 

electrophoretic homogeneity and the enzymes were monomeric proteins. 

 

Table 1. Summary of purification steps of β-1,3-glucanases from the culture supernatant of P. commune ITV01 

 

Purification 

steps 

Volume 

(mL) 

Enzymatic 

Activity 

(U/mL) 

Protein 

(mg/mL) 

Specific 

activity 

(U/mg) 

Purification 

fold 

Yield 

(%) 

Crude enzyme 180 553 7.92 69.82 1 100 

NH4(SO4)2 155 331 5.60 59.10 0.85 83 

Sephadex G75 15 2850 1.14 2500 36 43 

DEAE F98 12 690 0.42 1643 24 8 

F87 12 780 0.86 907 13 9 

F58 12 100 1.43 70 1 1 

F32 12 85 0.29 293 4 1 
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The higher yield of the purification was for the enzyme F87 (9.4) while the lowest was for the enzyme 

F32 (1.02). The apparent low yield could be explained by the overestimation of the β-1,3-glucanase 

activity in crude preparations, perhaps due to synergistic effects of the enzymes (10). Similar low 

yields results were obtained by others for β-1,3-glucanases purification obtained from P. italicum 

(11), P. rolfsii (12), T. harzianum (13) and T. viride (14). 

 

The effect of pH and temperature on activity and stability. The influence of the pH and 

temperature on β-1,3-glucanase activity was investigated. The optimum pH for the laminarin 

hydrolysis by the purified enzymes was narrow, with maximum activity at 5.0 for F98, F87 and F58, 

while that for F32 was 6.0. No activity was found for all the enzymes at pH values below 5.0 and 

above 9.0. The optimum temperature of the enzymatic activity was found at 40°C (F23 and F58) and 

50°C (F87 and F98). No activity was detected at 70°C. To test pH stability, enzymes were incubated 

towards the substrate from pH 4.0 to 10.0 and 50°C for 24 h and then their activities were measured. 

F87 and F98 keep their activity of 100% at pH 5.0 while F32 and F58 at pH 6.0. No activity was 

detected at pH 4. The enzymes exhibited stability 100% at 30 and F32, F87 and F98 up 85% at 40°C. 

No enzymatic activity was detected at 60°C for any enzyme. 

 

The optimal pH and temperature values for the enzyme activity and stability obtained in our study 

was similar to those reported for other fungal β-1,3-glucanases (43;39;26). Furthermore, β-glucanases 

from species of Penicillium genus are tolerant to low pH in comparison to the β-glucanases obtained 

from other organisms (15). 

 

Kinetic parameters on β-1,3-glucanase activity. The Km values of the F98, F58 and F32 (4.3, 3.4 

and 3.3 mg/mL, respectively) for the hydrolysis of laminarin enzymes were slight higher than the Km 

values (0.065 to 3.3 mg/mL) reported for other β-1,3-glucanases produced by other fungi (13, 16). 

Nevertheless, the Km value (42.8 mg/mL) for F87 is remarkably higher. High Km values are common 

among enzymes attacking insoluble substrates (2). 

 

The Km values obtained for the hydrolysis of laminarin for F98, F58 and F32 (4.3, 3.4 and 3.3 mg/mL, 

respectively) were slight higher in comparison with Km values (0.065 to 3.3 mg/mL) reported for 

other β-1,3-glucanases (17). The Vmax obtained in this study, was lower to that of 372.2 μmol/mg 

protein-min determined for Penicillium rolfsii (12) and 620 μmol/mg protein-min determined for T. 

harzianum (18). 

 

Effects of metal ions and protein inhibitors on the activity of purified β-1,3-glucanases. The 

results showed that Hg2+ (5 mM) totally inhibited the β-1,3-glucanase activity of the enzymes F98 , 

F87, F58 but not F32. However F32 was strong inhibited by Ca2+, K+ and EDTA. Moreover, Co2+, 

Mn2+, Ca2+, K+ and EDTA inhibited completely F58, while Mn2+ and EDTA inhibited completely 

F98. The presence of Co2+ increased the activity 18 and 60% for F98 and F87, respectively. In a 

similar way in the presence of Mn2+, the enzymatic activities of F87 and F32 were increased 37 and 

31%, respectively. In a general way the other ions and protein inhibitors inhibited the β-1,3-glucanase 

activities between 2 and 28%. 
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The decrease in the activity of the enzymes F98, F87 and F58 by Hg2+ suggest that there are thiol 

groups at the active site of these enzymes, similar at other works (11). The loss of activity F98, F58 

and F32 by EDTA suggest that the effect could involve metalloenzymes (12). On the other hand metal 

ion Mn2+ inhibited the activity of F98 and F58 while Ca2+ and K+ ions inhibited the activity of F58 

and F32 similar to (19). 

 

Substrate specificity and products of hydrolysis. The incubation of cellulose (β-1,4), 

carboxymethylcellulose (β-1,4), colloidal chitin (β-1,4) and pullulan (β-1,6) with the β-1,3-

glucanases enzymes at 50°C, pH 5.0 for 60 min showed that F98, F58 and F32 were not able to 

hydrolyze β-1,4 and (β-1,6) linkages. However F87 also hydrolyzed β-1,4 linkages, 66% in 

comparison to the hydrolysis of laminarin. The enzyme products of the hydrolysis of laminarin by 

the β-1,3-glucanases were analyzed. The silica gel thin-layer chromatography showed that products 

detected for F98, F87 and F58 were laminarin oligosaccharides and neither glucose. The products 

obtained from the hydrolysis of laminarin by purified F32 enzyme were mainly laminarin 

oligosaccharides and laminaritriose. 

 

β-1,3-glucanases action on fungal cell walls and effect on fungal growth. On this set of 

experiments the purified enzymes F87, F58 and F32 produced statistical inhibition against the 

mycelial growth of S. rolfsii after 72 h and enzymes F58 and F32 inhibited approximately 12% its 

growth at 48 h. However the enzymes 58 and F32 inhibited 32 ad 22%, respectively the growth of F. 

solani at 72 h and the inhibition was maintained until 144 h. A explanation could be that F. solani 

and S. rolfsii belongs to Basidiomycota and Ascomycota taxonomic groups, respectively and their 

cell-wall composition oscillates widely. The chitin content of S. rolfsii is about 60% (20). 

 

CONCLUSIONS 

In this study we purified and characterized biochemically four β-1,3-glucanases from Penicillium 

commune ITV01. The enzymes have activity on the growth of phytopathogenic fungi and can 

eventually be used as biological control agents. The higher enzyme activity was obtained with 

laminarin. 
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ABSTRACT 

Characterization and evaluation of the quality of Campeche germplasm 503B, Campeche germplasm 

511C and crosses selection 10 x selection 51, determining the nutritional value suitable for 

consumption. Physicochemical analysis parameters fresh pulp samples are directly proportional to the 

physiological maturation stage, including degradation of starch and enzyme activity 

pectinmetilestereasa and polygalacturonase, climacteric fruit. Fruit ripening is manifested in changes 

of attributes that affect fruit quality: color, firmness, % acidity, pH, °Brix, and the content of ascorbic 

acid (vitamin C). Test results Tukey HSD (P> 0.005), applied to variables physicochemical analysis, 

indicate that the Campeche germplasm  503B and 511C, in size are in a range of [3,5 ± 0,42B – 4,4 ± 

0,73A cm ] weight [42,31 ± 5.25C – 98,46 ± 21,48Bg.], firmness [0,0620 ± 0.0098A - 0,0288 ± 0,0061B 

N ], color: Chroma [24,49 ± 0,54B- 16,96 ± 0,28C], H⁰ [181.94 ± 2.21B- 166,25 ± 1,54C] green color - 

yellow, soluble solids [14,0 ± 1,4A- 10,1 ± 0,8C ° Brix] pH [4,17 ± 0,1B – 4,54 ± 0,1A],% acidity [1,3 ± 

0,05C-   1,2 ± 0,03B  ml NaOH] and ascorbic acid [91,83 ± 11,25B - 108.3 ± 4.75B mg / 100 g], compared 

with crosses selection 10 x  selection 51 size [3.2 ± 0.29C cm], weight [62,53 ± 9,36A g] , firmness 

[0,0255 ± 3,33x10 -6 C N ], color: Chroma [ 26,22 ± 0,67 A], H⁰ [91,55 ± 2.25A], yellow tone, soluble 

solids [11,9 ± 1,0B ° Brix], pH [3,80 ± 0,1C], % acidity [0,9 ± 0,01C ml NaOH ],  ascorbic acid  [211,21 

± 23,90A mg / 100g]. The crossing selection 10 x selection 51, shows a significant change in 

concentration of endogenous ascorbic acid with antioxidant properties antiscorbutic, cancer treatment 

and diabetes mellitus. 

 

Keywords: guava, Ascorbic acid, hybrid, antioxidant. 

 

 

INTRODUCTION 

Mexico has the second position worldwide production of guava (Psidium guajava L.), about 20 000 

ha are grown annually, of which, 67% of the area is located approximately in the region "Calvillo-

Canyons" in the state of Zacatecas it includes the municipalities of Huanusco, Jalpa, Apozol and 

Juchipila, and calvillo in the state of Aguascalientes and Tabasco (1), is the main raw material of 

agribusiness responsible for the preparation of jellies, sweets, juices and ice cream, plus fresh 

consumption (2). It is characterized by its high content of vitamin C, antioxidant that inhibits chain 

reaction for the formation of reactive (superoxide, hydroxyl, peroxyl, alkoxyl), which produce lipid 

oxidation, proteins and nucleic acids free radicals.Associated with the incidence of premature aging 

and chronic degenerative diseases (arthritis, atherosclerosis, diabetes mellitus, heart disease, 
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inflammation and brain dysfunction) (3). The spread of guava is through seed and tillers root, 

generating genetic variability in germplasm, therefore, the characterization for the identification and 

evaluation of the quality and safety of the species for human consumption is required, and the design 

of strategies to increase the production, sustainability diversification of crops, detecting outstanding 

species, physiological, biochemical and morphological, adapted to different ecosystems producing 

regions of Mexico. 

 

In the Experimental Field "The Guns" (CEDEC) of the National Institute of Forestry, Agriculture and 

Livestock (INIFAP), the genebank was developed from 1990. It includes 45 accessions, which, are 

represented by a tree 7- 8 meters high, each planted at a distance of 3 x 3 m (1111 trees / ha), located 

in the ejido San Pedro, municipality of Huanusco, Zacatecas. They are handled according to that 

proposed by the INIFAP technology package (4, 5). This germplasm two selected: Campeche 

germplasm 503B, Campeche germplasm 511C and a cross selection 51 x selection 10, with a potential 

of fresh fruit yield greater than 30 t ha-1. 

 

METHODS AND MATERIALS 

The experimental analysis was determined at     1- 2.5 g of pulp and fresh fruit of Psidium guajava l., 

elected at random with n = 30 for Campeche germplasm 503B, Campeche germplasm 503C and 

crosses selection 10 x selection 51, which was divided into physical analysis and Chemical, the 

evaluated variables were subjected to analysis of variance (ANOVA) with Tukey-Kramer test at P ≤ 

0.05 

Physical Analysis 

Size and Weight. Determination of the equatorial diameter (OD) and longitudinal diameter (DL) 

established in the Mexican Standard NMX-FF-009-1982, using the vernier. The result is expressed 

in centimeters. Weight measurement was conducted by a mark Levad (220g) analytical balance each 

individual fruit manner. 

Firmness. It was held at the texturemeter model TA-XT2t, adjusted to the following parameters; 

Speed: 2 mm / s, compression: 5 mm, using a compression plate 75mm. The results were expressed 

in Newton. 

Color. Fruit color is determined through reflectance colorimeter Color Hunter Lab Model Flex. The 

result is expressed in chroma and ⁰H. 

Chemical Analysis 

Total soluble solids. A manual refractometer ATAGO brand with range of 0-50 ° Brix, the Mexican 

Standard NMX-FF-015-1982 was used, indicates take two to three drops of pulp and place them on 

the basis of the refractometer to proceed to take the reading. 

Ionic Acidity. He was weighed 1g diluted pulp in 50 ml of distilled water, as indicated by the NMX-

F-317-S-1978. The potentiometer brand CORNING Pinnacle was calibrated with buffer solutions of 

pH 4 and 7 marca.J.T.Baker, before each reading. 

Titratable Acidity. He was weighed 1g diluted pulp in 50 ml of distilled water, 3 drops of 

phenolphthalein solution subsequently titrated with 0.1 N NaOH, until persistent pink color for 30 

seconds (NMX-FF-011-1982) was added. Results are expressed in% acid (citric acid). 

Ascorbic Acid. Extractor solution (500 ml). HPO3 15g was weighed and dissolved in 40 ml of glacial 

acetic acid; 200 ml of distilled H2O were added, stirred until homogeneous mixture which was filled 

to 500 ml. It filtered and stored at 8 ° C. 2.5 g pulp of fresh fruit were added 5 ml of extraction solution 
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is subsequently homogenized in vortex for one minute then centrifuged 15 minutes at 5000 rpm, they 

are taken 3ml and proceeds to titrate with indo phenol to present pink coloration brown for more than 

15 seconds. The results are expressed in mg Vit.C / 100g. 

 

RESULTS AND DISCUSSION 

The physicochemical parameters of the analysis of samples of fresh pulp, are directly proportional to 

the stage of physiological ripening of climacteric fruits, including degradation of starch and organic 

acids, which give the sweet taste, for the synthesis and release autocatalytic of ethylene, generating 

an increase in the activity of pyruvate decarboxylase and CO2 concentration, inducing decrease of O2, 

which will stop the vegetative growth, and initiate activation of hydrolytic enzymes 

(pectinmetilestereasa and polygalacturonase), breaking the links between polysaccharides, thus, 

decreases the permeability of the cell wall. Fruit ripening is manifested in changes of attributes that 

affect fruit quality: color, firmness, % acidity, pH, Brix, and the content of ascorbic acid (vitamin C). 

 

The result of the firmness is used to select: time, temperature washing and cooking; proper packaging, 

machinery to fit the peeled and cut fruit for the technological processes. The thickness of the 

epidermis in the fruits favors water loss through transpiration and gas exchange with the atmosphere, 

which directly affects the deterioration and loss of firmness (6). The results of physical analysis 

parameters Campeche germplasm 503B, Campeche germplasm 511C, crosses selection and 10 x 

selection 51, are presented in Table 1 

 

Table 1 Physical parameters evaluated in Campeche germplasm 503B, Campeche 

germplasm 511C, crosses selection and 10 x selection 51 . ± standard deviation equal 

literal column indicates no statistical difference (P <0.05). 

 Size 

(cm) 

Weight 

(g) 

Firmness 

(N) 

DE DL 

Germplasm Campeche  

503B 

 

3,5 ± 

0,42B 

 

4,0 

± 0,39A 

 

42,31 

± 5,25C 

 

0,0620 

± 0.0098A 

Germplasm Campeche  

503C 

 

4,4 

± 0,73A 

 

5,1 

± 0,53C 

 

98,46 

± 21,48B 

 

0,0288 

± 0.0061B 

Crosses selection 10 x 

selection 51. 

 

3,2 

± 0,29C 

 

4,1 

± 0,18B 

 

62,53 

± 9,36A 

 

0,0255 

± 3,33x10-6 C 

 

 

 

Table 2 Assessment color, based on the results of Chroma and H⁰, Campeche germplasm 503B, 

Campeche germplasm 511C, have a shade of green to yellow, and the selection crosses 51 x selection 

10 yellow tone.  

 



 

146 
 

Table 2 evaluation of color in Campeche germplasm 503B, Campeche 

germplasm 511C, crosses selection and 10 x selection 51 . ± standard deviation 

equal literal column indicates no statistical difference (P <0.05). 

 Color  

 

Chroma H⁰ 

Germplasm Campeche  

503B 

 

24,49 ± 0.54B 

 

181,94 ± 2,21B 

Germplasm Campeche  

511C 

 

16,96 ± 0,28C 

 

166,25 ± 1,54C 

Crosses selection 10 x 

selection 51. 

 

26,22 ± 0,67A 

 

91,55 ± 2,25A 

 

Table 3 presents the results of chemical analysis of Campeche germplasm 503B, Campeche 

germplasm 511C, and crosses selection 51 x selection 10. 

 

Table 3. Chemical parameters evaluated in Campeche germplasm 503B, Campeche 

germplasm 511C, crosses selection and 10 x selection 51 . ± standard deviation equal literal 

column indicates no statistical difference (P <0.05). 

 Soluble  

Solids 

(ºBrix) 

pH % Acidity 

(ml NaOH) 

Germplasm Campeche  

503B 

14,0 ± 1,4A 4,17  ± 0,1B 1,3 ± 0,05C 

Germplasm Campeche  

511C 

10,1 ± 0,8C 4,54  ± 0,1A 1,2 ± 0,03B   

Crosses selection 10 x 

selection 51. 

11,9 ± 1,0B 3,80  ± 0,1C 0,9 ± 0,01C 

 

The pulp of Campeche germplasm 503B, Campeche germplasm 511C, and crosses selection 10 x 

selection 51, it is classified as slightly acidic value based on the result of pH, located in a pH range 

[3, 80 – 4, 22]. The result of the pH value is an indicator of the intensity of the acid taste, as well as 

control parameter for the development of microorganisms and cushion organic acids present in the 

fruits for fresh consumption and its derived products from a chemical process. Table 4 shows the 

results of ascorbic acid content [mg / 100 g] fresh pulp: Campeche germplasm 503B, Campeche 

germplasm 511C, and crosses selection 51 x selection 10. 

 

The results in Table 4 indicate that based on the concentration of ascorbic acid of the fresh pulp of 

Campeche germplasm 503B and Campeche germplasm 511C, are statistically equal, however show 

a significant change compared to the concentration of ascorbic acid present in the crosses selection 

of 10 x 51 selection. 
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Table 4 Concentration of Ascorbic Acid in Campeche germplasm 503B, Campeche 

germplasm 511C, crosses selection and 10 x selection 51. ± Standard deviation equal 

literal column indicates no statistical difference (P <0.05). 

 Ascorbic Acid  

[mg / 100 g] 

Germplasm Campeche  

503B 

 

91.83 ± 11.25B 

Germplasm Campeche  

511C 

 

108.3 ± 4.75B 

Crosses selection 10 x 

selection 51. 

 

211.21 ± 23.90A 

 

 

CONCLUSION 

Designing strategies to increase production, diversification and sustainability of crops is through the 

generation of genetic variability of existing biologicas species, physico-chemical characterization of 

the fresh pulp of Campeche germplasm 503B, Campeche germplasm 511C, and selection crosses 10 

x selection 51 of Psidum guajava l, they are classified as slightly acidic as the pH value is in a range 

of 3,80 – 4,22. Campeche Germplasm 503B and Campeche germplasm 511C, have a yellow-green 

tone, compared to the values of Chroma [24,49 ± 0,54B -16,96 ± 0, 28C] and H ° [181,94 ± 2,21B- 

166,25 ± 1,54C], with no statistical difference [Tukey HSD P> 0.005] regarding the concentration of 

ascorbic acid [91,83 ± 11,25B – 108,3 ± 4,75B mg/100 g  ]. The crossing selection 10 x selection 51, 

has a yellow tone according to the results of Chroma [26.22 ± 0,67A] and H ° [91.55 ± 2,25A], it 

indicates the presence of a significant variation in the concentration of ascorbic acid [211,21 ± 23,90A 

mg / 100 g] with respect to Campeche germplasm 503B and Campeche germplasm 511C, based on 

the results obtained, the selection crosses 10 x selection 51 presents the best quality and safety features 

that ensure the safety for human consumption. 
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ABSTRACT 

In Mexico there is a great diversity of plants with high biological potential, among which can be 

highlighted Persea americana (PA) and Malva parviflora (MP), as they have different bioactive 

compounds including phenolic compounds, which give properties such as anti-inflammatory, anti-

cancer, anti-microbial, but mainly antioxidant. The aim of this study was to quantify total phenols (PT), 

to evaluate the antioxidant activity and a qualitative phytochemical screening (TFC) stem PA and MP. 

Ethanolic extractions was done of stems from PA and MP, these extracts were evaluated by a TFC by 

qualitative colorimetric tests. The total phenol content was quantitated by the Folin-Ciocalteu for 

microplate and was evaluated the antioxidant potential with DPPH and ABTS methods. The presence 

of phenolic compounds, flavonoids, alkaloids, coumarins, lactones and carbohydrates were identified, 

also possible presence of unsaturations in the identified functional groups. The total polyphenol content 

was presented in all extracts with values ranging from 50-80 mg EAG / mL. Also by the methods of 

DPPH and ABTS the antiradical activity of 69-80% between the radical trapping was identified. The 

extracts from stem of Malva parviflora and Persea americana can be used as raw material for obtaining 

polyphenolic compounds of importance in human health, to possess important to combat degenerative 

diseases like diabetes, cardiovascular, cancer, etc. functions, and as they might be employed in the 

medium term through its use as food or supplement.  

 

Keywords: phenolics compounds, antioxidant activity, Persea americana, Malva parviflora 

 

 

INTRODUCTION 

The growht in plants is due to a series of chemical reactions that collectively called metabolism. 

Plants have two types of the primary and secondary metabolism. The primary metabolism does 

emphasis to the synthesis of essential molecules such as carbohydrates, proteins, lipids and nucleic 

acids it is made. In the case of secondary metabolism, are wrapped all chemical reactions that trigger 

the production of compounds with allelopathic activities, defense against pathogens, consumers of 

plants and natural enemies, etc. (6). Most of the active ingredients of plants are within the so-called 

natural products, phytochemicals or secondary metabolites, which are chemical compounds of 

unusual and complex chemical structure, characteristic and restricted specific botanical sources (4). 

Polyphenols from plants have important roles to combat chronic diseases such as diabetes, heart 

problems, and various cancers, this due to its high antioxidant power (11, 13, 2). There are various 

methods to evaluate antioxidant activity, it can be in vitro or in vivo. One strategy more applied in the 
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measures antioxidant capacity of a compound, a mixed or food, are in vitro tests, which is to determine 

the antioxidant activity against chromogenic substances of radical nature; color loss occurs in 

proportion to the concentration (1). However, determinations antioxidant capacity carried out in vitro 

only give us a rough idea of what's happening in complex situations in vivo. Alternatively, various 

chromogenic compounds (ABTS, DPPH, DMPD, DMPO and FRAP) are used to determine the ability 

of phenolic compounds containing the samples to capture free radicals generated and operating 

against the harmful effects of processes oxidation involving reactive oxygen species (16, 19). There 

are a lot of plants that has beneficial phytochemicals with health effects, so they can be used in the 

development of functional foods. Mexico has a high species biodiversity biological potential, 

including plants used in the treatment of gastrointestinal diseases also used as a food source are. Some 

of the plant families that have these characteristics are Malvaceae, Lauraceae. The most representative 

species with potential antimicrobial and anti-inflammatory, are Malva parviflora (Malvaceae) and 

Persea americana (Lauraceae). Based on the above, the objective of this study was to qualitatively 

characterize the chemical composition, determine the content of total phenolics and antioxidant 

capacity by the methods of DPPH and ABTS, from the ethanol extracts to the roots of Persea 

americana and Malva parviflora. 

 

METHODS AND MATERIALS  

Obtaining extracts. For obtain the extracts was used the stem of Malva parviflora and Persea 

americana, the extraction was with ethanol and water (1: 4) was performed for each plant, under 

constant stirring at room temperature for 24 hours, the extracts were filtered through Whatman # 4 

paper and concentrated on a rotary evaporator, were protected from light and stored until further use. 

Phytochemical screening. The extracts were prepared in ethanol 1:10 (w/v), then phytochemistry 

screening were carried out by colorful reactions where phytochemicals analyzed were phenolic 

compounds (test of ferric chloride), sterols and triterpenes (Libermann-Buchard), alkaloids 

(Dragendorff and Wagner), carbohydrates (Molisch and anthrone) (20), sesquiterpenlactones 

Salkowski (21), flavonoids (Shinoda) (22), saponins (hemolysis) (23), coumarins and lactones 

(NaOH) (24). 

Determination of total phenols. The total phenolic content of extracts was determined by the Folin-

Ciocalteu method adapted microplate (25). The total phenols content was expressed as gallic acid 

equivalents per milligram dry material weight (mg GAE/g). 

Antioxidant potential of fractions 

Free radical scavenging activity. The capacity to scavenge the free radical was measured by DPPH 

assay for the extracts. The radical scavenging activity was expressed as TROLOX per dry weight 

material (TE mg/g) (26). 

Determination of antioxidant activity by ABTS assay. The capacity to scavenge the free radical 

was measured by ABTS assay for the extracts. Results were calculated from the mean of three 

replicates (12; 7). 

 

RESULTS AND DISCUSSION 

Were obtained 4 extracts, the aqueous and ethanol extracts of Malva parviflora and Persea 

americana, called EAMP, EEMP, EAPA and EEPA, respectively. The extractions are based on the 

polarity between the compounds present in the plant and the solvents used (5). According to screening 

phytochemical performed to extracts,by specific colorful tests was determine functional groups from 
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the secondary metabolism (7), was identified the presence of steroids and triterpenes, coumarins and 

lactones, phenolic oxidrilos, flavonoids, alkaloids revealed, likewise the presence of carbohydrates 

(Table 1).  

 

Table 1. Phytochemical screening: (+) presence, (-) absence. 

Functional groups  Extracts 

EAMP EEMP EAPA EEPA 

Steroids and triterpenes - + - + 

Flavonoids - + - + 

Alcaloids - + - + 

Sesquiterpenlactons - + - + 

Insaturations + + + + 

Phenolic oxidrilos - + - + 

Cuomarins and lactones + + + + 

Carbohhydrates + + + + 

 

In the results for total polyphenol content it was found that all extracts showed total phenols, excelling 

in its content ethanolic extracts, with no statistically significant difference between the two extracts, 

whereas with respect to the aqueous extracts if statistics (Figure 1) difference, this may be that these 

compounds exhibit higher affinity to high polarity solvents (15).  

 

Figure 1. Total polyphenol content in aqueous and ethanol extracts of Malva parviflora and Persea Americana. 

 

The evaluation of the antioxidant activity was carried out by the methods of DPPH and ABTS capture 

radicals. Where for all extracts they showed DPPH the antiradical activity in all treatments presenting 

statistically significant when P = (<0.05), but showed the greatest effect was EEPA worth 80.8 ± 

0.1% capture DPPH. The results are shown in Figure 2. 
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Figure 2. Antioxidant activity expressed as a percentage of DPPH capture of aqueous and ethanol extracts of 

Malva parviflora and Persea americana. 

 

The effect presented is because the chemical structure of the compounds has an orientation capable 

of interacting with free radicals, so is presented a reducing effect of high reactivity (18). 

 

Also for ABTS 4 extracts showed activity, but the EEMP showed higher activity with a radical 

capture% 69.7 ± 0.1. Based on the ANOVA the only treatments where there was no statistically 

significant difference was between EAPA-EAMP and EEPA-EEMP, when P = (<0.05). The results 

are shown in Figure 3. 

 

Figure 3. Antioxidant activity expressed as a percentage of ABTS capture of aqueous and ethanol extracts of 

Malva parviflora and Persea americana. 

 

The observed difference in the results between the two methods (DPPH and FRAP) is because they 

differ with respect to the reaction mechanism, the presence of oxidizing compounds and their 

concentration and reaction conditions (14, 3). 

 

CONCLUSION 

Based on the results, extracts stem Parviflora malva and Persea americana can be used as raw 

material for obtaining polyphenolic compounds of importance in human health, to possess important 

functions to combat degenerative diseases like diabetes, cardiovascular, cancer, etc., and they could 

be employed in the medium term through its use as food or supplement. 
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ABSTRACT 

Probiotics are microorganisms capable of producing a beneficial effect on health. Currently have 

developed food products in addition to providing nutrients usual, they have a beneficial health effect, 

reducing the risk to get sick. These foods are known as "functional foods". Currently chronic 

degenerative noncommunicable diseases (NCD) affects people of working age, generating high costs 

for the health sector. Colorectal cancer is within the generative chronic diseases, and is the second 

leading cause of death in Mexico. There are factors that can trigger this disease, such as excessive 

consumption of snuff, alcohol, poor nutrition, which favors cellular oxidation. Helicobacter pylori 

infections are also a factor for triggering this cancer and gastric cancer. In order to reduce the risk of 

developing these diseases they have been proposed various solutions that antioxidants are the key 

because they are able to inhibit or retard the natural oxidation process of cells. However, these 

substances must be obtained from food. In this regard, this study aimed to isolate superoxide dismutase 

gene, which is a potent antioxidant, seed Chan (Hyptis suaveolens L.) and genetically transform the 

probiotic Bifidobacterium longum which is one the main bodies of natural microbiota intestine. The 

Sod gene isolated in this study was 260 bp, same which was successfully cloned into the plasmid pRL 

using an innovative method of employing nanotubes and microwave technology. 

 

Keywords: Probiotics, antioxidants, genetic transformation. 

 

 

INTRODUCTION 

Probiotics are microorganisms capable of producing a beneficial effect on health (2). Bifidobacterium 

longum is one of the main bacteria in the natural microflora of the gut (1). Chronic degenerative non 

communicable diseases (CNCD) are affecting people of working age, generating high costs for the 

health sector. Colorectal cancer belongs to the CNCD, and is the second leading cause of death in 

Mexico (4). There are factors that can trigger this disease, such as excessive consumption of tobacco, 

alcohol and poor nutrition, which favors cellular oxidation. In order to prevent the risk of developing 

these diseases it’s been proposed some solutions that antioxidants are the key because they are able 

to inhibit or retard the natural oxidation process of cells (3). However, these substances can be 

obtained from food. In this regard, this study aimed to isolate the gene superoxide dismutase (sod), a 

powerful antioxidant from Chans seed (Hyptis suaveolens L.), genetically transform the probiotic 

Bifidobacterium longum and get a probiotic strain antioxidant activity. The sod gene was isolated 260 
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bp, same as was cloned into plasmid pRL and used to transform B. longum to using a method of 

applying nanotubes and microwave technology resulting in 12 transformed colonies. 

 

METHODOLOGY 

Chan seeds (Hyptis suaveolens L.) were stored at a temperature of 4 ° C for extraction of total RNA 

by following method Trizol® Invitrogen protocol. Subsequently, the total RNA was used for the 

synthesis of first and second, taking 3 L of Total RNA, of CDS and SMART IIA. The mixture was 

incubated at 72 ° C for two minutes. Following synthesis, were added 2.5 l of 5x first strand buffer, 

1 L of 10 mM DTT, 1 l of 50x dNTPs 10 mM, 0.5 L transcriptase reverse "Super Script II, a final 

volume of 10 L were obtained, the mixture was incubated at 42 ° C for one hour. Then it was dilute 

with 40 L of water Milliq. The first strand product was finally incubated at 72 ° C for 10 minutes. 

This product was used to obtain the second string. For second strand synthesis took 0.87 L of 

magnesium chloride (MgCl2) 50 mM of non-ionized water, 5 l of cDNA first strand, 0.5 l Taq. 

Polymerase 1 l of dNTP's 5 l of buffer, 1 l of oligonucleotide Primer PCR IIA, obtaining a total 

volume of 50l. BioRad thermocycler (model) was used with the following amplification conditions 

for amplification: a cycle with an initial denaturation temperature of 94 ° C for 4 minutes followed 

by 34 cycles with a denaturation temperature of 94 ° C for 30 seconds, annealing temperature of 65 ° 

C for 45 seconds and a polymerization temperature of 72 ° C for 6 minutes, for last a final cycle of 

extension at 72 ° C for 7 minutes. For the standardization of the conditions of isolation of gene 

superoxide dismutase (sod) by polymerase chain reaction (PCR) was followed as Lopez protocol in 

2011, modifying the volume of 3 l DNA. Purification of cDNA was performed according to the 

provisions of QIAquick Gel Extraction® kit from Invitrogen. The band resulting from the sod gene 

amplification was extracted from agarose gel, was ligated into the PCR-TOPO4 plasmid. The vector 

insert ratio was 1:2 respectively and was determined by a visual comparison agarose gel analysis. The 

ligation was performed with 1 l vector, 2 l DNA (insert), 1 l of saline and 1 l of milliQ water to 

a final volume of 5 l, incubated at 23 ° C for 2 hours. The PCR-TOPO4 plasmid with the cloned 

gene sod, was used to transform E. coli bacteria heat shock DH5ᾳ. Genetically modified bacteria were 

grown in LB kanamycin to extract more plasmid DNA following the QIAprep Spin Miniprep protocol 

Kit®. They were digested separately 10 l of sod expression cassette and 10 l of pRL vector with 

the enzyme Eco RI. The digests were loaded on a gel of 0.8% agarose and the fragments obtained 

were recovered with Gene Clean extraction kit (QIAquick, Qiagen, Germany). The fragment of 7.2 

Kb pDG7 of dephosphorylated by adding alkaline phosphatase (Invitrogen, Carlsbad, USA ®). For 

ligation, 10 l of the dephosphorylated expression cassette and 10 l of pDG7 in an Eppendorf tube 

were mixed, he was added 1 U-1 l T4 enzyme DNA ligase (Invitrogen, Carlsbad, USA ®), the 

reaction was incubated at 16 °C overnight and transformed E. coli DH5a by thermal shock, plated on 

LB agar ampicillin (100 mg ml-1) to recover the transformed cells. Subsequently Bifidobacterium 

longum strain ATCC 15707 was transformed with the pRL vector containing the synthetic sod gene 

fused to the leader peptide BIF3 using the electroporation technique. The transformation method 

reported by Del Rio, 2008. For transformation 80 l of the bacterial suspension was mixed with 0.5-

1.5 g of plasmid plus the insert, 5 L of nanotubes, the mixture was incubated for 5 minutes and the 

microwave pulse was performed for 15 seconds at power level 20. B. longum the transformed cells 

were inoculated in MRS liquid medium with chloramphenicol, 24-48hrs incubated in anaerobiosis 

and at 37, the extraction of plasmid DNA was carried out following the proposed (Qiagen, Hilden, 
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Alemania®) protocol, with one modification which consisted of the addition of lysozyme (30 mg ml-

1) to cushion resuspended and incubated at 37 ° C 1 hour after incubation was continued with the 

protocol of Qiagen. 

 

RESULTS AND DISCUSSION 

In order to carry out the transformation, the total RNA seed Hyptis suaveolens L. in Figure 1 shows 

that along of de rail 2 presents a sweep extracted, this indicates that transcripts of high and low 

molecular weight are equally represented. 

 
Figure 1. Chan seed RNA extraction. Lane 1: molecular size marker. Lane 2 and 3: Total RNA. 

 

The total RNA allowed the cDNA synthesis of First and second strand, presented in Figure 2. 

 
Figure 2. Synthesis of second strand cDNA. Lane 1: molecular size marker 1kb. Lane 2: first strand cDNA. 

Lane 3 and 4: second strand cDNA. 

 

After conditions were standardized to isolate the sod gene, we obtaining a gene with a 260 bp 

molecular size approximately as shown in Figure 3. 
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Figure 3. Amplification of the sod gene PCR. Lane 1 molecular size marker. Lane 1 to 4. Gen amplified sod. 

 

In order to cloning of the sod gene, in the first place the gene was purified by protocol Qiaquick 

subsequently ligation and transformation was performed in E. coli strain DH5a, and extraction of 

plasmid DNA was performed to confirm the presence of plasmid with gene cloned sod. In Figure 4 

the plasmid DNA is shown in lane 1 is reached to observe bands of 4500 bp, this indicates that the 

plasmid insert plus 260 bp gives a size of 4300 bp. 

 
Figure 4. In the five lanes plasmid DNA (gene TOPO sod 4 +) obtained from the transformant strain E. coli 

DH5ᾳ shown. 

 

Subsequently conducted genetic transformation of strain Bifidobacterium longum ATCC 15707, by 

electroporation with plasmid PLR1-sod, obtaining five colonies, while that using the method of 

microwave 12 colonies were obtained, of which 2 the presence was confirmed sod gene by PCR. 

 

CONCLUSION 

It was possible to standardize the conditions for isolating the sod gene seed chan (Hyptis suaveolens 

L.), so it is concluded that there is reproducibility in the results for obtaining gene. Also the genetic 

transformation of E. coli strain DH5a was achieved with the sod gene subcloning into plasmid TOPO 

PCR 4 TA. Finally, it was possible to verify the genetic transformation of B. longum by two methods, 

to obtain 7 colonies more by the microwave method by the conventional method of electroporation. 
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ABSTRACT 

Nejayote from nixtamalization is highly pollutant.  High content of remaining lime particles in nejayote 

cause high levels of pH, alkalinity, hardness and chemical oxygen demand (COD) in nejayote. The 

objective of the study was to determine the impact of removing insoluble lime particles from the water-

lime mixture on the polluting characteristics of nejayote and the impact on nixtamal, masa and tortilla. 

Limes used for nixtamalization treatments without insoluble lime particles (WOILP) were commercial 

calcium hydroxide (NIX) and commercial calcium oxide (OXI). Traditional nixtamalization used as 

reference was prepared with a reagent grade calcium hydroxide (TRA). Nejayote was evaluated for 

COD, volume and settable solids and also monitored for pH, alkalinity, total hardness and calcium 

content across the nixtamalization.  Resulting characteristics of nixtamal (pericarp removal, and 

weight), masa (color) and tortilla (moisture, color and extensibility) were compared among treatments 

using factorial and CRD designs. Results indicated a clear reduction in pH, alkalinity and total hardness 

in WOILP treatments after steeping in 3.5 pH units, 1,325 CaCO3 mg/L, and 170 CaCO3 mg/L 

respectively. TRA reduced only 0.7 pH units, increased alkalinity: 423 CaCO3 mg/L and increased 

total hardness: 1420 CaCO3 mg/L. Calcium content, COD and Settable solids in nejayote were lower 

in WOILP treatments than in TRA (654 vs. 1,482 mg Ca/L; 31,158 vs. 68,365 mg/L; 25.5 vs 68 ml/L 

respectively). The amount of nejayote was higher in WOILP treatments than in TRA (2.4 vs. 2.1 L). 

Pericarp removal was faster in TRA than in WOILP treatments (25 vs 45 min respectively).  Nixtamal 

weight was lower in WOILP treatments than in TRA (3.2 vs. 3.7 kg respectively). Masas and tortillas 

from WOILP treatments where whiter than that from TRA (84.65 vs. 79.6; 77.7 vs 69.6 respectively). 

Moisture in WOILP tortillas was lower than in TRA (36.7 vs. 42.1%). Tortillas from WOILP were 

more resistant to tearing than TRA (0.13 vs. 0.07 N/mm2). Overall, OXI and NIX performed similar. 

The pollution level of nejayote was lowered by removing lime particles. However, it had a negative 

impact on yield and pericarp removal but positive impact in color and resistance to tearing of tortillas. 

 

Keywords:  insoluble lime particles, nixtamalization, nejayote, pollution  

 

 

INTRODUCTION 

Nixtamal is the main result of the alkaline-cooking process. It is raw material for the preparation of a 

variety of corn products. Some of them such as: tortillas, tostadas, pozole, tamales, pozole, nachos, 

are consumed from Central America to the United States. (6,9). Nejayote resulting from alkaline-

cooking process is a byproduct that is known for its pollutant characteristics. Some efforts to prevent 
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the discharge of nejayote into the municipal sewage system includes: feeding domestic animals (18), 

concentration, filtration, and separation of phytochemicals, among others. The estimated volume of 

nejayote produced in Mexico is around 14 million cubic meters (13). Due to the high pH and physical 

composition of nejayote, this effluent is highly pollutant and dangerous for the environment. (7, 17). 

The objective of the study was to reduce the development of the polluting characteristics of the 

resulting alkaline cooking liquor by preventing the insoluble solid-lime particles to participate in the 

alkaline cooking process. 

 

MATERIALS AND METHODS 

Corn used in this study was a Sinaloa type variety purchased at the local market in Cordoba, Veracruz, 

Mexico. Kernels were characterized according to the standard: NMX-FF-034/1-SCFI-2002 (10). 

Three types of lime were used: 1) food grade calcium oxide (OXI) supplied by Oxical de Tecali, S.A. 

de C.V. (México). 2) food grade calcium hydroxide (NIX) purchased at the local tortilla store (Caleras 

de la Laguna, S.A. de C.V, México) and 3) analytical grade calcium hydroxide (JTB) (J.T. Baker ®, 

Mexico) 

Alkaline-cooking. Alkaline-cooking or nixtamalization was conducted with (WILP) and without 

insoluble lime particles (WOILP). WOILP treatments were prepared using OXI and NIX limes.  

Alkaline solution for these treatments was prepared by mixing 1 kg of lime with 9 L of purified water. 

The mixture was agitated for 30 min and then it was allowed to rest for 48 h at room temperature until 

the insoluble lime particles were settle down. A volume of 5 L was decanted carefully to obtain the 

solution free from solid lime particles. The traditional treatment (TRA) WILP was prepared by mixing 

20 g of calcium hydroxide (JTB) with 5 L of purified water. For this treatment, Insoluble lime 

particles were kept in the cooking water and participated in the alkaline-cooking process. Cooking 

water of all treatments (WILP and WOILP) were heated to 80 °C and then 2 kg of corn were added. 

Cooking was maintained at 90-95°C for 45 minutes. Cooked corn was allowed to rest for 24 hours 

and then the nejayote was drained for analysis. 

Physical Characterization of Nixtamal. Random samples of corn were taken at minutes 0, 5, 25, 

and 45 during the alkaline cooking process in order to qualitatively determine the pericarp removal. 

Kernels were presses between thumb, middle and pointer fingers, and the removal of pericarp was 

recorded in a yes/no scale. 

Preparation of masa and tortillas. In order to obtain masa for tortilla preparation, nixtamal was 

grounded using a commercial mill stone. Masa was molded in 15 cm diameter disks using a manual 

press and baked on a hot clay griddle to prepare tortillas 

Color of masa and tortillas. Color determination was performed using a colorimeter CR-400 

(Konika Minolta, Williams Drive Ramsey, NJ, 07446, USA) in the color space scale CIELAB and 

measuring the L*, a* and b* parameters. Colorimeter was equipped with a 2° observer and a D65 

illuminant. 

Stress to rupture of Tortilla. Tortilla rectangles (10 x 2 cm) were cut from tortilla for determining 

the stress to rupture with a Shimadzu texture meter. Rectangles were attached to the texturemeter 

using the upper and lower grips and determination was conducted at a displacement speed of 10 mm/s 

Nejayote characterization. Nejayote was characterized according the following standards: pH (3), 

total hardness (4), alkalinity (2), settleable solids (1) y Chemical Oxygen Demand or COD (5). 

Statistical Analysis. All data was analyzed using an alpha of 0.05 with the software R version 3.3.0 

(R Core Team, 2016) and the Integrated Development Environment RStudio version 0.99.902 (14). 
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Main effects and interactions were calculated according a CRD in a factorial arrangement using lime 

(OXI, NIX and JTB) and time (0, 5, 25, and 45) as main factors 

 

RESULTS AND DISCUSSION 

Corn characteristics. Corn characteristics were as follows: moisture, 13%; test weight or bulk 

density, 76.28 Kg/hL; flotation index, 22.8%; absolute density, 1.26 Kg/L and thousand grain weight, 

387 g. These data indicate the corn used in the study was a hard type similar to that used by the 

nixtamalization industry and confirmed the cooking time required for the nixtamalization (40-45 

min). Subjective pericarp removal in WOILP treatments was observed until 45 minutes. However, 

for WILP treatment showed a pericarp removal at minute 25. 

 

Masa and tortilla characteristics. Color of tortilla is a very important sensory characteristic for 

quality determination. The tortilla industry in Mexico controls carefully this parameter since it can 

affect the acceptability or rejection of the product by the consumer. Overall, whiter tortillas are 

preferred by manufacturers even though some regions of Mexico prefer from slightly cream to 

yellowish colors of tortilla. (8). 

 

Table 1 shows data for color of masa and tortillas. WOILP treatments (NIX and OXI) were 

statistically different to traditional nixtamalization.  In general masas and tortillas from WOILP 

treatments were lighter than WILP treatment (traditional) in 5 units, and less yellow (12 units). A 

similar trend in L* and b* was observed for tortillas. Tortillas from WOILPS treatments were 8 units 

lighter and less yellow (9 units). No differences were found in the a* parameter.  

 

Color of masa depends on color of kernel and processing conditions such as lime concentration, 

cooking time, soaking and temperature (15). However for this study, the differences in color can be 

attributed to elimination of solid lime particles from the cooking water prior to the nixtamalización 

process. 

 

Table 1. Color of masas and tortillas in the CIELAB color space. a 

 Masa Tortillas  
L* a* b* L* a* b* 

NIX 84.04±0.35a -0.04±0.25a 15.56±1.84b  77.65±1.08a -0.82±0.99a 17.72±2.88b 

OXI 85.28±0.06a -0.38±0.30a 15.86±0.40b  77.77±2.01a -0.08±1.06a  17.83±1.64b 

TRA 79.69±0.19b -0.01±0.56a 28.03±1.22a 69.67±0.78b  1.25±0.25a 26.09±1.01a 
a Mean values ± standard deviation. Means within same column followed by different letters are 

significantly different (P<0.05).  

 

In the traditional process, nixtamal is washed and the excess of lime and pericarp is eliminated 

affecting the color of tortilla. For researching purposes, in this study, washing of nixtamal from 

traditional method (WILP treatment) was not done in order to maintain similar processing conditions. 

The differences in color can also be attributed to this condition. One of the benefits observed from 

the alkaline-cooking WOILP was the elimination of the washing step and water saving. 
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Regarding to stress to rupture of tortilla, tortillas from WOILP treatments resisted a higher tension 

(0.11-0.15 N/mm2) than those prepared using the traditional method (0.07N/mm2).  According to 

Suhendro et al. (16), fresh tortillas are generally softer, extensible and flexible.  

 

Nejayote characteristics. Characteristics of nejayotes are presented in Table 2. According to these 

results, WOILP treatments (NIX and OXI) had similar characteristics in terms of alkalinity, total 

hardness and setteable solids. These characteristics were significantly lower from the traditional 

method (TRA).  

 

Table 2.  Characteristics of nejayote.a 

Nejayote Settleable  solids 

(mL/L) 

COD 

(mg/L) 
Alkalinity 

(mg/L CaCO3) 

Hardness 

(mg/L CaCO3) 

NIX 26.67±8.66b 40,273.83±690b 100.00±0.00b 1,586.67±277.85b 

OXI 25.00±17.56b 22,043.98±4476c 50.00±76.38b 1,340.00±20.00b 

TRA 68.33±11.55a 68,365.73±5448a 1,883.33±0.00a 2,960.00±12.22a 

 

Treatments NIX and OXI reduced their setteable solid content in 62% in comparison with TRA 

(WILP) treatment. This difference can be attributed to the fact that during traditional cooking, 

pericarp removal starts at 25 min after adding the corn. After this time, cooking causes friction of 

kernels increasing the releasing of pericarp pieces from the kernel. Additionally, lime solid particles 

are also present in the total setteable solids. 

 

The chemical oxygen demand is a technique for measuring quality parameters of water and it is 

directly related to the polluting level. The concentration of chemically oxidable of substances present 

in water is measured (12). In data from Table 2, the higest COD value was observed in TRA treatment. 

The COD values were similar to those reported by Valderrama-Bravo et al. (17). WOILP treatments 

were approximately 67 % lower than TRA treatment indicating a significant reduction in the chemical 

oxygen demand. 

  

During the nixtamalization and steeping periods, the pH level decreased for all treatments. However, 

the reduction was minimal in the traditional method (TRA) with only 0.19 pH units compared to that 

in NIX and OXI where the reduction was 0.62 and 1.43 pH units respectively (Figure 1). 

 

Final pH of nejayote in OXI and NIX treatments were 8.8 and 8.1 respectively. These pH levels are 

according to the permissible levels in the Mexican regulation NOM-CCA-031-ECOL/1993 (11) that 

allows a maximum pH of 9 and a minimal of 6 for free urban sewage discharge. 

 

CONCLUSIONS 

Overall, resulting characteristic in tortilla and nejayote from NIX and OXI treatments did no showed 

significant differences. Removing insoluble lime particles from the lime-water mixture prior heating 

and adding corn for the alkaline-cooking process helped with the reduction of the polluting 

characteristic of final cooking liquor. Additional benefits were the color of final tortilla. However, 

despite this benefits, sensory and shelf life of tortilla must be studied prior to suggesting this method 

as a suitable alternative for tortilla manufacturers. 
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Figure 1. pH kinetics of nejayote during nixtamalization of corn. 
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ABSTRACT 

The main objective of this study was the analysis of physicochemical and rheological behavior of a 

drinkable beverage prepared with different concentrations (5, 10 and 20 percent w/w) of Kefir. Several 

rheological models were also evaluated to determine the model that better fit experimental data. 

Apparent viscosity was measured with a Brookfield Viscometer within shear rates of 0.26 to 2.09 rad/s; 

and with an Ar-2000ex TA Instruments Rheometer within shear rates of 0.01 to 1000 rad/s. 

Physicochemical tests, such as titratable acidity, chloride percent, fat concentration, color, humidity, 

syneresis, and total solids, were determined using laboratory equipment. The main result observed in 

all samples tested with Brookfield viscometer was that Kefir drink behaved as a Newtonian Fluid 

within shorter strain rates (0.26 to 2.09 rad/s). However, when the same samples were tested with Ar-

2000ex Rheometer, a different behavior was observed: Over a wider range of shear rates, the fully non-

Newtonian behavior of Kefir samples was discovered. Besides, additional variables such as shear and 

normal stresses, and loss and storage modulus, were analyzed with Ar-2000ex Rheometer. The 

rheological model that better fitted the experimental data was Cross model, followed by Power Law 

Model. Statistical analysis of viscosity data acquired with Brookfield Viscometer from all Kefir 

concentrations was not significant (p values greater than 0.05); which demonstrated that the effect of 

Kefir concentration over shorter strain rates was not significant, and thus, the samples behave as a 

Newtonian fluid. On the other hand, p values lower than 0.05 were observed in most of the different 

Kefir concentration samples tested with Ar-2000ex Rheometer; which indicates that a statistical 

significant effect was observed and thus a non-Newtonian behavior of Kefir samples. All statistical 

analysis was performed with SPSS v.16 software, selecting a Duncan Test with a confident interval of 

95% to accept or reject the variances compared of the different Kefir concentration samples. 

 

Keywords: Food Rheology, Viscosity, Shear Rate, Kefir Concentration 

 

 

INTRODUCTION 

Kefir is a fermented drink(1) that contains minerals (calcium, magnesium and phosphorus), vitamins 

B and K, lactic acid bacteria and yeast that contributes to keep a healthy body. Moreover, proteins in 

kefir are partially digested and therefore more easily used by the body. Food industry has developed 

some Kefir based products, however in Central Veracruz communities, like “Las Vigas de Ramirez”, 

local farmers produce Kefir drinks that needs to be characterized and better formulated in order to 

introduce their products in national and international markets. In order to maintain the quality of these 

products and guarantee its shelf durability, industries rely on chemical and physical techniques that 
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enable them to know the status of the product and at the same time helping them to streamline the 

production process. Techniques for measuring the rheological properties of food fluids were used for 

30 years(2,3,4); although most current efforts to measure the rheological behavior of fluids include 

work of Rao(5), Steffe(6) and Roudot(7). Rheological characterization of Kefir products is important 

not only for the design of unit operations, but also for optimization processes and quality assurance 

of food products(8,9,10,11). For instance, Yovanoudi et al.(8) showed that apparent viscosity was a 

function of the type of starter, fermentation temperature and casein content; Dinkci et al.(9) prepared 

a fermented drink with 20, 40 and 60% of Kefir grains, and found that the samples made with 20% 

of Kefir grains were preferred in the sensorial evaluation; Wang et al.(10) isolated Lactobacillus 

plantarum from Tibet Kefir in order to increased Kefir fermented drink flavor; and, Glibowski and 

Zielinska(11) found that Kefir was a viscoelastic material with thixotropic and shear-thinning 

behavior. Time dependence is related to structural changes due to shear flow. Consequently, time-

dependent rheological characterization is extremely important in order to understand the changes that 

occur in the product during a commercial process. In this work, the effect of Kefir grain concentration 

(5, 10 and 20% w/w) over physicochemical and rheological properties of a drinkable acidic milk 

product was analyzed. 

 

METHODOLOGY 

In order to perform physicochemical and rheological tests, Kefir grains and whole bovine milk from 

“Las Vigas de Ramirez” community were used. Whole milk was pasteurized at 85 – 95 °C during 30 

minutes, followed by the addition of Kefir grains at 22 – 25 °C and the incubation of samples for at 

least 12 – 16 hours. After that, fermented milk was decanted from the grains, and stored in the fridge 

at 10° C for up to three days before testing. Physicochemical tests, such as titratable acidity, chloride 

percent, fat concentration, color, humidity, syneresis, and total solids, were determined using 

laboratory equipment. Titratable acidity and Chloride percent testing were performed using sodium 

hydroxide (0.083 and 0.1 N) with fenolftaleine, and 5% silver nitrate with potassium dichromate, 

respectively. Fat concentration was determined by acidic hydrolysis, where two grams of sample was 

dissolved in 4 mL of concentrated chloride acid, and heated up to 90 °C. Then, 5 mL of eter was 

added in order to separate light and dense phases and by difference in weights record fat percent. pH 

was recorded using a potentiometer calibrated with solutions with pH 4 and 7. Syneresis was 

performed on a centrifuge at 1250 rpm for 30 minutes. A colorimeter was used to perform color 

testing. Humidity was obtained using a dry heater at 105 °C for nearly 4 – 6 hours. Total solids were 

acquired by the use of a melting pot, where water content of each sample was evaporated between 80 

– 100 °C for nearly 24 hours. Apparent viscosity was measured with an Ar-2000ex TA Instruments 

Rheometer within shear rates of 0.01 to 1000 rad/s (Figure 1); and with a Brookfield Viscometer 

(Model 4535, Lab-Line Instruments) within shear rates of 0.26 to 2.09 rad/s (Figure 2). Viscometer 

spindles used and its diameters are shown in figure 3 and table 1, respectively. Rheometer testing 

included three types of experiments: Oscillatory (angular frequency from 1 to 100 rad/s), temperature 

ramp at 5 °C/min (10 – 80 °C) and shear rate sweep (steady state flow). Fermented drink samples, 

prepared with three different Kefir grain concentrations (5, 10 and 20% w/w), were analyzed by 

triplicate. Temperature in oscillatory, steady state flow and Brookfield testing were maintained 

constant at 25 °C. Statistical ANOVA tests were performed using SPSS 16.0 software, where a 

Duncan test with a confident interval of 95% was selected to compare the variances from 48 possible 
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combinations of Kefir concentration (5, 10 and 20% w/w), spindle number (2, 3, 4 and 5) and shear 

rate (0.26, 0.52, 1.05, 2.09 rad/s). 

 

 

 
Figure 1. Ar-2000ex TA Instruments Rheometer 

 

Figure 2. Brookfield Viscometer 

 

 

 

 

Figure 3. Brookfield Spindle numbers and geometry. 

 

 

RESULTS 

In this paper physicochemical and rheological properties of a drinkable beverage prepared with 

different concentrations (5, 10 and 20 percent w/w) of Kefir were evaluated. All statistical analysis 

was performed with SPSS v.16 software, selecting a Duncan Test with a confident interval of 95% to 

accept or reject the variances compared of the different Kefir concentration samples. Physicochemical 

properties (Table 2) that were statistically significant (p values lesser than 0.05) were pH and specific 

weight for all samples; meanwhile titratable acidity and color were not statistically significant. 

Chlorine and syneresis percents, fat and humidity fractions, were statistically different only for one 

Kefir concentration (5% w/w). Specific weight increased at higher Kefir concentrations, been 1.2762 

± 0.0065 at 5% w/w and 1.4338 ± 0.0077 at 20% w/w. Specific weight of whole milk was 1.028-

1.034 g/mL. The same behavior was found in pH: Higher Kefir concentration increased values of pH 

from 3.7743 ± 0.1284 to 5.6257 ± 0.1653. 

 

 

 

Table 1. Diameter of Brookfield 

Spindles 

Spindle Nr. Diameter (cm) 

2 4.7 

3 3.5 

4 2.7 

5 2.1 

6 1.5 

7 0.2 
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Table 2. Physicochemical Results 

Physicochemical Properties 
5% 10% 20% 

Mean SDev Mean SDev Mean SDev 

Titratable Acidity (g/L) 0.0367 0.0044 0.0354 0.0044 0.0341 0.0039 

Chlorine percent 0.0057 0.00007 0.0054 0.00005 0.0056 0.00005 

Fat fraction 0.1675 0.0354 0.0617 0.0165 0.0969 0.0186 

pH 3.7743 0.1284 4.2157 0.0624 5.6257 0.1653 

Specific weight (g/mL) 1.2762 0.0065 1.3469 0.0230 1.4338 0.0077 

Syneresis percent 21.257 1.2897 24.923 1.1020 25.440 1.1062 

Color 0.0356 0.0222 0.0303 0.0205 0.0342 0.0314 

Humidity fraction 0.0724 0.0186 0.0380 0.0011 0.0344 0.0091 

 

Experimental rheological results are shown in figures 4 to 8, and modeling results are shown in figures 

9 to 11. For instance, apparent viscosity as a function of shear rate was obtained in steady state flow 

(Figure 4), where an increase in shear rate decreased apparent viscosity of all samples tested, behavior 

similar of a pseudoplastic fluid. On the other hand, in Oscillatory testing (Figure 5) it was observed 

that G’’ (loss modulus) was higher (up to 13 Pa) than G’ (storage modulus) below angular frequencies 

of 20 rad/s, and the opposite behavior was found above this angular frequency. The highest values of 

G’ (nearly 38 Pa) were obtained above 64 rad/s for samples with 20% w/w of Kefir. On temperature 

sweep tests, shear stress (Figure 6), apparent viscosity (Figure 7) and normal stresses (Figure 8) were 

increased from the lowest (5% w/w) to the highest (20% w/w)  

 

Kefir concentration. The first two properties decreased dramaticaly as temperature reduction proceed, 

while normal stresses remain similar as temperature dropped. Solids concentration is one of the main 

factors that can modify the viscosity(8). Rheological behavior of 5% w/w samples is lower than 10% 

w/w samples, and the latter is also lower than 20% w/w Kefir concentration samples; which may be 

due to viscoelastic properties of the strongest network that might be present in 20% w/w Kefir acidic 

milk samples. This might be the reason why 20% w/w Kefir acidic milk developed higher values (i.e. 

shear stress, apparent viscosity, G’ and G’’ modulus) for all rheological testing. Some of the best 

fitted parameters obtained are shown in table 3 and figures 9 to 11. In most cases, Cross model, 

followed by Carreau model, were the rheological models that better fitted the experimental data. 
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Figure 4. Steady state flow: Apparent viscosity 

behavior as a function of shear rate 

 

Figure 5. Oscillatory test: Store and loss modulus as 

a function of angular frequency. 

 

 

  

Figure 6. Temperature Sweep test: Shear stress 

effect. 

 

Figure 7. Temperature sweep test: Apparent viscosity 

effect. 
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Figure 8. Normal stresses as a function of 

temperature. 

 

Figure 9. Power law model fitted parameters (5% 

w/w sample) 

 

 

  
Figure 10. Oscillation testing fitted parameters (10% 

w/w sample). Discrete relaxation spectrum 

 

Figure 11. Oscillation testing fitted parameters (10% 

w/w sample). Polynomial fit 

 

 

Brookfield viscometer results are summarized in tables 4 to 6. As it is shown in table 4, apparent 

viscosity of all samples were not significantly different as the shear rates change between 0.26 to 2.09 

rad/s. Moreover, spindle geometry was only significantly different for two groups: Smaller spindle 

diameters developed apparent viscosities below 1.5409 Pa*s and bigger spindle diameters developed 

apparent viscosities higher than 1.6205 Pa*s.  
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Table 3. Modeling results with some of the constitutive equations selected. 

Model Yield 

Stress 

(Pa) 

Viscosity 

(Pa*s) 

Rate 

Index 

Zero Rate 

Viscosity 

(Pa*s) 

Infinite 

Rate 

Viscosity 

(Pa*s) 

Consistency 

(s) 

Standard 

Error 

Cross   0.9031 0.7756 2.742E-3 1.689 17.90 

Carreau   0.8156 0.5835 2.282E-3 1.852 20.92 

Ellis   4.004 

(stress 

Index) 

0.5437 4.061E-3 2.9621 (1/Pa) 28.97 

Williamson   0.7048 1.4530  8.620 33.82 

Casson 0.2785 2.039E-3     35.29 

Hershell-

Bulkley 

0.3081 0.0232E-3 0.7238    39.79 

Sisko   0.3467  3.750E-3 0.239 40.33 

Bingham 0.4162 3.696E-3     47.20 

Power Law  0.1332 0.4676    54.58 

 

On the other hand, in table 6 the effect of Kefir concentration on apparent viscosity is shown. For 

instance, the lowest value (0.9096 Pa*s) was obtained for 5% Kefir concentration, followed by 10% 

(1.3770 Pa*s). The highest apparent viscosities (2.4831 Pa*s) were observed at 20% Kefir 

concentration. Thus, an increase on Kefir concentration increase apparent viscosity up to 2.5 times 

(when 5% and 20% viscosities were compared). 12 different groups were determined using Duncan 

statistical test, from 48 possible combinations of Kefir concentration (5, 10 and 20% w/w), spindle 

number (2, 3, 4 and 5) and shear rate (0.26, 0.52, 1.05, 2.09 rad/s). The lowest apparent viscosity 

obtained with Brookfield viscometer was 0.8221 Pa*s at shear rate of 0.26 rad/s, Kefir concentration 

of 5% w/w and spindle number 2; and the highest apparent viscosity was 2.7184 Pa*s at shear rate of 

1.05 rad/s, Kefir concentration of 20% w/w and spindle number 4 

 

Table 4. Apparent viscosity (Pa*s) results as a function of shear rate (Duncan test)  

Shear Rate N 

Subset 

1 

0.52 330 1.5604 

0.26 177 1.5893 

1.05 660 1.5928 

2.09 1320 1.5959 

p value  .531 

Means for groups in homogeneous subsets are displayed. The error term is Mean 

Square(Error) = 469.390 

 



 

173 
 

Table 5. Apparent viscosity (Pa*s) results as a function of spindle 

number (Duncan test) 

Spindle Number N 

Subset 

1 2 

2 567 1.5021  

3 567 1.5409  

4 675  1.6205 

5 678  1.6739 

p value  .318 .170 

Means for groups in homogeneous subsets are displayed. The error 

term is Mean Square(Error) = 465.039 

 

Table 6. Apparent viscosity (Pa*s) results as a function of Kefir 

concentration (Duncan test) 

Kefir concentration 

(w/w) N 

Subset 

1 2 3 

5 829 0.9096   

10 829  1.3770  

20 829   2.4831 

p value  1.000 1.000 1.000 

Means for groups in homogeneous subsets are displayed. The error 

term is Mean Square(Error) = 33.515 

 

CONCLUSIONS 

It was showed that Kefir acidic milk beverage might has the characteristics of a pseudoplastic fluid 

since apparent viscosity decreased as shear rate was increased. In oscillatory testing, it was observed 

that G’’ was higher than G’ below angular frequencies of 20 rad/s, and the opposite behavior was 

found above this angular frequency. Samples with the highest Kefir concentration developed the 

highest values of storage modulus at angular frequencies above 64 rad/s; this behavior might be due 

to strongest crosslinked network that probably is present at 20% w/w. It was also observed that shear 

stress and apparent viscosity decreased as temperature reduction proceeds. 20% w/w Kefir acidic 

milk developed higher values (i.e. shear stress, apparent viscosity, G’ and G’’ modulus) for all 

rheological testing. In relation with physicochemical properties, only specific weight and pH were 

statistically significant as a function of Kefir concentration, where the lowest and highest values were 

found at 5% and 20% w/w, respectively. The constitutive equations that best fitted experimental data 

were Cross and Carreau models. Finally, Brookfield results showed that Kefir samples behaved like 

a Newtonian fluid between shear rates of 0.26 and 2.09 rad/s; geometry was only statistically 

significant between small and big spindle diameters; and apparent viscosity increase as a function of 

Kefir concentration. When Kefir drink is at rest, it has a gel-dimensional microstructure. By applying 
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a shear stress, agitation generates the microstructure breakdown in linear chains as time passes, 

breaking the physical links, thereby causing a decrease in viscosity. 
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ABSTRACT 

The knowledge on the phase behavior of monoglycerides (MG) in hydrophobic solvents (i.e., vegetable 

oils) is limited.  Commonly it is assumed that their phase behavior in hydrophobic solvents is the same 

or similar as in water.  The phase behavior of MG in vegetable or mineral oils might lead to the 

formation of organogels with thermo-mechanical properties that could be used in the production of 

trans-free substitutes for butter and lipid spreads or cosmetic products. Nevertheless, the MG-

organogels are unstable due to the polymorphic changes of MG. Consequently, the study of the MG 

behavior in vegetable and mineral oils is essential to support the commercial use of MG-organogels. 

Within this context, the objective of this study is to investigate the phase behavior of pure MG (C14, 

C16, C18, and C22) and their blends with C18 in safflower oil and mineral oil.  We used MG blends 

to mimic the composition of commercial monoglycerides. The phase behavior and mechanical 

properties of the MG-oil solutions and corresponding organogels were studied through differential 

scanning calorimetry (DSC) and rheological measurements.  The pure and mixed MG solutions in the 

vegetable and mineral oils showed the characteristic crystalline transitions (lamellar, ∝, and sub-∝ 

phases). Nevertheless, this study shows that exist conditions that affect the development of the 

crystalline phase (i.e., sub-∝2) responsible of the instability of the MG organogels.  Apparently, the 

affinity extent of MG’s aliphatic chains for the solvent (i.e., vegetable or mineral oil) might favor or 

prevent the development of the sub-∝2 phase. Contrary to previous reports, we show that aliphatic 

chains are directly involved in the initial self-assembly of MG and that the chain length difference in 

mixtures of MG modifies the crystallization and melting temperatures of the lamellar, ∝, and sub-∝ 

phases. Finally, the mechanical behavior of MG-solutions is closely followed by the delta phase 

parameter (δ). The use of both the δ profile and cooling thermograms of the MG-solutions are useful 

to describe the micro-structural organization during the vegetable or mineral oil entrapment through 

organogelation.   

 

Keywords: Monoglycerides, Phase behavior, Organogels. 

 

 

INTRODUCTION 

The thermo-mechanic properties of shortenings and conventional spreads are commonly obtained by 

partially hydrogenated fats. Unfortunately this fats are source of trans fatty acids, which are reported 

to be related with several health issues (1-2). Due its structural conformation, monoglycerides (MG) 

are able to develop self-assemble arrangements that withhold a liquid phase, and as a result, forms 

functional organogels with specific thermo-mechanic properties that could be used in the production 

of trans-free substitutes for fat-based products. On the other hand, unlike water based emulsions, MG 

organogels, are water-free systems, so this reduces fat oxidation processes and does not favor 
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microbial proliferation. However, the MG-organogels are unstable due to the polymorphic changes 

of MG. 

 

Previous investigations have reported the typical phase transitions present in the MG 

crystallization/melting profiles: short aliphatic chain MGs show three polymorphs: L-, sub-1 and 

; long aliphatic chain MGs show an extra polymorph: sub-2 (allegedly described as a rotator 

phase) (3-4).  

 

MG organogel systems have been less investigated than MG hydrogels, although there are reports 

that show their phase behavior and a brief description of their rheological properties (5). It has been 

previously stated that the MG self-assemble process is thermodynamically guided mainly by the 

strong affinity of the polar glycerol groups. We consider that the solubility of the hydrocarbon chains 

in hydrophobic solvents (i.e., vegetable and mineral oils), affects the self-assembly behavior of MG. 

This is important, since most of the MG industrial applications happens to be using commercial MG 

mixtures. A recent investigation from our work group, has shown that there is a dependence in the 

ratio of each MG contained in the mixtures, in oil organogels, that suggest an important effect on the 

differences between aliphatic chain lengths, when sub-1 transition develops.  

 

Consequently, the study of the MG behavior in vegetable and mineral oils is essential to support the 

commercial use of MG-organogels. Within this context, the objective of this study is to investigate 

the phase behavior of pure MG (C14, C16, C18, and C22) and their mixtures with C18 in high oleic 

safflower oil (HOSFO) and mineral oil (MO). In order to capture and understand the phase behavior 

of MG organogels a useful tool is to develop the phase diagrams for the studied systems. For this we 

used MG mixtures to mimic the composition of commercial monoglycerides. 

 

MATERIALS AND METHODS. 

Materials.High oleic safflower oil (HOSFO) was obtained from a local manufacturer (Coral 

Internacional, San Luis Potosí, Mex.). As determined by HPLC the major triacylglycerides (TAGS) 

in the HOSFO were OOO (65.65% ± 0.15%), LOO (16.26% ± 0.04), and POO (8.58% ± 0.04), and 

as minor TAGS: StOO (2.64% ± 0.01%), LLO (2.25% ± 0.02%), POL (1.70% ± 0.11), StLL (0.87% 

± 0.05%), and LLL (0.46% ± 0.01%) (O = oleic acid; L = linoleic acid; St = stearic acid; P = palmitic 

acid).  

Mineral oil (MO) was obtained from a mexican manufacturer (Hycel de México, México city, 

Mex.). A preliminary characterization showed that MO is mainly composed by lineal and ramified 

alkanes, aromatic compounds, among others. Analytical grade 1-mono-myristoyl-rac-glycerol 

(C14),1-mono-palmitoyl-rac-glycerol (C16), 1-mono-stearoyl-rac-glycerol (C18),  and 1-mono-

arachidoyl-glycerol (C20) were,  according to the manufacturer (Sigma-Aldrich, St. Louis, MO, 

USA), at least 99% pure. Analytical grade 1-mono-behenoyl-glycerol (C22) was, also according to 

the manufacturer (INDOFINE Chemical Company, Inc., Hillsborough, NJ, USA), at least 99% pure. 

All the analytical grade monoglycerides were stored under desiccant conditions at −20 °C. 

Calorimetric measurements. Using a differential scanning calorimeter (Model Q2000, TA 

Instruments; New Castle, DL, USA), samples (≈10-15 mg) of neat MG and MG mixture solutions at 

8% (wt/wt) in HOSFO or MO were sealed in Tzero hermetic aluminum pans. Samples were heated 

at 80 °C for 20 min and then cooled to -20 °C at 10 °C/min. After 2 min at -20 °C the system was 
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heated to 80 °C at 5 °C/min. The temperature at the beginning of the crystallization exotherm (TCr), 

the heat of crystallization (ΔHCr), and during heating the temperature of maximum heat flow (TM), 

and the heat of melting (ΔHM) of the different phase transitions were calculated as described 

previously (6). Based on the crystallization and melting thermograms we established the phase 

diagrams for MG mixed solutions in HOSFO and MO. 

Rheological measurements. We evaluated the crystallization and structure development process of 

the MAG solutions at 8% in HOSFO and MO with a rheometer (Discovery HR3 (TA-Instruments), 

using a steel plate-plate geometry (diameter 25 mm). The sample temperature was controlled with a 

Peltier temperature control located on the base of the geometry coupled to a Thermo cube cooling 

system. The control of the equipment was made through the software Trios V 3.0.0.3156, (TA 

Instruments-Waters LLC, New Castle, D. E.). The corresponding MAG solution (80 °C) was applied 

on the base of the geometry (80 °C), and the upper plate was set using the true-gap function of the 

software. After 20 min at 80 °C, the system was cooled at 10 °C/min until achieving 5 °C keeping the 

system at this temperature for 180 min. During the cooling and the isothermal stage the elastic (G′) 

and loss G″) modulus were measured, always within the linear viscoelastic region of the MAG 

solutions. Two independent determinations were done and the mean of G′ plotted as a function of 

temperature, during the cooling stage, or as a function of time during the isothermal stage. The 

evolution of the microstructure developed during cooling of the MAG/oil solutions was established 

by plotting the phase angle ("") where =tan-1 [G''/G']. 

 

 

RESULTS AND DISCUSSION. 

Pure MG organogels characterization. Melting and crystallization thermograms for pure MG at 

8% in HOSFO and MO, showed that for C14 MG the transition signals presented were: L- and sub-

1, and for C16, C18, C20 and C22 MG: L-, sub-1, and also sub-2 (Fig 1). Vereecken et. al. 

previously reported that sub-2 transition was only present for MG with hydrocarbon chains longer 

than C18 (3).   The present study results suggests that the reason why a sub-2 transition was found 

on C16 MG is mostly because of a better sensitivity from the used equipment (DSC Q2000, TA 

Instruments).  

 

  

Figure 1.. Crystallization and melting profiles of pure MG at 8% in HOSFO and MO. The sub-2 transition 

appears on MGs with a longer than C16 hydrocarbon chain. 

 

Melting Crystallization 
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As shown in figure 2, when sub-2 transition occurs in the crystallization profiles, its behavior may 

vary depending on the solvents relative polarity, since sub-2 transition is related to re-arrangements 

in the MG hydrocarbon chains, this exhibits the relevant effect of solubility on the polymorphism in 

MG organogels. Further experiments will be needed to define whether or not the sub-2 transition 

could be described as a rotator phase. 

 

 

 

 

Figure 2. Close up to sub-2 transitions of crystallization and melting profiles for pure MG at 8% in HOSFO 

and MO.  Sub-2 transition temperature may vary depending on the solvents relative polarity. 

 

Phase diagrams of MG mixtures. In order to assess the thermal behavior of the MG mixtures, the 

temperature of the phase transitions signals of the melting profiles from the solutions at 8%, were 

obtained and graphed as a function of each MG ratio in the mixture (1:7, 2:6, 3:5, etc). The thermal 

profile of C14:C18 system showed that the MG in the mixture were self-assembled in mixed 

structures.  

 

This was proposed based on the fact that the melting/crystallization thermograms displays only one 

transition signal for each polymorph (one for L-, and one for sub-1). Nevertheless, it was observed 

that during the crystallization of some solutions of this system, mostly when the MG mixtures were 

in solution with MO, another transition was present. This transition appeared almost at the lowest 

temperature reached during cooling (-20°C) and could be related to the next crystalline polymorphism 

from the hydrocarbon chains (). 
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a)              b) 

Figure 1. Phase diagram of C14:C18 systems in a)HOSFO and b)MO. 

 

After performing some isothermal trials, where changing the lower cooling temperature (-10, -5, 0°C, 

etc.) limited the appearance of this transition, it was determined the identification of the  phase 

crystallization transition, which was not previously reported. In this context, is worth mentioning 

that although there seems to be a very similar behavior of C14:C18/HOSFO and C14:C18/MO 

systems, when observing the phase diagrams it can be distinguished an important difference on the 

melting point of the L- phase on the higher proportion of C14 mixed with C18 (Fig 3). According 

to the isothermal trials, the higher the C14 proportion in MO, the faster the  phase transition can 

be observed. More experiments will be made, in order to understand why the  phase occurs faster 

on the MO systems. It is important to mention that the sub-1 and   phases are related to another 

re-arrangement of the MG hydrocarbon chains, so once again the eutectic behavior of the melting 

temperature of the sub-1 phase and the fast formation of  phase, exhibits the influence of solubility 

of the aliphatic chains on the stability of the MG meso-phases.  

 

The C16:C18, C20:C18 and C22:C18 systems were analyzed and there seems to be more than one 

transition signal for the L- and sub-1 phases, so, more experiments are needed in order to find out 

if the MG are self-assembling individually or if there is another polymorph. Describing this 

phenomena will help on the development of those systems phase diagrams. 

 

Structure development. The obtained results of the rheological measurements provided the G' and 

G'' values that permitted the determination of the mechanical behavior of MG-solutions by closely 

observing the changes in the delta phase parameter (δ). The use of both the δ profile and cooling 

thermograms of the MG-solutions are useful to describe the micro-structural organization during the 

vegetable or mineral oil entrapment through organogelation (Fig 4). 

 



 

180 
 

a)            b) 

Figure 4. a) C18 MG Temperature scan rheogram. b)Structure development of C18 MG determined by the 

angle phase and related to the crystallization thermogram. 
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ABSTRACT 

Modification of fats and oils to produce specific triacylglycerols (TAGs) is an alternative for the 

production of cocoa butter (CBR) and trans free fats replacers among others. These structured lipids 

can also be designed to improve functional and nutritional properties of lipid-based food products. 

Cocoa butter (CB) is a key ingredient in chocolate, since it is responsible for its particular sensorial 

properties. However, due to increasing demand and high price, it is necessary to develop CB 

alternatives. Interesterification is an important technique for the modification of fats and oils. Through 

interesterification the fatty acids are redistributed within the glycerol molecule modifying the 

physicochemical properties of the original fat or oil. In this study, we evaluated the effect of 

interesterified fats on the physicochemical properties of CBR. The interesterified fats were produced 

from blends of lard and coconut oil. Lard was enzymatically (EI) and chemically (CI) interesterified 

in a 70:30 blend with coconut oil. For the EI we used a sn-1,3 specific lipase from Candida antarctica 

B (Novozyme). The CI was achieved with sodium methoxide (Sigma-Aldrich). The interesterified fats 

(EI or CI) were blended with CB at ratios of 20:80, 50:50, 70:30, and 80:20. These blends were 

characterized for triacylglycerides composition by HPLC, crystallization and melting profiles by 

differential scanning calorimetry (DSC), solid fat content by NMR (SFC), and microstructure through 

polarized light microscopy. The statistical analysis was done with the Statistica software (V 12.0). 

Interesterification led to a TAG composition of higher melting temperatures and lower melting 

enthalpy compared with native lard, with no significant differences in SFC and thermal properties 

between fats with EI and CI.  After using iso-solid diagrams, we concluded that the blend with 

physicochemical properties appropriate for use as CBR was the one with an 80:20 interesterified fat to 

CB ratio. This blend presented the thermal profile, SFC and composition similar to CB. 

 

Keywords: interesterification, cocoa butter replacer, lard, physicochemical analysis 

 

 

INTRODUCTION. 

Some edible fats and oils are not suitable for its application on many food products due to their poor 

plastic characteristics; therefore, they need to be modified to make them applicable to a wider range 

of products. Furthermore, some fats and oils with important uses in food industry are high priced and 

its supply is uncertain. The physicochemical nature of triacylglycerols (TAGs) is determined by 

characteristics such as length of fatty acid chains, degree of unsaturation, and their distribution among 

the glycerol backbone (1). Modification of fats and oils to produce specific TAGs is an alternative 
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for the structuration of fats. Modification procedures include hydrogenation, fractionation, 

interesterification and blends. Total and partial hydrogenation were, for many years, the traditional 

oil processing method, with the inconvenience of trans fatty acids formation and their adverse effects 

on human health. This is why the interest in interesterification has increased in recent years (2). 

Interesterification is an important technique for the modification of fats and oils, and it can be 

performed chemically or enzymatically. Through interesterification, the fatty acids are redistributed 

within the glycerol molecule modifying the physicochemical properties of the original fat or oil; and 

it has been used successfully for the production of specific structured TAGs (3). These structured 

lipids can also be designed to improve functional and nutritional properties of lipid-based food 

products. Lard (L) is an animal fat with limited use in food industry, due to its poor thermic and 

plastic characteristics; on the other hand, Coconut Oil (CO) has gained importance in food and 

cosmetic industries over recent years, because of its functional and nutritional properties (4, 5). 

Furthermore, Cocoa Butter (CB) is a fat obtained from cocoa seeds (Theobroma cacao) and is the 

main ingredient in chocolate and other confectionery products (6). CB is responsible for chocolate’s 

particular sensorial properties (7). CB increasing demand and high price, made necessary to develop 

CB alternatives. In this study, we evaluated the effect of interesterification on a blend of L and CO -

resulting in an Interesterified Blend (IB) - and its application on the formulation of a Cocoa Butter 

replacer (CBR).  

 

MATERIALS AND METHODS. 

Materials. The interesterified fats were produced from blends of lard and coconut oil. Lard was 

obtained from a local butchery in Aguascalientes, Ags., México. It was enzymatically (EI) and 

chemically (CI) interesterified in a 70:30 blend with coconut oil (Hain Pure Foods).  

Chemical Interesterification (CI). It was achieved with sodium methoxide (Sigma-Aldrich). 

Samples of 100 g with the catalyst were held at 90 ºC during 40 min at constant stirring (300 rpm) 

and under vacuum conditions. Catalyst was neutralized with citric acid, the reaction mixture was then 

washed with boiling water, and the product was separated using a sedimentation funnel. 

Subsequently, vaccum was applied once again to remove product´s moisture. Interesterified samples 

were bottled and kept under refrigeration. 

Enzymatic Interesterification (EI). For the EI it was used a sn-1,3 specific lipase from Candida 

antarctica B (Novozyme). Reaction mixture was held at 70 ºC during 30 h at constant agitation (200 

rpm), under vacuum conditions. At the end of the reaction time, the mixture was filtered to recover 

the enzyme, to finally bottle the interesterified product and kept under refrigeration. 

CI and EI blends with CB. Interesterified fats (EI and CI) were blended with CB (Pealpan, San Luis 

Potosí, S.L.P., México) at ratios of 20:80 (CBR80), 50:50 (CBR50), 70:30 (CBR30), and 80:20 

(CBR20). These blends were physicochemically characterized. 

Differential Scanning Calorimetry (DSC). ≈5 mg samples were hermetically sealed in an aluminum 

pan and analyzed with a TA Q1000 equipment to determine their thermal behavior. The samples were 

heated at 80 ºC for 15 min, cooled to -40 ºC at a rate of 10 ºC/min and kept at -40 ºC for 2 min. Finally 

samples were heated again to 80 ºC, at a rate of 5 ºC/min. Two independent samples were measured.  

Solid Fat Content (SFC) by NMR. SFC was determined by AOCS official method (Cd 16b-93 1997); 

using a low resolution nuclear magnetic resonance equipment (the minispec mq20 BRUKER NMR 

Analyzer). Test tubes were filled to a height of 4 cm and melted at 100 ºC for 15 min, followed by 

the tempering at 60 ºC for 5 min, 0 ºC for 90 min, 26 ºC for 40 h, 0 ºC for 90 min, and finally kept it 
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for 60 min at the measuring temperatures: 0, 5, 10, 20, 30, 40 and 60 ºC. Two independent samples 

were measured. 

Microstructure. It was analyzed using a Polarized Light Microscope (PLM). A droplet of melted fat 

was placed on a glass slide and covered with a glass slip. The sample was first melted at 60 ºC, 

followed by the same thermic program used for SFC, after the 40 h incubation period at 26 ºC, 

samples were observed at 20x using an Olympus BX51 PLM (Olympus Optical CO., Ltd., Japan)  at 

(0, 10, 20 and 30 ºC) after 60 min of incubation.  

Texture. This property was analyzed using a TA-XTPlus texture equipment with an aluminum 20 

mm cylinder probe (P/20), using 5 Kg load cell. Samples of 3 cm height were penetrated to a depth 

of 12 mm with a constant speed of 1.0 mm/s. Blends with 20, 50, 80 and 100% of CB were analyzed 

at 0, 10, 20 and 30 ºC respectively, and firmness (Kg) was recorded. Five determinations for each 

sample were carried out. 

Statistical analysis. The data were statistically analyzed with the Statistica software (V 12.0). A one-

way ANOVA followed by a Tukey’s significance test for comparison (95% significance level) was 

applied to determine significant differences. 

 

 

RESULTS AND DISCUSSION. 

DSC. The crystallization and melting profile of each sample: L and CO, revealed characteristic 

distinctive exotherms. CI and EI procedures led to thermal behavior changes, since the IB showed 

higher melting temperatures and lower melting enthalpy compared to native lard (L). The IB showed 

a significant modification in the first endothermic transition, where a 5 °C shift occurred; and also an 

important enthalpy decrease in the first exothermic peak. These findings served as evidence of the 

changes in TAGs composition achieved by interesterification.  

 

This thermal behavior changes have been also reported in other studies where L was interesterified 

with vegetable oil. In a study of an enzymatic interesterified blend of lard and soybean oil (8, 9), a 

reduction in the sum of enthalpies occurred with the adition of 30% of the vegetable oil to lard. 

Therefore, the amount of lard in blend’s composition can be proportionally related to the energy 

release during the exothermal phenomenon.  

 

CI and EI have important procedure differences. CI uses metallic sodium or sodium methylate as 

catalysts; and the Fatty Acids (FA) redistribution occurs randomly. The chemical reaction must be 

performed at high temperatures, and products requires a purification process. EI can be advantageous, 

because milder conditions can be used, reducing losses of final product and lower energy 

requirements; but most importantly because it allows a specific FA redistribution (10). Even so, in 

this case, by analyzing the thermal behavior of IB’s by CI and EI there were no significant differences 

between them (p>0.05). It must be concluded that, CI and EI performed in this study conditions, 

resulted in products with the same thermal properties. 
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Figure 1. Thermal behavior by DSC of interesterified blend of Lard and Coconut oil (70:30). a) exotherms of 

both interesterification procedures (CI and EI). b) endotherms of blends with CI and EI. 

 

Both CI and EI showed main exothermic peaks with maximums around -20 ºC, and endothermic 

melting peaks around 15 ºC (Figure 1). Hereinafter, interesterified mixture was blended with CB at 

20, 30, 50 and 80%. DSC results showed that blend CBR80, containing 80% of CB and 20% of 

interesterified Blend (IB), resulted on a thermal behavior highly comparable to CB, with exothermic 

and endothermic main peaks in the same temperature range (Figure 2).  
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Figure 2. Thermograms of CB and CBR80 

 

SFC. The functionality of fats in foods depends highly on their melting behavior, which can be related 

to the Solid Fat Content. This parameter is a good indicator of the melting properties of a fat, and it 

can establish a fat’s suitability for a specific application (11). As CB is a stabilizing fat, it must be 

tempered before measure SFC profile.  
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Figure 3. Iso-solid curves of IB-CB blends 

 

After recording the %SFC of the different CB-IB blends, an iso-solid diagram was built (Figure 3). 

These iso-solid curves are used to show eutectic and diluent effects in mixed fat systems (12) and 

they can also provide information about the state and compatibility of a mixture at a given 

temperature. Once again, the blend that most resembled the CB, was the CBR80, with 80% of CB; 

showing a %SFC above 70 at 0 and 5 ºC. The systems showed acceptable compatibility below 30 ºC. 

The %SFC of a soft CB must be approximately 60 and 20 at 20 ºC and 30 ºC respectively (11).  The 

%SFC values of CBR80 at these temperatures were very close to the expected; this indicates that 

CBR80 would be applicable as a replacer of soft CB. 

 

Texture and Microstructure. The texture of a fat is determined by the SFC and by microstructural 

factors; generally firmness depends on intra and interparticle links. The relative intra and interparticle 

strength can be evaluated based on the density of packed crystals as they appear in microscopic 

images (1). We evaluated three CBR blends and pure CB at four different temperatures, in such a 

way that al the samples had the same %SFC: CBR20 at 0 ºC, CBR50 at 10 ºC, CBR80 at 20 ºC, and 

CB at 30 ºC. Microstructure results are shown in Figure 4. 

 

 
(a)              (b)                (c)                  (d) 

Figure 4. Microstructure of CBR20 (a), CBR50 (b), CBR80 (c) and CB (d) 

 

It was observed that the dense and orderly packed network of CBR20, explains the brittle nature of 

this fat (6 Kg). For the CBR50 in can be seen a lower degree of crystal order, this can explain the 

increase in firmness (40 Kg). For both CBR80 and CB we found that firmness (Kg) resulted in very 

approximate values: 27 y 25 Kg respectively. This confirms that the replacer that best emulates CB 

is CBR80.  
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ABSTRACT 

In recent years, the gelation of vegetable oils has allowed the design of materials that mimic the 

functionality of saturated and trans fats, but with the health benefits derived from the consumption of 

mono and polyunsaturated fatty acids. The ethylcellulose (EC) is one of the most promising gelator 

molecules of vegetable oil due to its low cost and food grade status. The gelation process of EC is the 

result from a balance of molecular interaction between EC-EC and EC-solvent. Reports suggest that 

the presence of surfactants (i.e., monoglycerides) modify these interactions and subsequently the 

thermo-mechanical properties of the oleogel. However, no formal studies have addressed this tentative 

effect of the surfactants. The objective of this investigation was to evaluate the effect of a commercial 

monoglycerides (MGC) in the development of EC oleogels through differential scanning calorimetry 

(DSC) and infrared spectroscopy (IR) measurements. The EC oleogels were developed in safflower 

oil using a complete randomized experiment design with a factorial combination of 7, 8, and 10% EC 

and 0.0, 0.5, 1, and 2% of MGC. The EC used had a 48-49.5% ethoxyl content and viscosity of 4 cP. 

The results obtained suggest a synergistic effect between the MGC and EC, resulting in oleogels with 

different thermal properties than those obtained in oleogels elaborated only with MGC or EC.  The 

melting thermograms of EC-MGC oleogels indicate that only a small fraction of the MGC interact 

with the EC, apparently through hydrogen bonds between the primary and secondary -OH groups of 

the monoglycerides and the -OH groups of EC.  The major fraction of the MGC crystallized in the EC-

MGC oleogels developing the characteristics polymorphic phases associated with monoglycerides, 

although with a delayed kinetic in comparison with the crystallization observed in MGC oleogels. The 

MGC effect on the rheology of EC-MGC oleogels still has to be determined. Nevertheless, the presence 

of small MGC concentrations (i.e., 0.5%) evidently results in improved gelation properties of the EC. 

Thus, EC-MGC molecular interactions result in the formation of oleogels with novel and useful 

thermo-mechanical properties with potential application in the food industry. 

 

Keywords: olegel, ethylcellulose, monoglyceride 

 

 

INTRODUCTION 

The study and development of new techniques for the structuring of vegetable oils has achieved 

considerable progress in recent years due to their potential to design systems in which some of the 

original physical properties of the oils (such as low viscosity and lack of elasticity) are modified 

allowing the development of novel materials that mimic the functionality of the solid fats (1,2) ,but 

with the health benefits reported in the consumption of mono and polyunsaturated fatty acids present 

in vegetable oils (3). One of the structuring technics is oleogelation wich consists in structuring an 
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oil using gelator molecules that are organized into three-dimensional networks by self-assembling 

through physical bonds such as van der Waals forces and hydrogen bonds, entrapping high amounts 

of oil within its structure (1,4). Among the different oleogelator there is ethylcellulose (EC), a linear 

polysaccharide cellulose derivative with low cost and a generally regarded as safe (GRAS ) status by 

the US Food and Drug Administration (FDA) for indirect food usage and approved by the European 

Union for Food Applications (5,6). Although EC has the ability to gel oils by itself, it has been 

previously reported that the combination of EC with small concentrations of surfactants molecules 

that act as plasticizers (e.g. monoglycerides) modify the thermal and mechanical properties of the 

oleogels (4,7). In the particular case of monoglycerides, in addition to its plasticizing effect, its ability 

to self-assemble and create crystalline structures seems to have a significant effect on increasing the 

strength of oleogels elaborated with EC (4). However, within this framework, it is also necessary to 

consider that the inverse lamellar phases created by monoglycerides in vegetable oils will develop 

eventually more stable polymorphs such as sub-α and the β phase. Unfortunately, this polymorphic 

transitions and the agglomeration of β crystals, result in a deleterious effect in the thermal, mechanical 

and stability properties of the oleogels (8,9). Previous research in our group (8) has suggested that the 

EC is able to delay the polymorphic transitions and oil loss in monoglycerides oleogels, therefore 

improving the stability of the systems during storage. Considering the complexity and importance of 

these factors, the aim of this research is to evaluate the effect of a commercial mixture of 

monoglycerides (MGC) in the gelling, thermal and stability properties (i.e. polymorphic changes 

during storage) of EC oleogels. 

 

METHODS AND MATERIALS 

Materials. Ethylcellulose (EC) with a viscosity of 4cP (determined at 25 ° C in a 5% (w/w) solution 

of polymer in a mixture toluene: ethanol (80:20)) and degree of ethoxylation between 48-49.5% was 

obtained from Sigma Aldrich.  Safflower oil was obtained from a local distributor (Coral 

Internacional, San Luis Potosi, México). A commercial mixture of monoglycerides (MGC) food 

grade was obtained from Palsgaard, México (San Luis Potosi, México, DMG product code 0093). 

According to an analysis previously performed (10), the MGC is composed of 37.66% (± 0.12%) of 

1-MSG, 54.02% (± 0.02%) of 1-MPG, 7.50% (± 0.02%) free fatty acids and 0.81% (± 0.09%) of 

water. 

Elaboration of oleo gels. The EC oleogels were developed in safflower oil using a complete 

randomized experiment design with a factorial combination of 7, 8, and 10% (w/w) of EC and 0.0, 

0.1,0.25, 0.5, 1, and 2% (w/w) of MGC. The corresponding amount of vegetable oil was weighed in 

a beaker and heated up to 160 ° C, then the EC was added and the mixture was kept in the oven at 

160 ° C for 30 minutes. Next, the oil was allowed to cool to 80 ° C, temperature at which the MGC 

was added with gentle manual agitation. The solution was placed in an oil bath previously stabilized 

at 80 ° C and remained at that temperature for 15 minutes with occasionally gentle manual agitation.  

Determination of the gelling concentration. The melted solutions obtained as previously indicated 

were emptied into glass tubes (2cm i.d.) previously heated to 80 ° C and immediately transferred to 

refrigerated chambers and cooled until achieving 2 °C. The time required to allow oleogels to reach 

the storage temperature was 3 hours. Subsequently a modification of the inverted test-tube method 

was performed (11). Accordingly, the test-tube was inverted for 30 min at 2 °C and, if the contents 

of the tube flowed, the system was regarded as sol, indicating that the particular composition has 
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failed to induce gelation. The system was regarded as a true gel if the contents of the test-tube did not 

flow. 

Thermal analysis. About 5 to 6 mg of the melted solutions obtained as previously indicated were 

placed in hermetic aluminum pans, heated at 80 ° C for 15 min and cooled at a rate of 10°C/min, and 

transferred to  refrigerated chambers (2 °C). After predetermined storage times (0 and 120 h) the pans 

with the samples were equilibrated at 2 ° C for 2 minutes and then heated until 80°C at 5 ° C / min 

using a Differential Scanning Calorimeter (Model Q1000, TA instruments). The results were 

analyzed using the software TA Instruments Universal Analysis 2000. 

Infrared spectroscopy. The experiments were performed using a Bruker model Vertex 70 Fourier 

transform infrared spectrometer (Bruker Optics, Billerica, MA, USA) coupled to a Hyperion 

2000IR microscope (Bruker Optics, Billerica, MA, USA) with a heating and cooling stage (Linkam 

T95, Linkam, Surey, UK) connected to a temperature control system (LTS 350, relinked Scientific 

Instruments) and a tank of liquid nitrogen. The melted solutions obtained as previously indicated were 

placed in an IR cell between two BaCl2 windows and heated at 80 ° C for 15 minutes and then cooled 

to 2°C at a rate of 10 ° C / min. The spectra were obtained in transmission mode using 32 scans in the 

range between 600 and 3500 cm-1, using a 15x objective. Opus 7.2 software (Bruker Optics, Billerica, 

MA) was used for measurement and analysis of the spectra. In particular, hydrogen bonding 

interactions were evaluated analyzing the region between 3000 and 3500 cm-1. 

 

RESULTS AND DISCUSSION 

Determination of the gelling concentration. For oleogels elaborated only with EC, it was 

determined that the critical gellation concentration (CGC) corresponded to an 8 % (w/w) of polymer 

(Fig. 1). In the case of oleogels elaborated just with monoglyceride only the concentration containing 

a 2%(w/w) of MGC was able to induce the gelation of the system (Fig. 2). 

 

 
a)                  b)                        c) 

 
a)                     b) 

Figure 1. Systems elaborated with EC in vegetal oil. 

a) 7%  (w/w) of  EC (failed to form oleogel ), b)  8% 

(w/w) of EC (form oleogel), c)10% (w/w) of EC (form 

oleogel). 

 

Figure 2. Systems elaborated with 

MGC in vegetal oil. a) 1%  (w/w) of  

MGC (failed to form oleogel ), b)  2% 

(w/w) of MGC (form oleogel). 

For EC-MGC systems it was determined that the CGC was the combination of 7% (w/w) of EC and 

0.25% (w/w) of MGC. From this point, the combination of the different concentrations of EC and 

MGC allowed in all cases the obtention of oleogels (Fig. 3), including those in which the individual 

components had failed gelation. The results obtained suggest a synergistic effect between the MGC 

and EC, resulting in oleogels with different gelling properties than those elaborated with the 

individual components.   

 
Figure 3. Oleogels elaborated with 8% (w/w) of EC and 0.5, 1 and 2% (w/w) of MGC in vegetal oil 
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Thermal analysis of oleogels. Thermal analysis was used to evaluate the effect of MGC addition in 

the gelling behavior of EC oleogels. As it can be seen in Fig. 4, at a concentration equal or greater 

than 0.5% (w/w) of monoglyceride the  endotherms corresponding to the structuring of  MGC (inverse 

lamella, sub-α and β, or even a possible blend of them ) in vegetable oil are shown. The presence of 

sub-α phase is visible only at the concentration of 2% (w/w) of MGC. For systems containing only 

EC (Fig. 5), no endotherm was visible during melting.  

 

 
 

 

Figure 4. Melting thermograms corresponding to 

systems containing different concentrations of MGC 

in vegetal oil 

 

Figure 5. Melting thermograms corresponding to 

systems containing different concentrations of EC in 

vegetal oil 

 

By comparing the melting thermograms of MGC solutions (Fig.4) with those corresponding to the 

EC-MGC systems (Fig. 6 and 7), it can be observed a change in the shape of the endoterm and in the 

melting temperature, confirming the existence of some type of interaction between EC and MGC. 

The melting thermograms of EC-MGC oleogels indicate that only a small fraction of the MGC 

(possibly between 0.25 and 0.5% (w/w)) interact with the EC, while the rest probably develops MGC 

polymorphic phases (inverse lamella, sub-α and β), possibly contributing to the improvement of 

gelation properties observed in these systems. When comparing the thermograms of EC-MGC 

systems in Fig. 6 and 7 is possible to observe that a higher concentration of EC (i.e. 8% (w/w)) the 

MGC structures are less visible. The thermal behavior of systems with 10% (w/w) of EC is very 

similar to the systems with 8% (w/w) (result not shown). 

 

Thermal analysis was also used to evaluate the polymorphic transitions of EC-MGC oleogels as a 

function of storage time. Fig. 8 and 9 compare the endotherms present in EC-MGC systems (solid 

line) against their corresponding control (only MGC, dashed line) after 120 hours of storage at 2 ° C. 

As it can be observed, the system containing only MGC has reached the β phase after the specific 

storage time. However, the EC-MGC oleogels apparently limited the occurrence of these phase. This 

is possibly due to that the EC-MGC systems have a higher viscosity, which limits molecular mobility, 

therefore delaying the polymorphic transition to the beta phase. Additionally, the crystallization of 

the MGC not bound to EC probably results in an improvement to the oleogels structure, thus limiting 
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polymorphic transitions during storage (8). This suggests that the combined systems are more stable 

during storage than systems containing only MGC. 

 

  
Figure 6. Melting thermograms corresponding to 

systems containing 7% (w/w) of EC and different 

concentrations of MGC.  

 

Figure 7. Melting thermograms corresponding to 

systems containing 8% (w/w) of EC and different 

concentrations of MGC.  

 

 

 

  
Figure 8. Melting thermograms corresponding to 

systems containing 7% (w/w) of EC and different 

concentrations of MGC after storage (120 hours, 

2°C). 

 

Figure 9. Melting thermograms corresponding to 

systems containing 8% (w/w) of EC and different 

concentrations of MGC after storage (120 hours, 

2°C). 

 

 

Infrared spectroscopy. Previously it has been reported that the polymer-polymer interactions present 

in EC oleogels are due to hydrogen bonding interactions between chains of polymer, either between 

OH groups of different molecules or between a OH group of a chain and another ethoxy substituent 

(7, 12). Fig. 10 shows the IR spectra of the following systems: vegetal oil; MGC-vegetal oil, EC-

vegetal oil, EC-MGC-vegetal oil. Because of the interest in hydrogen bonding interactions, a 

particular interest was taken of the analysis of the region between 3000 and 3500cm-1.  The vegetal 

oil spectra show a small band around 3470 cm-1 which has been associated to the ester groups of the 

triacylglycerols (13). In the MGC-vegetal oil spectra, besides this band there is a broad band 
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approximately between 3427 y 3182 cm-1 which could be associated with the hydrogen bonds between 

the OH groups of the MGC. However, once in combination (EC-MGC-vegetal oil) the band 

disappears completely and it is only observed an increase in the band intensity in 3470 cm-1. Although 

previously, this has been associated with O–H stretching band in different types of EC oleogels (12), 

for the moment, there is not enough information to establish a clearer association of the type of 

interactions present in EC-MGC oleogles using the IR  analysis. 

 

  
Fig .10.  IR spectrum of EC-MGC oleogels and corresponding controls 
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ABSTRACT 

The aim of this work was to evaluate the effect of a thermal pre-treatment during the preparation of 

doughnut centers by immersion frying at different times and temperatures. Surface oil, absorbed oil 

(Soxhlet) weight changes, density (by solids substitution with sesame seeds) in fresh dough, after the 

pre-treatment and after frying were calculated, also Aw (conductivity method) and microstructure 

(microscope Optisum MIC- 440 T captured by the software ScopePhoto) were evaluated. A mix of 

wheat flour, sugar, salt, egg, butter, milk and yeast was used to prepare the dough; leaving in rest 

during 1.5 h, spheres of around 22 mm in diameter with 6 g of weight were formed. Initial moisture 

(Moisture balance at 105 OC) of the doughnut centers was 28.3%. For the convective drying in a 

Hamilton Beach electrical oven 65-70OC and 1 or 1.5 h were employed; for the microwave oven GE 

model JES1160SS, 15 s at 70 or 90% of power were applied. Spheres were fried at 160-170 OC during 

3.5 min for dough without drying and for 3 min for dried dough. Trials were performed by triplicate. 

Mean, standard deviation and variation coefficient were calculated. Oil absorption for doughnuts 

centers without drying was 27.5%, while convectively dried for 1 h was 14.58%, dried for 1.5 h was 

15.71%, Microwave dried at 90% was 24.12%, and at 70% was 20.18%, showing a reduction of 

absorbed oil of the doughnut with a drying before frying, being better for the reduction the convective 

drying. Moisture content was almost the same for all the samples (around 12.5 %). Enlargement of 

samples were greater in doughnuts centers without pre-treatment and microwave drying at 70%. Aw 

is lower in all cases with reference to the fresh dough. Weight changes were greater with a convective 

drying during 1.5 h. Density changes were greater in the sample without treatment, because of the 

greater oil absorption. Also, these samples presented a greater porosity. The drying pretreatments 

diminishes the oil absorption. It is necessary a further work with the microwave oven to improve drying 

conditions for the doughnut centers.  

 

Keywords: Frying, drying pretreatments, microwaves, microstructure, doughnuts centers 

 

 

INTRODUCTION 

Fried foods have characteristic palatability, texture and taste. However, these foods also have a high 

content of saturated fats.  Nowadays, there is a great concern about health risks due to a high caloric 

and fats intake (1) Deep-fat frying is a cooking process where the food is immersed in edible oil at 

high temperature (150 to 200 0C). This operation involves significant microstructural changes during 

the process (2) Pre-frying treatments try to reduce oil uptake by diminishing the surface permeability. 

Moisture reduction in a food before frying by using microwaves, convective drying and cooking have 
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reduced oil uptake in several products (3) The major advantages of microwaves are the immediate 

penetration, the high heating rate, the energy saving and the quality improvement. Microwaves are 

used for drying, pasteurization, sterilization and frying. (4). Therefore the aim of this work was to 

evaluate the effect of a thermal pre-treatment during the preparation of doughnut centres by deep-fat 

frying at different times and temperatures. 

 

METHODS AND MATERIALS. 

A mix of wheat flour, sugar, salt, butter and egg was prepared in a bowl; in another bowl, milk, sugar 

and yeast were placed during 5 min. Later this part was placed into the first bowl to form the dough. 

They were mixed for 15 min and allowed to stand for 90 min. Spheres with a weight of 6 g ±0.05 g 

and 22 mm of diameter were manually formed with the dough and covered with wheat flour to obtain 

the doughnut centres.  Two pre-frying treatments were employed: Convective drying (CD) in a 

Hamilton Beach electrical oven at 65-70 oC during 60 or 90 min and Microwave drying (MD) in a 

microwave oven General Electric JES1160SS  model for 15s at a power of 70 or 90%. Frying was 

performed at 160-170 0C during 3.5 min for dough without pretreatment and for 3 min for dough 

previously dried.  

 

Moisture of fresh dough, (28.3%) dough after drying -with CD or MD- and fried dough, was 

determined in a moisture balance Ohaus MB23 model at 105 oC. Absorbed oil was determined by the 

Soxhlet method (5). The expansion percentage for the fried spheres was determined through the 

volume change (6) Water Activity for fresh and fried dough was determined in a conductivity water 

analyzer Dipper, HBD5ms2100WA model. Image analysis of the dried products was performed 

trough microphotographs obtained in a trinocular microscope OPTISUM, MIC-440 T model. Also, 

changes in mass and density were evaluated for fresh, pretreated and fried products. All 

determinations were performed by triplicated and the mean, standard deviation and variation 

coefficient were calculated. 

 

RESULTS AND DISCUSSION 

Nomenclature for the tables: D = Dough FWP = Frying without pretreatment; PC1= Convective 

drying by 60 min; PC2= Convective drying by 90 min; PM7= Microwave oven power 70%; PM9= 

Microwave oven power 90%. 

 

In Table 1, the percentage of absorbed oil is presented. It is observed that oil uptake diminishes when 

a pre-frying treatment is applied. When microwaves are employed, moisture content before frying 

was 22% and oil uptake was from 20 to 24%, reducing the absorbed oil in 11.2% for PM7 and 25.67% 

for PM9 referring to the FWP sample. For convective drying, the oil uptake was lower, 14.58% for 

PC1 and 15.71% for PC2, reducing oil absorption  46.3% and 42.14% respectively, referring to the 

FWP simple, even when in the last case there is a high variation coefficient. These results indicate 

that the drying pretreatment is useful to diminish oil uptake during frying of doughnuts centres and 

that the convective drying was better. 
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Table 1 Absorbed oil during frying of doughnut centres. 

Treatment % absorbed oil 𝝈 vc 

FWP 27.15 0.043 0.198 

PC1 14.58 0.101 0.006 

PC2 15.71 0.111 0.003 

PM7 24.12 0.001 0.005 

PM9 20.18 0.139 0.030 

 

In Table 2 Water content for the different samples is presented. It is observed that water content is 

almost the same for the fried products with the different treatments, this indicate that the times used 

in the microwave oven were equivalent to reach the moisture content of the samples dried with the 

convective drier. 

 

Table 2. Water content of the products. 

 Treatment Moisture %  𝝈 vc 

D 27.76 0.049 0.018 

FWP 13.14 1.274 0.097 

PC1 12.76 0.189 0.014 

PC2 12.23 0.205 0.017 

PM7 12.26 1.147 0.094 

PM9 12.70 0.510 0.040 

 

The Expansion percentage of the fried samples with respect to the fresh dough is presented in Table 

3. The greatest expansion percentage was for the FWP and the PM7 samples and the lowest was for 

the PC1 samples. That could be due to a better maintenance of the microstructure in the samples FWP 

and PM7. 

 

Table 3. Expansion percentage of fried doughnut centres. 

Treatment Expansion %  𝝈 vc 

FWP 51.28 1.535 0.115 

PC1 32.81 0.769 0.079 

PC2 40.92 0.942 0.085 

PM7 53.90 2.186 0.154 

PM9 44.48 0.480 0.041 

 

Water Activity of the different fried products is presented in Table 4. The fresh dough is susceptible 

to attack by microorganisms. The fried samples have less water activity and the PC2 sample has the 

lower value, because it is also the product with lower moisture content. However, it was observed 

that inside the products there is a higher moisture content than in the surface, due to crusting.  
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Table 4. Water Activity of dough and fried doughnut centres. 

Treatment Aw 𝝈 vc 

D 0.952 0.018 0.019 

FWP 0.798 0.052 0.065 

PC1 0.757 0.061 0.081 

PC2 0.675 0.026 0.039 

PM7 0.729 0.027 0.038 

PM9 0.702 0.041 0.059 

 

The weight change percentage and the density change percentage of the dough and doughnut centres 

are presented in Tables 5 and 6 respectively. The convective drying by 90 min (PC2) caused a greater 

weight change percentage than the other treatments, by contrast, the lower change was observed in 

the sample dried in the microwave oven at 90% of power, (PM9) which could be due to the high 

microstructural damage in the PC2 sample, even when the moisture content was similar in both cases. 

Density changes were greater in the FWP sample, which had also a great expansion percentage, due 

to a great oil uptake. 

 

Table 5. Weight change percentage for dough and fried doughnut centres. 

Treatment Weight %  𝝈 vc 

D 6.02 0.005 0.001 

FWP 5.423 0.033 0.005 

PC1 7.520 0.007 0.001 

PC2 11.328 0.005 0.001 

PM7 8.743 0.017 0.003 

PM9 1.018 0.023 0.004 

 

Table 6. Density. Weight change percentage for dough and fried doughnut centres. 

Treatment Density %  𝝈 vc 

FWP 56.58 0.027 0.062 

PC1 43.11 0.047 0.082 

PC2 53.52 0.009 0.019 

PM7 53.17 0.081 0.170 

PM9 49.94 0.018 0.036 

 

Microstructural changes of the fried samples are presented in Figure 1. FWP presented small and 

closer pores, which work as capillaries in oil retention. Samples PC1,PC2, PM7 and PM9 presented 

greater and more open pores, probably with less surface permeability, where there is not a great oil 

retention. (3) 

 

The results of this work show that the heat pre-frying treatments change the structure of the dough, 

diminishing the oil uptake during frying, being convective drying a better treatment than the 

microwave drying, even when similar moisture content was achieved in both cases. This suggest that 

the influence of structural changes is greater than the moisture levels before frying. 
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   a)FWP                       b)PC1                        c)PC2                      d)PM7                   e) PM9 

Figure 1 Microstructure of dried doughnut centres. 
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ABSTRACT 

The aim of this work was to identify the conditions of lower cell damage and the highest yield in 

microwave drying and infrared heating, during the drying of coconut pulp as a final product for the 

manufacture of a traditional coconut sweet. Coconuts of the same size and ripeness stage were selected. 

All the water inside the coconut was extracted and the solids were cut in fine plates of the same width. 

A General Electric microwave oven was used at 760 watts. Samples of 10 g of coconut each, were 

dried at different times (1, 2, 3, and 4 minutes) by triplicate, mean values and standard deviation were 

calculated; a moisture balance Ohaus MB23 was used for the infrared drying by using samples of 3 g 

of coconut, drying them at 70, 75 and 80 oC during 30 min by triplicate. In both cases, their weight, 

moisture and solids percentage was monitored. Mean values were calculated. At the end of each trial, 

the coconut was observed trough a digital microscope Optisum MIC- 440 T and captured by the 

software ScopePhoto, to identify the cell damage and color changes (RGB). Moisture loss percentage 

[(final weight-initial weight)/(/initial weight) x 100] and yield percentage (final weight/initial weight 

x 100) were calculated. In the microwave oven, due to the higher processing time, there is a greater 

moisture loss, but a lower yield. The higher yield and also the less damaged structures were obtained 

at 1 min of processing. At 2 and 3 minutes moisture loss and yield of process are equilibrated. A toasted 

flavor is obtained. The higher yield with infrared heating is obtained at 70oC. The product is not 

damaged at any temperature used, the sensorial properties of the product are good, the characteristic 

coconut flavor is maintained and there are not burned parts observed. According to this work, the 

microwave heating is not recommended to manufacture a coconut sweet: there is a greater energy 

expense, the cell structures of coconut are broken and the coconut is burned. Yield increased in 25% 

in the infrarred heating compared with the microwave drying.  
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INTRODUCTION 

The coconut (Cocos nucifera) belongs to the palmaceae family, it comes from the Pacific Islands and 

nowadays it is cultivated in all tropical countries around the world. It is harvested from January to 

July. It is consumed fresh, grated, dried or used for oil extraction. It contains components with good 

properties for human health. Drying is a food preservation operation widely used since a long time 

ago.  There are different ways to dry a solid food; one of the most employed is by using hot air 

(convective drying). There are other methods, like the use of a microwave oven or an infrared drier, 

which use electromagnetic energy. Dehydration affects the characteristics of the products, which are 
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dependent of the process conditions. During microwave drying the bipolar molecules of water rotate 

because of the magnetic field, they try to align in the field direction, the electromagnetic energy 

change to kinetic energy and later in heat, when there is friction with other molecules. (1). Fruits have 

a great moisture content, and they may undergo microwave drying. (2) Similarly, when infrared is 

used to warm up or dehydrate wet materials, radiation encounters the exposed product, penetrates it, 

and radiation energy is converted into heat. (3, 4). The aim of this work was to identify the conditions 

of lower cell damage and the highest yield in microwave drying and infrared heating, during the 

drying of coconut pulp as a final product for the manufacture of a traditional coconut sweet. 

 

METHODS AND MATERIALS. 

Coconuts of the same size and ripeness stage were selected. All the water inside the coconut was 

extracted and the solids were cut in fine plates of the same width. A General Electric microwave oven 

JES1160SS model, at 760 watts was used. Samples of 10 g of coconut each, were dried at different 

times (1, 2, 3, and 4 minutes) by triplicate, mean values and standard deviation were calculated; a 

moisture balance  Ohaus MB23 was used for the infrared drying by using samples of 3 g of coconut, 

drying them at 70, 75 and 80 oC during 30 min by triplicate. In both cases, their weight, moisture and 

solids percentage was monitored. Mean values were calculated. At the end of each trial, the coconut 

was observed trough a digital microscope Optisum MIC- 440 T and captured by the software 

ScopePhoto, to identify the cell damage and color changes (RGB). Moisture loss percentage (final 

weight-initial weight)/(/initial weight) x 100 and yield percentage (final weight/initial weight x 100) 

were calculated. 

 

RESULTS AND DISCUSSION 

In Fig 1 the drying curves of coconut in a microwave oven are presented. It is observed a high rate of 

dehydration, and as presented in table 1, the percentage of water loss during the drying is almost 

constant; the same happens with the yield. In Figure 2, the percentage of water loss in the infrared 

moisture balance for coconut at 70, 75 and 80 oC is presented. As the temperature increases, the water 

loss percentage increases. Water content decreased exponentially with temperature, as expected. (3)  

 

The yield percentage is from 60 to 78% for the different trials. The final moisture content in the 

microwave oven is lower than in the infrared moisture balance, but the yield percentage is lower. 

Microwave drying caused a higher damage in the structure of the coconut, there is a burned flavor 

and a crispy product. The less damaged sample was the dried by 1 min. In Figure 3 are presented the 

samples dried at different times in the microwave oven. In the infrared moisture balance there is not 

damage of the structures, they have a good taste, and a yield 25% higher than that of the microwave 

oven with the greatest yield at 700C.In Figure 4 a comparison of the products dried by the two methods 

is presented. In this study, it was better the use of the infrared moisture balance to dry the coconut, 

than the use of microwaves. 
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Table 1.  % Water loss trough drying in a microwave oven. 

Time 

(min) 

trial 1 trial 2 trial 3 mean sd vc 

1 52.10 40.54 37.64 43.427 6.246 0.144 

2 54.20 49.3 42.61 48.703 4.750 0.098 

3 53.76 47.89 44.33 48.660 3.888 0.080 

4 53.99 67.42 42.46 54.623 10.200 0.187 

 

Table 2 %  Yield for drying of coconut in a microwave oven 
 

Time 

(min) 

trial 1 trial 2 trial 3 mean sd vc 

1 47.90 59.46 62.36 56.57 6.25 0.11 

2 45.80 50.70 57.39 51.30 4.75 0.09 

3 46.24 52.11 55.67 51.34 3.89 0.08 

4 46.01 32.58 57.54 45.38 10.20 0.22 
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Figure 3 Samples of dried coconut at different times in a microwave oven. 

 

 

 
 

Figure 4  a) Dried coconut in a 

microwave oven 

b) Dried coconut in an 

infrared moisture balance 
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ABSTRACT 

The development of organogels is the result of molecular self-assembly of low molecular weight 

gelators, through short-range intermolecular interactions (i.e., hydrogen bonds, van der Waals forces, 

etc.). This results in the formation of three-dimensional crystal networks that immobilize and structure 

organic solvents (i.e., vegetable oils). The phospholipids (PL) develop organogels in a vast variety of 

solvents resulting in gels with viscoelastic properties. However, high PL concentrations and, in some 

cases, the addition of a surfactant is required to form the organogels. There is limited information 

regarding the PL gelling behavior in vegetable oils. Within this context, we investigated the 

organogelation of safflower oil using mixtures of monoglycerides (MG) and PL. The results showed 

that independently, at MG concentrations lower than 3% or PL concentrations lower than 5% in the 

vegetable oil, the gelators do not form gels. Using a factorial experimental design using concentrations 

of PL and MG below 3% and 5%, respectively, we investigated the formation of mixed gels. For this 

study, the molecular interactions between the gelator molecules during organogelation were studied 

by infrared spectroscopy, polarized light microscopy, the determination of solid phase content (SPC), 

as well as rheological (G') and texture measurements (i.e., firmness and consistency). Neither G' nor 

the texture parameters showed linear correlation with the SPC, as expected for this kind of systems. 

However, mixed gels formulated with a combination of MG 2% and PL 0.25%, it resulted in the 

formation of viscoelastic gels with the highest firmness and consistency. Then, at these gelator 

concentrations a synergistic effect occurs between MG and PL. The results show that a low 

concentration of PL modifies the lamellar organization of MG resulting in the formation of 

microstructures with capability to trap oil within its three-dimensional organization, and thus 

developing an organogel. Infrared spectroscopy measurements indicate that the MG-PL interaction is 

somehow mediated through hydrogen bonds. 

 

Keywords: organogel, safflower oil, monoglycerides, phospholipids. 

 

 

INTRODUCTION 

In recent years, there has been a demand of strategies to structure edible oils for different industrial 

applications, one of the most important is for replacing trans fats in food products. An alternative is 

the development of organogels, which are viscoelastic thermoreversible materials formed by 

molecular self-assembly of low molecular weight gelators, through short-range intermolecular 

interactions (i.e., hydrogen bonds, van der Waals forces, etc.)(1), the result is the formation of three-

dimensional crystal networks that immobilize and structure organic solvents (i. e., vegetable oils). 

Among the known gelators, amphiphilic molecules of low molecular weight as monoglycerides (MG) 



 

205 
 

and some phospholipids (i. e., phosphatidylcholine, PL), are able to form organogels with high 

viscoelasticity and they can be commercially useful (1). Studies of the molecular structure and its 

rheological behavior is currently low. Additionally, it is now evident that the development of mixed 

organogels, based on two or more different complementary gelator molecules, result in systems with 

different physical properties than those developed with individual gelators. Examples are candelilla 

wax + tripalmitin (2), β-sitosterol + γ-oryzanol (3), stearic acid + stearic alcohol (14), lecithin + 

sorbitan tristearate (5), mixtures of ceramides derived from milk and egg (6) and lecithin + bile salt 

(7). In this context, we investigated the effect of the mixture of MG and PL in the molecular self-

assembly, texture and rheological properties of organogels developed in vegetable oil. 

 

MATERIALS AND METHODS 

Materials. As liquid phase for the preparation of organogels vegetable safflower oil (VO) high in 

triolein (65.65% ± 0.15%) was used (Coral International, San Luis Potosi, Mexico). As gelators were 

used a commercial food grade monoglyceride (MG) (Palsgaard Industri from Mexico). According to 

HPLC analysis performed (9), MG is composed of 38% (± 0.1%) of 1-monostearate, 54 (± 0.02%) of 

1-monopalmitate. The phospholipid, soybean phosphatidylcholine hydrogenated with 98% purity, 

was obtained from GmbH (Köln, Germany); according to the analysis of gas chromatography, the 

fatty acid composition is 12% palmitic acid and 88% stearic acid. 

Gel preparation. Organogels preparation involved preliminary studies to find the critical gelator 

concentration (CGC) of MG and PL in VO using the inverted vial method (8). For MG it was 3.5% 

and for the PL was 5% in VO. Whereas below the CGC there was not organogel formed, for the 

experimental process was employed lower concentrations that CGC. These results allowed to 

establish a factorial experimental design for evaluating two levels of concentration of MG (0 and 2%) 

and five PL concentrations (0, 0.25, 0.5, 1 and 2.5%). Independently, none of these gelator 

concentrations developed gels in VO. For mixed system preparation first were developed solutions 

1:1 (w/w) of gelators at different concentrations, so when these were mixed, were obtained solutions 

at approximate gelators concentrations to the established in experimental design. The final solutions 

were heated at 80 °C for 30 min, then cooled to room temperature, and then stored at 15 °C for 24 

hours until further use. 

Rheological measurements. Measurements were made using an Anton Paar Rheometer MCR 301 

(Stuttgart, Germany), using a plate-plate geometry (diameter of 25 mm, PP25/TG). The sample 

temperature was controlled with a Peltier system (H-PTD 200). Equipment control and data collection 

were carried out through the Star RheoPlus US200 software (Anton Paar, Austria). The gel was 

developed in situ with a gap of 1 mm. The sample was heated at 80 °C for 10 min, then the solutions 

were cooled in the system at 10 °C/min until 15 °C, holding at this temperature for 24 h were the 

elastic modulus (G´) and loss modulus  (G´´) were measured through a frequency sweep within the 

viscoelastic region. 

Texture evaluation. Determinations of firmness (F1) and adhesivity (F2) of the organogels were 

performed on a TA TX plus (Stable Microsystems, UK) using a cylindrical geometry of 20 mm of 

diameter (P/20). The test method used was "compression force measurement", included in the 

computer software (Exponent, Stable Micro Systems Ltd., 2000). For these determinations, 20 mL of 

each VO + MG + PL gels formed under similar conditions as described for rheological measurements, 

for this purpose were used in plastic containers. The analyses were performed by quintupled. 
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Solid phase content. The solid phase content (SPC) in organogels was determined by nuclear 

magnetic resonance of low resolution (Minispec Bruker model mq20, Germany) following the official 

direct method Cd 16b-93 (AOCS, 2009), using similar time-temperature conditions as those 

employed in the rheological measurements. The temperature was controlled with a programmable 

water bath (Julabo LH 45, Germany). Two independent determinations were obtained and the results 

were analyzed statistically using Statistica software v.10. 

Polarized light microscopy. The microstructure was identified using a polarized light microscope 

(Olympus BX51, Japan) equipped with a video camera (KP-D50 Digital Hitachi, Japan) connected 

to a temperature control station (LTS 350, Linkam, UK) with a tank of liquid nitrogen. For organogels 

analysis, an aliquot of the sample was taken and placed between the slide and coverslip, in a thin 

layer, and the same time-temperature conditions as for the rheological measurements were used. 

Microphotographs of the organogels were obtained after storage from 24 h at 15 °C. 

Infrared spectroscopy. Infrared spectra of systems developed were obtained using an infrared 

spectroscopy equipment (Bruker Optics, USA) coupled to a microscope Hyperion 2000IR (Bruker 

Optics, USA) Platen (Linkam, UK) was used connected to a temperature control system (LTS 350, 

Linkam, UK) and a tank of liquid nitrogen. Spectra were detected in transmission mode using the 15x 

objective and performing 32 scans in the range of 400 cm-λ 1to 3600 cm-1 with a resolution of 4 cm-

1. Infrared spectra were registered during the cooling step to 80 °C, 60 °C and 15 °C. These 

measurements were obtained with the Opus 7.2 software (Bruker Optics, USA) using the same time-

temperature conditions employed in the rheological determinations. 

 

RESULTS AND DISCUSSION 

Gelation behavior. Results show a synergic effect between MG and PL in VO, using gelators 

concentrations below their CGC, resulting in organogels formation, except for the formulation with 

MG 2% + PL 2.5% (Figure 1). Gel formation occurred during cooling of the solutions until reach 15 

°C. The results of the rheological studies confirmed the formation of a gel. The rheograms of the gels 

showed that in all cases G' was greater than G'' over a wide frequency interval within the linear 

viscoelastic region. However, the values of G' of these systems indicated the formation of "weak" 

gels with low viscoelasticity (i. e., between 350 and 9500 Pa). 

 

 

Figure 1. Gelling behavior of vegetable oil systems developed with mixtures of MG and PL 

 

In Figure 2 the values of G’ are compared. It is shown that the mixture with MG 2% and 0.25% PL, 

the mixture, the highest elasticity value was obtained, but with increasing PL percent G' diminished 

to a point where the system becomes so weak that it does not form gels (i.e., MG 2% + PL 2.5% 

system).  
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Moreover, organogels texture parameters, as firmness and adhesivity (Figure 3) were evaluated, it 

was shown that after 24 h storage at 15 °C, the strongest gel (i.e., firmness 79 g-force;. adhesivity 43.4 

g-force) was formulated with the lowest concentration of PL (i.e., MG 2% + PL 0.25%.), and that 

increasing the PL content texture decreases concomitant with the rheological measurements. 

 

 

The rheological and texture parameters of the developed systems were contrary to those expected for 

this kind of systems  (10, 11, 12), none of them had a linear correlation with the SPC (p > 0.05) (Table 

1), since regardless of the content of PL in mixed systems, the SPC was the same and these 

percentages were lower than the percent of gelators added initially (Figure 4).This indicates that there 

was solubilization of a fraction of the gelators that could result from the affinity between the solvent 

and gelator due to the presence of minor components in safflower oil (including MG and PL) (13). 

Therefore, it's proposed that these parameters could be related to the type of microstructure developed 

and even, as Yilmaz and Ögütcü (14) report on an organogel study based on beeswax and 

monoglycerides in hazelnut oil, we could consider the effect of the force of intermolecular bonds 

between MG and PL. 

Figure 4. Solid phase content depending on the PL contened in developed vegetable oil systems, after storage 

from 24 h at 15 °C 

 

 

 

Figure 2. Elastic modulus (G’) depending on the PL 

content in vegetable oil systems.  

Figure 3. Firmness and adhesivity  depending on the 

PL content in vegetable oil systems.  
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Table 1.  Correlation coefficient (r2) between SPC and elastic modulus (G’) or texture (firmness and 

adhesivity) parameters. 

 G’(Pa) Firmness (g) Adhesivity (g) 

r2 0.34 p = 0.08 0.03 p = 0.6 0.03 p = 0.6 

 

Microstructural development and its influence on the rheological properties. The crystalline 

morphology of molecular aggregates formed in the organogels, after 24 hours of storage at 15 °C, 

was observed by PLM. It was identified that the addition of low concentrations of PL (i.e., 0.25, 0.5, 

1 or 2.5%) caused a change in the microstructure of the system with MG 2% (Figure 4). Spherulites 

were visualized as the microstructural units, and unlike MG 2% control, in mixed systems they were 

larger and fewer by increasing the PL content and in the last case, there was not organogel formation. 

This could be due to the loss of physical contact between adjacent domains (15). 

 

 
Figure 4. Microstructure identified in vegetable oil systems after storage for 24 h at 15°C 

 

On the other hand, the results of the microstructure and the low viscoelasticity in the VO + MG + PL 

systems could also be attributed to the temperature at which the study was conducted (15 °C). It is 

possible that at this temperature the systems only had structured mixed lamellae without ordering of 

the aliphatic chains of the molecules that structure the system and in order to achieve greater 

viscoelasticity a higher degree of supercooling (i.e., 5 or 0 °C) or supersaturation (i.e., concentrations 

above CCG) are needed (8, 13). In the present work, different alternatives will be further investigated 

to systems at 15 °C (i.e., the addition of water molecules).improve the rheology of VO + MG + PL  

 

Interactions that determine the process of molecular self-assembly in developed organogels. 

According to the chemical properties of MG and PL molecules, particularly their ability to form 

intermolecular bonds via hydrogen bonds (13, 16, 17), it is expected that they interact between the 

free hydroxyl group of MG and the oxygen of the phosphate group of PL. The identification of these 

interactions was performed by infrared spectroscopy and analyzing the vibrations that occurred 

particularly in the interval between 3150 and 3450 cm-1, in which the vibration of the hydrogen 

bonded hydroxyl functional group (OH) is identified. In Figure 5 infrared spectra of the developed 

mixed organogels, including VO and MG 2% are shown. Generally, it was identified that neither the 

VO or control systems of PL 0.25, 0.5, 1 or 2.5% (spectra not shown) formed hydrogen bonds. 

However, in the MG 2%, the OH vibration band was identified until the system reached 15 °C, 

suggesting that this interaction occurs only when the system is in solid state (16). 
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Figure 5. Infrared spectra identified at 15 °C in the vegetable oil systems.  

 

In the IR spectra obtained in mixed organogels (Fig. 5) vibrational bands were identified by formation 

of hydrogen bonds, but unlike the control system with MG 2% vibrations occurred in an interval of 

wavenumber wider and with intensity dependent of the variations of PL concentration (to lower PL 

content in the mixture, the vibration intensity was greater). This behavior is similar to spectral mode 

reported by Purcell and Drago (17), who explain that when hydrogen bonding between OH groups of 

some polymers occurs, the vibration band shifts to lower frequencies with an increase in the intensity 

and width of the band and they explain that this intensity is greater when higher degree of 

intermolecular association occurs. 

 

We concluded that the synergic effect between MG and PL in VO resulted in organogels formation, 

using lower concentrations than the respective CGC (i. e., to which not form gels independently). 

Rheological and texture properties of organogels had no linear correlation with the SPC, both 

properties were related to the type of microstructure developed and molecular interactions between 

the MG and PL. It was confirmed that the molecular interactions that determine the self-assembly 

between MG and PL occurred by the formation of hydrogen bonds. In this work it was found that low 

concentrations of PL (i. e., 0.25%) can modify the lamellar organization of MG in VO, resulting in 

the formation of organogels with different properties that when these gelators are used separately. It 

was generated useful knowledge for the development of new alternatives of organogelation that could 

be applied in the food industry 
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ABSTRACT  

This study was conducted to determine the muscle chemical composition (protein, lipid, ash and 

moisture) of Barbus luteus and Barbus barbulus in Islamic Azad University, Ahvaz Branch. At the 

bingeing nine fish from each species Barbus barbulus and Barbus luteus were catch from Karoon and 

Karkheh Rivers during the autumn. Biometry of fish have been carried and fillet samples were freezed 

and put into ice container and sent to laboratory for analysis. In laboratory contents of protein, lipid, 

moisture, ash, fiber and carbohydrate were test .The results indicated that the chemical composition of 

both fish in the two rivers was different (p<0.05).  The highest protein content was   observed   in the 

Barbus luteus from Karoon River. Lowest lipid content, highest content of moisture and lowest content 

of ash were observed in the Barbus barbulus from the Karkheh River. 

 

Keywords: Karoon river, Karkheh river, Chemical composition, Barbus barbulus, Barbus luteus 

 

 

INTRODUCTION  

Fish farmers are seeking alternative species for intensive aquaculture, targeting high market value 

species that are easy to domesticate and rear. The himri barbel, an indigenous cyprinid in the 

Mesopotamian basin, is a highly valuable food fish in the region. Since it is omnivorous and a detritus 

feeder, it may be possible to adapt it to aquaculture in polyculture ponds (8). 

 

Fish is a nutritious food for humans because it contains oil with high percentages of ω3 

polyunsaturated fatty acids (PUFAs), such as C20:5ω3 (eicosapentaenoic acid, EPA) and C22:6ω3 

(docosahexaenoic acid, DHA) (2). All fish contain EPA and DHA, but quantities vary among and 

within species according to environmental variables such as diet and habitat, and whether fish are 

wild or farmed (8). Researchers have shown that freshwater fish generally contain lower proportions 

of ω3 PUFAs than marine fish (11). However, there are recent reports that freshwater fish contain 

relatively large amounts of ω3 PUFAs (12). Moreover, ω3 PUFAs play a role in preventing 

cardiovascular diseases, and improving learning ability and visual function. Long chain ω3 PUFAs 

cannot be synthesized by humans and must be obtained through diet. Therefore, regular ingestion of 

fish is important in the maintenance of human health (5). 

 

The proximal composition and fatty acid profile of Barbus grypus filet, have been studied and to note 

whether this species is suitable for fish farming in the area. (7). 
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The variation of total lipid and fatty acid composition in muscle tissues of females and males of 

Barbus rajanorum mystaceus living in Keban Dam Lake (Elazıg) were examined (11). 

 

MATERIALS AND METHODS  

Fifteen fish from every species, of different body sizes ranging from 12.32 to 56.43 cm total length 

and 10.4 - 1600 g body weight, were obtained from Karoon and Karkheh rivers, in Khuzestan 

province. Swat using a gill net and were transported live to Islamic Azad University,Ahvaz Branch 

in plastic containers. On arrival at the laboratory, fresh fish were washed with tap water several times 

to remove adhering blood and slime. They were weighed to the nearest 0.01 g on an electric digital 

balance (OHAUS TS 400S) and their length measured to the nearest 0.1 cm on wooden measuring 

tray. For calculating water content of each dead fish, the whole fish was dried in aluminum foil tray 

to avoid the fat that tends to leak out from the sample to constant weight in an oven at 50 to 60°C to 

determine water content. Dry carcasses were powdered and subsamples were taken for ash and fat 

determination. Ash content was determined in duplicate for each fish using 500 - 1000 mg sub 

samples in a muffle furnace (Bamford) for 24 h at 450 to 500°C. For single fish, the difference 

between each sub samples was less than one percent. The total lipid contents of 1 g dry tissue were 

determined by extraction in a 1 : 2 mixture of chloroform and methanol (1). For single fish, the 

difference between replicate samples was less than one percent. Protein contents were estimated by a 

difference from the mass of other main constituents, that is, ash, fat and water (1). Carbohydrates do 

not form a major component of fish and are usually present in negligible amounts.  

 

RESULTS  

The amount of chemical composition of fish fillet for two species in Karoon and Karkheh rivers  has 

been shown in table 1. The most protein in fish fillets was 20.65±0.014 percent in Karoon river for 

Barbus luteus .There isn`t any significant difference between treatments. The highest and the lowest 

fat in fish fillets were in Karoon and Karkheh rivers for Barbus barbulus There is significant 

difference between treatments(p<0.05).the most ash of fillet was 1.21 percent for  Barbus luteus in 

Karkeh river, There is significant difference between treatments(p<0.05). The highest (75.55%) and 

the lowest (73.10) moisture in fish fillets were for Barbus barbulus in Karkheh and Karoon 

respectively. The amount of carbohydrate in all treatments was less than 2 percent. 

 

Table1: The amount of chemical composition of fish fillet 

Barbus barbulus 

Karkheh 

Barbus barbulus 

Karoon 

Barbus luteus 

Karkheh 

Barbus luteus 

Karoon 

Chemical composition  

20.28 ±0.012c 19.02 ± 0.003a 20.2 ±0.017b 20.65 ±0.014d Protein  

1.06 ±0.014a 1.19 ±0.00 c 1.21 ±0.003c 1.12 ± 0.008 b Ash  

75.55± 0.005c 73.1± 0.011a 75.48 ± 0.00c 73.23 ± 0.026b Moisture  

1.03± 00.8 a 1.7 ±0.014d 1.6 ±0.003 c 1.56 ±0.005b Fat  

< 2 < 2 < 2 < 2 Carbohydrate  

 

DISCUSSION 

Significant differences in proximate composition were in moisture, ash, lipid and protein contents. 

The protein content depends on fish size and is endogenously controlled.Maximal protein levels of 

the samples were higher or similar to other freshwater fish species such as Brycon cephalus(20.03%), 
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Brycon microlepis (19.83%), Brycon orbygnyanus (18.94%) , Sander lucioperca (18.81 and 18.8%), 

Channa lucius (19.9%) , Perca fluviatilis (18.43%)  and Onchorynchus mykiss (19.60%)(3, 10, 13, 

14, 16). 

 

Lipid content was also high in comparison with zander (0.12 and 1.26%), Tinca tinca (0.61%), 

Cyprinus carpio (0.88%) and Silurus glanis (0.54%), which have also been studied in Turkish waters. 

The amount of lipids in fish is known to be influenced by several factors such as species, geographical 

region, season feeding habit and diet (4, 9, 15). 

 

Overall, despite significant differences in chemical composition, but these two types of protein and 

fat are suitable for human nutrition but more and more work is needed on this species. Barbus luteus 

in Karoon was with the highest protein, low fat and ash species seemed most appropriate. 
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ABSTRACT 

The objective of this study was to evaluate different corn products and nixtamalized products using 

physicochemical analysis techniques in order to determine changes in amylose content and total starch 

due to processing and storage time. Four samples of different products were used, MAIZENA® corn 

starch, nixtamalized corn flours MASECA® and MINSA® and corn tortillas from dough mill. Samples 

were purchased in the local market. To characterize samples were measured the next physicochemical 

characteristics: water absorption index (WAI), water solubility index (WSI), amylose content (AC) at 

600nm (Hoover Ratnayake) and total starch (TS) at 510 nm (Goñi). All analyzes were conducted in 

triplicate. Results of WAI were 1.68 in MAIZENA®, 3.319 in MASECA® and 3.661 in MINSA®. The 

results of WSI were 0.118 in MAIZENA®, 1.879 in MASECA® and 2.492 in MINSA®. For the 

amylose content in percentage, samples showed next values: 44,06 in MAIZENA®, 25,02 in 

MASECA®, 26,47 in MINSA®, 30,02 in mill dough, 32,19 in industrialized dough, 20,75 in handmade 

tortilla and 24,40 in corn flour tortilla. According to amylose content, starches they can be classified 

into different groups such as: waxy starch, low amylose about 1%, standard starch, medium amylose 

about 18-30% and starch with high amylose 45% or more. The amylose content was measured in 

handmade tortilla stored at 4 °C for 2 days, the results showed a decrease 26.74% in the second day 

and 17,596 on the third day of storage. Total starch content in the samples was 20.92% in MASECA®, 

20.31% in MINSA®, and 61.65% in MAIZENA®. The results in the total starch content in the mill 

dough, and industrialized corn flour were 73.12%, and 30.12% respectively. For tortillas made with 

mill dough 71.43% and 23.51% in tortillas made industrialized flour. The level of industrialization in 

maize products determines the final characteristics in the WAI and WSI, but especially the amylose 

content and the total starch content will provide functionality and sensory attributes in products. 

 

INTRODUCTION 

Starch is a raw material with a wide range of applications ranging from imparting texture and 

consistency, to use as a functional ingredient like thickener, stabilizer and gelling agent in the food 

industry. Human consumption requires ingesting large amount of calories that are supplied from 70 

to 80% by starch, in the same way starch is the main source of energy for the plant. Starch is a 

polysaccharide consisting of two components chemically and structurally distinct, amylose and 

amylopectin. Amylose consists of linear glucose units that are linked by bonds α (1-4) in which some 

α (1-6) may be present. This molecule is not soluble in water, amylose can form micelles hydrated by 

their ability to bind neighboring molecules by hydrogen bonding interaction, this allows to have a 

helical structure that develops a blue color when an iodine complex is formed (1,3).  
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Amylopectin has a branched shape composed of glucose units linked in a 94-96% by links α (1-4) 

and α (1-6) bonds. These branches are between 15-25 glucose units. Amylopectin partially solubilized 

in hot water, develops a red-violet in the presence of iodine (2, 4).  Starch possesses physicochemical 

and functional properties that are determined by the plant origin, also by the granularity and the 

molecular structure (5). 

 

The intrinsic functional properties of starches as physicochemical, like the temperature of 

gelatinization and retrogradation, functional like water absorption capacity, water absorption index, 

solubility, swelling power, and syneresis and rheological behavior of gels and pastes determine the 

use and industrial application. (12). Amylose content is the main influence on the starch properties as 

gelatinization, retrogradation, solubility, texture etc. (11, 12) 

 

MATERIAL AND METHODS 

Samples of different origins were bought in the local market. Samples were MAIZENA® corn starch, 

corn flour industrialized MINSA® and MASECA®. Traditional mass mill, traditional tortilla mill, 

rehydrated dough MINSA®, MASECA®, and flour tortillas MINSA®, MASECA®. The samples were 

dried until a humidity of 12 to 13%, then samples were packed in polyethylene bags until used. 

Water absorption capacity. The water absorption capacity was determined by Anderson et al. 

(1969) method. In brief, 2.5g of sample in distilled water at 30 ° C. They were heated at a rate of 1.5 

° C / minute to 80 ° C for 30 minutes with stirring. The samples were cooled to room temperature and 

centrifuged at 3000 rpm (2120 x g) for 30 min in a centrifuge Table Top. The resulting gel was 

weighed. The water absorption capacity was calculated as weight (g) of gel per g dry sample. (2) 

Water solubility index. The water solubility index is the amount of dry solids recovered by 

evaporation of the supernatant of the water absorption capacity. It is expressed as a percentage of dry 

solids in 2.5 g of sample. In brief, 10 mL of the supernatant they were placed in a Petri dish. They 

were then dried in the oven at 110 ° C, until to constant weight. (2) 

Amylose content. The apparent amylose has an affinity to complex with iodine, the binding capacity 

of 20 mg of iodine per 100 mg of amylose, the complexes produces a blue color which can be 

quantified colorimetrically (Buleon et al., 1990). The apparent amylose content was determined by 

Hoover and Ratnayake (2001), modification to method proposed by Mc. Grant et al. (1998). (9, 10). 

In brief, starch or a sample thereof (20 mg), was accurately weighed and dissolved by heating in 8 

mL DMSO 90% for 20 min in a water bath at 85 °C. This solution was diluted to 25 mL in a 

volumetric flask with deionized water. An aliquot 1 mL of this solution was diluted with 45 mL of 

water and 5 mL of a solution of iodine (0.0025 mol/L) in potassium iodine (0.0065 mol/L), then read 

at 600 nm absorbance. (9, 10) 

Total starch content (TS). The Goñi et al. (1997) method, which is based on measuring the glucose 

released as a result of the enzymatic hydrolysis with amyloglucosidase hydrolyzing glycosidic bonds 

 (1-4) and  (1 -6) chains of amylose and amylopectin was used.  Sample Add 0.2 ml of the 80% 

Ethanol Solution to each sample and to an empty tube labeled “Starch Digestion Blank” and mix. 2. 

Pipette 3.0 ml of water and 0.02 ml of the -Amylase into each sample and blank tube. Mix and 

incubate for 5 minutes in a boiling water bath. Remove the tubes from the water bath and cool to 

room temperature. Bring the volume in each tube up to 10 ml with water and mix. To 1.0 ml of each 

test and blank solution add 1.0 ml of the Amyloglucosidase Starch Assay Reagent. Mix and incubate 
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for 15 minutes in a 60°C shaking water bath. Remove the tubes from the water bath and cool to room 

temperature. Dilute 1.0 ml of each sample and blank to 10 ml with water. Proceed with glucose 

determination used Glucosa oxidase peroxidase.  

All experiments were done in triplicate and the average value was calculated 

 

RESULTS 

Water absorption index. The starches are usually a very low water absorption at room temperature. 

The water absorption increases at higher temperatures, the starch granules are collapsed and amylose 

and amylopectin is solubilized to form a colloid (gelatinization) solution. The index water absorption 

values are higher in samples 2 and 3 because contain less amylose (Table 1). 

 

Table 1. Water absoption index 

Sample weight (g) 
Gel weight Water 

absoption Gel (g) 

1 2.513 4.231 1.683 

2 2.528 8.390 3.319 

3 2.513 9.200 3.661 

 

Water absorption solubility. The solubility is a parameter showing the magnitude of the interaction 

between starch chains within the amorphous and crystalline sections. These interactions are affected 

by the amylose and amylopectin ratio and the characteristics in terms of weight distribution, degree 

of branching and chain length (Table 2). 

 

Table 2. Water absorption solubility 

Sample Weight (g) 

Petri dish 
Solubility index 

(%) 
Initial 

weight (g) 

Final 

weight (g) 

1 2.513 22.380 0.002 0.118 

2 2.528 9.738 0.047 1.870 

3 2.513 9.766 0.002 2.492 

 

The highest solubility rate of the starch presented in sample 3 was probably due to the high content 

of phosphate groups in amylopectin, which generate a repulsion in adjacent chains, increasing the 

hydration by weakening the bonds within the crystalline part of the granule. 

 

Amylose content. The results of amylose show a higher value for maizena, the other values are at the 

starches mean value with amylose content, ranging from 20 to 32% (Table 3). 
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Table 3 Amylose content in different samples 

Sample 
Absorbance 

(A) 
Amylose content (%) 

1 Maizena 1.085 44,06 

2 Maseca 0.689 25,02 

3 Minsa 0.719 26,47 

Dought A 0.793 30,02 

Dought I 0.838 32,19 

Tortilla A 0.600 20,75 

Tortilla I 0.676 24,40 

 

 

Total starch content. Resistant starch had a high value for samples of cornflour and artisanal dough 

and tortillas (Table 4). 

 

Table 4 Total starch in the samples 

Sample 
Absorbance 

(A) 

Total Starch content 

(%) 

1 Maizena 0.571 61,65 

2 Maseca 0.222 20,92 

3 Minsa 0.213 20,31 

Dought A 0.654 63,12 

Dought I 0.309 30,12 

Tortilla A 0.243 23,51 

Tortilla I 0.643 61,43 

 

CONCLUSIONS 

Parameters like water solubility index and water absorption index indicate the weight of water-soluble 

solids present in the starch as well as the weight of material which can form respectively. This fact, 

evaluates the quality of starch in relation to the loss of solids in water. The proportion of amylose and 

amylopectin as well as the structure of molecules determines the rheological behavior and 

functionality of the starch. Gel formation, retrogradation of amylose and amylopectin in aqueous 

dispersions or solutions are relevant to industrial applications. 

 

According to amylose content, starches can be classified into different groups such as waxy starches 

that contain very little amylose, about 1%. Normal starch that contain 18 - 30% of amylose and high 

amylose content starch containing 50% or more of this polymer. 
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ABSTRACT 

In this work, edible films made with chitosan, glycerol, and including or not the incorporation of 

essential oils of thyme (Thymus vulgaris), oregano (Origanum vulgare), or rosemary (Rosmarinus 

officinalis) were studied. The effect of incorporating the aforementioned compounds on edible films’ 

moisture content, thickness, water solubility, water vapor permeability, density, water activity, 

transparency, color, and mechanical properties were evaluated. Edible films were prepared with 

chitosan 1% (w/w) by dissolving it in 1% acetic acid, under stirring for 30 min at 60ºC; glycerol was 

added at 2% (w/w) as plasticizer, and then 0.1% (w/w) of each studied essential oil was incorporated 

(or not) into the formulation. To control film thickness, the same amount of each film-forming solution 

(30 mL) was poured into Petri dishes and then dried for 24 h at 35ºC. Edible films were conditioned at 

33% relative humidity before analyzing edible films’ physical and mechanical properties. Every 

experiment was conducted by duplicate and each measurement was performed by triplicate. Analysis 

of variance was used to compare tested edible films’ properties. Every formulated film was flexible, 

homogeneous, and transparent. The physicochemical properties of chitosan edible films were affected 

by the incorporation of studied essential oils. Incorporation of studied essential oils caused a significant 

increase (p<0.05) of films’ thickness, density, water solubility, and water activity, while significant 

decreases (p<0.05) of moisture content, transparency, and water vapor permeability were detected; 

therefore, the barrier properties of chitosan films were improved by adding studied essential oils. 

Furthermore, minor color changes were observed. On the other hand, essential oils’ addition caused a 

significant decrease (p<0.05) in the tensile strength and Young’s modulus of tested edible films; 

however, their elongation was increased. Chitosan edible films incorporated with studied essential oils 

can be used as an active packaging alternative due to the reported antimicrobial activity of essential 

oils of thyme, oregano, and rosemary as well as formulated edible films’ physicochemical properties 

that are suitable for selected food applications. 

 

Keywords: chitosan, edible films, essential oils, thyme, oregano, rosemary 

 

 

INTRODUCTION 

Today, synthetic polymers are the main packaging materials since they offer versatile solutions for 

several needs of food packaging. Conventional packaging polymers are begun to be questioned due 

to increasing environmental concerns and their petroleum based sources. Biopolymers are drawing 

attention of many researchers especially because of their petroleum independent sources and eco-

friendliness. Biopolymers with their annual totally renewable sources and incomparably shorter 
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degradation times can be utilized for sustainable packaging (1). The requirements of biodegradable 

packaging materials include maintaining product quality, extending shelf life, improving the safety 

and maintaining the sensorial properties (2). Antimicrobial packaging is very attractive and has 

increased the attention of the food and packaging industries due to the trends of preservative free 

products. The incorporation of antimicrobial agents into packaging materials are useful to prevent the 

growth of microorganisms on the product surface and improve microbial safety of the final product 

(3). Chitosan is a cationic polysaccharide obtained by deacetylation of chitin, which is the major 

constituent of the exoskeleton of crustaceans. Chitosan has gained significant attention and has been 

evaluated for numerous applications in the medical, food, agricultural, and chemical industries. Due 

to its high molecular weight and solubility in acidic aqueous solutions, chitosan can form gels, films, 

and fibers. The functional properties of edible films depend on the type of constituents and also on 

their interaction (4). According to the application of essential oils, it is also important to evaluate their 

effects on the physical and structural properties of the resulting film. About the role of essential oils 

on film functional properties the results reported are still contradictory, in particular regarding the 

effect of the essential oil on the water barrier properties of the film. The goal of this research was to 

evaluate edible films based on chitosan composition and the effect of incorporating selected essential 

oils on their physicochemical properties.  

 

MATERIALS AND METHODS  

Materials: chitosan (Aldrich Chemical), glycerol (J.T. Baker) as plasticizer, acetic acid (Macron Fine 

Chemicals), and essential oils of thyme, rosemary and oregano (Hersol S.A de C.V.) 

Film preparation and conditioning. The edible films produced from chitosan were prepared by 

dissolving 1 % (w/v) in acetic acid at 1 % (v/v) in deionized water, under stirring for 30 min at 60 ºC, 

glycerol was added at 2 % (w/w) as plasticizer, Afterwards, 0.1% (w/w) of essential oil (thyme, 

rosemary or oregano) was incorporated into the formulation. Control films were prepared identically 

but without the addition of essential oils. Film forming solutions were allowed to dry for 24 h at 35 

ºC in a food dehydrator. To control film thickness, the amounts of each film forming solution poured 

onto the Petri dishes were the same (30 mL). Finally, films were stored and conditioned at 33% 

relative humidity for analyzing physical, optical and mechanical properties. 

Physical properties 

Thickness .Film thickness was measured using a micrometer (MDC-1 SB, Mitutoyo Co., Japan) to 

the nearest 0.001 mm. The mean thickness (mm) was calculated from five measurements, taken 

randomly at various locations on each film sample.  

Color. Color values of the films were determined using a colorimeter (Konica Minolta Sensing, INC., 

Osaka, Japan) calibrated with a white standard plate. The CIELAB color scale was used to measure 

lightness (L*), redness (+a*) or greenness (−a*), and yellowness (+b*) or blueness (−b*), and the net 

color difference (∆E) of the films. Color was determined by triplicate at different locations for each 

film. 

Density (ρ). The film density (ρ) was calculated directly from the film weight and dimensions. 

Water Solubility (WS). The film solubility in water (WS) was determined following Gounga et al. 

(2007) [5]. The determinations of WS were performed in triplicate. 

Water vapor permeability (WVP). Water vapor permeability of films was measured following 

ASTM methodologies. The water vapor permeability value was expressed in g mm/kPa h m2.  

Optical properties 
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Film transparency (%). The ultraviolet (UV) and visible light barrier properties were measured on 

dried films at selected wavelengths (in the 190–900 nm range), using an UV-Visible 

spectrophotometer (Thermo Scientific Evolution 606). At least five strips of each film type were 

analyzed. 

Mechanical properties. Tensile strength (MPa) and elongation at break (%) were measured 

according to the reference method (ASTM, 2002), using a texture analyzer (Texture Technologies 

Corp., NY, USA). Results are reported as average of three replications of each sample. 

Statistical analyses. Experimental data was analyzed using Excel (Microsoft Inc.). Statistical 

analyses were performed using Minitab 17 Statistical Software (Minitab Inc., State College, PA, 

USA), via one-way analysis of variance. The difference of means between pairs was resolved via 

confidence intervals, using Tukey's test. The significance level was set at p<0.05.  

 

RESULTS AND DISCUSSION 

Physical properties 

Film appearance. In this study, chitosan films prepared with or without essential oils thyme (CEOT), 

oregano (CEOO) and rosemary (CEOR) were prepared by casting, every films formulated were 

flexible, easily detachable, homogeneous and with a slight yellow color. Their surfaces were smooth, 

without visible pores or cracks. 

 

Thickness. The results of the thickness of chitosan films prepared with or without essential oils 

(thyme, oregano and rosemary) are shown in Fig. 1. Thickness varied from 0.1016±0.02 to 

0.1727±0.02 mm, being significant different (p < 0.05) when comparing film control (C) with films 

containing essential oils. Film thickness was dependent of the film composition. It was observed that 

the thickness increased when chitosan films was enriched with essential oil. The maximum thickness 

achieved corresponded to the chitosan films with oregano essential oil.  

 

 
Figure 1. Thickness of chitosan films (C) with essential oil thyme (CEOT), 

oregano (CEOO) and rosemary (CEOR). 

 

Color. Color measurement took into account L*, a*, b* as well as ∆E. The color parameters edible 

films incorporated with essential oils can be observed in Table 1. Chitosan films incorporated with 

CEOT and CEOO, as well as with CEOR were significantly (p<0.05) clearer and brighter (i.e. with a 

higher average L value) than control films. Net total color change was observed by reading ∆E values. 

Experiments showed that there was significant change (p < 0.05) of ∆E value, which indicated color 

change due to the incorporation of each essential oil.  
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Table1.  Color measurement of essential oil thyme (CEOT), oregano (CEOO), 

and rosemary (CEOR) incorporated chitosan films. 

Film L* a* b* ∆E 

C 90.9±0.62b -2.80±0.23c 16.57±1.17a 5.51±0.24d 

CEOT 92.7±0.89a -1.28±0.15a 7.57±0.49c 7.90±0.05a 

CEOO 91.2±0.04b -1.86±0.02b 10.57±0.72b 7.30±0.08b 

CEOR 92.7±0.24a -1.75±0.14b 9.58±0.25b 6.78±0.63c 
a,b,c,d Means within the same column, labeled with the same letter, do not 

statistically differ from each other (p<0.05). 

 

Density (ρ). Incorporation of CEOT, CEOO or CEOR into chitosan films did not significantly 

(p<0.05) affect the density (ρ) values, relative to chitosan films (C) the results are shown in Fig. 2. 

 

 
Figure 2. Density of chitosan films (C) with essential oil thyme (CEOT), oregano 

(CEOO), and rosemary (CEOR). 

 

Water Solubility (WS). Solubility of edible films indicates their integrity in an aqueous environment, 

and higher solubility would indicate lower water resistance. The WS of the chitosan films 

incorporated with essential oils ranged from 20.33 to 54.77% (Fig.3). The results showed that 

incorporation of essential oils caused a statistically significant increase (p<0.05) of WS. 

 

 
Figure 3. Solubility (%) of chitosan films (C) with essential oil thyme (CEOT), 

oregano (CEOO), and rosemary (CEOR). 

 

Water vapor permeability (WVP). Fig. 4 presents how WVP was affected by type of essential oil 

(p< 0.05). Differences in permeability can be attributed to alterations in film structure. The control 

film had a WVP of 0.65 g mm/kPa h m2, but highest WVP were observed in chitosan films containing 

CEOT, CEOO or CEOR. This enhancement in water passing through the film could be related to 

structure that is caused by essential oil. Water vapor transfer could generally occur through the 
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hydrophilic portion of the film and depends on the hydrophilic–hydrophobic ratio of the film 

components (6).  

 
Figure 4. Water vapor permeability of chitosan films (C) with essential oil thyme 

(CEOT), oregano (CEOO), and rosemary (CEOR). 

 

Optical properties 

Film transparency. The transparency of the chitosan films incorporated with essential oils ranged 

from 0.09 to 1.03% (Fig. 5). Statistically significant differences (p<0.05) were recorded when CEOT, 

CEOO or CEOR were added, whereas statistically significant differences (p<0.05) were observed 

among CEOO and CEOR.  

 

 
Figure 5. Transparency (%) of chitosan films (C) with essential oil thyme 

(CEOT), oregano (CEOO), and rosemary (CEOR). 

 

Mechanical properties. Tensile strength (TS) is a measure of film strength, whereas elongation at 

break is a measure of film stretch ability prior to breakage. Both properties are important 

characteristics for packaging material. TS varied from 1.04 to 6.2 MPa. TS decreased significantly 

(p<0.05) by incorporation of essential oils (Fig. 6), as perceived in the reduced tensile strength value. 

On the other hand, Zivanovic et al. (7) also found that TS decreased when introducing some essential 

oils into chitosan films. 

 
Figure 6. Tensile Strength (MPa) of chitosan films (C) with essential oil thyme 

(CEOT), oregano (CEOO), and rosemary (CEOR). 
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Fig.7. Elongation at break (%) of chitosan films (C) with essential oil thyme 

(CEOT), oregano (CEOO), and rosemary (CEOR). 

 

The elongation at break value of chitosan films varied from 9.38 % to 15.48% (Fig. 6). On the other 

hand, incorporation of CEOT or CEOR increased elongation at break (%). However, addition of 

CEOO reduced the elongation at break value.  

 

CONCLUSIONS. 

In this study, essential oils (thyme, oregano and rosemary) were successfully incorporated into 

chitosan films. The WVP, elongation at break, color, thickness, transparency, WS of chitosan films 

increased by essential oils incorporation. Moreover, it reduced films’ tensile strength. These results 

predict that the chitosan films with essential oils could be employed in a number of food applications 

such as packaging. 
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ABSTRACT 

Jamaica (Hibiscus sabdariffa) flowers are an important source of bioactive principles such as phenols, 

which are chemical compounds that have shown a positive effect on health as nutrients in food. But 

traditional extraction conditions are not suitable, due to its sensitivity at temperatures above 40 °C and 

its easy oxidation. Therefore, in the present work different extraction conditions were established using 

three temperatures (15, 25 and 35 °C) and two particle sizes (T.P1 = 1.25mm and 0.595mm T.P2 =) to 

obtain performance. Distilled water was used as the solvent with a constant solid-liquid ratio 1:30 and 

stirring at 500 rpm. The extracted total phenol content was quantified using a UV / Vis 

spectrophotometer, by the direct method and by the method of Folin -Ciocalteu to determine the 

diffusion coefficient and the activation energy needed to carry out the process. The results were 

statistically analyzed using a two - way ANOVA to see significant differences between the replicates 

and repetitions. The results show that the extraction performed with a particle size of 0.595 mm has a 

lower yield (80.5%) compared to the particle size of 1.25 mm (993%) yield. The diffusion coefficient 

increases with decreasing particle size because conditions for T = 25 °C and TP = 1.25 mm, D = 2.16E-

09 m2/s was lower than for TP = 0.595 mm, where D = 2.88 E-09 m2/s. Increasing the temperature to 

T = 35°C has an effect on the extraction process, increasing the diffusion coefficient (4.44E-09 m2/ s) 

but decreasing the yield (51%). 

 

Keywords: Jamaica, Phenol, Solid-liquid extraction, Diffusion coefficient, Activation energy. 

 

 

INTRODUCCIÓN 

The solid-liquid extraction involves the selective separation of the solid components with the 

objectives of purification, isolation of the separated components and / or determining them. The 

process is not simple, since it is the result of the combination of a series of varied steps depending on 

fluid used, the nature of the sample, the analyte and the operating conditions (14). The factors that 

primarily affected the extraction are the particle size, temperature and whether or not stirring during 

the process (13). The extraction of bioactive compounds from natural sources is a classic operation 

widely used in the pharmaceutical, cosmetic and food industries. Traditional methods such as solvent 

extraction or steam distillation, are characterized by the use of a large amount of solvent, long 

extraction times, low yields and large energy consumption with consequent damage to human health 

and the environment (4). Moreover, the conditions of high pressure and temperatures used affect, in 
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some cases, the quality of the extracts or destroy the active component (3). For this reason, it is 

important to find the extraction conditions to produce high yields without affecting the bioactive 

components. Jamaica is an important source of bioactive compounds, in particular, of phenolic 

compounds, which have different structures and have paid attention to them because of their roles as 

antioxidants and their participation in the sensory characteristics of natural and processed foods (7). 

For every 100g of Jamaica can be found up to 3742 ± 200 mg of these compounds (1). This makes 

the development of products based on phenolic compounds, represents a great alternative for the 

industry of food and beverages, mainly in the field of so-called "functional foods" and has had a major 

role in the domestic and international markets increase (5). 

 

MATERIALS AND METHODS 

Import Jamaica from Sudan was acquired in a local market, because it is the largest containing 

anthocyanins and other bioactive compounds (12). Jamaica milling was performed in a blade 

commercial mill and divided into four batches; sample was taken from each batch in order to have a 

homogenous and representative sample in the determination of moisture, which was conducted 

according to the NMX-F- 083-1986. A mesh selection was performed, and two particle sizes were 

used, 1.25 and 0.595 mm. 

 

For the standard curve, 100 ml of a stock solution (1mg Ac Gallic / mL) was prepared. Dilutions of 

this solution were performed at 1, 0.8, 0.6, 0.4 and 0.2 mg / mL and analyzed in a spectrophotometer 

Cary 8454 (Agilent Technologies); a quartz cell of 3.5 mL capacity was used. An aliquot of 75 L of 

each dissolution was taken, placed in the cell and distilled water was added to the marks shown in the 

cell. Absorbance was read in the spectrophotometer at 280 nm wavelength and distilled water were 

used as blank (6). 

 

A method adaptation from Palomino (11) was used for the phenol´s determination by Folin-Ciocalteu. 

First of all, 100 ml of a stock solution (10 mg Ac Gallic / mL) and 100 mL of anhydrous sodium 

carbonate 20% w/v was prepared. Subsequently dilutions of the standard solution were made on 

aliquots of 75, 100, 150, 200, 250, 300, 350, 400 and 450 L, respectively; each aliquot was placed 

in vials, were added 2.5 mL of distilled water, 100 mL of Folin-Ciocalteu reagent and allowed to 

stand for 8 min at 25° C in absence of light. After 8 min, 200 mL of sodium carbonate solution was 

added and allowed to stand for 2h in the absence of light. The samples were placed in the quartz cell, 

filled with distilled water and analyzed in a spectrophotometer at a wavelength of 656 nm.  

 

The extraction was conducted by placing 5 g of Jamaica in a beaker with 150 ml of water and placed 

in a thermoshaker MSH-20th (Wisd) at 15, 25 and 35° C and 500 rpm constant agitation; this was 

done for 9 extraction times between 15 and 210 min. The extracts obtained were filtered and stored 

at 4° C in the absence of light, until use. Phenols quantification was accomplished by direct method 

(6): 100 mL aliquot of the extract obtained was placed in the cell, then distilled water was added, and 

the absorbance was read in the spectrophotometer at a 280 nm wavelength. Concentration was 

determined by the absorbance obtained and the equation of the standard curve. The extraction kinetic 

was performed by plotting the extraction times against the concentrations obtained for each condition. 

Performance determination equation was used as follows: 
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𝑅 =  
𝐶

𝐶0
𝑥 100 

C = concentration at time t (mg of Gallic Ac. / mL) 

C0 = concentration at time t0 (mg of Gallic Ac. / mL) 

 

The concentration at time zero or initial concentration was taken from a study by Abou-Arab et al. 

(1), in which 3742 ± 200 mg / 100 g sample was obtained from Jamaica flower. A two-way ANOVA 

analysis was made for absorbance data in all extraction conditions, and a mean comparison was made 

with a 95% confidence level. 

 

To evaluate the mass transfer during extraction, the Diffusion coefficient was determined from the 

analytical solution of Fick's second law equation for a sphere: 

 

Ct − Ce

C0 − Ce
=

6

π2
 e

−π2Def∙t
r2  

Where: 

Ct = concentration at time t (g/L) 

C0 = initial concentration (g/L) 

Ce = equilibrium concentration (g/L) 

Def = diffusion coefficient (m/s2) 

t = time (s) 

r =sphere radius (m) 

Activation energy was determined using the Arrhenius equation: 

K = Ae
−Ea
RT  

Where k is the rate constant, A is the so-called frequency factor, Eₐ is the activation energy, R is the 

gas constant and T is the absolute temperature. 

 

RESULTS AND DISCUSSION 

According to the NMX-FF-115-SCFI-2010, which outlines the necessary characteristics required for 

marketed Jamaica´s flower in national territory, it must contain a moisture maximum between 10-

12%. Jamaica used to comply with this requirement, since all samples contain between 11 and 12% 

moisture. Grinding and sieving were done and separated the two particle sizes used: 1.25mm and 

0.595 mm.  

 

Both standard curves obtained are shown in Fig. 1. For each method, absorbance vs. concentration 

was plotted and a linear equation was obtained satisfactorily confirming the direct relationship 

between concentration and absorbance, through which the extracted phenolic compounds 

concentration expressed in mg of Gallic Ac./mL was calculated.  
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a) 

 

b) 

 
Figure 1- Standard curves: a) Direct method, b) Folin-Ciocalteu method 

 

In most cases, the highest concentration was obtained at 90 minutes except for the temperature of 35° 

C due to the degradation that caused the temperature in extracted compounds. With increasing 

temperature there is a decrease in concentration as phenolic compounds begin to degrade at 

temperatures above 37 ° C (10). Similarly decreasing particle size increases the exposure compounds 

area causing easily oxidized. The maximum compounds concentration was determined at 25° C and 

the 1.25 mm particle size. The maximum concentration was reached after 90 min. In Fig. 2 are shown 

the extraction kinetics for different conditions evaluated with the direct method.  

 
Figure 2.- Direct method extraction kinetics 

 

In the case of Folin-Ciocalteu method, the absorbance recorded at 656 nm presented much variation, 

showing visible compounds oxidation by the reagent (not presented). These variations in 

concentration are attributed to the reaction that takes place in this method, which is very sensitive and 

is greatly affected by temperature, reaction time, the amount of reagent and sample, and it becomes 

so little repeatable determination. 

 

The diffusion coefficient and yield values are shown in Table 1. It can be seen that there is an 

increased coefficient with increasing temperature caused by the molecules increased energy causing 

more collisions, which accelerates the diffusion process. Similarly decreasing particle size favors the 

diffusion coefficient because the distance that the compounds have to go to be extracted is lower. 
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Although it is true that the coefficient was favored by these variables, increasing the extraction rate, 

compounds were degraded due to its nature, resulting in decreased concentration. 

 

With the yield results can be reiterated that the extraction conditions with which the highest 

concentration of phenolic compounds is obtained are 25° C and a 1.25 mm particle size (99.3%).The 

activation energy obtained results in a value of 10.16 kJ/mol, which is the energy necessary for the 

extraction process to carry out.  

 

Table 1 – Extraction yield and diffusion coefficients 

Conditions  Def (m/s2) Yield(%)  

25°C,  1.25mm  2.16E-09 99.30 

25°C,  0.595mm  2.88E-09 80.56 

35°C,  1.25mm  4.44E-09 51.09 

15°C,  1.25mm  2.18E-09 62.60 

 

Other activation energy values for other fibrous foods like carrots (17.3 kJ / mol) and sugarcane (19.6 

kJ / mol) (2) were found. If these values are related to the structure of the foods, it can be seen that 

the data are consistent, since the sugarcane is more fibrous than a carrot, and therefore, to carry out 

the Jamaica extraction process requires less energy to be conducted in comparison to the other ones. 

 

ACKNOWLEDGEMENTS 

The authors acknowledge the financial support of the UNAM-DGAPA in the PIAPI 1620 and PAPIIT 

project key IT 203314. 

 

REFERENCES 

1) Abou-Arab, A.A., Abu-Salem, F.M., Abou-Arab, E.A. (2011). Physico- chemical properties of natural 

pigments (anthocyanin) extracted from Roselle calyces (Hibiscus subdariffa). Journal of American 

Science. 7(7). 445-456. 

2) Alvarado J. D. (1993). Viscosidad y energía de activación de jugos filtrados. Revista Española de 

Ciencia y Tecnología de Alimentos. 33(1). 87-93 

3) Azmira, J., Zaidula, I.S.M., Rahmana, M.M., Sharifa, K.M., Mohameda, A., Sahenab, F. (2013). 

Techniques for extraction of bioactive compounds from plant materials: A review. Journal of Food 

Engineering. 117(4). 426–36. 

4) Belova, V.V., Voshkin, A.A.V., Kholkin, A.I., Payrtm, A.K. (2009). Solvent extraction of some 

lanthanides from chloride and nitrate solutions by binary extractants. Hydrometallurgy. 97, 198–203. 

5) Cid-Ortega, S., Guerrero-Beltrán, J.A. (2012). Propiedades funcionales de la Jamaica (Hibiscus 

sabdariffa L.). Temas Selectos de Ingeniería en Alimentos. 6(2). 47-63. 

6) Isaza, J.H., Veloza, L.Á., Guevara, C.A., Ávila, Y.P., Díaz, O. (2005). Estimación espectrofotométrica 

de fenoles totales en especies de la familia Melastomataceae. Actual Biol. 27(1). 75-79.  

7) López, J. (2008). Los Alimentos Funcionales: Importancia y Aplicaciones. Escuela agrícola 

Panamericana Zamorano. Recuperado el 6 de abril del 2016 de http:// potenciaalimentaria. 

bligoo.com/content/view/129789/Los-alimentos-funcionales-Importancia-y-

Aplicaciones.html#.V04wFzXhDMw 

8) NMX – FF – 115 – SCFI – 2010. PRODUCTOS  AGRÍCOLAS DESTINADOS PARA CONSUMO 

HUMANO – FLOR (CÁLIZ) DE JAMAICA (Hibiscus sabdariffa L.) - ESPECIFICACIONES Y 



 

231 
 

MÉTODOS DE PRUEBA. Recuperado el 01 de septiembre del 2016 de 

http://documents.tips/documents/nmx-ff-115-scfi-2010-jamaica.html 

9) NOM NMX – F – 083 - 1986. ALIMENTOS. DETERMINACIÓN DE HUMEDAD EN PRODUCTOS 

ALIMENTICIOS. Recuperado el 7 de Marzo del 2016 de 

http://www.colpos.mx/bancodenormas/nmexicanas/NMX-F-083-1986.PDF 

10) Mujica, M.V., Granito, M., Soto, N. (2012). Variación de los compuestos fenólicos de Phaseolus 

vulgaris L. Durante el almacenamiento y su relación con el rendimiento. Biagro. 24(3). 163-174.   

11) Palomino G., Lady, R., García, P., Carlos, M., Gil, G., Jesús, H., Rojano, B.A., Durango, R., Diego, L. 

(2009). Determinación del contenido de fenoles y evaluación de la actividad antioxidante de propóleos 

recolectados en el departamento de Antioquia (Colombia). Vitae. 16(3). 388-395.  

12) Salinas-Moreno, Y.,  Zúñiga-Hernández, A. R., Jiménez-De la Torre, L. B., Serrano-Altamirano, V., 

Sánchez-Feria, C. (2012). Color en cálices de Jamaica (Hibiscus sabdariffa l.) y su relación con 

características fisicoquímicas de sus extractos acuosos. Revista Chapingo Serie Horticultura. 18(3). 395-

407. 

13) Ullauri, P.G. (2010). Transporte de Masa en extracción fase solido-liquido. ReCiTeLa. 10 (2). 98-110.   

14) Valcárcel-Cases, M., Luque-Castro, M.D., Tena-Vázquez, M.T. (1993). Extracción con fluidos 

supecríticos en el proceso analítico. Barcelona.  Editorial REVERTÉ. 

 

  

http://www.colpos.mx/bancodenormas/nmexicanas/NMX-F-083-1986.PDF


 

232 
 

III104 

 

Ultrasound and Vacuum Application during Pork Meat Drying 

 
Navarrete-Reyes, M.; Rosas-Mendoza, M.E.; Meléndez-Pérez, R; Coria-Hernández, J.; Arjona-

Román, J.L. 

Universidad Nacional Autónoma de México, FES-Cuautitlán, Unidad de Investigación Multidisciplinaria. 

Carretera Cuautitlán-Teoloyucan Km 2.5, Col. San Sebastián Xhala, Cuautitlán Izcalli, Edo. de México, Cp 

54714. merosas@unam.mx 

 

 

ABSTRACT 

Currently, the quality of the dried products can be improved by decreasing the temperature during 

drying. Vacuum drying is widely preferred. In addition, some pre-treatments are used in order to 

accelerate the process. Ultrasound has created interest because of its promising effect in the areas of 

food processing and preservation, as it is considered an emerging technology and a non - thermal 

process. The application of ultrasonic waves is based on acoustic energy or vibrational interrupting the 

continuity of the membranes; therefore, it increases the rate of mass transfer between the cell and its 

extracellular environment without damaging quality attributes such as color, flavor and structure of 

food. In the present study, processes ultrasound and vacuum were combined as a new drying technique 

using an ultrasound bath with a frequency of 40 KHz, 30 cm Hg vacuum, and 65 ° C. Pork loin sheets 

of 2x4 cm was used with two different thickness, 0.2 and 0.5 cm. In the results, drying curves were 

performed until 120 minutes drying. The final humidity for both thickness were 24 and 55%, 

respectively. Moreover, water activity (Aw) values were of 0.8289 and 0.9598. Color changes offering 

pork sheets during the process, were assessed by image analysis using the CIEL*a*b* scale in 

Photoshop. By a Leica stereomicroscope EZ4D in 12.5X, it was determined that the dried meat had 

not suffered structural damage using this new drying technique: Ultrasonic Vacuum (USV) Drying.  

 

Keywords: Drying, Ultrasound, Vacuum, Pork, Color.   

 

 

INTRODUCTION 

The world's largest red meat consumption is pork, whose demand in recent decades has seen a sharp 

increase. This is due to changes in consumption patterns, from rising incomes in developing countries 

with rapidly growing economies (16). 

 

Drying has been a food preserving process since ancient times. Drying is defined as the product 

moisture removal in most situations, which the main stage is the internal transfer. The type of material 

to be dried is an important factor in all drying processes as their physical and chemical properties play 

a significant role in the process (9). 

 

Vacuum drying consists in a chamber, vacuum pump, and a source providing heat to the product; this 

allows a quick and effective drying the process for temperature-sensitive products. In this process, it 

occurs the decline experienced by the boiling point of water under these conditions, which facilitates 

the evaporation phenomenon (11).  
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Ultrasound has been defined as a form of energy that travels in the same sound waves greater than 

20,000 vibrations per second. Applications of ultrasonic waves are generally divided into two groups: 

low and high intensity (15). When ultrasound is applied in an efficient manner, can produce stronger 

effects in interfaces such as pressure variations that can affect the mass transfer phenomena by 

reducing the thickness of the boundary layer (8), by affecting mass transfer processes, high intensity 

ultrasonic vibrations are able to increase the drying rate of the materials. Thus the drying process 

ultrasonic assisted may provide lower temperatures or shorter treatment. Consequently, this process 

can be useful for plant without affecting their dehydration features and quality (4). 

 

Therefore, this work presents a new drying method by combining ultrasound and vacuum processes 

(USV). The influences of drying technology on drying kinetics and dried material quality, were 

investigated.  

 

MATERIALS AND METHODS 

Fresh pork obtained 48-hour post-mortem, from 6 months age and weighing approximately 110 kg 

was used. The cut was from the Longissimus thoracis muscle. The samples were 2x4x0.2 and 2x4x 

0.5 cm sheet geometry. The operation was performed by placing three slices of meat in a vacuum 

flask connected to a vacuum of 30 cm Hg, which was immersed in distilled water in an ultrasonic 

bath (Cole-Parmer) at 40 KHz for about 120 min, and at 65° C temperature. The USV process was 

repeated for 10, 20, 30, 40, 50, 60, 90 y 120 min to evaluate samples. 

 

In order to take control of the fresh meat, pH was determined directly in pork tenderloin with a 

potentiometer HI99163 (HANNA Instruments) as mentioned McDonnell (12), while the Water 

Holding Capacity (WHC) was performed according to Cañeque and Sanudo (3) and the deformation 

resistance tests were performed with a penetrometer FT327 (QA Supplies), with the 8 mm in diameter 

tip. During USV, the moisture content was determined according to the NMX-F-544-1992 (14), and 

the water activity (aw) was determined by AOAC 978.18 (1) method using a 4TE hygrometer 

(AQUALAB). 

 

Color analysis was determined by digital imaging according to Yam and Papadakis (17). The fresh 

and dry sample´s photographs were taken with an EOS REBELXS digital camera (Canon). Color 

parameters were obtained by Adobe Photoshop CS5 program on the CIEL*a*b* scale. Then the total 

color change (ΔE), chroma (ΔC) and hue (°h) were computed as follow: 

 

∆𝐸 = √(𝐿∗)2 + (𝑎∗)2 + (𝑏∗)2 

𝐶 = √(𝑎∗)2 + (𝑏∗)2 

°𝐻𝑢𝑒 = 𝑡𝑎𝑛−1 (
𝑏∗

𝑎∗
) 

 

RESULTS AND DISCUSSION 

The meat physicochemical properties measured can be seen in Table 1. Pork loin WHC and pH are 

related since at higher pH, there is more water retention; Galieta (7) reports that the critical values of 

pH is less than 5.8, which shows water loss and increased muscle pallor. For the moisture and Aw, 
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Offer (13) reports a value of 75% moisture and mentions that the water content varies inversely with 

respect to fat content. It can be said that the values obtained are reliable. 

 

Table 1 - Control values for pork Longissimus thoracis 

Parameter Value 

pH 5.6 

WHC 94.4% 

Moisture 74.85% 

Aw 0.99 

 

As shown in Fig. 1a, faster drying and a much lower humidity is obtained with the minor thickness, 

this is logical because the water being removed has fewer distances to travel, ranging from breast 

meat to the surface. Furthermore, Başlar (2) refers to the application of ultrasound interrupts the 

continuity of the membranes, and therefore, increases the rate of mass transfer between the cell and 

its extracellular environment. The moisture % decrease is also attributed to the thick layer (crust) 

formed in 0.5 cm sheets during drying, that somehow prevents the diffusion of water to the surface; 

consequently, the moisture content is not reduced significantly.  

 

a) 

 

b) 

Figure 1 – a) drying kinetic, b) Aw variation during drying 

 

The measurement of water activity is an important property for food control. Its value helps establish 

the nutritional qualities, microbial, textural and appearance in the flesh. In Fig. 1b shows how this 

decreases gradually; after 30 minutes, 0.2 cm sheets aw = 0.82 reached while the drying plates 0.5 

cm aw the decrease is not noticeable. 

 

The corresponding proportions of the three forms of deoxymyoglobin myoglobin (Mb), 

oxymyoglobin (MBO) and metamioglobina (MetMb) affect the color of fresh pork, as well as the 

opacity and translucency of meat (5). The amounts of Mb, MbO and MetMb in the meat depend on 

the oxygen availability, the autoxidation rate of myoglobin and the MetMb reducing capacity. On the 

other hand, after the muscle surface is exposed to the air, the changes in color start to appear in a 

process called blooming or oxygenation. During this process the atmosphere oxygen bonds to 

myoglobin, causing a change from purplish red (deoxymyoglobin) to the desired bright red 

(oxymyoglobin) color of meat. It is known that a layer of MbO is formed at the meat surface and, 
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underneath, a layer of MetMb is found. Further underneath the myoglobin exists as Mb (10). The 

thickness of the MbO layer, and thus the distance from the surface to the MetMb layer, is dependent 

on the oxygen penetration. The total color changes, hue and chroma can be seen in Fig. 2.  

 

The ratio of the different myoglobin forms at the meat surface is dependent on the thickness of the 

distinct myoglobin layers as well as on the depth of light penetration during the color measurements 

(10). Thus, the Chroma (saturation) and the Hue angle are both based on the a* and b* values and, 

consequently, influenced by both the pigment content and the myoglobin form. The pigment content 

and the fraction of MetMb were the most important factors for the variation in the Hue angle.  

 
Figure 2 – Color changes during USV process 

 

Regarding the new technique (USV) it was found to be a drying method vastly superior to the other 

methods. This is because the ultrasound disturbs the membrane structure, causing an increased mass 

transfer with vacuum assistance, responsible for decrease the boiling point and increase water 

evaporation, makes optimum the drying process. So the lowest energy consumption must be during 

the USV process for drying. The color changes that occurred in the sheets of pork, were favoured in 

those dried using this technique.  
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ABSTRACT 

Pork meat is a product that produces big ice crystals during conventional slow frozen; this crystal 

causes an intramuscular cell breaking and raises the levels of exudate fluids, and this affects tenderness 

and physical aspect of thawed meat. This is why there is a research for new methods of freezing food 

to reduce the damage caused. One solution of this problem is the cryoprotectors application that raises 

the number of crystals and low their size, to reduce the cell breaking. Adding ultrasonic energy makes 

the mass transfer easier, assuring a homogenous mixture of the cryo gel on meat. The aim of this work 

is to evaluate the Xanthan’s cryo gel (0.5%) protection applied by 15, 30 and 45 minutes on an 

ultrasonic bath (40 KHz) in pork tenderloin slabs (4x3x2cm), frozen to -20°C for 24 hours and thawed 

at 25°C in a water immersion bath for 30 min. Physical and physico- chemical changes were evaluated, 

besides a thermal profile by recording the temperature during freezing using thermocouples type T that 

were also used for the freezing rate and initial freezing point determination. MDSC was used for 

protein denaturation. Changes in water-holding capacity were followed by a compression technique 

using a 2. 5Kg weight between two acrylic plates that register a rising from 5 to 11-14% in exudate 

fluids. Hardness y and color were reduced with sonication; these were obtained using a penetrometer 

and image digital analysis in CIELab scale in Photoshop program. Sonicating 30 minutes at the same 

conditions of freezing and thawing was used as thermal treatment. Then, an infrared roast was used at 

180°C for 15minutes and cooking at 70°C. It was determined that during freezing with cryo gel, pork 

meat received less structural damage, thus a lower exudate loss that benefits texture and firmness of 

the meat after cooking.  

 

Keywords: Meat, Cryoprotectants, Ultrasound, Xanthan gum. 

 

 

INTRODUCTION 

Freezing is a unit operation in which the food temperature is reduced below its initial freezing point 

for storage (3). Pork produce large ice crystals when is frozen slowly,  which cause the rupture of 

intramuscular cells and leading to increased exudate liquids, affecting the smoothness and appearance 

of the defrosted food, which is an important quality attribute for consumers, influenced by the pigment 

content and the structure of the meat (5). Furthermore, the processing of meat can modify cell 

membranes that help in curing, marinating, drying and softening (1). During the heat application, 

structural changes that cause loss of mass resulting from the water evaporation and exudates (7), and 

are reflected in the quality attributes such as texture, tenderness and juiciness. 
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In food preservation, it is important to consider those factors that together determine the life and 

preserve its quality. During freezing and cooking meat, the most important factor is the loss of water, 

which can be controlled with the use of cryoprotectants, gel systems formed through the cryogenic 

treatment of colloidal dispersions (6) that helps in ice nucleation controlling increasing the number 

of crystals formed and reducing its size. Furthermore, the uses of ultrasound (US) facilitates the mass 

transfer ensuring the uniform application of cryogel in the sample and release the myofibrillar proteins 

responsible for such properties as the water holding capacity (WHC) and tenderness, related with the 

appearance and quality of meat products (1). This work is focused on establishing an alternative of 

conservation, evaluating the protective effect of xanthan cryogel applied by ultrasound (US), through 

the study of the physical and physicochemical meat properties after cooking and freeze-thaw. 

 

MATERIALS AND METHODS 

For the preparation of the hydrogel, xanthan gum (Sigma-Aldrich, Xanthomonas campestris) was 

dispersed with magnetic stirring in concentration 0.5% w/v in distilled water at 40  C for 2 h. The 

dispersion was cryogenic freezing by direct immersion in liquid nitrogen at -150  C for 10±3 min and 

subsequently thawing under controlled conditions by immersion in water at 50 ± 5  C for 30 min, 

repeating these freeze-thaw periods for 3 cycles (4). 

 

Loin (Longissimus thoracis) samples from 6 months old pork, weighing approximately 110 kg were 

used, with slab geometries (4x3x2 cm) weighing approximately 25 to 30 g. The deformation resistance 

was determined with a penetrometer FT 327 (QA Supplies) using a cylindrical geometry of diameter 

8 mm. 

 

An EOS Digital Rebel XS (Canon) digital high resolution camera was used to obtain color, capturing 

an image of the sample under light D65, which were analyzed quantitatively using Adobe Photoshop 

CS5 program, where color parameters values were obtained in Hunter system (L, a and b); later, the 

data were modified to CIE according to the following equations [8] system (L*, a* and b*): 

𝐿∗ = (
𝐿

255
) ∗ 100 Eq. 1 

𝑎∗ = (
240𝑎

255
) − 120 Eq. 2 

𝑏∗ = (
240𝑏

255
) − 120 Eq. 3 

 

From these values the total color change (ΔE*), chroma (ΔC*) and hue angle (ºh) with the following 

equations [2] were determined: 

∆𝐸∗ = √(∆𝐿∗)2 + (∆𝑎∗)2 + (∆𝑏∗)2 Eq. 4 

∆𝐶∗ = √(∆𝑎∗)2 + (∆𝑏∗)2 Eq. 5 

ºℎ = 𝑡𝑎𝑛−1 (
𝑏∗

𝑎∗
) Eq. 6 

 

Press technique was used to obtain the (WHC), using a 2.5 kg weight for 5 min where: 
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%𝐸𝑥𝑢𝑑𝑎𝑡𝑒𝑠 =
𝐹𝑖𝑛𝑎𝑙 𝑤𝑒𝑖𝑔ℎ𝑡 𝑜𝑓 𝑓𝑖𝑙𝑡𝑒𝑟 𝑝𝑎𝑝𝑒𝑟 − 𝐼𝑛𝑖𝑡𝑖𝑎𝑙 𝑤𝑒𝑖𝑔ℎ𝑡 𝑜𝑓 𝑓𝑖𝑙𝑡𝑒𝑟 𝑝𝑎𝑝𝑒𝑟

𝑆𝑎𝑚𝑝𝑙𝑒 𝑤𝑒𝑖𝑔ℎ𝑡

∗ 100 

Eq. 7 

 

For application of cryogel, an ultrasonic bath (Cole-Parmer) was used at 40kHz, wherein a beaker 

immersed with meat in the cryogel, varying sonication times: 15, 30 and 45 min. The cryogel samples 

taken at each time were tested in color, WHC and resistance to deformation after freezing. The 

freezing was at -20  C, using meat samples previously sonicated and packaged under vacuum. A 

validated thermocouple type "T" (copper-constantan) was placed at the geometric center of the slabs 

to obtain the thermal profile from room temperature until the chamber temperature was reached. 

 

The samples in each treatment were analyzed using a temperature-modulated differential scanning 

calorimeter 2920 (TA Instruments), calibrated for baseline, cell constant with Indium (156.6 °C) and 

heat capacity with Sapphire at 5 °C/min; nitrogen was used as purge gas at a constant flow of 60 

mL/min. The method used was as follows: equilibration at -50 °C, modulation at ± 0.796 ºC every 60 

s, with isotherm for 120 s and a temperature ramp of 5 ºC/min up to 150 ºC. The analysis was made 

in total heat flow, enthalpy changes (ΔH) and transition temperatures determination.  

 

To cook samples two methods were used; first, meat samples were introduced to a forced convection 

infrared oven (Flavor-Wave) at 180 °C for 15 min; and the second was in an electric grill at 70 ± 5 

°C for 20 min. Subsequently color proofing, WHC and deformation resistance for each of the samples 

were performed. 

 

RESULTS AND DISCUSSION 

In figure 1 the effect of cryogel in the thermal profile is observed. Samples with cryogel have 

decreased the crystallization time regardless of the sonication time; however, there is no significant 

difference (p < 0.05) in the temperature and time at which the initial freezing occurs. This indicates 

that the application of cryogel by US increases added to nucleation for crystal formation and it 

similarly increases the rate of freezing of meat. 

 

In Fig. 2 can be seen that the samples melting temperature with cryogel ranges from 1 to 2 °C, while 

in the evaporation there are variations in the enthalpies and temperatures; this due to the breakdown 

of muscle cells during sonication, besides the presence in varying degrees of cryogel, being the 

sample with 30 min ultrasound one that requires a greater expenditure of energy to evaporate the 

water contained, as a result of the protection afforded by the cryogel. 
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Figure 1. Thermal profile meat sonicated for 15, 30 and 45 min, with and without cryogel 

 

This corroborates that cryogels generate some level of protection in meat samples, thus avoiding any 

loss of water by effects of freezing on camera. 

 
Figure 2. Total heat flow versus temperature of samples 

 

Fig. 3 shows that there are small transitions localized in the denaturation temperature range of proteins 

contained in the meat, however, these are the result of the receipt of cryogel caused by the release of 

glucose polymer, rather than own meat structural changes; although we can´t rule denaturation of 

myosin, actin, collagen and myoglobin. 

 
Figure 3. Derivative of heat flow versus temperature in the denaturation of meat proteins 

 

In Fig. 4, it is shown that the samples significantly increase the percentage of released juices, 

according to the sonication time, being those containing cryogel which have the highest values in 

each of the exposure times to US. The application of ultrasound is responsible for the release of 

myofibrillar proteins and ruptured muscle cells and brings significant prolonged exposure meat 

tenderization. Since the formation of the cryogel is 99.5% water, its incorporation produces changes 
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in the distribution of water contained, thereby increasing WHC and consequently the tenderness of 

the meat, reflected in decreased deformation resistance. It is evident that the sample with 30 minutes 

US has greater difference in their juices released with an increase of 5 to 11%, without significant 

force applied to the deformation resistance test change. 

 
Figure 4. (a) Percentage of released juice (b) Resistance to deformation of meat 

samples with sonicated without cryogel 

 

The color of meat is an important quality attribute for the consumer, which is influenced by the 

pigment content and the structure of the meat, making very important to evaluate the changes 

undergone meat during application of cryogel ultrasound. Fig. 5 indicates that the application of 

ultrasound directly influences coloring cryogel samples with increasing values change in color , 

chroma and hue in relation to the exposure time. 

 

 
Figure 5. (a) Total changes color (b) Chroma (c) hue angle sonicated samples with and without cryogel 

 

It was established that the samples have less structural damage and greater functionality cryogel were 

those to which was ultrasound applied for a period of 30 min. Subsequently the protective effect in 

meat samples under the same conditions and freezing application was evaluated, that during their 

cooking. 

 

Cooking meat with IR. Mass loss was recorded during cooking. Fig. 6a shows that the samples lost 

between 25 and 30% water. In meat cryogel samples presents a greater reduction, caused by 

evaporation of the liquid contained in the cryogel, however, mass losses do not represent significant 

difference compared with meat without cryogel. The amount of juices released during cooking is less 

in the cryogel samples, as shown in Fig. 6b, indicating that its ability to retain water is increased in 

consequence of the protection provided by the cryogel, thus favoring texture and juiciness and 

preventing further protein denaturation. The hardness of the meat is represented with deformation 

resistance in Figure 6c, indicating that cryogel samples have better texture characteristics at the end 

process. 
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Cooking meat on grill.At the end of the process, the data obtained from water loss, WHC and 

deformation resistance  were recorded. Fig. 7 shows that the cryogel samples  lost 12% over the meat 

mass without cryogel, this due to the evaporation of the free water contained in excess by 

incorporating the gel. 

 

 
Figure 6. (a) Loss water (b) Exudates (c) Resistance of IR cooked meat 

 

This factor is directly related to the decrease in the percentage of released juices, therefore the water 

retention capacity and thus the increase in the hardness of the meat. 

 

 
Figure 7. (a) Loss water (b) Resistance (c) WHC of grill cooked meat 

 

In both cooking methods, it was observed that the meat turns brown with increasing temperature, 

seeing reflected in the total color change values, which is one of the main indicators of changes that 

occur in relation to a standard sample. 
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ABSTRACT 

The eggs layed by hens are one of the most important foods in the current diet of many Latin-American 

Countries. The yolk of the egg is a mature ovum formed in the poultry ovary. The vitelline membrane 

surrounds the ovum and during its release from the oviduct several protecting layers are formed around 

it. Finally a double shell membrane and the calcareous shell, covered by the cuticle, complete the ovum 

protection. The cuticle is solidly adhered to the calcareous shell, sealing the shell pores and serving as 

a first barrier against microorganisms. The cuticle is composed by ovoporfirin, a protein that exhibits 

fluorescence under ultraviolet light, thus providing a mechanism to examine the integrity of the cuticle. 

Eggs are often cleaned with a citric acid solution; however, it may affect the cuticle integrity, thinning 

the calcareous outer shell, diminishing the egg natural defenses. In this contribution, the use of an 

electrolyzed, oxidizing commercial solution with neutral pH (SoluVet®) over the egg shelf life is 

examined. The oxidizing solution prevents the outer shell thinning and keeps the integrity of the 

cuticle, thus preventing microbial infection propagation. 

 

 

INTRODUCTION 

As part of the production process that renders eggs layed by hens in the markets, these are usually 

cleaned with organic acid solutions to prevent the growing of bacteria. Citric and Ascorbic acid 

solutions are the most commonly used in this process. However, these solutions affect the cuticle 

integrity, thinning the calcareous outer shell and thus diminish the egg natural defenses. In other 

words, the process intended to prevent infection of the eggs may have the opposite effect because 

compromises the cuticle integrity and thus favors the microbial transit to the egg. 

 

In this contribution, the use of an electrolyzed, oxidizing commercial solution with neutral pH 

(SoluVet®) as cleaning agent for eggs is examined.  This solution does not affect any of the physic-

chemical properties of the egg, and has an excellent antibacterial response as examined with four 

bacteria frequently associated to infectious in the egg: Salmonella typhimurium, E. coli O157:H7, 

Campylobacter jejuni  and Listeria monocytogenes, in both fertile eggs as well as in eggs for human 

consumption. 

 

MATERIALS AND METHODS 

Methodology for electrolyzed solution and citric acid evaluation. For each experiment, groups of 

10 eggs from a single farm were used. Three groups were formed: Group 1 was treated with a sterile 
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saline solution, while Groups 2 and 3 were treated with the electrolyzed oxidizing solution (EOS) and  

2% citric acid solution respectively. 

 

The eggs of each group were treated with the corresponding solution by spraying the solutions over 

them for 60 seconds, before being transferred to 500 mL sterile plastic bags (Whirl-Pak Nasco). The 

bags were filled with sterile 1% peptone water (100 mL), and the eggs were “massaged” for three 

minutes before removing the eggs (1). The peptone water was diluted and 1 mL samples were 

transferred to Petri dishes containing red violet bile agar (for enterobacter bacteria), AST agar (for 

mesophile aerobic bacteria) and potato dextrose agar (for fungi and yeast) and were incubated at 37, 

37 and 250C respectively for 24, 24 and 120 hours also respectively. Identification was then 

performed using sterile colonies using the Vitek-2 system (Biomerieux). 

 

 

 
Figure 1. Egg treated with saline solution in the plastic back containing peptone 

water.For eggs treated with citric acid, effervescence was observed.   

 

 

Methodology for bacteriologic study of eggs in plate. Bacteriologic studies were performed of the 

same three groups were performed to examine the resistance to infection of  E. coli ATCC 11229, 

Salmonella typhimurium ATCC 9992, Listeria monocytogenes ATCC 19115 y Campylobacter jejuni 

ATCC 33291. For each group 10 eggs were used as before, and the experiments were repeated three 

times. 

Standardization of bacterial suspensions. Each microorganism was seed and incubated two times 

for 24 hours at 37°C, except for Campylobacter jejuni that was incubated for 48 hours at 42°C in a 

CO2 5-10 % rich atmosphere). From here the microorganism were seed in BHI Agar under the same 

conditions previously used. Colonies from the Petri dishes were transferred to sterile conic tubes with 

40 mL of sterile physiological saline solution (SPSS) and diluted until reaching a McFarland level 4 

suspension. 

Egg on a plate contamination. The eggs were left for 24 hours at ambient temperature before the 

assays. The eggs were disinfected using sterile gauze and a 70% ethanol solution, and then were 

submerged in distilled water to remove the disinfectant residue and were left to dry on sterile gauze.  

The contamination system was prepared in Whirl-Pak (111 oz) bags with 100 mL of SPSS.  Bacterial 

suspension (1 mL) was added to each bag and the resulting solution was homogenized. The egg was 

then submerged in the bag and the resulting mix was again homogenized. The system was left 
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untouched for 30 minutes to promote bacteria adhesion. The eggs were removed from the bag and 

were dried for 2 hours on a laminar flow cabinet, except for Campylobacter jejuni for which the 

drying only lasted 30 minutes given its condition as anaerobic bacteria.  

Bacterial count on control eggs. Control systems were prepared on Whirl-Pak bags using 100 mL 

SPSS. The contaminated eggs were taken randomly and submerged on each of 12 control systems. 

Massaging of the eggs was performed for one minute to ensure that the bacteria adhered to the egg 

surface were released. Bacterial solution (1 mL) was transferred to assay tubes with 9 mL SPSS and 

order 10 dilutions were performed until reaching bacterial counts in the range of 25 to 250. From each 

dilution 1 ml was transferred to sterile Petri dishes and 15 to 18 ml of AST Agar were added with 

0.6%  yeast extract (for Campylobacter jejuni Brucella Agar was used), homogenize and left until 

solidified. The Petri dishes were incubated for 24 hours at 37°C (for Campylobacter jejuni incubation 

lasted 48 hours at 42°C on 5-10% CO2 atmosphere). The colonies in each dish were then counted. 

Bacterial count on eggs treated with 25 citric acid solution and EOS solution. Systems with 100 

mL OPS and 100 mL citric acid solution (12 for each) were prepared on Whirl-Pak bags. The 

contaminated eggs were taken randomly and submerged on each of the 12 EOS systems. Massaging 

of the eggs was performed for one minute to ensure that the bacteria adhered to the egg surface were 

released. Bacterial solution (1 mL) was transferred to assay tubes with 9 mL SPSS and order 10 

dilutions were performed until reaching bacterial counts in the range of 25 to 250. From each dilution 

1 ml was transferred to sterile Petri dishes and 15 to 18 ml of AST Agar were added with 0.6%  yeast 

extract (for Campylobacter jejuni Brucella Agar was used), homogenize and left until solidified. The 

Petri dishes were incubated for 24 hours at 37°C (for Campylobacter jejuni incubation lasted 48 hours 

at 42°C on 5-10% CO2 atmosphere). The colonies in each dish were then counted. Steps 2 to 6 were 

repeated for the citric acid systems.  The eggs for each system were taken and left to dry on a laminar 

flow cabinet. The dried eggs were kept on bags at 4°C for sensorial analysis. 

Data analysis. Each experiment is reported as an average for all samples treated and ANOVA 

analysis was performed using standard data analysis packages (Origin Lab Corporation). The assays 

were performed for each of the ATCC bacteria previously mentioned and the experiment were 

repeated three times. 

 

 

RESULTS AND DISCUSSION 

The EOS does not affected the physical or chemical properties of the egg, eliminating all bacteria 

tested: Salmonella typhimurium, E. coli O157:H7 Campylobacter jejuni and Listeria monocytogenes. 

This observation was also true for the fertile eggs for which a 99% successful eclosions were 

observed.  

 

The EOS evaluation for eggs layed by hens could not be understood unless it is compared to the 

standard contained in the NOM Official Mexican Norm for egg handling, i.e. usage of citric acid 

solutions. The results show a superior performance of the EOS solution when compared to the NOM 

procedure having observed a lesser recurrence of infection as well as more successful eclosions for 

fertile eggs as well as those destined for human consumption. The results imply that the eggs treated 

with the EOS solution exhibit longer shelf life, up to 20%, as compared with the eggs treated with the 

standard method. 
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ABSTRACT 

The peppermint leaves are usually dried before processing in the infusions production. They are also 

dried to ensure its long shelf life. This study aimed to determine the drying kinetics and the physical 

properties of two varieties (VR1, VR2) of peppermint leaves (Clinopodium douglasii). Two batches 

(25kg/batch/variety) were dried in a steam trays dryer (CIATEJ’s food processing pilot plant). The 

drying conditions established were: 50ºC/6h, and carrying capacity of 2.89x10-2kg/cm2. The responses 

were quantified by measurements (triplicates) of color (L, a and b parameters) and moisture content 

(%) during each hour and the drying kinetics were studied until the system reached <9.0% of moisture. 

The newtonian model of exponential decay X/X0=A*10(-kt) was used, where k is the drying rate 

constant and A is a constant. This equation correlates the moisture ratio (X/X0) as a function of time 

(t). The data was statistically analized by one way ANOVA and compared with Tuckey’s test 

(significance of the model). Overall, moisture content did not show significant differences between 

varieties (87.26±1.09 and 88.05±0.47% for VR1 and VR2, respectively). In contrast, color parameters 

did present significant differences (LVR1<<LVR2; aVR1>aVR2; bVR1<<bVR2). VR1 and VR2 showed the 

color parameter a as the critical: in both cases it rapidly decreased (6-7units) during the first hour 

showing a high lost in the green color. Furthermore, b and L parameters did not present significant 

differences in VR1. Nevertheless, both parameters exhibited an important decreased (9 and 8units, 

respectively) during the first drying hour for VR2. The asymptotic behavior in the log(X/X0) vs t 

curves, was reached after 2h and 4h, for VR1 and VR2 respectively, corresponding with the drying 

rate constants, kVR1=4.45x10-3min-1 and kVR2=6.50x10-3min-1, and with the A parameter (AVR1=0.97, 

AVR2=0.50 [dimensionless]). The drying kinetics showed high correlation coefficients (R2>0.85). 

These findings could be explained by the bound water linked to the food matrix and to the small size 

of VR2 leaves, the latter by increasing the surface area in contact with the hot air during processing. 

These findings are relevant as drying VR2 (t=2h) represents lower costs in terms of energy, heat 

transfer, and operation time than VR1 (t=4h).  

 

Keywords: drying kinetics, peppermint, pilot plant 

 

 

INTRODUCTION 

Peppermint leaves (Clinopodium douglasii) have a distinctive fresh scent, due to the presence of an 

essential oil rich in menthol in the aerial parts. They are appreciated because light and digestive teas 
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can be produced; and like other Lamiaceae, antiseptic tonic and antipyretic effects have been 

attributed. Other monoterpenes are found in essential oil like 3- (5'-5 'dimethyl-tetrahydrofuran-2'-

4'), the carvacol, carvone, carveol, and its acetate; dihydro-carvone, cineole, cinerol, citronellic acid, 

criptona, cumic alcohol, dipentene, beta-farnesene, geranial, geranic acid, geraniol acetate, limonene 

and various derivatives; linalool, menthofuran, and valerate acetate menthol and thymol and other 

terpenes. Likewise also in the aerial parts they have been identified as cosmosin flavonoids, flavones, 

himenoxín, luteolin, caffeic acid, and mentacuanona, chlorogenic, coumaric, lithospermic, and 

rosmarinic (2). 

 

Peppermint leaves are usually dried before processing in the infusions production. This process is 

used also to ensure its long shelf life. Furthermore, drying is a method of food preservation because 

it is based on the elimination of water to provide microbial stability, reduce deteriorative chemical 

reactions, increase shelf life of the product, reduce storage costs and transportation, reducing weight 

and volume, among others (1). However, drying of foods especially fruits, vegetables and leaves 

involves changes in appearance and physical chemistry, sensory and nutritional quality, so dry food 

must meet certain properties as reconstitution, retention of nutritional value and storage stability 

because, well, these changes have an effect on the acceptance or rejection of a processed product. To 

do this, the processes of mass transfer and heat must be suitable for drying (3). 

 

Normally, the dehydration process involves a series of previous stages such as selection, based on 

color and defects; washing and rinsing, in which the blade must be cleaned perfectly to reduce the 

microbial load; extended, in which the sheet is placed in trays, to achieve a desired contact surface 

and subsequently dehydrated, which requires specialized furnaces, and in which the sheet is exposed 

to temperatures of 60C-70C. These stages subsequent milling step is added (if required) for use as 

flour for the extraction of essential oils; this extraction is usually carried out by steam or a hydro 

distillation. The dehydration process is vital in the quality of mint leaf. 

 

Because of this the overall objective of this work was to dehydrate mint leaves (Clinopodium 

douglasii) on a pilot basis by convective heat. This was done by the following specific objectives: 1) 

conduct the pilot dehydration in oven trays steam by convective heat mint leaves and 2) quantify 

moisture, color and the microbiological quality of the raw material and leaves dehydrated. This study 

aimed to determine the drying kinetics and the physical properties of two varieties (VR1, VR2) of 

peppermint leaves (Clinopodium douglasii). 

 

METHODS AND MATERIALS 

Peppermint leaves. Two varieties (VR1, VR2) of peppermint leaves (Clinopodium douglasii) were 

received on the food pilot plant at CIATEJ’s facility. The varieties were acquired one from México 

state and one from Yucatán. Peppermint variety 1 has long stems and large leaves, while the variety 

2 presented small stems with small leaves. 

Drying process. First, the fresh mint leaves were divided in two batches (25kg/batch/variety) and 

uniformly distributed in the trays with a carrying capacity (trays dryer capacity) of 2.89x10-2kg/cm2. 

Subsequently the trays were placed in the trays dryer, an oven which uses steam for drying with a 

more efficient (convective) heat transfer. Finally, the oven were programmed with the established 

drying conditions: 50ºC/6h, based in preliminary studies (not shown). 
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Physical properties. The responses were quantified by measurements (triplicates) of color (L*, a* 

and b* parameters) using a colorimeter Miniscan (Nuester lab Reston, Virginia EEUU), and moisture 

content (%) using a thermobalance (MB45, Ohaus, EEUU) during each hour. The drying kinetics 

were studied until the system reached <9.0% of moisture. 

Drying kinetics. The Newtonian model of exponential decay X/X0=A*10(-kt) was used, where k is 

the drying rate constant and A is a constant. This equation correlates the moisture ratio (X/X0) as a 

function of time (t). The value of X is given by X=1/(1-hX/100) – 1, where hX, is the moisture on a 

wet basis at any time (in %); X0 is the X initial. 

Statistical analysis. The data was statistically analyzed by one way ANOVA and compared with 

Tuckey’s test (significance of the model). 

 

RESULTS AND DISCUSSION 

Small leaves and stem presented a greater contact area (sample-water vapor) and resulted in a shorter 

residence time in the trays dryer for variety 2. Hence, the drying process conditions were adjusted as 

follows: 50°C/5h given the differences between the varieties.  

 

All the three color parameters change as a function of drying time. The color parameter value a* 

exhibited more homogeneous behavior, presenting a color decrease (≈4 and 6 units for VR1 and VR2, 

respectively), the peppermint leaves presented a bright green color in the start, to an opaque green at 

the end of drying. For VR1 the color parameter b* had no significant differences in the beginning and 

end of the drying, while for VR2 a decrease in b* color parameter was observed, showing from yellow 

colors to brown colors (due to heat in drying treatment). On the other hand, the value of the brightness 

L* showed a decrease (VR2), a typical result of the applying heat; in contrast with VR1 in which the 

L* value increased, this last maybe due to the heterogeneity in the drying of samples due to the use 

of the stems (these stems caused longer drying time). 

 

Color parameters did present significant differences (LVR1<<LVR2; aVR1>aVR2; bVR1<<bVR2). VR1 and 

VR2 showed the color parameter a as the critical: in both cases it rapidly decreased (6-7units) during 

the first hour showing a high lost in the green color. Furthermore, b and L parameters did not present 

significant differences in VR1. Nevertheless, both parameters exhibited an important decreased (9 

and 8units, respectively) during the first drying hour for VR2. 
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Figure 1. Colorimetric properties (L*, a*, b*) of 2 varieties (VR1, VR2) of peppermint leaves (Clinopodium 

douglasii) during the dehydration process (time) in a trays dryer (50º C/5h) 

 

Overall, moisture content did not show significant differences between varieties (87.26±1.09 and 

88.05±0.47% for VR1 and VR2, respectively) in the start of the drying process. As seen below, 

moisture of the samples reached 8.4% in VR1 and to 6.5% in VR2 after drying (6 and 5h, 

respectively). The differences was due to the large amount of water stored in the samples stems. As 

already pointed out, the drying behave differently as a function of variety. In VR2 the drying stopped 

when t= 300min, while in VR1 it was t=360min. Both of the curves were well adjusted to the 

Newtonian model of exponential decay. By linearization of the model, the drying rate constant 

calculated were 4.45x10-3min-1 min-1 and 6.50x10-3min-1 of the VR1 and VR2 curves, respectively, 

showing an important difference between varieties and a faster VR2 drying with a more slight 

coefficient (aVR1>aVR2). On the other hand the asymptotic behavior in the log(X/X0) vs t curves, was 

reached after 2h and 4h, for VR1 and VR2 respectively, corresponding with the drying rate constants, 

and with the a parameter. The drying kinetics showed high correlation coefficients (R2>0.85). These 

findings could be explained by the bound water linked to the food matrix and to the small size of VR2 

leaves, the latter by increasing the surface area in contact with the hot air during processing. These 

findings are relevant as drying VR2 (t=2h) represents lower costs in terms of energy, heat transfer, 

and operation time than VR1 (t=4h).  
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Figure 2. Dehydration process (time) in a trays dryer (50º C/5h) of 2 varieties (VR1, VR2) of peppermint leaves 

(Clinopodium douglasii): moisture; linearizing of the drying equation; models of drying behavior. 
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ABSTRACT 

The production and consumption of milk from sheep in Mexico and the world every time is increased 

because this has important advantages over cow's milk. Sheep milk contains higher levels of 

conjugated linoleic acid and omega-3 fatty acids, it is higher in vitamins and minerals than either cow 

or goat milk. All these nutrients exert health-promoting benefits including protection from heart 

disease. In brief, sheep's milk is extremely high in nutrients compared to other kinds of commercially 

available milk. A common practice of milk producers is its adulteration with cheese whey (CW). 

However, this affects milk processor industries because it decreases the yield of the products obtained. 

There are several methods for determining the presence of cheese whey based on the detection of a 

glycomacropeptide that is present only in CW and not in milk. However, none of these methods is 

focused on the detection of sheep’s GMP. In this work it was performed one immunoassay, the Western 

blot, to identify sheep GMP (GMPs) as indicative of milk adulterated with CW, using a polyclonal 

anti-GMP bovine (GMPb) antibody. The antibody detected two protein fractions (14.1 y 10.2 kDa ) 

corresponding to GMPs, with different molecular weights from those of commercial GMPb (13.92 

kDa and 9.78 kDa)  The effectiveness of this procedure was demonstrated by Western blot analysis of 

processed and unprocessed milk samples, revealed with the polyclonal anti-GMPb antibody.  No bands 

appeared when sheep milk sample does not have GMP. Besides, it showed that the antibody does not 

cross-react with other milk components. The western blot has a sensitivity of 0.5% v/v, with a full time 

development of 8h. 

 

Keywords: Glycomacropeptide, polyclonal antibodies, cheese whey, sheep milk. 

 

 

INTRODUCTION  

The production and consumption of milk from sheep in Mexico and the world every time has 

increased because this has important advantages over cow's milk.   Sheep's milk has a higher content 

of essential vitamins and minerals than cow's milk. It is particularly popular among those with lactose 

intolerance because of sheep milk’s low lactose properties. It may be a surprise to learn that sheep 

milk is actually more nutritious than cow milk and even goat milk. Though it contains a high level of 

butterfat, it is lower in saturated fat than cow or goat milk. The fats in sheep milk are monounsaturated 

and polyunsaturated, which are both heart healthy essential fats. Sheep milk also contains medium 

chain triglycerides that help the body in reducing high cholesterol levels. Sheep milk is also higher in 

mailto:jdominguez@up.edu.mx
http://beveragesandhealth.com/what-to-do-if-you-have-lactose-intolerance/
http://beveragesandhealth.com/what-to-do-if-you-have-lactose-intolerance/
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calcium than cow milk, as well as containing higher amounts of vitamins A, D, and E. It also offers 

essential minerals such as zing and magnesium. To top it all off, sheep milk consumers also enjoy 

higher protein per serving than that of cow’s milk. 

 

A common practice of milk producers is its adulteration with cheese whey. However, this affects milk 

processor industries because it decreases the yield of the products obtained. Fraudulent addition of 

cheese whey to dairy products can be detected by determining the presence of glycomacropeptide 

(GMP), a compound specific of cheese whey and it should be absent in non-adulterated milk (1). 

GMP is a casein-derived whey peptide.  When milk is processed with chymosin during cheese 

making, the milk protein (k-casein) is hydrolyzed into two peptides.  The larger peptide containing 

the amino acid residues 1-105 and it is called para-k-casein, which becomes part of the cheese curd, 

while the smaller peptide containing amino acid residues 106-169 becomes soluble and part of the 

whey (GMP) (1).  

 

Several methods have been developed for the detection of GMP in dairy products: high performance 

liquid chromatography resolution, acrylamide gel electrophoresis with SDS (SDS-PAGE), 

gravimetric methods, colorimetric methods and mass spectrometry. These assays require a major 

work and time and have problems of sensitivity and accuracy at low concentrations requires expensive 

equipment and materials and is therefore not suitable for routine analysis. Further, any of these 

methods has focused on the detection of sheep’s GMP. In this work it was performed one 

immunoassay, the Western blot, to identify sheep GMP (GMPs) as indicative of milk adulterated with 

cheese whey (CW), using a polyclonal anti-GMP bovine (GMPb) antibody (which we had), this 

because of the similarity between the two Glycomacropeptides (5). Therefore, it is necessary to 

develop an easy   a rapid, low-cost, sensitive and specific method to detect GMP as a milk adulteration 

index with cheese whey.  Immunological techniques are of great sensitivity and specificity, based 

mainly on the high specificity of the antibodies to an antigen. (2). 

 

METHODS AND MATERIALS 

Materials. Fresh sheep milk was obtained from the Posta Zootechnical of the Center for Agricultural 

Sciences of the Universidad Autónoma de Aguascalientes. This was used in immunoassays as 

negative control for the presence of whey cheese (milk unadulterated).  GMPb (positive control) was 

provided by Arla Foods Amba, Viby (Denmark).  GMP-specific antibodies were obtained by 

immunization with GMP of   female New Zealand rabbits (6 weeks old) and purified in our laboratory. 

Methods. Twenty-five ml of non-adulterated sheep milk, sheep milk with different amounts of cheese 

whey, were analyzed. Liquid samples were mixed with a TCA solution to a final concentration of 8 

%, in order to precipitate - casein (Benitez et al. 2001), which cross-react with GMP. A second TCA 

treatment to a final concentration of 14 % was developed with the supernatant to precipitate GMP 

(3). The precipitate was dissolved in 20 l of 75 mM Tris HCl, pH 8.0 and the samples were analyzed 

by Western-blot.  

Western Blot: The Bio-Rad Miniprotean III System (Bio-Rad, Hercules, USA) was used for 

electrophoretic separation of protein sample by 13.5% sodium dodecyl sulfate polyacrylamide gel 

electrophoresis (SDS-PAGE) (Laemmli, 1970). Separation was performed under reducing conditions 

for 1.5 h at 80 V in running buffer (0.025 M Trizma base, 0.25 M glicine, 3.7 mM, pH 8.3). Western 

blot was developed proteins were electrophoretically transferred from the gel onto a polyvinyl 

https://en.wikipedia.org/wiki/Polyvinyl_fluoride
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fluoride  membrane for 2 h at 100 mAmp with transfer buffer (0.024 M Trizma base, 0.186 M 

glycine, 5.2 M methanol). Detection of GMPs was performed with polyclonal anti-GMP bovine and 

with secondary antibody conjugated with alkaline phosphatase. The blot was developed with 

BCIP/NBT (5-bromo-4-chloro-3-indolyl-phosphate/nitro blue tetrazolium). 

 

RESULTS AND DISCUSSION 

The antibody detects two protein fractions (PM de 14.1 and 10.2 kDa) corresponding to GMPs, with 

different molecular weights from those of commercial GMPb (14  kDa and 20.1 kDa) (Figure 1). 

Non-adulterated milk and pure GMPb were used as negative and positive controls, respectively. GMP 

derives from k-casein, so it is necessary to work with milk devoid of k-casein to avoid cross-reactivity. 

There was no positive reaction of the anti-GMP polyclonal antibody with milk samples, which 

indicate that GMP does not cross-react with other milk components, thus there is no possibility of 

positive false results. This fact increases the veracity of the test to determine adulteration of milk with 

cheese whey.  

 

 
                                  M            GMPs           GMPb   

Figure 1 Polyclonal anti-GMPb antibody detects two bands of 14.1 and 10.2 kDa corresponding to GMPs in 

sheep cheese whey sample. They have different molecular weights from those of commercial GMPb (14 kDa 

and 20.1 kDa). Bands correspond to GMP in different aggregation state. No bands appear in samples of non-

adulterated milk, indicating no cross-reaction with other milk components.  

 

To identify directly cheese whey in milk, samples of sheep milk adulterated with liquid cheese whey 

were analyzed (Fig. 2). Incubation of the membranes with polyclonal anti-GMPb antibody showed 

bands of 14.1 and 10.2kDa, corresponding to GMPs identification in sheep whey.  Non-adulterated 

milk and pure GMPb were used as negative and positive controls, respectively. The lowest limit of 

cheese whey detected in milk was of up to 5 % of sheep whey (Fig. 2)   

https://en.wikipedia.org/wiki/Polyvinyl_fluoride
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                                                      M           1            5             10       20          100        GMPb 

% cheese whey (w/v) in milk 

Figure 2. Western blot analysis of sheep milk samples adulterated with increasing concentrations of sheep 

cheese whey, using purified polyclonal anti-GMPb antibody diluted 1:1000; M: 10 l of processed milk without 

whey (negative control); GMP: 10 g of pure GMPb (positive control). 

 

The effectiveness of this procedure was demonstrated by Western blot analysis of processed milk 

samples, revealed with the polyclonal anti-GMPb antibody. No bands appeared when sheep milk was 

processed by TCA precipitation, indicating the total removal of the κ-casein from the sample and the 

absence of GMPs. Besides, it showed that the antibody does not cross-react with other milk 

components. The western blot has a sensitivity of 5 % v/v. 

 

To perform HPLC of cheese whey in milk, this analysis it was necessary to purify previously GMP 

and this requires at least 6 hours.  In addition, the use of HPLC equipment is more complex and 

expensive than the method developed by us (3).Therefore, Western blot to detect GMPs by polyclonal 

anti-GMPb antibody proved to be an easier, faster, more sensitive and less expensive method. Another 

advantage of the immuno-blot method is its specificity to detect GMP, while in other methods such 

as HPLC and SDS-PAGE the exact identification of GMP is not assured, because of peptides of the 

same molecular weight, as GMP may be present in milk by action of psychrophile microorganisms 

(Alcázar et al. 2000). This approach can produce false positive results in the adulterated milk analysis 

by HPLC or SDS-PAGE. (3). 

 

CONCLUSIONS 

Antibodies "anti-GMPb" were reactive to GMPs. This is important because a Western Blot 

immunoassay was developed, based on polyclonal antibody recognizing GMP as an index of milk 

adulteration with cheese whey.   The method is  easy, rapid, sensitive and specific to detect GMP. 

Therefore, this assay offers a good alternative to in the routine analysis of milk.  

 

This immunoassay can be used in milk industries to detect sheep milk adulteration with cheese whey 

by western blot.  
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ABSTRACT 

During the purification of stevioside for its commercialisation as a food sweetener, the aqueous extracts 

of stevia must go through a clarification process. One of the most commonly used methods is the 

precipitation with inorganic salts eliminating pigments and phenols that give the black colour to the 

aqueous stevia extracts, followed by ion-exchange chromatography to eliminate the residual salts. The 

precipitation with salts produces large quantities of contaminating wastes with lime, iron or aluminium 

and the ion-exchange chromatography produces eluents with low percentages of stevioside, which 

must be concentrated. This work presents an alternative to skip the precipitation and obtain a greater 

concentration of steviosides. The goal was to evaluate the use of different matrices as an alternative 

for the clarification of these aqueous extracts of stevia. Three types of resins were used, amberlite FPA 

90 Cl, Dowex TAN-1 and Diaion WA30, the polymer PVPP and the activated carbon. The evaluated 

parameters were the loss of colour at 420nm, the turbidity at 670nm and the stevioside concentration. 

The analysis showed that there is a meaningful difference between the materials used to clarify. The 

resins FPA 90 Cl and TAN-1 eliminated more than 98% of the colour and the turbidity. The activated 

carbon and the PVPP eliminated 90% and 95% respectively. The extracts eluted with the resin WA30 

acquired a yellowish colour and use ethanol for the stevioside recovery. With respect to the stevioside 

concentration, 47% of the sweeteners were recovered with the amberlite FPA 90 C1, whilst the Diaion 

WA30, the PVPP, and the TAN-1 recovered 35%, 34% and 33% respectively. Thus concluding that 

the best alternative to clarify stevia aqueous extracts is the amberlite FPA 90 C1, eliminating salt 

precipitation during the clarification process. 

 

Keywords: Stevia, clarification, resin, stevioside 

 

 

INTRODUCTION 

Aqueous stevia extracts are clarified as a part of the purification process of the steviosides. In this 

process, inorganic salts are used to flocculate pigments, phenols and proteins; clarified syrups are 

desalted and decolourised using ion exchange chromatography. Finally, the filtrate is evaporated to 

dryness (1).  

 

Food industry commonly uses polyvinylpolypyrrolidone (PVPP) to clarify wines, juices and plant 

extracts (2,3), activated charcoal is also used for corn and cane syrup clarification; these materials 

could be an alternative for the clarification of stevia extracts. They are easy to acquire and they can 

be regenerated for their continuous use, although the regeneration of activated charcoal is an 
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expensive process. Additionally, there are ion exchange resins like amberlites, which are used to 

clarify corn syrup and plant extracts. 

 

Salt precipitation generates a lot of contaminant waste containing lime, iron and aluminium. The 

purpose of this work is to clarify the aqueous stevia extracts in one step using resins or polymers, in 

order to find different clarification processes to avoid salt precipitation and to reduce the number of 

steps in the steviosides refinement process.  

 

METHODS AND MATERIALS 

Stevia rebaudiana leaves acquired from a local farmer were dried and pulverised to 0.5 mm. Aqueous 

extract was obtained using the reported methodology by Giovanetto (4). The Dowex resins FAP 90 

Cl and TAN-1 were gifted by The DOW Chemical Company. The Diaion WA30 resin, the steviosides 

standards, the PVPP, the activated charcoal, and the acetonitrile were purchased from Sigma-Aldrich 

Chemicals, St. Louis, MO, USA. 

Steviosides UPLC quantification. The steviosides analysis and quantification were realised using 

an UPLC from Acquity Waters, equipped with an Acquity UPLC BEH Amida 3 X 150 mm X 1.7 

µm column and a PDA eλ detector. The detection was made at a 210 nm wavelength, using 

acetonitrile-water (30:70 v/v) as mobile phase. 

Turbidity and colour removal. The turbidity and colour removal were evaluated as reported by 

Mahl et al. (5) 

 

RESULTS AND DISCUSSION 

Stevia aqueous extracts have a dark colour because of the present pigments and phenols, in order to 

eliminate them, inorganic salts are used as flocculants to filter and to clarify. PVPP and activated 

charcoal were tested in the clarification process of stevia extracts. Figure 1 shows the effect of 

different concentrations of PVPP and activated charcoal on the removal of turbidity and colour, and 

the recovery of steviosides. 

 

Activated charcoal (Figure 1A and 1B) removes more turbidity and colour as its concentration 

increases, reaching 90% removal at 120 mg/mL; however, steviosides concentrations decrease 

significantly (Figure 1C), recovering less than 5%. PVPP removed turbidity and colour to 95% 

(Figure 1A and 1B) in all tested concentrations; however, it only recovers 35% of the steviosides 

(Figure 1C). 
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Figure 1. Effects of different PVPP and activated charcoal concentrations in the stevia aqueous extracts 

clarification. A) Turbidity removal, B) Colour removal and C) Recovered steviosides. Capital letters represent 

statistical difference between concentrations of the same matrix. Small letters represent statistical difference 

between matrices (P<0.05). 

 

These results show that activated charcoal is not a good choice for the clarification of stevia extracts. 

PVPP could be an alternative considering that its regeneration is easy and cheap and it can be used 

continuously. Searching better results, the clarification was done using ion exchange resins, which 

are used to decolourise sweet syrups. The used resins were FPA 90 Cl and TAN-1 amberlites, and 

Diaion WA30 resin. 

 

Figure 2 shows turbidity and colour removal from stevia aqueous extracts. The ion exchange resins 

FPA 90 Cl and TAN-1 remove turbidity (Figure 2A) and colour (Figure 2B) to 98%. While the Diaion 

WA30 resin also removes turbidity to 98%, it removes only 50% of the colour, the filtrates obtained 

with this last resin were yellowish.  
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Ion exchange resins, especially amberlites, are excellent options to clarify stevia aqueous extracts. 

However, the steviosides recovery percentage is less than 50%. The FPA 90 Cl resin recovered 47%, 

while the TAN-1, the Diaion WA30 and the PVPP recovered 33%, 35% and 34% respectively. 

 

Figure 2. Clarifying stevia aqueous extracts with ion exchange resins (FPA 90 Cl, TAN-1, DiaionWA30) and 

a polymeric matrix (PVPP). A) Turbidity removal, B) Colour removal, C) Recovered steviosides after 

chromatography. Different letter means statistical difference. 

 

Rao et al. (6) report ultrafiltration as an alternative clarification method, but the removal of pigments 

and phenols is between 70 to 80%. Another alternative is an electrocoagulation method to decolourise 

stevia extracts (7), however, after 7 hours, it removes 63% of colour and 78.5 of turbidity. 

These results show that the FPA 90 Cl resin is the best option to decolourise stevia aqueous extracts 

and to recover steviosides. The use of this amberlite removes some steps in the commercial 

steviosides refinement process (Figure 3), specially the salt precipitation step that produces 

contaminant waste. 
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Figure 3. Steviosides extraction and purification process. A) Traditional method, B) Proposed method in this 

report. 
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ABSTRACT 

Dysphagia is the difficulty for swallowing solids and liquids, which may result in malnutrition, 

dehydration and pneumonia. Thickened beverages are habitually used in the clinical treatment of 

dysphagia since a higher bolus viscosity slows its transit, which would diminish the risk of aspiration. 

However, there is the lack of commercial products designed for dysphagia management in the Mexican 

market. The aims of this study are to obtain the rheological properties (shear viscosity, dynamic 

characterization and extensional viscosity) as well as the sensory properties of beverages thickened 

with pregelatinized starch.  On one side, Rheology helps to understand how the bolus is deformed 

through the swallowing process, thus, the food bolus is expected to be not only subjected to shear 

stresses but also to elongation ones. Consequently, security will be acknowledged comparing the 

rheological properties of the thickened pregelatinized starch beverages, with Barium Sulfate 

Suspensions reference which is considered as a “gold standard” to observe the transit of the bolus 

through the digestive tract. On the other hand, a sensory evaluation is suggested, in order to ascertain 

sensory properties, as well as the interpretation of liking responses to the acceptability of the modified 

beverages as patients dislike thickened liquids, because the use of thickening agents may suppress the 

main flavors of the base beverages and can impart slight off-flavors. In our study, the sensory profile 

will include a Flash Profile and an Internal Preference Mapping to obtain the liking average scores and 

the most accepted product. The results showed that adding 7% pregelatinized starch to soymilk and 

lactose-free milk, makes a honey like consistence dysphagia oriented beverages, both with an enriched 

sensory profile, as well as a product well evaluated by consumers “like slightly” in overall liking, and 

as a “safe” product.  Additionally, the modified fluids presented non-Newtonian behavior in both, shear 

and extensional flows; and it was observed that they fitted into the power law model.  

 

Keywords: mucilage, dispersing agent, bariatric surgery, vegetable protein. 

 

 

INTRODUCTION 

Dysphagia is the difficulty for swallowing solids and liquids, which may result in malnutrition, 

dehydration and pneumonia (1). This kind of alteration has been classified as a function of the region 

in which complications arise. It can appear at any age and may be related to some neurodegenerative 

diseases, such as Parkinson, throat cancer or some others diseases like brain stroke. Patients with 

dysphagia should be very careful about their diet. Hence the outcome of the diagnosis is useful 



 

263 
 

because it helps to know the features that will make a food safe. Thus, patients are able to eat without 

any risk and obtain the nutrients needed for a good health. Commonly, thickened beverages are 

habitually used in the clinical treatment since a higher bolus viscosity generates a cohesive mass, 

slows its transit stimulating the swallowing reflex so closing off the airway, which would diminish 

the risk of aspiration. In some countries, therapist aims to provide food whose features are as close as 

possible to those of the contrast fluid that resulted safe during the diagnosis (2). However, there is the 

lack of commercial products designed for dysphagia management in the Mexican market. The aim of 

our study is to assess a rheological characterization in terms of shear viscosity, dynamic 

characterization and extensional viscosity as well as the sensory properties of beverages thickened 

with pregelatinized starch (PS).  On one side, Rheology helps to understand how the bolus is deformed 

through the swallowing process, thus, the food bolus is expected to be not only subjected to shear 

stresses but also to elongation ones. Consequently, security will be acknowledged comparing the 

rheological properties of the thickened pregelatinized starch beverages, with Barium Sulfate 

Suspensions reference (Varibar ®) which are considered as a “gold standard” to observe the transit 

of the bolus through the digestive tract. On the other hand, a sensory evaluation is suggested, in order 

to ascertain sensory properties, as well as the interpretation of liking responses to the acceptability of 

the modified beverages as patients dislike thickened liquids, because the use of thickening agents may 

suppress the main flavors of the base beverages and can impart slight off-flavors (2).  

 

MATERIALS AND METHODS 

The contrast fluids chosen in this work are the commercial honey and pudding thick consistency 

barium sulphate suspension (BSS) from E-Z-EM, Inc, Lake Success, NY (Varibar®) with the purpose 

of matching the rheological properties of the modified fluids with these references and assure their 

safety deglutition considering that The National Dysphagia Diet Task Force classifies thickened 

liquids according to their viscosity as: (a) thin (1-50 centipoise [cP]), which includes all unthickened 

beverages and supplements; (b) nectar-like (51-350 cP); (c) honey-like (351-1,750 cP); and (d) spoon-

thick (more than 1,750 cP) (3). 

 

The food matrices thickened were skim milk, a rehydration drink, apple juice and a soy natural flavor 

commercial beverage. All of the beverages were thickened with different concentrations of 

pregelatinized starch (3 to 12% w/w). The mixtures were thoroughly agitated until they reached 

homogeneity avoiding lumps formation. 

 

A stress controlled rheometer (Anton Paar Physica MCR101), equipped with a plate-and-plate 

measuring system (Anton Paar, diameter: 50 mm, 1 mm gap), was used for the determination of the 

shear viscosity curves at 25°C. The samples were agitated for one minute before loading them into 

the rheometer; subsequently, they were left at rest for one minute. Finally, a logarithmic ramp in a 

shear rate range of 0.1-500 s-1 was used to obtain the flow curves. Each sample was measured in 

triplicate from a separate preparation. The data were analyzed with RheoPlus 3.5® software.  

 

Strain sweep tests, at the frequency of 1 Hz, were performed to determine the linear viscoelasticity 

region. Therefore, the storage modulus (G’) and the loss modulus (G’’) were recorded as a function 

of frequency between 0.1 and 500 s-1 for each sample within the linear viscoelasticity region. A 
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custom-built orifice rheometer based on the Binding analysis and the pressure drop due to the flow 

through a small orifice, was used to measure the extensional rheological properties of the samples.  

Data were analyzed by a paring one way analysis of variance (p < 0.05) as well as a comparison with 

commercial contrast suspensions designed for dysphagia diagnosis (Varibar®). Also, a power law 

model  

𝜎 = Kγ̇n 

was applied to shear and extensional viscosities, so the parameters such as consistency coefficient (k-

value) and flow behavior index (n-value) were obtained for each thickened fluid.  

 

The sensory analysis was assessed with 100 consumers in five categories: appearance, texture, smell, 

taste and liking general; with a 9 point hedonic scale where the number 1 was:  “disappoint me very 

much,” and point 9 means: "I like plenty". Thickened flavored vanilla milk and soy beverage were 

selected. For comparison, an extra drink with which the consumer is connected was selected. It was 

a beverage prepared with the same flavored milk but texturized with corn starch (“atole” powder).  

 

RESULTS AND DISCUSSION 

As a first approximation, different concentrations of PS were used with the selected matrices and 

compared with the reference fluids. According to the results obtained, shear-thinning is observed in 

all the fluids thickened with PS. As an example, Figure 1 shows the flow curve of milk with 7% PS 

and soy beverage with 9% PS compared with the reference fluids Varibar®. It can be observed that 

milk with 7% PS matched to the honey consistency profile while the soy beverage with 9 % PS is 

similar to the profile of pudding fluid reference. 

 

 
Figure 1. Flow curves for Milk 7% and Soy Milk 9% compared with the Varibar Honey and Pudding 

consistencies contrast fluids, 
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The statistical analysis (ANOVA) find out that the concentrations that approached more to a honey 

like consistency are near 7% whereas 8 to 10 % were for a pudding like consistency. Pregelatinized 

starch granule swells up when added water, losing its crystalline structure and a paste is formed (4). 

For this reason, it is required high concentrations of PS to reach the honey and pudding like 

consistencies. By using the power-law model, the parameters of consistency and flow indexes were 

obtained for all the thickened fluids. Consistency behavior increases with increasing PS 

concentration, which is related to a larger amount of solids in the matrix. All the samples presented 

shear-thinning profile.  In Table 1 are presented the parameters for the final samples selected.  

 

Table 1. Parameters of the power-law and type of consistency for the food matrices thickened with 

pregelatinized starch. 

 
 

In the case of honey consistency, the sport drink had the highest K index, then the apple juice and 

finally skim milk. The electrolytes present in the hydration fluid generate greater interactions with 

the PS giving a strong structure. In the case of clarified juices such as the apple one, the interaction 

with the PS is observed, however it is lower due the little electrical loads and the presence of high 

concentrations of sugar. For milk, there not exist this interaction because of the casein, fat globules 

and lactose which make a light network with the PS. Pudding type matrices generated higher 

consistency indexes. The dynamic characterization (data not shown) reports that all cases show a 

prevalence of the storage modulus over the loss modulus, which favors stable, cohesive and 

homogeneous systems. It should to consider the extensional rheology, since during the swallowing 

process, the bolus is subjected to both shear and extensional deformations. The extensional results 

(data not shown) reported also thinning in extensional flow, although the flow index (n) were lower 

and closer to the Newtonian behavior in contrast to its shear behavior. 

 

Sensory evaluation. The results of sensory evaluation (Figure 2) indicate that consumers prefer 

products that are familiar, such as the atole beverage. Likewise, consumers resist accepting alterations 

in the diet or testing poorly known products such as the PS which generated textures and flavors that  

the consumer it is not related. Familiarity with the tastes and smells determines, to some extent, the 

level of pleasure to a food [6].  Soymilk was the one that had the lowest rating, due to several factors. 

The high content of PS, necessary to achieve consistency pudding generated a pasty mouthfeel a note 

starchy and an unattractive appearance due to small granules were obtained when using high 

concentrations of PG; and so low knowledge with this thickened drink. 
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CONCLUSIONS  

After conducting a study to various matrices thickened with different concentrations of PS, 3 matrices 

honey (concentration 7% PS) and 3 pudding matrices were proposed with above 8%. 

Even though the rheological characterization reveals security for consumption by patients with 

dysphagia, the high concentrations of pre gelatinized starch used to generate consistencies needed, 

caused noticeable sensory alterations of the products which slightly disgust the consumers. Therefore, 

they are not completely accepted by the consumer. 
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ABSTRACT 

A parameter estimation approach was applied to characterize the heat transfer of Scraped Surface Heat 

Exchangers (SSHE) specifically designed for the food industry, in this case watermelon juice samples 

were pasteurized. The nanocapsules of α – tocopherol were obtained by the emulsification – diffusion 

method. The dispersion was evaluated by its particle size (PS), polydispersion index (PDI) and zeta 

potential (ζ). The scanning electron microscopy evaluation confirms the presence of capsular 

structures. Complete factorial design (α=0.05) was used to study the effect of the independent variables 

― volumetric flow (3 – 5.4 x 10-6 m3/s), steam pressure (50 – 150 kPa) and rotor speed (2.4 – 4.8 s-1) 

with constant water flow cooling (8 L/min) to 4 °C on the convective heat transfer coefficient (h) and 

overall heat transfer coefficient (U). Colburn's method is an adequate benchmark for evaluating energy 

transfer because it can be applied to industrial design. Multiple logarithmic regression to express the 

Nusselt number versus Reynolds and Prandtl number which is considered a simple empirical 

modification velocity analysis focused on heat transfer. Nanocapsules had an average particle size of 

244 nm with a PDI of 0.09, indicating a submicronic size with narrow particle distribution. The ζ was 

of -42.19 mV suggesting a physical stable dispersion with low probability of aggregation. For the 

convective heat transfer coefficient has values between 2000 – 3000 W/m2 °C with an effect direct of 

steam pressure and volumetric flow in lineal and interaction terms (p≤0.05) and the overall heat 

transfer coefficient has values between 550 – 700 w/m2 °C with an effect direct of steam pressure and 

volumetric flow in lineal and interaction terms (p≤0.05). Use of nanocapsules of α-tocopherol does not 

influence significantly on the heat transfer coefficients in the pasteurization process in a SSHE. 

 

Keywords: Heat Transfer, Nanotechnology, α – Tocopherol, Watermelon Juice 

 

 

INTRODUCTION 

Parameter estimation represents a powerful tool for many engineering applications such as the design 

of heat exchangers. In fact, this approach offers the ability to estimate unknown parameters, which 

are often crucial for the design and optimization of the whole heat transfer apparatus. This strategy 

appears to be particularly useful in the design of heat exchangers that are customized for certain 

specific purpose, as often happens with Scraped Surface Heat Exchangers (SSHE) (6). In any of the 

possible configurations, the heat transfer coefficient is augmented by the mixing of the fluid in the 

boundary layer, activated by the rotation of the shaft and by back mixing phenomena. The complex 

flow pattern established in SSHEs is often described by adopting the axial Reynolds number and the 

rotational Reynolds number (2). The market acceptance of watermelon juice is increasing worldwide 
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due to its sensorial, physical and nutritional properties (1). The Emulsification–Diffusion Method 

(EDM) allows the preparation of nanocapsules (NCs) which architecture enhances to encapsulate 

lipophilic active-substances. Nanotechnology is now set to impact the food industry at all stages of 

processing, right from primary production at the farming level, and has been shown to improve the 

functionality of some emerging technologies, such as edible films for food applications. 

Nanoencapsulation provides an additional protector effect that impedes the degradation of 

thermolabile compounds in a thermal process. This effect is attributed to the presence of the 

membrane film formed around the oily core (4). 

 

MATERIALS AND METHODS 

Materials. Poly-ε-caprolactone (PCL) (Mw ~80 kDa, ρ = 1.147 s/cm3 at 25 C) was obtained from 

Sigma-Aldrich® (USA). The stabilizing agent was Pluronic®, F-127 (Poloxamer 407, PF-127) 

(BASF, México). Sunflower oil (ρ=0.921 g/cm3 at 25  C), β-carotene was used as oily core from 

Sigma-Aldrich® (USA). The partially water-miscible solvents was ethyl acetate (EA) HPLC grade 

supplied Fermont (México). The solvent was selected due to their low toxicity (ICH class: 3). 

Distilled water was of Milli-Q quality (Millipore®, USA-Bedfore, MD). All other reagents were of 

analytical grade and were used without further purification. 

Nanocapsules Preparation. NCs were produced by the Emulsification-Diffusion Method (EDM) 

described in detail elsewhere (5) according to optimization performance proposed by (7). 

Particle Size (PS), Polydispersion Index (PDI) and Zeta Potential (ζ). PS distribution and PDI 

were determined by the laser light scattering technique at 273° fixed angle and 25ºC, using a Z-sizer 

4 (Zetasizer Nano Series Malvern Ltd, France). The dispersion was diluted in Milli-Q® water, 

according to the volume frequency histogram. ζ was evaluated for the system prepared using a Z-

sizer 4 (Zetasizer Nano Series, Malvern Ltd, France) after appropriate dilution in distiller water Milli-

Q®. ζ values were normalized with polystyrene standard dispersion (ζ = -55 mV). Measurements were 

made at 25°C in triplicate. 

Pasteurization Process. An scapred surface heat exchanger (SSHE) (Armfield® LTD FT25C, 

England) was used to the thermal treatment of the watermelon juices with α-tocopherol of 

submicronic in a concentration of 100 µg/mL. 

Adimensional Numbers. Colburn's method is an adequate benchmark for evaluating energy transfer 

because it can be applied to industrial design. Multiple logarithmic regression to express the Nusselt 

number versus Reynolds and Prandtl number which is considered a simple empirical modification 

velocity analysis focused on heat transfer. 

 

LMTD 

LMTD =
∆T2−∆T1

ln(∆T2−∆T1)
          (1) 

 

Velocity 

v =  
Q̇

π 
(Ds

2−Dr
2)

4

          (2) 

 

Rynolds Number 

Rer =
N(Di)2ρ

η
          (3) 
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Prandtl Number 

Pr =  
Cp η

KT
          (4) 

 

Heat Transfer Coefficient (h). The heat transfer coefficient is usually expressed in terms of 

empirical correlations of Nusselt: 

 

Nu = aRebPrc         (5) 

 

Replace obtained constants in equation 5 to obtain the heat transfer coefficient of the process fluid 

through the following expression: 

 

h = 
Nu KT

2RHCylinder
         (6) 

 

Overall Heat Transfer Coefficient (U). The overall coefficient of heat transfer "U" is one of the 

most important parameters representing in a SSHE. In general the overall coefficient is expressed as 

follows: 

 
1

U
=

1

hf
+

X

KT
+

1

hp
           (7) 

  

Experimental Design. Complete factorial design (α=0.05) was used to study the effect of the 

independent variables ― volumetric flow (3 – 5.4 x 10-6 m3/s), steam pressure (50 – 150 kPa) and 

rotor speed (2.4 – 4.8 s-1) with constant water flow cooling (8 L/min) to 4 °C on the convective heat 

transfer coefficient (h) and overall heat transfer coefficient (U) using the statistical analysis software 

MINITAB® Release 17. 

 

RESULTS AND DISCUSSION 

Particle size, PDI and zeta potential (ζ). Nanocapsules had an average particle size of 244 nm with 

a PDI of 0.09, indicating a submicronic size with narrow particle distribution. The ζ was of -42.19 

mV suggesting a physical stable dispersion with low probability of aggregation. 

 

Heat Transfer Coefficient (h). Fig. 1 shows the convective heat transfer coefficient has values 

between 2500 – 2700 W/m2 °C with an effect direct of steam pressure and volumetric flow in lineal 

and interaction terms (p≤0.05) 
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Figure 1 Main effects plot for h in a SSHE 

 

Overall Heat Transfer Coefficient (U). The overall heat transfer coefficient has values between 550 

– 700 w/m2 °C with an effect direct of steam pressure and volumetric flow in lineal and interaction 

terms (p≤0.05). 

 

 
Figure 2 Cube plot of U in function of independent factors 

 

The heat transfer phenomenon scraped surface exchangers occurs in laminar and based on 

experimental tests concluded that is related to the flow patterns created by the geometry of the blades 

and rotor (2). 
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CONCLUSIONS 

Energy results showed that both coefficients shown directly dependent on the flow rate and pressure 

of steam in the system, also the interactions between these two variables must be carefully analyzed, 

considering the speed of the blades as a secondary factor not little significant in the thermal evaluation 

system. Use of nanocapsules of α-tocopherol does not influence significantly on the heat transfer 

coefficients in the pasteurization process in a SSHE. 
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ABSTRACT 

Mucilage is a typical component of the Cactaceae family which has potential uses as an additive for 

several industrial products, including those of the food and pharmaceutical industries. The composition 

of Opuntia ficus indica gums give gelling capabilities to the products as they modify the viscous 

properties of the fluids or may be used as stabilizer of water-oil emulsions or to avoid flocculation. All 

these properties have increased the economic interest for the use of this hydrocolloid in the formulation 

of some foodstuffs, but mucilage powder of Opuntia ficus indica is not commercially available. 

Conventionally, mucilage extraction and purification operations have been carried out with aqueous 

solutions by an organic solvent method, which increases its cost, reduces efficiency process and cut 

the feasibility of its use in the food industry. In the present work, the powdered mucilage has been 

obtained by a free solvent process involving dry milling of the cactus, vacuum filtering and spray 

drying of the condensed cactus juices. Chemical characterization of the obtained mucilage was then 

carried out by thin layer chromatography after an acid hydrolysis. It was found that the polysaccharide 

is composed of arabinose, galactose, ramnose, xylose and galacturonic acid. The presence of those 

components was also quantified by a laser microscope. At the same time, the use of the mucilage as 

dispersing agent, GRAS type, was proposed in hypoenergetic formulations of vegetable protein for 

patients with bariatric surgery. Therefore, dispersion tests were carried out using vegetable, cereal and 

leguminous flours in milk, juice or water. In the case of milk, the use of a thermography camera was 

implemented due to its opacity, so the dispersion efficiency could be determined in this alimentary 

matrix. 

 

Keywords: mucilage, dispersing agent, bariatric surgery, vegetable protein. 

 

 

INTRODUCTION 

The mucilage obtained from Opuntia ficus indica is a high molecular weight heterogeneous 

polysaccharide that in view of its chemical composition may be used as dispersing agent in 

suspensions, since it has been found that this hydrocolloid modifies its viscous properties (1). These 

qualities make this hydrocolloid attractive for the formulation of certain alimentary products. 

However, as at the present time, it is obtained by precipitation with solvents, such as acetone or 

alcohols, with low yields and high production cost, this kind of mucilage may not be suitable for 
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foodstuff processing (2). In this work, a solvent-free mechanical extraction method has been applied 

for the extraction of Opuntia ficus indica mucilage, in order to improve the yield, obtain a generally 

recognized as safe (GRAS) mucilage that would be used as dispersing agent in hypoenergetic 

suspensions of vegetable protein for patients with bariatric surgery in the second stage after the 

intervention (general liquids stage). The experimental strategy consisted of developing a high 

performance extraction method followed by chemical and rheological characterization of mucilage 

obtained and the evaluation as dispersing agent. 

 

MATERIALS AND METHODS 

Mucilage extraction and dry procedures. Fresh cladodes of Opuntia ficus-indica from Milpa Alta, 

Mexico, were washed with water, chopped into small slices and milled in a blender for 5 min. The 

cactus chaff was mechanical pressed and the juice obtained was filtered in several stages and 

refrigerated at 4°C in order to keep it fresh. It was filtered by gravity, simple vacuum filtering and 

with Kieselguhr filter aid. Finally, the mucilage solution was dried by a Niro Atomizer® spray dryer 

to obtain mucilage powder. The process flow diagram is illustrated in Figure 1.  

 

 
Figure 1. Flow diagram of Opuntia ficus indica mucilage production. 

 

Chemical characterization. The proximate chemical analysis of the mucilage was performed 

according to the AOAC Method (3), while the chemical characterization was carried out by thin layer 

chromatography, doing some changes in regard to the reference such as the standard solution 

concentrations and the sample preparation instead of which it was used the hidrolizated sample (4). 

Thin layer chromatography was performed after an acid hydrolysis with sulfuric acid 6% v/v, heated 

at 80°C and reflux. Chemical characterization was performed to elucidate the real composition of the 

mucilage polysaccharide. The stationary phase was glass plates with a thin layer of silica gel 

(Macherey-Nagel GmbH & Co. KG DC-Fertgplatten SIL G-25). Mucilage polysaccharide 

-5.0) were applied to the thin-layer chromatography plate with 

standardized micropipettes. The mobile phase was a 2:1:1 mixture of 1-butanol: acetic acid: distilled 

water and as developer: ethanol: distilled water: sulfuric acid ratio 20: 20: 1 was used and also the 

chromatography plate was heated at 100°C. Standard solutions of arabinose, galactose, rhamnose, 

xylose and galacturonic acid were prepared with a concentration of 1000 ppm. 

Rheological measurements. Mucilage powder was suspended in water, apple juice and skim milk at 

5, 10 and 20% (w/w). Such ratio was selected on the basis of the requirements of the early postsurgical 

scheme of bariatric patients, which indicates that at the second stage after surgery, it is imperative to 

consume only liquids such as water, skim milk or fruit juices. Steady-state viscous flow tests were 

carried out in a rotational rheometer (MCR101, Anton Paar Physica®, Austria) equipped with a cone 

and plate geometry (50 mm diameter, 0.1 mm gap). After obtaining the flow curves for each case, it 
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was observed that they fitted into the power law model. All measurements were carried out at 25 °C 

and by triplicate. The statistical analysis was performed with an one-way analyses of variance 

(ANOVA, α=0.05) using the software Graph Pad Prism®, version 6.07. The analysis looked for 

wether or not there were significant differences of the suspensions of mucilage powder with respect 

to the rheological properties of the reference fluids such as Thin and Nectar type, Barium Sulfate 

Suspensions (BSS) Varibar® from E-Z-EM, Canada Inc. (Lake Success, NY).  

Sedimentation tests. Sedimentation tests were used to demonstrate that the mucilage could be used 

as dispersing agent in vegetal protein intakes of people who are nutritionally compromised as the 

postsurgical bariatric patients. The sedimentation test was composed by qualitative and quantitative 

evaluations. Four flour mixtures of cereals and legumes were tested: oats and lentils, broad beans and 

quinoa, lentils and quinoa, beans and quinoa (each one at 1% w/w). It was selected 10% w/w of 

mucilage resuspended in skim milk and skim milk without mucilage as a control. Using these 

concentrations, energy and nutritional requirements of bariatric patients were covered consuming 

intakes of 50 mL every 30 minutes throughout one day. Milk is a complex food matrix which color 

difficults the observation of sedimentation, therefore an image analysis technique was implement to 

evaluate the sedimentation of flour mixtures. The qualitative evaluation consisted of stirring 

suspensions 1 min, once stopped agitation, a video was recorded using a camera Logitech HD Pro® 

Webcam C920 with a duration of 30 min; finally the initial and last images were compared. In the 

quantitative test, after homogenizing for 1 min, the suspensions were centrifuged (BHG ROTO-

UNI®) at 500 rpm, one minute and the percentage of sedimented flour (dried basis) was determined 

to evaluate the stability of the suspensions. 

 

RESULTS AND DISCUSSION 

Extraction yields of mucilage was 98.90 % with reference to fresh cladodes after the dry milling step, 

whereas 85.90 % after mechanical press and 70.01%, after vacuum and filter aid steps. Extraction 

yield of mucilage after spry drying process was 1.60 % (measured on a wet basis). This value that is 

significantly higher, than those reported for extraction with organic solvents: 0.07% (5), 1.0-1.2% (6) 

and 1.48 % (2). 

 

The proximate analysis of the mucilage reports that the major part of the composition is carbohydrate 

(62.68 %) and ashes (25.93%), while low content of lipids (0.71%) and crude protein (7.65%) were 

also found.  The ash content suggests a high mineral quantity, making feasible to use mucilage in 

formulations for bariatric patients, which require coverage deficiencies of selenium, copper, zinc and 

calcium.  In the light of this data, it is worth to perform a more detailed analysis to identify and 

quantify the minerals in the mucilage samples. It is also important to consider the contents of lipids, 

crude protein and carbohydrates of the mucilage in the energy and nutritional formulations in order 

to accomplish the requirements of the hypocaloric bariatric diet which indicates the importance of the 

consumption of 600 kcal at most daily and also sets the percentage in which the macronutrients must 

cover such amount of energy (20-30% from lipids, 40-50% from carbohydrates of which it must be 

5% simple sugars at most). 

 

The thin layer chromatography showed that the main components of the mucilage polysaccharide 

extracted from Opuntia ficus indica of Milpa Alta, Mexico (Figure 2) are arabinose (Rf: 0.51) and 

galactose (Rf: 0.48). That results are consistent with those reported in the literature for the mucilage 
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from different species of Opuntia, though different authors also reported the presence of other sugars 

such as xylose, rhamnose and also galacturonic acid (2, 7).   

 

 
Figure 2. Thin layer chromatography plaque with mixture of simple sugar standards and two samples of 

mucilage (from left to right):  a) arabinose, xylose, mucilage 1 and mucilage 2; b) galacturonic acid, galactose, 

rhamnose, all standards. 

 

The viscosity curves of all the mucilage powder suspensions showed shear-thinning behavior in all 

cases. While the concentration of suspended mucilage increased, viscosity also increased. This result 

is consistent with that reported before (8). The ANOVA showed significant differences of the 

mucilage suspensions in water and apple juice with respect to the rheological properties of the 

reference fluids (Varibar®), but mucilage powder suspended at a concentration of 10% w/w in skim 

milk had a similar behavior to Thin BSS (Figure 3). Therefore, this concentration was selected for 

the sedimentation tests. 

 

 
Figure 3. Steady-state viscous curves for mucilage powder suspended in water, apple juice and skim milk at 

10% (w/w) compared with BSS Nectar and thin type. 

 

a b 
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The dispersing capability of the mucilage was evaluated in the sedimentation tests. It was observed 

that after stopping agitation (Figure 4), in the control samples (without mucilage), all the flour 

mixtures promptly sediment while in the samples with 10% w/w of mucilage no settling was 

observed, even after 30 min, time in which patients would consume the next intake. 

 

 
Figure 4. Sedimentation test: left tube corresponds to the control sample, without mucilage and the right one, 

the sample with mucilage 10% w/w for each image; from left to right: a) oats and lentils, b) broad beans and 

quinoa, c) lentils and quinoa, d) beans and quinoa. 

 

Besides, the sedimentation test showed that after centrifugation, the sediment percentage were 

different in each mixture and also that such percentage was higher in control samples than those with 

mucilage. The latter behavior was expected because in regard to the image analysis, the mucilage of 

Opuntia ficus indica was an efficient dispersing agent of the suspensions, however the stability of 

them decreases when it is applied a mechanical effort such as the centrifugation. The sediment 

percentages for control samples were: 1.45% for oats and lentils, 1.39% broad beans and quinoa, 

1.49% for lentils and quinoa and beans and quinoa mixture 1.45%; whereas in samples with mucilage: 

0.85% oats and lentils mixture 0.73% for broad beans and quinoa, 1.08% lentils and quinoa, and 

0.62% for beans and quinoa. These differences may be due to mixtures with the more dense flours 

have enlarged sedimentation. Therefore the highest sediment percentage was the one of the lentils 

and quinoa mixture in both cases. 

 

CONCLUSIONS 

A solvent-free mechanical extraction high performance process of mucilage was developed. This 

mucilage is feasible to be used in food processing as it is GRAS product. The mucilage powder could 

be used as a dispersing agent in vegetable protein suspensions at the concentration of 10% w/w using 

skim milk, since it avoids sedimentation even for dense mixtures. 
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ABSTRACT 

Sheepmeat, its consumed in Mexico mainly in “barbacoa” (90%) and few studies have been done 

around new options to promote the diversification of products. The aim of this study was to evaluate 

the effect of grinding meat with different sieves and adding different combinations of kappa 

carrageenan/soy protein isolate (CK-SPI) in physical and mechanical parameters of burger vacuum 

packed. We worked with meat from the hindquarter of sheep race Columbia, 4 months old. Eight lots 

of burgers were prepared, 4 lots for each diameter sieve (0.6 and 1 cm) and 3 of each diameter were 

produced, adding 2% CK-SPI: 1) 25/75, 2) 50/50 and 3) 75/25, and 4) without CK- SPI (Control). Five 

burgers 40 g approximately each batch were molded, were vacuum packaged and stored under 

refrigeration at 4 ° C until assessment. Were assessments aw, water holding capacity (WHC) hardness, 

color profile parameters (CPP) (CIE L *, a *, b *) and returns before and after cooking on grill, at the 

start were performed, after 24 h and 7 days of preparation. The results were analyzed with Minitab 

16.1.0 by analysis of variance (ANOVA) 2-way (α = 0.05) for the properties of all lots. CPP were 

assessed with a general linear model. All lots improved their performance and stability when CK-SPI 

added. WHC results (P <0.01) and the best results when grinding done with 10mm and (P <0.05) when 

comparing between diameter sieves; aw showed no statistical difference (P> 0.05) between 

formulations, however was (P <0.01) for the same formulations; for hardness there are highly 

significant differences (P <0.01) between treatments being the highest values when CK/SPI 25/75 

added. The evaluation of CPP, the effect of Blooming led to increases in all values of L*, a* and b* 

after 30 minutes rest before their evaluation on hamburgers packaged without vacuum, without 

statistical differences. 

 

Keywords: Sheepmeat, Burguer, Kappa carragenan, soy protein isolate, grinding sieve 

 

 

INTRODUCTION 

In modern meat industry is widespread use of additives, meat extenders and functional ingredients 

such as proteins and polysaccharides. Use in combinations of proteins and polysaccharides can 

promote improved functional properties. These functional properties encompass some physical, 

physicochemical and mechanical properties. The application of carrageenan in the meat industry is 

mainly as technological help to keep the water in the meat system during the cooking operation, and 

therefore moisture and soft texture of the products based on meat, as in the various types sausage. 

Protein soy isolates (SPI) have also been incorporated into these products by their ability to retain 

water, binding fat, increased emulsion stability and increase in yields of final product (7, 12, 13). A 

wide variety of meat products, where the burger is an example, may be added with functional 
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ingredients, to improve properties of texture, color, sensory, etc. In addition to the use of these 

ingredients, attention should be paid to certain factors that may affect the correct processing and thus 

compromising these properties, as grinding meat, which directly influences the degree of extraction 

of myofibrillar proteins and therefore different characteristics in the final product. (8, 18). 

 

In Mexico it is estimated that of the total sheep production, basically 90% is consumed as barbecue 

and only 10% is prepared in another way, as a lamb to the shepherd, lamb coffin, mixiotes, rubbish 

sheep, lamb and kid lamb as a substitute, as well as fine cuts of lamb (14). In this way and in the 

search for new products to commercialize, a hamburger sheepmeat, obtained by grinding with sieves 

of different diameter, added various proportions of kappa carrageenan (CK) and protein isolate soy 

(SPI) was developed . 

 

MATERIALS AND METHODS 

We worked with hindquarter meat sheep, race Columbia 4 months old, sacrified in the meat shop FES 

Cuautitlan. Meat pulp with 8 lots of burgers, 4 for each diameter sieve (0.6 and 1 cm), of which three 

of each diameter were added to 2% with different mixture (CK-SPI) were prepared (25/75, 50/50 and 

75/25) previously hydrated and control of each batch grinding without addition. Burgers 

approximately 40 g were molded with dimensions of 6.5cm in diameter and 0.8cm thick and placed 

in individual packages pouche type Cryovac Sealed Air (15.4 cm wide and 20.48 cm long, with a 

nominal thickness of 0.01524 cm), they sealed under vacuum and stored under refrigeration at 4 ° C. 

After 24 hours the raw burgers were evaluated in terms of water activity (aw) with a hygrometer dew 

point mark Decagon Devices model Pawkit (USA) as 32,004 AOAC (2000) method (3), retention 

capacity of water (WHC ) by controlled centrifugation with a refrigerated centrifuge mark Centurion, 

Mod. K2015 (England) according to the method described by Honikel (9), evaluation of hardness 

with a digital force gauge Gauge SHIMPO model FG 2.5 (USA) and the method described by Honikel  

(9), evaluation of color profile by a reflectance spectrophotometer KONICA MINOLTA CM 600 

(USA), according AMSA (2012) (2). The yield was determined by weight change before and after 

cooking, which was assessed using the method described by Pinero et al. (2004) (16). An analysis of 

variance (ANOVA) 2-way with a significance level of 5% (α = 0.05) for all the properties except the 

color profile in which a general linear model was performed, both with Minitab 16.1.0 software was 

performed. 

 

RESULTS AND DISCUSSION 

Water Activity (aw). The interaction by the addition of functional ingredient (CK-SPI) shows highly 

significant differences (P <0.01) compared to controls and treatments and blocks differences were 

not significant (P> 0.05), so the aw is not affected by CK-SPI addition or the particle size (6 to 10 

mm) but by the interaction of both. The values obtained show increases and decreases, so it is 

considered that the aw of hamburgers grinding 0.6cm and 1cm added with CK-SPI has values from 

0.85 to 0.96, which makes it highly susceptible to microbial growth and spoilage reactions . The aw 

is affected due to the gelation and addition of CK-SPI, which promote interactions between meat 

proteins and functional ingredients with water, tightly bound, due to the formation of hydrogen bonds 

with these macromolecules resulting in a more stable system and a greater reduction in aw. 
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Water holding capacity. The WHC was affected by the addition of mixtures of functional 

ingredients CK-SPI and the CK-SPI-size particle, which showed highly significant differences (P 

<0.01) interaction, although the particle size (6 and 10 mm) in milling showed no significant 

difference (P> 0.05) alone. There is a different interaction between the functional ingredients, meat 

proteins and water in the formation of the system, depending on the proportion of CK-SPI, this 

because the polypeptides of meat proteins can react with the sulfate groups of the carrageenan and 

soy protein isolate favors the formation of hydrogen bonds or disulfide bonds (10). CK-SPI addition 

50/50 presented synergism in combination with the two particle sizes (6 and 10 mm) favoring the 

increase in CRA, due to the strong electrostatic interactions protein-hydrocolloid, between the anionic 

groups in the hydrocolloid and positively charged groups on the protein, depending on the proportion 

of hydrocolloids used (18), so that in proportion 25/75, where carrageenan is lower, causes a decrease 

in the interaction with water in the system and therefore the exclusion of water (5). 

 

Hardness. An increase in hardness by adding hamburgers SPI and CK-CK-SPI particle -size 

interaction (6 and 10 mm) with highly significant differences (P <0.01) was observed. CK-SPI 

addition also caused the smaller particle size for all cases showed higher hardness values, that batch 

grinding 10mm. Adding functional additives increase the hardness, the greater the amount of 

carrageenan there harder, CK in contrast to the SPI allow the formation of a dense and continuous 

protein matrix which favors the binding of the particles, due to their strong positive charge and 

forming divalent bridges between the ester group of CK sulfate and carboxyl groups of the protein. 

Mechanical methods to reduce the particle size allows the breakdown of muscle fiber, thereby 

increasing exposed to any interaction surface, which favors an increased release of myofibrillar 

proteins, allowing to obtain products of better texture (1), as observed in this work, that smaller 

particle size was higher hardness. 

 

Performance after cooking. The particle size is significantly different (P <0.05) and CK-SPI 

interaction particle size (6 to 10 mm) led to highly significant differences (P <0.01), and therefore 

yields mostly affected. 

 

A greater amount of SPI and smaller particle size, the performance values are increasing. The use of 

additives increases the stability in gelling of proteins; according Pietrasik (15) this increase is due to 

the ability of the hydrocolloid and protein retaining water in the system of three-dimensional networks 

formed and because the SPI with their side chains of amino acids allows an interaction of water with 

polar and nonpolar ionised groups (17) also for its content of cysteine can polymerize via reactions 

sulfhydryl-disulfide exchange during heating and create a covalent continuous on cooling network, 

forming thermally irreversible gels (6) more stable, resulting in less loss. On the other hand a smaller 

particle size there is an increase in surface area facilitating the provision of myofibrillar proteins and 

can best form the system, is why for the control and combinations 25/75 and 50/50 CK-SPI 

performance burgers it was greater for smaller particles, ie 0.6 cm (1). 

 

Color profile parameters. A larger diameter grinding, values were higher L * parameter, probably 

because having less tissue damage during milling, lower exposure allows myoglobin to reduction-

oxidation reactions. The burgers with greater amount of CK, allowed to have higher L * values that 

form transparent gels CK, while the SPI, brown translucent gels. As to the effect that keeps the 
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vacuum packaging was observed with vacuum, high values of L * arise due to the characteristics of 

the container, whereas without vacuum at zero time when not yet been oxygenated myoglobin, values 

are observed low because the color is lighter than when it has been completed Bloom. 

 

The effect of packaging showed differences, with higher red hue for vacuum-packed samples, 

followed by those packaged without vacuum, the beginning and the like even without vacuum after 

30 minutes this due to Bloom, similar phenomenon occurs due to the loss of vacuum, where 

oxygenated myoglobin becoming oxymyoglobin and passing a purple hue to a deep red (4).  The 

coordinate a* increases after exposure to air, since oxygen rapidly binds to myoglobin reversibly 

forming oxymyoglobin (Bloom), producing brilliance pigment pink giving the characteristic color of 

fresh meat (11). The b * coordinate in no differences due to grinding and particle size were presented, 

however for adding functional ingredients if there are differences, it was found that the control 

without CK-SPI and adding the mixture 25/75 They show more yellow than the others that have more 

similar values hues. an increase in b * with respect to container-addition due to Bloom, 30 minutes 

increased the yellow tone of the burgers with respect to zero time is presented, this due to the presence 

of oxymyoglobin, being much greater for CK-SPI 75 / 25. 

 

CONCLUSIONS 

Hamburgers produced in this work showed significant effects due to the addition of CK-SPI in 

combination with the particle size in the grinding. The aw showed highly significant differences (P 

<0.01) for interaction -size SPI CK-particle and particle size, for combinations showed no statistical 

difference (P> 0.05) burgers 25/75 0.6 cm and 50 / 50 of 1 cm were the only ones that had values 

below the hamburger control. CK-SPI combinations and addition -size particle interaction showed 

highly significant differences in the results of  WHC (P <0.01), CK-SPI adding 50/50 showed 

synergism in combination with two particle sizes (6 and 10 mm ) favoring the increase in the CRA. 

The hardness showed highly significant differences (P <0.01) for combinations CK-SPI and the 

particle size, the -size addition interacting particle had no statistically significant differences (P> 

0.05), higher values were obtained in all cases respect to control the highest hardness values presented 

with 75/25 addition to the two sizes in the grinding and children with equally 50/50 with the two sieve 

sizes (6 and 10 mm). The yield showed highly significant differences (P <0.01) for combinations CK-

SPI and particle size for the -size addition interaction particle differences were significant (P <0.05), 

higher performance for all the burgers was obtained are spiked with CK-SPI with respect to the 

control, favored by the higher proportion of CK, that is, the 75/25 mixture yielded better with the two 

particle sizes. The evaluation of the parameters of color profile on the type of pouch packaging 

Sealed-Air ™ affected the results obtained by the characteristics of hamburgers because Bloom, since 

increased L * coordinates, a * and b * after 30 min opening the packages and be exposed to air. 

 

REFERENCES 

1) Acton, J.C. (1972). The effect of meat particle size on extractable protein, cooking loss and binding 

strength in chicken loaves. Journal of Food Science, (37), 240– 243. 

2) AMSA. (2012). Meat color measurement guidelines. Illinois, USA. 

3) AOAC. (2000). Official methods of analysis. Washington, DC USA: Association of Official Analytical 

Chemists. 

4) Brewer, M.S., Novakofski, J., Freise. Instrumental evaluation of pH effects on ability of pork chops to 

bloom. Meat science, (72), 596-602. 



 

282 
 

5) Dondero, M., Figueroa, V., Morales, X., Curotto, E. (2006). Transglutaminase effects on gelation 

capacity of thermally induced beef protein gels. Food Chem 99, 546-554. 

6) Fennema, O.R. (2010). Química de los alimentos. España: Acribia 

7) García, O., Ruiz-Ramírez, J., Acevedo, I. (2012). Evaluación físico-química de carnes para 

hamburguesas bajas en grasas con inclusión de harina de quinocho (Cajanus cajan) como extensor. 

Revista Cientifica, 22(6), 497-506. 

8) García, R. J. (2013). Desarrollo de un producto reestructurado de carne de res tipo roast beef mediante 

la aplicación de transglutaminasa y caseinato de sodio.  (Tesis de Ingeniería en Alimentos). Facultad de 

Estudios Superiores Cuautitlán. Universidad Nacional Autónoma de México. México. 

9) Honikel, K. (1996).  Reference methods supported by OECD and their use in Mediterranean meat 

products. Food Chem 5(4), 573-582. 

10) Kinsella, J.E. (1979). Functional properties of soy proteins, J Am Oil Chem Soc 56, 242. 

11) Lindahl. G., Karlsoon, A., Lundstrom, K., Andersen, H. (2006). Significance of storage time on degree 

of blooming and colour stability of pork loin from different crossbreeds. Meat Science 72, 603-612. 

12) Martínez, M. J. (2010) Impacto de la Interacción entre ß-lactoglobulina,  caseinoglicomacropéptido y  

Polisacáridos en coloides alimentarios. (Tesis doctoral). Facultad de Ciencias Exactas y Naturales. 

Universidad de Buenos Aires. Argentina. 

13) Ospina, M. S., Restrepo, M.D., López, V. J. (2011). Derivados cárnicos como alimentos funcionales. 

Revista Lasallista de Investigación, 8(2), 163-172. 

14) Partida, P. J., Braña, V.D., Jiménez, S.H., Ríos, R.F., Buendía, R.G. (2013). Producción de carne ovina. 

Centro Nacional de Investigación Disciplinaria en Fisiología y Mejoramiento Animal. SAGARPA. 

México. 

15) Pietrasik, Z. (2003). Binding and textural properties of beef gels processed with k-carrageenan, egg 

albumin and microbial transglutaminase. Meat Science 63, 317–324. 

16) Piñero, C.M., Ferrer, M.M., Arena, M.L., Huerta, L.N., Parra, Q., Barboza, Y. (2004). Evaluación de las 

propiedades físicas de carne para hamburguesas de res bajas en grasas elaboradas con ß –glucano. 

Revista Científica, 16(6), 0-11. 

17) Shimada, K., Cheftel, J. (1989).  Sulfhydryl group/disulfide bond interchange reactions during heat-

induced gelation of whey protein isolate. J Agric Food Chem 37 (1), 161–168. 

18) Tolstoguzov, V. B. (1986). Functional properties of protein–polysaccharide mixtures. In: J. R. Mitchell 

& D. A. Ledward (Eds.), Functional properties of food macromolecules (pp. 385–415). London: Elsevier 

Applied Science. 

 

  



 

283 
 

III438 

 

Restructured Chicken Nugget Stabilized with Kappa Carrageenan and 

Soy Protein Isolated 

 
Montiel, L.Y.S. Llorente-Bousquets, A. Coria-Hernández, J., López-Franco, M.G. 

Laboratorio 7 Bioconservación, Unidad de Investigación Multidisciplinaria, Facultad de Estudios Superiores 

Cuautitlán campus 4. Universidad Nacional Autónoma de México, km 2.5 carretera Cuautitlán-Teoloyucan, 

Col San Sebastián Xhala, Cuautitlán Izcalli, Estado de México 54714, México. llorente@unam.mx 

 

 

ABSTRACT 

In the field of promotion for the use of chicken meat which is a challenge for the meat industry, it is 

appropriate to propose new products, by developing different product presentations chicken meat 

which added functional ingredients that provide characteristics of products that meet market needs, 

this situation as chicken meat in Mexico, maintains its dominance in consumption, with a preference 

for chicken breast, leg and thigh. Therefore in this project the effect of grinding meat with different 

sieves and adding different combinations of using mixtures soy kappa carrageenan/soy protein isolate 

(KC/SPI) in the development of a product restructured chicken. Three batches different protein 

aggregates kappa carrageenan/isolated soy (25-75%, 50-50%, 75-25%) and  two different grinding 

sieves (6 and 10 mm) were used to prepare them. Physic-chemical parameters were determined: the 

water holding capacity (WHC) was obtained, hardness and performance during fried for each batch. 

An analysis of variance of the two-way data obtained with the software Minitab 16. The higher 

hardness was obtained in the lot with 75/25 KC/SPI and 6 mm sieve was performed. Higher yields and 

better values WHC with 25/75 KC/SPI, with 6 mm sieve. Restructured products were stable to frying. 

the higher hardness in the batch higher yields KC 75/25 was obtained with 6mm sieve. SPI and was 

performed and better values WHC 25 / 75 KC / SPI, with 6 mm sieve. Restructured products were 

stable for frying. 

 

Keywords: Chickenmeat, Nuggets, Kappa carragenan,, soy protein isolate 

 

 

INTRODUCTION 

Mexico has an important participation in the consumption of meat of all the species with an annual 

consumption per capita of 63 kg, where almost the half is of consumption of meat of chicken. The 

most sought after is the breast portion, nevertheless the lack of options of commercialization of other 

pieces of minor commercial value is a problem for the meat industry. It has therefore been necessary 

to develop new technological alternatives, as restructured, appearing as an alternative to the use of 

chicken meat, with the possibility of modifying the composition by adding ingredients functional 

favoring higher yields and lower cost, provide: in addition to product features that meet the demands 

of the market. 

 

Restructured are those made from raw materials that undergo a process of structural disintegration 

and are subsequently subjected to a process of restructuring in the form of analogues steaks, lean 
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portions Products, etc., their stability under refrigeration and then they must to be elaborated with 

functional ingredients (proteins and polysaccharides) to improve stability, and sensory and physical 

properties. Carrageenan kappa, yield to thermoreversible gels, of rigid textures and different water 

holding capacity, while the soy protein isolated (SPI) promote emulsifiers and texturizing properties. 

 

In this project, a restructured meat product was developed, it was necessary to evaluate the effect of 

adding different mixtures of kappa-Isolated soy protein carrageenan, in its interaction with proteins 

of chicken, prepared with different degrees grinding (particle size) of chicken meat, for the formation 

of a gel that would provide greater stability to the system. 

 

MATERIALS AND METHODS 

After manual deboning chicken carcasses, with 55% yield, determinations of important parameters 

were performed to establish the quality of the pulp chicken pH (981.12 AOAC (1)), with a 

potentiometer immersion brand Oakton (USA) obtaining an average value of 6.15. The 𝑎𝑤  was 

evaluated with a dew point hygrometer Decagon Devices, model Pawkit (USA) (AOAC 32.009 (1)) 

with a final average value of 0.95. Chicken pulp was subjected to a grinding process (Torrey mill) for 

different particle sizes using sieves 6 and 10 mm. The formulation of the batches were made as 

mixtures of kappa-carrageenan isolated soy protein at different concentrations (25-75%, 50-50% and 

75-25%) which were first hydrated and the pulp spiked chicken for the formation of the nuggets, 

weighing 30 ± 2 g and a diameter of 3 cm, the samples were stored under refrigeration for 24 h at 4 

± 2 ° C.  A final samples were analyzed for water holding capacity (WHC), according Grau and 

Hamm, described by Honikel (6) in a refrigerated centrifuge, Centurion Scientific Model K2015 

(USA) and was used a  Dynamometer Gauge Shimpo Model FG 2.5 (USA) to measure hardness 

(Honikel (7)). The restructured were subjected to a frying process at 150 °C 5 min and were measured 

WHC, performance and physical dimensions (diameter) of the final product with a Vernier, using the 

method described by Pinero (8). The results were analyzed by two-way ANOVA, to simultaneous 

study of effect grinding and mixtures of KC/SPI, on WHC, hardness and size reduction of the 

restructured product (Minitab 16.0.1.). 

 

RESULTS AND DISCUSSION  

Figure 1, shows results of WHC, those samples spiked with a mixture of KC/SPI, they showed lower 

results than those obtained in the control samples values. On the contrary, using both sieves (6, 10 

mm) showed no statistical difference in the WHC (Figure 1). 
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Figure 1  Main effects on WHC 

 

WHC affected by addition of mixtures of kappa-isolated soy protein getting smaller values 

carrageenan, functional ingredients Nonmeat, by interacting with the available water favor their 

interaction in the protein matrix formed in the process of gelation (4) providing greater stability to 

the system. Figure 2 hardness behavior occurs in samples, and results were lower in treatments 

grinded to a particle size larger (10 mm), also as kappa carrageenan concentration increased, the 

hardness also increased.  

 
Figure 2 Main effects hardness 

 

In contrast, the isolated soy protein allows formation of a dense and continuous protein matrix which 

favors the binding of the particles (10), so the smaller the size of the meat particles, the greater the 

exposed interacting surface the best linked functional ingredients and products, ie with better texture 

(3). With particle sizes of 6 mm lower hardness values were obtained. 

 

The Figure 3 behavior decreasing diameter of the samples, particle size 10 mm had higher percentages 

in decreasing diameter, ie the performance is less appreciated. As kappa-carrageenan SPI relationship 

was observed that the higher the concentration of soy protein isolate higher yield was obtained. The 

soy protein isolated chains side of the amino acid, allows for interaction of polar ionized groups and 

nonpolar water (2), is also used in processed meats in order to promote physical chemistry 

functionality as binders to improve performance of restructured product (9). During experimentation 
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frying heat treatment was applied to the samples to determine hardness these experienced after such 

treatment, an increased hardness in the products obtained in the refrigerated fried. In evaluating heat 

treatment between particle size and concentration of the mixture there was no interaction ie had no 

significant effec. This may be because as a result of heat treatment, unfolded proteins promote greater 

protein-protein interactions in the formation of the protein network, which is a structure with more 

stability (5). Adding functional ingredients encourages greater interaction with water matrix meat 

system, so that the capacity of water retention was affected by the addition of kappa-isolated soy 

protein carrageenan, a decrease of this was observed, by reducing the proportion of water available. 

 
Figure 3 Main effects decreased diameter 

 

Restructured product hardness showed increased formulations spiked with high concentrations (75-

25%) and kappa carrageenan grinding sieve 6 mm, that is, the hardness increased with particle size 

less meat and higher concentration of carrageenan. 

 

Both the size of meat particle and the concentration of mixtures of carrageenan kappa isolated soy 

have a significant effect (P<0.05) in product performance as it promoted a greater decrease in size of 

the products after frying in particle sizes larger (10 mm) and lower yield in these samples. 

 

The most stable product that was made from ground beef with 6 mm sieve, with a hardness of 0.04 

kgf / cm2 and performance of 98.11% and 12.35% WHC to high concentrations of kappa carrageenan. 

Heat treatment during frying favored obtain products of greater hardness, greater product stability 

restructured. 
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ABSTRACT 

Yogurt is a lactic ferment where Lactobacillus bulgaricus and Streptococcus thermophilus ferment the 

milk’s sugar transforming it into lactic acid, and precipitating the casein from milk, resulting in the 

obtention of a weak gel. The use of polysaccharides or gums can contribute in the stabilization of the 

system and reduce the syneresis that causes a phase separation. Cellulose is a biopolymer of glucoses 

joined by 1- β links, is the principal component in vegetal wall and the microcrystalline cellulose is α-

cellulose depolymerized and purified. Gellan is an anionic polysaccharide obtained from bacteria 

Sphingomonas elodea composed of a repetition of 4 monomer units of glucose glucoronic acid, glucose 

and rhamnose. In this study, lactic ferment added with microcrystalline cellulose and, binary blended 

microcrystalline cellulose and high and low acyl gellan were obtained, with the objective to determine 

their rheological behavior. A rheometer LS100 de Paar Physica with a plate plate geometry PP20 was 

used. The main results point out that yogurts have a flow behavior index <1, so that are considered as 

fluids non-Newtonian of shear-thinning type. This behavior is adjusted to the Ostwal de Waele model 

(R2>0.998). The higher viscosity of yogurt (1461 mPas) was obtained when binary blend of high acyl 

gellan with microcrystalline cellulose and low acyl gellan with high acyl gellan gum were added before 

the fermentation, an increase of 144.44% and 294.01% compared to the controls. The addition of 

microcrystalline celullose to yogurt allowed an increase of 52.7% of consistency coefficient. The linear 

viscoelastic region was determined, 2.14 to 16.17x10-3 mNm, when G’ and G” are independents from 

the amplitude. The frequency sweep shows that G’>G” in all the fermented, inclusive the yogurt with 

microcrystalline cellulose that present the fewer value of G’ (239.78 Pas), a difference of 208% in 

respect with G”. The yogurts studied have a solid viscoelastic behavior that are able to recover after a 

stress or strain is applied; in the Creep recovery obtained, the binary blend of gellans shows the highest 

recovery (82.28%).  

 

Keywords: yogurt, gellan, microcrystalline cellulose, fermentation, rheological behavior 

 

 

INTRODUCTION  

Dairy foods are important on human diet, are an important source of animal protein, as well as 

vitamins, minerals and essential fatty acids, for that reason they are included in “Plato del bien comer” 

of the Mexican Secretary of Public Health(1). Fermentation has been one of the most ancient and 

widely used methods on the food conservation; the nutritive quality and organoleptic characteristics 

are improved (2). Foods that can be preserved by this method are dairy products, obtaining a variety 

of products, as yogurt. This dairy product is defined as the product of milk’s fermentation, either 

standardized or not, by the action of microorganisms Streptococcus thermophilus and Lactobacillus 

bulgaricus giving as a result reduction of pH level (3). These bacteria hydrolyze the main sugar in 
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the milk, lactose, due they have in their metabolic mechanism β-galactosidase enzyme capable of 

breaking lactose β-1-4 glyosidic bond’s; as sub metabolic product, acid lactic significantly reduce the 

milk’s pH causing proteins to coagulate and precipitate forming a complex tridimensional structure 

gel type (4). Gels are colloids formed by a liquid phase immersed in a solid phase, like most of the 

colloidal systems, as time passes they tend to the destabilization, when the liquid phase is expelled 

out of this three dimensional structure, the phenomenon known as syneresis is presented (5). For this 

reason, in the yogurt’s obtention, stabilizers are employed for retarding, inclusive avoid, this phase 

separation. Institutions as Profeco in Mexico advise that when yogurt is buying and consuming, it 

have a characteristic consistency and that doesn’t exist whey separation (6), between the stabilizers 

like polysaccharides as gellan gum and microcrystalline cellulose can be utilized. Gellan gum is an 

anionic polysaccharide obtained mainly from Sphingomonas elodea bacteria (7), containing 

repetitions of 4 monomeric units, 2 glucoses, glucuronic acid and rhamnose. Cellulose is a glucose 

polymer joined by 1-β bonds, is the principal component in vegetable wall, the microcrystalline 

cellulose is an α-cellulose depolymerized and purified using mineral acids (8). The effects that have 

when they are incorporated in the food can be studied by the rheological properties (9). The main 

objective on this study was the rheological characterization, static and dynamic, of fermented dairy 

foods, yogurt type, added with high and low acyl gellan gum, microcrystalline cellulose and binary 

blends.   

 

MATERIALS AND METHODS 

The materials used were commercial milk (Alpura 2000 clásica, México), starter lactic culture 

(Danisco, Yo-Mix. Dupont, USA), microcrystalline cellulose (Avicel RC, FMC, USA), low acyl 

gellan gum (Kelcogel F, Kelco Biopolymers, USA) high acyl gellan gum (Kelcogel LT 100, Kelco 

Biopolymers, USA). The equipment employed were hot plate (Barnstead International, PMC. USA), 

analytical balance (Analytical Plus, Ohaus. USA), low stress rheometer (LS100, Paar Physica. 

Germany), circulation bath with temperature control (PolyScience, model 7306A11B, USA).  

Culture reactivation. Starter cultures were obtained from Danisco company, the product contained 

microorganism of the species Lactobacillus bulgaricus and Streptococcus thermophilus, in a relation 

1:1. Before inoculation, was necessary their reactivation; it was realized in 50 mL of total volume, 

250 mL of milk, for 30 min on a water bath at 42 ºC.  

Lactic Fermentation. The milk was inoculated and homogenized using a hot plate at constant 

temperature and stirring for 5 min. After, the total volume was placed in beakers that after were sealed 

and put on a water bath for 6 hr at 42 ºC until pH level was 4 approximately.  

Hydrocolloid dispersion. The addition of hydrocolloids at different concentrations (0.25%, 0.5% 

and 1%) was evaluated, two treatments were utilized, their incorporation a priori and a posteriori of 

fermentation. The hydrocolloids used were high and low acyl gellan, microcrystalline and binary 

blends. The first treatment, the hydrocolloid’s incorporation before fermentation, consisted on the 

addition and homogenization of hydrocolloids with the milk, the second one, the yogurt obtained, 

after 6 hr, was added with the polysaccharides, they were blended for 5 min. Later, all the fermented 

were placed in a refrigerator at 5 ºC for 12 hr for the posterior rheological studies.  

Rheological determination. With the aim of determine how the hydrocolloid’s concentration and 

the moment of the addition in the fermentation influence on the stability of the yogurts, viscoelastic 

determinations were realized, both static and dynamic to compare the response of the different 
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rheological behavior showed by the yogurts. As control yogurt without hydrocolloid and a 

commercial yogurt were tested. 

 

RESULTS AND DISCUSSION  

The static study showed that all fluids obtained presented a Non-Newtonian behavior shear-thinning 

type, thus exist a deviation on the Newtonian behavior represented for the index behavior (n), 

exhibiting minor values to the unit, characteristic of this type of behavior (10), adjusted to the Ostwald 

de Waele model, with a determination coefficient higher than 0.99. The blends that present the higher 

viscosity, are the added with binary blends high acyl gellan gum-microcrystalline cellulose and low 

acyl-high acyl gellan gum with [0.5%] of concentration after the fermentation being greater 144.44% 

and 294% with respect to commercial and control (Table 1).  

 

Table 1. Rheological behavior and dynamic parameters studied yogurts 

n: Flow behavior index; K: Consistency coefficient; VRL: Viscoelastic region Lineal; G’: Elastic module; G”: 

Viscous module; HA: High acyl; LA: Low acyl; Cmc: Microcrystalline cellulose; BF: Before fermentation; 

AF: After fermentation 

 

The treatments that present the higher viscosity were the added after the fermentation, this can be 

explained to a partial hydrolysis by the enzymatic metabolic own microorganism, due they have the 

enzymes proficient to break β bonds, contained in the gellan gum. Regarding microcrystalline 

cellulose, Carvalho et al. (11) demonstrated that acid lactic bacteria (BAL) are capable of use cellulose 

as carbon source, increasing the cell culture density, this was major when the cultures were 

supplemented with a nitrogen source as caseins.  

 

Because of the delay introduced by exerting shear stress on fermented milk, was necessary to 

determine the mechanic dynamic characteristics. Amplitude sweep were realized, where was 

observed that those added with microcrystalline cellulose at [1%] in both treatments, before and after 

fermentation, didn’t differ in a significate way to values obtained for the commercial sample (29.2%; 

30.8%) and control (8.2%; 9.5%) respectively. The high acyl gellan gum-microcrystalline cellulose 

blend [0.5%] before fermentation showed a viscoelastic region (162.8%) higher than the treatment 

after fermentation (Figure 1), which was interesting because in other treatments the viscoelastic 

region didn’t present a drastic change between treatments.  
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In this region both storage module (G’) and loss module (G”) are independent from the stress applied. 

Posterior, frequency sweeps were realized showed that elastic module and viscous module, both, were 

different from 0, the elastic module is higher than the viscous, hence a solid viscoelastic behavior was 

obtained, according Clark & Ross Murphy (1987), these foods could be classified as weak gel type 

(12). 

 

On elastic recuperation study, Creep compliance, different torques were applied for the obtained 

samples, these type of experiments are vital because the system’s recuperation could be observed, if 

it exist, on function of time when a constant stress is removed. For the cases of systems presented, 

the recuperation was partial and their measurement was needed. In mostly all fermented dairy foods 

a high percentage of recuperation than commercial sample and control were observed, only the binary 

blend high acyl gellan gum-microcrystalline [0.5%] before fermentation. In a similar way, the 

fermented with the major recuperation was when unique microcrystalline cellulose before 

fermentation in the same concentration was used, having a difference of 17.5% between them. 

 

Figure 1. Behavior G’ and G” as a function of the amplitude of yogurt with high acyl gellan gum-

microcrystalline cellulose blend before and after fermentation. 

 

In order to characterize the obtained behavior on the Creep curve, Burgers model was used, this is a 

complex model which included elastic and viscous parameters of simples models like Maxwell and 

Kelvin-Voigt models. The high-low acyl gellan gum blend at [0.5%] for both treatments presented 

the higher recuperation percent compared with control (106.88%) and standard (107.44%) showed a 

percent of recuperation of 82.28% (Figure 2). 
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Figure 2. Creep curve yogurt with high-low acyl gellan binary blend [0.5%] before fermentation. 

 

CONCLUSIONS  

The addition of hydrocolloids so much for before and after fermentation treatments increase the 

sample’s viscosity with respect to control; although, only these samples added with binary blends at 

concentrations of [0.5%] duplicate the viscosity of two of them, the binaries blends high-low acyl 

gellan and high acyl gellan gum-microcrystalline cellulose, triplicate the viscosity in comparison with 

commercial sample, all fermented show a non-Newtonian behavior, shear-thinning type. The 

dynamic study exhibited the dependence of both elastic and viscous moduli for the frequency, 

moreover all the values on the elastic module were higher than the loss module so all the fermented 

dairy foods obtained are classified as weak gel type. Finally, such dynamic oscillatory study and 

Creep curve demonstrated the obtained yogurts have a solid viscoelastic behavior. With the results 

obtained in this study it can be stated that the incorporation of hydrocolloids before and after 

fermentation have an influence on the rheological properties of the systems. In general, the use of 

hydrocolloids, especially binary blends, seems to be a good strategy for reducing syneresis, the use 

of stabilizers from unconventional sources, that is booming, is a good area of opportunity in the 

design, development and manufacturing in this and other products of the food industry.  
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ABSTRACT 

For the purpose of seeking alternatives for the growth acceleration of certain human edible stems, in 

this work three different sources of nutrients as fertilizers were used for the growth development of 

Coriandrum sativum, Spinacia oleracea and Apium graveolen. The treatments used are hydrolysis of 

urea in the urine by the microbiological agent Proteus mirabilis, producing ammonia, CO2 and H2O; 

the use of salicylic acid and the use of the Mexican fertilizer, "Bio-Fertilizante Nevado, K". Physical 

characteristics were compared six weeks after planting. Likewise, the content of chlorophyll a, b and 

total were analyzed according to the sources of nutrients used against a commercial coriander. 

Statistically equal values were obtained based on the Tukey test (p<0.05) between fertilizer "Nevado 

K" and the commercial coriander; as well as statistically equal values between the control group, the 

group with the addition of salicylic acid and the group exposed to the hydrolysis of urea by Proteus 

mirabilis. At the same time, by comparing the physical characteristics according to the sources of 

nutrients used, it was observed a greater growth of the stem in those species exposed to ammonia by 

the hydrolysis of urea. 

 

Keywords: Proteus mirabilis, Urea, Chlorophyll, Stem, Fertilizers 

 

INTRODUCTION 

Proteus mirabilis, regular member of the digestive tract microflora is able to produce large quantities 

of urease, enzyme that divides urea into carbon dioxide and ammonia. This bacterium ensures a 90% 

conversion of organic nitrogen (1). The reaction occurs as follows. 

 

(NH2)2CO + H2O → CO2 + 2NH3 

 

Plants have different tissues that integrate the root, the stem and the leaves. As the cells are departing 

toward the upper parts of the stem, the tissues reach a more accurate differentiation (2). Currently, 

there is an increasing interest in understanding the processes that provoke the global warming, as well 

as in combating the scarcity of food that some nations face, being the latter an indirect cause of the 
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50% of children deaths (3). The objective of this work is seek alternatives for the growth acceleration 

of certain human edible stems, such as Coriandrum sativum, Spinacia oleracea and Apium graveolen, 

using the microbiological agent Proteus mirabilis, and comparing it against the salicylic acid and the 

Mexican fertilizer "Nevado K". Similarly, chlorophyll content is valued in Coriandrum sativum 

according to the sources of nutrients used against the coriander commercialized in supermarkets. 

 

MATERIALS AND METHODS 

Eosin Methylene Blue (EMB) agar medium - Cultivation of Proteus mirabilis- and MacConkey agar 

medium - as a selective medium for enterobacteria- were obtained from DIBICO, salicylic acid from 

J. T. Baker. 

Instrumentation. A microplate reader equipped with the data analysis software Skanlt (Thermo 

Scientific, Varioskan Flash,) was used to read 96-well plates, an incubator (Innova 42, New 

Brunswick Scientific) and a centrifuge (Thermo Scientific, Heraeus Biofuge cousin). 

Planting and environmental conditions. Three species of plants were selected (Coriandrum 

sativum, Spinacia oleracea and Apium graveolen), which had as a common feature the presence of a 

long stem. For the experimental process, four seedbeds were placed, in which the three species were 

planted by triplicate, using a total of nine wells by seedbed. Also, three supplies of nutrients were 

selected as fertilizers. Fertilizer "Nevado K" acquired in a fertilizers shop, a dissolution of salicylic 

acid prepared at a concentration of 1x10-6 molar, and ammonia obtained by hydrolysis of urea in urine 

by the microorganism Proteus mirabilis. Both salicylic acid and fertilizer "Nevado K" were sprayed 

once a week through a sprinkler, during a six-week period. Light conditions, temperature and quantity 

of water supplied were controlled. After six weeks, plant bodies were extracted to compare and record 

the total size of the plant, size of the root and stem, width and length of the leaves, stem thickness and 

number of leaves. 

Hydrolysis of urea.For this treatment two glass containers were utilized to place the human urine, 

which had adapted hoses of latex to transport CO2 and NH3 to the roots, once the hydrolysis of urea 

occurred.  For each container, 30 mL of human urine were mingled with the bacteria Proteus 

mirabilis, and 70 mL of urine free of bacteria were blended after the first mix. This process was 

carried out twice a week during a six-week period. 

Analysis of chlorophyll. Chlorophyll content was quantified by using the basis of Lichtenthaler 

(1987). Analysis of chlorophyll was realized using a solid-liquid extraction with methanol at 90%. 

This extract was blended in a vortex for 10 minutes. After that, the extract was sonicated during 15 

minutes and centrifuged for 10 minutes at 1300 g.  Once obtained the supernatant, the concentration 

of chlorophyll was measured by a spectrophotometer at a wavelength of 665 nm and 652 nm. The 

results obtained were compared with a commercial plant. Once the results were assesed, an analysis 

of variance (ANOVA) was made using the statistical package STATGRAPHICS Plus; the average 

and standard deviation were determined for each treatment with a level of significance of 5% 

 

RESULTS AND DISCUSSION 

Six weeks after planting, cleanliness and quantification of the morphological characteristics of the 

plants were realized.  The averages of the total size of the plant, size of the root and stem, width and 

length of the leaves, stem thickness and number of leaves were analysed in order to compare the 

different sources of nutrients as fertilizers. The relationship between the treatment and the specie used 

can be observed in Figures 1-3. 
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Figure 1. Physical characteristics-size in centimeters for the specie Apium graveolen six weeks after planting. 

 

Figure 2. Physical characteristics-size in centimeters for the specie Coriandrum sativum six weeks after 

planting. 

 

Figures 1 and 2 show a greater stem size for the treatment with the hydrolysis of urea by Proteus 

mirabilis with a superior size of over two centimetres. Likewise, Figures 1 and 3 show a smaller root 

size with the same treatment proposed by the hydrolysis of urea, with a length of approximately two 

centimetres lower than the nearest treatment (for the case in Figure 1 it is compared with the control 

group, for the case in Figure 2  it is compared with the treatment with salicylic acid). The species 

exposed to Mexican fertilizer "Nevado K" tend to be the largest plants for total size. 

 

There were no significant differences between species and treatments variables, such as the width and 

length of the leaf, the width of the stem or the number of germinated seeds. Plants exposed to 

ammonia and CO2 are not usually those with a larger total size, however, it can be observed that  roots 

tend to be smaller, while  stems tend to be larger in most of  species. By making the nutrients act 

directly in the roots, there was a better use of the substrates, causing cell differentiation not focused 

on root growth, but targeting the development of other plant structures. In conclusion, hydrolysis of 

the urea in the urine can be regarded as an effective source of nutrients for plant growth acceleration 

and biotechnology research. Figures 1 and 3 show a larger root size by the Mexican fertilizer "Nevado 
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K". In the case of the present investigation and by the responses to treatment, those plants exposed to 

the gases produced by the hydrolysis of the urea in the urine tend to have a fastest stem growth.  

 

Figure 3. Physical characteristics-size in centimeters for the specie Spinacea oleracea six weeks after 

planting. 

 

Measurement and comparison of chlorophyll. Plants have two types of chlorophyll; chlorophyll a 

in a greater proportion and chlorophyll b as a pigment attachment (Lichtenthaler, 1981). The contents 

of chlorophyll a and b with a major value were those obtained with the mexican fertilizer “Nevado 

K”, with an average of 37.56±0.74 mg 100g-1 of chlorophyll a and 28.56±0.30 mg 100g-1 of 

chlorophyll b. There were no significant differences at comparing the values with a commercial 

comainder according to the Tukey test (p<0.05) 

 

Table 1. Chlorophyll content measured of Coriandrum sativum from different treatments as fertilizers. 

Nutrient source 

Chlorophyll a 

 (mg 100 g-1) 

Chlorophyll b 

 (mg 100 g-1) 

Total chlorophyll 

(mg 100 g-1) 

Commercial plant 41.62±1.02ª 28.45±2.54a 70.07±4.67a 

Fertilizer “Nevado K” 37.56±0.74a 28.56±0.30a 66.12±1.29a 

Hydrolysis of urea 26.31±0.56b 21.06±0.69b 46.80±1.43b 

Salicylic acid 25.75±0.98b 20.80±0.62b 47.11±1.17b 

Control group 28.80±2.15b 20.27±0.73b 49.49±1.75b 

Values with the same letter are statistically equal based on the Tukey test (p<0.05). The data value is the average 

of three repetitions. 

 

CONCLUSION 

In this work, three different sources of nutrients were used as fertilizers to compare physical 

characteristics and the chlorophyll content,  six weeks after planting. It was observed a greater growth 

in the stems of Apium greveolens and Coriandrum sativum, same as a smaller size in the root system 

of the species Spinacia oleracea and Apium graveolens. About the chlorophyll content, the treatment 

with the hydrolysis of the urea maintained statistically equal values respect to the control group, 

demonstrating that the chemical composition does not change with respect to plants free of fertilizers. 

Urine, coming from the regulation of the blood composition, has substrates than can be used as an 
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effective source of nutrientes for the vegetable growth acceleration and biotehnological research. 

Urine displays up to 20 g L-1 of urea, it can be retrieved as an important donor of substrates for plant 

growth. Proteus mirabilis ensures conversion of organic nitrogen in up to 90%, giving an important 

advance in the area of biotechnology and emerging environmental technologies. 
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ABSTRACT 

The wall material for microencapsulation should have a high emulsifying activity, high stability, and 

tendency to form strong and fine compounds during drying and not allow separation lipid emulsion 

during dehydration. Sechium edule starch, can be a source to provide material wall with particular 

properties in microencapsulation. The aim of this study was to characterization physical (moisture 

content, water activity and morphology), rehydration (wettability and solubility time) and powder 

properties (bulk and tapped densities and cohesiveness) of Sechium edule starch obtained by spray 

drying. A pilot scale spray dryer with cocurrent operation was employed for the spray drying process, 

the inlet air temperature was 205°C.  The moisture content and water activity in the S. edule starch 

were 6.47 ± 0.97 % d.b., and water activity 0.439 ± 0.002, respectively. The starch granules 

morphology was observed by scanning electron microscope (SEM). The starch granules showed oval 

shapes and truncated, this presented smooth surfaces. Meanwhile, wettability and solubility of starch 

were 33.00 ± 7.00 s and 81.50 ± 12.02 s. The tapped density (0.61 ± 0.02 g/mL) is influenced by the 

particle size and shape. The form factor are in a range values, presented oval shape.  From the bulk 

and tapped density is obtained the starch compressibility and cohesiveness, commonly expressed as 

the Carr’s index (20.40 ± 1.67) and the Hausner ratio (1.25 ± 0.03), respectively. So it concludes on 

the characterization of the techno-functional properties of Sechium edule starch that will use as wall 

material in microencapsulation. 

 

Keywords: Wall material, Sechium edule starch, microencapsulation 

 

 

INTRODUCTION 

Microencapsulation is a process in which sensitive ingredients or “core” materials are entrapped in a 

protective polymer encapsulating agent or “wall” material. Core materials can thereby be protected 

from deteriorative reactions or adverse environmental conditions, thus enhancing their stability and 

range of applications (1).  In the industry food is used different materials as encapsulates, such as: 

carbohydrates, esters, gums, lipids, protein and materials inorganic, one of key steps to archive the 
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protection of the active agents is the choice of wall material, this must have high emulsifying activity, 

high stability, tendency to form fine and strong compounds during drying and not allow separation of 

lipids emulsion during dehydration. This selection depends on the expected use both of the product 

and the source of the material to be encapsulated (2, 3). Inside the biopolymers used as encapsulating 

material is found: carbohydrates such as starches, whey protein, maltodextrin, corn syrup solids and 

acacia gums have been extensively used. Microencapsulation protects such destructive changes and 

also converts it into a free-flowing powder. Besides, it also protects the flavours from undesirable 

interaction with food. The simplest microcapsules (diameter from 1 to 800 mm) are consist of a core 

surrounded by a either wall or barrier of uniform or non-uniform thickness (4). Although 

encapsulation itself prevents lipid oxidation, additional stabilization with antioxidants is required to 

ensure maximum protection during processing and subsequent storage of bioactive ingredients 

microencapsulated.  This required property imposes a strict screening of the encapsulating materials 

to be used in addition to an optimization of the operating conditions (5).  

 

Among the different techniques available for the bioactive food ingredients encapsulation, spray-

drying is the most important technique. The process involves four stages: preparation of the dispersion 

or emulsion; homogenization of the dispersion; atomization of the infeed emulsion; and dehydration 

of the atomized particles. Encapsulation in an amorphous glassy matrix thereby offers protection 

against light and oxygen. In the amorphous glassy state mobility of molecules as well as oxygen 

permeation, a key process in diffusion-controlled reactions like Maillard reaction and lipid oxidation 

is reduced, but nevertheless, oxygen permeation through glassy carbohydrate matrices still occurs (6). 

 

The chayote (Sechium edule) is a plant highly ingrained to the cuisine Mexican, contains protein, 

calcium, phosphorus, iron and vitamins (7). The diversity of rich in starch vegetables is available and 

consequently can provide other alternative native starch source, whose chemical and functional 

properties are higher to the sources already known, and can be replaced by the commercial modified 

starches, to transform into value-added crops and prove biopolymers with particulars properties with 

use specific.  The aim in this study was to characterize physical, flowability and rehydration properties 

of Sechium edule starch obtained by spray drying.  

 

METHODS AND MATERIALS 

Sample preparation. S. edule var. nigrum spinosum (chayote) were purchased from Mixquiahuala 

de Juárez Hidalgo State, México. The chayote fruits were peeled and halved along their axes. The 

fruits were cut into 4-5 cm cubes and then milling for 5 min. The homogenate was consecutively 

sieved and washed, until the washing water was clean. The starchy solution was dried. A pilot scale 

spray dryer with co-current operation was employed for the spray drying process, the inlet air 

temperature was 205 °C. 

Moisture and Activity Water. The moisture content of the samples was measured by hot air oven 

at 105 °C for 24 h. The water activity of the samples was measured using an AquaLab (Decagon 

Divices, USA) (8). 

Morphology by Scanning Electron Microscopy. The particle structures of Sechium edule powder 

were evaluated by scanning electron microscopy (SEM). The powders were attached to SEM stubs 

using double adhesive tape, coated with gold and examined with a scanning electron microscope (9). 
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Density and flow properties. Apparent density (Dp) was calculated by collecting the powder, 

without compacting it, in a 10 mL graduated cylinder and weighing the sample and measuring the 

volume it occupied within the cylinder. The mass of the sample was divided by the volume it occupied 

(10, 11).  

Rehydration properties. The wetting time (WT) is the time required for all of the particles to 

submerge in solvent; it was evaluated placing 1 g of sample into 10 mL of water [11]. The solubility 

of the spray-dried powder was carried out by adding 2 g of the material to 50 ml of distilled water at 

25 °C. The mixture was agitated in a low form glass beaker 100 ml with a magnetic stirrer, using a 

stirring bar with a size of 2 mm· 7 mm. The time required for the material to dissolve completely was 

recorded (12).  

 

RESULTS AND DISCUSSION 

The moisture content and water activity in the S. edule starch were 6.47 ± 0.97 % d. b., and water 

activity 0.439 ± 0.002, respectively.To investigate the effect of spray drying on starch granule 

morphology by SEM were observed by scanning electron microscope (SEM), and compared to starch 

granules dried by forced convection. As can be in Figure 1a and Figure 1b, starch granules showed 

oval shapes and truncated, this presented smooth surfaces. It is observed that the particles are oval 

and truncated, show no difference with the granules dried by forced convection. The presence of 

broken and truncated granules starches, suggests that probably starch isolate method was too strong 

during the homogenization step (13). 

 

Knowledge of the food density is of fundamental importance for studies with the properties of 

materials and industrial processes, in adjusting the storage, processing, packaging and distribution 

conditions (9).  The tapped density of granules starch is 0.61 ± 0.02 g/mL, influenced by the particle 

size, shape and moisture content. From the bulk and tapped density is obtained the starch 

compressibility and cohesiveness, commonly expressed as the Carr’s index (20.40±1.67) and the 

Hausner ratio (1.25 ± 0.03). The flow index can be applied to the powders tested, as the slopes of the 

flow functions increase in the anticlockwise direction from the region of easy flow to difficult flow 

(14). 

 

Meanwhile, wettability and solubility of starch were 33.00 ± 7.00 s and 81.50 ± 12.02 s. High values 

of wettability and rehydration of granules starch are related to the presence of components, which 

cause shorter wetting times on powders. The rehydration process involves interactions between the 

powder and water, which is mainly delineated by the adsorption mechanism of the compounds present 

on the powder and its affinity with water (15, 16). 
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.  

Figure 1. Images acquired by SEM of Sechium  edule starch. Figure a and Figure b) Sechium edule starch  by 

spray dried at  205 °C inlet drying air temperature.  Figure c and Figure d) Sechium edule starch dried by forced 

convection. 

 

CONCLUSION  

In conclusion, from the physical, flowability and rehydration properties of Sechium edule starch, it is 

proposed as wall material in microencapsulation by spray drying. 
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ABSTRACT 

Supercritical fluid extraction of thermolabile volatile compounds from Piper auritum was applied. The 

oil extraction was performed for pulverized material with a particle size of 400± 20 µm at two 

temperatures (40 and 50°C) and at two pressures (103.42 and 172.37 bar) The extraction yield was 

calculated, the antioxidant activity (ABTS method) was evaluated and the chemical composition of the 

oil was analyzed by gas chromatography - mass spectrometry. The yields were obtained between 

2.37±0.05 and 3.09±0.12 g oil / 100 g dry solids. The highest extraction yield has been achieved in the 

case of extract obtained using carbon dioxide at pressure of 172.37 bar (2500 psi) and temperature of 

50 °C. The antioxidant activity was found between 1.30±0.05 and 11.65±0.5 mg Trolox equivalent / g 

of oil and between 1.09 and 10.16 mg ascorbic acid equivalent / g of oil. A few compounds were 

dominant in analyzed extracts: isosafrole, - copaene and phytol.  Phytol was major compound in 

extracts present.   

 

Keywords: Supercritical extraction, Piper auritum, antioxidant activity. 

 

 

INTRODUCTION 

México is very rich in endogenous medicinal and aromatic plants that are used as natural health care 

products in traditional medicine. Piper auritum is a small shrub which grows in the tropic area of 

Central America; it belongs to the Piperaceae family (1). Depending on the culture and region where 

it grows, P. auritum is commonly referred to as ‘‘hoja santa’’, ‘‘yerba santa’’, ‘‘anisillo’’, ‘‘acuyo’’, 

or ‘‘momo’’ in Mexico and Central America. In the United Stated of America, this herb is commonly 

referred to as ‘‘pepperleaf’’, ‘‘eared pepper’’ or ‘‘root beer plant’’ (2). The essential oil of P. auritum 

is composed mainly of safrole (70%) and more than forty other constituents in smaller quantities; a 

number of those are mono and sesquiterpenes. In recent years, herbal extracts and essential oils (EOs) 

have attracted a great deal of scientific interest as they formed the basis of applications, including 

fresh and processed food preservation, pharmaceuticals, alternative medicine and natural therapies 

(3–5). The main investigated and explored characteristics of herbal extracts and essential oils are 

antioxidant activity. Antioxidant activity of natural products, such as herbal extracts, are linked to the 

reduced risk of many diseases, especially cancer and cardiovascular. Furthermore, in the field of food 

production carcinogenicity of some synthetic antioxidants led to the substitution of such antioxidants 

with safe additives/extracts obtained from natural sources with proven antioxidant capacity.  
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Several methods can be used for extraction of complex volatile mixtures and compounds. Hydro-

distillation is a classical method for volatile constituents/essential oils extraction. The main 

disadvantage of this process is high process temperature. This disadvantage can be overcome by 

employment of supercritical fluid extraction (SFE), which can be consider as a successful technique 

for extraction of complex components mixtures including essential oils, fatty acids, tocopheroles, etc. 

(6-7). Supercritical fluid extraction (SFE) represents the so-called green extraction method. Its 

advantages include the use of a non-explosive, non-toxic solvent that is available in high purity at 

low cost and the lack of solvent residues in finished products (8-9). The most commonly used 

extraction fluid in SFE is carbon dioxide. It is non-toxic, non-explosive and easy removable from the 

product, allowing preparation of solvent free extracts. Carbon dioxide possesses low critical 

temperature and pressure (Tc= 31.1◦C, Pc= 73.8 bar), therefore allowing the preservation of 

thermolabile compounds, such are essential oils components. 

 

The present work was undertaken with main objectives to investigate the composition and antioxidant 

activity of supercritical Piper auritum extracts. Supercritical extraction process has been applied 

regarding its efficiency for extraction of temperature unstable volatile compounds. Beside 

supercritical extraction technique for extraction of Piper auritum volatile compounds hydro-

distillation and steam distillation, as comparable classical method of extraction, was used.  

 

METHODS AND MATERIALS 

Experimental materials. Dried P. auritum. leaves were used in this work. The plants were cultivated 

in the region of Cholula, México and dried at room temperature. 

Steam distillation. Steam distillation of P. auritum leaves were performed using a Clevenger-type 

apparatus. For this purpose, 100 g of dried P. auritum leaves were used by two hours. 

Supercritical carbon dioxide extraction. A laboratory scale supercritical fluid extraction system 

(built in UDLAP) was used in the present study for extraction of essential oil from P. auritum leaves 

(Figure 1). The ground sample (25 g, 400±25µm) was loaded into 1000 mL high pressure vessel and 

was then heated until to reach the desired temperature (40 y 50°C) and the CO2 was pressurized using 

high pressure pump and then charged into the vessel to maintain the desired pressure (103.4 y 172.3 

bar) during the cycle. The supercritical CO2 containing the extract was then passed through 

temperature controlled valve and was expanded to ambient pressure. The extract was collected in a 

glass vial and after completion of each run, the sample was immediately transferred to refrigerator 

until further analysis. 

 
Figure 1. Schematic diagram of supercritical fluid extraction apparatus. 
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Antioxidant activity. The antioxidant activity was evaluated by the ABTS method using the 

2,20azino-bis (3-ethylbenzo-thiazoline-6-sulfonic acid) diammonium salt (98%) reagent. The ABTS+ 

radical was obtained according to Kuskoski et al. (10) method with some modifications. 3.3 mg of 

potassium persulfate and 19.4 mg of the ABTS reagent (Sigma–Aldrich, St. Louis, MO, USA) were 

weighed in a glass beaker, 5 mL of distilled water added and then perfectly mixed. This solution was 

kept away from light and let stand for 16 h at room temperature for the radical formation. Afterward, 

the ABTS_+ solution was diluted with absolute ethanol (radical-ethanol solution) until obtaining an 

initial absorbance of 0.700 ± 0.020 (Ai) at 754 nm. 

GC–MS analysis. The compounds in the extracts were identified using a 6850N gas chromatograph 

(Agilent Technologies, Sta. Clara, CA, USA) attached to a 5975 quadrupole mass selective detector 

(Agilent Technologies, Sta. Clara, CA, USA). One microliter of each extract was injected. The 

separation of volatiles was performed using a HP5-MS column of 30 m in length and 0.25 mm in 

diameter coated with a film of 0.25 micrometer in thick. The analysis conditions were: 1.1 mL/min 

of helium as carrier gas, an injector temperature of 250 °C, a 10:1 split ratio mode, an initial 

temperature of 60 °C increasing at a rate of 4 °C/min until reach 240 °C. The ionization energy was 

70 eV. The scanning mass range was m/z 43-350. The identification of compounds was based on 

comparing their mass spectra with the database of the mass spectra NIST library and literature reports. 

 

RESULTS AND DISCUSSION 

Supercritical carbon dioxide extraction. The oil yield was expressed as the percent ratio of the 

mass of extracted oil to the mass of 100 g of dried P. auritum loaded into the extraction vessel. In 

Figure 2 the kinetic extraction is showed. The highest yield was obtained under following conditions: 

172.3 bar and 50°C. However, the lowest yield was observed under 103.4 bar and 40°C. The final 

yield was observed between 2.37 y 3.09 %. The most relevant process parameter in SFE from plant 

matrix is the extraction pressure, which can be used to tune the selectivity of the supercritical solvent. 

With respect to extraction temperature, in the case of thermolabile compounds such as those 

comprising essential oils, values should be set in the range of 35–50°C; e.g. in the vicinity of the 

critical point and as low as possible to avoid degradation (11). In this work the temperatures used 

were 40 and 50°C not in the vicinity of the critical point. 

 

Fornari et al. (11) reported 4.77% of yield to oregano, 4.64% to sage, 2.61% to thyme and 3.2% to 

rosemary, similar results were founded in this work. By steam distillation the yield of the oil was 

1.58±0.05%, this value is lower than supercritical extraction. 
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Figure 2. Extraction yields obtained in the supercritical fractionation of P. auritum extracts. 

 

Antioxidant activity. The highest antioxidant activity was achieved at the following conditions: 

172.3 bar and 50°C, while the lowest antioxidant activity was detected in the sample obtained by 

steam distillation. The results are shown in Figure 3.  Comparing obtained results with results of 

previously conducted studies on antioxidant activity of CS extracts obtained by SFE technique 

revealed the similar activity of SFE extracts (12).  

 

 
Figure 3. Antioxidant activity (as trolox equivalents) from Piper auritum. 

 

Chemical components of essential oils. Chemical compounds from P. auritum were identified by 

the GC–MS technique. The results are shown in Table 1. Thirteen compounds were identified in the 

essential oil obtained by SFE and eighteen compounds were founded by the steam distillation method. 
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The main compound identified in both essential oils was safrol. This compound was identified by 

Gupta and Arias (2) in Piper auritum obtained from fresh leaves. 

 

Table 1. Chemical components of essential oils extracted by SFE and steam distillation. 

Compound SFE Steam distillation 

1-R--Pinene x x 

-Pinene x x 

-Terpinene x x 

o-Cymene x x 

-trans-Ocymene  x 

-cis-Ocymene  x 

-Terpinene x x 

Terpineol x x 

Safrol x x 

-Elemene x x 

-Copaene x x 

-Cariofilene x x 

D Germacremene   x 

D-4-ol Germacrene   x 

-Elemene  x 

Trans-Nerolidol  x 

Ent-Spathulenol x x 

Phytol x x 

-Cubebene x  

 

CONCLUSIONS 

Antioxidant activity of extract obtained using carbon dioxide at 172.37 bar and at temperature of 

40 °C was approximately five times higher than antioxidant activity of essential oil obtained by steam 

distillation. Obtained results indicated that supercritical extraction of Piper auritum, can be 

considered as more effective method for volatile non-polar components extraction and preparation of 

extracts with high antioxidant activity, in comparison to classical steam distillation procedures. 
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ABSTRACT 

Mesoamerican region is the center of Phaseolus genus. This pulses group is known for common bean 

(Phasolus vulgaris) but has a large diversity poor known. Tepari bean (Phaseolus acutifolius), is a 

higly adaptable crop; would rise with warm weather / low water environments. Tepari bean is 

cultivated mainly in Sonora and Sinaloa and some places of mexican frontier but mostly by self-intake. 

Unfortunately, tepari bean is being forgotten, losing genetic diversity and the option of a crop that can 

withstand the conditions of climate change. The aim of this study was determinate nutritional and 

textural properties of tepari bean (Phaseolus acutifolius) cultivated in Nuevo León, México. 

Nutritional values of humidity, ashes, protein, lipid and crude fiber were evaluated while A.O.A.C. 

official methods. Average of three determinations was reported. Textural properties were determinate 

in unsoaked/8h soaked seeds using a Texture Analyzer (Model XT2i; Stable Micro Systems Ltd., 

England) through texture profile analysis (TPA) test for 70% of compression at a test speed of 2.0 

mm/min. Hardness, cohesiveness, chewiness and adhesiveness were calculated. Average of ten 

determinations was reported. The nutritional composition obtained was 7.41 moisture, 4.95% ashes, 

1.52% lipid fraction, 2.91% crude fiber, 23.24% protein fraction and 59.97% total carbohydrates. All 

values were similar to another Phaseolus species, as P. vulgaris. About TPA, unsoaked seeds reports 

hardness=310.45N, cohesiveness=0.177, chewiness=2.325Kg and adhesiveness=0.22Kg·s; soaked 

seeds shown hardness=83.15N, cohesiveness=0.158, chewiness= 0.233Kg and adhesiveness=0.12 

Kg·s. The TPA shown a significately difference (p<0.05) between unsoaked and soaked tepari beans; 

being in both cases, more similar to cowpea than common bean texture profile. Due to results, it is 

highly important to evaluate the physical and cooking properties of tepari bean to assess commercial 

and nutritional potential for human population. 

 

Keywords: tepari bean, pulses, TPA, alternative crops  

 

INTRODUCTION 

Mesoamerica is recognized as the center of the genus Phaseolus origins. Due to the geographical 

position, climate diversity and the varied topography of this region, it houses a wide diversity of 
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biological species of this genus (1). A group of plant-based foods, which make a significant 

contribution to the human food chain is the group of legumes (2), of which the common bean 

(Phaseolus vulgaris) is the most cultivated and consumed worldwide, mainly in developing countries. 

However, the genus Phaseolus has been partially explored and not always in a systematical form (1).  

 

Tepari bean (Phaseolus acutifolius) is a legume that is grown mainly in the states of Sonora and 

Sinaloa, and his demand is very low and is mostly for self-consumption (3). The tepari bean is edible 

and is adapted to arid/semi-arid conditions, is resistant to adverse agronomic conditions as high 

concentrations of salt, limited water conditions, pests and microorganisms affecting the common bean 

(4, 5). Similarly, the nutritional quality of the bean, is promising for human consumption. 

 

Although tepari bean is unexploited and its consumption is limited, its properties make it an excellent 

donor of desirable genes for generating plant breeding species of common bean (6). However, tepari 

bean has been not quite investigated in recent years and there is a lack of information about its 

nutritional and sensory properties, so the purpose of this study is to determine the nutritional and 

textural properties of tepari bean (Phaseolus acutifolius) cultivated in Nuevo León, México. 

 

METHODS AND MATERIALS  

We worked with tepari bean (Phaseolus acutifolius), donated by the Facultad de Agronomía of the 

Universidad Autónoma de Nuevo León, with which the following determinations were made: 

Chemical composition analysis. Was done in triplicate based on the methods described by AOAC 

(1990). To determine the moisture content, the method 925.10 was followed, for ash the method 

936.07, for protein fraction the method 968.06 (Dumas method), for lipid fraction the method 920.09, 

for crude fiber the method 962.09 and finally, the content of total carbohydrates was calculated by 

difference of the percentages of moisture, protein fraction, lipid fraction, ash and crude fiber. 

Textural properties: a test of texture profile analysis (TPA) in seeds without soaking and soaking of 

8h was performed using a texture analyzer (Model XT2i; Stable Micro Systems Ltd., England). A 

70% compression of deformation was performed, at a crosshead speed of 2.0 mm/min. In Figure 1, it 

can be seen the graph for the general texture profile (8) based on imitating mastication by a 

texturometer which makes a double compression. Several textural parameters can be calculated by 

graphing force against time, some of those parameters are reported in this study. Thus the hardness, 

cohesion, chewiness and adhesiveness were determined, reporting the average of ten determinations. 

 
Figure 1. Graph for the general texture profile (12). 
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RESULTS AND DISCUSSION 

The chemical composition analysis of tepari bean yielded the results that can be seen in Table 1. The 

mean values of three determinations of moisture, ash, lipid fraction, crude fiber, total carbohydrates 

and protein fraction are shown. 

 

Table 1. Chemical composition analysis of tepari bean a. 

Moisture Ash Lipid 

Fraction 

Crude fiber Protein 

fraction 

Total 

carbohydrates 

7.41 ± 0.19 4.95 ± 0.03 1.52 ± 0.09 2.91 ± 0.42 23.24 ± 0.04  59.97 ± 0.25 
a Averages calculated from three determinations. 

 

The results of the chemical composition of tepari beans are similar to the values previously reported 

by other authors for this bean (6, 9, 10). 

 

As for the textural properties of tepari beans, in figures 2 and 3 there can be seen the graphics for the 

texture profile of the seeds with and without soaking. Regarding the TPA, the following results (table 

2) were obtained, showing that the texture profile was significantly different (p <0.05) between the 

seeds with and without soaking. For the parameter of hardness, a significant change of 26% was 

observed in tepari beans with 8 h of soaking. Likewise, chewiness, adhesiveness, and cohesiveness 

changed by 10%, 55% and 89% respectively, in tepari beans with 8 h of soaking.  

 

 
 

Figure 2. Textural profile of tepari beans without 

soaking. 

Figure 3. Textural profile of tepari beans with 8 h 

of soaking. 

 

Table 2. Textural properties of tepari beans with and without soaking b.  
Tepari vean without soaking Tepari beans with 8 h of soaking  

Hardness 310.45N 83.15N  

Cohesiveness 0.177 0.158  

Chewiness 2.325Kg 0.233Kg  

Adhesiveness 0.22Kg·s 0.12 Kg·s. 
b: Averages calculated from 10 determinations 
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The values obtained from the TPA of tepari beans, differ from those of common bean; however, its 

profile is similar to the textural profile of another seed that belongs to the Fabaceae family, the 

cowpea (Vigna unguiculata) (11). 

 

Due to results, it is concluded that the tepari bean presents an appropriate nutritional quality for human 

consumption. Also, to evaluate its different physical and culinary properties is of paramount 

importance in order to promote marketing and consumption in the Mexican population. 
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ABSTRACT 

Carica papaya fruit is a tropical fruit known for its nutritional value such as minerals, fiber, papain 

enzyme, and vitamins content such as vitamin A and C. Exportation quality standards demand specific 

size and weight among other characteristics. If the fruit does not fulfill these requested standards, the 

product is rejected and ranked as a third quality product. The objective of this study was to evaluate 

the effect of drying papaya (convective drying and spray drying) in preserving colour and ascorbic 

acid content. Papaya fruit was disinfected and pealed to obtain the flesh free of seeds. Pulp was blended 

until paste and then was mixed with maltodextrin (5-10% w/v), ascorbic acid (0.1% w/w), and citric 

acid (0.2% w/w). Convective drying was carried out at 50 ºC until humidity was lower than 7%. Spray 

drying operational conditions was 160 ºC air-drying temperature, 90 ºC outlet temperature, and 130 

ml/min feeding velocity. An experimental design 22 (2 factors, 2 levels) was applied to evaluate 

convective drying; spray drying only was tested with 2 treatments. The data was statistically analyzed 

by one-way ANOVA. Colour was the most evident change observed. All four convective powders 

were dark brown (L* from 53.974.66 to 68.651.52; a* from 4.720.49 to 20.560.99; and b* from 

20.560.84 to 37.830.52) as a result to sugar browning and Maillard reactions. On the other hand, 

spray-dried powders had a light orange colour (L* from 84.530.95 to 84.980.25; a* from 6.570.21 

to 7.310.11; and b* from 19.941.01 to 20.160.98) thanks to maltodextrin and rapid drying process. 

Rehydrated convective powders remained dark brown while spray dried powders regained natural 

orange papaya colour. Ascorbic acid content conservation was also evident in spray dried powders. In 

convective powders content was measured from 20.803.16 to 38.121.21 mg ascorbic acid 

equivalent/100g, while spray dried powders were from 49.712.79 to 98.641.23 mg ascorbic acid 

equivalent/100g. Papaya spray dried powder resulted with better colour characteristics than convective 

powders. Also ascorbic acid conservation was observed in spay dried powder. Processing papaya fruit 

as powder by spray drying technology seems to be an alternative to process rejected exportation 

products. 

 

Keywords: Carica papaya, drying, colour conservation, ascorbic acid 

 

 

INTRODUCTION. 

Papaya fruit is a tropical fruit rich in vitamin A, fiber, minerals, papain, and vitamin C. In its maturity 

state, papaya fruit has an orange or yellow color in the peel and the pulp has an intense orange or red 

salmon color. Maturity state is reach by papaya fruit in a relative short time, nearly 3 days at room 
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temperature. For this reason this fruit does not remain in good conditions for a long period (1). As a 

consequence, a high quantity of the fruit does not accomplish international quality standards set by 

organisms as FDA or CODEX Alimentarius and then, the fruit is rejected from the market. 

 

Dehydration of fruits is a very conventional method used to improve shelf life because it reduces 

water activity and microorganism development. Nevertheless, the exposition at high temperatures for 

extended periods, may cause degradation of micronutrients as vitamins, minerals, or bioactive 

compounds. Besides, sugars react with high temperatures producing dark colors and aromas from 

browning and Maillard reactions. As a consequence sensorial characteristics are modified and toxic 

compounds may be produces such as melanoidins (1, 2, 3). Polyphenol oxidase (PPO) is an enzyme 

present in vegetables and fruits, this enzyme produces non enzymatic browning, changing color and 

texture of the fruits. Its activity can be inhibited by adding reducing agents like citric acid or ascorbic 

acid in small concentrations. Besides, ascorbic and citric acid have antioxidant activity and reduce o-

quinones to their original phenolic substrate (4). 

 

The aim of the present study was to evaluate the effect of the drying process in ascorbic acid and 

colour conservation. An anti-browning pre-treatment was used to inhibit PPO with ascorbic acid and 

citric acid. 

 

MATERIALS AND METHODS. 

Carica papaya var. Maradol was proportioned by Znova Agroindustrias, the fruit was washed and 

disinfected using a solution of sodium hypochlorite at 100 ppm for 15 minutes, and then the fruits 

was peeled, sliced, and blended to obtain a puree. 

Papaya powder by spray drying. A spray dryer GEA Niro was utilized, with a wheel rotary atomizer 

by air and a peristaltic bomb from Watson Marlow mode 520S. An inlet temperature of 160 °C, outlet 

temperature of 90 °C and 130 ml/min feed speed was used to obtain papaya powder. The 

concentration of the juice was 20 % (w/v) of papaya puree and 5 % of maltodextrin as carrier agent. 

Papaya powder by convective drying. The fruit was sliced in cubes of 3 cm approximately, then 

were dried using a convective oven at 50 °C until the moisture was less than 7%. Finally, the particle 

size of the dehydrated fruit was reduced using a grinder. 

Anti-browning pre-treatment. To inhibit PPO, 0.1% of ascorbic acid (w/w) and 0.2% of citric acid 

(w/w) was added to the papaya puree and then the mix was homogenized using a semi-industrial 

blender. 

Experimental and statistical design. An experimental design 2x2 (2 factors and 2 levels) was used 

for papaya powder by convective drying (table 1). For spray dried papaya powder only 2 conditions 

was used (table 2). Statistical differences was analyzed using an ANOVA design. 
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Papaya powders characterization. 

Ascorbic acid determination. Ascorbic acid was determined using the AOAC (2000) 967.21 method 

(5). 

Colour determination. Colour was determined using a Spectrometer Hunter Lab model Mini Scan 

EZ with a D65 lamp. Results are expressed as L*, a*, and b* parameters, representing luminosity, 

colours red (positive) or Green (negative) and colours yellow (positive) or blue (negative) 

respectively. 

 

RESULTS AND DISCUSSION. 

Colour. The values of colour were reported as L*, a*, and b*, these values were converted to RGB 

using an on line color converter. The results of the papaya powder by spray drying in dry basis and 

rehydrated can be observed in table 3. The colour was the most affected characteristic by the drying 

process. In the spray dried powders a light orange colour was obtained (samples A and B), 

nevertheless, rehydrated spray dried powders showed an intense orange colour (samples A** and 

B**) from original papaya juice. The powder added with anti-browning pre-treatment had a better 

retention of colour than the not pre-treated powder. 

 

In addition, the convective dried papaya powder results can be observed also in table 3. These samples 

had a dark orange colour (samples 1, 2, 3 and 4) may be product of sugar browning by temperature 

exposition, as reported by Vega-Gálvez et al (6). In the same way, the pre-treated powders preserve 

more colour than not pre-treated powders, in dry basis. When these powder was rehydrated, a dark 

colored suspension was obtained, these can be observed in samples 1**, 2**, 3** and 4** in table 3. 

These samples does not recover the original papaya colour. 

 

Ascorbic acid content.  There was a statistical difference between spray dried and convective dried 

powders. As it can be observed in Figure 1, in the samples A and B (spray dried papaya powders) the 

ascorbic acid content is higher than in samples 1, 2, 3, and 4 (convective dried papaya powders). The 

Vitamin C reduction in convective dried powders may be due to several factors, temperature and 

drying time may be the most important considering that vitamin C is highly sensitive to those (7, 8). 
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Table1. Color determination in spray dried powders (A, B, A**, B**) and convective dried powders (1, 2, 3, 

4, 1**, 2**, 3**, 4**) 

 

 

Figure 1. Ascorbic acid content in papaya powders. Spray dried powders (A, B) and convective dried powders 

(1, 2, 3, 4). 

 

CONCLUSION.  

As an alternative to reduce papaya wastes in national and international market, dehydration of the 

fruit is an excellent option to improve shelf life. Considering the results obtained in this study, spray 

drying was the best drying process to preserve sensorial characteristics of fresh papaya. Spray drying, 

preserved vitamin c and reduced colour changes in comparison to convective drying. 
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ABSTRACT 

Chia (Salvia hispanica L.) is native to Central Valley of Mexico and Northern of Guatemala (3,500 

B.C,); and it was used to prepare nutritional foods and drugs, as well as cosmetic creams by Mayans 

and Aztec civilizations. Chia seed is a good source of protein (15-25%), carbohydrates (26-41%), 

dietary fiber (18-30%) and lipids (30-33%); these last one are constituted by 60% α-linolenic (ω-3) 

and 20% linoleic (ω-6) fatty acids. Also, chia seed is a great antioxidant source due to the presence of 

polyphenols, such as phenolic acids (Rosmarinic, chlorogenic, caffeic, gallic) and flavonols 

(Quercetin, myricetin, kaempferol), which protect against cardiovascular diseases and cancer. The aim 

of this work was optimize the germination bioprocess of chia seeds to obtain a functional flour 

[Optimized Germinated Chia Flour (OGCF)] with maximum values of protein and total phenolic 

contents (PC, TPC), and antioxidant activity (AoxA). Response Surface Methodology was used as 

optimization tool. A rotable compound central experimental design with two factors [Germination 

temperature (GT=20-35°C), germination time (Gt=10-300 h)] and five levels (13 treatments) was 

applied. Chia seeds (25 g) were placed inside plastic trays with absorbent paper, previously moisturized 

with 200 mL of 100 ppm sodium hypochlorite dissolution. The sprouts were dried (50°C/8 h), cooled 

(25°C) and ground to obtain germinated chia flours (GCF). The best combination GT/Gt to obtain 

OGCF with PC (27.1 g of protein/100 g, db), TPC (675.7 mg gallic acid equivalents (GAE)/ 100 g, 

db), and AoxA (111,367 µmol trolox equivalents (TE)/100 g, db) was 20.9°C/300 h. In optimal 

conditions, the germination bioprocess is an effective method to increase the PC, TPC and antioxidant 

potential of chia seeds; the OGCF could be utilized as antioxidant natural source in functional foods. 

 

Keywords: Chia, Antioxidant activity, Total phenolics compounds, Protein content, Optimization 

 

 

INTRODUCTION 

Chia (Salvia hispanica L) is an annual herbaceous plant that belongs to the Lamiaceae family native 

from southern Mexico and northern Guatemala (1). It possesses small seeds (1.87 mm x 1.21 mm x 

0.88 mm) ranging from white, brown and dark black in color (2). Chia seed is considered a 

pseudocereal and, because of its high oil content, is also an oilseed. In pre-Columbian times, together 

with corn, beans, and amaranth, it was one of the basic foods of Mayan and Aztec civilizations (3).   

 

The composition of chia seed varies depending on the genotypes, geographical location and growth 

conditions. In general, chia seeds comprise, as major components, 17-24% protein of high biological 
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value (4, 5), 18-30% dietary fibers (6), and 25-40% lipids (6, 7). Also, chia seed is a great antioxidant 

source due to the presence of polyphenols, such as phenolic acids (Rosmarinic, chlorogenic, caffeic, 

gallic) and flavonols (Quercetin, myricetin, kaempferol), which protect against cardiovascular 

diseases and cancer (7). 

 

Germination is considered both simple and economical bioprocess to improve the nutritional and 

nutraceutical value of the seeds by causing desirable changes in the chemical composition, vitamins 

and minerals availability, increases in the levels of free amino acids, dietary fiber, and other 

components, and also improving the functionality of the seeds due to the subsequent increase in the 

bioactive compounds and associated antioxidant activity (8); and these changes depend of 

germination conditions (temperature, time, soaking, light) (9,10). 

 

The aim of this work was optimize the germination bioprocess of chia seeds to obtain a functional 

flour [Optimized Germinated Chia Flour (OGCF)] with maximum values of protein and total phenolic 

contents (PC, TPC), and antioxidant activity (AoxA). 

 

MATERIALS AND METHODS 

The chía (Salvia hispanica) seeds were acquired from the local market “Rafael Buelna”, Culiacán, 

Sinaloa, México. The chia seeds were packed in plastic bags, and stored at 4°C in tightly sealed 

containers until use.  

Production of germinated chia flours (GCF). A portion of 25 g of whole chia seeds were placed 

inside plastic trays with absorbent paper, previously moisturized with 200 mL of 100 ppm sodium 

hypochlorite dissolution. The trays were introduced in the germination chamber with temperature 

control. A relative humidity of 80–90 % within the chamber was maintained using trays with water. 

The bioprocess was achieved by applying combinations of germination  temperature/time (GT/Gt) in 

the intervals of  20-35ºC, and 10-300 h, respectively (Table 1) (13 treatments). In all cases, the seeds 

were germinated under light/darkness in periods of 50/50% of the germination time daily. The 

resulting sprouts (germinated chia seeds) were dried (50°C/8h), tempered (25°C), and ground (80-US 

mesh=0.180 mm) for producing germinated chia flours (GCF). The GCF were packed and kept at 

4ºC in tightly sealed containers until further analysis. The GFC were evaluated by protein and lipid 

content (PC, LC), total phenolic content (TPC), and antioxidant activity (AoxA).  

Extraction of free and bound phenolic compounds. Free phenolic compounds were extracted 

according to Adom and Liu (11). One gram of dry ground sample was shaking in 10 mL of chilled 

ethanol–water (80:20, v/v) in a tube rotator (50 rpm / 10 min). The supernatant was recovered by 

centrifugation (5000xg / 10°C/10 min) (Sorvall RC5C, Sorvall Instruments, Dupont, Wilmington, 

DE, USA). The extracts were concentrated to 2 mL at 45°C using a vacuum evaporator (Savant SC250 

DDA Speed Vac Plus centrifugal, Holbrook, NY, USA) and kept at -20°C. All extractions were made 

by triplicated.   

Bound phenolic compounds were extracted as reported by Adom and Liu (11) with modifications. 

The residues (pellets) from free phenolic extraction were mixed with 10 mL of hexane to remove the 

lipid fraction. Then, the mixture was hydrolyzed with 10 mL of 2 M NaOH at 95°C and 25°C for 30 

and 60 min, respectively, in a shaking water bath at 60 rpm. The hydrolysate was neutralized with 2 

mL of concentrated HCl. The final solution was extracted with 10 mL of ethyl acetate four times and 
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the pool evaporated to dryness. Bound phenolic compounds were reconstituted in 2 mL of 50% 

methanol and kept at -20°C until use. All extractions were made by triplicated. 

Total phenolic content (TPC). The TPC (sum of phenolic from free and bound extracts) was 

evaluated using spectrophotometric method (12). The absorbance was measured using a Microplate 

Reader (SynergyTM HT Multi-Detection, BioTekInc, Winooski, VT, USA). Gallic acid (Sigma 

Chemical Co, Saint Lous, MO, USA) was used as standard to prepare a calibration curve. Total 

phenolic content was expressed as mg of Gallic acid equivalents (GAE)/100 g sample (dw). All 

measurements were made by triplicated. 

Antioxidant activity (AoxA): ABTS. The ABTS radical cation discoloration was performed to 

evaluate total hydrophilic antioxidant activity (sum of antioxidant activity of free and bound phenolic 

extracts) using a Microplate Reader (SynergyTM HT Multi-Detection, BioTek, Inc., Winooski, VT, 

USA). For ABTS assay the extracts were evaluated against a standard of Trolox (13). The results 

AoxA were expressed as µmol of Trolox equivalents (TE)/100 g of dry weight (dw) sample. All 

measurements were made by triplicated. 

Protein content (PC). The official AOAC (14) method 960.52 was used to determine protein 

(Nx6.25) content. All treatments were made by triplicated. 

Response surface methodology (RSM), experimental design, statistical analysis and 

optimization. A central composite rotatable experimental design was chosen for RSM, with two 

factors [Germination temperature (GT), germination time (Gt)] and five variation levels (Table 1). 

Applying the stepwise regression procedure, non-significant terms (p >0.1) were deleted from a 

second order polynomial and a new polynomial was used to obtain a prediction model for each 

response variable. The numeric method was applied as optimization technique to obtain maximum 

protein and total phenolic contents (PC, TPC), and antioxidant activity (AoxA). Prediction models 

were used to graphically represent the system. Desirability contour plot was obtained showing the 

best combination GT/Gt for producing optimized germinated chia flour (OGCF). The statistical 

software Design Expert version 7.0.0 (Stat-Ease, Minneapolis, MN, USA) was used for the RSM 

analyses. 

 

RESULTS AND DISCUSSION 

Predictive models for protein and total phenolic contents (PC, TPC), and antioxidant activity 

(AoxA) of germinated chia flours (GCF). The PC, TPC and AoxA experimental values of the GCF 

varied from 16.9 to 27.1 % (dw), 497.1 to 697.3 mg GAE/100g sample (dw), and 46,184 to 117,609 

µmol TE/100g sample (dw), respectively (Table 1).  

 

Predictive models using coded variables for the response variables (PC, TPC, AoxA) were:  

 

PC= 20.23 + 1.14 (TG) + 2.91 (tG) + 1.90 (TG)2 + 0.58 (tG)2 

 

TPC= 649.78 + 3.66 (TG) + 57.02 (tG) – 25.06 (tG)2 

 

AoxA= 78,701.67 + 23, 098.09 (tG) 
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Table 1. Experimental design (13 treatments) and experimental results of protein and phenolic contents (PC, 

TPC), and antioxidant activity (AOxA) and of germinated chia flours 

 Process variables Response variables 

Treatment GT (°C) Gt (h) PCa TPCb AoxAc 

1 22.2 52.5 19.0 571.3 56,727 

2 32.8 52.5 20.8 596.5 54,655 

3 22.2 257.5 23.4 671.9 99,873 

4 32.8 257.5 25.3 669.0 95,284 

5 20.0 155.0 22.7 648.8 72,164 

6 35.0 155.0 26.5 653.7 87,768 

7 27.5 10.0 16.9 497.1 46,184 

8 27.5 300.0 27.1 697.3 117,609 

9 27.5 155.0 19.0 653.0 75,300 

10 27.5 155.0 20.9 656.3 71,389 

11 27.5 155.0 21.5 631.9 80,031 

12 27.5 155.0 19.6 649.6 84,473 

13 27.5 155.0 20.2 650.2 81,667 
ag /100 g sample (dw), bmg gallic acid equivalent (GAE)/100 g sample (dw), cµmol Trolox equivalent 

(TE)/100 g sample (dw) 

 

The regression models explained 90.67 %, 93.43 %, and 93 % of the total variability (P=0.0004) in 

PC, (P<0.0001) in TPC, and (P<0.0001) in AoxA, respectively. The lack of fit was not significant 

(p>0.05) and the relative dispersion of the experimental points from the predictions of the models 

(CV) was found to be < 10%. These values indicated that the experimental models were adequate and 

reproducible. 

 

Optimization. In Fig 1A, 1B and 1C, the surface graphics show the effect of process variables (GT, 

Gt) on response variables (PC, TPC, AoxA), and Fig 1D show the desirability plot where the best 

process variables combination is shown. The best combination to obtain an optimized germinated 

chia flour with high PC, TPC an AoxA was GT= 20.8°C / Gt= 300 h. The predicted values of PC, 

TPC, and AoxA, using the prediction models of each response variable and the optimal conditions of 

germination were 27.1 % (dw), 657.7 mg GAE/100 g sample (dw), 111,367 µmol TE/100 g sample 

(dw), respectively. 
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Figure 1. Contour plots showing the effect of germination process on (A) protein content, (B) total phenolic 

compounds and (C) antioxidant activity, and (D) region with the best combination of process variables to obtain 

an optimized germinated chia flour with high values of these variables 

 

The OGCF shown higher values on PC, TPC and AoxA than unprocessed chia flour [18.8% (dw), 

348.8 mg GAE/100 g sample (dw), 40,179µmol TE/100 g sample (dw)]. This tendency also was 

observed by Perales-Sánchez et al. (8) in amaranth seeds. In optimal conditions, the germination 

bioprocess is an effective method to increase the PC, TPC and antioxidant potential of chia seeds; the 

OGCF could be utilized as antioxidant natural source in functional foods 
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ABSTRACT 

The quinoa (Chenopodium quinoa) seeds have been used for centuries as a food / medicine by pre-

Columbian cultures of South America (Inca Empire) since 5,000 years BC. Quinoa seeds contain 12-

23 % protein, dw; these proteins have profiles / levels of complete essential amino acids, which are 

similar to casein (milk protein) biological value. In quinoa seeds have been identified bioactive 

compounds as polyphenols (phenolic acids, flavonoids), carotenoids, phytosterols, squalene, 

ecdysteroids, which present beneficial health effects. Extrusion is a high temperature / short time 

technology which has been applied to cereals and legumes for producing a wide variety of products. 

The extrusion process improves protein digestibility and nutritional value of the raw material. The aim 

of this stud was to optimize the extrusion conditions of scarified quinoa seeds that would maximize 

the antioxidant activity (AoxA) and total phenolic content (TPC). To optimize the extrusion process, 

response surface methodology was applied over two response variables (AoxA, TPC). A central 

composite rotable experimental design with two factors [Extrusion temperature (ET, 50 - 160 °C), 

screw speed (SS, 50 - 240 rpm)] in five levels was used; 13 treatments were generated. The quinoa 

seeds were conditioned before extrusion. The extruded from each treatment were dried (50°C/8h), and 

ground to obtain extruded quinoa flours (EQF). The best combination of extrusion process variables 

for producing optimized EQF (OEQF) with the highest AoxA [5,483 µmol TE/100g (dw)], and TPC 

[252 mg GAE/100g (dw)] was ET = 92.3°C/SS=167 rpm. The extrusion process increseaed AoxA, 

and TPC in 21, and 24 %, respectively. The extrusion process is an effective strategy to increase the 

TPC of quinoa seeds for enhancing functionality with improved AoxA. 

 

Keywords: Quinoa, Antioxidant activity, Extrusion, Optimization, Response surface methodology  

 

 

INTRODUCTION 

In recent years there have been certain seed of great interest due to agronomic, nutritional and 

nutraceutical potential, among these seed, quinoa(Chenopodium quinoa), which according with 

several researchers (1) it is one of the oldest seeds in the Andean region with approximately 5,000 

years of culture. Quinoa seeds contain from 12 to 23% protein (2), having an excellent balance than 

other cereals and legumes essential amino acids due to its high content of amino acids such as lysine 

and methionine (3, 4).  They have also identified bioactive compounds as polyphenols (phenolic 
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acids, flavonoids), carotenoids, phytosterols, squalene, ecdysteroids; the growing interest in studying 

these compounds resides in the accumulating evidence showing that these compounds have a high 

number of biological properties (5). Extrusion is a process of high temperature / short time with 

numerous advantages (flexibility, high productivity, low operating costs, energy efficiency, obtaining 

products of high biological value, high digestibility of protein) (6), however, despite there are several 

studies on the effect of extrusion on nutritional and nutraceutical value of various cereals and legumes, 

there is no research on the optimization of the extrusion process to increase the antioxidant potential 

and content of total phenolic compounds (TPC) of this seed. The aim of this work was optimize the 

extrusion process of quinoa seeds to obtain a functional flour [Optimized Extruded Quinoa Flour 

(OEQF)] with maximum values total phenolic contents (TPC), and antioxidant activity (AoxA). 

 

MATERIALS AND METHODS 

The quinoa (Chenopodium quinoa) seeds were acquired from the local market “Rafael Buelna”, 

Culiacán, Sinaloa, México. The quinoa seeds were packed in plastic bags, and stored at 4°C in tightly 

sealed containers until use.  

Production of extruded quinoa flours (EQF). The EQF was obtained by the method reported by 

researchers (7) which consisted follows, the quinoa seeds were ground in a mill and the flour was 

conditioned at 28% and 0.21 g cal / 100g sample which it was stored for later use. The extrusion 

process was carried out using combinations extrusion temperature (ET = 50-160 C) and screw speed 

(SS = 50-240 rpm) (Table 1) .The obtained pellets were dried, ground to the obtaining the extruded 

flour which were stored in polyethylene bags and stored at 4C until further use. 

Extraction of free and bound phenolic compounds. Free phenolic compounds were extracted 

according to Adom and Liu (8). One gram of dry ground sample was shaking in 10 mL of chilled 

ethanol–water (80:20, v/v) in a tube rotator (50 rpm / 10 min). The supernatant was recovered by 

centrifugation (5000xg / 10°C/10 min) (Sorvall RC5C, Sorvall Instruments, Dupont, Wilmington, 

DE, USA). The extracts were concentrated to 2 mL at 45°C using a vacuum evaporator (Savant SC250 

DDA Speed Vac Plus centrifugal, Holbrook, NY, USA) and kept at -20°C. All extractions were made 

by triplicated.   

 

Bound phenolic compounds were extracted as reported by Adom and Liu (8) with modifications. The 

residues (pellets) from free phenolic extraction were mixed with 10 mL of hexane to remove the lipid 

fraction. Then, the mixture was hydrolyzed with 10 mL of 2 M NaOH at 95°C and 25°C for 30 and 

60 min, respectively, in a shaking water bath at 60 rpm. The hydrolysate was neutralized with 2 mL 

of concentrated HCl. The final solution was extracted with 10 mL of ethyl acetate four times and the 

pool evaporated to dryness. Bound phenolic compounds were reconstituted in 2 mL of 50% methanol 

and kept at -20°C until use. All extractions were made by triplicated. 

Total phenolic content (TPC). The TPC (sum of phenolic from free and bound extracts) was 

evaluated using spectrophotometric method [9]. The absorbance was measured using a Microplate 

Reader (SynergyTM HT Multi-Detection, BioTekInc, Winooski, VT, USA). Gallic acid (Sigma 

Chemical Co, Saint Lous, MO, USA) was used as standard to prepare a calibration curve. Total 

phenolic content was expressed as mg of Gallic acid equivalents (GAE)/100 g sample (dw). All 

measurements were made by triplicated. 

Antioxidant activity (AoxA): ABTS.The ABTS radical cation discoloration was performed to 

evaluate total hydrophilic antioxidant activity (sum of antioxidant activity of free and bound phenolic 



 

327 
 

extracts) using a Microplate Reader (SynergyTM HT Multi-Detection, BioTek, Inc., Winooski, VT, 

USA). For ABTS assay the extracts were evaluated against a standard of Trolox (9, 10). The results 

AoxA were expressed as µmol of Trolox equivalents (TE)/100 g of dry weight (dw) sample. All 

measurements were made by triplicated. 

 

Response surface methodology (RSM), experimental design, statistical analysis and 

optimization A central composite rotatable experimental design was chosen for RSM (11, 12), with 

two factors [Extrusion Temperature (ET), Screw Speed (SS)] and five variation levels (Table 1). 

Applying the stepwise regression procedure, non-significant terms (p >0.1) were deleted from a 

second order polynomial and a new polynomial was used to obtain a prediction model for each 

response variable. The numeric method was applied as optimization technique to obtain maximum 

total phenolic contents (TPC) and antioxidant activity (AoxA). Prediction models were used to 

graphically represent the system. Desirability contour plot was obtained showing the best 

combination ET/SS for producing optimized extruded quinoa flour (OEQF). The statistical software 

Design Expert version 7.0.0 (Stat-Ease, Minneapolis, MN, USA) was used for the RSM analyses. 

 

RESULTS AND DISCUSSION 

Predictive models for protein and total phenolic contents (TPC) and antioxidant activity (AoxA) 

of extruded quinoa flours (EQF). The TPC and AoxA experimental values of the EQF varied from 

215.8 to 251.4 mg GAE/100g sample (dw), and 4,542 to 5,621µmol TE/100g sample (dw), 

respectively (Table 1).  

 

Table 1. Experimental design (13 treatments) and experimental results of phenolic contents (TPC) 

and antioxidant activity (AoxA) of extruded quinoa flours 

 Process variables Response variables 

Treatment 
ET 

(°C) 

SS 

(rpm) 

TFCa 

 

AoxAb 

 

1 66 78 247.2 5,014 

2 144 78 226.3 4,699 

3 66 212 245.8 4,987 

4 144 212 216.4 5,077 

5 50 145 245.0 4,774 

6 160 145 215.8 4,542 

7 105 50 230.6 5,239 

8 105 240 237.4 5,525 

9 105 145 240.6 5,306 

10 105 145 244.0 5,621 

11 105 145 241.6 5,140 

12 105 145 249.4 5,389 

13 105 145 251.4 5,471 
amg Gallic acid equivalent (GAE)/100 g sample (dw), bµmol Trolox equivalent (TE)/100 g sample (dw) 
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Regression coefficients and analyses of variance of the second order polynomial model showing the 

relationships among, TPC and AoxA and process variables are shown in Table 1. Predictive models 

using coded variables for the response variables (TPC, AoxA) were:  

 

TPC=  245.39 - 11.44*ET - 0.22*SS - 7.07*ET2 - 5.24*SS2 

 

AoxA= 5371.10 - 69.30*ET + 94.50* SS - 379.87*ET2 

The regression models explained 93.43 % and 93.0 % of the total variability, (P=0.0006) in TPC and 

(P=0.0004) in AoxA, respectively. The lack of fit was not significant (p>0.05) and the relative 

dispersion of the experimental points from the predictions of the models (CV) was found to be < 10%. 

These values indicated that the experimental models were adequate and reproducible. 

 

a) 

 

b) 

 

c) 

 

Figure 1. Contour plots showing the effect of extrusion process on (A) total phenolic compounds and (B) 

antioxidant activity, and (C) region with the best combination of process variables to obtain optimized extruded 

quinoa flour with high values of these response variables. 

 

Optimization. In Fig 1A and 1B the surface graphics show the effect of process variables (ET, SS) 

on response variables (TPC, AoxA), and Fig 1C show the desirability plot where the best process 

variables combination is shown. The best combination to obtain an optimized extruded quinoa flour 

with high TPC and AoxA was ET= 92.3°C / SS= 167 rpm. The predicted values of TPC and AoxA, 

using the prediction models of each response variable and the optimal conditions of extrusion were 
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247.8 mg GAE/100 g sample (dw), and 5,383 µmol TE/100 g sample (dw), respectively. The OEQF 

shown higher values on TPC and AoxA than unprocessed quinoa flour [203 mg GAE/100 g sample 

(dw), 3,857 µmol TE/100 g sample (dw)]. Therefore, ABTS profile observed can be related to the 

generation and accumulation of different antioxidant compounds having a varying degree of 

antioxidant activity developing an antagonistic or synergistic with themselves or with other 

constituents of the extracts of quinoa effect (13, 14). In optimal conditions, the extrusion process is 

an effective method to increase the TPC and antioxidant potential of quinoa seeds; the OEQF could 

be utilized as antioxidant natural source in functional foods. 
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ABSTRACT 

Approximately from 85% to 90% of milk used as raw material is wasted like whey to produce cheese, 

and 60% when is used to produce butter. It is considered a big problem in food industry due high 

contamination level on environment. The aim of this study was to develop typical coconut candy with 

acceptable sensory qualities using whey from cheese factory, and creamery (buttermilk). The effect of 

variables, "type whey used" with two levels of variation (milk and buttermilk whey) and concentration 

of soy flour in whey, with two levels of variation (30 g and 50 g) were analyzed. A sensory evaluation 

descriptive analytical with hedonic scale from 0 to 9 was applied. Coconuts candy made with 

buttermilk butter was more accepted. Variable 1) Type of whey used, significantly affected all quality 

attributes typical candy (taste, color, smell, texture and overall acceptability), variable 2) concentration 

of soybean meal in the typical candy had no significant effect for any of the quality attributes of the 

final product. 

 

Keywords. Buttermilk, whey, coconut candy, handcraft candies 

 

 

INTRODUCTION 

Throughout time, man learned to transform the milk to preserve it for a longer period, and to change 

their consumption patterns, it is not easy to find a raw material of which many are obtained and such 

different products as is the for milk (4, 9). Among the most widely accepted dairy products, cheese, 

which is obtained by bacterial fermentation of lactose in milk with subsequent separation of whey 

(5). The whey from cheese factory is a liquid product obtained after precipitation and draining of 

casein. The composition and type of whey varies depending on the type of milk, type of cheese made 

and the process technology used.  

 

Whey is a dairy contaminant, for every 5 kg of processed cheese, produced more than 40 kg of whey 

which contains about half of the original solids in the milk. It is one of the most polluting waste this 

time for its high organic content (30,000 mg / L to 50,000 mg / L); they have been made efforts to its 

use for which it is used in the development of new products. The statistics indicate that a significant 

portion of this residue is discarded as effluent, which creates a serious environmental problem (1, 3), 

also physically and chemically affects the soil structure, the above results in a decrease in yield of 

agricultural crops and when discarded in the water, reduces aquatic life by depleting dissolved oxygen 

(1). 
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In Mexico there are no numbers on the use of whey, but some estimates is about 10%. Whey is an 

excellent raw material for products in technology or as a means of developing fermentation processes 

(5). Moreover, buttermilk, known as "mazada" is also being studied because it is rich in components 

high nutritional value, such as phospholipids. It is a dairy product obtained whipping cream for butter. 

After spray drying, a powder whose main components are lactose, protein, fat and mineral salts is 

obtained. The rupture of the fat globule membrane during the process liberates a large amount of 

whey proteins and peptides membrane have antioxidant properties and other physiological properties 

(2, 6). Several studies have shown the antioxidant role of buttermilk, as described by Wong & Kitts 

(10, 11) and various dairy peptides (8). 

 

The use of whey is proposed in the development of typical regional products such as coconut candy, 

which is a sweet milk, sugar and grated coconut, in this study, innovation will be that whey and 

buttermilk butter will be used as raw material, instead of milk, in addition, the sugar content is reduced 

by means of the addition of soy flour. The municipality of Penon Blanco, Durango., Produces milk 

and dairy products, so it is important that its inhabitants, known processes use of serum and are able 

to develop products typical of the region. 

 

MATERIALS AND METHODS 

Whey and buttermilk, was purchased in the town of Durango Penon Blanco. It carried out the 

characterization of whey, applying analysis techniques Manual Standard Methods (AOAC, 1994). 

The experimental design, studied the effect of variables, "type whey" with two levels of variation 

(whey from cheese factory), (I whey from dairy) and concentration of the mixture of soy flour whey, 

with two varying levels (750 ml whey plus 30 g of soybean meal (750 ml whey plus 50 g soya meal). 

on the quality characteristics of final product the resulting array yield four formulations which were 

made triplicate. 

Process, manually grated coconut. The ingredients for the cocada were measured and weighed 

previously (sugar, cinnamon, vanilla, peanut, coconut and soybean meal). Coconut and whey were 

placed on the fire for cooking and other ingredients were added one by one, until the coconut got to 

the point acitrón, stirring continuously to prevent burning. When the paste formed allowed to see the 

bottom of the container, was the point at which he retired from the fire, stirring continuously to 

prevent it from crystallizing. Once cooked, the candy passed to waxed paper (not cooled so that when 

the candy stick) was allowed to stand at room temperature. It is noteworthy that the addition of soy 

flour, favored the flavor and body of the cocada, making it less sweet, which liked the evaluators. The 

product obtained (cocada) was applied sensory evaluation descriptive analytic using a hedonic scale 

of 0 to 9 points, where 0 meant "I dislike very much" and 9 "I like it a lot." 

 

RESULTS 

Table 1, shows the composition of whey used 

Table 1. Whey composition 

Component g/L 

Total Solids  64.5 

Lactose 5.1 

Fat 0.43 

Protein 6.5 
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As seen in Figure 1, the effect of the variable "concentration of soy flour" was not statistically 

significant for any of the quality attributes of the final product. 

 

Mean Plot (Francisco análisis estadístico.sta 8v*114c)

Exclude cases: 3:4

Mean; Whisker: Mean±0.95 Conf. Interval
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Figure 1. Effect of variable "Concentration soymeal" on the quality attributes of the final product. 
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Figure 2: Effect of variable "whey" on the quality attributes of the final product. 
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Figure 2 shows that the second variable studied, "type of whey" (I whey from cheese and whey or 

buttermilk from butter making); significantly affected all evaluated the quality attributes: taste, 

aroma, texture and overall acceptability, except for the color. 

 

In Table 2, the chemical analysis proximal product (cocada), selected in the sensory evaluation is 

shown. 

  

Table 2. Typical candy proximal chemical analysis obtained (cocada) 

Analysis Result 

Moisture 32.0323% 

Ashes 0.5855% 

Protein (% de nitrógeno) 3.2931% 

Fat 3.7977% 

 

CONCLUSIONS 

The variable, "concentration of soybean meal" in the mix with whey, had no significant effect on any 

of the attributes of quality, taste, color, aroma, texture and overall acceptability of typical candy 

elaborated, known as "cocada". The variable "whey" did significantly affected all quality attributes 

of the finished product, already mentioned above, except color attribute. The fat content of the 

selected product by sensory evaluation was higher than the fat content of the formulation made from 

cheese whey.  

 

It was also found that there was a greater preference for sweets made based on whey butter or 

buttermilk from butter making. It was observed that the addition of soy flour, favored the flavor and 

body of the cocada, making it less sweet, which liked the evaluators. 
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ABSTRACT 

A mass transfer model was proposed to describe the moisture evolution during drying of stone fruits 

(drupes). Product is considered to be a solid formed by two concentric spheres of different radii. 

Insulated and convective boundaries are considered at spheres interface and product surface, 

respectively. Experimental validation included water diffusivity estimation during drying of peeled 

and unpeeled plum (60°C) by using a simple linear regression approach with both current model and 

well-known sphere solution. With current approach, water diffusivities were identified as 1.59×10-9 

(95% CI = 1.54×10-9/1.64×10-9) and 1.04×10-10 m2/s (95% CI = 1.00×10-9/1.08×10-9) for peeled and 

unpeeled plum, respectively. 

 

Keywords: Analytical solution; Drying; Mass transfer; Stone fruit; Water diffusivity 

 

 

INTRODUCTION 

Drupes or stone fruits are fruits in which an outer fleshy part surrounds a shell (the pit or stone). 

Apricot, cherry, nectarine, peach, plum, coffee, mango and olive are examples of drupes. 

Conservation of several of these products involves a water removal operation, such as convective 

drying or osmotic dehydration, in which water movement within the product is generally considered 

the controlling factor, very often described by a diffusion mechanism based on Fick's second law. 

There are several authors that have studied the drying of stone fruits (1-3). However, the presence of 

fruit stone and fruit dimension changes during modeling of drying process is very often neglected (1, 

3). This fact may lead to an overestimation or underestimation of mass transfer properties and poor 

reproduction of experimental data. The objective of this study is to develop and validate a mass 

transfer model to describe the moisture evolution during drying of stone fruits (drupes), where the 

product is considered to be a solid formed by two concentric spheres of different radii. Insulated and 

convective boundaries are considered at spheres interface and product surface, respectively. The 

model is further used to estimate water diffusivity with plum drying data from literature. 

 

MODELING OF DRYING DATA 

The unsteady-state dimensionless mass transfer equation expressed in a one dimensional spherical 

coordinate system with both constant diffusivity and volumetric concentration of dry solids is given 

by: 
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where D  is the water diffusivity (m2/s), r  is the radial coordinate (m), R  is the outer radius (m), u  

is the moisture content (dry basis, kg water/kg dry solids) and t  is the drying time (s). Convective 

boundary is written as follows 
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 for 1  , 0          (3) 

where B  is the Biot number for mass transfer 
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where c is the volumetric concentration of dry solids (kg dry solids/m3 product), D is the water 

diffusivity (m2/s), h is the external mass transfer coefficient (m/s), K is the water partition ratio 

between gas and solid phases and v is the humid volume of drying air (m3 humid air/kg dry air). If 

external resistance to mass transfer is negligible, then Eq. (3) reduces to 

 

0   for 1  , 0           (5) 

 

An analytical solution to Eq. (1) with boundaries (3) or (5) considering a uniform distribution of water 

in product ( = 1 for  = 0) can be develop by using the method of separation of variables. This 

method produces an analytical solution (for average moisture content) of the form 
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   for boundary (5)     (8) 

By truncating the series (6) after the first term and taking the natural logarithmic transformation to 

the resulting equation we obtain 

2
1

1 2
ln ln

t
A D

R


             (9) 

According to Eq. (9), moisture diffusivity can be estimated from the slope of the ln  vs. (1)2t/R2 

plot. Current model was validated by fitting experimental drying data for peeled and unpeeled plum 
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(60°C) given by (2). Water diffusivity was estimated with and without considering the volume 

occupied by inner stone. Statistical significance of water diffusivities was evaluated through their 

95% confidence intervals (95% CI). Numerical procedures, linear regression (based on ordinary least 

squares) and statistical analyses were performed with the Matlab software and its Statistics Toolbox 

7.3 (Matlab R2010a, MathWorks Inc., Natick, MA, USA). 

 

RESULTS AND DISCUSSION 

Experimental and fitted drying data for peeled and unpeeled plum are presented in Figure 1. An 

excellent reproduction of experimental data was observed in both cases (R2 > 0.995). With current 

approach, water diffusivities were identified as 1.59×10-9 (95% CI = 1.54×10-9/1.64×10-9) and 

1.04×10-10 m2/s (95% CI = 1.00×10-9/1.08×10-9) for peeled and unpeeled plum, respectively (Tables 

1 and 2). Obtained results indicate that water diffusivity is overestimated (38 and 28% for peeled and 

unpeeled plum, respectively) when volume occupied by inner stone is not considered in calculations. 

 

Figure 1. Experimental (dots) and simulated (lines) drying curves peeled and unpeeled plums (60°C). 

 

Table 1. Estimated water diffusivity during drying of peeled plums 

Considered geometry D×109 (m2/s) 95% CI×109 (m2/s) R2 

With pit (min ≠ 0) 1.59 1.54/1.64 0.9977 

Without pit (min = 0) 2.19 2.11/2.26 0.9977 

 

Table 2. Estimated water diffusivity during drying of unpeeled plums 

Considered geometry D×109 (m2/s) 95% CI×109 (m2/s) R2 

With pit (min ≠ 0) 1.04 1.00/1.08 0.9953 

Without pit (min = 0) 1.33 1.27/1.38 0.9953 
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CONCLUSIONS 

A new analytical model has been developed for the accurate description of experimental drying 

kinetics of stone fruits. Results demonstrated that proposed model allows a reliable estimation of 

mass transfer properties in shrinkable food products such as chayote. While applied to a convective 

drying process, current results may be generalized to describe mass or heat transfer in other processes, 

such as osmotic dehydration, heating or cooling. 
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ABSTRACT 

Shrinkage and deformation (SD) characteristics during convective drying of gel model systems (GMS) 

shaped as square and longitudinal sections (quarters and halves) of cylinders were investigated. The 

analyzed samples were air dried at 70°C with an air velocity of 2 m/s. Changes in contour shape, 

perimeter, and cross-sectional and specific areas of samples were obtained by analyzing the digital 

images of transversal product slices. The contours of the products were averaged to extract relevant 

characteristics of the dried samples, whereas compactness and roundness were used as shape factors 

for evaluating product deformation. Mass transfer in the product was described using two different 

approaches. The first one involves a rigorous model that allows estimation of water diffusivity via a 

modified slope method considering product shrinkage. The second approach involves a simplified 

model neglecting dimensional product changes, where water diffusivity is estimated via linear 

regression and can be corrected or not for product shrinkage. The obtained results demonstrate that 

although shrinkage occurs from the beginning of drying, product deformation is noticeable only after 

the free moisture fraction is below 0.3. Mean water diffusivity values for all studied geometries were 

estimated in the narrow ranges of 2.5-4.0×10-10, 6.7-7.6×10-10, 1.1-5.2×10-10 m2/s for models with, 

without and corrected for shrinkage, respectively. 

 

Keywords: Deformation; Drying; Image analysis; Shrinkage; Water diffusivity 

 

 

INTRODUCTION 

Drying of food products is a complex process involving simultaneous mass and energy transport 

throughout a system undergoing multiple changes in both structure and composition characteristics; 

however, changes in product dimensions (shrinkage) and shape (deformation) are the more readily 

apparent. Shrinkage and deformation (SD) characteristics are useful for explaining the structural 

properties dynamics in products during drying (1-2). The structural changes affect the food quality 

and determine palatability, consumer acceptance and marketability. Furthermore, these structural 

changes have direct impact on food drying characteristics and the resulting drying time (3). In several 

studies negligible shrinkage of food products is considered to simplify calculations; nevertheless, this 

practice should be avoided because it may lead to poor reproduction of experimental data and 

unreliable estimation of moisture diffusivity (4). Moreover, product deformation has significant effect 
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in the estimation of mass transfer properties (5). Thus, appraisal and modeling of SD behavior during 

drying of food products remain an active topic (2, 5). 

 

The objective of this work was to continue studying the shrinkage-deformation (SD) behavior of 

products by using gel systems as food models, as they represent a convenient way to avoid the 

inherent variability of raw materials in characteristics such as composition and texture, thus allowing 

the study of relevant features such as shrinkage and deformation in controlled scenarios. GMS were 

shaped in three different geometries and dried, characterizing their geometrical changes by image 

analysis techniques. Besides, the impact of the product geometry on water diffusivity estimation was 

appraised by modeling mass transfer using two different approaches. 

 

METHODS AND MATERIALS 

Drying experiments: GMS were prepared by dissolving 5% (w/w) agar-agar (MCD Lab, México) 

and 20% (w/w) sucrose in distilled water. GMS were shaped as square strips (9.53 mm × 9.53 mm × 

80 mm) and longitudinal sections of cylinders (12.7 mm × 140 mm; halves and quarters) and further 

dried the same day. Drying experiments were conducted in a tunnel dryer (Armfield UOP8, 

Ringwood, UK) with airflow parallel to the longest product dimension. All geometries were dried at 

70°C for about 380-500 min with an air velocity of 2 m/s. Two sets of air-drying experiments were 

conducted to obtain the SD behavior of GMS as a function of their moisture content. Drying curves 

were obtained in the first experiment set, where moisture evolution was calculated by continuously 

recording the product weight throughout the process. SD data were obtained from the second 

experiment set, where 5-samples groups were dried for predefined times. A single transversal slice 

(perpendicular to the largest dimension) of about 1 mm-thick was cut with a sharp blade from the 

central part of the sample (Figure 1) and digital images of the resulting slices were immediately 

acquired. Remaining product portions were analyzed for their moisture content. The aforesaid 

procedure was also applied to fresh and equilibrium-dried samples. 

 
Figure 1. Geometrical features of the analyzed gel model systems. 

 

Image acquisition and analysis: Sample slices were placed on a blue paper sheet to enhance contrast 

for background extraction. Color information obtained from digital pictures was transformed to 

CIELAB color space for their analysis. Product boundary coordinates (400 points) were obtained 

from every sample and perimeter (proportional to changes in mass transfer surface) and cross-

sectional area (proportional to changes in product volume) were calculated. The cross-sectional area 

of the samples was considered constant along the major dimension and smaller than the lateral area 
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permitting the simple estimation of specific area. All image analysis operations were performed with 

the Matlab Image Processing Toolbox 7.0 (Matlab R2010a, MathWorks Inc., Natick, MA, USA). 

Deformation behavior: Relevant characteristics of product deformation at sampled moisture 

contents were obtained by combining product contours to produce a single shape. Contours were 

translated and aligned with respect to a reference point by minimizing the cumulative sum of the 

square of Euclidian distances between their coordinates (7). Additionally, roundness (R) and 

compactness (C) were used as shape factors capable of detecting the appearance of product 

deformation. 

Modeling of drying data: Drying data were described by the unsteady state diffusion equation under 

the following assumptions: (i) negligible heat transfer, (ii) constant properties of drying air, (iii) 

constant volumetric concentration of dry solids, (iv) uniform initial distribution of water within the 

solid, (v) internal mass transfer by diffusion is the only mechanism controlling drying rate throughout 

the drying process and (vi) two-dimensional mass transfer in product. Diffusion equation was 

expressed in both rectangular and cylindrical coordinate systems to allow for a natural representation 

of all studied product geometries. The procedure to evaluate water diffusivities and describe drying 

kinetics of shrinkable food products was initially proposed by (6) for one-dimensional mass transfer 

(in rectangular, cylindrical and spherical coordinates) and further extended by (7) to products with 

2D and 3D spatial mass transfer in rectangular coordinates, as long as food shrinks in the same 

proportion along the considered dimensions. These procedures are generalized to longitudinal 

cylinder sections by considering that samples only shrink along their radial direction. Moisture 

diffusivity was also estimated from the slope of the ln  vs. t plot and further corrected or not for 

product shrinkage by using an adequate value for the characteristic length for diffusion. 

Data analysis: The fitness quality of the identified models was quantified by the determination 

coefficient (R2) while statistical significance of parameter estimates was evaluated through their 95% 

confidence intervals (95% CI). Numerical procedures, nonlinear regression (based on ordinary least 

squares) and statistical analyses were performed with the Matlab software and its Statistics Toolbox 

7.3 (Matlab R2010a, MathWorks Inc., Natick, MA, USA). 

 

RESULTS AND DISCUSSION 

Shrinking behavior: Modifications in cross-sectional area of the studied geometry are related to 

changes in product volume (Figure 2). In this case, cross-sectional area of GMS decreased about 27-

30% of its original value for all studied geometries. For gel systems, shrinkage is related to both the 

solids content and binding capacities of food constituents. As a result, it is expected that all geometries 

exhibit the same shrinkage degree since all share the same composition. Volume changes are 

proportional to the amount of water evaporated during all drying stages. Therefore, the relationship 

between image area and product shrinkage can be usually expressed by a straight-line equation. 

However, as shown in Figure 2, the size of GMS did not reduce linearly with water loss. Non-straight 

shrinking behavior is associated to both product deformation and cellular structure collapse (6, 7). 

For free moisture fractions  > 0.3, the product shrinkage exhibited a straight behavior, where volume 

reduction is directly related to evaporated water volume. As drying proceeds, product deformation 

(flounce-shape edges and slight surface rugosity) became apparent at moisture contents  ≈ 0.3 which 

caused the shrinkage plot to curve. This behavior has been observed during drying of products such 

as chayote and potato under selected conditions (6, 7). In this case, volume changes are initially 

proportional to the amount of evaporated liquid but the cellular structure collapse might cause a 
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higher-than-expected shrinking of the food matrix for similar water losses, especially at the end of 

drying. At this moment, the food product may also exhibit an evident deformation. 

 

Deformation behavior: Deformation and shrinkage characteristics of GMS cross section were 

successfully estimated using the proposed methodology. A comparison of the contour shapes for 

equilibrium-dried samples is presented in Figure 3 (for  = 0), where it can be verified that product 

surface developed drying-promoted irregularities or roughness. It should be emphasized that SD 

behavior was unique for each sample, but all of them clearly exhibited common characteristics. Thus, 

identifying the mean deformation profile is desirable for obtaining a representative description of 

product shape changes during drying, both mathematically and qualitative wise. For all samples, 

product reduced its dimensions without an appreciable shape change up to a free moisture content of 

0.3, with deformation occurring thereafter, mainly manifested in a preferential contraction of the 

middle section of contour edges toward the sample center, as evidenced in Figure 4 for GMS dried at 

70°C. Roundness and compactness as shape descriptors allow the identification of the specific 

moment when the deformation begins. These shape factors do not change their values when the 

sample shrinks without altering its geometrical proportions. Thus, their normalized values with 

respect to their initial state are equal to unity when product shrinks without a shape change, allowing 

an easier recognition of deformation appearing at a free moisture content of 0.3 (Figures 5 and 6). 

These data are consistent with the deformation map shown in Figure 7. 

  
Figure 2. Effect of moisture content on normalized 

cross-sectional area of gel model systems. 

Figure 3. Final edge deformation of gel model 

systems 

 

Moisture diffusivity and process simulation: Mean water diffusivities for GMS were identified in 

the narrow ranges of 2.5-4.0×10-10, 6.7-7.6×10-10 and 1.1-5.2×10-10 m2/s with, without and corrected 

for shrinkage, respectively. As expected, higher water diffusivity values are estimated when shrinkage 

is not considered in the drying model. This behavior is well-documented in several studies (7). Water 

diffusivity values corrected for shrinkage (those calculated with a mean length for diffusion) are 

similar to those evaluated considering the continuous change of product dimensions. The main 

difference between these two last approaches is that drying model considering product shrinkage 

allow to estimate water diffusivity evolution (Figure 7) and a more accurate reproduction of drying 

data (Figure 8), as noted by other authors (7). Moisture diffusivities are comparable to those reported 

by other authors whose values have also been corrected for product shrinkage (6, 7). 
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Figure 4. Average deformation of cylinder halves 

(70°C). Inner numbers represent the free moisture 

fraction reached in product/elapsed drying time (min). 

Figure 5. Effect of moisture content on normalized 

roundness of gel model systems. Dashed line 

indicates the approximate moisture content where 

product deformation begins 

 

  
Figure 6. Effect of moisture content on normalized 

compactness of dried gel model systems. Dashed line 

indicates the approximate moisture content where 

product deformation begins. 

Figure 7. Water diffusivities as a function of 

moisture content during drying of gel model 

systems (70°C, as estimated with the modified 

slopes method). 

  

Figure 8. Experimental (dots) and simulated (lines) drying curves of gel model systems (70°C, water 

diffusivity values estimated with the modified slopes method were used to generate simulated drying curves). 
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CONCLUSIONS 

Shape factors and deformation maps allowed identifying the moment when product deformation 

begins, with deformation occurring at the same moisture content independently of the studied 

geometry. Modified slopes method was successfully generalized to estimate water diffusivities in 

products shaped as longitudinal sections of cylinders with radial shrinkage, allowing the reliable 

estimation of water diffusivity in GMS, regardless of the product geometry. Further studies are 

required to appraise the effect of additional raw materials, geometries and pretreatments on SD 

behavior, and its impact on mass transfer properties estimation. 
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ABSTRACT 

Nixtamalization is a process known since prehispanic times that consists in cooking corn kernels in a 

calcium hydroxide solution. This process is responsible for important physiochemical, nutritional and 

sensory characteristics of corn-based products including the removal of the pericarp incorporation of 

calcium into the kernels. This process generate high amount of wastewater (nejayote), which pollutes 

the environment. Recent investigations have documented that nejayote contain antioxidant, 

carotenoids, anthocyanins, flavonoids, ferulic and other phenolics. Hence, the aim of this research is 

evaluate total phenols and chemical composition of nixtamalized tortillas with nejayote. Factorial 

design with two factors and three levels of variation was applied. The factor one, concentration of 

nejayote in the tortilla was processed as followed: nixtamalized tortilla without nejayote: the control 

tortilla (TC), nixtamalized tortilla with nejayote diluted 1:1 (nejayote/water) (T1) and nixtamalized 

tortilla with nejayote diluted 2:1 (water/nejayote) (T2). The factor two was concentration of calcium 

hydroxide (0.8%, 1% and 1.2%). Total phenols and chemical composition (ash, fiber, protein, and fat) 

of nixtamalized tortilla with nejayote were analyzed. Statistical analysis for total phenols showed 

significant difference (p<0.05) among concentration of calcium hydroxide, concentration of nejayote 

and its interactions. Results of protein, ashes fiber, and fat showed significant difference between 

concentration of calcium hydroxide and concentration of nejayote. In addition, for nixtamalizar with 

nejayote increases total phenols content, that could improve human health, because some 

epidemiological research suggest consumption of phenolic and antioxidants compounds to prevent 

chronic and degenerative diseases including cardiovascular disease. 

 

Keywords: Nejayote, Free phenols, Chemical composition, Calcium 

 

INTRODUCTION 

In Mexico, maize tortillas are considered the most important food for the population; in 2013, tortilla 

consumption was 7.4 million tons (1). In nixamalization process, the maize grains are cooked in a 
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saturated calcium hydroxide solution; the grains are separated from the alkaline solution in order to 

obtain the nixtamal product (2). Then, nixtamal is milled to obtain masa which is formed in discs and 

cooked in order to obtain tortillas. The alkaline solution is well known as “nejayote”; within this 

extract several parts of the grain are lost such as pericarp, germ, dietary fiber and endosperm (3). But, 

nejayote is highly polluting due to its chemical composition, which is susceptible to microbial 

degradation reducing the dissolved oxygen present where it is disposed. The insoluble fraction of 

nejayote contains in dry matter: 4.96% protein, 25.48% crude fiber, 35.92% nitrogen free extract, and 

33.64% ashes (4). The main component of ashes is calcium (56.4%). This chemical composition 

makes it attractive as dry fodder for animal feeding. On the other hand, the maize kernel is a rich 

source of phytochemicals, including phenolic compounds that partially migrate to nejayote during 

alkaline cooking. Authors (5) demonstrated that phytochemicals from the kernel can be found in 

nejayote, either in free or bound forms. Therefore, the aim of research was to evaluate total phenols 

and chemical composition of nixtamalized tortilla from nixtamalized hybrid maize with nejayote. 

 

METHODOLOGY 

Physical properties of corn samples. One hybrid H-70 of white maize was donated by Instituto 

Nacional de Investigaciones Forestales, Agricolas y Pecuarios (INIFAP), at Chapingo, State of 

Mexico, Mexico. Maize seeds were planted during cycle Spring-Summer on 2013 and harvested on 

November. Ten samples of maize cob were measured in length and diameter. Posteriorly, grains were 

cleaned by removing strange material, impurities and broken grains. Twenty clean grains were 

measured (length, diameter and thickness) and geometric mean diameter (Dg) was calculated by Ec. 

1, according to (6). 

 

𝐷𝑔 = √𝑙 𝑑 𝑡
3

        (1) 

 

Dg= Geometric mean diameter (mm)  l= Length (mm) 

d= Diameter (d)    t= Thickness (mm) 

 

Hectoliter weight and flotation index were evaluated according to method 84-10 (7) and the 

methodology of (8), respectively. Moisture was determined according to the methodology reported 

by (9).  

Tortillas preparation. Samples were prepared by cooking 500 g of corn in 1500 mL water containing 

food-grade calcium hydroxide (Fermont, Monterrey N. L. México). Corn samples were cooked at 

90°C for 45 min and then steeped for 12h. The nejayote was separated and the nixtamalized samples 

were washed with 500 mL water and then milled in a manually functioning mill (Nixtamatic, Edo. 

Mex., México). Sufficient water was then added to achieve 55 g /100g of masa (also called dough). 

This masa was kept in a polyethylene bag for 4 h at room temperature. Disc masa were shaped using 

a manual maize tortilla machine. Dimensions of the discs were: diameter 10.9 cm, thickness 1.3 mm, 

and weight 20 g. These were cooked on comal (220°C) for 30 s, then turned over and cooked for 

another 30 s. To complete the cooking phase and obtaining the tortillas were returned over again to 

the original side until forming ampoule. A two factor, 3 x 3 factorial design was applied, with three 

replicates. The factor ‘nejayote concentration in the tortilla’ was varied as followed: nixtamalized 

tortilla without nejayote (control tortilla (TC)), nixtamalized tortilla with diluted nejayote N1 (100 g 

water/100g full-strength nejayote), and nixtamalized tortilla with diluted nejayote N2 (200 g 
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water/100g full-strength nejayote). The factor hydroxide calcium concentration was 0.8, 1.0 and 1.2 

g/100 g of maize. 

Chemical Proximal Analyses. Moisture content, ash, protein (N x 5.85), and fat were evaluated 

according to AACC methods 44-15, 08-01, 46-13, and 30-25, respectively [7]. Fiber was analyzed 

by method AOAC  962.09 (10). 

Total phenols. Total phenolics were determined using the Foline Ciocalteau colorimetic method 

described by (11). 

Statistical analysis. The Minitab® Statistical software, version 15 (Minitab Inc., State College PA, 

USA) was used to analyze data by applying ANOVA at a probability p<0.05, and significant 

differences among means were defined by using the Tukey test. All the measurements were carried 

out three times.  

 

RESULTS AND DISCUSSION 

Table 1 shows physical characteristics of hybrid H-70. 

 

Table 1. Characteristics of Hybrid H-70 

Characteristic Measure 

Corncob diameter (mm) 53.30 ± 2.56 

Corncob lenght (mm) 148.02 ± 2.14 

Dg grains (mm) 8.48 ± 0.34 

Moisture (%) 11.90 ± 0.98 

Hectolitric weight (kg/hL) 78.75 ± 0.35 

Flotation index (%) 8 ± 1.25 

1000 grais weight (g) 366.28 ± 0.12 

 

Maize hybrid H-70 contains an average of 11.90 g/100 g of moisture according to (12), which 

established a moisture maximum of 14 g/100 g to storage and preserve the maize. Grain hardness is 

a quality parameter of the maize used in nixtamalization, which is evaluated indirectly with hectoliter 

weight and flotation index (8). Flotation index was 8 g/100 g) because this grain is very hard. A 

researcher (9) mentioned that the optimum maize to nixtamalizate could have a semi-hard to hard 

endosperm since this result in a smaller loss of the dry matter during the nixtamalization process.  The 

hectoliter weight was of 78.75 kg/hl. Mexican Official Standard (12) establishes a hectoliter weight 

minimum of 74 kg/hL and a flotation index maximum of 40 g/100 g for white maize grain used to 

process tortillas. Some authors (13) reported the nixtamalized flour industry demands maize with a 

flotation index < 40%, while the masa and tortilla industries require grains of soft or intermediate 

hardness (flotation index > 40%). Therefore, the hybrid H-70 could be used in the nixtamalized flour 

industry. 
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Fig. 1 shows the results of chemical analyses in tortilla with different concentrations of calcium 

hydroxide and nejayote. 

 

 
 

 

  

 

Figure 1 Ashes, fiber, fat and protein contents of tortilla with different concentrations of calcium hydroxide 

and nejayote 

 

Statistical analyses showed a significant difference (ρ<0.05) for ashes, fiber, fat and protein content 

among all tortillas obtained from hybrid maize. The tortilla ash content was the lowest for TN1 (1.48 

g/100 g) with 0.8% of calcium hydroxide, while the highest level was for TN 2 (2.15 g/100 g) with 

1.2% of calcium hydroxide. Tortillas made with nejayote N1 and calcium hydroxide had the lowest 

level of crude fiber (1.54 g/100 g). In contrast, tortillas TC showed the highest crude fiber because 

the pericarp is not removed in full during nixtamalizacion. Thus, tortillas with high fiber content are 

recommended because of their bulking properties and rapid transit through the stomach and intestines 

[14]. Tortillas with the lowest fat content were obtained from T N1 with 1.2% of calcium hydroxide, 

which were obtained from nixtamalized maize with nejayote N1 (100 g water/100g full-strength 

nejayote).  The protein content of tortillas obtained from nixtamalized hybrid H-70 with nejayote 1 

and 1% of calcium hydroxide was higher than that seen in the other tortillas. However, all tortillas 

contained high levels of protein (10.73–12.44 g/100 g). These results are in accordance with the 
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findings of (13), who determined the protein content in tortillas processed from maize hybrids (8.24–

11.34 g/100 g). 

 

Fig. 2 shows total phenols contents for tortillas with nejayote and different concentration of calcium 

hydroxide and nejayote. 

 

 
Figure 2 Total phenols contents of tortilla with different concentrations of calcium hydroxide and nejayote 

 

Statistical analysis for total phenols showed significant difference (p<0.05) among concentration of 

calcium hydroxide, concentration of nejayote and its interactions. Mean analysis between 0.8 and 1% 

of calcium hydroxide for TC showed no significant difference. Likewise, T N2 0.8 and   T N2 1.0 % 

do not show significant difference. Moreover, treatments TC 0.8%, 1.0% and 1.2% were significantly 

different with treatments T N1 1.2%, T N2 1.0%, which presented the highest values of total phenols. 

Conversely, total phenols content lowest was to TC 0.8 %.  

 

CONCLUSIONS 

This research shows alternative ways to reuse nejayote during nixtamalization. However, the nejayote 

concentration used is a critical factor because an increased proportion of nejayote changes chemical 

composition and total phenols of tortilla. This difference could be by the calcium ions present in the 

full-strength nejayote as well as the concentration of nejayote. In addition, to nixtamalizar with 

nejayote increases total phenols content, that could improve human health, because some 

epidemiological research suggests consumption of phenolic and antioxidants compounds prevent 

chronic and degenerative diseases including cardiovascular disease. 
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ABSTRACT 

Currently, the use of by-products of plant origin, such as tissues and leaves that surround fruits and 

vegetables, is a topic of great interest in agri-food research. Although not utilized, these plant parts 

may possess bioactive compound contents similar to those of the fruits themselves. Various studies 

show that a diet rich in vegetables from the Brassica family (mainly broccoli, cabbage, cauliflower, 

and Brussels sprouts) can contribute to preventing and reducing the effects of certain cancer-related 

conditions, thanks to being rich in phenolic and flavonoid compounds and other antioxidants. 

However, the amount of these compounds depends on several factors, including the specific part of 

the plant and its processing prior to consumption. In this sense, the drying method can significantly 

affect the physical, sensory, and nutritional properties of the products. Therefore, the aim of this work 

was to study the effects of drying temperature on visual and nutritional quality of the outer leaves of 

broccoli, cauliflower, and cabbage, by means of measuring their color and bioactive compound 

content, respectively. The samples were dried by two methods: freeze-drying (also known as 

lyophilization), FD (-40°C) on the one hand and hot air drying, HAD (30, 40, 60 and 70°C) on the 

other. Posterior to the drying process (both FD and HAD), the color of the final product was measured 

by computing its CIEL*a*b* color coordinates. Also, the content of phenolic and flavonoid 

compounds as well as total chlorophyll present in the samples were determined. Regarding color 

changes in the dehydrated leaves, an increase of HAD temperature provoked a significant reduction in 

the L*, a*, and b* coordinates (lightness, green and yellow color, respectively). Samples treated by 

HAD at 60°C yielded a phenolic, flavonoid, and total chlorophyll content that was equal and in some 

cases even higher than in samples treated by FD. These results suggest that FD is less detrimental to 

the visual quality of dehydrated products than HAD. However, the faster and more economical HAD 

method proves to be more effective in concentrating bioactive compounds in Brassica leaves, which 

could result in a cost-effective exploitation of these by-products. 

 

Keywords: By-products, Freeze-drying, Hot air drying, Color, Bioactive compounds 

 

 

INTRODUCTION 

Currently, the use of by-products of plant origin, such as tissues and leaves that surround fruits and 

vegetables, is a topic of great interest in agri-food research (1). Although not utilized, these plant parts 

may possess bioactive compound contents similar to those of the fruits themselves (2). Various 

studies show that a diet rich in vegetables from the Brassica family (mainly broccoli, cabbage, 

cauliflower, and Brussels sprouts) can contribute to preventing and reducing the effects of certain 

cancer-related conditions, thanks to being rich in phenolic and flavonoid compounds and other 
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antioxidants (3). However, the amount of these compounds depends on several factors, including the 

specific part of the plant and its processing prior to consumption (4). In this sense, the drying 

temperature can significantly affect the physical, sensory, and nutritional properties of the products. 

Hot air drying (HAD), which is the most widely used drying method in the industry thanks to its cost-

effectiveness, can produce oxidation and degradation of certain bioactive compounds in fruits and 

vegetables. On the other hand, freeze-drying (FD, also known as lyophilization) is a widely 

recommended drying method that preserves quality and nutritional content of foods due to the use of 

high pressures and low temperatures (5).  

 

The aim of this work was to study the effects of drying temperature on visual and nutritional quality 

of the outer leaves of broccoli (Brassica oleracea italica), cauliflower (Brassica oleracea var. 

botrytis), and cabbage (Brassica oleracea var. capitata L.), by means of measuring their color and 

bioactive compound content, respectively.  

 

MATERIALS AND METHODS 

Sample preparation. The outer leaves of broccoli, cauliflower and cabbage were cut into 

square-shaped samples (1x1 cm), avoiding the leaf veins. For each drying method and condition, 30 

g of sample were used. FD experiments were carried out in a laboratory scale lyophilizer (FreeZone 

2.5 L, USA) operating at a temperature of -40°C. HAD experiments were conducted in a forced air 

laboratory drier (CE3F, Shel Lab, USA) at four different temperatures (30, 40, 60 and 70°C) until a 

constant weight loss was achieved (80% for broccoli and 85% for cauliflower and cabbage).  

Color determination. The color of samples dried both by FD and HAD was measured by computing 

their CIEL*a*b* color coordinates using a colorimeter (Color Flex EZ CFEZ C48, Hunter Lab, USA). 

According to this scale, L* measures the lightness on a 0 to 100 scale from black to white; a*, (+) red 

or (–) green; and b*, (+) yellow or (–) blue. The overall color differences (ΔE) between FD and HAD 

samples were also determined by the following equation: 

 

∆E: √∆L∗2 + ∆a∗2 + ∆b∗2 

Bioactive compound content determination. The content of phenolic and flavonoid compounds as 

well as total chlorophyll present in the samples was determined by colorimetric methods. The 

determination of total phenolic compounds in the samples was performed using the methodology 

proposed by Slinkard & Singleton (6). Absorbance values were measured at 765 nm and the total 

phenolic content reported in gallic acid equivalents (GAE) milligrams per gram of dry weight. The 

total flavonoid content determination was carried out following the method proposed by Khanam, 

Oba, Yanase, & Murakami (7), measuring the absorbance values at a wavelength of 415 nm. The 

results were reported as quercetin equivalents (QE) milligrams per gram dry weight. For chlorophyll 

determination, 0.2 g of dried sample and 10 mL of 80% acetone was used. The supernatant was 

centrifuged for 10 min at 1000xg. The absorbance readings for chlorophyll “a” and “b” and their 

molecular absorption coefficient were performed at 664 nm and 647 nm, respectively. Finally, the 

total chlorophyll content (mg total chlorophyll/g dry weight) was determined by the sum of both 

compound contents. 
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RESULTS AND DISCUSSION 

Color.  The color of dehydrated products is generally considered to be one of the most relevant visual 

quality traits [8]. As observed in Table 1, a HAD temperature increase provoked a significant (p<0.05) 

reduction in the L*, a*, and b* coordinates (lightness, green and yellow color, respectively) in 

comparison to FD samples.  

 

Table 1. Drying temperature effect on the CIEL*a*b* color coordinates in outer leaves of broccoli, cauliflower 

and cabbage and the overall color differences (ΔE) between FD and HAD samples. The subscripts a, b, c, d and 

e show homogeneous groups established from Tukey intervals (p < 0.05) 

Sample Drying temperature (°C) L* a* b* ΔE 

Broccoli 

  

  

  

-40 (FD)  53.88±0.30d -6.98±0.87a 20.79±3.32b   

30 40.09±1.04c -5.13±0.42b 13.73±1.88a 15.95±2.41 

40 37.32±0.50b -4.78±0.15b 14.61±1.49a 17.92±1.28 

60 36.83±0.80b -4.60±0.11b 16.61±0.64b 17.87±1.62 

70 32.54±1.62a -3.99±0.19b 14.42±1.67a 22.75±2.00 

Cauliflower 

  

  

  

-40 (FD)  53.62±2.85d -8.02±0.31a 23.44±0.70c   

30 43.44±0.42b -5.94±0.10c 19.38±0.35b 11.18±3.36 

40 48.13±1.42c -6.94±0.44b 22.96±2.46bc 5.95±3.03 

60 40.06±0.68b -4.27±0.11d 19.31±1.18b 14.71±3.42 

70 34.47±1.93a -4.06±0.40d 16.46±1.26a 20.85±2.65 

Cabbage 

  

  

  

-40 (FD)  58.87±1.12d -8.48±0.24a 29.23±0.72c   

30 47.43±0.30bc -7.04±0.06b 22.51±0.19b 13.38±1.09 

40 47.90±0.99c -5.35±0.11c 23.18±0.28b 12.95±1.70 

60 44.35±0.60ab -3.27±0.11d 22.15±0.24ab 16.99±1.50 

70 42.01±2.26a -2.64±0.20e 20.73±1.14a 19.90±2.28 

 

This means that with increasing drying temperature, the samples got slightly darker, less green, and 

less yellow. In addition, there were found to be changes (∆E) between the color of FD and HAD 

samples, which were dependent on the drying temperature. Thus, the higher the drying temperature, 

the greater the color differences between FD and HAD samples. 

 

Bioactive compound content. FD values (at -40°C) were used as a point of reference for the effect 

the four different HAD drying temperatures (30, 40, 60 and 70°C) had on the content of phenolic and 

flavonoid compounds and total chlorophyll in the dried samples. In all cases, with the exception of 

phenolic compounds in broccoli (Figure 1.1), FD values were either equaled or significantly 

overcome by HAD values (p<0.05). In general, the highest concentrations of these bioactive 

compounds were obtained at the drying temperature of 60°C, except for flavonoids and chlorophyll 

in cabbage (Figure 2.3 and Figure 3.3, respectively) which yielded the highest content at 40°C.  

 

Figure 1 shows the total phenolic compound content in mg of GAE per gram of dry weight (d.w.) in 

outer leaves of broccoli (Figure 1.1), cauliflower (Figure 1.2) and cabbage (Figure 1.3) at the different 

drying temperatures. Freeze-dried broccoli leaves (Figure 1.1, -40°C) showed a higher content of 

total phenolic compounds (20.43±1.43 mg GAE/g d.w.) in comparison to lyophilized cauliflower and 
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cabbage leaves (10.80±1.03 and 6.03±0.69 mg GAE/g d.w, respectively). As for HAD drying 

temperatures, there was a significant increase (p<0.05) in phenolic compound content with increasing 

temperature. However, this effect was only observed up to 60°C and after this point, there was a 

significant decrease (p<0.05) in phenolic compound content in all studied leaves. In broccoli, FD 

yielded higher phenolic compound content than the best HAD temperature (60°C). In cauliflower, 

there was no difference between these temperatures. In cabbage, however, 60°C HAD drying 

temperature yielded double the value of -40°C FD (11.08 and 6.03 mg GAE/g d.w, respectively). 

 

 
Figure 1. Drying temperature effect on the total phenolic compound content in outer leaves of broccoli (1), 

cauliflower (2) and cabbage (3). The superscripts a, b, c and d show homogeneous groups established from 

Tukey intervals (p < 0.05) 

 

Figure 2 shows the total flavonoid content in mg of QE per gram of d.w. in outer leaves of broccoli 

(Figure 2.1), cauliflower (Figure 2.2) and cabbage (Figure 2.3) at the different drying temperatures. 

Freeze-dried cauliflower leaves (Figure 2.2, -40°C) showed a higher content of total flavonoids 

(8.79±0.07 mg QE/g d.w.) in comparison to lyophilized broccoli and cabbage leaves (7.15±0.46 and 

3.25±0.33 mg QE/g d.w., respectively). As for HAD drying temperatures, a significant increase 

(p<0.05) in flavonoid content was observed with increasing temperature. However, this effect was 

only observed up to 60°C for broccoli and cauliflower and up to 40°C for cabbage. After this point, 

there was a significant decrease (p<0.05) in total flavonoid content in all studied leaves. In broccoli, 

60°C HAD drying temperature yielded significantly higher (p<0.05) flavonoid content compared to 

the value of -40°C FD (8.53±0.62 and 7.15±0.46 mg QE/g d.w., respectively). In cauliflower, the 

difference between -40°C and 60°C was not statistically significant. In cabbage, however, both 40°C 

and 60°C HAD drying temperature yielded significantly higher (p<0.05) flavonoid content compared 

to the value of -40°C FD (5.12±0.33, 4.00±0.10 and 3.25±0.12 mg QE/g dry weight, respectively). 
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Figure 2. Drying temperature effect on the total flavonoid compound content in outer leaves of broccoli (1), 

cauliflower (2) and cabbage (3). The superscripts a, b, c and d show homogeneous groups established from 

Tukey intervals (p < 0.05) 

 

Figure 3 shows the total chlorophyll content in mg per gram of d.w. in outer leaves of broccoli (Figure 

3.1), cauliflower (Figure 3.2) and cabbage (Figure 3.3) at the different drying temperatures. Freeze-

dried broccoli and cauliflower leaves (Figure 3.1 and 3.2, respectively, both at -40°C) showed a higher 

content of total chlorophyll (0.281±0.001 and 0.270±0.006 mg of total chlorophyll content/g d.w., 

respectively) in comparison to lyophilized cabbage leaves (0.119±0.003 mg of total chlorophyll 

content/g d.w.). Despite being the best HAD drying temperature, 60°C did not yield significantly 

different chlorophyll content in comparison to -40°C in either broccoli or cauliflower leaves. In 

cabbage, however, both 40°C and 60°C HAD drying temperature yielded significantly higher 

(p<0.05) chlorophyll content compared to the value of -40°C FD (0.187±0.009, 0.173±0.005 and 

0.119±0.003 mg of chlorophyll/g d.w., respectively). 

 
Figure 3. Drying temperature effect on the total chlorophyll content in outer leaves of broccoli (1), cauliflower 

(2) and cabbage (3). The superscripts a, b, c and d show homogeneous groups established from Tukey intervals 

(p < 0.05) 

 

The effect of HAD temperature in the extraction of bioactive compounds obtained in this work is 

consistent with the results obtained by Ahmad-Qasem et al. (5) and Rodríguez et al. (9) for olive and 

thyme leaves, respectively. In both studies, the authors showed that an increase of temperature in 

HAD contributes to the extraction of bioactive compounds in vegetable matrix due to the capability 
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to inactivate enzymes which are responsible for degradation of bioactive compounds present in the 

samples (5). 

 

CONCLUSIONS 

Regarding color changes in the dehydrated leaves, an increase of HAD temperature provoked a 

significant reduction in the L*, a*, and b* coordinates (lightness, green and yellow color, respectively). 

With increasing drying temperature, the color of the samples gradually changed towards darker, 

reddish tones. As for bioactive compounds, samples treated by HAD at 60°C yielded a phenolic, 

flavonoid, and total chlorophyll content that was equal and in some cases even higher than in samples 

treated by FD. These results suggest that FD is less detrimental to the visual quality of dehydrated 

products than HAD. However, the faster and more economical HAD method proves to be more 

effective in concentrating bioactive compounds in Brassica leaves, which could result in a cost-

effective exploitation of these by-products. 
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ABSTRACT 

The use of mixtures of biopolymers is increasing in the development of food products in order to 

improve their functional properties. In this work was proposed the use of mesquite gum (MG), nopal 

mucilage (NM) and their MG-NM mixtures in different proportions (75-25; 50-50; 25-75), for 

evaluating their emulsifying and encapsulant properties. This study was divided three stages. The first 

stage consisted in a physicochemical and rheological study of MG-NM solutions at 30 w/w. A zeta 

potential (ZP) analysis allowed determine that MG-NM mixtures had more negative values than MG 

and NM. Also, viscosity curves allowed to know that MG-NM mixtures and NM had a pseudoplastic 

behavior and these were adjusted to power law model and through dynamic tests it was identified the 

prevalence of viscous modulus over elastic modulus. In the second stage, five emulsions of lemon oil 

(LO) were formulated with 40% (w/w) of total solids and core to wall ratio of 1:3. The emulsions with 

smaller droplet size were those stabilized with MG (d4,3 = 1.53 μm) and MG-NM 75-25 (d4,3 = 1.49 

μm), as the concentration of NM  in emulsions increased, the droplet size also did it, this was clearly 

observed through micrographs obtained by Laser Scanning Confocal Microscopy. A ZP analysis of 

emulsions allowed determine that the more negative values were obtained when the concentration of 

NM increased in the emulsions. The viscosity curves of the five emulsions had a pseudoplastic 

behavior and these were adjusted to power law model. In the third stage, the emulsions were dried by 

spray drying for obtaining microcapsules. After analysis of particle size, the microcapsules with the 

smaller particle sizes were MG (d4,3 = 11.91 μm) and MG-NM  75-25 (d4,3 = 21.46 μm), the lower 

concentration of NM in the microcapsule, the lower particle size. Likewise it was determined the 

retained volatile oil, thereby the higher oil retention was obtained by microcapsules of MG 

(74.4±1.8%) and MG-NM 75-25 (70.3±1.7%). Finally, an oxidation kinetic of the microcapsules was 

done to compare the different wall materials in reference to oil protection. 

 

Keywords: Mesquite gum, Nopal mucilage, rheology, emulsions, microcapsules 

 

 

INTRODUCTION 

Food researchers are constantly seeking sources of new or underexploited hydrocolloids that may 

have the potential of being used in a wide range of domains such as thickeners, emulsifying agents, 

encapsulating agents, etc. The new biopolymeric materials can improve foods functionality, dimish 

processing costs and/or promote the development of regional economies. In this regard, in Mexico 

exist two important hydrocolloids, mesquite gum (MG) and nopal mucilage (NM) of which it is 
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known that have interesting physicochemical and rheological properties with enormous potential for 

their application in food industry.  

 

It is well known that MG has very good emulsifying, encapsulating, and film forming properties 

comparable and even superior to those of gum Arabic (1, 2), whereas NM has properties as food 

thickener, emulsifier (3) and as encapsulating agent of bioactive compounds (4). On the other hand, 

the use of mixtures of biopolymers is being highly used in order to improve the individual functional 

properties. In this sense, it was proposed the study of the combination of MG and NM with the goal 

of finding a possible synergic effect in their emulsifying and encapsulant properties for application 

in food development. 

 

MATERIALS AND METHODS 

Materials. Mesquite gum (MG) from Prosopis laevigata trees was obtained using the method 

described by Vernon-Carter5. Nopal cladodes (Opuntia ficus indica) were acquired in a local market 

(Toluca, State of Mexico) and the mucilage was extracted by the method of León-Martínez3.  Distilled 

essential lemon oil was purchased in Droguería Cosmopolita S.A. de C.V., in Mexico City. 

First stage. Five aqueous dispersions of MG, NM, and MG-NM mixtures (75-25, 50-50, 25-75) were 

analyzed by zeta potential and rheological assays.  

Zeta potential. ZP value of the aqueous dispersions (1% w/w) was determined with a dynamic light 

scattering and micro-electrophoresis device (Zetasizer NanoZS, Malvern Instruments, UK)6.  

Rheological assays.  A Kinexus Pro rheometer (Malvern Instruments Ltd., Worcestershire, UK.), 

with a cone-plate geometry in which the rotating cone had 50 mm in diameter and cone angle of 2°, 

was used. The apparent viscosity (ηa) of each dispersion (30% w/w) was determined by applying an 

increasing shear rate (�̇�) from 0.001 to 1000 s−1 during 5 min2. Furthermore, dynamic oscillatory shear 

test was performed at constant frequency (1 Hz) a strain amplitude sweep (γ = 0.1-1000%), and the 

elastic G′ (Pa) and viscous G″ (Pa) moduli of the aqueous dispersions (30% w/w) were reported. 

Second Stage.  Five lemon oil (LO) emulsions were stabilized with MG, NM and MG-NM mixtures 

(75-25, 50-50, 25-75). The emulsions were formulated using 40% (w/w) of total solids content (TSC), 

and a core to wall material (Co:Wa) ratio of 1:3. All emulsions were adjusted to pH=7.0. 

Emulsification was done with an Ultra-Turrax T50 homogenizer (IKA®-WERKE Works Inc., 

Wilmington, NC, USA) at 6400 rpm during 5 min2.  

Emulsion droplet size. Volume-Weighted mean diameter (d4,3) was determined by laser diffraction 

with a particle size analyzer (Malvern Mastersizer 2000, Malvern Instruments Ltd., Worcestershire, 

UK) using the method proposed by Julio7. 

Zeta potential and Viscosity curves. For ZP analysis, emulsions were diluted to 0.01% (w/w) and 

pH was adjusted to pH=7.0. ZP analysis and viscosity curves were determined using the methods 

previously described. 

Confocal laser scanning microscopy (CLSM). The microstructure of emulsions was examined 

using (CLSM) system (LSM710, Zeiss Microsystems Inc., Germany) with a 40X objective lens. 

Samples (1 mL) were stained with 20 mL Nile Red (0.1%, w/v) and finally examined with an 

argon/krypton laser (ArKr, 488 nm)8. 

Third stage. Five previous emulsions were spray-dried for obtaining LO microcapsules covered with 

different composition of wall material. Emulsions were spray-dried using a Nichols/Niro spray-drier 
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(Turbo Spray PLA, NY, USA), with a feed rate of 5 mL min-1 and an inlet and oulet air temperatures 

of 135 ± 5 °C, and 80 ± 5 °C respectively, with an atomization pressure of 4 bar2. 

Moisture Content. Moisture content of the powders was measured gravimetrically by vacuum oven 

drying at 70 °C and < 7 kPa to constant weight9. 

Powder particle size. The average particle size (d4,3) of microcapsules was determined using the 

particle size analyzer previously mentioned. 

Total Volatile Oil. Total volatile oil content of microcapsules was determined using Clevenger 

distillation according to the method proposed by Bringas-Lantigua9. 

Morphology analysis by Scanning Electronic Microscopy (SEM). A JSM-5800LV model 

scanning electron microscope (Jeol Co. Ltd., Tokyo, Japan) was used to investigate the microstructure 

using the method described by Rodea-González2. 

Oxidation kinetic of Lemon oil.  LO oxidation inside microcapsules was measured putting 5 g of 

microcapsules within little desiccators, with a controlled water activity in a range of 0.2-0.4 and these 

were stored in a laboratory oven at 35 °C. Oxidation was measured by peroxide value (POV) method 

each week during seven weeks of storage according to the method of Shantha and Decker10 which 

consists in a spectrophotometric method that uses a standard curve of cumene hydroperoxide8. 

 

RESULTS AND DISCUSSION 

The first stage consisted in a physicochemical and rheological study of aqueous dispersions of MG, 

NM and MG-NM mixtures. Fig. 1 shows the results of the zeta potential (ZP) as a function of pH and 

it allowed determine that MG-NM mixtures had more negative values than MG and NM individually, 

reaching values up to -14.92 mV with no significant difference among pH 7 and 9. The negative ZP 

results can be attributed to the structure of these biopolymers constituted mainly by polysaccharides 

with carboxylic groups negatively charged which become more negative as pH increases. High 

absolute values of ZP mean better stability due to the mutual repulsion between the electrical double 

layers of macromolecules11, therefore MG-NM mixtures got a high electrosteric  stability when were 

dispersed in an aqueous medium. 

 

In Fig. 2, viscosity curves allowed to know that aqueous dispersions of MG-NM mixtures and NM 

had a pseudoplastic behavior, that is mainly attributed to the “random coil” structure of NM and these 

curves were adequately adjusted to Power Law model (r2 ≥ 0.97). The viscosity results of NM 

dispersions were relatively low, so it could be inferred that NM is a biopolymer with low viscosity at 

high concentrations, this characteristic is important for its use in spray drying. Also, through dynamic 

tests it was identified the prevalence of viscous modulus over elastic modulus i.e. G″ > G′ over the 

whole strain range studied, without a tendency to form weakly consolidated gels. 
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Figure 1 Zeta potential of MG, NM and MG-NM 

mixtures as a function of pH, 1% (w/w), at 25 °C. Bars 

represent the mean standard error. 

Figure 2 Apparent viscosity-shear rate behavior of 

MG, NM and MG-NM mixtures, 30% (w/w), pH 

= 7.0 and 25 °C. 

 

In the second stage, emulsions of lemon oil (LO) stabilized with MG, NM and MG-NM mixtures 

were studied. Table 1 shows that emulsions with smaller droplet size were those stabilized with MG 

and 75-25 MG-NM, as the concentration of NM in emulsions increased, the droplet size also did it, 

this was clearly observed through micrographs obtained by Laser Scanning Confocal Microscopy 

(LSCM) (Fig. 4). 

 

 

Table 1 also shows the results of ZP analysis of the emulsions indicating that when NM increased in 

the emulsion, more negative ZP values were obtained, this means NM contributed to an electrosteric 

stabilization of the emulsions.  

 

Table 1. Initial volume-weighted mean diameter (d4,3) 

and Zeta Potential of  lemon oil emulsions stabilized by 

MG, NM and MG-NM mixtures. 

TSC = 40% (w/w), pH = 7.0. 
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Figure 3 Apparent viscosity-shear rate behavior of 

lemon oil emulsions stabilized by MG, NM and 

MG-NM mixtures. TSC = 40% (w/w), 25°C. 

 

 d4,3 (μm) ZP (mV)  

100 MG 1.5 ± 0.00d -16.07 ± 0.61 a 

75-25 MG-NM 1.49 ± 0.02d -17.43 ± 0.15 a b 

50-50 MG-NM 4.68 ± 0.31b -18.83 ± 0.12  b c 

25-75 MG-NM 3.84 ± 0.06c -19.90 ± 0.99 c 

100 NM 9.16 ± 0.27a -20.13 ± 0.23 c 

Values with different letters represent significant 

difference (P ≤ 0.05) 
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In Fig. 3 are shown the viscosity curves of the five emulsions which had a pseudoplastic behavior 

and were adjusted to Power Law Model (r2 ≥ 0.95).  Worth noting, the higher the concentration of 

NM in emulsions, the viscosity values are higher. Taking into account the ZP results and the viscosity 

values, the emulsions stabilized with NM were kinetically stable by electrosteric effect in spite of 

having the higher sizes of droplet.   

     

Figure 4 Laser Scanning Confocal Microscopy images of lemon oil emulsions stabilized by MG, NM and 

MG-NM mixtures, at 7 days of storage, TSC = 40% (w/w), 25 °C. 

 

In the third stage, the five emulsions were dried by spray drying for obtaining microcapsules. As it is 

indicated in Table 2, the moisture content of microcapsules was in a range among 4.85% to 6.34%, 

the particle size (d4,3) showed that the microcapsules with the smaller particle sizes were those covered 

with MG and 75-25 MG-NM, hence the lower the concentration of NM in the microcapsule, the 

particle size was lower. Likewise, total volatile oil which was retained in the microcapsules was 

measured and it was found that the retention of LO in microcapsule was higher, when the 

concentration of NM was lower.  

  

On the other hand, Fig. 5 shows an oxidation kinetic of microencapsulated lemon oil (LO) using 

different wall material compositions, at 35°C, where it can be observed an unexpected positive effect 

of the incorporation of NM as wall material in order to control the oxidation of LO. After seven weeks 

of study it was concluded that NM contributed to increase the shelf life of LO.  

 

Fig. 6 shows micrographs of microcapsules with different wall material composition, in these could 

be observed that when the microcapsules had a higher concentration of NM their surfaces were 

smoother and more homogeneous, maybe their morphological characteristics avoided the 

permeability of oxygen towards the core of microcapsule, whereas the microcapsules with higher 

concentration of MG showed a dimpled surface that probably presented cracks which contributed to 

the LO oxidation. 
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Figure 6 Micrographs of the surface topology of lemon oil microcapsules covered with MG, NM and MG-

NM mixtures. 
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Figure 5 Oxidative stability of microencapsulated 

lemon oil (LO) covered with MG, NM and MG-

NM mixtures, during 49 days, at 35 °C 

 

Moisture 

content  

(%)  

 d4,3  (μm) 

 

Total 

volatile oil  

(%)  

100 MG 4.85±0.28b 11.9±0.1d 74.4±1.8a 
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difference (P ≤ 0.05) 
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ABSTRACT 

Mucilages extracted from seeds are sources of natural hydrocolloids with low-cost offering a low-

calorie intake turning it in an ideal product for the development of health foods with beneficial 

properties to human consumption. The seed mucilage is a natural polysaccharide composed of β-(1,4)-

D-glucan backbone substituted with side chains of α-(1,4)-d-xylopyranose and (1,6)linked [β-D-

galactopyranosyl-(1,2)-α-D-xylopyranosyl] to glucose residues, where glucose, xylose and galactose 

units are present in the ratio of 2.8:2.25:1.0 as the monomer units and with a molecular weight of 720 

- 880 kDa. The aim of this work was to characterize (thermal and morphological) and to evaluate the 

emulsifying properties of tamarind seed mucilage in order to enhance the potential applications of this 

hydrocolloid. Thermal analysis of the mucilage was done with TGA and DSC which showed that the 

mucilage was thermostable until 315 °C. The mucilage showed irregular shape, concave and shriveled 

surface, which are typical characteristics of spray dried products. Most of the particles showed no 

apparent cracks or fissures. Swelling index of tamarind seed mucilage was determined at temperatures 

of 25, 45 and 65 °C, pH values of 3, 7 and 12 and salt concentrations (0.5, 20 and 50 mM) founding 

that higher temperature, higher pH and lower concentration of salt improved these properties. The oil 

holding capacity using corn oil and water holding capacity diminished when temperature increased 

(25, 45 and 65 °C). The emulsifying stability evaluated by the E24 emulsification index at 25 °C was 

43.75±0.35% indicating that this mucilage could be used as emulsifier. Creaming index using corn oil 

at different volumetric fractions (0.001, 0.005 and 0.01) at 25 °C was higher (values from 1.43 to 

5.26%) at higher oil fractions. Therefore, the mucilage can be considered as a potential emulsifier in 

food industry. 

 

Keywords: Tamarind seed mucilage, Thermal properties, Emulsifying properties, Spray drying 

 

 

INTRODUCTION 

Hydrocolloids are polymers with high molecular weight and long chain with a large number of 

hydroxyl groups that significantly increase their affinity for water molecules giving them the property 

of produce viscous dispersions or gels when they are mixed with water. Mucilages extracted from 

seeds are sources of natural hydrocolloids being ideal products for the development of health foods 

with beneficial properties to human consumption because they imply low-costs and offer a low-
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calorie intake (1). Tamarind (Tamarindus indica L.) is better known for the pod pulp (40%) which is 

rich in vitamin C and contains tartaric, malic, and citric acids as well as sugars (2). Tamarind seed 

can contain up to 72% mucilage (3), it seed mucilage is a natural polysaccharide extracted from the 

seeds as an abundant and cheaply available by-product of tamarind pulp industry composed of β-

(1,4)-D-glucan backbone substituted with side chains of α-(1,4)-d-xylopyranose and (1,6)linked [β-

D-galactopyranosyl-(1,2)-α-D-xylopyranosyl] to glucose residues, where glucose, xylose and 

galactose units are present in the ratio of 2.8:2.25:1.0 as the monomer units and with a molecular 

weight of 720 - 880 kDa, when it is dispersed in water has the ability to form viscous solutions, also 

has a high thermal and chemical stability, edible, biodegradable, non-carcinogenic, biocompatible 

and nontoxic properties (4). However, detailed data about thermal/morphological characteristics and 

the functional properties of tamarind seed mucilage spray dried is not available, which is essential in 

order to establish possible industrial applications, especially food applications of this novel mucilage. 

Therefore, the aim of this work was to extract and evaluate the physicochemical characteristics and 

functional properties of tamarind seed mucilage spray dried. 

 

MATERIALS AND METHODS 

Materials. Tamarind (Tamarindus indica L.) was purchased at a local market of Toluca City, Mexico 

State, Mexico. Chemical reagents were bought from Sigma Aldrich S.A. de C.V. (Toluca, State of 

Mexico, Mexico). All the water used in the experiments was bidistilled. 

Tamarind seed mucilage extraction. The seeds were extracted by hand from mature husks of 

tamarind. The seeds were milled and grounded through a 355µm mesh using a hammermill Pulvex 

100 Mini 2HP (Mexico City, Mexico). 20 g of milled tamarind seeds were placed in 1L beaker and 

bidistilled water was added in a 1:10 weight ratio. The resultant mix was stirred with a magnetic 

stirrer since reach a homogenous mixture and then bidistilled water was added in a 1:40 weight ratio 

in relation with the initial weight of seeds and kept with constant stirring. The mixture was heated 

and kept at a constant temperature of 80 °C for 60 minutes. The mixture was put aside at 20 °C for 

24 h to assure the release of the mucilage, and then was centrifuged with a Hermle Z323K highspeed 

centrifuge (Hermle, Labortechnic, Germany) for 8 min at 524 × g. The supernatant represents the 

mucilage portion that was decanted and stored at -4 °C until it was required for subsequent analysis. 

Spray drying of Tamarind Seed Mucilage. The extracted mucilage was fed at a rate of 40 mL/min 

to a Nichols/Niro spray-drier (Turbo Spray PLA, NY, USA) functioned with an inlet temperature of 

135 ± 5 °C, outlet temperature at 80 ± 5 °C and injecting compressed air at 4 bar. The spray-dried 

mucilage was stored in desiccators above P2O5 to prevent any increase in absorbed moisture, until it 

was required for experiments. 

Thermal characteristics of Tamarind Seed Mucilage. Thermal characteristics of the tamarind seed 

mucilage powder were studied using differential scanning calorimetry (DSC) and thermogravimetric 

analyses (TGA). Both, TGA and DSC studies were made using a thermal analyzer Netzsch STA 449 

F3 (Jupiter®, Selb, Germany) with a heating ramp of 10 °C/min, in a nitrogen atmosphere at a flow 

rate of 20 mL/min. Samples were heated from 22 °C to 450 °C; aluminium crucibles of 5-mm 

diameter were used. Savitzky-Golay smoothing algorithm was employed for TGA curves. 

Scanning electron microscopy analysis. The surface morphology of the powder mucilage was 

acquired using a JSM-6510 model scanning electron microscope (Jeol Co. Ltd., Tokyo, Japan) with 

a voltage acceleration of 15 kV. The samples were mounted on circular aluminium stubs with double-
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sided sticky tape, coated for 250 s with 15 nm gold. Micrographs at 1000 and 5000 × magnifications 

are presented. 

Swelling index (SI). The swelling index was determined at different conditions of temperature (25, 

35 and 45 ºC), and pH (4, 7 y 10). Tamarind seed mucilage (10 mg) was hydrated in the aqueous 

solutions respectively (100 mL) for 24 h. The swollen material was then removed and weighed after 

superficial drying using a blotting paper. The swelling index (SI) was calculated as follows (1): 

 

SI = (Weight of swollen mucilage) / (Initial weight of dry mucilage)   (1) 

 

Water (WHC) and oil holding capacities (OHC). The WHC and OHC were evaluated at different 

conditions of temperature (25, 45 y 65 ºC). For WHC, dispersions of 1% (w/v) of mucilage powder 

were prepared and placed in centrifuge tubes previously weighted containing a magnetic stirrer and 

they were put in an agitation water bath for 30 min at the desired constant temperature. Then, the 

dispersions were centrifuged with a Hermle Z323K highspeed centrifuge (Hermle, Labortechnic, 

Germany) for 15 min at 524 × g. The supernatant was decanted, and the sample was reweighed. The 

WHC was calculated as (2): 

 

WHC = (Water absorbed weight) / (Sample weight)  (2) 

 

For the OHC at 25, 45 and 65 ºC, a 1% dilution of powder mucilage with corn oil (Cristal®) (w/v) 

was prepared in a previously weighted centrifuge tube containing a magnetic stirrer and it was put in 

an agitation water bath for 30 min at the desired constant temperature. The dilution was then 

centrifuged with a Hermle Z323K highspeed centrifuge (Hermle, Labortechnic, Germany) for 15 min 

at 524 × g. The supernatant was decanted and the swollen granules were weighted and OHC was 

calculated using (3): 

 

OHC = (Oil absorbed weight) / (Sample weight)  (3) 

 

Emulsifying ability (EA) and stability (ES). Emulsions were prepared by homogenizing 150 mL of 

0.2, 0.6, and 1% (w/v) tamarind seed mucilage dispersion with 10mL of corn oil (Cristal®) with an 

Ultra-Turrax T50 homogenizer (IKA®-WERKE Works Inc., Wilmington, NC, USA) at 6400 rpm 

during 3 min. The emulsions were then centrifuged with a Hermle Z323K highspeed centrifuge 

(Hermle, Labortechnic, Germany) for 10 min at 524 × g. The emulsifying ability (EA) was calculated 

as follows (4): 

 

% EA = [(Emulsion volume) / (Total volume)] x 100  (4) 

 

ES was tested similar to the EA method but after that the emulsions were homogenized, were heated 

in a water bath at 80 °C for 30 min then cooled to room temperature (20 ± 2 °C), and centrifuged for 

10 min at 524 × g. The emulsified layer was measured and the ES calculated using the following 

equation (5): 

 

% ES = [(Final emulsion volume) / (Initial emulsion volume)] x 100  (5) 
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Creaming index. Dispersions containing 1% (w/v) of tamarind seed mucilage were prepared at room 

temperature. Sodium azide (0.04% w/w) was added to dispersions to prevent microbial growth. Corn 

oil (Cristal®) at different volumetric fraction (0.001, 0.005 and 0.01) was added dropwise to the 

dispersions and homogenized with Ultra-Turrax T50 homogenizer (IKA®-WERKE Works Inc., 

Wilmington, NC, USA) at 6400 rpm during 10 min. Then, 10 mL of each emulsion was filled into a 

glass test tube and then stored at room temperature. The height of the serum (Hs) and the total height 

of emulsions (Ht) were recorded after storage at room temperature for 1 day and every week during a 

month. The creaming index was calculated as (6): 

 

% Creaming Index = [(Hs) / (Ht)] x 100  (6) 

 

Statistical analyses. Data were analyzed using a one way analysis of variance (ANOVA) and a Tukey 

test for a statistical significance P ≤ 0.05, using the SPSS Statistics 19.0 (IBM Corporation, N.Y., 

U.S.A.). All experiments were done in triplicate. 

 

RESULTS AND DISCUSSION 

Figure 1 (a) shows the TGA curve of tamarind seed mucilage, which did not showed any significant 

weight loss below 175 °C, presenting a weight loss of 51.70% at temperatures up to 175°C, initial 

loss (less than 175 °C) can be attributed to the loss of adsorbed and structural water, which in turn is 

associated to the hydrophilic nature of the functional groups of each polysaccharide and the 

subsequent and most appreciable loss may be due to polysaccharide thermal decomposition. 
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Figure 1. Thermal characterization of Tamarind Seed Mucilage a) TGA, b) DSC 

 

Similar ranges of weight loss were observed in carboxymethyl cellulose (146.3 °C) (5), and gums 

from seeds of lanzan (170.4 °C) and zapota (178.6 °C) (6). DSC showed two peaks (Fig. 1b), first 

peak exhibited early endothermic events in the temperature range between 60 and 150 °C, which can 

be explained by water evaporation, the second event was related to an endothermic peak between 260 

and 380 °C. Thermal characterization suggest that tamarind seed mucilage is highly thermostable and 
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could be used in the formation of biomaterials for various industrial purposes such as to  stabilizing 

suspensions or emulsions, and microencapsulation. 

 

  
Figure 2. Morphology by SEM of tamarind seed mucilage spray dried 

 

Image analysis (1000× and 5000×) reveals the morphology of the  external  surfaces of tamarind seed 

mucilage (Figure 2) showed continuous  walls  with  no  fissures,  cracks  or  interruptions,  

semispherical particles with a skin-like particle structure or polymeric appearance, regular size 

showing formation of concavities attributed to rapid evaporation of drops of liquid during the spray 

drying process in the atomizer. This morphological characteristic is exhibited by spray-dried organic 

mucilages as a cladodes of pitahaya and nopal (7). 

 

Table 1: Functional and emulsifying properties of Tamarind Seed Mucilage 

T Swelling index (SI) 
OHC WHC 

(°C) pH 4 pH 7 pH 10 

25 °C 4.682±0.752a 1.17±0.101a 3.779±0.119a 0.186±0.014a 0.068±0.014a 

45 °C 2.28±0.227b 1.547±0.345b 3.346±0.154a 0.219±0.167a 0.104±0.01b 

65°C 2.754±0.25b 1.399±0.126b 10.366±1.057b  1.067±0.025a 0.133±0.004c 

w/v EA ES 
φ 

CI  

% % % % 

0.2 78.834±0.003a 91.064±0.001c 0.001 1.5±0.002a 

0.6 80±0.003b 89.795±0.003b 0.005 2.4±0.001b 

1 86.334±0.005c 83.685±0.001a 0.01 4.8±0.004c 

∗Data expressed as mean ± standard deviation. Values sharing a same lower case letter in the same column 

are not significantly different (P < 0.05). 

 

Swelling index (Table 1) decreased when temperature increased and was less at pH of 7.0, knowing 

that greater swelling capacity is an indication of weaker binding forces in the granules and the 

interaction of molecules become weak due to the electrostatic repulsion by functional groups that can 

cause a higher volume available for water molecules. Water (WHC) and oil holding capacity (OHC) 

of tamarind seed mucilage increased when temperature was increased who could be due to an increase 

on kinetic energy upon water and oil molecules in the dispersion made. Similar values were observed 

in gelatin and guar gum (8) 
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Emulsifying properties at different concentrations are similar than gum Arabic and gum from bael 

fruit. The high emulsifying properties may be attributed to the high molecular weight coupled with 

high branched substitution. The emulsifying ability of mucilages was also evaluated in terms of their 

creaming index (CI), which reflects the phase separation at normal conditions (not accelerated) which 

occurs as a result of the density difference between oil and water phases. CI is known to be related to 

the extent of the droplet aggregation in an emulsion, it can be observed that at higher fraction volume 

the CI was higher. Therefore, the higher CI could be related to the effect of the hydrophilic 

components of tamarind seed mucilage increasing the viscosity, which may affect the movement of 

the oil droplets and the gravitational creaming phenomena. Considerable higher values of CI has been 

observed in chickpea and whey protein concentrates (CI>60%) (10), gum Arabic (>12%) and 

prosopis gum (>12%) (11), demonstrating that tamarind seed mucilage exhibited excellent 

emulsifying and functional properties, which in conjunction with thermal characteristics makes it 

mucilage a feasible option of a new mucilage source to be used as hydrocolloid in food industry.  
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ABSTRACT 

Yogurt is a very popular functional dairy product and the rheology is one of the most essential 

component in its quality and important for the consumer preference.  Probiotic bacteria are used in 

production of functional foods and play an important role in promoting and maintaining human health, 

so encapsulation is used as a way to protect bacteria against severe environmental factors. The 

objective of this work was to design and evaluate a yogurt with Lactobacillus plantarum 

microencapsulated with Aloe vera. L. plantarum was used as probiotic, combined to an alginate matrix 

with, without Aloe, encapsulated by extrusion, and added to a yogurt produced with antibiotic free 

cow´s milk, S. thermophilus and L. bulgaricus. Treatments were: 1) Control yogurt without 

microcapsules, 2) yogurt with free probiotic (L. plantarum), 3) yogurt with Lactobacillus plantarum 

microencapsulated without Aloe, 4) yogurt with Lactobacillus plantarum microencapsulated with 

Aloe. Physicochemical and rheological properties were evaluated. A Color was determined by a 

Minolta 300 Colorimeter expressed as Luminosity, Chroma and Hue, acidity was measured with 

NaOH 0.1 N titration calculating lactic acid percent. Rheological parameters were realized with a 

concentric Rheometer Rheolab QC Anton Paar with CC39 geometries. Experimental design was a one 

way factorial with 5 repetitions and data was analyzed with an ANOVA with a 0.05 significance level.  

Results obtained show no significative difference either in the physiochemical or rheological 

properties, so it can be assumed that the probiotic encapsulation added to a yogurt does not affect them 

besides and yogurt had a pseudoplastic behavior with all treatments. It is recommended to determine 

a sensorial analysis and viability for probiotics.  

 

Keywords: Yogurt, probiotics, microencapsulation, rheological properties 

 

 

INTRODUCTION 

Nowadays, there is an increasing interest in having a healthy life, that so functional food consumption, 

especially yogurt, has been increased in the last years (1). Although there are no available records in 

its origin, the belief in its beneficial influence on human health has existed for a long time (2). Yogurt 

is a fermented product obtained by lactic acid fermentation through the action of Lactobacillus 

delbrueckii ssp. bulgaricus and Streptococcus thermophilus. As a result, the lactic acid reacts with 

milk protein, promoting the characteristic texture (3). This product is source of vitamins, folic acid 
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and potassium, helps increasing some nutrients bioavailability, a better absorption of hydrolyzed 

lactose and an excellent digestibility (4; 5). Besides to the addition of alive microbes to de digestive 

tract. 

 

In order to provide health benefits for probiotic bacteria it has been recommended that they must be 

present at a minimum level of 107 CFU/g at point of delivery (6). An important aspect of a probiotic 

is that during its use it must remain viable in order to provide many of its health benefits. After the 

administration of a probiotic, there is a considerable loss of viability as they pass through the low pH 

of the stomach and high pH of intestine; such viability losses may be reduced by microencapsulating 

the bacteria in a polymer matrix. (7). In the last years, is has been a growing interest in the Aloe vera 

gel in the food industry, this, as a result of their functional properties (8). 

 

Aloe vera gel is the mucilaginous jelly obtained from parenchyma cells of the Aloe vera plant (9), 

and there are reports that has multiple therapeutic effects (10); in addition, Aloe vera gel promotes 

probiotic bacteria growth (11). Although there are authors reporting Aloe vera gel as inhibitor of 

bacteria, fungi and viruses growth (10; 12), there is a research in which Aloe vera gel is used as matrix 

for encapsulation of Weissella confuse which presents higher viability than freeze-dried free cells (8). 

In the other hand there are authors reporting that Aloe vera juice is used as a growth substrate and it 

can be used as a propagation culture for probiotic species such as Lactobacillus plantrum and 

Lactobacillus casei, with growth average yields in the order of 109 and 1011, respectively (13). Texture 

is one of the physico-chemical attributes that improves the foods quality, in addition to taste and odor 

(14), so creamy yogurt should be soft and viscous with a smooth texture that releases minimum 

amount of whey and a slightly acid flavor (15). 

 

The aim of this work is to evaluate the physico-chemical and rheological properties of a creamy 

yogurt added with microcapsules of Lactobacillus plantarum and Aloe vera gel. 

 

METHODS AND MATERIALS 

Preparation of probiotics. A strain of Lactobacillus plantarum (Culture collection of the 

Universidad Autónoma de Nuevo León, México) was inoculated into 10 mL MRS broth (Sigma – 

Aldrich) and incubated at 37°C for 24 h under aerobic conditions. Cells were harvested by 

centrifuging at 2500 rpm for 10 min. and washed twice with sterile 0.1% peptone solution (Difco ®). 

Probiotic cells suspension was divided to use one part for microencapsulation with Aloe vera, another 

with microencapsulation without Aloe vera and the last one to be used as free cells treatment yogurt.  

Pasteurization of Aloe vera Gel. Aloe vera gel pasteurization was made according to (12). Fresh 

Aloe vera was blended, filtered and then pasteurized at 65°C for 15 min. 

Microencapsulation of microorganisms without and with the addition of Aloe vera. A 

modification of the Krasaekoopt et al. (2004) (16) extrusion technique of microencapsulation was 

used. After washing, the culture was suspended in 1mL of sterile 0.1% peptone solution and mixed 

with 99 mL of 1% (w/v) sodium alginate solution (Golden bell ®) sterilized at 110°C for 10 min. The 

cell suspension was introduced into a sterile syringe and injected through 21 G needle into sterile 0.1 

M CaCl2 solution. The beads were stand in the solution for a minute, then rinsed and kept in a sterile 

0.1% peptone solution at 4°C. For the treatments with microencapsulated probiotic added with Aloe 

vera gel, 10 mL of pasteurized Aloe vera was added to the 89 mL of 1% (w/v) sodium alginate 
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solution sterilized at 110°C for 10 min. After washing, the culture were suspended in 1mL of sterile 

0.1% peptone solution and mixed with the alginate-Aloe vera suspension. The cell suspension was 

introduced into a sterile syringe and injected into sterile 0.1 M CaCl2 solution. The beads were stand 

in the solution for a minute and then rinsed and kept in a sterile 0.1% peptone solution at 4°C. 

Production of yogurt. A UHT whole milk (Lala Entera ®) was used to make the yogurt with addition 

of 5% of powdered milk (Alpura ®) and 0.3% of yogurt stabilizer (Palssgaard ®). The mix was 

pasteurized at 80°C for 15 min., and cooled to 40°C before inoculated with 3% of yogurt starter 

(Vivolac®). The mix was incubated at 40°C until 0.80% of acidity.  When the yogurt was finished, 

different treatments and repetitions were made randomly: yogurt without probiotics (control), yogurt 

with 1% free L.plantarum, yogurt with 4% of L. plantarum microencapsulated without Aloe vera and 

yogurt with 4% of L. plantarum microencapsulated with Aloe vera. The yogurt treatments were 

refrigerated to 4 °C.   

Color evaluation. The color evaluation was made with a Minolta 300 colorimeter, measuring 

Luminosity, Chroma and Hue Scale. 

Acidity evaluation. The A.O.A.C. 947.05 (1990) method was used. A 9 mL of yogurt were taken 

and then titrated with 0.1 N NaOH solution, and the acidity was reported as lactic acid percent. 

Rheological evaluation. Rheological parameters were realized with a concentric Rheometer model 

Rheolab QC Anton Paar brand with CC39 geometries, and expressed as viscosity and Shear stress, 

calculating flow and consistency index. 

Statistical Analysis. Experimental design was a one way factorial with 5 repetitions and data was 

analyzed with an ANOVA with a 0.05 significance level. 

 

RESULTS AND DISCUSSION  

Color. There were no significative difference for Luminosity, Chroma and Hue, with p= 0.32, 0.61 y 

0.36 respectively. Since Hue values are in the yellow color zone, Chroma data is low and Luminosity 

values are high, so the final color seems to be white (Table 1). Thus, the addition of free probiotic 

cells, and probiotic beads with and without Aloe vera doesn´t affect the final color. 

 

Table 1 Color averages expressed as Luminosity (L), Chroma (C) and Hue 

 

Acidity. According with the final results, there is no significative difference (p= 0.154) between 

treatments with values going from 0.77 to 0.801 % of lactic acid (Figure 1). At this point, the addition 

of probiotic bacteria in any way (free cells or microencapsulated) does not increase the acidity. 

 

 L C Hue 

Yogurt  

Control 

78.388 ± 4.99 6.4002 ± 0.795 116.6352 ± 2.05 

Yogurt with free L. plantarum cells 77.3772 ± 4.63 6.463 ± 0.764 116.6182 ± 1.59 

Yogurt with  microencapsulated L. 

plantarum without  Aloe vera 

82.1088 ± 4.31 5.5292 ± 2.20 108.953 ± 15.40 

Yogurt with  microencapsulated  L. 

plantarum with Aloe vera 

79.9464 ± 1.46 6.3266 ± 0.405 116.0828 ± 2.35 

p 0.32 0.61 0.36 
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Figure 1 Acidity averages of treatments 

 

Rheological data. Rheological data shows that all treatments were adjusted to the Ostwald de Whaele 

Model with R2 going since 0.95753 to 0.99267. This model has been used to predict the yogurt 

rheological behavior. The treatments have a pseudoplastic behavior with a flow index lower than 1 

(0.19643 to 0.30587) (Table 2). Rheograms showed that yogurt started with high viscosity and when 

shear rate was increasing, viscosity was getting lower (Figure 2). In case of Shear stress, yogurt 

treatments started since 6 to 9 Pa, as time went and shear rate was increasing, shear stress was getting 

high. (Figure 3).  

 

 
Figure 2 Viscosity behavior of the different yogurt treatments. 
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Figure 3 Shear stress behavior of the different yogurt treatments. 

 

Table 2 Consistency and flow index of yogurt treatments. 

Treatment Concistency Index Flow Index 

Yogurt Control 5.3913 0.28436 

Yogurt with free L. plantarum cells 5.2378 0.30587 

Yogurt with  microencapsulated L. 

plantarum without  Aloe vera 

7.9341 0.19643 

Yogurt with  microencapsulated  L. 

plantarum with Aloe vera 

6.9618 0.21347 
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INTRODUCTION 

In the last decades changes in eating habits have been observed in modern society. Food standards 

are not the same and the consumer has become more demanding about the quality and safety of food, 

and be more aware of the benefits that a healthy diet can bring to your life. There is a growing demand 

for fresh foods, natural, semi-processed and with less synthetic additives. 

 

To meet this demand, the food industry is making large investments in research and development of 

new products with functional properties that go beyond their basic nutritional functions and produce 

beneficial health effects (1). In addition, another concern is the shelf life time due replace the use of 

chemical additives, for natural additives that have the same efficiency and provide other benefits. In 

order to provide healthier foods and durability, propolis becomes an alternative to be used as an 

ingredient, because the various properties presented by this compound, such as; anti-inflammatory, 

antitumor and antioxidant (2, 3, 4), another property of great interest in the food industry is the 

antimicrobial (5) allowing propolis be used as a natural preservative, helping to prolong the life of 

food and drink (6, 7). 

 

Propolis from different geographical regions may vary profoundly in composition and various types 

are found, including the less common red propolis (8). It has higher percentage amounts of total 

phenols and the third highest content of total flavonoids in relation to propolis obtained from other 

states. In red propolis, two isoflavone were identified, the medicarpin pterocarpano and isosativana 

isoflavana. This is considered a promising source of new bioactive compounds (9, 10). 

 

Analyzing the properties of red propolis of Alagoas, it was realized that this could be added to a 

typical northeastern product, cheese curds, due to its great economic importance, high nutritional 

value and widespread consumption in the region, being produced mainly in small and medium-sized 

cheese dairies, which move every month, something around 10 million real, which signals this activity 

as an important social and economic context (11). 

 

Due to the rich composition and the average content of moisture, which favors the development of 

microorganisms, cheese curd has a reduced lifetime it can be circumvented by combining good 

hygiene practices and the incorporation of a compound rich in bioactive substances such as propolis 
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red, it can be a way to enable the use of such substances with a greater shelf life. This work aimed to 

develop and characterize a type of cheese curds fortified with microencapsulated red propolis, and 

assess their acceptability. 

 

MATERIALS AND METHODS 

The crude extract of propolis was obtained by maceration in three cycles of extraction with the 85% 

grain alcohol in proportion with the sample 3:1, approximately. Then, the resulting material was 

concentrated on rotaevaporator. For the preparation of microencapsulated propolis (MPV), It was 

used three components in the following percentages: 50%, 45% and 5%.  The crude extract of propolis 

was solubilized in 96.9% ethanol, and then was diluted with 500 mL of distilled water with the other 

components.  

 

Spray drying technique was obtained MPV powder using a Mini Spray Dryer MSD LM 1.0 with inlet 

temperature of 177 ° C and 115 ° C Outlet temperature (not controllable), the pump flow was 0.46 L 

/ h air flow 3.02 L. 

 

For the characterization of the MPV was determined the content of total flavonoids by the direct 

method of reading at 280 nm. The stock MPV solution was prepared at a concentration 20 mg.mL-1 

and complete volume with methanol. The calibration curve was performed using catechin as a 

standard (10 - 80 μg.mL-1) and MPV was analyzed in quintuplicate at a concentration of 80 μg.mL-

1. 

 

The quality of the powder obtained from MPB was evaluated by scanning electron microscopy 

analysis (SEM) and moisture content measured in electronic scale Shimadzu MOC-120H®. 

 

The cheese curd was produced by enzymatic coagulation using industrial liquid curd HA-LA® (Chis 

Hansen) after the following steps: Pasteurization of milk 65 °C/ 30 min, followed by cooling to 35 ° 

C, the curd was added in appropriate proportions for subsequent clotting which lasted approximately 

40 min. 

 

After coagulation, cutting the dough was carried out in cubic grains 1.5 to 2.0 cm edge, after this 

procedure was removed 90% of serum and added 2% salt. The two formulations cheese curd has been 

obtained from the use of MPV two different concentrations (0.5% and 0.25%). The cheese was 

pressed and stored under refrigeration temperature until completion of sensory and microbiological 

analyzes. 

 

In sensory evaluation, cheese curd fortified with MPV were submitted to global acceptance test 

according to literature 12,13, by a group of 50 untrained aged 14 and 45, chosen randomly. 

 

The evaluated attributes were: appearance, texture, flavor and overall assessment using the hedonic 

scale of nine points, where 1: very much disgusted, 5: Neither liked /Not disliked and 9: extremely 

good. Also carried up the purchase intent test, using a structured three-point scale (1: Certainly buy; 

2: Maybe buy / Maybe not buy; 3: Certainly not buy). 

 



 

378 
 

The microbiological analyzes on samples of cheese with MPV were: Counting pattern on plates, 

coliforms at 35 ° C and 45 ° C, Salmonella ssp. and Staphylococcus coagulase positive, following the 

methodology of 14 APHA (12), in the days 1, 15, 30 and 45 (days after manufacture). 

 

RESULTS AND DISCUSSION 

The average total flavonoid content (mg / g) obtained in MPV obtained the average content from 1.82 

± 0.05 PD and its average moisture percentage was 04.03%. The optimum moisture content in 

powdered food should be less than 5% and not more than 8%, particularly when there is lactose, 

because it will pass from the amorphous state to hydrated, making the powder more hygroscopic. 

 

In Figure 1 below obtained by SEM, it was observed that most of the particles had to be spherical, 

with smooth and integral walls with no apparent porosity. It can be observed also some microparticles 

that exhibit cavity or empty particles characteristic (wilted). 

 

 
Figure -1 photos MPV powder SEM. 

 

Ruffin (13) suggests that these particles are formed by unequal shrinkage forces which occur when 

drying droplets dispersed by the spray, it is believed that this fact is directly related to the viscosity 

of the sprayed solutions. 

 

The results obtained in the sensory test to evaluate the acceptability type cheese curd fortified with 

two different concentrations of microencapsulated of propolis are shown in Table 5 were evaluated 

attributes, overall look, appearance, texture and flavor of the sample with 0.25% MPV and sample B 

with 0.50% MPV. The notes were given from a hedonic scale of nine points (1 greatly disliked to 9 

liked very much) and the averages for each attribute cited above. 

 

Table 1- acceptance test average values of curd cheese enriched with propolis microencapsulated. 

Propolis 

microencapsulated 

percentage (%) 

Overall 

Look  

 

Appearance 

 
Texture 

Taste 

 

Sample A 7,89±0,91 7,64±1,09 7,83±1,09 7,82±1,36 

Sample B 6,92±1,41 6,51±1,73 6,85±1,84 6,89±1,67 

Mean ± SD (Standard Deviation). Sample A 0,25% e Sample B 0,5% de MPV. 

 

In relation to different própolis microencapsulated percentage tested in cheese, samples were accepted 

according to the average obtained by the judges, these ranged from 6.51 to 7.89 varying slightly from 
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liked to liked a lot, according to the scale hedonic applied. The sample A was the best accepted in all 

attributes tested. 

 

It is known that propolis has a strong bitter taste, this characteristic is related to the presence of a large 

number of compounds which been found to be base pigments, flavonoids15. However, this feature has 

little influence on the acceptability of the type cheese curds with propolis microencapsulated. 

 

Microbiological results achieved in 1, 15, 30 and 45 days showed within the limits established by law 

for cheese curds16, the RDC 12 ANVISA 2001 calls for coliforms at 45 °C 5x103 Most Probable 

Number (MPN), for coagulase-positive Staphylococcus 103 colony forming unit (CFU) and 

Salmonella ssp. absence. 

 

Several studies have reported the cheese curd, mainly the artisanal, as unfit for human consumption 

due to high levels of bacterial contamination patogênicas17. However when taken hygiene measures 

during the manufacturing process, combined with rennet cheese fortification with the MPV it is 

possible to obtain a more secure and long shelf life products without reducing their acceptability. 
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ABSTRACT 

Lactic acid bacteria (LAB) are attributed benefits such as reducing lactose intolerance, inhibition of 

intestinal pathogens among others. For this the LAB should be alive and metabolic active and in 

quantity enough. Therefore our aim was produce a device of immobilized Lactococcus lactis ssp. lactis 

and lactobacillus acidophilus in cellulose which that submerged it different commercial milk   it this 

was fermented, this way it is guaranty that the cells are alive, with metabolic activity and great amount. 

The device was prepared starting from a culture of Lactococcus lactis ssp. lactis BM147 incubated at 

29°C/24 hours and at 37ºC/24hours to lactobacillus acidophilus, with this two cultures where mix 1:1 

then impregnated cellulose strips 3 x 4 cm, were dried under vacuum between 37 and 10 kPa for 40 

minutes, then we evaluated the amount of bacteria after the immobilization and dried process with 

plate count on APT agar. The devices were placed in 200mL glasses with different brands of milk: 

powder milk, pasteurized and UHT were incubating for 30 hours at 29 °C and 37ºC, during this period 

were measured pH, acidity and viscosity of the beverages. The acceptability of device were made 

compared for three types of fermented milk (pasteurized, UHT and powder milk all of them with 10% 

sacarosa added) This fermented milk it was give 100 consumers of faculty Chemistry, to evaluated the 

shelf life of the device was made a triangular sensory test to 100 consumers who tasted drinks made 

with devices stored 1 day and 6 months at 4 ° C. The preference of two different devices (one with 

Lactococcus lactis ssp. lactis and lactobacillus acidophilus and other one only with Lactococcus lactis 

ssp. lactis) It was evaluated with 100 consumers using a triangular test. The results indicates that no 

difference was found between milks different fermented during 24 hrs it was obtained pH of 4.4 to 4.0, 

the acid lactic production  were 0.98%, 1.26%  and 1.11%  to powder milk, pasteurized milk and UHT 

milk respectively. With respect to temperature influence more acid is produced at 37ºC that to 23ºC 

and 29ºC. The viscosity of UHT milks was two times more that another’s milks. In the sensorial 

evaluation the best preference was to UHT milk. In conclusion, the device is useful to production of 

fermented milk with UHT milk and ensuring the presence of probiotic bacteria. The device stored for 

6 months at 4 ° C does not affect the pH or acidity of the final product. 

 

Keywords: Fermented, Drink, lactic, bacteria, device 

 

 

INTRODUCTION 

Lactic acid bacteria (LAB) are attributed benefits such as reducing lactose intolerance, inhibition of 

intestinal pathogens among others. For this the LAB should be alive and metabolic active and in 

quantity enough. (4, 6, 7, 8, 10). The probiotics are live microorganisms that administered in adequate 

doses have beneficial health effects (FAO / WHO).The Requirements to microorganism are 

probiotics: Pathogenic or toxigenic not be, Being part of the human microorganism, Survive passage 
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through the digestive tract, capacity to adhere to the surface of the membrenes mucous membranes 

and prevent adhesion and colonization of pathogens (1, 9). 

 

Therefore the aim was to produce a device of immobilized Lactococcus lactis ssp. lactis and 

Lactobacillus acidophilus in cellulose which that submerged it different commercial milk and farm 

milk  these were fermented, this way it is guaranty that the cells are alive, with metabolic activity and 

great amount.  

 

MATERIALS AND METHODS 

The device was prepared starting from a culture of Lactococcus lactis ssp. lactis BM147 incubated at 

29°C/24 hours and at 37ºC/24 h to Lactobacillus acidophilus, with this two cultures where mix 

1:1then impregnated cellulose strips 3 x 4 cm, were dried under vacuum between 37 and 10 kPa for 

40 minutes, then we evaluated the amount of bacteria after the immobilization and dried process with 

plate count on APT agar.  

 

The devices were placed in 200mL glasses with different brands of milk: powder milk, pasteurized 

and UHT were incubating for 30 hours at 29 °C and 37ºC, during this period were measured pH, 

acidity and viscosity of the beverages.  

 

The acceptability of device were made compared for three types of fermented milk (pasteurized, UHT 

and powder milk all of them with 10% sacarosa added) this fermented milk it was give 100 consumers 

of faculty Chemistry 

 

To evaluate the shelf life of the device was made a triangular sensory test to 100 consumers who 

tasted drinks made with devices stored 1 day and 6 months at 4 ° C. The preference of two different 

devices (one with Lactococcus lactis ssp. lactis and Lactobacillus acidophilus and other one only 

with Lactococcus lactis ssp. lactis) It was evaluated with 100 consumers using a triangular test. 

 

RESULTS AND DISCUSSION 

In Figures 1, 2, 3 of evolution pH, acidity and viscosity respectively to apply the device in different 

types of milk at room temperature (23 °C) shows that no difference was found between milks different 

fermented during 24 hrs it was obtained pH of 4.4 to 4.0, the acid lactic production were 0.98%, 

1.26% and 1.11% to powder milk, pasteurized milk and UHT milkrespectively, in viscosity was better 

in UHT milk. These values agree with Garcia et al (5) and Pérez-Gavilán et al. (11, 12). 

 

With respect to temperature influence more acid is produced at 37ºC that to 23ºC and 29ºC. The 

viscosity of UHT milks was two times more that another’s milks This behavior  can be explain  by 

the fact that the treatment for UHT process  need temperatures above 100°C  the whey  proteins are 

denaturalized  and stimulate the formation  of the  curd  (3). 
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Figure 1.- Evolution of the pH of the drink type yogurt made with the mixing device: Lb. acidophilus and L. 

lactis ssp. lactis in different types of milk. 

 
Figure 2.- Evolution of the acidity of the drink type yogurt made with the mixing device: Lb. acidophilus and 

L. lactis ssp. lactis in different types of milk. 

 
Figure 3.- Evolution of the density of the drink type yogurt made with the mixing device: Lb. acidophilus and 

L. lactis ssp. lactis in different types of milk 
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Regarding acceptability of the devices compared for three types of fermented milk (pasteurized, UHT 

and powder milk all of them with 10% sacarose added) the figure 4 and 5 is observed that UHT milk 

is the best preferred. These values agree with De la Cruz, (2) 

 

 
Figure 4.- % Preference of the drink type yogurt made with the mixing device: Lb. acidophilus and L. lactis 

ssp. lactis in different types of milk.    

 

 
Preference level* : a value was assigned to the preference level  of 7  to 1; being 7 = very nice, 6 =nice, 5 = 

moderately nice, 4 = neither nice, not disgusting, 3 =bit disgusting, 2 = disgusting,  1 = very disgusting 

 

Figure 5.- Preference  nivel of the drink type yogurt made with the mixing device: Lb. acidophilus and L. 

lactis ssp. lactis in different types of milk. 
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In Table 1 average pH and acidity of yoghurt drinks prepared with mixing devices: Lb. acidophilus / 

L. lactis ssp. lactis incubated at 23 ° C for 25 hours with different storage times. Is it noted that the 

device stored for 6 months at 4 ° C does not affect the pH or acidity of the final product 

 

Table1. Storage life: Device Lb. acidophilus/L. lactis ssp. lactis 

 Device 

 
1 day storage 6months storage 

pH % acidity pH % acidity 

Average 4.37 0.84 4.39 0.82 

SD 0.020 0.021 0.021 0.023 

 

CONCLUSION 

The device is useful to production of fermented milk with UHT milk and ensuring the presence of 

probiotic bacteria.The device stored for 6 months at 4 ° C does not affect the pH or acidity of the final 

product 
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ABSTRACT 

Pasta is a food matrix, which has acceptance, wide consumption, low cost and long shelf life and it can 

be properly formulated for a specific population such as people with sensitivity to egg or with celiac 

disease. Astaxanthin from Haematococcus pluvialis and Phaffia rhodozyma is a pigment with a well-

known antioxidant activity that can be a substitute of the natural carotenoids from the yolk. The aim 

of this study was to apply and determine the stability of astaxanthin in an egg and gluten-free (GF) 

pasta. Astaxanthin oleoresin from H. pluvialis (HP) or P. rhodozyma (PR) was incorporated in pastas 

made with GF flours (corn, rice and a mix of vegetables) added with whey protein concentrated (WPC), 

gelatin (G) and albumin (A), alone or combined, as source of protein; and guar gum as an emulsifier. 

Five formulations for each oleoresin with GF flours, and proteins G, WPC, A, G+A and G+WPC, were 

done. The formulation of WPC as a source of protein showed the highest retention of astaxanthin with 

97.69±2.07 % for HP and 95.17±0.03 % for PR. The formulation of G+WPC showed the highest 

antioxidant capacity retention with a value of 308.71±12.32 % for HP, meanwhile the formulations of 

G with HP and PR and G+WPC with PR showed no retention of antioxidant capacity. Regarding 

quality parameters evaluated, weight loss (WL) and water absorption capacity (WAC), the 

formulations that showed the best results were G+WPC with values of 0.85±0.21 % and 0.9±0.14 % 

of WL for HP and PR oleoresins respectively, and 350±10.10 % and 350±10.10 % of WAC for 

G+WPC with HP and PR oleoresins respectively. In the color parameter b* it was found that the 

formulations of G+WPC presented the highest value with 19.05±0.21 and 17.99±2.24 for HP and PR 

oleoresins respectively. Therefore, the formulation of G+WPC and HP was selected to make a GF 

pasta with a natural color and antioxidant capacity.  

 

Keywords: astaxanthin, gluten-free pasta, natural pigment, antioxidant. 

 

 

INTRUDUCTION 

Natural colorants are present in the nature or they are synthetized by living organism (1), for example, 

the carotenoid astaxanthin is produced by Haematococcus pluvialis or Phaffia rhodozyma and it is a 

natural colorant with a great antioxidant potential (8, 11). The astaxanthin found in those species is 

obtained as oleoresin with free or esterified forms of the pigment. The color of the oleoresin could be 

red or yellow depending on the concentration and the pigment source (6). The astaxanthin displays a 

higher stability when it is in the presence of protein as the whey protein concentrate (5) and 

hydrocolloids as the arabic gum (16). Pastas are a food matrix which can be reformulated and directed 
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to a specific population due to its acceptance, low cost, long self-live and wide consumption (2). They 

could be fortified, it means add ingredients that are not part of the conventional formulation (17) but 

contribute to nutritional value. To make a gluten free pasta, the chosen ingredients should not contain 

the proteins denominated gliadin, that cause celiac disease. Nevertheless, the gluten free products 

have the characteristics to have physical properties very different from the conventional products 

(13);  for this reason, other ingredients like gums or the source of protein can be used in order to 

obtain similar physical characteristic as the conventional products (4, 9). 

 

Therefore, the aim of this study was to apply and determine the stability of astaxanthin in a gluten 

and egg free pasta. 

 

MATERIALS AND METHODS 

The oleoresin extract was obtained from the cyst cells of H. pluvialis (HP) and cells of P. rhodozyma 

(PR), Gluten free flour (maize, rice and vegetal), whey protein concentrated (WPC), gelatin (G), 

albumin (A), and guar gum (GG) where purchased at local market. All chemical involved were of 

analytical grade from Sigma Aldrich®. Equipment as spectrophotometer UV-VIS (HACH DR 500), 

colorimeter (Hunter Lab Color Flex EZ) and an extruder lab-size (HOMETECH 

ELECTRODÓMEÉSTICOS model HT-412) were used. 

 

The oleoresin extraction was done using HP cyst cells or PR cells; briefly, a pre-treatment in 

microwave at 105 W/1min was used, followed by the oleoresin extraction with ethyl acetate in a ratio 

of cells-solvent 1:5 for HP and 1:19 for PR in water bath at 50 °C/13.25 min and 65 °C/24.5 min 

respectively. The supernatant was then evaporated at 40°C with vacuum until the oleoresin was 

obtained (5, 16). 

 

Five formulation (G, WPC, A, G+A y G+WPC) of a Gluten free (GF) pasta were prepared. There 

were used 24 g of mixture of corn and vegetable flour (1:1 ratio), 14 g of rice flour, proteins G, A or 

WPC in a range of 0 g to 7 g, 3 g of gum GG, 35 mL of water, 0.45g oleoresin and 1.55 g of safflower 

oil.  . The mixtures were kept out from the air and allowed to rest 15 min in the dark, and then they 

were dried at 40 °C in a oven for 50 min, and finally boiled for 11 min. For all mixtures, there were 

determinate the astaxanthin concentration, antioxidant activity and color in  each of its three stages 

(rested, dried and boiled) and weight loss (WL) and water absorption capacity (WAC) in the last 

stage.  

 

For analysis, samples of 500 mg of each pasta were weight and agitated with a magnetic stirrer in a 

solution of ethyl acetate, aqueous saline solution (30 % w/v) and methanol (2.5:3:1.5) for 5 min and 

then centrifuged at 3500 rpm/15 min. The extract of the ethyl acetate fraction was separated and its 

absorbance at 476 nm was obtained. The astaxathin concentration was calculated by interpolating the 

absorbance in a standard curve of astaxanthin. For the antioxidant activity, aliquots of 30 µL of each 

one of the extracts were agitated with 1.5 mL of the ABTS radical for 6 min and their absorbances at 

734 nm were obtained. 

 

For color determination, a sample of the preparation of the pasta (circle of 3 cm diameter and 2 mm 

height) for each step of the procedure was placed in the colorimeter with the accessory of 2 cm 
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diameter and an illuminant D65 a 10 ° observer in order to obtain the color parameters of the CIELAB 

scale. 

 

To determinate the WL and WAC (14, 10), 10 g of dried pasta was boiled in 100 mL of water by 11 

min, then taking out from the water, and then cooked pasta was let to rest by 15 min. The WAC was 

calculated as the difference between the initial and final weight of the pasta boiled and expressed in 

percentage. For the WL the drained water was heated in an air convection oven, until dryness and the 

solids remained after this procedure were the solid lost and the result was expressed as percentage (g 

solids remains/100 g dried pasta). 

 

All analyses were done in duplicate and the results were statistical analyzed, ANOVA with a p < 

0.005 and a pairwise comparison of Tukey. 

 

RESULTS AND DISCUSSION 

Regarding astaxanthin retention (Figure 1), it is observed that pastas with protein WPC are the ones 

that showed the highest retention with both oleoresin, with values of 97.69±2.07 % for HP and 

95.17±0.03 % for PR. 

 

 
Figure 1. Porcentage of astaxanthin retention from the rest to boiling stage of the pasta. HP: 

Haematococcus pluvialis, PR: Phaffia rhodozyma, G: grelatin A: albumin, WPC: whey protein 

concentrate, GW: gelatin+ WPC, GA: gelatin+ albumin.*The results with same letter are not 

significantly different with p <0.05. 

 

Those results are similar as those found in nanodispersions of astaxanthin (3) were the presence of 

three component provide the best stabilizing of astaxanthin, also the mixture of proteins allows to 

improve the stability due to the hydrophobic interaction between the proteins and the oleoresin (5). 

This finding showed that of astaxanthin added to GF pastas was retained up to 96 %, this value is 

higher than 68 % retention of polyphenols added to pastas by Sun-Waterhouse (15).  

 

Figure 2 shows the results of the percentage of retention of the antioxidant activity; it is observed that 

the formulation of G+WPC with HP had the highest values of retention. 
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Figure 2. Retention of µM of trolox equivalents from the rest to the boiling stage of the pasta. 

HP: Haematococcus pluvialis, PR: Phaffia rhodozyma, G: grelatin A: albumin, WPC: whey 

protein concentrate, GW: gelatin+ WPC, GA: gelatin+ albumin.*The results with same letter 

are not significantly different with p <0.05. 

 

In some cases (G+WPC with HP), the values of antioxidant activity of boiled pasta are higher than 

dry pasta, because of the formation of Amadori compounds which can increase the values of 

antioxidant activity after a treatment (7). For the formulations in which there is no antioxidant activity 

it is explained due to the heating treatment suffered by the pasta which have an adverse effect in the 

astaxanthin concentration. 

 

In Figure 3 are the results of the percentage of WL at the end of the boiling stage, it is observed that 

the WL was very high in the formulations with A as a source of protein. The values found in GF 

pastas are between 0.15±0.071 % and 4.5±0.707 % values lowers that the found in pastas made with 

wheat and sorghum which have between 3.5 % and 5.93 % of WL (12). 

 
Figure 3. Weight loss of pasta during the boiling stage  HP: Haematococcus pluvialis, PR: 

Phaffia rhodozyma, G: grelatin A: albumin, WPC: whey protein concentrate, GW: gelatin+ 

WPC, GA: gelatin+ albumin.*The results with same letter are not significantly different with 

p<0.05. 

 

In Figure 4 are the results of WAC, in which the pastas that have G in their formulation showed the 

highest WAC followed from those that have WPC and the combination of G and WPC. This fact 

could be explained due to the particle size of the proteins in the formulation making, iea  bigger size 

interparticula the WAC is higher, also the presence of hidrophilics characteristic of the proteins make 

that the WAC were higher in formulations with WPC and G. Also the fibrillar structure of collagen 
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in G and the globular structure the proteins in the WPC allows better water absorption in the 

formulations, where these ingredients are distributed inside the pasta. (10, 14). 

 
Figure 4. Water absorption capacity in % during the boiling phase of the pasta. HP: 

Haematococcus pluvialis, PR: Phaffia rhodozyma, G: grelatin A: albumin, WPC: whey protein 

concentrate, GW: gelatin+ WPC, GA: gelatin+ albumin.*The results with same letter are not 

significantly different with p <0.05. 

 

In Figure 5 are the results of the color parameter b* after boiling stage; the formulation of G+WPC 

is one of the products which presented the highest value of b* with 19.05±0.21 and 17.99±2.24 for 

HP and PR respectively. 

 
Figure 5. b* parameter at the end of the boiling stage of the pasta  HP: Haematococcus pluvialis, 

PR: Phaffia rhodozyma, G: grelatin A: albumin, WPC: whey protein concentrate, GW: gelatin+ 

WPC, GA: gelatin+ albumin.*The results with same letter are not significantly different with 

p<0.05. 

 

CONCLUSIONS 

Gluten free pastas with astaxanthin were elaborate using several proteins and gum guar in their 

formulation. Addition of whey protein concentrated with P. rhodozyma maintained the highest 

concentration of astaxanthin in cooked pasta. In the case of antioxidant activity, the formulation with 

whey protein concentrated with P. rhodozyma was the one that showed the highest value, followed 

by the formulation with albumin and P. rhodozyma and the mixture of gelatin + whey protein 

concentrated with H. pluvialis. In the water absorption capacity and weight loss, the formulation of 

whey protein concentrated with H. pluvialis and the mixture of gelatin + whey protein concentrated 

with H. pluvialis and P. rhodozyma are those that show better results maintaining the structure and 

having the ability of water absorption capacity. According to the results, it is possible to select the 
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formulation of gelatin + whey protein concentrated with H. pluvialis to make a gluten and egg free 

pasta with a natural color. This formulation showed the highest antioxidant capacity it maintains a 

yellow color like traditional pastas at the end of the process. 
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ABSTRACT 

The antioxidant capacities of active compounds from different sources, reported in literature, typically 

relate to extractable compounds analyzed in extracts or infusions of aqueous or those of organic nature. 

However, significant quantities and capabilities of bioactive compounds are usually not considered in 

biological studies because they are discarded as waste from the extraction or infusion, as non-

extractable compounds. The aim of this study was to characterize the non-extractable fractions of the 

fungus Pleurotus ostreatus for possible use as antioxidant compounds. Study techniques include acid 

hydrolysis prior to the characterization step. The characterization includes determining phenolic 

content by the technique described by Folin-Ciocalteu, determination of flavonoids, analysis of 

antioxidant capacity by DPPH assay, as modified by Manzocco et al. (1998) and statistical analysis for 

comparison of mean values obtained from the different extractions using aqueous solutions of ethanol, 

methanol and ethyl acetate as organic solvents in a ratio of 80:20 (solvent: water). The results show 

greater amounts of phenols in the ethanolic nonremovable portion, of the order of 648.34 ppm eq. 

gallic acid, the flavonoid content of 570.42 ppm eq. catechin, being the predominant type of polyphenol 

in the ethanol and methanol residue. The antioxidant capabilities found in the non-extractable fractions 

of ethanol and methanol were 58 and 53% respectively (no statistical difference, p<0.05). No 

nonremovable portions were obtained with ethyl acetate, due to lack of soluble compounds therein, in 

the non-removable portion basidiomycete which explains the lack of data for said solvent. According 

to the results we can conclude that the non-removable portion of the basidiomycete Pleurotus ostreatus 

contains a good amount of antioxidant compounds (ethanolic and methanolic) to recover, and that their 

knowledge can be useful for better implementation and development of products from basidiomicete, 

despite not being from direct extraction recovery (without hydrolysis), asit is usually done. 

 

Keywords: nonextractable polyphenols, antioxidant capacity, Pleurotus ostreatus, phenolic content) 

 

 

INTRODUCTION 

Edible mushrooms have been attractive as functional food and as a source in the development of 

drugs and the neutraceutical industry (1-7). Over two-thirds of cancer related deaths could be 

prevented through lifestyle modifications, particularly through dietary means, and mushrooms 

consumption could contribute to minimize cancer risks through antioxidant input (8).  
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Chronic degenerative diseases, such as cancer, diabetes and high blood pressure, can be attacked 

indirectly, avoiding cellular damage that oxygen reactive species (ROS) cause. ROS are extremely 

reactive molecules, as they have a free electron in their last molecular orbital. Although they are part 

of the body's defense mechanism, they can also cause changes in the cells, acting on the cellular 

components, such as the fatty acids of membranes, cellular proteins and nucleic acids (9).  When the 

antioxidant defenses of the human body are surpassed by the presence of ROS, the oxidative balance 

is lost affecting biological processes. Because of this, the ingestion of external antioxidants as part of 

the diet is necessary. The antioxidant function is due to the presence of hydroxide substitution and 

the aromatic structure, which are capable of sweeping away free radicals (10). 

 

Flavonoids are natural substances with variable phenolic structures. More than 4,000 flavonoids have 

already been identified, with the flavonols, flavones, anthocyanidins and isoflavones being the most 

numerous. One of their most striking characteristics is their ability to act as antioxidant, hijacking 

free radicals and ROS (10). The antioxidant effect of flavonoids has been attributed to the reducing 

power of the phenolic group, which reduces free radicals and produces the phenoxyl radical, which, 

in turn, is stabilized by resonance. This capacity is influenced by the number of hydroxyls present, 

by their positions, and by the positions of glycosylation of these molecules (12). 

 

The spectrometric technique of the free radical DPPH˙ (1,1-difenil-2-picrilhidracilo), which shows a 

characteristic absorption spectrum UV-vis to an absorption maximum nearing 515 nm in methanol, 

has the advantage of using a stable and commercially available free radical, that has been widely used 

in the study of the antioxidant activity in food samples, such as olive oil, fruit, juice and grapes (9), 

is a technique easy to develop, highly repeatable and comparable to other methods like ABTS. 

 

The comprehensive use of antioxidant compounds immersed in lignocellulosic structures, requires 

mechanical pre-treatments and of hydrolysis that can modify the biomass structure and make 

antioxidants more available. Because the antioxidant radicals are not completely available, significant 

amounts and capacities are usually not considered in biological studies because they are disposed 

along with the residues of extraction or infusion, as non-extractable compounds.  

 

The purpose if this study was to demonstrate the effect of an acidic hydrolysis in the retrieving of 

compounds and antioxidant properties of the non-extractable fraction, of basidiomycetes of the type 

Pleurotus sp. 

 

METHODS AND MATERIALS 

Collection and preparation of the raw material.  The Pleurotus ostreatus basidiomycete 

(identification code in the laboratory PRODISET is BGAT; country of origin, Belgium) was cultured 

in El Salto Pueblo Nuevo Durango, Mexico.  Adult fructiferous bodies were collected and the parts 

prepared for the analysis were principally those of the cap (cap, gills, scales and annulus). The 

fructiferous bodies were sliced, dried, grounded and stored in the dark in hermetic bags at 4°C, until 

used. 

Extraction Process. The basidiomycete ground and dried simples were subjected to extraction in 

hydroalcoholic solutions (80:20) using solvents: ethanol, methanol and ethyl acetate. The 
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hydroalcoholic extracts were filtered with filter paper and the solvents were removed with 

evaporation, obtaining the dried extracts. Using the dried extracts, solutions of 200 mg in 5 ml of 

solvent were prepared for further analysis.  

Total content of phenols by the Folin-Ciocalteu method.  125 µL were taken from the mixture and 

were mixed with 500 µL of distilled water and 125 µL of the Folin-Ciocalteu 2 N reactive, it was 

agitated and left to rest for 6 minutes. Then 2% of sodium carbonate Folin-Ciocalteu at 2% and 1 mL 

of distilled water were added. It was then agitated and left to react for 90 min.  When the time was 

up, it was photometrically measured at 760nm (Abs) (spectrophotometer Cary 50 Bio UV-Visible 

(Varian, Inc.)). The results obtained from the quantification were expressed as µg of gallic acid/mL 

of the sample (modified from Capannessi (13)). 

Total Flavonoids. The procedure described by Heimler (14) was used. A calibration curve was 

performed with catechin at five concentrations (0.25, 0.2, 0.15, 0.1 y 0.05) mg mL–1(y = 0.0016x – 

0.016; R2 = 0.995). Fort this trial, each of the dried extracts were diluted with methanol to a 

concentration of 0.5 mg mL–1, an aliquot of 0.25 mL was taken and added with freshly prepared 75 

μL of sodium nitrite (5.0 %), 0.150 mL of aluminum chloride (10%)  and 0.5 mL sodium hydroxide 

(1M). The volume was adjusted to 2.5 mL with deionized water and left to rest for 5 min.  The 

absorbance was measured at 510 nm, with a target without sample. The results were expressed as 

equivalents of catechin in mg g–1 dried extract. The determinations were triplicated.  

Antioxidant capacity. For this assays, a Cary 50 Bio UV-Visible (Varian, Inc.) spectrometer was 

used. The radical DPPH• (2,2-diphenyl-1-picrylhydrazyl) bleaching technique proposed by Brand-

Williams (15) (modified by Manzocco (16)) was used. Solutions were prepared from samples in 

known concentrations in methanol. 100 μL of the sample with 2.9 mL of a DPPH• (0.1 mM in 

methanol 50 % solution and/or Abs of 0.78 approximately) were put in tubes. They were subjected 

to agitation for 30 s. registering readings in the spectrophotometer (515 nm) at time 0 and every 10 

until reaching 60 min. The results obtained are expressed as a entrapment capacity of free radicals 

(RSA %) by the next equation: 

 

𝑅𝑆𝐴 (%) =  
(𝐴𝑏𝑠𝑡=0 − 𝐴𝑏𝑠𝑡=𝑡)

𝐴𝑏𝑠𝑡=0
 𝑋 100 

Statistical Analysis:  All the assays were carried out in triplicate and the results are expressed as 

mean values and standard error or standard deviation (SD). Differences among means were done by 

analysis of variance (ANOVA), using SAS v. 9.1.3, and averages were compared using Tukey test (p 

< 0.05). 

 

RESULTS AND DISCUSSION 

The antioxidant compounds represent the best alternative against damage caused by ROS.  In this 

study a strong capacity has been found, even in the non-extractable portion of the basidiomycete of 

the type Pleurotus sp., presenting values up to 58% RSA, in the hydroalcoholic ethanol extract (Table 

1). This potential is not greater compared with the hydroalcoholic ethanol extract but from the 

extractable fraction, which presented greater entrapment potential (78 % RSA).  The phenolic content 

(eq. gallic acid) for the same ethanoic extract, for both extractable and non-extractable versions, 

presented a significant difference (p<0.05), content being greater in the non-extractable fraction of 

36%. This is because of the breaking glycosidic bonds present in the extractable fraction, which lead 

to a lesser antioxidant capacity for the non-extractable fraction.  The antioxidant capacity that has 
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been shown is influenced by the number of hydroxyls present, by their positions and by the positions 

of the glycosylations, and if some of this characteristics are missing or are modified, the antioxidant 

capacity decreases, as observed in the results. 

 

The observed behavior presented by the methanoic extractions was contrary to those of ethanol, the 

extractable fraction presented a greater polyphenolic content at 12 %, as well as the antioxidant 

capacity that reached a 70 % RSA (Table 1), which shows the ability to transfer labile hydrogen atoms 

to free radicals for their inactivation. The data found for the ethyl acetate indicate a lesser dragging 

of compounds, at the same time with a low antioxidant potential in the extractable fraction.  For the 

non-extractable fraction, no data could be collected, the capacity and concentration are electronically 

imperceptible.   

 

The effect of solvents used for the extraction are strong, and as the polarity increased, a greater 

extraction was present. Even so, there is not a direct correlation of the phenolic content and the 

antioxidant capacities found.  

 

Table 1.  Phenolic and antioxidant capacity of hydroalcoholic extracts (extractable and non-

extractable) of Pleurotus ostreatus. 

Solvent 

Phenolic 

Content (ppm 

gallic acid) 

Flavonoid 

Content  

(ppm catechin) 

Antioxidant 

Capacity 

(DPPH) 60 

min 

Extractables 

Ethyl acetate 89.392±8.201 142±7.071 11.836±0.138 

Ethanol  413.899±32.183 197±19.313 78.007±4.282 

Methanol 427.982±42.706 239.083±14.143 69.960±2.075 

Non-Extractables 

Ethyl acetate NR NR NR 

Ethanol  648.340±63.640 570.417±0.118 57.999±2.148 

Methanol 377.583±37.601 299.833±23.801 52.744±2.897 

 

It has been reported that phenolic acids are the most widely present polyphenols in mushrooms, 

among them are gallic, tannic, protocatechuic and gentisic acids (17, 18). It has been indicated that 

phenols and flavonoids are the secondary metabolites with more pharmacological relevancy in 

aqueous and ethanoic extracts from fructiferous bodies of Pleurotus sp (CCEBI-3024) (19). 

According to the results of this study, in both types of extractions, direct and with previous hydrolysis, 

and with ethanol and methanol, exhibit a high presence of flavonoids in respect to the total content of 

polyphenols. The data for the ethylic acetate extracts is not clear and will be further analyzed.  

 

There are reports of similar levels of extraction of polyphenols of Pleurotus sp. in solvents from 

different polarity, in the following order: water>ethanol>acetone>ethylic acetate>n-hexane (20, 21). 

The aqueous and ethanoic polyphenol extraction, has a major importance by presenting higher values 

compared to those of solvent extractions of lower polarity (21) which clearly matches the results of 

the extractable fractions of this investigation. The non-extractable fraction presents an atypical 
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behavior compared to the one of direct extraction, because of the greater amount of structural 

transformations that the raw material suffers because of the application of acidic hydrolysis, which 

induces the breaking of bonds at glycosylation level, apart from being capable to influence the ionic 

form of the polyphenols, which also affects its biological capacities, as seen in these extracts, 

decreasing the entrapment  capacity of the DPPH radical. 

 

Water and methanol are polar solvents in which polar or ionic solutes are solubilized, such as proteins, 

carbohydrates and mineral salts, as well as polyphenols of the hydroxyflavone type. Ethanol and ethyl 

acetate are dipolar compounds, of intermediate polarity, solubilizing compounds of similar polarity 

such as phenolic acids and flavonoids.  The presence of this type of antioxidant compounds in the 

extracts is inferred. 

 

CONCLUSIONS 

The basidiomycetes Pleurotus ostreatus are a source of antioxidant biomolecules such as flavonoids 

and in general, polyphenols, potent free radicals entrappers.  The extraction solvents are important in 

the selectivity of the compounds to extract, as well as the yield of the extraction.  The antioxidant 

capacities found in the extractable and non-extractable fractions of the basidiomycete, depending on 

the solvent used, were presented in the following order: ethanol>methanol>ethyl acetate.  The 

phenolic content of flavonoids and the antioxidant capacity do not present a direct correlation. The 

hydroalcoholic extraction of the polyphenols from fractions of extractable and non-extractable 

basidiomycetes of the Pleurotus sp. type, presents a great opportunity for application in food industry, 

dietetic supplements and pharmaceutical formulations. 
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ABSTRACT 

Currently, different studies have shown that the excessive consumption of synthetic additives produce 

a severe impact on the human health, as gastrointestinal, respiratory, dermatological and neurological 

adverse reactions. Therefore, the new tendency is to replace synthetic additives for natural compounds 

with diverse biological effects. Capsaicinoids, the responsible compounds of high pungency, are a type 

of secondary metabolites present in habanero pepper (Capsicum chinense Jacq), that express various 

biological effects such as anti-inflammatory, anesthetic, anticancer, gastric mucosa protector, 

antioxidant and antimicrobial capacity, and some of these effects are of interest for food industry. In 

an effort to give a new benefit to the C. chinense, the present work focused on the recovery of 

capsaicinoids and evaluation of their antimicrobial activity. The extraction was conducted by 

ultrasound-assisted extraction (UAE) method using mild condition and eco-friendly solvent (Ethanol, 

methanol and different concentrations of these with water). Various factors were evaluated (solvent 

concentration, solute: solvent ratio, fruit part), the best treatment was compared with traditional soxhlet 

extraction. The results showed that UAE method recover 80 percent of capsaicinoids in ten minutes 

versus Soxhlet method in five hours. The capsaicinoids concentration was evaluated by High 

Performance Liquid Chromatography (HPLC) methodology in the different treatments. The extraction 

process also recovered polyphenols and in all cases, the values were greater than 50 mg GAE/g dry 

basis by Folin-Ciocalteu’s phenol method. The Minimal Inhibitory Concentration (MIC) was 

determined as antimicrobial activity and the extracts showed activities against E. coli, S. aureus, and 

S. thiphymurium. The results indicated that chili pepper extracts could be used as food additives due 

to its potencial as food preservatives.  

 

Keywords: Capsicum chinense Jacq, capsaicinoids, antimicrobial activity 

 

 

INTRODUCTION 

Nowadays, synthetic food additives are considered by consumer as unhealthy substances present in 

food. In fact, several related studies suggest that excessive consumption of these products can trigger 

several health problems (1,2). As a consequence, the new tendency in the food sector is the 

replacement of chemical additives to natural compounds that also present biological properties. In 

this sense, capsaicinoids (CSN) are phytochemical compounds that show anti-inflammatory (3), 

anticancer (4) and gastric mucosa protector (5) effects, as well as antioxidant (6) and antibacterial (7) 

activities, these capacities are of great interest for the food industry. 
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Capsaicinoids are widely distributed in fruits of Capsicum genus, and are characterized by expressing 

a feeling of hotness to the contact called pungency. The level of pungency is closely related to the 

amount of the compound presents in the fruit, very hot peppers have a higher content of these 

substances. Habanero pepper (Capsicum chinense Jacq) cultivated in Yucatan is recognized 

worldwide for its high CSN content (8,9). 

 

The extraction of this phytochemical has been carried out by different methods including infusion, 

decoction and soxhlet, which are conducted with different solvents, during large periods of time and 

high temperatures that produced a negative impact on the functional properties of the extract (10). 

Therefore, new alternatives of CSN extraction have been found. The ultrasound-assisted extraction 

(UAE) has been employed in the recovery of oils, proteins and bioactive compounds from plants and 

animals in mild conditions, to maintain the biological effects. UAE is based on propagation of 

ultrasound pressure wave resulting in cavitation forces. This forces produces millions of bubbles than 

can implode rapidly producing high localized pressures and causing the rupture of plant tissue, 

allowing the release of the compounds to the solvent (11,12). 

 

The application of ultrasounds in the CSN recovery has been not well exploring. There are some 

reports using as plant material Capsicum frutescens (13). Thereby, the goal of this work was focused 

on the development of a method using UAE to recover the largest amount of CNS from Capsicum 

Chinense Jaqs. and to explore the functional properties of this extracts through minimal inhibitory 

concentration test against different pathogens bacteria. 

 

MATERIALS AND METHODS 

Plant materials. Green habanero peppers obtained from the wholesale market from Merida, Mexico 

was washed and stored in a conventional refrigerator at 4°C to further analysis. 

Classical soxhlet extraction. Prior to the extraction, the plant material was cut into pieces and dried 

on a conventional electrical oven during two days. Then, dried habanero pepper was milled in a 

conventional blender and sifted in a sieve of 500 µm. Fifteen grams of habanero pepper powder was 

placed on cellulose cartridge together with 160 mL of ethanol (96 %) into a flask. The extraction was 

conducted at ethanol boiling point for 5 hours.  

Ultrasound-Assisted extraction (UAE) lab studies. The UAE studies were performed in a 

GEX130PB Sonics ultrasound at 20 kHz (Newtown, CT, USA). The ultrasound equipment was 

programed at 50 percent of amplitude using a probe of 22 mm. A factorial design 32 was carried out 

to analyze the solvent concentration and substrate-solvent rate in the search of the best extraction 

conditions. At the same time similar tests were carry out in a soxhlet extraction system. A second 

experimental design was conducted to study the effect of sample pretreatment. The factors evaluated 

were fruit part, particle size and fruit state (fresh or dry) and the data were analyzed through to a 

multifactorial variance analysis 3 x 2 x 2. In all cases total capsaicinoids concentration was express 

as micrograms per gram of sample in dry basis (µg/g d. b.). 

Capsaicinoids analysis. The chromatographic analyses were performed in a Waters UPLC Acquity 

H-Class chromatograph (Milford, CA, USA), equipped with a autosampler, quaternary pump and 

photodiode array detector (DAD). The Empower 3 software was employed for data acquisition and 

processing chromatographic data. The separation of chromatographic peaks was achieved employed 

a Phenomenex Gemini C-18 column, 150 x 4.6 mm i. d., 5 µm (Torrance, CA, USA). The conditions 
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of analysis were based on ASTA method 21.3 (14) with slight modifications: Isocratic system flow 

at 0.5 mL/min and injection volume of 10 µL. The quantification was achieved through of calibration 

curves of capsaicin and dihydrocapsaicin in a range of 5-300 µg/mL, and the identification was based 

in the relative retention time obtained by average of 23 analytical determinations.  

Total polyphenols content (TPC). The TPC was determined by Folin-Ciocalteus’s phenol method 

(14) with slight modifications. A sample of chili extract (25 µL) was mixed with 250 µL of Folin-

Ciocalteu’s phenol reagent (1 N) and the resulting mixture was allowed to stand for eight minutes. 

Subsequently, 1250 µL of Na2CO3 (7.5% w/v) and 475 µL of deionized water were added and the 

reaction mixture was incubated at room temperature for 30 minutes in dark condition. For a blank, 20 

µL of deionized water was used instead of extract. The absorbance was measured in a Biomate 3S 

spectrophotometer (Thermo Scientific, Madison, WI, USA) at 760 nm. Estimation of TPC was carried 

out using gallic acid as standard and the results were expressed in mg gallic acid equivalent per gram 

in dry basis (mg GAE/g d. b.) 

The minimum inhibitory concentration (MIC). The antimicrobial activity was evaluated by 

determination of MIC using the microdilution method. The tests were carried out against Salmonella 

typhimurium ATCC 14028, Escherichia coli ATCC 25922 and Staphylococcus aureus ATCC 25923 

from the strain collection of our research center. Samples of peppers extracts were adjusted to known 

concentration (30-1 µg/g d. b.) and distributed in the microdilution plates, 50 µL of bacteria inoculum 

(106 CFU/mL) were added. Amikacin was used as a positive control and the solvent of extraction was 

used as negative control. Microplates were incubated at 37° C for 24 h. Then, 30 µL of p-

iodonitrotetrazolium chloride (0.2 mg/mL) were added to color development. The value of the first 

concentration that had absence of pink color was recorded as MIC. 

Statistical analysis. All experiments were conducted for triplicate and the results were expressed as 

mean ± standard deviation. The experimental designs were analyzed using the IBM SPSS Statistics 

version 21 (32-bits) program and the significant differences at level of 5 percent (P < 0.05) were 

analyzed by the Tukey’s test. 

 

RESULTS AND DISCUSSION 

UAE lab studies. A previous study to experimental designs was performed to choose the solvent and 

extraction time more suitable, the solvents evaluated were ethanol and methanol in an interval time 

of 5-25 min (Fig. 1). The results of preliminary evaluation showed that methanol recovered the most 

amount of CSN compared to ethanol in equivalent extraction time. Moreover, the study revealed that 

methanol extraction time in the range of 10-25 min did not show statistically significant difference 

(P < 0.05). Therefore, the solvent and extraction time selected for subsequent experiments were 

methanol at 10 minutes of extraction. 
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Figure 1 Preliminary evaluation of solvent and extraction time in capsaicinoids recovery using UAE. 

 

Analysis of the solvent concentration and substrate-solvent rate. Three concentration levels of 

methanol, and three levels of substrate-solvent rate were evaluated through to a factorial design 32 to 

find the conditions that allow higher extraction of CSN. The results showed that solvent concentration 

was the only factor that showed a significance influence (Table 1). The UEA with methanol to 70 

percent of concentration and a substrate-solvent rate 1:10 (w/v) was establishment as the best 

extraction condition, using these parameters 80 percent of CNS was recovered compared with 

classical sohxlet method.  

 

Tabla 1. Analysis of Variance of the factorial design 32 

 Source Sum of squares DF Mean square F P-Value 

MAIN EFFECTS A: Solvent-Substrate ratio 6.45138E7 2 3.22569E7 0.64 0.5403 

B:Solvent concentration 1.36228E9 2 6.81142E8 13.45 0.0003 

INTERACTIOONS AB 2.15265E8 4 5.38162E7 1.06 0.4034 

RESIDUES 9.1132E8 18 5.06289E7   

 TOTAL (CORRECTED) 2.55338E9 26    

 

 

Effect of sample pretreatment. The influences of sample pretreatment in CSN content was studied 

by experimental design 3 x 2 x 2 using the factors fruit part (whole, placenta-pericarp and seeds), 

particle size (< 500 µm and > 500 µm) and fruit state (fresh or dry). The multifactorial analysis 

revealed that all factors and their interactions were statistically significant. The data obtained from 

study showed that a drying treatment leads to major recovery of CNS in contrast than fresh fruit. 

Likewise, smaller particle size and the use of whole fruit provided a great response. The best 

extraction results are presented in Table 2. 
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Table 2. Best extraction results in the study of the effect of sample pretreatment using UAE. 

Entry Fruit part Particle size Fruit state TCC1 in µg/g d. b. 

1 Whole > 500 µm Dry 15939.3 ± 2072.5 

2 Whole < 500 µm Dry 17173.7 ± 3545.1 

3 placenta-pericarp > 500 µm Dry 11466.5 ± 1422.9 

4 placenta-pericarp < 500 µm Dry 16467.3 ± 2674.3 
1Total capsaicinoids content 

 

TPC and MIC test in habanero peppers extracts. The TPC was evaluated in extracts with higher 

content of CSN (entry 1-4). The polyphenols concentration estimated was to 50-79 mg GAE/g d. b. 

where higher concentration was obtained in 4 and the less concentration in 1. The MIC test was 

evaluated in 1-4 too, and results revealed activities against E coli and S. aureus at a concentration of 

6 µg/mL of CNS, and against S. typhimurium at a concentration of 4.5 µg/mL. 

 

CONCLUSIONS 

The ultrasound-assisted extraction allowed recover a large percentage of capsaicinoides in a shorter 

period of time compared to the classical soxhlet method. Also, the results of this study indicated that 

habanero peppers extracts have the potential to become in a food preservative due of its antimicrobial 

qualities. 
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ABSTRACT 

Nowadays the tendency to look for natural additives to use in the food industry and the development 

of functional foods had conducted to the search of natural compounds that possesses biological 

activities. The efficiency of aqueous ethanol and water solvents for extraction of polyphenolic 

compounds from citrus peel orange in order to obtain the major antioxidant and antimicrobial activities 

for being use as food additive were evaluated. Peel flour was obtained from sour citrus orange. 

Extraction methodology involved traditionally ultrasound assisted extraction. Antioxidant activity was 

measured by DPPH method and Minimum Inhibitory Concentration against E. coli, S. aureus and S. 

thiphymurium were determined as antimicrobial activity. Polyphenol profile was obtained by High 

Pressure Liquid Chromatography. Results indicated polyphenol concentrations around 30 mg from 

dried matter, antioxidant activity was superior to 700μm Trolox/ g DM in the extracts obtained with 

both solvents evaluated, inhibitory microbial activity was higher for E.coli in the ethanolic aqueous 

extract while aqueous extract did not present antimicrobial activity. 

 

Keywords: Citrus aurantium, biological activity, polyphenols profile 

 

 

INTRODUCTION  

Polyphenolic compounds are widely distributed in citrus, this crop is mainly used for fresh juice 

production and peel is the main by-product during its processing. A number of studies have proposed 

that citrus by products could be used a source of natural antioxidants and also as antimicrobial activity 

agent. These features allow that citrus peel extract could be used as an innovative and nature active 

additive, to enrich functional properties and improve preservation of different food products. 

Therefore, reliable and practical methods as well as solvents for the liberation of natural antioxidants 

are of considerable interest. Recent studies have shown that ultrasound assisted extraction enhanced 

the extraction efficiency of phenolic compounds and antioxidant activity (1). 

 

The main objective of this work was to compare the efficiency of aqueous ethanol and water solvents 

for the ultrasound assisted extraction of polyphenolic compounds from citrus peel orange (Citrus 
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aurantium) in order to obtain the major biological active extract to be used as food additive, as well 

as the determination of the polyphenol profile.  

 

METHODS AND MATERIALS  

Extraction method. Sour orange was purchased from a local supermarket in Mérida, Yucatán.  The 

peels were dried at 40 °C and grounded afterward, the grounded powders were extracted with aqueous 

ethanol solution 50% (UEH) and water (UAH) using an ultrasound assisted extraction method. The 

amount of total phenolic compounds in the citrus extracts was determined with the Folin-Ciocalteau 

reagent according to Vasco et al. (2). Results of total phenolic content were expressed as milligrams 

of gallic acid equivalents (GAE) per gram dry weight (dw). Polyphenol profile was obtained by High 

Pressure Liquid Chromatography. The antioxidant activity of Citrus aurantium was examined by the 

DPPH assay as described by  Chen et al. (3). Results were expressed as μm Trolox /g bs.  

Antimicrobial activity. To produce the inhibition profiles, a wide range of concentration were tested 

for each extract and minimum inhibitory concentration method against Escherichia coli, 

Staphylococcus aureus and Salmonella typhimurium were determined.  The aqueous ethanolic extract 

was concentrated under vacuum on a rotary evaporator at 50°C. 

Statistical Analysis. Analysis of Variance (ANOVA) of the results was determined using the 

software Statgraphics ® Centurion version XVI (Manugistic, Inc., Rockville, Md., USA). 

 

RESULTS AND DISCUSSION  

Figure 1 shows the phenolic compounds extracted from citrus peel by ultrasound extraction method. 

A wide range of polyphenols 22.65 y 37.95mg GAE/g bs was determined. As far as the effect of 

extraction method, ultrasound showed to increase the total phenolic compound in comparison to 

maceration extraction. Values were higher in UEH treatment respect to UAH and maceration 

extraction with a value of 22.65 ± 0.24, 27.82 ± 0.4895mg GAE/g dw respectively. According to 

Kaderides et al. (4) the extraction enhancement by ultrasound has been attributed to the propagation 

of ultrasound pressure waves were bubbles collapse causing plant tissue rupture.   

 

Figure 1. Total polyphenols and antioxidant activity of UEH and UAH sour orange extracts. MEH: Maceration 

extraction as control method, UEH: Ultrasound aqueous ethanolic extract. UAH: Ultrasound aqueous extract. 

The bars with different uppercase letters indicate a significant difference in total polyphenols, line with 

lowercase letters indicate a significant difference in antioxidant activity. 
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The total phenolic contents obtained was found to be higher compared to total phenolic content 

obtained in others studies from sour orange (4.87mg GAE/ g dw) and citrus bloom ( 4.55 mg GAE/ 

g dw)(5). Previous studies have reported that solvents such as ethanol have usually been used for the 

extraction of phenolic content (6) because it has been found to be efficient in extraction and also it is 

safe for human consumption unlike other organic solvents as methanol o ethyl acetate. In combination 

with water, ethanol creates a more polar medium, which facilitates the extraction of polyphenols.  In 

this study, the antioxidant capacity associated with phenolic compounds in sour orange peel flour was 

evaluated by means of DPPH and expressed as μm Trolox/ g dw. The DPPH radical scavenging 

activity can be seen in Fig. 1. Antioxidant activity was very similar for both extracts, UEH and UAH 

had a value of 679.42 ± 38.84 and 709.80 ± 40.44 μm Trolox/ g dw with no significant difference (p 

> 0.05). The data obtained revealed that the peel isolated from sour orange are free radical scavengers 

that react with DPPH radical which may be attributed to its electron donating ability (7).  

 

UPLC identification of polyphenolics indicated the presence of 9 compounds including three 

hydroxycinnamic acids (chlorogenic acid, caffeic acid, coumaric acid), one hydroxybenzoic acid 

(ellagic acid) one flavone (diosmin), one flavanol (morin) as well three flavanones (naringin, 

neohesperidin, and hesperidin) in sour orange peel extract where naringin, neohesperidin and morin 

represented the majority. Similarly, Molina-Calle et al. (8) obtained naringin and neohesperidin as 

main compounds in sour orange methanolic extracts. It was also observed that ellagic acid was present 

in UEH unlike UAH extract. This compound has been known to show antimutagenic, antinflamatory 

and antioxidant activity (9) (Figure 2 and 3).  

 

 
Figure 2. Polyphenol profile of aqueous extract (UAH) obtained through HPLC technique 
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Figure 3. Polyphenol profile of aqueous ethanolic extract (UEH) obtained through HPLC technique 

 

As far as the effect of antimicrobial activity, results show that UEH extract showed better activity 

against E. coli in comparison with S. aureus and S. typhimurium, while UAH didn't show 

antimicrobial activity with any microorganism (Table 1). Similar studies employed ethanolic, 

methanolic and aqueous polyphenolic extracts of Anysophyllea laurina and showed that ethanol 

extract had the highest antimicrobial activity against E. coli, S. aureus and S. typhimurium compared 

with methanolic and aqueous extract (10). 

 

Table 4. Inhibition parameters for ethanolic aqueous and aqueous extracts against E. coli, S. 

aureus and S.  typhimurium. 

Treatment Antimicrobial activity (mg GAE/ g dw) 

 Microorganism 

 Escherichia coli Staphylococcus aureus Salmonella 

typhimurium 

UEH 16.20 43.20 43.20 

UAH NP NP NP 

    

 

CONCLUSIONS 

Ultrasound assisted extraction as a green methodology allows the use of alternative solvents and 

assure a high quality extract, allowing major total polyphenols content and antioxidant activity in 

comparison with conventional methods. Polyphenol profile showed the presence of 9 principal 

compounds were naringin, neohesperidin and morin represented the majority, likewise, it showed that 

the ethanolic aqueous extract contains ellagic acid, unlike the aqueous extract.  
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ABSTRACT 

The fruits from the Stenocereus genus (pitayas) may have yellow, red or purple pulp, whose color is 

due to the presence and concentration of betalains, water–soluble pigments with antioxidant properties 

and positive effects on human health. Betalains are divided into two groups: yellowish betaxanthins, 

and reddish betacyanins. Pitaya fruit juices have great sensorial acceptance; however, it is required 

new methods of preservation to extend the product shelf life, which in fruit matrix is 6 days. 

Encapsulation is a technology of packaging materials in semipermeable, spherical, and strong 

membranes; several polymers matrix are used for this purpose, alginate is one of the most widely used 

in food conservation, because allows preserving ready-to-eat food for long storage periods. The aim 

of this study was to evaluate the effect of alginate encapsulation over conservation of pitaya juices 

from Stenocereus spp. during storage period in refrigeration. Juice from yellow (S. pruinosus), red and 

purple (S. stellatus) pitaya fruits were added with 1.0% of sodium alginate and dropped into a 1.0% 

calcium chloride solution, where capsules were kept for one minute and then storaged with isotonic 

solution (0.1M sodium chloride, 0.3 M sucrose) in a solution – capsule ratio of 3 mL/g. Color stability 

of capsules and betalain concentration in the solution were evaluated at 4°C in the darkness along 120 

h of storage period. Capsules of yellow, red and purple pitaya presented diameter of 4.61±0.19, 

4.70±0.16, and 4.59±0.14 mm, respectively; weight of 826±7.55, 975.33±3.51, and 831.00±74.67 mg; 

and volume of 0.075±0.06, 0.098±0.05, and 0.08±0.00 cm3. Equilibrium of pigment diffusion from the 

capsules to the media was reached within 24 h, affecting the chromatic parameters; in equilibrium Hue 

angles of yellow, red, and purple encapsulate were 45.42±0.37°, 33.39±0.58°, and 17.73±0.13°, 

respectively. On the other hand, Chroma values were 65.48±0.85 – yellow, 58.24±1.45 – red, and 

54.83±0.35 – purple, indicating bright – saturated colors. Total betalains retentions were 86.43% - 

yellow, 91.61% - red, and 91.73% - purple.  In conclusion, alginate encapsulation is a method that 

allows conservation of pitaya juices preserving betalain concentration with good color stability.  

 

Keywords: Stenocereus, pitaya, betalains, alginate encapsulation 

 

 

INTRODUCTION  

The fruits from the Stenocereus genus (pitayas) may have yellow, red or purple pulp (1), whose color 

is due to the presence and concentration of betalains, water – soluble pigments with antioxidant 

properties and positive effects on human health (2). Betalains are divided into two groups: yellowish 

betaxanthins, and reddish betacyanins. Pitaya fruit juices have great acceptance due to their pulp color 
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and flavor; however, it is required new methods of preservation in order to extend the product shelf 

life, which in fruit matrix is 6 days (3). 

 

Encapsulation is a technology of packaging solid, liquid or gas materials in semipermeable, spherical, 

and strong membranes (4); several polymers matrix are used for this purpose, alginate is one of the 

most widely used in food conservation (5), because allows preserving ready-to-eat food for long 

storage periods in adequate conditions. 

 

MATERIALS AND METHODS  

Chemicals. Food- grade sodium alginate, calcium carbonate, sodium chloride, and sucrose.  

Plant material. Yellow fruits (pitayas) from Stenocereus pruinosus, purple, and red pitayas from 

Stenocereus stellatus were collected from Santiago Tonahuiztla, Puebla, Mexico, during harvesting 

season in 2013.  

Fruit selection and juice preparation. Undamaged pitayas were packed under vacuum, and stored 

at -20°C until analysis. To analyze, samples were placed at 20°C for 1 day, and peel; using a juice 

extractor (Nutri-Max, Mexico), seeds were removed from the pulp, which was sieved through 710 

µm mesh. 

Alginate encapsulation. Pulp was mixed with sodium alginate (100:1 w/w) until homogenization at 

60°C. Using a separation funnel, homogenized pulp with sodium alginate was dropped into a 1.0% 

w/v calcium chloride solution without agitation, where capsules were kept for one minute, and then 

storaged with isotonic solution (0.1 M sodium chloride, 0.3 M sucrose) with a solution/capsule ratio 

of 3 mL/g during 0, 1, 2, 4, 6, 24, 48, 72, 96, and 120 h at 4°C in the darkness. For analysis capsules 

were decanted, the isotonic solution were used to measure betalain content and the capsules for 

determination of color.  

Betalains.. Total betalains (the sum of betacyanin and betaxanthin) content were quantified using a 

UV-Vis spectrophotometer. Pigment concentrations were calculated using Equation (3).  

 

𝐵 =
(𝐴×𝐷𝐹×𝑊)

(ɛ×L)
× 1000               (3) 

 

Where B is betaxanthin and betacyanin content (μg mL-1 or μg g-1) using indicaxanthin and betanin 

respectively as reference. A is absorbance (483 nm for betaxanthin and 538 nm for betacyanin), DF 

is dilution factor, W is molecular weight: 550 g mol-1 for betanin, and 308 g mol-1 for indicaxanthin); 

ɛ is molar extinction coefficient (60,000 L mol-1 cm-1 for betanin and 48,000 for indicaxanthin), and 

L is path length (1 cm). A mass balance was performed to determinate the percentage of betalain 

retention in capsules. At each time, betalain content in capsules was calculated by the difference 

between initial content in capsules and pigment content in the isotonic solution. 

Color. Chromatic parameters (L*, a*, and b*) were measured at 0, 24, 48, 92, 96, and 120 h using a 

colorimeter (Hunter Lab, Color Flex EZ, USA). Drained capsules were placed in a quartz cell with a 

measurement area of 5cm (2 in) in diameter. The illuminant used was °C (D65), and the standard 

observer angle was 10° against a white background. With a* and b* values, Hue angle (H°) and 

Chroma (C*) were calculated using Equations (1) and (2), respectively.  

 

𝐻° = tan−1 (
𝑏∗

𝑎∗)                 (1) 
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𝐶∗ = √(𝑎∗)2 + (𝑏∗)2        (2) 

 

 

RESULTS AND DISCUSSION  

Pitaya juice (pH= 4.05 – 4.87) adequately formed capsules (Figure 1) using 1.0% of sodium alginate 

as polymer matrix. The capsules presented a spherical shape with similar diameter, weight, and 

volume among fruits (Table 1). 

. 

       
Figure 1. Alginate capsules of yellow (A), purple (B), and red (C) pitaya juice.  

 

Table 1. Physical characterization of juice capsules.  

Pitaya capsules Diameter (mm) Weight (mg) Volume (mL) 

Yellow 4.61±0.19 82.60±0.75 0.075±0.01 

Purple 4.59±0.14 83.10±7.56 0.080±0.00 

Red 4.7±0.16 97.50±0.35 0.098±0.01 

Presented results are the mean ± S.D. of 3 replicates. 

 

Equilibrium of pigment diffusion from the capsules to the media was reached within 24 h with 

retention of total betalains in the capsules of 87.79±0.06, 96.13±0.05, and 85.13± 0.12% in the yellow, 

purple, and red juice, respectively; the betalain contents were maintained for 120 h without significant 

differences (Figure 2).  

 
Figure 2. Retention of total betalains in capsules of pitaya juices preserved using isotonic solution during 120 

h of storage period at 4°C.  
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Pigment diffusion affected the chromatic parameters of the capsules during storage (Table 2). 

Changes in L* values suggested that capsules presented brighter colors at the end of the experiment. 

On the other hand, H° indicated changes in the tone of the product along with more saturated colors 

(C* values) with storage. 

 

Table 2. Chromatic parameters of alginate capsules at 0, 24 and 120 h of storage at 4°C.  

Capsules T (h) L* H° C* 

Yellow 

0 23.96 ± 0.42 37.52 ± 0.17 54.49 ± 1.07 

24 28.44 ± 0.56 45.42 ± 0.37 65.48 ± 0.85 

120 29.04 ± 0.35 45.17 ± 1.46 66.57 ± 1.01 

Purple 

0 22.05 ± 0.09 21.93 ± 0.39 49.98 ± 0.42 

24 25.39 ± 0.44 17.73 ± 0.13 54.83 ± 0.35 

120 25.82 ± 0.84 17.24 ± 0.44 56.20 ± 1.65 

Red 

0 17.89 ± 0.03 27.90 ± 0.01 45.82 ± 0.08 

24 20.22 ± 0.82 33.39 ± 0.58 58.24 ± 1.45 

120 20.27 ± 1.10 33.11 ± 1.40 58.63 ± 2.90 

Presented results are the mean ± S.D. of 3 replicates. 

 

In products pigmented with betalains, similar color changes have been reported [6,7] during storage 

or stability tests, and they are directly related with the pigment stability, which is influenced by its 

concentration, temperature, presence of light, water activity, among others [8], conditions that should 

be controlled if a good color stability are desired.  

 

CONCLUSIONS  

Encapsulation using sodium alginate is a method that allows conservation of pitaya juices preserving 

betalain concentration with good color stability during storage under controlled conditions.   
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ABSTRACT 

Unripe plantain flour (UPF) is a gluten-free product with high content of indigestible carbohydrates 

such as resistant starch (RS) and dietary fiber (DF). However, when UPF is cooking, its high RS 

content (80%) decrease to 12%, reducing its nutraceutical effects. The RS, a type of DF, resists 

enzymatic hydrolysis and is fermented in colon by microbiota. Their beneficial effects include 

reduction in the caloric intake, glycemic response and levels of cholesterol and triglycerides. 

Esterification with citric acid (CA) (40% of starch dry weight), elevated temperature (>100°C) and 

long reaction time (>3 h) has been used to hydrolyze starches from different sources to increase RS 

and the results indicate that RS is thermally stable after heating. The aim of this research was to use 

esterified plantain flour (EPF) to produce cookies and evaluate their chemical characteristics and 

indigestible fraction level (IFL). Two cookies (control) were elaborated with commercial wheat flour 

(CWF) and raw UPF. The RS contents from EPF, after esterification with CA at 140 °C during 7 h, 

were 93.9% (uncooking) and 93.7% (cooking). Proximal composition, total starch (TS), total 

indigestible fraction (TIF), soluble (SIF) and insoluble (IIF) were evaluate, as well hydrolysis degree 

(HD) and glycemic index (GI). Cookies-CWF showed the lowest lipid content (8.7%), ash (0.4%) and 

the highest protein content (5.4%). Moisture content was lower in EPF (2.5%) than UPF (4.1%).  Ash 

content was high in UPF (1.1%) but decreased in EPF (0.99%). Protein content was higher in UPF 

(2.2%) than in EPF (1.6%). CWF presented the highest (39.4% digestible fraction and EPF the lowest 

(14.7%). The highest IFL were for EPF 44.8% (TIF), 15.6% (SIF) and 29.2% (IIF). UPF showed IFL 

of 31.2% (TIF), 9.1% (SIF), and 22.2% (IIF); these levels were higher for CWF with 17.2% (TIF), 

6.2% (SIF) and 10.9% (IIF).  The hydrolysis degree was 96.7% (CWF), 74.37% (UPF) and 25.45% 

(EPF). The lowest GI (59.6) was for EPF and the highest (116.8) for CWF. Cookies elaborated with 

EPF with high IFL, low GI and gluten-free can be considered a functional food for people with specific 

or no specific nutritional requirements.  

 

Keywords: plantain flour, esterification, cookies, resistant starch, glycemic index.  

 

 

INTRODUCTION 

Functional foods are considerably important due to their basic nutritional functions, physiological 

benefits and/or reduction in the risk of chronic diseases (1). Functional foods are similar in appearance 

to conventional foods; however, beyond basic nutritional functions, physiological benefits and 

reduction in chronic diseases have been demonstrated, including maintenance of gut health (2). 

Dietary fiber (DF) and resistant starch (RS) can be used as functional food ingredients to improve 

cholesterol metabolism; they are used to prevent several pathologies such colon cancer, diabetes, 
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obesity and help in slow digestion of blood glucose and insulin (1, 3-6). RS is defined as the sum of 

starch and starch degradation products not absorbed in the small intestine of healthy individuals (7). 

These undigested carbohydrates are resistant to enzyme digestion in the small intestine and escapes 

to the large intestine where are fermented by the colonic flora which generate funtional by-products 

beneficial for human health (5, 8-11). A wide range of foods has been enriched with RS including 

bread, cakes, muffins, pasta and battered foods (1). Unripe plantain flour (UPF) has a high content of 

indigestible carbohydrates, particularly RS (80%) and DF (14%) (1, 12); however, when UPF is 

cooked, its high RS content decreases to 12% (12), reducing its physiological benefits and/or 

nutraceutical effects. Esterification with citric acid (CA), a chemical modified method (13) has been 

used to prepare starch citrate and these starch esters have been reported as a RS in food industry (14). 

During reaction, some new groups (carboxyl groups and ester groups) will be introduced into the 

starch molecules and then they can form strong hydrogen bonds with the OH- in starch molecules 

(15). Citrate starches have been proved in chemical substitution of starch, reducing its enzyme 

digestibility (9, 13); Studies in vivo demonstrated no pathological changes when rats were fed with 

citrate starches (5). The aim of this work was to prepare cookies with esterified plantain flour (EPF-

cookie) and evaluate their chemical characteristics and digestibility properties as well hydrolysis 

indices (HI) and predict the glycemic index (GI). Cookies as control were prepared with commercial 

wheat flour (CWF-cookie) and raw UPF-cookie. 

 

METHODS AND MATERIALS 

Preparation of esterified plantain flour (EPF). Esterified plantain flour (EPF) was prepared with 

unripe bananas (Musa paradisiaca L.) fruits after peeling, rinsing (CA solution, 0.3% w/v), drying at 

40 °C for 24 h, grounding and sieving (US sieve No. 100), according to the procedure of Xie and Liu 

(5) with some modifications. UPF was esterified using CA (40%, pH 3.5), conditioning (16 h) at 

room temperature. Then, it was dehydrated (40 °C during 24 h) in a conventional oven (moisture 

level <10% (w/w)), grounding and heated (140 °C during 7 h) in a forced-air oven. EPF was washed 

with distilled water and dried at 40 °C during 24 h and finally ground and screened (US sieve No. 

100). Rapidly digestible (RDS), slowly digestible (SDS), and RS fractions were measured in vitro 

after hydrolysis with the enzyme solution (α-amylase, amyloglucosidase, invertase) at 37 °C during 

20 min and 120 min, respectively (16).  

Preparation of cookies. All ingredients were measure accurately to mix and uniformly blended; 37.5 

g of Margarine were creamed and mixed with 37.5 g sugar, 1.45 g carboxymethyl cellulose and 6.85 

g whole egg and added to the flour (50 g) and mixed thoroughly. Eight grams of this mix were placed 

in Teflon molds and were uniformly distributed before introduce to an electric oven (Oster, model 

TSSTTVDFL 1-013), which was preheated at 375 °F. The cookies were baked at 375 °F (170 °C) 

during 20 min. Controls were elaborated with the same formulation using commercial wheat flour 

(CWF) and raw UPF.  

Chemical composition. Moisture content was determined with 2-3 g sample by gravimetric method 

with heating at 130 °C during 2 h. Ash, protein and fat content were analyzed (17). All analyses were 

performed by triplicate. 

Determination of available or digestible starch. Digestible starch or potentially available starch 

(AS) content was determined following the multi-enzymatic protocol (18) by digesting 500 mg 

sample, first with α-amylase enzyme at 100 ºC during 20 min and then with amyloglucosidase enzyme 

at 60 ºC for 30 min (18) and 1.0 mL 0.1 mol/L sodium acetate buffer at pH 4.75 was added. This 



 

417 
 

mixture was incubated for 30 min at 60 °C. It was then diluted up to 10 mL with distilled water and 

50 µL of this dilution was analyzed for glucose using the GOD-POD reagent (SERAPAK Plus, Bayer 

de México, S.A. de C.V., México) and the absorbance was measured at 510 nm.  

Total indigestible fraction (TIF). Soluble (SIF) and insoluble (IIF) indigestible fractions (TIF) were 

assessed using the sequential pepsin/amylase hydrolysis method [19]; after the enzymatic treatments, 

the sample was centrifuged and the residue dried (insoluble fraction) was quantified gravimetrically 

as the indigestible (IIF). In order to calculate the SIF content, the supernatant was dialyzed against 

water for 48 h at 25 °C (water flow 7 l/h) and then hydrolyzed with sulfuric acid for the assessment 

of reducing sugars with 3,5-Dinitrosalicylic acid (DNS) by reading the absorbance in an UV/VIS 

spectrophotometer at 530 nm. TIF was obtained from the sum of fractions, SIF and IIF according 

with the Equations:   

𝐈𝐈𝐅 =
Residue Weith (g)

Dry sample weith (g)
x 100;     𝑺𝑰𝑭 =

Maltose (
mg

L
)x 10.58

Dry sample weith (g)
;   𝐓𝐈𝐅 = IIF + SIF 

 

Hydrolysis degree (HD) and glycemic index. In vitro starch hydrolysis degree (HD) was measured 

(20) with modifications. The amount of maltose released by sample with pancreatin was determined 

spectrophotometrically with DNS. Sample (500 mg) of AS was added to 50 ml of phosphate buffer 

(pH 6.9). One mL of hog pancreatic α-amylase solution was added and the suspension was then 

incubated at 37 °C for 90 min. Before added α-amylase solution, two aliquots were taken as controls 

(time 0). Then aliquots (0.2 mL) were withdrawn at timed intervals (15, 30, 45, 60, 75 and 90 mins) 

and analyzed for reducing sugar with DNS reagent. Maltose was used as a standard. Percent of 

hydrolysis was calculated as milligrams of maltose from standard curve per milligram of starch x 

100. Predicted glycemic index (pGI) was calculated from the % of AS hydrolyzed within 90 min 

(HD90) in the α-amylolysis assay by applying the Equation pGI = 39.21 + 0.803HD90 (21) and the 

GI was reported in The International Tables of GI (22). 

 

RESULTS AND DISCUSSION 

In vitro digestibility test of esterified flour. After cooking (100 °C/20 min.), EPF showed RS 

(93.7%), SDS (0.94%) and RDS (5.36%), and raw UPF, 12.4%, 7.9% and 79.7%, respectively. SDS 

is the starch fraction that is digested slowly but completely in the human small intestine, and RDS is 

the starch fraction that causes a rapid increase in blood glucose level after ingestion (16). 

 

Proximal composition. Moisture was between 2.54% and 4.56%. Cookies with EPF showed the 

lowest moisture content than cookies prepared with CWF or UPF (4.11%). These variations could be 

related to the relative abundance of amorphous starch zones in each sample, which influences water 

absorption to a large extent, because reactions in the esterification conditions could be decreased the 

amorphous zones for cookies prepared with EPF [23]. Ash was between 0.37% and 1.10%. EPF-

cookie showed lower content (0.99%) than UPF-cookie (1.10%) with the higher content, reflecting 

the higher mineral level in the raw UPF compared to EPF or CWF. Lipids were between 8.67% and 

21.96%. UPF-cookie and EPF-cookie showed a similar content of lipids (21.92% and 21.96%, 

respectively); but CWF-cookie showed the highest protein content (5.41%), while formulations with 

UPF and EPF showed the lowest values (2.22 % and 1.64%, respectively). CWF-cookie with high 

protein content is similar to cereals, which have more protein than flour of fruits, generally 

characterized by low protein; for instance, in banana have been found only 1% (24,25).  
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Available starch and the indigestible fractions. Digestible starch or available starch (AS) levels of 

the CWF-cookie was higher (39.41) than the UPF-cookie (21.50). However, EPF-cookie showed the 

lower AS with 14.65. These results suggest that chemical modification by esterification reduced the 

digestible carbohydrates as well the energy intake (26). Results of indigestible fractions from cookies 

formulations showed values of the total indigestible fraction (TIF), this fraction include the major no 

digestible components in plant foods, as DF, RS, resistant protein, and other associated compounds 

and TIF consist of soluble (SIF) and insoluble (IIF) fractions (19). The IIF for the CWF-cookie was 

10.9% as compared to a 6.2% of SIF level. UPF-cookie showed high value of IIF (22.2%) and SIF of 

9.1%. However, the highest IIF were for EPF-cookie with 29.2% and 15.6% for SIF. With these 

results, the highest TIF were for cookies prepared with EPF (44.8%) and the lowest TIF for CWF-

cookie with 17.2%. In the case of UPF-cookie, the TIF was notably higher (31.2%) than CWF-cookie. 

Therefore, it can be concluded that the EPF-cookie has considerable indigestible carbohydrates 

content. In the three samples studied, the IIF was higher than the SIF, and EPF-cookie exhibited a 

slight increase in IIF value than UPF-cookie. In this fraction (IIF) are including RS, indigestible 

protein, polyphenols and non-starch polysaccharides (cellulose, hemicellulose and lignin) [19]. SIF 

(oligosaccharides and non-extractable polyphenols), was observed differences in all samples 

analyzed, suggesting difference in the indigestible monosaccharide, disaccharide and oligosaccharide 

composition.  

 

Hydrolysis degree and glycemic index. Enzymatic starch digestion curves for the cookies are 

depicted in Figure 1. The HD or hydrolysis index (HI) represents the proportion of starch that is 

theoretically digestible (under the conditions of the study) (27). The HD for CWF-cookie, UPF-

cookie and EPF-cookie were 96.7%, 74.37% and 25.45% respectively. Around 24.6% of flour-starch 

of EPF-cookie was hydrolyzed to maltose within the first 20 minutes, compared to 44.98% for UPF-

cookie or 96.88% for CWF-cookie (Figure 1). HD was markedly slow for EPF-cookie and faster for 

the UPF-cookie. Although the CWF-cookie and white bread showed similar hydrolysis rates until 90 

min, the digestion velocity increase for the control CWF-cookie thereafter, leading to a calculated 

HD of 96.6%. A reduction in HD could be explained due to less digestion of starch suggesting 

esterification with CA at high temperature increase a “slow carbohydrate” features for the EPF-

cookie. Thus, EPF-cookie could be used as a potential functional food containing slowly digestible 

carbohydrates. GI expresses the blood glucose response following ingestion of foods (28). Therefore, 

carbohydrates can be classified according to their potential impact on blood glucose, which can be 

measured as a “glycemic response” or glycemic index (GI) (29). The pGI value for the EPF-cookie 

(59.64) was lower than the value in UPF-cookie (98.92) or CWF-cookie (116.8). Low-GI foods 

contain values of 55 or less on the glucose reference scale and high-GI for 70 or higher (22). pGI 

suggests important ‘‘slow digestion’’ features for the EPF-cookie, which is related with health-

beneficial characteristics. The pGI value determined in EPF-cookie suggests that this product with 

moderate glycemic response has a low in vivo GI. A low glycemic response is considered beneficial 

for prevention of common diseases such as coronary heart disease, diabetes and obesity (29).  
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Figure 1. Average hydrolysis curves of formulations of cookies. 

 

CONCLUSIONS 

A bakery product showing moderate glycemic index, low available starch and a high indigestible 

carbohydrate content was prepared from esterified flour using citric acid at high temperature. The 

addition of EPF in a simple formulation for cookie preparation could be important to obtain a product 

with high level of indigestible carbohydrates. The use of functional ingredients, such as EPF, may be 

useful in the development of new products focus on population with reduced caloric and glycemic 

requirements.  
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ABSTRACT 

Sausages and ham occupy almost 90% of consumption of processed meat products in Mexico City. 

However, from the point of view of health, excessive consumption of meat products is not 

recommended due to the high fat content. Under this logic, the reformulation of traditional meat 

products can be carried out by modifying the content of lipids and fatty acids and / or adding a number 

of functional ingredients. Composition studies have shown that tree nuts have significant amounts of 

monounsaturated and polyunsaturated fatty acids (around 90%) including oleic and linoleic acids. 

Therefore, the replacement of pork fat by peanut (Arachis hypogaea) (0 to 10%) was assessed in this 

study and its influence on the modification of some characteristics of texture in a rabbit emulsified 

meat product. Peanut (Arachis hypogaea) and rabbit meat (Oryctolagus cuniculus) New Zealand breed 

were used. The texture tests conducted were compression, penetration and shear force. The significant 

differences between the mean values of the textural attributes were evaluated by ANOVA with 95% 

confidence (Minitab statistical versión 16, 2010, Pensilvania, EE.UU). Texture evaluation was carried 

out 24 hours after its preparation at 25 ° C. The results showed a significant decrease (P≤0.05) of 

texture values. Replacing pork fat by peanut in the sausages modify the textural characteristics 

obtaining softer products or with a less rigid structure. This may be because the tree nuts interfere with 

the formation of the structures of protein networks. 

 

Keywords: sausage, peanut, textural properties. 

 

 

INTRODUCTION  

Fat is one of the most important components in the flavor and texture of processed meat products, 

due to the direct effect in functional properties such as water-binding properties, emulsion and 

lubricant capability (1). Regardless of these, different studies (2) show how the reduction of saturated 

fatty acids in diet has a positive effect in public health as it lows rates of coronary artery disease. For 

those reasons government departments such as the American Heart Association 2006 (3), restrict the 

consumption of saturated fatty acids to no more than 7 g/100g of the total energetic intake of diet. 

Hydrocolloids, vegetal and animal proteins have been studied to replace the use of fat in sausages and 

other meat products to mitigate the adverse effects of saturated fatty acids and produce healthier meat 

products (4,5,6). Innovations introduced in the food industry refer to new functional approaches, in 

this regard the rabbit meat has been cataloged as a functional meat, owing to the correct balance 

between the nutrients, mainly because of the high amount of good quality protein, and the low fat 

content (7,8). In 2016 it was proven with more than 1800 persons that the substitution of red meat for 
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alternative protein sources like fish, beans, eggs, or white meat such as rabbit, reduces the incidence 

of metabolic syndrome (9).  Parallel to these studies, it has been proved that nuts and especially 

peanuts have a high value as a dietary ingredient to reduce the risk of hypertension and coronary 

disease (10). High content of omega-3 fatty acids, as well as other monounsaturated fatty acids and 

other bioactive compounds including several antioxidants, make the peanuts the perfect candidates 

for fat substitution in processed meat products to balance the lipid profile. 

 

Previous fat reduction studies in meat products like sausages, showed reduced cook yields, soft mushy 

texture and an elastic skin formation, further deterioration during long heating processes and an 

adverse effect on sensorial properties (11).  Jimenez Colmenero (12), demonstrated that the addition 

of walnut can be detected by a panel, and being a strange flavor.  

 

METHODS AND MATERIAL 

Sausage preparation. Rabbit meat and pork fat were grinded (3 mm) and stored at -20°C for 1 hr. 

until use. Sausage formula additives were weighted. Peanut was ground in a grain mill down to a 

particle size of 0.1 mm. To process the sausage, the ground rabbit meat, sodium chloride, sodium 

nitrite and sodium tripolyphosphate were placed in a cutter when the mixture reached 7°C, the 

remaining ingredients, water and  90% of the fat were added, until complete homogenization. The 

paste was divided in exact halves, so one could be added with the remaining fat, and the other added 

with the ground peanut. Both formulas were mixed in the cutter for 2 more minutes each. The 

homogenous paste was poured in 32 mm diameter plastic casings and cooked in an oven until the 

internal product temperature reached 72°C. After cooking, the sausages were cooled in a shower and 

storage in a refrigerator (4°C) for 20 hrs. The samples were packed in a vacuum sealer and stored in 

the same refrigerated conditions until analysis. 

Sensory evaluation. The samples of both formulas were cut in 2 cm long cylinders and assigned with 

a random 3 digit number each. The sausages were served at room temperature to 50 persons. The 

panel consisted of non-trained persons from 20 to 27 years old. Panelists were asked to evaluate the 

samples on a non-structured scale (12cm), with reference to the texture, color and overall 

acceptability. Each point marked was converted to a numerical value from 0 expressing dislike 

extremely to 10 like extremely, according to location in the line. Each panelist was presented every 

formula in the session. 

Textural profile analysis (TPA). In a sausage, it is very common to evaluate the texture profile to 

determinate not only the desirability of the product by the consumers but also the structural integrity 

of the protein matrix. TPA of the rabbit sausages were tested according to the method reported by 

Bourne (13), using texturometer (Texture Analyzer, TA-XT Plus, LLOYD instruments, England), 4 

samples (2 cm length and 2 cm diameter) for each formula were manually cut and compressed twice 

to 50% of the original height. In these experiments sausages hardness, cohesiveness, elasticity, 

chewiness and adhesiveness were determined.  

 

RESULTS AND DISCUSSION  

The effect of replacing pork fat by ground peanut on sensory attributes is shown in Table 1. It is 

worthwhile to note that any formula had differences on textural attributes. General acceptability and 

texture scores where around 7 from 10, for both sausages with (P≥0.05) differences, while color was 
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significantly (P≤0.05) affected by the addition of peanut, as the ANOVA shows, for which the values 

of 5.2 and the whole fat formula has values around the 6.5.  

 

Table 1 Sensory evaluation of rabbit meat sausages 

Samples Texture 

 

General acceptability 

0% fat substitution 6.07a 6.88a 

10% fat substitution  5.91a 6.18a 
a Different letters in the same column indicate significant differences (P≤0.05). 

 

The use of Rabbit as principal ingredient was commented for more than half of the panel, as a strange 

sweet flavor, as tasty but not familiar. The general acceptability was not affected, neither the texture, 

because the addition of peanut did not affect the structure of the sausage in a significant way to a non-

trained panel, who did not recognize the slight decrease in hardness of the peanut added formula. 

Color otherwise did show the addition of a strange ingredient, because of the seed coat even in the 

particle size, did show as little brown points in the surface of the sausage.  The replacement of pork 

fat by ground peanut affected (P≤0.05) the TPA parameters of the rabbit meat sausage. The 

replacement of 10% fat, was detected with a significant (P≤0.05) lower hardness than the control. 

This outcome can be explained by the interference of the peanut in the formation of the meat protein 

matrix (14), which is responsible of the water and fat bind effect, and of the hardness of the emulsion 

(15).  Another parameter significantly affected in the TPA analysis was the adhesiveness, which 

reduced for the substituted formula; an effect closely related to free saturated fat present in the 

sausage, presumably the lower value might be explained by the lower emulsion ability which 

contributes to a higher loss of liquids (water and polyunsaturated fatty acids) lubricating the surface. 

 

Table 2. TPA Analysis 

Samples Hardness 

 

Adhesiveness Chewiness 

0% fat substitution 5890.1 a -29.0 a 4023.7 a 

10% fat substitution  4378.4 b -16.6 b 2799.9 b 
a Different letters in the same column indicate significant differences (P≤0.05). 

 

CONCLUSION 

Peanut addition had a significant impact in the instrumental texture analysis. The added formulas had 

significantly lower hardness and adhesiveness causing a direct effect in the chewiness as a whole. 

These negative effects are result of the interference caused by the peanut to form the protein matrix.  

By the other hand, sensory analysis showed that the panel could not detect a significant difference 

between the two formulas. The panelists were not previously trained, but as potential consumers, the 

replacement may be an option to reduce intake of pork fat present in the sausages. 
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ABSTRACT 

Although, abundant information on the chemical composition and biochemical characterization of the 

proteins of cocoa seed can be found in scientific literature, studies on their antioxidant and 

antihypertensive properties are scarce. Therefore, the aims of the present study were to assess the in 

vitro antioxidant and antihypertensive activities of the proteins from the cocoa seed and to analyze the 

changes on bioactivity due to enzymatic hydrolysis of proteins and subsequent separation of peptide 

fractions by ultrafiltration; likewise, molecular weight (MW) and IC50 value of the peptides with the 

highest bioactivity were determined. Albumin (Alb), globulin (Glob) and glutelin (Glut) fractions were 

extracted from cocoa seeds (Theobroma cacao L.) in order to assess their antioxidant capacity (Aox-

C) by means of DPPH, ABTS and ORAC assays and antihypertensive activity by the inhibition of 

angiotensin I-converting enzyme (ACE-I). Protein fractions were hydrolyzed with alcalase using an 

enzyme: substrate ratio of 1:10 (w/w) for 1 – 8 h, at pH 7.5 and 50°C. For peptide separation, 

hydrolysates were fractionated through an ultrafiltration (UF) membrane with a MW cut-off (MWCO) 

of 3000 Da. Aox-C and ACE-I of protein hydrolysates and ultrafiltered peptide fractions (UPF) were 

assessed under same conditions previously described. The UPF that showed the highest bioactivity 

was separated using FPLC. Finally, IC50 was calculated by linear regression. Alb, Glob and Glut 

showed significant differences (p<0.05) in Aox-C and ACE-I. Among proteins, Glut and Alb showed 

the highest Aox-C and ACE-I, respectively. Both, hydrolysis and subsequent separation of peptide 

fractions through UF increased Aox-C and ACE-I, reaching values of 48.9, 41.2 % and 1.58 µM TE/mg 

protein in the DPPH, ABTS and ORAC assays, respectively. The highest ACE-I found was of 38 – 

48%. The UPF that showed the highest bioactivity was separated in four peaks with MW of 2959 – 535 

Da and IC50 values of 237.5 – 296.3 µg/mL, 19.3 – 28.3 µg/mL and 610 – 790 µg/mL for DPPH, ABTS 

and ACE-I, respectively. These results show that enzymatic treatment and UF are attractive processes 

for the production of bioactive hydrolysates and peptides from cocoa proteins; they show a novel 

alternative use of cocoa seed. 

 

Keywords: Theobroma cacao L., protein hydrolysates, ultrafiltration, peptide fractions, bioactivity. 

 

 

INTRODUCTION 

Cocoa seeds derive from the fruits of the tropical tree Theobroma cacao L. (Sterculiaceae family). 

Various subspecies, including Criollo, Forastero and Trinitario, are cultivated in Central West Africa, 
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Central America, South America and Asia (1). The main component of the cocoa seed is fat (47 – 55 

%), which is widely used in the chocolate manufacturing industry, as well as in pharmaceuticals and 

cosmetics (2). In addition, cocoa seed is recognized as a rich source of alkaloids with biofunctional 

properties (bronchodilator, stimulating cardiovascular and central nervous system effects and diuretic 

properties) and polyphenols; the latter having been reported to possess health benefits, mainly due to 

their antioxidant properties (3). Likewise, the second most abundant component in the cocoa seed is 

protein (10 – 15 %), constituted by four fractions: albumin, globulin, prolamin and glutelin (4). 

Although, abundant information on the chemical composition and biochemical characterization of 

the proteins of cocoa seed can be found in scientific literature, studies on their antioxidant and 

antihypertensive properties are scarce. In relation to this, studies reported that proteins from 

unfermented and semi-fermented cocoa seeds showed antioxidant and antitumor activities; while it 

has been reported that cocoa autolysates exhibit antioxidant and angiotensin converting enzyme 

(ACE) inhibitory activities (5,6). Nevertheless, the antioxidant and ACE-inhibitory activities of 

proteins, hydrolysates and peptides obtained by from the cocoa seed has not yet been assessed. 

Therefore, the aims of the present study were to assess the in vitro antioxidant and antihypertensive 

activities of the proteins from the cocoa seed and to analyze the changes on bioactivity due to 

enzymatic hydrolysis of proteins and subsequent separation of peptide fractions by ultrafiltration; 

likewise, molecular weight and IC50 value of the peptides with the highest bioactivity were 

determined. 

 

MATERIALS AND METHODS 

Preparation of acetone dry powder (AcDP). Cocoa pods (Theobroma cacao L.) of the Forastero 

variety were obtained from the Comalcalco region, in the State of Tabasco, Mexico. Crushed cocoa 

seeds were defatted and alkaloids partially extracted. To remove polyphenols, acetone dry powder 

(AcDP) was prepared according to Kirchhoff et al. (7). 

Protein fractions extraction. Extraction of soluble proteins was performed according to Voigt and 

Biehl (8). AcDP was extracted successively with 10 mM Tris-HCl (pH 7.5 containing 2 mM EDTA), 

0.5 M NaCl (containing 2 mM EDTA and 10 mM Tris-HCl pH 7.5), 70% (v/v) ethanol and 0.1 N 

NaOH to obtain albumin (Alb), globulin (Glo), prolamin (Pro) and glutelin (Glu) fractions, 

respectively. Protein concentration was determined according to Lowry et al. (9). 

Antioxidant activity (A-OX). 

DPPH• radical scavenging activity. DPPH• radical scavenging activity (DRSA) was determined 

according to Chen et al. (10). A 0.5 mL aliquot of sample solution (600 µg/mL) was added to 0.5 mL 

of DPPH• radical (0.1 mM) in methanol solution. The mixture was shaken vigorously and incubated 

for 30 min in the dark at room temperature; absorbance was measured at 515 nm. DRSA was 

calculated using the equation reported by the same authors. 

ABTS•+ radical scavenging activity. ABTS•+ radical scavenging activity (ARSA) was determined 

according to Re et al. (11). The ABTS•+ radical solution was diluted in 0.15 M phosphate buffered 

saline (PBS) pH 7.4 (~ 1:35) to obtain an absorbance of 0.70 ± 0.02 at 734 nm. Three mL of this 

diluted solution were mixed with 150 µL of sample (600 µg/mL). Absorbance was read at 1 and up 

to 6 min after the initial mixing, under conditions of darkness. ARSA was calculated using the 

equation reported by the same authors.  The EC50 value, defined as the effective concentration of the 

peptide (µg/mL) required to scavenge 50% of radical activity (DPPH• or ABTS•+), was calculated 

from a linear regression plot. 
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Oxygen Radical Absorbance Capacity (ORAC) assay. ORAC was determined according to Dávalos 

et al. (12). The reaction was performed at 37 °C in 75 mM PBS pH 7.4 and the final assay mixture 

(200 µL) contained fluorescein (FL, 120 nM, 120 µL), AAPH (40 mM, 60 µL) and sample (600 

µg/mL, 20 µL). The microplate was automatically shaken before the first reading and fluorescence 

(λexc: 485 nm, λem: 535 nm) was measured every minute for 120 min. Trolox (0 – 10 µM, final 

concentration) was employed to generate a standard curve and the Trolox Equivalent Antioxidant 

Capacity (TEAC, expressed as µM TE/mg protein) was obtained for each sample. 

ACE-inhibitory activity (ACE-I). ACE-inhibitory activity was determined according to Tovar-

Pérez et al. (13). Hippuryl-L-histidyl-L-leucine (HHL) was used as the substrate. ACE hydrolyses 

HHL to give hippurate (HA), which reacts with cyanuric chloride to yield a chromogen quantified by 

absorbance at 382 nm. The IC50 value, defined as the concentration of the peptide (mg/mL) necessary 

to inhibit 50% ACE activity, was calculated from a linear regression plot. 

Enzymatic hydrolysis. Protein fraction was hydrolyzed with alcalase using an enzyme:substrate ratio 

(E:S) of 1:10 (w/w) at pH 7.5 and 50°C. Hydrolysis was carried out for 0.25 – 8 h. At the end of it, 

the sample was heated to 95°C for 10 min to inactive the enzyme. All samples were centrifuged at 

5000 rpm for 10 min at 4 °C. Degree of hydrolysis (DH) was determined by the reaction of free amino 

groups with the TNBS reagent (14). DH values were calculated using the equation reported by the 

same authors. 

Ultrafiltration (UF). For peptide separation, hydrolysates were fractionated through an ultrafiltration 

membrane with a MW cut-off (MWCO) of 3000 Da (Millipore, USA). For each hydrolysis, 

ultrafiltrated peptide fractions (UPF) were obtained. 

Size exclusion chromatography. The peptides that showed the highest bioactivity was separated 

using fast protein liquid chromatography on a GE Healthcare, FPLC System, equipped with a 

molecular exclusion Superdex column (G75 HR 10/30 GL). The column was equilibrated and eluted 

with 20 mM Tris-HCl, 150 mM NaCl, pH 7.8, at a flow of 0.5 mL/min collecting 1 mL fractions. 

Peptides were detected by their absorbance at 214 nm.  

Statistical analysis. Analyses were carried out by triplicate and results reported as mean ± standard 

deviations. Significant differences among treatments were determined by ANOVA and LSD tests (p 

< 0.05) using the Statgraphics Centurion XVI statistical software. 

 

RESULTS AND DISCUSSION 

As depicted in Table 1, all proteins showed A-OX, with values ranging from 3.22 to 13.48% DRSA, 

4.19 to 8.62% ARSA and 0.07 to 0.28 µM TE/mg protein, for the DPPH, ABTS and ORAC assays, 

respectively. These values fall within the range reported for proteins of vegetal and animal origin, 

like soy, amaranth, bovine casein and whey protein. In addition, for the three test methods used in the 

present study, Glu showed the highest A-OX (p<0.05). Since Glu was the predominant protein 

fraction and the one with the highest A-OX, it was chosen to obtain enzymatic hydrolysates. In this 

study, Glu hydrolysis was accomplished with alcalase, which has been frequently used to obtain 

protein hydrolysates and bioactive peptides. The maximal DH achieved for Glu was 19.9% (t = 2 h); 

it is noteworthy that this was achieved at a relatively low time interval, which may have been due to 

the E:S ratio employed.  
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Table 1 Antioxidant activity (A-OX) of protein fractions obtained from cocoa seeds. 

Protein 

fraction 

DPPH assay ABTS assay ORACFL assay 

DRSA (%) ARSA (%) TEAC (µM TE/mg 

protein) 

Alb 4.33 ± 0.21c 5.19 ± 0.09b 0.15 ± 0.02b 

Glo 6.06 ± 0.39b   4.48 ± 

0.08b,c 

0.12 ± 0.02b 

Pro 3.22 ± 0.28d 4.19 ± 0.07c 0.07 ± 0.01c 

Glu 13.48 ± 0.65a 8.62 ± 0.30a 0.28 ± 0.02a 

Means with different superscripts, in the same column, are significantly different (p < 0.05) 

 

Alb, Glo, Pro and Glu showed significant differences (p<0.05) in A-OX and ACE-I. Among 

proteins, Glu and Alb showed the highest A-OX and ACE-I, respectively. Both, hydrolysis and 

subsequent separation of peptide fractions through UF increased A-OX and ACE-I, reaching values 

of 48.9, 41.2 % and 1.58 µM TE/mg protein in the DPPH, ABTS and ORAC assays, respectively. 

The highest ACE-I found was of 38 – 48%. The UPF that showed the highest bioactivity was 

separated in four peaks with MW of 2959 – 535 Da and EC50 values of 237.5 – 296.3 µg/mL and 

19.3 – 28.3 µg/mL for DPPH and ABTS, respectively. 

 

Table 2 EC50 values of protein, hydrolysates and peptide fractions obtained from cocoa seeds. 

Sample  
DPPH assay  ABTS assay  

EC50 (µg/mL) 

Glu 
2225.52 ± 

19.25 
194.54 ± 1.73 

Glu-H  
1130.76 ± 

11.21 
109.28 ± 1.16 

Glu-P  320.66 ± 9.98 33.89 ± 1.05 

Peptide fractions (FPLC) EC50 (µg/mL) 

PF1 237.48 ± 1.75 19.29 ± 0.59 

PF2 258.54 ± 1.36 22.75 ± 0.68 

PF3 282.53 ± 0.62 28.74 ± 0.66 

PF4 296.28 ± 0.58 28.31 ± 0.54 

GSH 230.05 ± 0.22 15.51 ± 0.13 

 

With the use of ultrafiltration and purification, an increase in bioactivity was found, due to the 

separation of < 3000 Da peptides, which showed a higher free radical scavenging capacity; this 

allowed the collection of peptides with EC50 values (for DPPH• and ABTS•+ scavenging) similar to 

GHS. These results show that enzymatic treatment and UF are attractive processes for the production 

of bioactive hydrolysates and peptides from cocoa proteins; additionally, they show a novel 

alternative use of cocoa seed.  
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Table 3. ACE inhibitory activity and IC50 values of protein, hydrolysates and peptide fractions obtained from 

cocoa seeds. 

Antihypertensive activity 

Sample Alb Glo Glu 

 ACE-I 

(%) 

IC50 

(mg/mL) 

ACE-I (%) IC50 (mg/mL) ACE-I (%) IC50 

(mg/mL) 

Protein 47.8 ± 1.6 0.63 ± 0.02   18.1 ± 

0.30 

1.65 ± 0.30 ND ND 

Hydrolysates 48.1 ± 1.3 0.62 ± 0.02 36.2 ± 1.3 0.83 ± 0.02 8.9 ± 0.04 3.4 ± 0.2 

Peptide 

fractions 

48.9 ± 1.1 0.61 ± 0.03 38.0 ± 0.8 0.79 ± 0.01 10.9 ± 0.18 2.5 ± 0.1 
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ABSTRACT 

Anemia iron deficiency is still a public health problem in the country, which is evidenced in The Food 

and Nutrition Situation Survey, ENSIN 2010. As a strategy to control micronutrient deficiencies in 

Colombia, fortification of massive consumed foods constitutes a fundamental line of action. Thus, 

fortified wheat flour is their flagship product. The aim of this study was to evaluate the effects of 

adding different iron salts on color during wheat flour fortification. Experimental research. The 

characterization of 6 iron compounds commonly used in the fortification of wheat flour was made. 

Homogeneity and quantification of iron qualitative test was performed in conformity to international 

AACC 40-40 and AOAC 985.35 methods, respectively. The amount of iron added was based on the 

current concentration by Decree 1944 of 1996. The changes in Instrumental color analysis were 

determined by using CIELAB parameters and the whiteness index in each of the samples was based 

according to Hsu et al. Analytical data on qualitative homogeneity tests indicates differences with 

regards to ferric pyrophosphate and glycine stabilized ferrous gluconate. Such results are consistent 

with significant differences (p <0.05) for both compounds in the quantitative determination of iron 

with respect to the other tested salts. Instrumental color analysis; significant differences for the 

parameters L *, a * and b * were observed in all iron compounds except encapsulated iron salts and 

NaFeEDTA iron type. Whiteness index; this parameter was affected in larger proportion by 

NaFeEDTA and ferric pyrophosphate. The microencapsulated and protected compounds such as 

bisglycinate ferrous, ferrous fumarate and ferrous sulfate are alternative iron salts that exert no effect 

on the color of wheat flour and can be considered in the reformulation of fortification.   

 

Keywords: Fortification, iron, iron deficiency, color, wheat flour 

 

 

INTRODUCTION.  

Anemia iron deficiency remains a public health problem in the country, as evidenced in the 

Colombia’s Food and Nutrition Situation survey, ENSIN 2010. Thus, risk groups are constituted by 

women of reproductive age, children between 1 and 4 years and pregnant women. Such groups, in 

turn, have the highest requirements of this mineral. In response to this situation and possible long-

term effects caused by  this pathology, as related to physical and work performance, regulation of 

body temperature, psychomotor development, resistance to infection, absorption of toxic metals, 

maternal mortality and premature birth abnormalities, among others. (1) Colombia holds a strategy 

to control micronutrient deficiencies, containing different lines of action, which include the 

diversification of food supply, strengthening of priority actions such as umbilical cord clamping, 

breastfeeding, supplementary feeding and deworming, biofortification or biological food 
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fortification, micronutrient supplementation and fortification (2). Food fortification is a key line of 

action, one of the most important health interventions published and recommended to prevent and 

control micronutrient deficiencies (3). Food fortification may be voluntary, targeted and mass (4).  

 

The latter, which takes into account the mandatory criteria in countries where it is avowed, has wheat 

flour as one of the representative food, thus, being one of the most extensively fortified; Until 2015, 

83 countries have mandatory fortification of this product, having 14 countries simultaneously both 

fortification of wheat flour and cornmeal (5). Among the most widely added minerals in most 

countries it’s iron, this being added in the form of ferrous sulphate as the case and ferrous fumarate, 

and other forms as reduced iron and electrolytic iron. Other compounds, such as those protected 

emerge as a strategy to fortify foods because of the need to provide salts with high bio-availability 

(6). Among them, there is microencapsulated ferrous sulfate, in which the salt is protected by a starch 

/ maltodextrin / gum arabic membrane (7). Moreover, they are stabilized as EDTA-Fe compounds, 

which have high bio-availabilities in the presence of inhibitors and they’re stable in industrial 

processes (6). However, it should be noted that many of the aforementioned compounds can generate 

organoleptic changes in food matrices, which are added especially in color possibly by the catalytic 

role of iron in the oxidative processes, thus producing oxidation and unsaturated fatty acids and 

rancidity in food lipids (8). In response to this, the aim of this study was to evaluate the effects on 

color by the addition of different salts of iron fortification of wheat flour. 

 

MATERIALS AND METHODS.  

Experimental research. Characterization of 6 iron compounds commonly used in the fortification 

of wheat flour, among them, there were found: 1. High water solubility compounds: Ferrous 

gluconate, 2.Low solubility compounds: ferric pyrophosphate stabilized with glycine 3. Soluble 

compounds in acidic solutions: ferrous fumarate, 4. Protected iron compounds: ferrous sulfate and 

ferrous fumarate microencapsulated, 5. chelated compounds: bisglycinate ferrous iron and sodium 

EDTA. Unfortified wheat flour samples and wheat flour with the current fortification premixture 

regulated in the country were evaluated also. Each of the wheat flour samples with these compounds 

were performed qualitative homogeneity test and quantification of iron according to international 

AACC 40-40 and AOAC methods 985.35, respectively. The addition of iron was taken into account 

in the current concentration according to Decree 1944 of 1996. Color instrumental changes were 

determinated by CIELAB parameters using ColorQuest XE equipment, and the whiteness index in 

each of the samples, according to Hsu (9). 

 

 

RESULTS. 

Qualitative determination of the addition of iron salts in wheat flour. The qualitative 

determination of iron was determined taking into account the use of international AOAC 985.35, 

whose principle is the atomic absorption. 
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Table 1. Qualitative determination of the addition of iron salts in wheat flour. 

Wheat flour simple Iron (mg/100 g) 

Unfortified 

Current fortification 

Ferrous Fumarate-addition laboratory 

NaFeEDTA 

Stabilized ferric pyrophosphate 

Stabilized ferrous gluconate  

Ferrous bisglycinate 

Microencapsulated ferrous fumarate 

Microencapsulated ferrous sulfate  

2.60±0.06a 

8.28±0.02e 

7.09±0.17d 

7.41±0.08d 

4.42±0.45b 

 5.88±0.47c 

7.22±0.13d 

7.34±0.22d 

6.42±0.14c 

* The results are presented as mean ± SD (standard deviation). Different letters express significant differences 

(p<0.05). 

 

Qualitative determination to detect the addition of iron in wheat flour (spot test). In this 

qualitative test (AACC 40-40), it takes into account the formation of insoluble compound potassium 

ferrocyanide, evidenced in the formation of red dots. 

 

Table 2. Qualitative determination to detect the addition of iron in wheat flour 

Number 

of sample 

Sample of Wheat/Iron compound Qualitative Test Result 

1 Unfortified wheat flour 
 

2 Wheat flour-Current fortification 

 

 

3 Wheat flour- Ferrous Fumarate 
 

4 Wheat flour- Ferrous bisglycinate 

 

 

5 Wheat flour- NaFeEDTA 
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Number 

of sample 

Sample of Wheat/Iron compound Qualitative Test Result 

6 Wheat flour- Microencapsulated 

ferrous fumarate 

 

 

7 Wheat flour- Microencapsulated 

ferrous sulfate 

 

8 Wheat flour- Stabilized ferrous 

gluconate 

 

 

9 Wheat flour- Stabilized ferric 

pyrophosphate 

 

 

 

Instrumental Color Measurement. The instrumental color measurement was conducted in 

response to parameters CIELab scale. 

 

Table 3. Instrumental color parameters 

Wheat flour sample L* a* b* 

Unfortified 

Current fortification 

Ferrous Fumarate-addition laboratory 

NaFeEDTA 

Stabilized ferric pyrophosphate 

Stabilized ferrous gluconate  

Ferrous bisglycinate 

Microencapsulated ferrous fumarate 

Microencapsulated ferrous sulfate 

92.96±0.45a 

93.49±0.06b 

94.38±0.09c 

94.65±0.14d,e 

94.91±0.13f 

94.63±0.05d,e 

94.49±0.05c,d 

94.83±0.05e,f 

94.85±0.03e,f 

0.79±0.45d,e 

0.81±0.02e 

0.75±0.02d 

0.66±0.14c 

0.61±0.02b 

0.55±0.01a 

0.67±0.01c 

0.65±0.02c 

0.59±0.01a,b 

9.41±0.23e 

9.48±0.06e 

8.61±0.07a 

8.87±0.04d 

8.76±0.07b,c,d 

8.63±0.04a,b 

8.70±0.02a,b,c 

8.80±0.06c,d 

8.65±0.03a,b 

* The results are presented as mean ± SD (standard deviation). Different letters express significant differences 

(p<0.05). 

 

Determination of Whiteness Index. The whiteness index (WI) was determined in each of the 

samples according to Hsu et al. (9):  

 

WI = 100 – √(100 − 𝐿)2 +a2+b2 

 

Table 4. Whiteness index of wheat flour samples of each of the compounds tested 

Wheat flour sample IW 
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Unfortified 

Current fortification 

Ferrous Fumarate-addition laboratory 

NaFeEDTA 

Stabilized ferric pyrophosphate 

Stabilized ferrous gluconate  

Ferrous bisglycinate 

Microencapsulated ferrous fumarate 

Microencapsulated ferrous sulfate 

88.21±0.19a 

89.47±0.04b 

89.69±0.07c,d 

89.62±0.10c 

89.85±0.12e 

89.82±0.05d,e 

89.68±0.03c,d 

89.78±0.07d,e 

89.91±0.04e 

* The results are presented as mean ± SD (standard deviation). Different letters 

express significant differences (p<0.05). 

 

DISCUSSION OF RESULTS. 

The different iron compounds added to wheat flour presented significant differences (p<0.05) in each 

of the evaluated parameters that meet the physical and chemical characteristics that each one presents. 

In the quantitative determination at performing addition by the atomic absorption method, AOAC 

985.35, significant differences were observed in samples of wheat flour containing compounds such 

as ferrous gluconate and ferric pyrophosphate, both stabilized with glycine. In the qualitative 

determination, through the spot test, the presence of iron for all compounds is observed; however, 

salts such as ferrous gluconate and ferric pyrophosphate stabilized with glycine, the homogeneity of 

iron added is less uniform. The incorporation of the ferrous gluconate stabilized with glycine has been 

extensively evaluated in food matrices; however, few studies have been conducted in wheat flour.  

 

Salgueiro et al (2005), determined the nutritional and technological behavior of this compound of 

wheat flour; which had a favorable performance in the sensory characteristics of products made from 

wheat flour with the addition of the compound (10) products. However, experimental results show 

the presence of black spots on wheat flour, shortly after the addition; this suggests that the added iron 

catalyzes the oxidation of lipids and other compounds as antioxidant vitamins, polyphenols and other 

reducing compounds, resulting in the presence of undesirable black or dark pigments in the final 

product (11, 12). The ferric pyrophosphate stabilized with glycine is one of the compounds having 

higher hygroscopicity; although in the case of insoluble in water iron compounds,  protection 

strategies have been implemented in order to avoid agglomeration by reducing the particle size, by 

adding some type of emulsifying agent, hence,  ensuring the dispersion in the food matrix (13), it 

seems that the addition of glycine to the compound failed to reduce the low dispersion of this in wheat 

flour, resulting in a negative impact when performing qualitative and quantitative tests of addition of 

iron. 

 

Overall, the results of qualitative test and dispersion were further consistent with those obtained by 

instrumental color analysis; for the brightness parameter L, significant differences between the wheat 

flour samples with different salts and currently fortified flour (White) were obtained, especially in the 

addition of ferric pyrophosphate; microencapsulated compounds do not show differences between 

them and NaFeEDTA and glycine stabilized ferrous gluconate. However, despite these differences, 

the encapsulated compounds are those that got closer to the target (100) values. In a parameter, which 

defines the red and green colors, statistically significant differences (p <0.05) for all samples were 
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observed, except those containing protected iron salts such as ferrous bisglycinate, NaFeEDTA and 

microencapsulated ferrous fumarate. In b parameter, which defines the scale of yellow (b +) and blue 

(B), no significant differences for unfortified wheat flour samples and fortified with the current 

formulation were presented. The evaluation of this parameter indicates that protected iron salts can 

reduce color changes in wheat flour; although there are few studies comparing instrumentally and 

directly the addition of various iron compounds in flour. The study conducted by Kongkachuichai et 

al (2007), the changes of  color were instrumentally evaluated in different noodles made from wheat 

flour with different addition of iron compounds, finding similar results for the different results 

obtained; for brightness L parameter, the researchers found significant differences in evaluating the 

addition of ferrous sulphate, NaFeEDTA and encapsulated elemental iron. In the case of the a 

parameter, no significant differences between the NaFeEDTA  and encapsulated elemental iron 

samples were found when  the dough to make raw noodles was considered and with regards to those 

made with unfortified wheat flour. 
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ABSTRACT 

Gelatinized starch is rapidly hydrolyzed for digestive enzymes compare with unmodified (native) 

starch. Gelatinization is a process achieved when starchy products are cooking with water. The aim of 

this study was modified digestibility of pre-gelatinized starches by hydrothermal treatment (HT), 

stimulating formation of slowly digestible starch (SDS) and resistant starch (RS). High-amylose 

starches (HV and HVII) were pre-gelatinized, dried with two methods (oven and freeze-drying), 

moisture content was adjusted at 40% and were incubated in an oven at 100 C for 3, 12 and 24 h. 

Oven drying decreased the rapidly digestible starch (RDS) from 51% to 20%, RS increased from 31% 

to 63%, whilst SDS did not show change compare with the fresh gelatinized starch (17%). Freeze-

drying did not produce change in RDS, SDS and RS content. Pre-gelatinized HV and HVII with HT 

and drying in oven showed decrease in RDS (19% to 6% and 11% to 5%, respectively) and increase 

in RS (63% to 74% and 45% to 62%, respectively), depending of the incubation time. Freeze-drying 

starches showed an inverse pattern due to that HT of HV did not modify RDS and SDS content with 

the incubation time; RS increased from 45 to 62%. HVII presented an increase with the incubation 

time for SDS (16 to 28%) and RS (46 to 54%), but RDS did not show change. X-ray diffraction results 

showed that re-arrangement of starch structure after the HT was responsible of the digestibility 

changes. Pre-gelatinized starch with HT and drying in oven favoured the increase in RS content, whilst 

that freeze-drying favoured SDS and RS formation. 

 

Keywords: Pregelatinized starch, hydrothermal treatment, digestibility 

 

 

INTRODUCTION 

Slowly digestible starch (SDS) and resistant starch (RS) have been shown human health benefits 

because of there is interest to obtain functional ingredients and increase both fractions in foods after 

processing and storage. Hydrothermal treatment is widely used to change starch digestibility (2, 4); 

this treatment involves incubation of starch dispersion in water during certain periods of time and 

temperature. Under these conditions, starch polymers are mobile, facilitating interactions within the 

amorphous and crystalline domains and/or by disrupting starch crystallites, without destruction of the 

granular structure. The enzymatic susceptibility of the hydrothermally treated starches depends of the 

botanical origin, amylose-amylopectin ratio, and treatment conditions (4). The hydrothermal 

treatment of waxy and normal corn starches increased their enzymatic hydrolysis, while in high 

amylose corn starches decreased or did not change. The location of amylose in the starch granule and 

the amount in high amylose corn starch, could have a significantly greater impact on the mobility of 
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glucan chains and its rearrangement during hydrothermal treatments than starches with normal 

amylose content (25-20%) (5). On the other hand, arrangements in the starch structure after 

hydrothermal treatments are lost when the sample is cooking.  

 

Heating-cooling cycles of gelatinized high-amylose maize starch (HAMS) promote formation of 

denser, but small crystals, increasing the amount of RS. Pre-gelatinized HAMS is subjected to high 

temperature and/or moisture content in order to increase kinetic energy imparted to starch chains, and 

favoured the formation of imperfect crystallites that are associated with SDS fraction. Additionally, 

due to that starch has been pre-gelatinized, the final product with high SDS content can be added to 

ready to eat products before consumption (e.g. breakfast cereals) or foods where cooking is not 

necessary such as yogurt, fruit and vegetables, salads, smoothies, etc. 

 

The aim of this study was modify digestibility of pre-gelatinized starches by hydrothermal treatment 

(HT), stimulating formation of slowly digestible starch (SDS) and resistant starch (RS). 

 

MATERIALS AND METHODS 

Hydrothermal treatment. Commercial Hylon V and Hylon VII starches (50% and 70% amylose 

content, respectively) were pre-gelatinized by autoclaving (40% starch suspension w/w, at 121°C for 

30 min). Two drying methods were considered: oven-dried at 40°C for 24 h or vacuum-dried. 

Hydrothermal treatment (HT) was applied to dried starch samples, which were weighed into a glass 

container, and the moisture content was adjusted to 40% by adding water. The glass container was 

sealed and allowed to stand at room temperature for 24 h to reach moisture equilibrium. Then, the 

sample was stored at 100°C for 3, 12 and 24 h in an air-drying oven. The prepared samples were dried 

in an air-drying oven at 40°C for 5 h. All samples were ground and passed through mesh n° 40. 

Starch digestibility. In vitro starch digestibility was determined following the method described by 

Englyst, et al., (1) with modifications. The sample (200 mg d.b.) was mixed with 6 mL of deionized 

water and 1 mL of 0.25 M sodium acetate in a glass tube, the mixture was adjusted to 37°C in a water 

bath. An enzyme solution (2 mL) containing pancreatin and amyloglucosidase were added to tubes 

in intervals of 1 min. After 20 and 120 min, 50 µL aliquots were removed and placed into a tube 

containing 950 µL deionized water to stop the reaction by boiling. Glucose contents of the hydrolyzed 

starch were determined using a Glucose Oxidase/Peroxidase (GOPOD) kit (Megazyme, Wicklow, 

Ireland), and identified as rapidly digestible starch (RDS) the amount digested in 20 min, SDS the 

amount digested between 20 and 120 min, and RS the amount not digested in 120 min. Each sample 

was analyzed in triplicate. 

X-ray diffraction. X-ray diffraction patterns were obtained using a Rigaku diffractometer, model 

MiniFlex600 (Rigaku, Corporation Japan). The moisture content of the samples was adjusted at 86% 

by storage in a sealed desiccator for 7 days at room temperature. The scanned diffraction angle (2θ) 

range was 2-60° and the scanning speed was 2°/min.  

 

RESULTS AND DISCUSSION 

Table 1 shows the change of RDS, SDS and RS content by the hydrothermal treatment in the pre-

gelatinized starch. Oven drying decreased the rapidly digestible starch (RDS) from 51% to 20%; RS 

increased from 31% to 63%, whilst SDS did not show change compare with the fresh gelatinized 

starch (17%). Vacuum drying did not produce change in RDS, SDS and RS content. Pre-gelatinized 
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HV and HVII with HT and drying in oven showed decrease in RDS (19% to 6% and 11% to 5%, 

respectively) and increase in RS (63% to 74% and 45% to 62%, respectively), depending of the 

incubation time. Vacuum-drying starches showed an inverse pattern due to that HT of HV did not 

modify RDS and SDS content with the incubation time; RS increased from 45 to 62%.  

 

HVII presented an increase with the incubation time for SDS (16 to 28%) and RS (46 to 54%), but 

RDS did not show change. The type of drying in the pre-gelatinized starch affected its digestibility 

due to the mechanisms involved in the water removal. Oven dried process produce a slow water move 

away from the pre-gelatinized starch matrix; this is associated with the increased of RS due to 

propagation and re-crystallization of starch chains. 

 

Table 1. Change of RDS, SDS and RS contents by the hydrothermal treatment in the pre-gelatinized starch. 

 Hylon V Hylon VII 

 RDS 

(%) 

SDS (%) RS (%) RDS (%) SDS (%) RS (%) 

 

Native 14.3±0.3a 18.6±0.8a 67.1±1.0a 13.8± 0.1a 5.9 ± 0.7a 80.4±0.8a 

Pregelatinized 51.7±0.7b 17.3±0.9b,a 31.0±0.4b 31.5 ± 2.0b 17.6 ± 1.9b 50.8 ± 1.7b 

Oven-dried 19.9±0.3c 16.8±1.1c,a,b 63.3±1.3c 11.7 ± 1.2c, 14.3± 1.5c,b 74.0 ± 1.8c 

HT 3 15.3±1.3a 19.6±2.0d,a,b,c 65.1±0.7d,a,c 13.2 ± 0.4d,a 17.1 ± 0.6d,b 69.8 ± 0.6d 

HT 12 10.9±1.3d 19.6±0.2d 69.6±1.4e 11.5 ± 0.2c 15.2 ± 0.8c,b 73.3 ± 0.6c 

HT 24 6.5±0.5e 18.7±0.d 74.7±1.1f 5.3 ± 0.3e 13.76 ± 0.8c 80.1 ± 0.5a 

Vacuum-dried 37.3±2.7f 17.3±1.9a,b,c 45.3±0.8g 36.4 ± 0.6f 16.8 ± 1.9e,b,c 46.8 ± 1.6e 

TH 3  13.1±0.5g 21.2±0.1e 66.2±0.5a,d 10.1 ± 0.4g,c 19.0 ± 1.3f,e 71.0 ± 1.0d 

TH 12 13.4±0.2g 24.2±0.6f 62.9±0.5h 14.1 ± 0.4a 18.9 ± 0.4f,e 67.1 ± 0.2f 

TH 24 13.9±0.4g 23.3±0.7f 62.7±0.4h 17.1 ± 0.3h 28.8 ± 0.5g 54.0 ±0.7g 

Hydrothermal treatment during 3, 12 y 24 h (HT 3, HT12 and HT24, respectively) 

RDS= rapidly digestible starch, SDS= slowly digestible starch, and RS= resistant starch. 

Average of three replicates ± standar desviation. 

 

X-ray diffraction. Native starches showed peaks at 5.5°, 14-15°, 17°, 20°, 22°-24° that are 

characteristics of B-type X-ray diffraction pattern (Figure 1). Some differences between native starch 

and its pre-gelatinized and drying counterpart were identified. A decrease in the intensity of the peak 

at 5.5°, 15° and 17°, and changes in the peaks at 20° and 22°, depending of the drying process. New 

peaks at 7.5° and 13° were produced in the drying of pre-gelatinized starch could also be considered 

as characteristic of a single helix structure (3). X-ray diffraction results showed that re-arrangement 

of starch structure after the HT was responsible of the digestibility changes. The combination of a 

drying with HT can be used to produce starches with high RS and SDS content with the concomitants 

benefits for human health 
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Figure 1. X ray diffraction pattern of native (N) and pre-gelatinized Oven-dried (OD) and 

vacuum dried (VD) starches.  

 

 
Figure 2. X ray diffraction pattern pre-gelatinized dried starches hydrothermally treated during 

3 h (HT-3) and 24 h (HT-24). 
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ABSTRACT 

The North west Region of the from Durango state is characterized by the production of cheese, so that 

large amounts of whey, which may represent a serious environmental problem, otherwise the whey 

contains proteins, minerals and vitamins, which can be generated he exploited in the manufacture of 

beverages, because of this we decided to develop a children's drink to use the whey, it was provided 

by the company SISTEMAS LÁCTEOS AUTOMATIZADOS S.A DE C.V. the whey was 

characterized with: pH, acidity, density, alcohol 70 and 85% determination. It work was 

developmented with nine formulations which were prepared by varying quantities of cornmeal and 

sugar were proposed, it was determined to be the response variables acceptability of drink, so a sensory 

evaluation was conducted with 120 primary school children who were aged among 6 and 12 years 

prior to the screening assessment of taste, odor identification and ordering of colors were applied. To 

determine the acceptance of the beverage acceptance test was applied with a hedonic scale of 1 to 5, 

where 1 means I dislike and 5 means I like. With the results we proceeded to a variance analysis in the 

SSPS program by determine acceptance of the drink.  

 

Keywords: child drink, sensory evaluation, whey.  

 

 

INTRODUCTION 

The North west Region of the from Durango state is characterized by the production of cheese, so 

that large amounts of whey, which may represent a serious environmental problem, otherwise the 

whey contains proteins, minerals and vitamins, which can be generated he exploited in the 

manufacture of beverages, because of this we decided to develop a children's drink to use the whey 

(2). Whey, or cheese whey is the liquid that separates from milk which is coagulated for obtaining 

cheese are all milk components not integrated into the coagulation of casein. It is estimated that from 

10 liters of cow's milk may occur 1 to 2 kg of cheese and an average of 8 to 9 kg of whey(3). 

 

Reusing the whey oil to produce a product that may be suitable for human consumption, is the main 

objective, as it is a nutrient to contain about 55% of the nutrients of milk proteins, minerals and amino 

acids, all of them essential for our body, which gives energy and properties of high commercial value 

(1). The objective of this work was the preparation of a drink with cornmeal, which is a prehispanic 

Mesoamerica food, is traditionally made from cornmeal sweetened with sugar or brown sugar. The 

cornmeal is consumed as fresh or to prepare drink of the same name. 
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MATERIALS AND METHODS 

Materials. For the design of the beverage, commercial sugar, corn and wheat in the region which 

were processed in a manual mill used to make flour. Whey used was provided by the company 

SISTEMAS LÁCTEOS AUTOMATIZADOS S.A DE C.V. Located in the city of Nuevo Ideal, 

Durango. 

Methods. It work was developmented with nine formulations which were prepared by varying 

quantities of cornmeal and sugar were proposed, it was determined to be the response variables 

acceptability of drink, so a sensory evaluation was conducted with 120 primary school children who 

were aged among 6 and 12 years prior to the screening assessment of taste, odor identification and 

ordering of colors were applied. To determine the acceptance of the beverage acceptance test was 

applied with a hedonic scale of 1 to 5, where 1 means I dislike and 5 means I like. 

Experimental design. In which sugar amounts were created (40, 45 y 50 g), and a ratio of corn flour 

/ wheat flour (50/50, 75/25 y 100/0), resulting nine formulations. 

Characterization whey. The whey was characterized with: pH, acidity, density, alcohol 70 and 85% 

determination, it is important to mention that the whey is pasteurized and demineralised. 

Selection of panelists. Because it is a drink that is aimed at primary school children in schools located 

in the city of Santiago Papasquiaro. There are 6 elementary schools in the city of Santiago 

Papasquiaro with a population of 1681 children from first to sixth year. Of which 120 children were 

selected.  

Sensory evaluation. So a sensory evaluation was conducted with 120 primary school children aged 

between 6 and 12 were applied years prior to the screening assessment of taste (coffee, water was 

used with salt, sugar water, citric acid ), odor identification (butter, cinnamon, vinegar, cloves) and 

the order of colors, for which was used for was used. For detection it was used aroma (flavor). In the 

vision test (he was asked to rank solutions colors, red, green, yellow, ranging from a very faint color 

to a stronger color). Tools for sensory evaluation designed to determine the acceptance of the 

acceptance test beverage was applied with a hedonic scale of 1 to 5, where 1 means I like and 5 means 

that I like, the assessment was based on the Torricelli methodology 2008. 

 

RESULTS  

In Figure 1 shows the results of sensory analysis. 

 
Figure 1. Results of sensory analysis 

Regarding the acceptability of drinking, you can see the results in Table 1. 
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Tabla 1. Results of acceptability. 

Formulation Acceptability 

A 3.29 ± 0.0414 

B 3.01 ± 0.0208 

C 2.62 ± 0.0142 

D 2.89 ± 0.0056 

E 3.01± 0.0106 

F 2.63 ± 0.0364 

G 2.69 ± 0.0214 

H 2.56 ± 0.0418 

I 2.60 ± 0.0113 

 

An analysis of variance was performed, the results are shown in Table 2. 

Table 2. Analysis of variance 

Origin of variations Sum of squares 

Degrees of 

freedom 

Average 

square F Probability 

Critical value 

for F 

Among groups 1.96215 8 0.24527 10.82923 0.00000 2.30531 

Within groups 0.61152 27 0.02265    

       

Total 2.57366 35         

 It can be seen that there is a significant difference between groups. 

 

DISCUSSION 

Environmental engineer seeks to recover the lost balance of the environment, due to alteration by 

human activities, either preventively or through remediation1, hence the importance of developing 

such projects on the one hand reduce the impact environmental and nutritional value of what is 

considered an advantage residue. Among the alternative uses of whey they have studied the 

manufacture of beverages or milk formulas similar to milk and friendly features nutritional value. 

These drinks have great potential for use in government programs aimed at low-income population 

(3). 

 

One can say that whey drink was accepted due to the characteristics of the serum, in 1970 the Coca-

Cola Company selected WPC as nutrients to improve the nutritional quality of their drinks. Drinks 

could be fortified with 1% of protein derived from cheese making no changes were detected in the 

taste and appearance. These drinks retained their solubility tasteless and taste after pasteurization in 

the bottle at pH 3 (2). 
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ABSTRACT 

The antioxidant capacity of red wine is directly related to its polyphenol content. Several studies have 

linked regular, moderate consumption of red wine, with a decreased incidence of cardiovascular 

disease, especially in Mediterranean countries. Del mismo modo, la capacidad antioxidante de vino 

neutraliza los radicales libres en el cuerpo, que ayuda a reducir las especies reactivas de oxígeno (ROS). 

The aim of this study was to evaluate the antioxidant capacity in blood plasma, after moderate intake 

of red wine Lambrusco, by the method of capturing the radical 2,2-diphenyl-1-picryl hydrazyl (DPPH). 

This study was conducted in university students (n = 17) of both sexes from the Faculty of Chemistry 

Sciences from Orizaba (Veracruz University) under the following inclusion criteria: Healthy students 

with indistinct age who did not consume drugs or alcohol, in the last two weeks, which are divided 

into two groups (control and problem). Samples were obtained in the control group at 8 and 10 hours 

of fasting, the problem group at 8 hours of fasting and two hours after moderate intake of red wine; 

subsequently determining the antioxidant activity of human plasma and red wine was performed by 

the method of DPPH, the measurement is made in a spectrophotometer at a wavelength of 515 nm. 

From the absorbances obtained the percent inhibition of DPPH was calculated, the results showed that 

the problem group (with moderate intake of red wine) has increased the antioxidant capacity of blood 

plasma (mean=22.38 %) compared to the control group (mean = 14.52%). with this result can be 

considered red wine Lambrusco, as a food capable of improving plasma antioxidant capacity in just 2 

hours after consuming. 

 

 

INTRODUCTION  

The free radicals (RL) are atoms or groups of atoms, which possess an electron unpaired, for profit 

or for loss, this awards to them a high instability capable of initiating chemical reactions in chain, 

thinking about how to receive an electron of other atoms in order to reach its stability 

electrochemistry. Because you reactivate these species they do not possess specific recipients, can 

damage cells and textiles altering the structure and function of the same ones (1). 

 

Because these reactive species, not have specific receptors, cells and tissues can damage altering the 

structure and function thereof (1). Antioxidants are compounds which may inhibit or retard oxidation 

of the molecules are produced in the body endogenously and also can acquire exogenously, which 

may be found in various fruits and vegetables. 
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Excessive production of free radicals produced in the body an imbalance between oxidants and 

antioxidants thus creating what is known as oxidative stress, which has been associated with various 

chronic degenerative diseases (1). Several epidemiological studies have established an inverse 

correlation between intake of fruits and vegetables and mortality. The high content of polyphenolic 

compounds in fruits gives them a higher antioxidant potential and imparts various pharmacological 

properties associated with diseases caused by reactive oxygen species “ROS” (2) 

 

Some reports show antioxidant therapy as an alternative to prevent and decrease various diseases 

associated with oxidative stress, maintaining the balance between the formation and neutralization of 

free radicals (3). The antioxidant capacity of red wine is directly related to its content polyphenol 

found in grapes. Several epidemiological studies link regular, moderate consumption of red wine, 

with a lower incidence of mortality and morbidity from cardiovascular diseases in Mediterranean 

countries, likewise, has a neutralizing function of free radicals in the body, the antioxidant compounds 

of plasma related with wine consumption are phenolic compounds absorbed and metabolites 

originating from the colonic flora, which is subsequently reabsorbed (4). 

 

MATERIALS AND METHODS 

Reagents: Methanol with purity grade HPLC (Sigma ™), 1,1-diphenyl-2-picril-hidrazilo (DPPH)  

with purity of 99.9 % Sigma ™. Samples: Red wine Lambrusco  

Blood plasma: Blood specimens were obtained by venous puncture to the supposedly healthy 

students who decided to take part of voluntary form in the present study, 10 of them (58.82 %) 

belonged to the feminine genre and 7 (41.18 %) to the masculine genre, with minimal age of 21 years 

and maxim of 24 years. The total number of volunteers was divided into two groups: control and 

group problem. The control group specimens were obtained with an included fasting for 8 to 10 hours; 

the group problem occurred with 8-hour fast to take the specimen subsequently thereto were asked to 

ingest 150 mL of red wine (according to the provisions WHO) and 2 hours after ingestion proceeded 

to a second blood draw; all biological specimens, both group and the control group were collected 

problem trading system using multiple vacuum extraction with EDTA. Blood plasma was obtained 

after centrifugation at 3500 g whole blood samples and problem control group. 

Determination of Antioxidant Activity. The ability to capture free radicals from the plasma was 

determined using as a reference the dissolution of 1,1-Diphenyl-2-picrylhydrazyl (DPPH) according 

to the method modified in the  laboratory. For the determination of antioxidant activity of blood 

plasma and red wine, 100 uL of each of the samples for evaluation were taken and was added to each 

solution 3.900 mL of DPPH. All reactions were carried out for 30 min at room temperature in tubes 

protected from light, at which assay were measured absorbance readings to 515 nm in the 

spectrophotometer Thermo Scientific Evolution 2000. From the absorbances obtained the percent 

inhibition of DPPH was determined, which corresponds to the amount of DPPH radical inhibited by 

the samples, according to the following equation: 

 

% Inhibition DPPH =
(Absorbance DPPH – Absorbance sample)

Absorbance DPPH
(100) 
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RESULTS AND DISCUSSION 

The percentage inhibition of DPPH in the samples studied for control group and problem was 

calculated using Equation 1. Table 1 shows the percent inhibition by comparing the mean% 

inhibition in the control group at 8 and 10 hours fast. 

 

Table 1. Results of the percentage of inhibition of the DPPH on an empty stomach 

and after the red wine ingestion. 

% Inhibition DPPH of control group. 

# code 8 hours fast 10 hours fast 

01 22.00 9.31 

02 15.92 12.69 

03 20.24 15.38 

04 21.73 1.89 

05 15.65 16.46 

06 20.92 23.48 

07 20.92 17.14 

08 23.35 19.84 

 20.09 14.52 

 

As shown (Figure 1), the percent inhibition of the control samples at 8 hours fasting where it can be 

seen that the antioxidant capacity of red wine is greater compared to the percentage las10 hour fast, 

this probably the result that by increasing the fasting hours increases the formation of free radicals 

(oxidizing agents), reducing the antioxidant (antioxidant agents) and having this imbalance causes 

what is known as oxidative stress. 

 

 
Figure 1. Capacity inhibition of control samples 
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Table 2 shows the results of the problem group after performing calculations percent inhibition of 

DPPH shown, greater inhibition of root is observed after moderate consumption of red wine and a 

decrease in the percentage of inhibition in the fasting state  

 

Table 2. Results of percent inhibition of DPPH fasting and after intake of red wine. 

% Inhibition of DPPH group problem 

# Code 8 hours fast 
2 hour absorption of 

red wine 

01 15.11 19.30 

02 24.29 26.72 

03 6.21 16.33 

04 17.41 20.24 

05 20.78 25.10 

06 24.02 25.10 

07 9.45 21.32 

08 22.54 24.97 

 17.47 22.38 

 

By comparing the mean percentage inhibition problem group with 8 hours of fasting with the average 

of the same but with moderate consumption of red wine Lambrusco, it can be seen that the mean 

percentage of inhibition of the samples after moderate intake of red wine are increased, figure 2. 

 
Figure 2. Ability to inhibition of the test samples. 

 

According percent inhibition of free radical evaluated in both groups, it was observed that the plasma 

of the test samples showed higher back antioxidant capacity to moderate intake of red wine 

Lambrusco, with a percentage of inhibition of 22.38% compared with Control samples with a 

percentage of 14.52%. 
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CONCLUSION 

In conclusion, according to the results, it was determined the antioxidant capacity of blood plasma 

after moderate intake of red wine lambrusco, with this result we can mention that in effect, red wine 

lambrusco has antioxidant potential in our body, which we can include in our daily diet to contribute 

and thus inhibit and / or reduce the over production of free radicals that lead to the formation of chain 

reactions that cause damage to our body. 
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ABSTRACT  

Nowadays yoghurt has gained a positive perception by consumers as a functional dairy product with 

health promoting ingredients. Yoghurt is a fermented dairy product obtained by lactic acid 

fermentation through the action of Lactobacillus delbrueckii ssp. Bulgaricus and Streptococcus 

thermophilus. The resulting lactic acid reacts with milk protein, promoting the characteristic texture 

and sensorial properties of this product. Green tea is the most popular beverage in the world, it is a 

plant rich in polyphenols, flavonoids such as flavanols, flavonols and phenolic acids. The industry is 

looking for the new substances, that could be applied in food, however the antioxidants in green tea 

can be degraded by various factors such as light, pH, oxygen and metal ions; one technique to increase 

its stability is encapsulation, there are various proposals as chemical processes, including ionic 

gelation, which is the formation of a complex between protein and polyphenol is. The structure of 

yoghurt is disintegrated by shearing processes before packing, facilitates the incorporation of new 

ingredients (fruits, fibers, minerals, antioxidants) and the pH is close to 4, which makes it appropriate 

to incorporate matrices that respond to pH changes. The aim for this work was developed complex 

phenolics from green tea (Camellia sinensis)-ovalbumin by ionic gelation method to include in the 

yoghurt. Was analyzed for antioxidant potential using DPPH method, total phenolic content (TPC) and 

total flavonoids quercetin equivalent (TPQ). Complex were performed at different pH values where a 

higher percentage of encapsulation was obtained at pH 4, likewise for different concentrations of said 

complex were employed ovalbumin obtaining greater efficiency with 0.5% w/w of said protein 

compared to 1% and 3% concentration of ovalbumin, showing a 66% TPQ containing 5 ppm (w / w) 

of polyphenol extract of green tea, percentage of trapping free radicals (DPPH) of 93.58%, 596 µmol 

Tx and 90 mg galic acid/L. The results showed significantly higher antioxidant potential and TPC of 

yoghurt with complex than control. The complex formation is a novel technique to incorporate 

antioxidants to different foods. 

 

Keywords: antioxidants, phenolic compounds, yogurt, complex 

 

 

INTRODUCTION 

Initially a functional food was a containing naturally active substance with beneficial health effects, 

today these substances are added to other products that do not contain them naturally, or contain low, 

but which they want to incorporate this benefit. They are foods that consumed as part of a varied and 

balanced diet containing one or more ingredients that provide significant positive health properties 

that transcend the mere nutritional value (3). 
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Nowadays yoghurt has gained a positive perception by consumers as a functional dairy product with 

health promoting ingredients. Yoghurt is a fermented dairy product obtained by lactic acid 

fermentation through the action of Lactobacillus delbrueckii ssp. bulgaricus and Streptococcus 

thermophilus. The resulting lactic acid reacts with milk protein, promoting the characteristic texture 

and sensorial properties of this product.  

 

Green tea is the most popular beverage in the world for its antioxidant properties, which are 

polyphenols, they can suffer degradation, oxidation, and polymerization epimerization during food 

processing. Several factors may contribute to the change in the structure of the green tea catechins, 

such as temperature, pH of the systems, the availability of oxygen, the presence of metal ions and the 

added ingredients. Polyphenols degradation is more evident when the temperature is increasing (1). 

One way to protect degradation catechins is through ionic gelation method. 

 

Ionic gelation method has been used for the microencapsulation of polyphenols, osteoporosis drugs, 

probiotics, antibiotics, and for generating biocompatible capsules active compounds. However, one 

of its major drawbacks is the high porosity of the gel forming the matrix of the microcapsule, allowing 

the rapid diffusion of encapsulated compounds. This problem can be solved by generating a matrix 

gelada from proteins or mixtures of proteins and polysaccharides, either by heating, acidification or 

crosslinking enzymatic (2). The microencapsulation process by the method of ionic gelation shows 

the need to obtain a gelada matrix for the microparticle low porosity from proteins or protein mixtures 

with polysaccharides under conditions involving heating or acidification of the medium for obtaining 

(4). 

 

In this work it was developed a complex phenols-ovalbumin. It is intended that the phenolic 

compounds to be encapsulated are not degraded with the different processes in food processing. In 

this yoghurt case, however, this complex can be added to other foods and increase their nutritional 

value. 

 

METHODS AND MATERIALS 

Green tea (Camellia sinensis) acquired from a local supermarket, ovalbumin powder brand San Juan, 

quercetin and gallic acid analytical grade sigma brand, DPPH, Folin-Ciocalteu reagent purchased 

from Sigma-Aldrich. Lyophilized starter cultures that contained Streptococcus thermophilus and 

Lactobacillus delbrueckii sub.bulgaricus JOINTEC brand. 

Extraction of green tea polyphenols. The extraction was carried out with a 3% (w / v) of green tea 

powder with ethanol and distilled water, in magnetic stirring. Continued by a vacuum filtration 

conduct on paper to remove impurities and performing washings with ethanol. The solvent was 

evaporated in a rotavapor Heidolph 2 and the product was lyophilized on a Telstar LyoQuest then 

was stored in amber vials under refrigeration. 

Preparation of yoghurt. 1000 mL of whole milk from certain brand was mixed with 6% skim milk 

powder and 1 g of lactic culture, in a propeller (IKA Eurostar 60 digital (Ika Works, Inc., Wilmington, 

VA. USA) at 500 rpm. Subsequently, passed to homogenizer (IKA T 25 3725000) 900 rpm, were left 

incubating at 40 ° C for 8 hours. Finally the dried complex was added and again homogenized 

yoghurt. 
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Encapsulation by the method of ionic gelation. To the extract produced, it was added 0.5% w / v 

ovalbumin and this was placed in the IKA Eurostar propeller 60 digital (Ika Works, Inc., Wilmington, 

VA. USA) at 800 rpm. the pH of the solution to 4 with 1N HCl changed. With a potentiometer 

(HANNA, model pH211) and passed to the centrifuge (Spectrafuge 6C) at 6,000 rpm for 20 minutes. 

To the supernatant they were taken absorbance readings to calculate the efficiency of ovalbumin-

polyphenol complex. The supernatant obtained he underwent tests antioxidant capacity and total 

phenols. The precipitate obtained was placed in an oven at 70 ° C for 24 hours to obtain powdered 

complex. 

Antioxidant capacity. The antioxidant capacity of the supernatant by DPPH method (Discoloration 

of radical 2,2-diphenyl-1-picrilhidrazilo) was verified. 

Determination of total phenols. To determine the amount of total phenolic the spectrophotometric 

method of Folin-Ciocalteu using a gallic acid standard was followed. Results were expressed as 

milligram of gallic / 1g acid. Readings were taken at 760 nm. This determination was made to the 

supernatant. 

Particle size. A criteria used to measure the physical stability of the yoghurt with complex and 

without complex the coalescence rate was determined by measuring the particle size (d30) and the 

distribution of globules yoghurt. A 3000 Malvern Mastersizer equipment (Malvern Instruments, 

Malvern, Worcestershire, UK) linked to a hydro unit MV was used to determine the size. It shows 

the average bead diameter was measured with the particle size and distribution analyzer. 

Determination of pH. The pH measurement yogurt was made with a potentiometer (HANNA, model 

pH211). 

Viscosity determination of yoghurt. Yoghurt viscosity was determined by a Brookfield viscometer 

DV-E. 

 

RESULTS AND DISCUSSION 

The encapsulation efficiency obtained by measuring the supernatant and using the calibration curve 

of quercetin, the results of Table 1 are obtained, wherein can also check that most of both phenolic 

compounds as antioxidant capacity either as% micromol Trolox or entrapment, are "complexed" 

within the protein. Therefore it could be said that the complex presented antioxidant activity or the 

method used for its determination, DPPH, plus phenolic compounds determined by Folin technique. 

Ciocalteu. The values confirmed that the complex has antioxidant capacity and can be used as a food 

additive to impart that property and make it functional food. 

 

The "complexation" by ovalbumin is based on the fact that all protein, being in a solution at a pH 

below its isoelectric point, is positively charged and anion reacts with other compounds. Ovalbumin 

has an isoelectric point around 4.7. If the protein solution is added an acid, the pH decreases and the 

anions react with ovalbumin; the product is insoluble in the solution and precipitates (6), due to the 

above ovalbumin was able to catch much of the phenolic compounds present in green tea. 

 

Skim milk powder was used in the preparation of yoghurt because this has a higher concentration of 

solids, which favors the fermentation process. 
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Table 1. Results of antioxidant capacity and total phenolics complex 

 Supernatant Encapsulated in the 

complex 

Eq. Quercetin [ppm] 2.66 6.58 

% Eq. Quercetin 34% 66% 

µmol Trolox 296 596 

% Trapping free radicals DPPH* 8.17 91.83% 

mg Galic acid/L 40 90 

 

The next chart present the change in pH of yoghurt with complex in contrast of yoghurt without 

complex (Figure 1), the variation between them it is not highly notable 

 

Figure 1. Changes in pH of yogurt with complex versus without complex 

 

The size and concentration of particles are not significantly diferent with time thus can be considered 

as a stable fluid (5). Also in Table 2 it can be seen that there is not a considerable difference with 

respect to particle size of the yoghurt with complex versus without complex. 

 

Table 2 Particle size variation of yogurt with complex versus without complex 
 

Day 0 

 

Day 3 

 

Day 6 

 

Day 9 

 

D[3,2] 

(mm) 

D[4,3] 

(mm) 

D[3,2] 

(mm) 

D[4,3] 

(mm) 

D[3,2] 

(mm) 

D[4,3] 

(mm) 

D[3,2] 

(mm) 

D[4,3] 

(mm) 

Yoghurt 

with 

Complex 

1.62 2.22 1.49 2.06 1.56 2.18 1.78 4.35 

Yoghurt 

without 

complex 

1.67 2.38 1.57 2.27 1.55 2.21 1.68 3.82 
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4.3

4.32

4.34
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Regarding the comparison of the viscosity of the yoghurt with complex versus without complex, 

whose purpose of the analysis was to corroborate that adding this complex to yoghurt the parameter 

would not be affected. It was found that the viscosity of the yoghurt with complex is very similar to 

control yoghurt which were subjected to the same process conditions. 

 

The stability of the yoghurt did not differ from control, therefore it could be said that giving a nutrient 

value to the yoghurt with the addition of a polyphenol-ovalbumin complex, will not change the 

characteristic organoleptic parameters of yoghurt and this will keep their common conditions. That is 

how it was obtained a functional food. 
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ABSTRACT 

Amaranth grain proteins were evaluated to assess the antioxidant and tyrosinase inhibitory activities 

in order to determine the capacity of these proteins to lighten human skin so that a cosmetic product 

might be designed. Amaranth proteins were hydrolyzed with trypsin so as to obtain peptides of various 

sizes. These hydrolyzates were obtained using E=13.816 U / mg, T= 37 ° C and pH= 6.5, at the 

following times 3, 21, 30, 36 and 48 h. The degree of hydrolysis (DH) was measured by using 5% 

TNBS. DH for albumin 1 and globulin was 22% and 17%, respectively. The antioxidant activity was 

performed through the copper chelating activity of albumin 1 and globulin (81% and 78%, 

respectively) as well as through the ABTS+• radical-cation discoloration method (69% and 42%, 

respectively). Albumin 1 and globuline hydrolysates could inhibit 138 U tyrosinase/mg at pH 6.8, 

roughly 52% and 30% for each one. Albumin 1 and globuline hydrolysates were characterized bysize 

exclusion chromatography in order to assess the DH, antioxidant activity and tyrosinase inhibition. It 

was observed that the smaller the peptide, the better the aforementioned activities. These amaranth 

protein hydrolysates might be used because of their biological activity and thus could also be useful in 

the design of nutricosmetical products to preserve the health of human skin. 

 

Keywords: amaranth, bioactive peptides, antioxidant activity, tyrosinase. 

 

 

INTRODUCTION. 

The skin pigmentation is the result of the production and distribution of melanin, a pigment which is 

formed by the successive oxidation of L-tyrosine to L-Dihydroxyphenylalanine (L-DOPA) and 

dopaquinone by the enzyme tyrosinase (1). The study of the enzyme tyrosinase is of great interest 

among the scientific community because of its many applications in the fields of agriculture, 

medicine, cosmetics and food, this enzyme plays a key role in melanin synthesis because it regulates 

directly the amount of melanin produced. Its inhibition has become one of the most important 

strategies for developing new skin lightening agents and has gained great importance in medical and 

cosmetics products (2). 

 

In order to search for inhibitors of the enzyme tyrosinase from natural products, protein hydrolysates 

grain amaranth (Amaranthus hypochondriacus) are studied. Inhibition of tyrosinase by these protein 

hydrolyzates is determined. Besides the antioxidant activity and copper chelator it was evaluated, 
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being important characteristics for enzyme inhibition and slow processes skin pigmentation. 

Likewise, it is important to study the grain amaranth as a natural and unconventional of peptides with 

antioxidant activity and inhibition of tyrosinase source. 

 

Amaranth has a protein content (between 13% and 16%) and has an appropriate balance mainly 

lysine, methionine and tryptophan essential amino acids; amino acids that are deficient in other 

cereals. Amaranth consumption has been associated with the prevention of cardiovascular problems, 

various cancers, high cholesterol, antihypertensive, among others (3). Described the presence of 

phytochemicals and compounds with biological activity in proteins Amaranth grain, resulting interest 

because it is one of the most important crops in Mexico (4). It follows the importance of studying and 

characterizing the bioactivity of the proteins present in said grain. 

 

The cosmetics industry needs the discovery of new inhibitors of tyrosinase, among which are the 

chelators Cu2 +, to provide treatment for various ailments of skin hyperpigmentation. Seeking mainly 

those coming from natural sources that are as effective as synthetic products, since this type of 

inhibitors, such as hydroquinone, have serious side effects among which is skin cancer (5). 

 

The main objective of this work is to evaluate the inhibitory activity in vitro tyrosinase hydrolysates 

proteins grain amaranth (albúmina1 and globulin) for their potential to be used as an alternative in 

the cosmetics industry to delay processes skin pigmentation. 

 

MATERIALS AND METHODS. 

Amaranth. Amaranth grains were ground and passed through a No. 60 mesh screen until a particle 

size of 0.25mm. Once the flour in a container to keep it under refrigeration (4 ° C). 

Protein extraction amaranth grain. 100g mixed amaranth flour Na2SO4 and 600 mL of 5%, is kept 

under stirring for 30 min at 5 ° C. Centrifuged at 10,000 rpm, 20 min, 5 ° C. The supernatant and the 

residue is separated flour, the latter Na2SO4 400 mL of 5% is added and stirred for 30 min at 5 ° C. 

Centrifuge the preconditions and the supernatant is coupled with the first supernatant. To this solution 

(NH4)2SO4 50, 70 and 100% is added to saturate. Centrifuge at each saturation levels by 20 min at 10 

000rpm. Subsequently the precipitate is dialyzed with water for 24 hours with four changes of distilled 

water. Centrifuge for 20 min at 10000 rpm. The supernatant is the fraction containing the water 

soluble protein (albumin 1). The solid contents after dialysis was subjected to a second dialysis 

solution 10% Na2SO4 for 24 h. Finally centrifuged for 20 min at 10 000 rpm. The supernatant is the 

fraction containing the fraction of globulin. 

Enzymatic hydrolysis. For controlled tryptic hydrolysis, the enzyme activity is adjusted to 2.4 

mAU/mL, with an E/S = 0.8 UA/g ratio, pH = 7.5, T= 37 °C,  t= 3, 21, 30 and 36 hours. The order of 

addition of reactants is as follows. In a falcon tube adding 320 μL of 0.5 M phosphate buffer pH = 7, 

followed by 600μL of the protein fraction to 2mg / mL. It incubates for 5 min at 37 ° C. Subsequently 

they added 80μL Trypsin 2.4 mAU / mL in phosphate buffer solution 0.5M pH=7. The reaction is 

stopped by adding 100 l of solution fenilmetilsilfonilo (PMSF) at a concentration of 2 mg/ml. 

Degree of hydrolysis. To this mixed 64μL of the protein fraction in a test tube with 1.0 mL of  0.2 

M phosphate buffer pH 8.2 and 500μL of trinitrobenzen of sulphonic acid (TNBS) in 0.5% phosphate 

buffer pH= 8.2,  0.2 M. It incubates in the dark at 50 for 30 min. Then is added 1 mL of 0.1M sodium 

sulphite. Allow to cool and measured absorbance at 340nm (Genesys 10v). 
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Cu2 + Chelating activity. It is done with 1 mL of the sample solution, to which 1 ml of buffer is 

added hexamine 20 mM KCl and 20 mM containing 3 mM CuSO4, then added 0.25 mL of 1 mM 

tetramethyl murexide (TMM). It is measured absorbance at 530nm (Genesys 10v). The activity is 

measured relative to the absorbance recorded for control considering the total copper chelating 

activity. 

Antioxidant activity. .To determine the antioxidant activity of protein hydrolysates one 7mm with a 

2.45mM ABTS solution of potassium persulfate solution in water is mixed, it kept at room 

temperature for 16 h to obtain a dark blue solution intense. Dilute in water having a total volume of 

3 mL, to reach 0.7 absorbance read in a spectrophotometer at 734nm (Genesys 10v). This solution is 

mixed with 70μL of the sample. Absorbance was measured after 6 min at 30 ° C. The radical reduction 

capacity was calculated by the following equation: 

 

 

 

AC (o) = Absorbance of negative control at the time of preparation of the solution 

AA (t) = Absorbance of the sample after 6 min. 

Inhibitory activity of tyrosinase. The experimental strategy proposed to determine inhibition 

kinetics is done by adding 650μL of potassium phosphate buffer pH= 6.8, 0.067M, 150μL of L-

Tyrosine solution 5mg/mL dissolved in potassium phosphate buffer pH= 6.8,  0.067M and 200 μl of 

a solution of mushroom tyrosinase at 480 U/ml. The final volume is 1 mL having an enzyme activity 

of 96 U/ml. Measured absorbance at 475nm Control mixture of previously incubating at 37 °C, 

measured every 2 minutes for a total time of 10 minutes. 

To determine the inhibitory activity of tyrosinase protein hydrolysates fractions of grain amaranth, 

the same strategy is followed. The assay mixture is added 500μL of phosphate buffer pH = 6.8,  

0.067M potassium, 150μL of L-Tyrosine solution 5mg/ml dissolved in potassium phosphate buffer 

pH = 6.8 0.067M, 150μL inhibitor (protein hydrolysates) and 200 μl of the solution of mushroom 

tyrosinase at 480 U/ml. Incubate the mixture at 37 °C and taking readings every 2 minutes to 475nm 

(Genesys 10v) for a total time of 10 minutes. 

 

RESULTS AND DISCUSSION. 

In order to determine the size of peptides generated by enzymatic hydrolysis, the separation technique 

based on the exclusion of particle size difference (6) was used, different fractions for each hydrolysis 

treatment were obtained therefrom elution profiles obtained for each hydrolyzate. The average 

molecular weights were obtained, the average estimates, where it was found that a longer hydrolysis 

decreases the size of the peptides generated and it is logical to think that, because the enzyme has 

more time to carry were carried out an large number of breaks peptide bonds. From these results, it 

was found that the average of the peptides of less generated size albumin 1 molecular weight is 3 

KDa and 1 KDa to gobulina for hydrolysis time of 48h, further fractions for filtration were collected 

gel each treatment that will be analyzed later. 

 

The Degree of Hydrolysis (DH) exposed in proteins was determined, which is a measure of α-amino 

groups free. Note that the degree of hydrolysis is a dependent relationship on factors such as pH, 

temperature, ionic strength, enzymatic activity and the conformation and activity of the protein. Some 
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authors have shown that unspecific serine proteases are relatively, in the case of trypsin results in 

cleavage sites 14 (7) offering a wide variation of peptides of various sizes. 

 

It was observed that the albumin undergoes a degree of hydrolysis greater relative to globulin, being 

22% DH albumin and 17% DH (p <0.05) this is because globulins experience as a result of heat 

treatment, higher unfolding albumins, despite the lower stability of the latter (8). This behavior is 

attributed to low-tertiary structure of albumin. This means that the tertiary structure of the albumin is 

susceptible to denaturation more and even the same protein hydrolysis. 

 

  

Figure 1. Activity copper chelator hydrolysates  

albumin 1and globulin 

Figure 2. Antioxidant activity of hydrolysates 

albumin 1and globulin 

 

Because the antioxidant activity is related polyphenolic compounds, the activity could have proteins 

grain amaranth, knowing that the plant extracts have shown antioxidant activity on free radical 

scavenging and processes chelation is evaluated metal and reducing alterations in food systems. This 

activity determines one of the main characteristics of the bioactive peptides, and its ability to capture 

free radicals and sequestering metals to prevent oxidation processes in biological systems. 

 

The results of the chelating activity of copper are shown in Figure 1, which shows that as the 

hydrolysis time progresses Albumin 1 and globulin increases the activity of the peptides generated to 

chelate ion   Cu2 + can be seen that the activity maximum is reached after 48 h with 81% albumin 

chelating activity while 78% of maximum activity for globulin chelator for hydrolysis while a 

significance level of 95%. This activity is the result of hydrolysis time and the recognition of the 

cleavage sites of the enzyme, on the other hand the conformation and amino acid sequence of each 

protein dictates and after hydrolysis. 

 

While the chelating activity of copper is a measure of the antioxidant activity, this as if a molecule is 

capable of sequestering metals and scavenge free radicals, which can be seen in Figure 2, the peptides 

generated from albumin 1 reach the maximum antioxidant activity at 48 h of hydrolysis with 70%  
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(p <0.05), the same behavior was observed for peptides obtained from globulin to 42% (p <0.05) of 

antioxidant activity, however the maximum antioxidant activity 36h is observed to hydrolysis. This 

behavior may be due to the composition and size of peptides. Some authors (9) recognize peptide 

fractions of 1 to 10 KDa determines some physicochemical properties, however, it is confirmed (10) 

that peptides isolated from soy protein and hydrolysates phaseolin with greater weight to 1 kDa show 

increased copper chelating activity (40% -50%), while lower 1 kDa peptides have an activity range 

from 20 to 80%. The same is observed in the case of protein hydrolysates grain amaranth, to lower 

molecular weight derived from the hydrolysis have a higher chelating activity copper and can 

determine the biological functionality pursuing this work. Moreover, the mechanism of action of most 

inhibitors is not fully explained. This is mainly due to the complexity of the mechanism of tyrosinase, 

which involves three different enzymatic forms and two interpenetrating cycles to explain its action 

on monophenols and o-diphenols. Generally many competitive inhibitors structurally resemble the 

substrate and its mode of action involves chelation well copper or competitive inhibition structural 

(11). 

 

Figure 3. Inhibitory activity of tyrosinase by the main fractions collected from hydrolysates Amaranth grain. 

 

In Figure 3, the percent inhibition of the fractions collected from the protein hydrolysates is presented. 

In contrast to previous tests, response inhibition of fractions of albumin show a lower activity of 

tyrosinase inhibition being 28% (p <0.05) and 51%  (p <0.05) inhibition globulin 48h hydrolysis. 

 

In general it should be extended hydrolysis time to generate smaller peptides, which were those who 

showed the most significant responses of antioxidant activity and inhibition of tyrosinase. 

Furthermore the effectiveness of protein hydrolysates grain amaranth confirmed, since both proteins 

represent an alternative to address the phenomena of skin pigmentation due to the ability to form 

chelates and their participation in the life of free radicals and tyrosinase inhibition. 

 

CONCLUSION. 

It is noted that the degree of protein hydrolysis is a factor determining the activity of copper chelator, 

antioxidant activity and inhibition of tyrosinase. Furthermore it was observed that smaller fractions 

showed the highest activities evaluated. Fractions peptides or smaller grain amaranth obtained have 

a high potential for application in biological systems to retard the process of skin pigmentation. 
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ABSTRACT 

Food is considered as functional when it has benefic effects, beyond his nutritive value, on human 

health affecting positively the organic functions in order to improve health or prevent any illness on 

consumer. Sesame, when is regularly consumed has functional properties like cholesterol regulation 

and hypertension prevention. Moreover, it contains antioxidants as sesamine and sesamoline which 

protect against free radicals and exert anti carcinogenic effects. The objective of the present work was 

to develop pork patties added with sesame like functional ingredient. One hundred and twenty patties 

were made, 30 were made according a traditional formula without sesame addition (Control), 30 were 

made according traditional formula plus 5% of sesame addition (P5), 30 were made according 

traditional formula with 10% of sesame addition (P10), and the last 30 were made according traditional 

formula with 15% of sesame addition (P15). Dry matter (DM), Moisture (Mo), Organic Matter (OM), 

Ashes (As), Crude Protein (CP) and Crude Fat (CF) content were evaluated, Physicochemical 

characteristics; pH, Cooking Losses (CL) and color (L*, a*, b*) were evaluated. A sensory preference 

test was made to evaluate the satisfaction of product. Data were evaluated considering a complete 

random model with GLM procedure of SAS®. no differences (P>0.05) were showed in DM, As, and 

CP among treatments while OM and CF had differences (P<0.05) being T15 and T10 higher in fat 

content (10.6 and 12.9 % respectively). Color showed differences in a* value being control the reddest 

pattie (15.08±2.08), while treatments with sesame addition P5, P10, and P15 were less red (7.75, 6.14, 

6.22 respectively). The preference test indicated that T10 had the high preference (P<0.05; 7.88 

preference level) followed by T5 with 7.32 of preference level, and T15 with 6.67 of preference level. 

Control treatment showed the lowest (P>0.05) preference level (6.43). Addition of 10% of sesame is 

recommended since it showed the best preference and did not present drastic changes in 

physicochemical characteristics. The color of the hamburger was not determinant to affect satisfaction 

when cooking. 

 

Keywords: Pork patties, Functional food, Food quality, Functional ingredients 

 

 

INTRODUCTION  

Food is considered as functional when it has benefic effects, beyond his nutritive value, on human 

health affecting positively the organic functions in order to improve health or prevent any illness on 

consumer (7). Sesame, when is regularly consumed has functional properties like cholesterol 

regulation and hypertension prevention. Moreover, it contains antioxidants as sesamine and 

sesamoline which protect against free radicals and exert anti carcinogenic effects. Healthy eating of 
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different meat products presents great opportunities for the food industry to generate proposals to 

maintain a steady consumption, and even improve the quality of life of consumers (13).  

 

Pork is rich in nutrients because it is lean and his fat is unsaturated with predominance of 

monounsaturated fatty acids, it contains excellent quality and quantity of protein and is rich in 

potassium (350-480 mg / 100 g) and poor in sodium (70-90 mg / 10 g) and contrary to what is 

commonly believed, pork is a meat with low cholesterol (1). 

 

To increase the consumption of pork it has been proposed the functional meat products, which may 

be added with functional ingredient as plants rich in omega-3 oils or fish meal, antioxidants, fiber, 

whole grains and minerals that provide benefits to health (10). The sesame is a seed that has functional 

properties as regulate cholesterol in the prevention of hypertension, also contains compounds with 

natural antioxidants such as phytoestrogens (sesamin and sesamolin) that protect the body from the 

formation of free radicals, which further part are responsible for the aging process of the cells, as well 

as anti-cancer properties (6). The objective of the present work was to develop pork patties added 

with sesame like functional ingredient. 

 

MATERIALS AND METHODS 

One hundred and twenty patties (100 g) were made, using pork Biceps braquial muscle meat. Thirty 

were made according a traditional formula (Table 1) without sesame addition (Control), 30 were made 

according traditional formula plus 5% of sesame addition (P5), 30 were made according traditional 

formula with 10% of sesame addition (P10), and the last 30 were made according traditional formula 

with 15% of sesame addition (P15), (9) After fabrication patties were stored at -18°C until its 

utilization. 

 

Dry matter (DM), Moisture (Mo), Organic Matter (OM), Ashes (As), Crude Protein (CP) and Crude 

Fat (CF) content were evaluated according A.O. A. C. methodology (4). Physicochemical 

characteristics; pH, Cooking Losses (CL) and color (L*, a*, b*) were evaluated. A sensory preference 

test was made to evaluate the satisfaction of product, according (2). Data were analyzed considering 

a complete random model with GLM procedure of SAS®. 

 

Table 1. Pork patties added with sesame formulation 

Ingredient 
Treatments 

Control P5 P10 P15 

Pork meat (espaldilla) (%) 86.83 77.83 72.33 66.83 

Sugar (%) 0.70 0.70 0.70 0.70 

Salt (%) 1.0 1.0 1.0 1.0 

Garlic (%) 0.4 0.40 0.40 0.40 

Pepper (%) 0.07 0.07 0.07 0.07 

Glutamate (%) 1.0 1.0 1.0 1.0 

Sesame (%) 0.00 5.0 10.0 15.0 

Water (%) 10.0 14.0 14.5 15.0 

Total (%) 100  100  100  100  
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RESULTS 

Results showed no differences (Table 2; P>0.05) on DM, As, Mo, and CP among treatments while 

OM and CF had differences (P<0.05) being T15 and T10 higher in fat content. Probably treatments 

with more sesame addition increased the fat content due to the nature of this ingredient since is 

considered as oleaginous (11). 

 

The fact that protein content remained without significant changes was important due to this, sesame 

addition may be appropriate to maintain the original protein contribution of this product. pH was not 

negatively affected (P>0.05) by sesame addition, being lowest that those values reported for pork 

patties (14, 15). 

 

Color values (Table 3) of L* and b* did not show significant differences.  a* value showed significant 

differences (P<0.05) being control the reddest Pattie, while treatments with sesame addition P5, P10, 

and P15 were less red; decreasing more than 50 % of redness. This may impact the appearance of the 

product at sale point. In this sense, natural oleaginous ingredients did not affect red color, but only 

when it was added at maximum level of 6 %. In this work sesame was added at 10 and 15% of 

inclusion, this may exert the observed effect (14). 

 

Cooking losses remained without significant differences remaining below 15 %, which indicated that 

the pork patties with sesame addition yielded equally in all sesame addition levels. 

 

 

Table 3. Physicochemical characteristics and preference level from pork patties added with sesame 

Item 
Treatments 

Control P5 P10 P15 E. E 

pH 6.46 6.57 6.58 6.62 0.014 

Cooking loss 14.7 13.4 12.3 15.3 1.5 

Color L* 53.96 56.23 55.18 53.06 3.34 

Color a* 15.08a 7.75b 6.14b 6.22b 2.8 

Color b* 10.72 6.95 7.62 10.53 0.7 

Preference Level 6.4328c 7.3284b 7.8806a 6.6716c 1.3 

 

Results from preference (Figure 1) test indicated that P10 had the high preference (P<0.05) followed 

by P5, and P15. While Control treatment showed the lowest (P<0.05) preference level. Preference 

test applied to 67 panelist showed that 64 scored patties from “like moderately” to “like a lot” being 

Table 2. Nutrient content of pork patties added with sesame 

Treatments 
Nutrient 

Dry matter Moisture Ashes Organic Matter Crude Fat Crude protein 

Control 33.0±1.8 66.9±1.8 2.8±0.2 91.6±0.3a 6.6±1.0a 18.4±1.2 

P5 36.7±1.5 63.3±1.5 2.9±0.2 92.0±0.3a 10.3±0.8ab 19.5±1.0 

P10 35.2±1.5 65.0±1.5 2.6±0.2 92.7±0.3b 10.6±0.8b 17.3±1.0 

P15 39.7±1.5 60.3±1.5 2.0±0.2 93.6±0.3a 12.9±0.8b 17.4±1.0 
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the best scored pattie. P5 patties were scored in second place in the same range. Only P5 and Control 

scored on Dislike “moderately, very much, and a lot”.  

 

 
Figure 1. Preference scores from pork patties added with sesame, scores from 67 panelist 

 

CONCLUSIONS 

Addition of 10% of sesame is recommended since it showed the best preference and did not present 

drastic changes in physicochemical characteristics since did not affect consumer preference. 

Although CF increased probably fat is of good quality. The color of the hamburger was not 

determinant to affect satisfaction when cooking. 
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ABSTRACT 

Xoconostle is an underused endemic fruit in Mexico which is characterized by its high nutraceutical 

value due to the concentration of soluble fiber in its composition where dominates mucilage. The fruits 

diversification is very limited and mainly includes products that use thermal processes for preservation 

as in sauces and jams, because of this, the soluble fiber that provides the functional character to food 

gets degraded. The aim is to develop and evaluate a frozen yogurt and xoconostle pulp to make use of 

complex carbohydrates and natural pigments of the fruit to increase the diversification of consumption 

of this product. The ice cream was prepared with non-fat yogurt, xoconostle pulp, a mixture of sucrose 

as sweeteners and stevioside and xanthan gum as a stabilizer. The mixture was subjected to aeration 

process and frozen at -0.4° F. The result was submitted to a proximal analysis in which the moisture 

content, fat, protein and pH were determined, based on the current Mexican regulations, plus a sensory 

evaluation to 50 untrained panelists, which consisted of two analysis where the sensory profile of the 

ice cream was characterized and in turn was measured the product approval by a hedonic scale of 5 

points where 1 is “dislike” and 5 being “Love it”. As a result the ice cream got an approval of 3.77 

90% points where the texture was the most pleasing attribute among the panelists with a result of 4.02 

points. Physico-chemical analysis showed a content of 5.74% protein, lipid content of 0.65%, sugars 

12.9% moisture 76.46% and a pH of 4.4. Freezing as a conservation method allows us to preserve the 

xoconostle nutraceuticals and diversify their consumption as food pleasure, promoting health and 

pleasure among their consumers. 

 

Keywords: Frozen yogurt, xoconostle, functional food. 

 

 

INTRODUCTION 

Xoconostle is a fruit characterized for having an ovoid or spherical shape, with unevenness on its 

distal end, also known as “floral scar”. It is formed by epicarp (shell), which measures between 1,0 

and 1,3 centimeters thick; the pulp composed by mesocarp and endocarp, also, the seeds that are 

found attached and firmly compacted by a mucilaginous compound (9, 11). The xoconostle´s pulp 

presents an intense pink color due to the betalains inside the fruit, which can be used to dye food 

products, like ice cream, without adding artificial colorants (2). 

 

The mucilage, a xoconostle´s compound, has hypoglycemic effects, and also affecting, in a positive 

way, the lipid’s metabolism in healthy people, and in patients with diabetes mellitus (10). These 

properties get affected by the thermic processes, as is the case with jams and sauces, which are the 

main xoconostle´s consumption alternatives. Developing a frozen dessert made from xoconostle´s 

pulp and yogurt, aims to provide a technological alternative to diversify the xoconostle´s 
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consumption, and given it is an underused or underexploited fruit, in a technological and nutritious 

way. Using freezing as a preservation method for this horticultural product, it will be able to bid a 

food pleasure that preserve the nutraceutics produced by the functional properties of the xoconostle.  

 

The ice cream known by today’s society has existed for at least 300 years. In 1843, Nancy Johnson 

invented the first ice cream machine (figure 1), in Philadelphia, which consisted of two punched holes 

spatulas which were inserted in a cylindrical barrel and were manipulated by a lever, located on the 

upper part, making them spin (3).  

 

 

The ice cream industry is of big importance around the world, and it can be seen by the product 

consumption per capita in several countries around the globe. In table 1, appears the consumption per 

capita of the main ice cream consumer’s countries. Despite the Market niche’s great potential 

expansion in the country, Mexico is one of the nations with the lowest ice cream consumption rates 

in the world, with approximately 2 liters per capita annually (4). 

 

Table 1.  Annual ice cream Consumption per capita 

Consuming country Annual liters consumption per capita  

1. United States 26 

2. New Zeland 23 

3. Australia 18 

4. Denmark 9 

5. Belgium 6 

+ Mexico 2 

(4) 

 

According to NOM-243-SSA1-2010 (12), ice cream is the aliment produced through freezing with or 

without agitation from a pasteurized mix, composed by a combination of dairy ingredients; might 

containing vegetable fats, fruits, eggs and its derivate, flavorings, sweeteners and other additives 

(SSA, 2010). Different types of ice cream can be found in the markets, depending on the base with 

which they were elaborated; in NMX-F-714-COFOCALEC-2012 its been stipulated the 
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recommended parameters for which each ice cream must fulfill depending on its denomination (Table 

2).  

 

Table 2.  Physicochemical specifications from different types of ice cream  

Parameters 
Ice cream made of 

Milk Heavy milk Yogurt 

Butterfat (% m/m) < 2 7 a 10 < 2,5 

Milk proteins (% m/m) < 1,5 < 2,5 < 1,5 

Total solids (% m/m) < 20 < 30 < 20 

(8) 

 

From a nutritional perspective, frozen yogurt has the advantage over the ice cream made from milk 

or cream; it is also capable of providing bifidobacterias and probiotic microorganisms very well 

known for its beneficent effects on human health (1).  The main purpose of this research was to 

developed and evaluated an ice cream made of yogurt and xoconostle´s pulp, identifying the 

processing’s conditions, its physicochemical description, the sensorial profile characterization, and 

the aliment sensorial acceptance.  

 

MATERIAL AND METHODS 

Product development and formulation. An ice cream base was developed using natural yogurt (fat 

free), xoconostle´s pulp from the genus Opuntia matudae, milk solids, sucrose, xanthan gum as an 

additive stabilizer, and steviosides, which aid provide a higher sweetness to the food without 

increasing the ice cream glycemic indexes. The mixture was subjected to aeration process and frozen 

at -0.4° F. during 15 minutes. 

Sensory evaluation.The final product was summited to a sensory evaluation to 50 judges without 

training that consisted of two analyses: 

A) Analyze the sensory profile: The magnitude on which gets perceived the features of the ice cream 

is evaluated, where 0 defines the minimum perception and 5 being the maximum. Aids on the 

detection of right and wrongs choices in the production and procedure of the elaboration.  

B) Measuring the acceptance: The perception of the population-based sample was evaluated for the 

product in a hedonic scale from 1 to 5, 1 being “dislike” and 5 “Like very much”. Help us to determine 

the acceptance of the ice cream features. 

Physicochemical analysis. They were conducted by duplication according to the Mexicans Officials 

Standards: The humidity was determined according to NMX-F-083-1986 (7); the quantification of 

the butterfat makes the partial digestion of the product’s components, excluding the fat, and breaking 

the emulsion with isoamyl alcohol (Gerber-Van Gulik method). According to NMX-F-387-1982 (6); 

the determination of nitrogen (protein) achieving the breakdown of the organic nitrogen compounds 

by boiling with sulfuric acid, according to NMX-F-068-S-1980 (5); and the electrometric measure of 

the hydrogen ions activity (Ph.) in the xoconostle´s pulp, and the ice cream base with a potentiometer 

according (8). 

 

RESULTS AND DISCUSSION 

At the end of the process, a pinkish creamy steady homogeneous product was obtained, very similar 

to conventional yogurt ice creams. The ice cream released a scent that resembles the lactic 
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characteristics of the yogurt, and a fruity flavor provided by the xoconostle´s pulp. The lactic acid 

predominated with fruity notes due the nature of the used ingredients.  

 

The flavor-scent attributes (figure 2) which were perceived with a higher intensity were the dairy 

(3.82) and acid (3.78) these were the expected results due the nature of the used ingredients. On the 

other hand, the judges expressed less detection of an astringent flavor-scent (1.28), pungent (0.98), 

metallic (0.66) which indicates that there were no negative chemical reactions among the raw material 

molecules used in the ice cream making process. Among the texture-consistence attributes (figure 3) 

the perception for the soft (3.94) is highlighted, and creamy (3.96) leaving the viscous sensation (1.98) 

as the less perceived.  

 

The ice cream general acceptance is at 3.77 (figure 4) in the 5 points hedonic scale consisting of “like 

a little” and “like”. The panelist’s most likeable attribute was the texture (4.02) within the parameters 

“like” which is totally desirable, giving that texture is the most important parameter of quality when 

it comes to classify an ice cream.  
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The physicochemical analysis revealed that ice cream contained a lower amount of fat, despite the 

suggestions by NMX-F-714 (Table 2) and over a triple of the recommended protein. Moreover, these 

findings highlights the product’s advantages among other commercial ice creams, according to the 

Sistema Mexicano de Alimentos Equivalentes (Food Equivalents of the Mexican System) (Table 3) 

this dessert provides a significant amount of protein (5,74%) a lower amount of fat (0,65%) and an 

energy input (74,8 kcal.) The xoconostle’s pulp ph used was 4,3, which did not cause a syneresis on 

the ice cream’s base and allowed a functional usage. 

 

Table 3. Xoconostle and commercial ice cream nutritional contrast 

Nutients* Type of Ice Cream 

 Xoconostle SMAE** 

Energy (kcal) 74,8 127,2 

Protein (g) 5,74  3,16 

Lipids (g) 0,65 3,60 

Carbohydrates (g) 12,9 21,64 

*100 g portions 

**Sistema Mexicano de Alimentos Equivalentes 
Pérez et al., 2014 

 

Despite the nutritional advantages of the ice cream, it is still necessary to experiment with biological 

models to confirm that the product is creditor of functional properties on individual´s blood sugar. 
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ABSTRACT 

Rubus is one of the genres most complex plants to taxonomic level due, among other factors, the 

diversity in levels of polyploidy, the presence of apomixis and hybridization between species, which 

creates some confusion of boundaries between one species and other. Moreover, there is great diversity 

among species in the content of bioactive compounds, an aspect which can be used, among other 

factors, for genetic improvement. In the present work it had as main objective to make a morphologic 

and physicochemical characterization of the main wild blackberries located in areas near Uruapan, 

Michoacán. For this purpose, materials were collected at nine different sites, which were propagated 

in the greenhouse. Of these materials, it became a morphological description using as reference 

descriptones of the International Union for the Protection of New Varieties of Plants (UPOV); both 

qualitative and quantitative variables were evaluated; morphological variability was determined by a 

principal component analysis. In physicochemical analysis parameters were quantified as phenol 

content, total soluble solids and titratable acidity, among others. From the results, it was observed that 

the first seven components explained 80% of the total variability, of which 23.55%, 22.36% and 

10.81% was for the first, second and third factor, respectively. Rubus glaucus, R. humistratus, R. 

coriifolius, R. sapidus and R. adenotrichos: five different species were identified. Likewise, R. 

cymusus and R. adenotrichos showed variability among themselves in the different collection sites. 

With regard to physicochemical analysis, significant differences in the content of phenols is found; in 

this respect, R. coriifolius showed the highest content of gallic acid (24.64 ± 2.6 mg); this species also 

had the highest amount of total soluble solids (13.6 ° Brix). It is concluded that there is wide variability 

both morphological characters physiochemical between different species assessed; this can provide 

support to strengthen breeding program. 

 

Keywords: variability , polyploidy , descriptors 

 

 

INTRODUCTION 

Within the family Rosaceae, Rubus is one of the genres most complex plants to taxonomic level due, 

among other factors, the diversity in levels of polyploidy, the presence of apomixis and hybridization 

between species and even between subgenres, which creates confusion about the boundaries between 

one species and another (3). Blackberries (Rubus Rubus subgero [before Eubatus]) are part of the fruit 

that make up the wide range of plant genetic resources in Mexico and other regions of the world (1). 

In Mexico there are 61 species of Rubus, several of which are considered native country (7). 
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The genus Rubus is characterized by its morphological variability, it includes shrubs and woody 

species, usually tetraploid, small herbaceous or prostrated and reduced leaf blades (9). The differences 

are characteristic of the genus and its species, as usually Rubus species have morphological and 

genetic variability due polyploidy (1). On the other hand, generally hybridization can occur between 

different species (4). The collection, characterization and evaluation of plant germplasm is a priority 

for conservation, improvement and obtaining outstanding materials with production characteristics. 

The characterization must be carried out in different plant organs, physiological states and types of 

characters, they must be analyzed together and giving the same importance. Among the features 

observed in wild materials Michoacanos highlights the resistance to downy mildew, caused by the 

fungus Peronospora sparsa and is one of the biggest problems that severely affects the production of 

commercial blackberry (5, 8). Another feature present in wild blackberries Michoacan is its high 

content of anthocyanins and phenols (6), according to what was observed in Tupy, the main 

commercial variety (2). It is possible that among the different wild materials also have other traits of 

interest that can be exploited in breeding programs to generate commercial varieties. 

 

Therefore, the objective of this work was to determine morphological variability, physical chemistry 

and ploidy levels in wild populations of blackberry present in areas near Uruapan Michoacan. 

 

MATERIALS AND METHODS 

This research was conducted in the greenhouse assigned to the program Frutillas Breeding, Faculty 

of Agrobiology "Presidente Juárez" of the Universidad Michoacana de San Nicolás de Hidalgo, 

Uruapan, Michoacan. For the morphological characterization were considered 41 of the 44 

descriptors for blackberry established by the International Union for the Protection of New Varieties 

of Plants (9).  

Samples. For biochemical analysis fruits were freezed with liquid nitrogen and then stored at -20 °C. 

Dehydrated fruit extracts each 1 g was taken and macero; each sample was placed in an Erlenmeyer 

flask, then acidified methanol (0.01% HCl), followed by stirring for 1 hour at room temperature and 

protected from light was added. Each sample was filtered on Whatman paper, then centrifuged at 500 

rpm for 3 hours and the supernatant was filtered on a membrane with a pore nylon 0.22 .µl and finally 

stored in amber bottle at -20 ° C until analysis. 

Quantification of total polyphenols. Folin-Ciocalteu method was used five dilutions of the 

methanolic extract and the standard, of each of these dilutions and white were prepared 50 .µl were 

deposited in a test tube for the quantification of total polyphenols, 550 µl of water were added 

distilled, 100 .µl of Folin-Ciocalteu reagent (1:10 dilution) were added 300 .µ.l of sodium carbonate 

(Na2CO3) was added 7.5%, allowed to stand 15 min at room temperature in the dark. After the 

reaction, reading of absorbance at 760 nm in UV-Vis spectrophotometer brand JENWAY 6305 was 

taken, using a reagent blank with methanol. To report the results, a standard curve of gallic acid 

SIGMA brand, from a stock solution with a concentration of 0.5 mg / mL was constructed. Results 

were expressed as g gallic acid equivalents (EAG / µL). 

Methodology for Analysis of physiochemical parameters. 

Weight. To record the average weight of the fruits ten groups each with 3 fruits were considered; the 

weight recorded on an analytical balance. 
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pH. For this measurement juice 10 g of fruit was obtained, they were macerated with 50 ml of distilled 

water. The pH was measured with potentiometer. 

Soluble solids. In this determination they were taken five fruits, which were ground in a mortar. The 

juice extracted took a drop, which was placed in a refractometer. Results were expressed as Brix at 

20 ° C or soluble solids. 

Titratable acidity. This factor was evaluated according to official AOAC methods, by titration with 

sodium hydroxide (NaOH). For this, 10 g juice extracted fruit; juice was cast and diluted in 50 ml 

distilled water, the diluted extract an aliquot of 15 ml was taken and three drops of phenolphthalein 

were added to 1%. The sample was titrated with 0.1 N NaOH; the percentages are expressed as 

percentage citric acid. 

 

RESULTS AND DISCUSSION 

Analysis of morphological variables.  Factorial analysis of simple correspondence. The proportion 

of variation was acceptable. The first four factors accounted for 73.83 % of the total variability, 

excelling the first factor, which alone explained 37.12 %. Explanations for the factors 2, 3 and 4 were 

of 19.67 %, 10.22% and 6.82%, respectively. The high variability found in the four eigenvalues was 

made possible by the presence of three species located in the same area sampling (Table 1). 

 

Table 1 shows the variables that contributed most in shaping factor 1 are observed; they were: time 

of fruit maturity (NFR), flower: diameter (FLD), latent branch: anthocyanin pigmentation (RLA), 

latent branch: length (RLL), leaf: predominant number of leaflets (HNO), fruit: size drupa (TTA), 

latent branch: predominant distribution of branches (RLP) and young shoot: anthocyanin (BJP). It 

was noted that the species R. and R. cymosus corrifolius presented glabrous stems, compared with 

the rest of the population studied. 

 

Factor 2 was mainly composed of the following variables: time of sprouting leaf bud (NEP), fruit: 

size of the drupe (TTA) Flower: diameter (FLD), fruit: size of the drupe (TFO) foliolo depth of 

incisions (FSP), latent branch: cross section (RLT) flower: color of petal (FLC), fruit: number of 

drupes (TND) and latent branch: length (RLL). These features allowed discrimination largely 

different species. Most species showed white flowers; R. adenotrichus however, have white petals 

with pink stripes, features to consider in future breeding programs, since flowers that have bright 

colors attract pollinating insects and flower mora partially self-sterile, so good productivity requires 

cross, especially stomophilic pollination. It was observed that the species R. adenotrichus and R. R. 

sapidus humistratus differ in regard to pubescence color, since the former have a red wine and colored 

green lemon last. 

 

Phenol content. The highest phenol content was obtained in fruits of Rubus adenotrichus collected 

in San Lorenzo de 24.64 ± 1.3 mg gallic acid equivalents (GAE / g) of fruit species that present lower 

concentration of phenols was sort of R. sapidus located in the kitchens site .Figure 1 shows the content 

of EAG ug / ul found in blackberry fruit in the different collection sites. It has reported a phenol 

content of 29.54 ± 1.5 mg / g for the same species collected in Veracruz, Mexico. These data are 

comparable with reports on the literature that report polyphenol concentrations of 13.47 and 

17.03mg/g, as well as 23.49 mg/g in blackberry. Phenols are an important group of compounds 
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present in plants, as they play an important role in the induction of defense reactions to environmental 

factors, pathogens, among others (6). 

 

Table 1. Contribution of the variables in the first two factors analysis (AFCS) 

 

CONTRIBUTIONS 

 

Variables Factor 1 Factor 2 

PPO 0.10678 -0.160821 

PNR 0.02161 0.066818 

RLL 0.34738 -0.222476 

RLD 0.02472 0.196103 

RLA -0.40519 0.054665 

RLR 0.08975 0.160314 

RLP -0.36212 0.132716 

RLT 0.14118 0.236213 

RLS 0.00976 0.020206 

ETA 0.04043 0.139039 

BJP -0.39015 -0.045764 

BJI -0.11084 -0.094149 

BJD 0.20046 -0.326792 

FSL 0.17975 0.004238 

FSA 0.07215 0.001724 

FSO 0.24465 0.142458 

FSN 0.02982 0.124125 

FSI 0.12713 0.102660 

FSP 0.04102 0.206229 

HNO 0.29562 -0.027557 

HTY -0.10033 -0.123719 

HIN 0.00973 0.016594 

HBR 0.10447 0.105397 

PTA 0.01265 0.124967 

 

 

 
Figure 1.Comparacion mean content EAG ug / g obtained in the analysis of variance of the different species of 

Rubus sp . 
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Analyses of physico-chemical parameters Physico-chemical analysis are shown in Figure 2. In 

relation to the total soluble solids content, R. coriifolius was the material that presented higher values; 

these data indicate that R. coriifolius has sweeter taste compared to the rest of the analyzed species, 

among them the variety Tupy , one outstanding feature because it can reflect a taste attractive to the 

consumer. R. adenotrichus shown that high has the number drupes, without significant differences 

between the commercial varieties. In relation to the pH, R. coriifolius , R. and R. adenotrichus sapidus 

no significant differences between them. 

 

 
Figure 2. Physicochemical parameters of fruits Rubus spp . 
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ABSTRACT 

Cladocolea loniceroides (mistletoe), is a parasitic specie it grows in Xochimilco, Mexico city. This 

specie gets its nutrients from the host, till the dead of the host. In last works it’s demonstrated than 

steems, sheets, and fruits from mistletoe contains a lot of polyphenols of different chemical nature. 

The objective of this project is stablish the optimal conditions to maximize the acuose extraction from 

steems, sheets, and fruits from mistletoe. The method used for the optimization was response surface 

(MSR) Y= 𝛽0 + ∑ 𝛽𝑖𝑥𝑖
𝑘
𝑖=1 + ∑ 𝛽𝑖𝑖𝑥𝑖

2𝑘
𝑖=1 + ∑𝑘

𝑖=1< ∑ 𝛽𝑖𝑗𝑥𝑖𝑥𝑗 + 𝜀𝑘
𝑗=1 ., with Box Behnken design. To 

optimize the extraction, were evaluated three factors: extraction temperature (20-100°C), extraction 

time (15-45min), and the relation between water/sample (5-25 ml/g sample). The determination of the 

total phenolic content in the extracts was made by the Follin- Ciocaltau reagent, and the antioxidant 

activity was evaluated by the inhibition of the DPPH* radical (2, 2-diphenyl-1-picrylhydrazyl). The 

optimal conditions for the extraction of polyphenols was: steam 64°C, 23 min, relation 5:1; leave 20°C, 

22 min, relation 5:1; green fruit 54°C, 45 min, relation 5:1; ripe fruit 58°C, 24 min, relation  5:1. The 

optimal conditions for the antioxidant activity, steam 80°C, 29 min, relation 5:1; leave 61°C, 31 min, 

relation 5:1; green fruit 60°C, 23 min, relation 5:1, ripe fruit 73°C, 45 min, relation 5:1. 

 

Keywords: optimization, mistletoe, polyphenols.  

 

 

INTRODUCTION 

The objective of optimization is to determinate the optimal operating conditions of a system. In this 

study we were looking for optimal aqueous extraction conditions for polyphenolic compounds with 

antioxidant activity. Many optimizing methods evaluate the experimental response under the 

influence of one factor at a time. A great disadvantage of this approach is that it is not possible to 

know the interactions between all involved factors (1). On the other hand RSM sheds light on the 

interaction between variables of the system. That is the reason behind the election of this methodology 

for our study. RSM can only be used when ranges of the different variables are known otherwise they 

must be determined previously. Previous studies of this kind of extraction stablished a temperature 

range of 20 to 100°C for temperature, 15 to 45min for extraction time, and 5 to 25mL/g for 

water/sample relation (2). For this work we selected the Box Behnken design, which is an analytic 

strategy that allows to find the optimal operating conditions of variables. Cladocolea loniceroides, is 

a kind of parasitic mistletoe that can be found in Mexico City. The majority of studies devoted to 

Cladocolea loniceroides are related with its taxonomy but recent work has found that contains 
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polyphenolic compounds with antioxidant activity and even cytotoxic activity against breast cancer 

cells (2). 

 

Methods and Materials 

Experimental design. The Response Surface Method, is a set of mathematical techniques, used to 

optimize a variable of interest, following the next mathematic model Y= 𝛽0 + ∑ 𝛽𝑖𝑥𝑖
𝑘
𝑖=1 +

∑ 𝛽𝑖𝑖𝑥𝑖
2𝑘

𝑖=1 +  ∑𝑘
𝑖=1< ∑ 𝛽𝑖𝑗𝑥𝑖𝑥𝑗 + 𝜀𝑘

𝑗=1   [3]. One of the Box Behnken design is that its points are 

located in the middle of the edges of a cube centered at the origin, which make the treatments less 

extreme. In any treatment of the design, at least one of the factors is set in the middle of its test range 

(1). To determinate the optimal conditions for the system three variables were considered: 

temperature (20-100 °C), extraction time (15-45 min), and relation water/sample (5-25 ml/g sample). 

The data were analyzed using the Statgraphics Centurion software.  

Antioxidant activity. Follin Ciocaltau is a reagent used to quantify the total polyphenolic content in 

a sample. This reagent under alkaline conditions, causes the oxidation of polyphenolic compounds 

within the sample giving a blue color with maximum absorption at 725 nm. The oxidation products 

are quantified by spectrophotometry using a calibration curve of equivalent milligrams of Gallic Acid 

per milliliter (4). 2,2-diphenyl-1-picrylhidrazyl radical (DPPH*)) was used to evaluate the antioxidant 

activity. The aforementioned radical has a purple color, with maximum absorbance at 517 nm but, 

after reaction with an antioxidant it turns yellow providing the basis of the method (4). 

 

RESULTS 

Fifteen different sets of extraction conditions evolved from the Box Behnken design (Table 1), with 

all the different factors. Those sets of conditions were used with each part of Cladocolea loniceroides 

(stem, leave, green fruit, and red fruit) and a mixture of them. Finally, the polyphenolic content and 

the antioxidant activity of all the resulting extracts were evaluated. From the previous results a 

response surface was constructed for each of the parts of the plant and for the mixture of them. 

Subsequent analysis of these surfaces led us to two sets of optimal conditions for aqueous extraction, 

one to achieve the greatest polyphenolic content and one to obtain the major antioxidant activity.  

 

Table 1. Box Behnken design 

Set
Temperature 

(°C)

Time    

(min)

Relation     

(mL water/g 

sample)

1 20 15 15

2 95 15 15

3 20 45 15

4 95 45 15

5 20 30 5

6 95 30 5

7 20 30 25

8 95 30 25

9 57.5 15 5

10 57.5 45 5

11 57.5 15 25

12 57.5 45 25

13 57.5 30 15

14 57.5 30 15

15 57.5 30 15
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Table 2 shows the extraction conditions that must be used for each part of the plant (and a mixture of 

them) in order to obtain the maximum amount of polyphenols. It also shows the total polyphenolic 

concentration obtained in each case. Table 3 shows the extraction conditions that must be followed 

to obtain extracts with the greatest possible antioxidant activity and the corresponding antioxidant 

activity. Comparison of Table 2 and 3 clearly exhibits that, if we take one part of the plant at a time, 

the extraction conditions to obtain the maximum concentration of polyphenols and those to get the 

greatest antioxidant activity are markedly different. 

 

Table 2. Optimal Conditions for Polyphenols Extraction 

 

 

 

Table 3. Optimal Conditions for Antioxidant Activity  

 

Optimal Conditions for  Polyphenols Extraction

Optimal Conditions Stem Leave Green Fruit Red Fruit
Mixture of 

them

Temperature (°C) 64 20 54 58 31

Time (min) 23 22 45 24 29

Relation                

(mL/ g sample)
01:05 01:05 01:05 01:05 5

Total Polyphenols 

(mg GAE/mL)
6.6 6 3.8 3.2 5.2

Optimal Conditions for  Antioxidant Activity

Optimal Conditions Stem Leave Green Fruit Red Fruit
Mixture of 

them

Temperature (°C) 80 61 60 73 20

Time (min) 29 31 23 45 15

Relation                ( 

mL/ g sample)
01:05 01:05 01:05 01:05 5

Antioxidant Activity  

(%)
33 60 83 90 78

Fig 1. Stem Surface Response, Polyphenols Extraction. 
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Each part of the plant (and the mixture) was treated under the fifteen different sets of extraction 

conditions obtained from the Box-Behnken design giving a total amount of 75 different extracts. After 

measurement of polyphenolic concentration and antioxidant activity of each of the extracts was done, 

we proceeded to evaluate a possible correlation between both quantities. Using a value p<0.05, with 

a confidence level of 95%, data was evaluated using the Statgraphics Centurion Software. The p value 

obtained from the correlation analysis was 0.9527. Since 0.9527 > 0.5 there is no correlation between 

the polyphenolic concentration and the antioxidant activity of the extracts (Fig. 2). 

 

CONCLUSIONS 

Response Surface Method was shown to be useful as a first approach to get the optimal conditions 

for the obtention of aqueous extracts from Cladocolea loniceroides with the greatest polyphenolic 

content and antioxidant activity. Optimal conditions for the maximum polyphenolic concentration 

change depending on the part of the plant from which the extract is being obtained. Something 

analogous happens with the conditions to obtain the extracts with the greatest antioxidant activity.  

Additionally, if we take one part of the plant at a time, the extraction conditions to obtain the 

maximum concentration of polyphenols and those to get the greatest antioxidant activity are markedly 

different. On the other hand, there is no correlation between the polyphenolic content and the 

antioxidant activity of each extract. 
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ABSTRACT 

Brosimun alicastrum is a species belonging to the family of Moraceae; the fruit is mainly used in 

Mexico and Guatemala, as an alternative medicine to counter respiratory conditions, also it has anti-

inflammatory property. It is consumed as flour and ground roasted grain, which is similar to coffee 

sensory characteristics. However, it has not been characterized antioxidant activity under these process 

conditions; so the objective of this research was to conduct phytochemical screening and evaluating 

the antioxidant activity of aqueous and methanol extract of flour and roasted grain (EAH and EAGT, 

EMH and EMGT). Aqueous and methanolic extraction flour and roasted grain fruit of Brosimun 

alicastrum was made, the condition of this process was at room temperature for 3 h. From each extract, 

phytochemical screening was performed using specific qualitative evidence. The total polyphenol 

content (CPT) was determined by the Folin-Ciocalteu method, the antioxidant activity by ABTS and 

DPPH, for these determinations microplate technique was used. A variance analysis of one route 

(p≤0.05) for a design was applied completely random and mean comparison tests with Tukey technique 

(p≤0.05) was performed. Phytochemical screening by the presence in the EAH, EAGT, EMH and 

EMGT Flavonoids, sesquiterpenlactones, alkaloids, establishment, phenolic oxidrilos, coumarins, 

lactones, triterpenes, but no steroids was revealed. Greater CPT was found in the EAH and EAGT, 

2.71 ± 0.121 and 3.58 ± 0.309 mg EAG/g m, respectively. The sequestering activity of the extracts by 

DPPH method ranged from 38 to 87 % ABTS and no difference was found statistically significant, 

sequestering activity values were 96 % for all extracts. These results confirm the effect of the process 

of the fruit of Brosimun alicastrum. The fruit of Brosimun alicastrum under conditions toasted flour 

or grain is a source of compounds with antioxidant activity and the roasting process not adversely 

affected their activity 

 

 

INTRODUCTION 

Brosimun alicastrum is a species belonging to the family of Moraceae; the fruit is mainly used in 

Mexico and Guatemala, as an alternative to counter respiratory diseases medicine, also it has anti-

inflammatory properties; is consumed as flour and ground roasted beans; the latter has sensory 

characteristics similar to coffee. However, there is little use and scientific reports that demonstrate 

biological or functional activity, although there are scientific reports that indicate the use of this 

species as fodder for consumption ruminants, that they possess adequate qualitative characteristics 

for its use (1-5). In addition, there is little information regarding its biological activity; it only fruit 



 

481 
 

antioxidant activity is known without processing. On the other hand, B. alicastrum has been attributed 

antiparasitic and anthelmintic activity by its content of tannins and polyphenols. So in this research, 

it was aimed to study photochemical identify characteristics and antioxidant activity attributed to 

polyphenols and flavonoids. 

 

METHODS AND MATERIALS 

The sample of the fruit of B. alicastrum local market was purchased in San Andres, Guatemala, which 

consisted of flour and roasted grain. Aqueous and methanolic extraction flour (EAH and EMH) and 

roasted grain (EAC and AMC) fruit of Brosimualicastrum was made, the condition of the process 

was at room temperature for 3 h. From each extract, phytochemical screening was Performed using 

specific qualitative evidence, to the phytochemical characterization of extracts from B. alicastrum 

was performed on a porcelain plate 6 wells by adding 100 mL of the solution and 20 uL of reagent 

corresponding to each test as described by Pandey, 2015 (6).  

 

The Total polyphenol content (CPT) was determined to by the Folin-Ciocalteu method (7). The 

condensed tannin (CT) content of the extracts was quantified using the Butanol-HCl assay with a 

spectrophotometer reading at 550 nm (8) were expressed as catechin equivalent; the antioxidant 

activity by ABTS and DPPH, these determinations for microplate technique was used (9). A variance 

analysis of one route (p˂0.05) was applied for a design completely random and mean comparison 

Tukey tests with technique (p˂0.05) was performed. 

 

RESULTS AND DISCUSSION 

Phytochemical screening of the extracts studied, revealed no steroid and triterpenes and EAH lactones 

and EAC respectively. Sesuiterpenlactons absence of flavonoids and EAC, as shown in Table 1. The 

importance of these secondary metabolites as part of the human diet have shown the positive 

correlation, for example, as it increases the flavonoid intake reduces the risk of cardiovascular disease 

and cancer. 

 

Table 1. Photochemical identified in fruit extracts Brosimun alicastrum 

Phytochemical EAH EMH EAC EMC 

Flavonoids  + + + + + + + + + + + + 

Sesquirterpenlactones + + + + + + - -  - + + + 

Alkaloids + + + + + + + + + + + + 

Unsaturation + + +  + + + + + + + + + 

Oxidrilos phenolics + + + + + + + + + + + + 

Coumarins + + + - -  - + + + + + + 

Lactones - -  - + + + + + + + + + 

Triterpenos + + + + + + - -  - + + + 

Steroid - -  - - -  - - -  - - -  - 

 

Regarding the total polyphenol content, it presented in Figure 1, statistically significant (p˂0.05) 

differences between the extracts was found to be higher in the EAC. Possibly due to differences 
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roasting treatment as introducing less moisture content compounds are concentrated, and the chemical 

nature likely to make it more water soluble. 
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Figure 1. Total polyphenol content of fruit extracts Brosimun alicastrum
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The presence of flavonoids previously identified by phytochemical screening, which like 

polyphenols, statistical analysis (P˂.05) indicated that the EAC has the highest concentration was 

confirmed. Polyphenols such as flavonoids are metabolites that provide color and flavor; they are 

associated health benefits such as reduced risk of cardiovascular disease (10, 11). Phenolics represent 

most of the antioxidant activity in plants. Moreover, flavonoids belong to the group of polyphenolic 

compounds and generally are attributed nutraceutical, such as antioxidant, antiallergic, 

antiinflammatory the, in addition to the antimicrobial anticancer properties (12; 13). 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Regarding the capture effect DPPH radicals, percentages ranged from 35 to 85%, being statistical 

differences (P˂0.05) between extracts, corresponding to the increased activity of aqueous extracts, 

particularly EAH, as shown in Figure 3. Moreover, no statistically significant differences (P˂0.05) 

between extracts found by the ABTS method, in which a 96 % capture, shown in figure 4. 
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Figure 3. Effect DPPH radical capture fruit extracts Brosimun alicastrum

%
 c

a
p

tu
r
e
 D

P
P

H

 

HM HA CM CA
0

20

40

60

80

100

Ramon extract

Figure 4. Effect of ABTS radical capture fruit extracts Brosimun alicastrum
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Regarding the capture effect DPPH radicals, percentages ranged from 35 to 85%, being statistical 

differences (P0.05) between extracts, corresponding to the increased activity of aqueous extracts, 

particularly EAH, as shown in Figure 3. Moreover, no statistically significant differences (P0.05) 

between extracts found by the ABTS method, in which a 96% capture, shown in figure 4 was 

observed. 

 

It combined with the above results, the presence of tannins was observed in extracts, with statistically 

significant differences (P˂0.05), which suggests that they are the major compounds identified in the 

quantification of total polyphenols because they are part of this group compounds. As it can be seen 

in the effects of capture radicals flour extracts 
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CONCLUSION 

Secondary metabolites of biological interest were identified in extracts of B. alicastrun, which act 

directly on the capture of radicals, EAH; EMH; EAC and EMC have scavenging activity and activity 

is most evident in the aqueous extracts. So the fruit both as processed flour has nutraceutical potential 

 

REFERENCES 

1) Alonso-Díaz MA, Torres-Acosta JFJ, Sandoval-Castro CA, Hoste H, Aguilar-Caballero AJ, Capetillo-

Leal CM. (2009). Sheep preference for different tanniniferous tree fodders and its relationship with in 

vitro gas production and digestibility. Anim Feed Sci Technol. 151(1–2): 75–85.  

2) Alonso-Díaz MA, Torres-Acosta JFJ, Sandoval-Castro CA, Hoste H. (2010). Tannins in tropical tree 

fodders fed to small ruminants: A friendly foe? Small Rumin Res. 89(2–3): 164–173.  

3) Monforte-Briceño GE, Sandoval-Castro CA, Ramírez-Avilés L, Capetillo Leal CM. (2005). Defaunating 

capacity of tropical fodder trees: Effects of polyethylene glycol and its relationship to in vitro gas 

production. Anim Feed Sci Technol.;123–124 Pa:313–327.  

4) E Silva LS, Da Silva LS, Brumano L, Stringheta PC, De Oliveira Pinto MA, Dias LOM, et al.(2012). 

Preparation of dry extract of Mikania glomerata sprengel (Guaco) and determination of its coumarin 

levels by spectrophotometry and HPLC-UV. Molecules. 17(9):10344–10354.  

5) Bueno ICS, Vitti DMSS, Louvandini H, Abdalla AL. (2008). A new approach for in vitro bioassay to 

measure tannin biological effects based on a gas production technique. Anim Feed Sci Technol. 141(1–

2):153–170.  

6) Pandey S. (2015). P reliminary phytochemical screening and in vitro antibacterial B auhinia variegata 

L inn . against human pathogens. Asian Pacific J Trop Dis 5(2):123–129.  

7) Azando EVB, Hounzangbé-Adoté MS, Olounladé PA, Brunet S, Fabre N, Valentin A, et al. (2011). 

Involvement of tannins and flavonoids in the in vitro effects of Newbouldia laevis and Zanthoxylum 

zanthoxyloïdes extracts on the exsheathment of third-stage infective larvae of gastrointestinal 

nematodes. Vet Parasitol 180(3–4):292–297.  

8) Alonso-Díaz MA, Torres-acosta JFJ, Sandoval-castro CA, Hoste H. (2011). Comparing the sensitivity 

of two in vitro assays to evaluate the anthelmintic activity of tropical tannin rich plant extracts against 

Haemonchus contortus. Vet Parasito. 181(2–4):360–364.  

9) Muruhan S, Selvaraj S, Viswanathan PK. (2013). In vitro antioxidant activities of Solanum surattense 

EMH EAH EMC EAC
0

50

100

150

200

250

300

350

400

450

500

550

Ramon extract

Figure 5. Contents of condensed tannins in fruit extracts Brosimun alicastrum

T
a
n

in
s
 (

m
g

 E
C

/g
 m

)



 

485 
 

leaf extract. Asian Pac J Trop Biomed. 3(1):28–34. 

10) Othman A, Ismail A, Abdul Ghani N, Adenan I. (2007) Antioxidant capacity and phenolic content of 

cocoa beans. Food Chem. 100(4):1523–30.  

11) Khanam, Z., Wen, C. S., Bhat, I. U. H. (2015). Phytochemical screening and antimicrobial activity of 

root and stem extracts of wild Eurycoma longifolia Jack (Tongkat Ali). Journal of King Saud University-

Science, 27(1), 23-30. 

12) Almehdar, Abdallah, Osman, Abdel-Sattar. (2012) In vitro cytotoxic screening of selected Saudi 

medicinal plants. J Nat Med. 66(2):406–12.  

13) Ćetković G, Savatović S, Čanadanović-Brunet J, Djilas S, Vulić J, Mandić A, et al. (2012). Valorisation 

of phenolic composition, antioxidant and cell growth activities of tomato waste. Food Chem. 

133(3):938–45. 

 

  



 

486 
 

IV757 

 

Effect of Flour Chayotextle (Sechium edule) in the Performance and 

Physico-Chemical Characteristics of Type Panela Cheese Made with Milk 

Bovina 

 
Quintero-Lira, A.*, González-Lemus, U., Güemes-Vera, N., Campos-Montiel, R.G., Reyes-

Santamaría, M. I., Piloni-Martini, J. 

Universidad Autónoma del Estado de Hidalgo, Instituto de Ciencias Agropecuarias, Avenida Rancho 

Universitario Km 1, 43600, Tulancingo, Hidalgo, México.  *auroraql@yahoo.com.mx 

 

ABSTRACT 

The chayote (S. edule) is a crop of Mesoamerican origin, grown in different countries, mainly Mexico 

and Central America. It belongs to the family Cucurbitaceae, this plant leaves, stems, fruits and roots 

are used, all comestible. Chayote tuber known as "chayotextle" contains a chemical composition rich 

in carbohydrates, proteins, ascorbic acid, niacin, phosphorus, starch and protein. In spite of the 

nutritional content of tubers, their use and consumption are generally limited, due to their nutritional 

losses postharvest process for their high moisture content, sustained metabolism and microbial attack. 

This problem can be solved by converting a perishable tuber to nonperecedero performing a drying 

process for obtaining flour product. For the above was raised the following research where flour 

"chayotextle" was used in the production of panela cheese type where the effect on performance and 

physicochemical characteristics was evaluated. In this work a design of experiments, where a witness 

and four treatments with the addition of flour "chayotextle" 0.5, 1.0, 1.5 and 2% were performed. The 

methodology for the physico-chemical determinations were performed according to the A.O.A.C. 

(1997). The results show that flour is rich in protein and carbohydrates with 10.36 and 75.27% 

respectively. With respect to the physico-chemical characteristics (moisture, ash, fat, chlorides, 

Protein, pH and acidity) of cheeses made with different concentrations shows that there are significant 

differences in all treatments. Higher values moisture (60.58%), ash (3.86%), acid number (15.16 °D) 

and fiber (0.038%) were found in cheeses with the addition of 2% of flour, to yield an increase is 

observed in the different treatments performed initiating a 12.18% (0% flour) to a 18.03% (2% flour). 

Keywords: Panela cheese, bovine milk, chayotextle 

 

Keywords: panela cheese, bovine milk, chayotextle. 

 

 

INTRODUCTION 

The chayote (S. edule) is a crop of Mesoamerican origin, grown in different countries, mainly in 

Mexico and Central America. It belongs to the family Cucurbitaceae, of this plant leaves, stems, fruits 

and roots are used, all they comestible. Currently, the chayote is a growing of importance social, 

economic, cultural and environmental that must be addressed an integral manner (17). Mexico is the 

first exporter of chayote worldwide with 164,197.63 ton and Veracruz is the main national producer 

with an area of approximately 2,500 ha per year (19). Chayote root is known as "chayotextle" contains 

a chemical composition rich in carbohydrates, ascorbic acid, niacin, phosphorus, starch and protein. 

The fruits, root and seeds in particular are rich in amino acids such as glutamic acid, alanine, leucine, 
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proline, serine, tyrosine, treonia, valine and methionine (12). The chayotextle has properties 

antiinflammatory, cardiovascular, diuretic, relieves intestinal pain, diabetic patients used and lowers 

cholesterol (18). In spite of the nutritional content of the tuber, its use and consumer are generally 

limited, due to their nutritional losses postharvest process for their high moisture content, sustained 

metabolism and microbial attack. However, this problem can be solved with the conversion of a 

perishable product to nonperishable performing a drying process for the production of flour, which 

can be used to produce functional products as cheese type panela bovine milk. This is a fresh cheese 

clotting enzyme crisp white paste that does not include maturation, pressed by its own weight, made 

with whole milk cow supplemented with calcium chloride, it contains about 53-58% moisture, 19-

25% fat, 18-20% protein, 1.3-1.8% salt and 5.6-6.4 pH (7; 16). 

 

MATERIALS AND METHODS 

Sample: Chayotextle tubers were obtained from a local market in the city of Tulancingo, Hidalgo. 

Mexico. They were place in a bag for your transport and further processing into flour. 

Obtained flour: The root was wash and cut into slices 3 to 4 mm, and were dry in a oven (Brand 

Riosa, model HCF-62d) to 50°C for 2 days, then were mill in a conventional coffee mill, flour 

obtained was sifted with a mesh mark Tyler No. 100-150 microns and then stored in airtight jars. 

Physico-chemical analysis of flour chayotextle (Sechium edule): Humidity: This procedure was 

performing as described by A.O.A.C. (1). Protein: was develop by the micro Kjeldahl method semi 

obtained from the A.O.A.C. (4). Ash: Incineration according to A.O.A.C. (2). Fat: determination was 

doing by the Soxhlet method (5). Crude Fiber: was determine according to reflow technique and 

incineration (3). Carbohydrates:  they were performing for difference with the sum of moisture, ash, 

fat, protein and fiber. (10) 

Elaboration of panela type cheese : The bovine milk  pasteurized for making cheese was obtain 

from the Prounilac plant in the Institute of Agricultural Sciences of the Autonomous University of 

the State of Hidalgo, Mexico. Figure 1. 

Physico-chemical analysis of the type panela cheese: Humidity, protein, ash and crude fiber were 

determined as described by A.O.A.C. (1, 4, 2, 3). Fat: determination was making by the Soxhlet 

method (5). pH: was make as the Mexican Norm (13) Acidity: (11). Chlorides: was determine 

according to the Mexican Standard (14) 

Performance measurement: The yield was determined considering the liters of milk used to produce 

one kilogram of cheese (1/kg). 

Statistical analysis: The experimental results were analyzed by variance (ANOVA) was made the 

comparison of means by Tukey method with a level of significance (P ≤ 0.05). The program used for 

the analysis was NCSS-2007. 
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Figure 1. Process Diagram 

 

RESULTS AND DISCUSSION 

Table 1. Reported the results of chemical analysis proximal flour chayotextle (Sechium edule) used 

for the production of cheeses type panela observing a high protein content (10.36%) and 

carbohydrates (75.27%). These results are similar to those reported by Cruz-Villegas and Jimenez-

Hernandez (6, 9) 

 

Table 1.Physicochemical parameters of the flour of chayotextle (S. edule) 

Humidity Ash Fatty matter Crude Fiber Protein Carbohydrates 

8.65 ± 0.01% 4.63 ± 0.03% 0.23 % ± 0.02 0.85 ± 0.02% 10.36 ± 0.11% 75.27 ± 0.13% 

 

The results of the physicochemical parameters are observed in the table 2 of the panela type cheese 

made from bovine milk to different concentrations chayotextle flour (Sechium edule), observing that 

the percentage of moisture and ash shows an increase and significant differences (P ≤ 0.05) according 

to the concentration of flour used, while for the results of fat percentage decreased from 22.5% to 

15.2%, being a parameter favorable to the customer. However, the percentage of protein 

concentration decreases with increasing flour this can be explained than to increased water retention 

lower protein. Inferior results of physico-chemical parameters were obtained by Gutierrez (8) in 

panela cheese with added of oat fiber 1% (13.85% protein, 2.14% ash, 7.15% fat and Moisture 

59.06%). With respect to pH, acidity and chlorides present significant differences between treatments. 

 

In the figure 2 observes an increasing of the fiber in cheeses to different concentrations (0.026 to 

0.037%), it is due to the addition of flour chayotextle (S. edule), being a positive contribution as 

cheeses do not contain fiber.  
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Table 2. Physicochemical parameters of type panela cheese added with different concentrations of flour 

chayotextle (S. edule). a,b,c, superscripts different in lowercase in the same column indicate significant 

differences (Tukey test, P ≤ 0.05), * grades Domic. 

Concentration Humidity Ash Fatty 

matter 

Chlorides Protein pH Acidity 

*°D 

Control  48.85c 2.97c 22.50a 5.85b  23.92a  6.77a 13.16c 

0.50% 54.74b 2.87c 22.00ab 6.12bª  19.26b 6.76a 13.16c 

1.0% 56.93b 2.77c 20.50b 7.28ª  17.55c 6.67b 14.16b 

1.5% 55.84b 3.46b 16.50c 5.92ba 18.66cb 6.73ab 14.16b 

2.0% 60.58a 3.86a 15.25c 6.14ba 16.04d 6.75a 15.16a 

 

In the figure 3 shown the percentage yield of cheeses panela type added with 0, 0.5, 1.50 and 2.0% 

of flour of Chayotextle, noting that cheese without the addition of flour the yield is 12% while for 

cheese with 2% addition of flour increases 6% this is say a yield of 18% this may be due to the ability 

of flour to capture water. Similar values (16.32 to 21.64%) were obtained by Ochoa-Flores (15) using 

different additives (carrageenan, guar gum, pectin and Grenetina) at different concentrations 0.025, 

0.050 and 0.0755). 

 

  
Figure 2. Crude fiber percentage of the panela 

type cheeses added with different concentrations 

 Chayotextle flour (S. edule) 

 

Figure 3. Percentage yield of type panela cheese 

added with different concentrations of flour 

Chayotextle (S. edule) 

 

 

CONCLUSIONS 

The adding flour Chayotextle (S. edule) for type panela cheese favors the decreases Fatty matter 

concentration, increases the fiber content as cheeses without it and increases performance, these are 

important parameters for producers and consumer health. 
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ABSTRACT 

In recent years, has been increased the interest in the use of grape waste as a dietary antioxidant 

supplements. Furthermore, grape pomace is characterized by high phenolic contents, this has been 

reported on several researches. During the wine making process some phenolic compounds are 

transferred to the wine, however it is not an exhaustive extraction therefore the byproducts still have a 

significant amount of polyphenols. The aim of this study was to compare two methods of phenolic 

compounds extraction: by maceration and matrix solid phase dispersion (MSPD). The best conditions 

by both methods were identified. Phenolic compounds and antioxidant activity were the response 

variables. For the extraction by maceration a central composite design was used (software Minitab 17); 

the extraction time and different ratios of acidified ethanol (HCl 1%) were the two factors analyzed. 

On the other hand, for the MSPD extraction two dispersant were chosen for evaluation: sea sand and 

natural clay, a 22 factorial design was used for each dispersant (software Minitab 17), being the elution 

volume and the ratio of sample/ dispersant the two factors analyzed in both cases. The best extraction 

method were MSPD using sea sand as dispersant, 96 mL as elution volume and 1:2 ratio of 

sample/dispersant. Under these conditions a value of  14.01 ± 0.19 mMol TEAC/100 g dm  of 

antioxidant capacity of grape pomace was obtained while  the total phenolic content was 2836.73 ± 

41.90 mg GAE /100g dm. These conditions are close to those predicted by the model. Once the 

optimum extraction conditions were established, antioxidant capacity was also determined by the 

ABTS reagent (8.97 ± 0.23 mMol TEAC/100 g dm), as well as the total anthocyanin (41.65 ± 1.74 mg 

Cyan-3-glu E/100 g dm), total flavonoids (595.50 ± 19.14 mg QE/100 g dm), and total tannins (2.31 ± 

0.02 g/L). 

 

Keywords: optimization, extraction, grape pomace 

 

 

INTRODUCTION 

In recent years, has been increased the interest in the use of grape waste as a dietary antioxidant 

supplements (1). Furthermore, grape pomace is characterized by high phenolic contents, this has been 

reported on several researches (2-4). During the wine making process some phenolic compounds are 

transferred to the wine, however it is not an exhaustive extraction therefore the byproducts (grape 

pomace) still have a significant amount of polyphenols (2-8). Generally the industrial recovery of 

grape pomace consists in a partial use for tartaric acid extraction or ethanol production, also they can 

be cast off as a fertilizer, used as: animal feeding, compost, biomass, spread on the ground or simply 

destroyed (9-10). Therefore, the recovery of the phenolic compounds present in grape pomace, 
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constitute a cheap and natural source for extraction of this compounds (which can be used as food 

additives), and may be an alternative for prevent or decrease environment problems caused by this 

byproduct accumulation (2, 9). The aim of this study was to compare two methods of phenolic 

compounds extraction: by maceration and matrix solid phase dispersion (MSPD).  

 

METHODS AND MATERIALS 

Grape pomace (Vitis vinífera var. Cabernet Sauvignon) was collected from a wine industry localized 

in Querétaro, México. The pomace samples were frozen and stored before analysis. The grape pomace 

was dry at 60°C for 72 hours and pulverized. To optimize the extraction of phenolic compounds 

(TPC) and antioxidant capacity (AC), two methods of phenolic compounds extraction was performed: 

by maceration and matrix solid phase dispersion (MSPD). The best conditions by both methods were 

identified. Phenolic compounds (11) and antioxidant activity (12) were the response variables.  

 

For the extraction by maceration a central composite design was used (software Minitab 17), time (1, 

4, 12, 20 and 24 hours) and different ratios of ethanol (43.79, 50, 60, 80 and 86.21% acidified with 

HCl 1%) were the two factors studied. Each determination was performed in amber vial, at 23°C 

using 1 g of sample in 10 mL of solvent. The proportion of ethanol and the maceration time selected 

in this design was used for the MSPD extraction. 

 

The MSPD extraction was carried out as described by Aguin et al. (13) with modifications. Two 

dispersants were chosen for evaluation: sea sand and natural clay. A 22 factorial design was used for 

each dispersant (software Minitab 17) being the elution volume and the ratio of sample/ dispersant 

the two factors analyzed in both cases. Using sea sand as dispersant (MSPDSand), ratios 1:2 and 1:4 of 

sample/dispersant were evaluated; for the natural clay (MSPDClay), ratios 1:1 and 1:2 of 

sample/dispersant were studied, three g of sample was placed in a porcelain mortar containing the 

corresponding proportion of sea sand or natural clay and 30 mL of solvent (ethanol: water: 

hydrochloric acid (57.5:41.5:1.0% v/v/v)), the mixture was manually blended and transferred into an 

amber vial and left to macerate in the dark for 24 hours. The blend was then transferred to a glass 

column (450 x 17.89 mm (id)) and packed, the elution was performed with 16 or 32 mL in three times 

for a total elution volume of 48 or 96 mL. The eluates were pooled and brought to a final volume of 

100 or 150 mL. 

 

The optimum conditions of extraction for each experimental design were looked for by using a 

general function optimization (Minitab 17). In order to verify the validity and adequacy of each 

prediction model, three extractions at optimal conditions was realized and the relative errors (%AE) 

in the extraction was calculated (%AE = (|observed value -predicted value|/observed value) x 100). 

Once the optimum extraction conditions was established, antioxidant capacity was also determined 

by the ABTS reagent (14), as well as the total anthocyanin (15), total flavonoids (16), and total tannins 

(17). 

 

RESULTS AND DISCUSSION 

For the extraction by maceration the experimental data were fitted to obtain a second-degree 

regression and a three-dimensional response surface plots were constructed (Figure 1). In the MSPD 

extraction the experimental data were fitted to obtain a linear regression, Figure 2 shows the TPC 
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and AC obtained for the MSPDSand with each condition tested (n=2). The TPC and AC obtained 

with each assay condition for the MSPDClay is shown in Figure 3 (n=2). 

 

a) 

 

b) 

 
Figure 1. Response surface plot for the (a) antioxidant capacity (AC) and (b) phenolic compounds (TPC) for 

extraction by maceration. 

 

 

a) 

 
 

b) 

 

Figure 2. (a) Antioxidant capacity (AC) and (b) phenolic compounds for extraction by MSPD using sea sand 

as dispersant. 
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a)  

 

b) 

 
Figure 3. (a) Antioxidant capacity (AC) and (b) phenolic compounds for extraction by MSPD using 

natural clay as dispersant.  

 

Table 1 shows the optimum conditions, the prediction model, the observed (O) and predicted (P) 

value and the relative error for the extraction of phenolic compounds and antioxidant capacity in each 

experimental design (by maceration, MSPDSand and MSPDClay).  

 

As shown in the Table 1 for the three designs tested, all the observed values were within the predicted 

interval to a level of 95%. Therefore, the models could be used to predict the response values. 

Nevertheless when the extraction were performed by MSPDArena a greater amount of phenolic 

compounds and antioxidant capacity was obtained, according to these results, this extraction method 

was chosen for further analysis. Antioxidant capacity was also determined by the ABTS reagent (8.97 

± 0.23 mMol TEAC/100 g dm), as well as the total anthocyanin (41.65 ± 1.74 mg Cyan-3-glu E/100 

g dm), total flavonoids (595.50 ± 19.14 mg QE/100 g dm), and total tannins (2.31 ± 0.02 g/L). 

 

The TPC obtained in the present study (Table 1) corresponds with that reported in the literature 186-

7475 mg GAE/100 g dm (7, 8, 6, 5, 4, 2) it is lower than the amount reported for Rockenbach et al. 

(2), Rajha et al. (4), Lacopini et al. (5) and Lorrain et al. (6), this authors reported 7475 ± 222, 5500, 

5304 ± 482 y 3300 ± 350 mg GAE/100 g dm. in Cabernet Sauvignon grape pomace from Brazil, 

Lebanon, Italy and France respectively. However, Muñóz (7) and Segura et al. (8) found mean values 

for total phenolics of 186 and 1230 ± 0.4 mg GAE/100 g dm for the mixture Cabernet Sauvignon, 

Syrah and Tempranillo from Mexico and the Cabernet Sauvignon pomace from Colombia 

respectively. 

 

Segura et al. (8) and Rajha et al. (4) found mean values for total anthocyanin of 56 ± 0.03 and 70.3 

mg Cyan-3-glu E/100 g dm for Cabernet Sauvignon grape pomace from Colombia and Lebanon, 

these anthocyanin contents are higher than those found in this research. 

 

 

48

96

0

2

4

6

8

10

12

1:1 1:2

A
C

 (
m

M
o

l 
T

E
/1

0
0

 g
 d

m
)

Ratio sample/dispersant

48

96

0

500

1000

1500

2000

2500

1:1 1:2

T
P

C
 (

m
g

 G
A

E
/1

0
0

 g
 d

m
)

Ratio sample/dispersant



 

495 
 

Table 1. Optimum conditions, prediction model, observed and predicted value, for the TPC and CA 

extraction in the different experimental designs tested.  

 

Extraction 

 

Optimum 

conditions 

Antioxidant capacity Phenolic compounds 

Prediction model 

Predicted value1 

Observed vale*1 

(%AE) 

Prediction model 

Predicted value2 

Observed vale*2 

(%AE) 

Maceration 
E: 57.5% 

T: 24 hours 

AC= -13.08+0.1923T+ 0.7731E   

         - 0.006695P2 

P= 12.59 

O= 13.27±0.98 

%AE= 5.12% 

TPC= 1272+40.6T+118.9E   

-1.062 E2 

P= 2535.28 

O= 2595.38±83.93 

%AE= 2.32% 

MSPDSand 
R: 1:2 

V: 48 mL 

AC= 

11.148+0.627R+0.03573V                                

-0.00968RV 

P= 14.88 

O= 14.01±0.19 

%AE= 6.21% 

TPC= 2583+122R+3.48V            

-2.53RV 

P= 3038.18 

O= 2836.73±41.91 

%AE= 7.10% 

MSPDCla 
R: 1:1 

V: 78 mL 

AC= 7.218-.698R+0.03648V 

        +0.02360RV 

P= 10.92 

11.16±0.31 

%AE= 2.15% 

TPC= 1475.5-943.0R+7.41V 

          +10.39RV 

P= 2185.73 

O= 2132.72±101.22 

%AE= 2.49% 

E: Ethanol proportion. T: Maceration time. R: Ratio sample/dispersant. V: Elution volume. *Values are expressed as mean ± standard 

deviation (n=5). 
1 Expressed as mMol TE (Trolox equivalent)/100 g dm 
2 Expressed as mg GAE (gallic acid equivalent)/100 g dm. 

 

The total tannins content is less than the 12.3 g/L reported by Rajha et al. (4) for pomace from 

Cabernet Sauvignon Lebanon. 

 

Furthermore, for the antioxidant capacity Rockenbach et al. (2) reported values of 50.55 ± 46.2 and 

48.542 ± 37.2 mMol TE/100g dm measured with DPPH and ABTS respectively, which are higher 

than those found in the present work. 

 

The phenolics content and the antioxidant activity of extracts obtained from grape pomace showed 

that the Cabernet Sauvignon grape pomace studied has an important potential as a source of 

compounds to be applied as natural antioxidants in food. Besides the content of bioactive compounds 

is comparable to those reported for Cabernet Sauvignon grape pomace from another countries. 
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ABSTRACT 

The problem of modern food concerning its nutritional value has led to the knowledge of the content 

of vegetables which as well to provide fiber also includes essential metals for many metabolic 

reactions. The objective of this work was to determine metals such as copper, calcium, magnesium, 

iron and zinc, for these determinations some vegetables consumed in different geographical regions 

were selected. The selected vegetables were: chard, celery, watercress, broccoli, spinach, huauzontle, 

cactus, aloe, purslane and xoconostle, metals determined were: calcium, copper, iron, magnesium and 

zinc. Flame atomic absorption technique was used. Metal quantification was made by calibration 

curve. A vegetables sample was wet digested and metal content was determined, another sample was 

subjected to boiling and the filtrate were analyzed to quantify the essential metals. The results of the 

sample digested vegetables showed the highest amount of zinc, copper and magnesium in huauzontle; 

calcium and iron Purslane watercress. From the filtrate it was found that comparatively, the highest 

content of essential metals in vegetables were: magnesium and calcium in Aaloe vera and nopal; zinc 

in broccoli; copper and iron in chard and huauzontle. 

 

Keywords: essential metals, atomic absorption, vegetables  

 

 

INTRODUCTION 

A great variety of vegetables have been attributed to them different, almost magical healing 

properties. Examples of such plants are: chard, celery, watercress, broccoli, spinach, huauzontle, 

nopal, aloe vera, purslane and xoconostle, to mention the most known. These foods have common 

characteristics such as being rich in: fiber, minerals, amino acids and vitamins. However, some of 

them stand out for any health effects attributed to it: the huauzontle is excellent for memory; nopal 

aids digestion and is hypoglycemic; aloe vera has anti-inflammatory and healing effects, and finally, 

the xoconostle is considered better than the nopal as hypoglycemic agent. These health effects to take 

place, require metabolic reactions involving enzymes and in turn, these enzymes use metals as 

cofactors. In metabolic reactions such metals are supplied by the plants mentioned above. Another 

important advantage of these foods is that the heat treatment does not remove or alter the minerals or 

metals present as cofactors, but in some cases, happens removal of some vitamins, however, they can 

be restored with other food through a balanced diet. Another important reason for consumption of 

these vegetables is that they provide essential metals as reducing agents which counteract oxidation 

reactions in the human body which are responsible of health deterioration by aging of the internal 
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organs. Like the human body requires these metals to their metabolic functions, vegetables, and in 

general, plants also require it for their own vital functions. 

 

The objective of this study was to determine some essential metals involved as cofactors with 

enzymes in metabolic reactions. The metals analyzed were: calcium, magnesium, copper, iron and 

zinc in vegetables: chard, celery, watercress, broccoli, spinach, huauzontle, nopal, aloe vera, purslane 

and xoconostle.  

 

METHODOLOGY 

The vegetables used were chard, celery, watercress, broccoli, spinach, huauzontle, nopal, aloe vera, 

purslane and xoconostle in its natural state. In the first experiment, 1 g of each plant sample was 

weighed and held in the concentrated nitric acid digestion by heating to promote oxidation, to obtain 

a clear solution free of organic matter. In the second experiment to determine metals in the filtrate 

from cooking vegetables, samples of 100 g of vegetable were boiled in 200 mL of distilled water for 

5 min; aliquots of 50 mL from the filtrate were obtained in triplicate and then digested with nitric 

acid.  

 

Product samples of the first experiment and on the other hand, aliquots of the filtrate from the second 

experiment, each separately, were filtered and gauged to 100 mL. Standards of calcium, magnesium, 

copper, iron and zinc metals were prepared.  Quantitation was by standard curve using the technique 

of atomic absorption spectrophotometry by flame on a Perkin Elmer Analysist 100. The analysis was 

performed in triplicate. The wavelength used in hollow cathode lamps for metals analyzed were: 

calcium at 422.7 nm, magnesium at 285.4 nm, copper at 324.75, iron at 248.3 nm, zinc at 213.86 nm.  

 

RESULTS AND DISCUSSION 

Quantification of iron in the filtrate of cooking from chard and celery report the highest content, 

compared with those of other plant, as shown in Figure 1A. The range of the content of this metal is 

0.3 to 2.8 ppm in the samples analyzed. Figure 1B shows that the iron content in the vegetable 

digested, is in a range from 0.13 to 0.6mg per gram (1.3 to 6.0 mg per 100 g) of digested plant. The 

highest content comparatively corresponds to the watercress and purslane. 
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The copper content in the filtrate from vegetable cooking is in a range of 0.02 to 0.34 ppm, the 

maximum copper content determined corresponds to celery, as can be seen in Figure 2A. 

 

  
 

Figure 2B shows the copper content in the vegetable digested. The content range of the metal was 

from 0.0014 mg to 0.0002 mg. The copper content in broccoli was not quantified because it was not 

detected with the first analytical standard used. 

 

Figure 3A shows that the highest content of zinc (1.92 ppm) in the filtrate of cooking vegetables, 

corresponds to nopal. In Figure 3 B Zinc in plant digested, the huauzontle and chard show 

approximately the same content of 1 mg of Zn per 100 g of sample. In general, except for the above 

two, the rest of the digested vegetables were analyzed with zinc content in a range of 0.5 to 0.9 mg 

per 100 g of sample, a low content within a narrow range. 

 

  
 

Metals calcium and magnesium have the highest content compared with other metals in the filtrate of 

cooking vegetables. Figure 4A shows that the highest content of calcium was found in the filtrate of 
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cooking vegetables chard, celery, spinach, nopal and aloe. Quantified calcium concentration (> 200 

ppm) is the highest of the metals analyzed. 

 

  
 

Figure 4 B shows the results of calcium content in vegetables digested, of which, broccoli and 

Purslane resulted with higher calcium content. The calcium content was in a range of 5 to 22 mg of 

calcium per 100 g of sample. 

 

The highest concentration of magnesium more than 200 ppm was found in the filtrate of cooking 

vegetable huauzontle, as shown in Figure 5 A. Figure 5 B shows that the content of magnesium 

present in the vegetable huauzontle digested, was the highest with 5.3 mg per 100 g of sample after 

purslane with 5.1 mg per 100 g of sample. 

 

  

 

In the filtrate of cooking the chard, it was not possible to determine the magnesium content due to a 

low value. On the other hand, the quantification of calcium content in the filtrate of cooking chard, 
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celery, spinach, nopal and aloe was necessary to carry out several dilutions to quantify within the 

required analytical standards. 

 

CONCLUSIONS 

Each of the essential metals analyzed in this work has its metabolic function in humans as it is known. 

Furthermore, the presence of these essential metals, such as iron and copper also participate catalyzing 

enzymatic processes for developing vital plants themselves. In relation to iron, in this study it was 

determined that it was analyzed with the highest content in the product of digestion of plants 

considered, while copper, had the lowest content in all plant digested. 

 

Regarding the test results to filtrate of cooking all plants considered, the lowest concentration of the 

tested metals was copper, whereas, that of calcium was the highest in most plants. 

 

Given the importance of magnesium in combination with calcium in their metabolic action in humans, 

it is noteworthy that in the Huauzontle the highest concentration of magnesium was determined both 

in the plant digested and in the filtrate of cooking such plant. 
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ABSTRACT 

Feed additives based on plant extracts are considered a technical and economic alternative to replace 

another growth promoter. The use of these products in animal nutrition has some advantages such as 

the safe use due to their low residues in animal edible products. The aim of this study was to evaluate 

the effect of the consumption of a plant extract on productive performance in dairy cattle.Twenty 

heifers, 8 months confirmed pregnant, were allocated randomly into two groups: the control group 

(CG; n=10) received regular diet only and the experimental group (EG) received the regular diet added 

with a plant extract after calving daily for 305 days. Body condition (BC), feed intake (FI), milk 

production (MP), physicochemical properties of milk (PHPM), feed efficiency (FE) and cost of 

production (CP) were assessed in both groups. Data were evaluated via Analysis of variance (ANOVA) 

and Tukey’s multiple range test (SAS, 1999). There were not significant differences between groups 

regarding to BC.  Conversely, significant differences (P <0.05) were observed in: FI (CG: 38.8 ± 5.7 

kg/cow/day vs. EG: 29.8 ± 4.9 kg/cow/day); MP (CG 26.3 ± 3.7 L/cow/day vs. EG: 27.1 ± 2.5 

L/cow/day); FE (CG of 1.39 ± 0.5 kg feed/L vs. EG 1.02 ± 0.52 kg feed/L). Also PHPM values were 

better in EG than CG. Therefore, in this study, the addition of a plant extract to animal feed showed 

benefic effects on productive performance and over milk quality, without evident impairment on 

nutritional status or animal health. 

 

Keywords: Plant extracts, production parameters, dairy cows, feed intake. 

 

 

INTRODUCTION 

Milk production in Mexico has been increasing steadily surpassing 11 million tons in 2014, the State 

of Aguascalientes has a milk production of 384,293 tons which representing 3.49% of the national 

(1) production. The quality of cows’ milk, dairy products and feedstuff, has been regulated 

considering a physicochemical, organoleptic and microbiological characteristics (2). The plant 

extracts are probably the oldest products used in human medicine, but its use in animals is relatively 

new. The use of these products in animal nutrition has become a reality since their low residually and 

cost. Therefore, the plant extracts are becoming in an economical and safe alternative to improve milk 

production (3). The plant extracts may have synergistic effects when mixed with each other and can 

also be combined with others food additive, especially organic acids, so their effects are better. Main 

site of action reported for plant extract is into the digestive system; they act modifying the digestive 

flora through their antimicrobial activity or stimulating eubiosis (balance of beneficial microflora); 

this actions result in a better utilization and absorption of nutrients, as well as, a stimulation of the 
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immune system (4,5). In ruminants, ionophores have been used to improve ruminal fermentation (6), 

causing an increase the production of some digestive end-products such as propionate and decreasing 

methane production also (7). One strategy that has been raised to improve the nutritional efficiency 

in ruminants is reducing energy losses (methane production and nitrogen as ammonia form) by the 

rumen (8). Nowadays, plant extracts with high concentrations of secondary compounds are 

considered potential candidates to achieve this objective (9). 

 

MATERIAL AND METHODS 

This study was conducted in Agricultural Sciences Center of the Universidad Autonoma of 

Aguascalientes. Twenty healthy heifers from six to eight months of gestation and 600 ± 50 kg body 

weight were selected. They were fed according to the National Research Council requirements (10); 

drinking water was provided ad libitum, while their food was according to their stage (pre-calving, 

post-calving or lactation). Plant extract (PE) was obtained from Rosemary (Rosmarinus officinalis), 

Thyme (Thymus vulgaris), Cumin (Cumin cyminum), Cinnamon (Cinnamomum verum), Laurel 

(Laurus nobilis), Chicura (Franseria ambrosioides Cav) and Batamote (Baccharis salicifolia) via 

boiling. Animals were housed in individual pens from pre-calving until the end of the study (305 

days). Heifers were allocated randomly in two groups (n=10): Control Group (CG) and Experimental 

Group (EG); both groups received usual balanced diet; but only EG drank water (2 L/cow) added 

with a PE liquid-pool every morning. Calving dates, milk production, body condition, food 

consumption, feed refused, feed efficiency, estrus, inseminations and evident pathologies were 

recorded. Both groups were milked twice a day. Mastitis tests (Wisconsin and California) and 

Proximate Chemical Analysis of food were performed monthly during the study. Milk samples were 

collected every 2 weeks and then physicochemical, organoleptic and microbiological characteristics 

were determined. 

 

Results were analyzed according to a completely randomized experimental design; an analysis of 

variance (ANOVA) and means tests multiple range Tuke'y (P <0.05) were achieved. Statistical 

analyses were performed via Module by General Lineal Model (GLM) of Statistical Analysis 

Software System (11, 12). 

 

RESULTS 

Table 1 shows scoring mean of body condition in both groups; obtained values could be considering 

adequate to their stage of lactation; however, EG had significant increase on its score compared to 

the CG (P <0.05); increase occurred despite diminish of dry matter intake. This fact did not cause 

changes in milk production or clinical problems. 

 

Table 1. Mean of Body Condition score in CG and EG group post-delivery 

Group EVALUATION 

(Day post-delivery) 

35 120 200 300 

CG 2,8333 ± 0.2738a 2,7222 ± 0.1748a 2,8333 ± 0.2236b 2,8333 ± 0.2236b 

EG 2,8333 ± 0.2738a 2,8333 ± 0.1581a 3,0555 ± 0.2173a 3,0555 ± 0.2173a 

Different letters indicate statistical difference (P<0.05) 
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There was also a significant difference (P<0.05) in average feed intake (CG: 38.8±5.7 kg/day/cow vs. 

EG: 29.8 ± 4.9 kg/day/cow). The feed intake differences could be due to eubiosis that causes a PE 

inhibitory effect on ruminal methanogenesis; this inhibitory effect could be the result of a rumen 

defaunation attributable to PE. In addition, Figure 1 shows the dairy milk production tendency; it 

remained similar in both groups (CG: EG: 26.3 ± 3.7 L/cow/day vs. 27.1 ± 2.5 L/cow/day). There 

was a not significant difference despite of the increase in 0.8 L/cow/day in EG. All significant 

differences in EG, appeared from the fifth month to the last one. 

 

0 2 0 4 0 6 0 8 0 1 0 0 1 2 0 1 4 0 1 6 0 1 8 0 2 0 0 2 2 0 2 4 0 2 6 0 2 8 0 3 0 0

0 .0 0

5 .0 0

1 0 .0 0

1 5 .0 0

2 0 .0 0

2 5 .0 0

3 0 .0 0

3 5 .0 0

4 0 .0 0

C G

E G

D a y s  in  m ilk

M
il

k
 P

ro
d

u
c

ti
o

n
(L

/d
a

y
)

 
Figure 1. Days in milk (L /day) in CG and EG. It shows means ± SD. 

 

Feed Efficiency (FE), was lower in EG during the study, while in CG increased monthly in the same 

time (Figure No. 2). In CG was 1.39 ± 0.5 kg feed/L of milk vs. 0.37 kg feed/L milk in EG. This 

positive effect could be caused by PE. Moreover, CG had an average of 1.39 ± 0.5 kg feed/L milk 

produced, while for EG was of 1.02 ± 0.52 kg feed/L milk; this figures show a difference in favor of 

EG (0.37 kg feed/L milk). This difference impacts positively on feed costs that represent 70 to 80% 

of total production cost. 
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Figure No. 2. Food Efficiency in Control Group (CG) and Experimental Group (EG) during the study, (kg 

consumed/L of milk produced). Consumption of plant extract (PE) induced a significant decrease of FE in EG 

(P <0.01). Means ± SD are indicated. 

 

The physical-chemical averages values of the milk samples were determined, in duplicate, every two 

weeks during eight months in both groups (Table 2). There was an increase of 2.06% in the solids 
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non-fat milk, 1.68% of total milk solids and 3.68% of milk proteins in EG (P <0.05). It is noteworthy 

that the all values determined in samples coincided with reference ranges established for first-calf 

heifers. 

 

Table 2. Averages values from the physical-chemical characteristics of milk (CG and EG) 

Physicochemical Characteristics Control Group Experimental Group 

Density of Milk (kg) 1.0318 1.0309 

Butter Fat Milk (g/L) 34.43 34.25 

Solids Non-Fat Milk (g/L) 85.69 87.46  

Total Solids of Milk (g/L) 120.061  122.080  

Milk Protein (g/dL) 2.74 2.84 

 

DISCUSSION 

Some studies on plants has establish that sarsaponines and saponines are present in ginseng and 

fenugreek respectively. Sarsaponines and saponines extracted from Yucca schidigera had a positive 

effect on growth when they were tested in steers (13). But other authors referred different effects 

characterized by an increase on feed intake due to sarsaponinas and saponins in diets (12); meanwhile, 

other studies report a decrease in feed intake up to 2 o 3%. There is reports without effects of this 

substances on cattle feed intake also (14, 15). 

 

When PE (essential oils) were added to diet did not show effect on DMI in cattle (16). Besides, other 

authors agreed that addition of garlic (Allium sativa, 5 g/day) and juniper (Juniperus communis, 2 

g/day) to dairy cow diets had no effect (17, 18). However, there is reduction of DMI (12.0%) in cattle 

when added Cinnamaldehyde 0.6 g/kg of DM (19). Moreover, Cinnamaldehyde (180 mg/day), plus 

Eugenol (90 mg/day) in diet, reduced DMI and water consumption in cattle (19); this effect occurs 

when diets are added with high doses of Cinnamaldehyde (500 mg/day) (20). Our results show that 

PE in feed for dairy cattle decrease DMI also. 

 

Studies conducted to evaluate addition of essential oils or active ingredients in diets for dairy cows 

(750 mg and 2.0 g) during 90 days did not produced significant changes in milk production or on its 

physicalchemical characteristics (21). Similarly, when peppermint was added (20.0 g/kg DM) to 

cattle feed there were not negative effects on milk or milk production. In our study, there were 

favorable changes in EG milk, it could be due to PE added to diets for dairy cattle. 
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ABSTRACT 

New trends in food consumption and changing lifestyles have led to focused on seeking healthier food 

products which in addition to their nutritional intake, have a beneficial effect on health. Specially, fast 

food industry is actually looking for newer ways to maintain consumer’s health. The aim of the present 

study was to find an adequate formula for a powder legume breading that in addition with a 

carboxymethylcellulose pasta base for meat and other food products could reduce oil uptake levels due 

to legume low porosity, increase product acceptability and nutritional qualities. The study was based 

on the use of carboxymethylcellulose (CMC) solution on some pieces of chicken nuggets as a coating 

product followed by breading with powdered dried legumes (peas and chickpea), finalizing with a 

conventional frying process. The intention was to measure oil uptake, cooking yield, juiciness and the 

acceptability of the final product. Also proximate analysis was conducted for breaded product with 

different legume’s flour. Comparisons between egg coating in addition with crumbs breading 

(Traditional breading) and CMC with chickpea flour and CMC with pea flour were made. A total of 

three samples were measured by triplicate. The obtained data was analysed using analysis of variance 

and Tukey’s test with a 95% level of confidence.  The results showed that CMC + chickpea breading 

had the highest (p<0.05) protein content along with the highest level of juiciness. Nevertheless, CMC 

+ pea breading showed the lower levels of oil uptake and the higher level of cooking yield. In the same 

way, there was no significative difference (p>0.05) in overall acceptability between CMC + chickpea 

berading and traditional breading. It was concluded that CMC + chickpea breading is a better 

alternative for fried products due to its protein and nutritional content reducing oil uptake without 

affecting product’s sensorial quality juiciness. 

 

Keywords: carboxymethylcellulose, chickpea, pea, breading. 

 

 

INTRODUCTION 

Nowadays, there is a malnutrition problem due to the lack of protein in people’s diet regarding mostly 

the expensive cost of meat and animal products. This is why there is a need to incorporate vegetable 

protein as a source of high quality amino acids in food and food products. Sometimes the current 

lifestyle has caused the need of consuming instant food at home or in fast food restaurants where the 

offer could be fried products as the breaded nuggets (1) 

 

The breaded and fried food is today a very commercialized option in processed products, nevertheless, 

this kind of products are at high risk for not maintaining their integrity on its shelf life or during the 

frying process, in which they can absorb a large amount of saturated fatty acids that can increase 
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consumer’s cholesterol and also the risk of other kind of vascular diseases as diabetes Mellitus, 

obesity and hypercholesterolemia among others (2) 

 

According to Panduro (3), breaded fried food products are preferred by consumers, due to the 

enhanced palatability given by a soft and wet interior plus the creation of a crispy and porous crust. 

The popularity of these products had increased through time, so that today there is a wide variety as 

chicken nuggets, pork products, and fish strips, among others. However, in the frying process the 

product can absorb large amounts of oil which can be quickly transformed to saturated fatty acids if 

the frying process is not correct. 

 

In this type of products, batter, breading and frying processes are important quality factors for the 

product to possess good sensory characteristics. These are the reasons why the good formulated of 

the breading is crucial for an excellent final product with an optimal store life and with no potential 

risk for health. 

 

In the same way, several studies have shown that legumes can improve nutritional status of the food 

that contains them, also, they can increase fiber intake and lower cholesterol level in consumer’s 

blood. The aforementioned benefits can reduce the risk of cancer, heart diseases and also the 

incidence of osteoporosis (4). Also, in comparison with wheat flour, legume flour has shown great 

amount of polar amino acids such as lysine that contribute with the total intake of essential 

aminoacids. Also, as Deshpande (5) mentioned, legumes are a rich source of proteins, calories, fiber 

and vitamins. 

 

Also, as mentioned by Guerra and Pablo (6), obesity, diabetes, dyslipidemias and arterial 

hypertension are cataloged as no transmissible chronic diseases, some of them related with the 

excessive consume of fat or cholesterol in the diet.  

 

This is why, objective in the present study is to propose a new breading alternative from the use of a 

coating of carboxymethylcellulose on some pieces of chicken nuggets and a breading of powdered 

dried legumes (peas and chickpea), followed by a fried process, in order to reduce the oil uptake and 

to improve the sensory characteristics of the final products increasing at the same time protein and 

fiber levels in food that normally don’t. 

 

MATERIAL AND METHODS 

Materials. Approximately four kilograms for each treatment (conventional frying and baked) of fresh 

in-bone chicken breasts were procured from the local market. Boneless and fatless meat was separated 

and cut into chunks of 3-4 cm sizes. Carboxymethylcellulose (Deiman, México) was used as a coating 

film instead of egg. Chick pea (Cicer arietinum) flour was purchased from a local market. Pea (Pisum 

sativum) flour was made in the laboratory by grinding dehydrated pea in a blender until it was finely 

ground (60 mesh) and packed in plastic bags at room temperature till further use. Vegetable oil 

(Nutrioli) was used to fried chicken breast and ground bread (Bimbo) was used as a breading control. 

Proximate composition. Moisture, ash, protein, fat and crude fiber of each simple were determined 

by AOAC (7) methods.  
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Battering and breading process. Salt (1.3%) and pepper (0.7%) were added to the chicken breast 

chunks. Coating paste was prepared by adding 0.2 g of carboxymethylcellulose to 100 ml of warm 

water and mixed thoroughly until the solution was homogenized. The resultant paste was applied to 

three kilograms of chicken chunks. Afterwards, one kilogram of carboximethylcellulose coated 

product was added to chick pea flour and pea flour (one kilogram per legume flour) until no blank 

spots were observed in product surface.  

Frying process. The breaded chicken chunks were fried using a conventional open pan using cooking 

gas. Vegetable oil was heated until 170°C was reached and the half of the coated products were 

dropped to the hot oil. The frying time for each batch was 7 minutes and to maintain uniform cooking, 

every minute the meat was stirred well and reverse. After the frying time was concluded, the meat 

was removed from the hot oil and placed in a vessel for draining the excess fat. Fresh oil was used 

for each batch. 

Cooking yield. The method used was described previously by Serdaroglu and Degimencioglu (8) 

and was determined by measuring the weight of three pieces of breaded chicken breast for each 

treatment  and calculating weight differences before and after cooking and using the following 

equation (Equation 1) 

 

cooking yeld (%) =
cooked weight

raw weight
x100  Ec. (A.1) 

Oil usage. Uptake of oil by the product was determined by weighting the oil before and after the 

frying process and calculated by the following equation (Equation 2) 

 

oil usage (%) =
weight oil before frying−weight oil after frying

weight of raw breaded piece
     Ec. (A.2) 

 

Juiciness. To determined juiciness of the product the method proposed by Mallikarjunan and Mittal 

(9) was used. Approximately 0.6 g of fried product were placed on a Whatman fiter paper. 

Compression was applied and afterwards, the product was removed and the filter paper was weighed 

again and the juiciness was calculated using the following equation (Equation 3) 

 

Juiciness (%) =
weight filter paper after pressing−weight fiter paper before pressing

weight fried product
    Ec.(A.3) 

 

Sensory evaluation. Both baked and breaded product were subjected for sensory evaluation for 

overall acceptability. The test was carried out by 30 untrained panelists using 5 point Hedonic scale. 

Samples were served in a well-lit room on coded White enamel plates. The mean score for each 

attribute is registered. The samples were serve at 55°C as proposed by (10). 

Statistical analysis. Physical analysis was made by triplicates and the date obtained were analyzed 

by an analysis of variance (ANOVA) with a 95% significance level and a comparison between 

families by Tukey’s test using Minitab v. 14. 

 

RESULTS 

Proximate analysis. As a results of the proximate analysis, it was observed that level of protein was 

significantly (p<0.05) higher in both legume breading than in control (Table 1). The aforementioned 

was in accordance with a research made by Levitin and McMahon (11), in which they stablish that 
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legumes are a good source of protein due to the nitrogen-fixing bacteria in the root nodules converting 

the atmospheric nitrogen into protein. 

 

For all legume samples, levels of fat decreased significantly (p<005) probably due to the tight outer 

structure of legumes that seems to be impermeable to substances such as water and gases, prevent oil 

intake into the product (12) 

 

Table1. Results for proximate compositions of the four types of breaded chicken. 

 
 

Cooking yield and juiciness. Results for product cooking yield and juiciness is seen in Figure 1. It 

can be seen below, overall products breaded with bread crumbs was observed to have lower cooking 

yields (from 60 to 84.4%) and hence, legume breaded product had the highest yield. These results 

could be explained by the principle described by Gamble et al. (13) in which they suggested that in 

order for the water steam scape, the food product must have a selective weakness in its structure. So, 

if the breading material is strong enough, moisture loss could be reduced. Therefore, legume had a 

strong structure because they have a defective seed coat that do not imbibe water. 

 

Product’s juiciness could be related to the amount of water that is retained by the flour. In the same 

way, Sreerama et al. (14) found that there is a direct relation with the amount of polar amino acids 

and its water holding capacity. Carboxymethylcellulose was also the best coating in all samples. 

Products coated with CMC has shown to have higher levels of juiciness due to its well-known 

properties as an edible coat in food products (10). 

 

 
Figure 1. Cooking yield and juiciness (%) 

 

Chick pea Pea

Control CMC CMC

Moisture 50.81+0.75a 57.98+0.78b 53.50+0.32c

Protein 10.56+0.34a 16.65+0.57b 14.32+0.3c

Ash 2.54+0.56a 3.3+0.21b 3.2+0.28b

Crude fiber 0.81+0.34a 1.3+0.34b 1.2+0.19b

Fat 11.03+0.78a 9.67+0.65b 10.56+0.36c

a-c. Mean values between control and either samples in the 

same row which is not followed by the same letter are 

significantly different (p<0.05). Mean + standard deviation 

(n=3)
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Oil usage. Breading with bread crumbs has significantly (p<0.05) the higher oil usage (6.2-7.5%) in 

comparison with chickpea breaded products. Oil usage or oil absorption is related with several factors 

according to Gamble et al. (13). Crust microstructure is of the interest of this type of breading. Thus 

legumes possess low porosity, oil absorption is reduced, hence chickpea has a low porosity. Also, 

lower levels of oil usage could be related to bulk density of the seed; as seen in a study made by 

Ettoumi and Chibane (15), they proved that chickpea flour is denser that lentil and pea flours. 

 

 
Figure 2. Oil usage (%) 

 

Overall acceptability.Using crumb breaded products as controls, chickpea breaded products had the 

highest evaluation (p<0.05) among the other legume breaded products and this could be due to an 

existing acceptance of breaded fried products (Figure 3). Similar results were observed in the research 

made by Khan et al. (16) in which meat quality improved in the coated products. Former results were 

probably appreciated due to a gel like texture in the product. 

 

 
Figure 6. Overall acceptability 
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ABSTRACT 

Currently the food industry is looking for alternative products as substitutes for food additives, such is 

the case of the dyes, which in many cases have become harmful to health for its synthetic origin. 

However, there are alternatives of natural source that can help compensate for this problem, one of 

which are the pigments obtained from plants, such as of betalains present in the Garambullo's fruit 

(Myrtillocactus geometrizans), which besides being a pigment can attributable to food sensory 

properties, possesses antioxidant activity. The aim of this study was to determine the content of 

betalains and color in three different extracts obtained by ultrasound. The fruit of garambullo was 

obtained in a local market the city of San Luis Potosi, Mexico; the sample was frozen and lyophilized 

for subsequent grinding. The betalains extraction was carried in aqueous condition, ethanol (10%) and 

methanol (80%) using ultrasound; in the extracts were determined the content of betalains by its 

fractions betaxanthins and betacyanins following the method of Nilson; also colorimetric study using 

a 3NH colorimeter was performed. Its antioxidant activity was determined by the ABTS method, for 

this analysis were used where 96-well microplates and a reader BioTek Synergy HTX Multi-Mode 

Reader. Each study was performed in five copies and analyzed by ANOVA for completely randomized 

design with a p < 0.05, statistical differences between the extracts were found, with the aqueous and 

ethanolic medium who presented higher content of betalains. Moreover, the three extracts showed 

magenta color tones according to the readings obtained by the colorimeter. Regarding the ABTS 

radical scavenging activity, the results show superior catches to 98%. Whereas the statistical results 

and the costs of extraction, it is convenient the aqueous extraction of betalains by ultrasound. Besides 

that no risk of toxicity and high nutraceutical potential than will be explored in future work. 

 

Keywords: betalains, ultrasound, colorimetry 

 

 

INTRODUCCIÓN  

The Garambullo (Myrtillocactus geometrizans), is part of the Magnoliophyta division of 

Magnolopsida class, belonging to the family of cacti and order Caryophyllales In Mexico the 

Garambullo is distributed mainly in the states of Hidalgo, San Luis Potosi, Queretaro and Guanajuato. 

This cactus has characteristics that unlike other cacti because it requires less water for growth, it can 

be easily spread and produces a globose fruit, 1 to 2 cm in diameter, purple, boneless and edible which 

is sourced lot of little-exploited properties for the development of these fruits flowering takes place 

in spring. At each point form fruiting 6 to 7 fruits, a plant can reach to produce 25,000 to 30,000 fruits 

per season; under natural conditions can be found up to 70 plants per hectare (Figure 1) (7, 2). 

mailto:juanugalde@uadec.uadec.mx
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One of the important characteristics of the fruit is its pigmentation, which is given by its betalain's 

content. Betalains are among the natural pigments of greatest interest to the food industry, and are 

recognized as nutraceutical molecules have potent antioxidant activity (10), being one of the most 

interesting properties of phytomolecules (4) being able to protect the human body against damage 

from free radicals (ROS) responsible for attacking macromolecules such as membrane lipids, proteins 

and even DNA, leading to health problems such as cancer, diabetes, aging and neurodegenerative 

diseases (7).  

 

Betalains are pigments present in the vacuoles of plant cells (6) are subdivided into two groups: 

betaxanthins of yellow-orange (with a max ʎ of 483 nm) and betacyanins of purple-red (with a max 

ʎ of 538 nm) (3). Besides being considered as antioxidants, it has also been found to exhibit good 

antiviral and antimicrobial activity (5). 

Figure 1. Basic core structure of betacyanins and betaxanthins respectively (9; 1). 

 

METHODS AND MATERIALS 

The fruit of garambullo was obtained in a local market the city of San Luis Potosi, Mexico; the sample 

was frozen and lyophilized for subsequent grinding; It proceeded to betalains extraction in aqueous 

condition, 10 % ethanol and 80 % methanol using ultrasound; in the extracts were determined the 

content of betalains by its fractions betaxanthins and betacyanins following the method of Nilson; 

also colorimetric study using a 3NH colorimeter was performed. Its antioxidant activity was 

determined by the ABTS method, for this analysis were used where 96-well microplates and a reader 

BioTek Synergy HTX Multi-Mode Reader. Each study was performed in five copies and analyzed 

by ANOVA for completely randomized design with a p<0.05 statistical differences between the 

extracts were found, with the aqueous and ethanolic medium who presented higher content of 

betalains. 

 

RESULTS AND DISCUSSION 

From the extracts, the following results spectrophotometrically betalains obtained. As shown in Table 

1, the aqueous extracts obtained by the extraction method had higher concentrations conventional 

stirring of each of the fractions betalains. This may be because betalains and its fractions appear to 

have greater affinity for water due to the presence of functional groups as hydroxyl and amino groups. 
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Table 1. Betalains content in the extracts of the fruit of Garambullo. 

Solvent Betaxanthins Betacyanins Total betalains 

Water 1.92 ± 0.2a 4.76 ± 0.32a 6.68 ± 0.52a 

Ethanol 1.64 ± 0.28a 4.31 ±  0.22a 5.95 ± 0.5a 

Methanol 1.25 ± 0.25b 2.62 ± 0.32b 3.87 ± 0.58b 

 

Table 2 shows the color differences between extracts, it observed the following parameters: L *, the 

aqueous and ethanolic extracts showed no significant difference, being brighter than methanolic 

extract. According to the parameters b * and c *, the three extracts showed a tendency to yellow 

coloration and chromaticity like. According to parameter a*, all the extracts have a tendency to red, 

according to the chromatic coordinate, particularly methanolic extract. For the parameter h *; the 

ethanol extract was the one that presented the highest hue, so the color causing the extract (magenta) 

is best defined of all. 

 

Table 2. Colorimetric analysis results obtained in extracts. 

Abbreviations: L*, indicates the clarity; a*, indicates green and red colors; b*, indicates the 

axis from blue to yellow; c*, indicates Croma; h*, indicates matiz. 

 

Of the tests antioxidant activity using ABTS technique the following results were obtained: 

 

Table 3. Test results of the percent inhibition of ABTS radical. 

Extracts Radical percent inhibition 

Aqueous 99.03 ± 1.27a 

Ethanol 98.78 ± 0.91a 

Methanol 89.05 ± 3.57b 

 

In the results presented in Table 3, it be appreciated that both the aqueous extract as ethanolic reached 

percentages radical inhibition without exist statistically significant difference, while the methanolic 

extract was lower, however all the results obtained were higher than those presented by Hernandez et 

al. (4), which reported the percentages of inhibition ABTS radical of 40 to 60%. 

 

CONCLUSIONS 

The garambullo is betalains source, particularly when these are extracted in aqueous and ethanolic 

conditions, so also its color is influenced by the solvent used and antiradical activity. 

 

 

 

 Aqueous extract Ethanol extract Methanol extract 

L* 57.03 ± 2.17a L* 77.323± 19.84a L* 43.125± 7.92b 

a* 15.18 ± 6.88b a* 16.535± 3.064b a* 38.4125± 12.55a 

b* 1.833 ± 0.62a b* -0.643± 1.093a b* 3.0275± 2.23a 

c* 15.35± 6.73a c* 16.565± 3.096a c* 28.4775± 16.79a 

h* 7.663± 4.66b h* 269.4± 179.2a h* 4.0525± 2.22b 
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ABSTRACT 

The objective of this work was to evaluate the effect of different edible coatings prepared with solid 

lipid nanoparticles (SLN) over quality parameters of saladette tomatoes stored in refrigeration. SLN 

were prepared with 100 g/L of Candeuba® wax and polyvinyl alcohol (50 g/L) and characterized 

evaluating particle size (PS), polydispersion index (PDI) and zeta potential (ζ).  For preparation of 

coatings, concentrations of 5 and 10 g/L of the SLN system were used (N5P and N10P) with 3 g/L of 

xanthan gum as support and a mix (50:50) of polyethylene glycol and glycerol as plasticizers (10 g/L). 

Tomatoes were washed, disinfected and drained to remove excess water, coatings were applied by 

immersion and then dried at room temperature, they were packaged in polystyrene containers and 

refrigerated at 12 °C being evaluated in a 26 day period where changes over physicochemical and 

mechanical properties (pH, acidity, soluble solids, color changes, lycopene concentration and 

firmness) of tomato were monitored and compared with a xanthan gum (GXS) coating batch; ANOVA 

of two factors was performed. Colloidal systems were of nanometric size (779.10 ± 5.47 nm) with a 

PDI = 0.18 ± 0.0029 and stable (ζ = |24.07| ± 0.06 mV). It was observed that N10P coating presented 

a better functionality for retarding color changes along storage time; brightness (L*) remained constant 

with values between 27 to 36 and showed the better appearance; also presented the smallest variation 

in parameter a* with values between 40 and 45, and a constant behavior along storage time respect °h 

with values between 34 and 38. According to firmness, N10P batches showed a homogeneous and 

lower decrease with values of 25 to 20 N. All batches presented a pH increasing (4 to 4.5) and acidity 

decreasing (between 0.5 y 0.8 %) along storage time and soluble solids between 4.5 and 5.5 °Brix. 

Lycopene content grew in all batches being lower in N10P coating (7. 5 to 12.5 mg 100 g-1 pulp) which 

can be related with changes in parameters a* and °h. SLN based edible coatings are an effective 

alternative for preservation and extension of shelf life of tomatoes. 

 

Keywords: Edible coating, fresh tomato, Candeuba® wax, color changes, firmness 

 

 

INTRODUCTION  

Cold storage is one of the many methods for reducing fruit and vegetable spoilage, used alone or in 

combination with other technologies since it may not be fully satisfactory from the microbiological, 

physicochemical and sensorial point of view. Edible coatings generate a modified atmosphere 
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creating a semipermeable barrier between fruits and surrounding environment reducing O2 y CO2 

interchange, water loss and solutes transition, as well as some oxidation reactions (1).  

 

Recently, nanotechnology has found applications in almost every scientific and technological fields; 

it is referred as the synthesis, manipulation, assembly and use of objects whose size is ranged in the 

nanoscale (1 x 10-9 m) which presents different physical and chemical properties compared with those 

of bulk materials; actually it is used by food scientist to create a variety of systems from food grade 

ingredients as surfactants, lipids, proteins and polysaccharides (2). Solid lipid nanoparticles (SLN) 

are colloidal systems composed by a lipidic solid matrix like waxes, paraffin, etc.; and nonionic 

emulsifiers; SLN are prepared from O/W emulsions where lipidic phase is solid so temperatures 

above its melting point needs to be used and then it is cooled for lipid recrystallization induction; 

lipidic particles size and concentration may be controlled (2). SLN are easily prepared by 

emulsification followed by high energy methods as high speed homogenization using mechanical 

devices that generates disruptive forces to break and mix the lipidic and aqueous phases resulting in 

fine particles (3).  

 

Mexico is among the major producers of tomato (4); tomato and derived products are considered 

healthy foods because of their low fat and calories content, also, they are cholesterol free and a good 

source of fiber, protein, vitamin A and C, β-carotene and lycopene; just a small tomato in enough to 

supply about a quarter of vitamins A and C daily recommended portion (5). The objective of this 

work is to study the application of SLN based edible coatings as a novel technology to extend 

tomatoes shelf life.  

 

METHODS AND MATERIALS 

Solid lipid nanoparticles (SLN) preparation and characterization. SLN were prepared by hot 

homogenization method with high shear speed (6) where a lipidic phase (100 g L-1 of melted 

Candeuba® wax at 90 °C) was dispersed with a high shear speed stirrer (Ultra-Turrax T25 digital, 

IKA®, Germany) into an aqueous phase (50 g L-1 of a PVA solution) to obtain an emulsion, particle 

size was reduced by a 3 stirring cycles at 20, 000 rpm and then cooled to room temperature; the mean 

particle size, polydispersity index (PDI) and zeta potential (ζ) of submicronic systems was measured 

with a Zetasizer® 4 (Malvern Instruments, UK). 

Film formation and characterization. Films were prepared using different SLN concentration 5, 10 

and 15 g L-1 and plasticizer at 10, 25 and 50 g L-1 for a mix of polyethylene glycol and glycerol (1:1 

p/p). As supporting system a xanthan gum dispersion (3 g L-1) was used. Films were formed pouring 

a volume ≈ 17 mL on a 13 cm Teflon plate, dried 24 hours at room temperature and R.H. and then 

retired from the plate. Mechanical properties of tension (tensile strength (TS), tensile elongation at 

break (%E) and elastic modulus (EM)) were measured with a Brookfield CT3 texturometer 

(Brookfield Engineering Laboratories, US) according to ASTM standard method D882 method.  

Tomatoes coating. Selected tomatoes were washed, disinfected and drained to remove the excess of 

water; coatings were applied by immersion and then drained and dried at room temperature. Tomatoes 

were weighted, packaged in polystyrene containers previously sanitized and refrigerated at 12 °C. All 

batches were evaluated in triplicate during a 26 day period.  

Color change. Color change on tomatoes surface was measured with an Agrocolor® colorimeter 

(Apollinaire Ltd, Aerospace & Instruments, France) calibrated with a white Teflon plate, parameters 
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R, G, B were recorded and then converted to CIE Lab scale (L*, a*, b*) to determine changes in hue 

(°h) and chroma (*C) with the following equations 

 

°h = arctg (
b∗

a∗)    (i)  C∗ = √a∗2 + b∗2   (ii) 

 

Textural parameters. Texture of tomatoes was evaluated with a Brookfield CT3 texturometer; 

puncture and compression tests were performed to determine firmness and compression load. For 

compression test a target value of 15 % was used with a trigger load of 0.25 N; compression load was 

obtained from software and expressed as the maximum force (N) needed to produce the fruit 

deformation.  

pH, acidity and °Brix. A HI 208 potentiometer from HANNA Instruments was used for pH 

measuring. Acidity was measured by titration with a NaOH 0.1N solution; for tomato fruits, acidity 

is reported as citric acid. Soluble solids of tomato pulp were determined with a HI 96801 

refractometer by HANNA Instruments calibrated with distilled water; refractive index was expressed 

in °Brix.  

Lycopene concentration. The lycopene concentration in tomatoes was measured using the method 

described in (9) with small changes; 0.4 g of grounded pulp were mixed with 3 mL of a 0.05 % BHT 

solution in acetone, 3 mL of ethanol 95%  and 6 mL of hexane; each sample was agitated with a 

Vortex for one minute and then centrifuged to provoke phase separation; finally, hexane absorbance 

(upper layer) was measured in a quartz cell at 503 nm. Lycopene concentration was calculated using 

equation (iv) where 0.172 is the extinction coefficient for lycopene in hexane and 0.5369 is the 

molecular weight of lycopene.  

 

Lycopene (μg g-1fresh tissue)= 
(A530 0.172⁄ )×Vol.  organic solvent (mL)

Sample weight (g)
×0.5369  (iv) 

 

ANOVA of two factors and compare treatment means (Minitab version 16, USA) to establish the 

effect of the coating composition on the properties of tomato during storage time was performed. 

Differences between treatments were evaluated for the average difference between treatments (α = 

0.05) by Tukey test. 

 

RESULTS AND DISCUSSION 

Solid lipid nanoparticles (SLN) characterization. Characterization of submicronic systems is 

important due to the variability according to preparation methods. SLN presented a mean particle size 

of 779.10 ± 5.47 nm with a monomodal distribution and a PDI = 0.18 ± 0.0029 indicating that most 

of the particles have a similar size; also, PVA used as surfactant  prevents particle agglomeration and 

allows monodispersed systems formation because of steric effect (10); zeta potential (ζ) of SLN 

system was  |24.07| ± 0.06 mV, authors (11) reported that ζ ≥ |20| mV produces stable systems for 

long storage periods but for those systems stabilized by steric effect, particle charge is not important.  

 

Film characterization. Mechanical properties evaluated were tensile strength (TS), tensile 

elongation at break (% E) and elastic modulus (EM); it was observed in Figure 1 that increasing the 

plasticizer concentration results in a ME and TS decrease and % E increases indicating that the film 

becomes more flexible and less brittle; plasticizer concentrations modify the functional properties of 
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films by reducing the intermolecular forces between adjacent biopolymer chains resulting in 

increased mobility thereof causing a decrease in the mechanical strength of films and increased 

flexibility (12). SLN increasing results in an increment of TS and ME and % E decrement what means 

that films became rigid; according to authors (13), this effect is caused by the partial substitution of 

hydrocolloid molecules by SLN in the film matrix, in this case xanthan gum. Figure 1 shows that 

there was no significant difference in TS values when plasticizer concentrations of 25 and 50 g  L-1 

were used so it was determined that the 10 g  L-1 concentration  would present good film forming 

properties and it could be applied in tomatoes; similarly when the  15 g  L-1 concentration of 

Candeuba® wax in the form SLN the was a small difference TS; according to the two way variance 

analysis it was established that there was no significant difference (p ≥ 0.05) between concentrations 

of wax in the form of NLS of 5 and 10 g  L-1 so it was decided to work only with  lower concentrations. 

According to statistical analysis, varying the concentration of plasticizers caused significant 

differences (p ≤ 0.05) between the values of TS, % E and ME; with this results, coatings used on 

tomatoes were defined: Control, xanthan gum with plasticizer (GXS), 5 g L-1 NLS with 10 g L-1 of 

plasticizer (N5P) and 10 g L-1 NLS with 10 g L-1 of plasticizer (N10P). 

 

a) 

 

b) 

 

Figure 1.  Representative graphics of edible films behavior according to SLN and plasticizer concentration 

supported in a xanthan gum matrix. 

 

Color change. Tomato color is the first extern characteristic determining the consumers acceptance 

and it occurs in different ripening stages,the most visible changes are related with the chlorophyll 

(green) lost and lycopene (red) accumulation (14).  Xanthan gum coating (GXS) provides brightness 

to tomato fruits but the wax presence made it lower, especially in those coatings with 10 g L-1 of wax 

concentration because of the properties of lipidic components. All coated batches presented a high 

brightness (L*) that remained constant along storage time being N5P batch the one with higher values 

(L* = 32-42) compared with Control batch (L*=25-35); coatings with 10 g L-1 of wax concentration 

presented values between 27 and 36 they presented a better appearance. Parameter a* represents in 

tomato fruits the transition from green (-a*) to red (+a*); increasing a* values mean a redness of 

tomato surface related to ripeness (9); a* values for batches with 5 g of wax (N5P) were lower 

(between 34 and 43) while those with 10 g of wax presented smallest variation between 40 and 45 

which means an homogeneous behavior compared with the other batches. The lowering values of °h 

indicate an intensification of red color (15); batches with 10 g L-1 wax concentration presented a 

constant behavior along storage time (h°= 34-38) while other batches presented a lowering trend 

being those with 5 g L-1 of SLN the ones with higher values of °h near 39 an lowering to 28 indicating 
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an intensification of red color due to ripening process; for this parameter, formulations with 10 g of 

wax in SLN form were the ones with better functionality for retarding color changes due to ripening. 

  

Textural characterization. Firmness is a measure of fruit texture and it is decisive for acceptation 

by consumers, softening is attributed to changes in turgor pressure, structure and composition of cell 

walls (16). Figure 2 shows that firmness in all batches presents a lowering tendency because ripening 

process continues in all batches; statistical analysis showed a significant difference (p ≤ 0.05) in 

tomato firmness regarding treatments and storage time. Batches coating with 10 g of wax showed a 

decrease 50 % lower than those of the control batch with decreasing values of 25 to 20 N; although 

coatings with 5 g of wax in SLN had lower values, its behavior was not homogenous, therefore 

formulations with 10 g of wax in SLN system were better for firmness preservation on tomatoes. 

 

Figure 2. Effect of different coatings over storage 

time on textural properties on refrigerated tomatoes 

Figure 3. Effect of different coatings over storage 

time on lycopene concentration on refrigerated 

tomatoes 

 

pH, acidity and °Brix. Tomato pH is determined by citric acid content which contributes to flavor 

of fruits; pH increasing and acidity reduction occurring in ripening is related to the loss of citric acid 

(16). All batches presented an increasing pH behavior along storage time, nevertheless, all values 

were in the rank between 4.0 and 4.5 for mature tomatoes as well as acidity that presented values 

from 0.5 and 0.8 % citric acid. After harvesting, sugars continue accumulating in tissue of tomato 

fruits because of metabolism of carbohydrates, lipids and proteins, glucose and fructose sugars mostly 

contributes to the soluble sugars content (15). Results showed all coatings had small but significant 

changes (p ≤ 0.05) and varied between 4.5 and 5.5 °Brix. 

 

Lycopene concentration. Lycopene content varies considerably in crops, ripening stage and growing 

conditions (16). Figure 3 shows that all batches presented increasing values of lycopene over storage 

time being lower in those coatings with 10 g of wax in SLN (N10P); batch with 5 g of wax showed 

the greater changes after day 15. Relating this results with those obtained for a* and °h parameters it 

is evident that coatings with 10 g of SLN maintain the color of fruits a longer time while coating with 

5 g of SLN showed the greater increase in lycopene related with the greater diminution in °h meaning 

that red color intensification occurred both outside and inside tomato fruits even when a* was low. 
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CONCLUSIONS  

Fresh tomatoes with 10 g L-1 of solid lipid nanoparticles with xanthan gum as support showed the 

most homogeneous changes in firmness and lycopene concentration pH and °Bx during storage time. 

The use of nanoparticles has a positive effect over quality parameters related with efficient 

conservation and extension of shelf life of tomatoes storage in refrigeration at 12 °C due to the 

modification of the barrier properties allowing a reduction over metabolism changes. 
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ABSTRACT 

Population growth, global food demand, and postharvest losses have generated searching for 

alternatives and new technologies to increase food availability, extending the shelf life of fruits and 

vegetables. One of the technologies with increasing acceptance is coating of horticultural products. 

The most interesting compound that has been used in the formation of coatings is chitosan 

(oligosaccharide). Chitosan’s performance in coatings can be improved by adding new compounds in 

the formulation. In our group, good results have been obtained using polyvinyl acetate (PVAc) latex 

in fruit and vegetable products. Thus, the aim of this study was to evaluate the effect of PVAc latex 

coatings added with chitosan on postharvest quality and shelf life of fruits. The study was conducted 

at the Departments of Plastics in Agriculture and of Polymerization Processes at the Research Center 

for Applied Chemistry, during the summer of 2016 in Saltillo, Coahuila (Mexico). Commercial fruits 

of acid limes (Citrus aurantifolia S.) were washed, dried and weighed, and subsequently coated with 

a thin layer of PVAc (with or without chitosan) applied manually and air dried. Fruits were stored at 4 

°C in an environmental chamber (LAB-LINE, 680-A, Benchtop Environ Cab) and at 25 °C (room 

temperature). Four fruits in each of the treatments were employed in triplicate. Treatments were: 1) 

uncoated, 2) PVAc coated, and 3) PVAc + chitosan (2%) coated. Fruits were evaluated every 7 days 

during three weeks. The evaluated parameters were: weight loss (WL), color (L*, a*, and b*), juice 

extracted, titratable acidity (TA, citric acid), pH, and total soluble solids (TSS) of juice. At 4 °C, PVAc 

– coated fruits yielded the lowest weight loss within the allowed limit (<5 %, p=0.0022). Uncoated 

fruits turned their color from green to yellow, an undesirable feature in acid limes. pH was maintained 

in the range from 2 to 2.5 (p=0.295396). At 25 °C, fruits treated with PVAc had higher TA (p=0.0042) 

and better yields to SST (p=0.0047), desirable in acid limes. PVAc coating is a good choice for storing 

the acid limes postharvest. PVAc + chitosan coating did not improve the properties of PVAc. 

 

Keywords: Coatings, Polyvinyl acetate, Quitosan, Postharvest quality, Shelf-life. 

 

 

INTRODUCTION 

Citrus fruits, including acid limes (AL) are of great importance in human diet due to their high 

antioxidant contents. Acid limes are noted for their contribution of ascorbic acid (vitamin C), which 

is not produced by the body and is necessary to consume from foods (1). In the last 20 years, Mexico 

has remained within the major acid limes producing countries worldwide (2). AL are not climacteric 

fruit, so physiological maturity for consumption generates in the tree (3). This is important, because 

mailto:*alexandra.soriano@ciqa.edu.mx
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if the fruit is not harvested in a suitable condition, postharvest quality and shelf life will be reduced. 

The shelf life of AL is 10 to 15 days at room temperature (4). 

 

Among the most extensively used storing technologies for AL is refrigeration. It is widely used 

because it preserves the nutritional value and the quality of these fruits (5). The purpose of 

refrigeration is decreasing the metabolism, ripening, and senescence of postharvest products. 

Nevertheless, the low temperatures used for refrigeration are below 5 °C, and jeopardize the quality 

of the fruit, because of chilling injury, affecting the visual quality of the product (6). Therefore, 

research has focused on treatments at low temperatures, and mainly in the application of films, 

coatings, and different modified atmospheres modified to decrease breathing, and thus also reduce 

the ripening, and senescence; increasing the shelf life of postharvest products. Edible coatings are a 

postharvest technology to extend the shelf life of fruit and vegetables, modifying gas exchange 

dynamics (7). These coatings act as a modified atmosphere, since they are semi-permeable barriers 

to gases and water vapor, allowing controlled breathing, sweating, color changes, some physiological 

disorders, preventing development of microorganisms, and providing better appearance to fruits, such 

as shine, and texture (4). Natural polymers e.g., proteins, lipids, and polysaccharides have been used 

as coatings to protect postharvest products. However, synthetic polymers are a better choice due to 

availability throughout the year and uniform lot-to-lot quality.  

 

Polyvinyl acetate (PVAc) is a non-toxic polymer with various applications in food and medicine. In 

fact, PVAc is a copolymer of vinyl acetate and vinyl alcohol. It has been previously reported that 

poly(vinyl acetate-co-vinyl alcohol) [P(VAc-co-AV)] edible coatings are a good choice for 

conservation of fruits and vegetables postharvest [8]. In our working group at CIQA where this area 

of interest is studied, a film of P(VAc-co-VA) has been used in fruit products postharvest with good 

results. However, according to previous work, this coating lacks antiphytopatogenic properties (4) 

which are desirable and add functionality to the protective coating. Chitosan has antibiotic properties, 

and has proved to be a good agent in films and plastic covers, since can reduce the incidence of 

microbial pathogens on fresh and minimally processed products, and postharvest level agents. 

Therefore, the objective for this work was to evaluate the P(VAc-co-AV) coatings effects with or 

without to Chitosan in shelf life of acid limes postharvest quality. 

 

MATERIALS AND METHODS 

Latex P(VAc-co-VA), and P(VAc-co-VA) with chitosan. The coating material was prepared 

following the procedure reported by Cortez-Mazatán (8). In the case of polymer P(VAc-co-VA) + 

chitosan, (5 mg/L) of chitosan was added. The final product was stored in a clean, dry vial until used. 

Treatments: Commercial AL (Citrus aurantifolia, S.) fruits were washed, dried and weighed. Four 

fruits in each of the treatments were employed in triplicate (n=12). Fruits were subsequently covered, 

first one half of the fruit with a thin layer of P(VAc-co-VA) applied with a brush and dried with hot 

air; next, the other half of the fruit was coated and dried similarly. Treatments were: 1) uncoated, 2) 

P(VAc-co-VA) coated, and 3) P(VAc-co-VA) + chitosan [5 mg/L] coated. Fruits were stored at 4 °C 

in an environmental chamber (LAB-LINE, 680-A, Benchtop Environ Cab) and at 25 °C (room 

temperature). Fruits were evaluated every 7 days during three weeks. The evaluated parameters were:  

Weight loss: was assessed with a digital scale (OHAUS® CS Series), considering the initial and 

weight of each of the fruits. Data were expressed in percentage of the initial weight (9). 
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Color: Skin color of AL was evaluated using a colorimeter (HunterLab MiniScan EZ, model MSEZ-

4500L) which provided data on L*, a* and b* (luminosity, iridescency from green (-) to red (+) axis, 

and, iridescency from blue (-) to yellow (+) axis, respectively). Data L*, a*, and b* were transformed 

into units and h° and C, to more easily find the exact color of sphere on a color chart. 

Juice contents: Each fruit was weighed in an analytical balance (OHAUS® CS Series), and the 

volume of juice was measured on a specimen free of any seeds, the weight of 1 ml of juice was also 

measured repeatedly so take an average. Results were reported as percentage (% v/v).  

Titratable acidity (TA): An aliquot of 1 ml of lemon juice and 2 drops of phenolphthalein indicator 

(0.1 weight %) was added. 0.1 N of NaOH solution was titled shaking the flask until it turned pink.  

pH: Total volume of the fruit juice was transferred to a tube, and pH was determined with a 

potentiometer (Thermo Scientific ORIOUN STAR A211). 

Total soluble solids (TSS): it was determined by the method of the AOAC (10): two drops of juice 

were placed on the prism of a refractometer (ATAGO PAL-1) previously calibrated with distilled 

water. 

Statistical analysis: it was performed using a completely randomized array. It was conducted 

corroboration of the assumptions (normality and homoscedasticity). Data were analyzed using 

ANOVA and post-hoc Tukey test with the NCSS 99 statistical program. 

 

RESULTS AND DISCUSSION 

Fruits were selected with the best visual quality at the start of the phase (strong green color, with no 

visible damage and uniform size), which was lost during storage, mainly due to dehydration. Shelf 

life of stored AL at room temperature is 15 days (4). The experiment was conducted for 21 days in 

which three samples (every week) were analyzed. Those fruits that were stored under refrigeration (4 

°C) maintained better appearance and smell, than fruits that were stored at room temperature (25 °C). 

At the second sampling (day 14), some of the AL were rotten. The number of losses increased 3 times 

at 21 days of storage, leaving half of the fruit unmarketable. 

 

Weight loss: Greater weight loss was observed at room temperature (25 °C) compared to the fruits 

stored under refrigeration (4 °C) with a significant difference (p<0.0001). This threshold difference 

was greater than 14 %. At 4 °C, the coated with P(VAc-co-VA) + chitosan and uncoated fruits and 

showed a weight loss greater than 5 % (allowable commercial limit from harvest to sale) whereas the 

P(VAc-co-VA) coated AL fruits presented a lower percentage. So the best treatment at 4 °C was the 

P(VAc-co-VA) with a p=0.0022. At 25 °C, there were not observed significant difference (p=0.8319) 

between treatments. In addition, at 25 °C weight loss in all treatments was more than 5 % (which is 

commercially unacceptable) from the first week of storage (Figure 1a).  
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Figure 1. a) Weight loss (%WL), and b) juice content (%) percentages of the acid limes, under different 

treatments: uncoated , P(VAc-co-VA) ○, P(VAc-co-VA) + chitosan ▼ coating, and stored at 4 and 25 °C. 

 

Juice percentage: Juice percentage (% v/v) considered marketable for AL is ≥45 % (11). However, 

the Codex Alimentarius (12) indicates a minimum of 40 %. Results show no significant difference in 

the juice content at different storage temperatures (p=0.0810 at 4 °C, and p=0.1990 at 25 °C, Figure 

1b). Also, they did not show a clear trend. At the end of the storage period, we can infer a lower juice 

content in stored fruits with P(VAc-co-VA) at 4 °C, but no significant difference was detected 

(p=0.0507) with 40 %, and P(VAc-co-VA) + chitosan at 25 °C (p=0.6363) with 50 %. However, they 

remained within the commercially acceptable quality parameters. In all cases the juice content was 

above 40 % (Figure 1b). 

 

Color: The data obtained with the colorimeter were L*, a*, and b* were analyzed individually with 

the following results. 

L* (lightness or darkness of an object): The values show that at day zero after applying the coatings 

of P(VAc-co-VA), and P(VAc-co-VA) + chitosan, brightness decreases, contrary to what has been 

reported that application of coatings increases the brightness of postharvest products. The treatments 

at 4 °C retained their color throughout storage with no significant differences between treatments or 

sampling days (p=0.4158). At 25 °C there is no clear trend. However, statistical analysis reveals that 

there are significant differences between treatments (p=0.0053). P(VAc-co-VA) + chitosan treatment 

decreases the brightness of the fruits (Table 1).  

 

a* red/green coordinate (+a indicates red, -a indicates green): The values are negative and therefore 

we are in the green range (Table 1, Figure 2). One can see that the values in both temperatures and 

the three treatments are very similar and there is no significant difference neither at 4 °C (p=0.9617) 

nor at 25 °C (p=0.2538; Table 1). 
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Table 1. Color results (L*, a*, and b*) of acid limes under different treatments: uncoated, P(VAc-co-VA), 

and P(VAc-co-VA) + chitosan coating, and stored at 4 and 25 °C. 

 

b* yellow/blue coordinate (+b indicates yellow, blue indicates –b): The b* values are positive and are 

placed in the yellow scale (Table 1, Figure 2). Color units differences for treatments at 4 °C as with 

the tonality are quite similar, showing no significant difference (p=0.9384). At 25 °C more variation 

was perceived and lines are noticeably separated from each other, emphasizing the control or 

uncoated treatment finding significant difference (p<0.0001) between treatments (Table 1, Figure 2). 

This shows that the fruits of the control group or without coatings change color to more yellow hue 

(°h), indicating greater senescence in control fruits compared to those where coatings were used 

(Table 1, Figure 2). 

 

 
Figure 2. Sphere color. Color indication of acid limes under different treatments: uncoated, P(VAc-co-VA), 

and P(VAc-co-VA) + chitosan coating, and stored at 4 and 25 °C. 

 

Titratable acidity (AT): During the maturation process, the acids in the citrus fruits are degraded 

and sugar content increases, so the sugar/acid ratio also increases. Immature fruits have higher acidity, 

giving a sour taste. Instead, overripe fruit have very low levels of acidity and thus lose their sour taste. 

It is therefore very important to preserve high acidity for the acid limes. Their values range from 5-7 

%, for the main organic acid (citric acid). Results showed very similar behaviors for treatments at 4 

Treatments Storage 

days 

L* a* b* 

4 °C 25 °C 4 °C 25 °C 4 °C 25 °C 

Mean SD Mean SD Mean SD Mean SD Mean SD Mean SD 

Uncoated 0 54.71 3.69 54.71 3.69 -10.94 0.28 -10.94 0.28 40.72 4.19 40.72 4.19 

7 49.54 4.28 50.98 5.46 -10.28 0.45 -10.52 0.65 39.16 6.51 39.36 5.42 

14 51.72 4.97 54.57 4.04 -9.66 1.20 -9.28 1.18 37.65 5.90 42.74 4.66 

21 51.76 4.40 53.79 3.69 -9.35 0.48 -8.82 0.59 36.61 5.90 41.08 5.43 

P(VAc-co-VA) 0 49.88 4.33 49.88 4.33 -10.99 0.41 -10.99 0.41 34.20 5.84 34.20 5.84 

7 49.97 4.57 52.98 5.10 -10.36 0.84 -9.99 1.28 37.02 5.40 38.13 5.95 

14 51.60 5.11 51.52 4.35 -9.33 0.74 -8.78 1.78 37.35 7.01 35.08 6.12 

21 52.62 4.79 50.45 2.45 -9.50 0.56 -8.54 0.62 37.79 6.35 28.48 3.44 

P(VAc-co-VA) 

+ Chitosan 

0 51.38 5.19 51.38 5.19 -10.58 0.49 -10.58 0.49 36.81 6.67 36.81 6.67 

7 50.62 3.90 48.76 5.53 -10.39 0.54 -10.16 0.77 36.71 5.18 33.16 6.01 

14 53.15 4.84 47.89 4.48 -9.36 0.81 -8.72 1.73 38.23 5.77 29.54 6.65 

21 53.38 3.34 52.95 3.83 -9.60 0.74 -8.69 1.68 38.44 3.95 35.52 4.48 

p (treatments) 0.4158 0.0053 0.9617 0.2538 0.9384 <0.0001 
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and 25 °C, except at day 7 of storage, where the fruits of the uncoated treatments, and P (VAc-co-

VA) + chitosan at 4 °C had higher acidity compared to fruit stored at 25 °C. However, no significant 

difference between treatments and storage temperatures (p=0.2523) were observed. Tendency of all 

treatments after 7 days was to decrease TA, compared to the initial day (p<0.0001 at 4 °C, and 

p<0.0001 at 25 °C; Figure 3a). However, no significant differences between treatments at 4 °C 

(p=0.2631) was found. At 25 °C, significant differences between treatments (p=0.0042) were 

observed, with the fruits treated with P (VAc-co-VA), with higher TA (Figure 3a). From the second 

week of storage, all the fruits under different coatings and storage temperatures decreased TA values 

below the recommended (5-7 %), so they tastes were less acidic (Figure 3a). 

 

pH: In figure 3b, it can be seen that the coatings had no effect on pH, with most treatments in the 

range 2-2.5; so no significant differences (p=0.2953) between the two storage temperatures were 

observed. There were no significant differences between treatments at 4 °C (p=0.4721). At 25 °C the 

pH of the fruits is more stable, highlighting the first week compared to fruits stored under refrigeration 

(Figure 3b). At 25 °C, significant statistical differences were found (p=0.0482) between treatments, 

the uncoated fruits presented the lower pH (Figure 3b).  

 

Total soluble solids (TSS): According to Lizana and Riveros (13), TSS in mature acid limes varies 

between 7 and 9%. This behavior was seen in the results obtained under the different coatings and 

storage temperatures. The fruits under the treatment of P(VAc-co-VA) stored at 25 °C, showed better 

performance than the other treatments (uncoated and P(VAc-co-VA) + chitosan), with significant 

differences (p=0.0042). At 4 °C, no significant differences are observed (p=0.2629, Figure 3c). 

However, the trend of TSS content was to increase, which coincides with decreased acidity. This 

indicates that senescence continued in the fruits, where the fruit used its reserves of organic acids, 

mainly citric acid (TA; Figure 3a), since the same decline acidity is observed for ascorbic acid (data 

not shown). Increased sugar content indicating ripening and senescence horticultural products (TSS; 

Figure 3c).  

 

In conclusion, coatings allowed maintaining color in the green skin color scale, and decreased weight 

loss, especially at 4 °C. The coating did not provide brightness to the fruit, but allowed to have a 

percentage of acceptable juice, and higher content of TSS. No significant differences in pH and TA 

were detected so the main postharvest quality parameters were not altered by the use of P(VAc-co-

VA), and P(VAc-co-VA) + chitosan. Uncoated fruits stored at 25 °C showed wilting faster than the 

fruits with coatings [P(VAc-co-VA), and P(VAc-co-VA) + chitosan]. Therefore, coatings could 

prolong the shelf life of AL compared with uncoated fruits. The coatings allow preserving at least the 

main quality parameters of Mexican limes and maintain the green color, main feature of quality for 

commercial use. 
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a)  

 

b) 

 
c) 

 
Figure 3. a) Titratable acidity (citric acid percentage %, TA), b) pH, and c) total soluble solids (TSS, °Brix) 

of the acid limes under different treatments: uncoated , P(VAc-co-VA) ○, P(VAc-co-VA) + chitosan ▼ 

coating, and stored at 4 and 25 °C. 
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ABSTRACT 

Nowadays, nanotechnology has quickly emerged as one of the most promising and attractive research 

fields in food industry. Nanoparticles and nanocomposites may contribute to barrier properties and 

functionality of coatings for fruit preservation since these systems show an increased surface area. 

Actually, submicronic systems allow better distribution and homogeneity on the fruit skin with several 

advantages for various applications and uses. Fruits and vegetables are living tissues subjected to 

quality changes after harvesting. The loss of strawberries can reach 40% during storage. In order to 

investigate the effects of nanocomposite edible coatings on shelf life and quality characteristics of 

strawberry fruit, an experiment was conducted with two types of chitosan: from Cherax 

quadricarinatus (QL) and commercial chitosan (Sigma-Adrich) (QC). They were synthesized 

chitosan-silver nanocomposites (NPs-Ag) by reducing AgNO3 with NaBH4 in a microwave reactor 

(CEM, 908005). The NPs-Ag-QC / NPs-Ag-QL obtained are added to the dispersions formed by 

biopolymers QC or QL (1.5%) in a ratio 1:40, stirred for 24h. It dipped strawberries, stalks, washed 

and sanitized (NiconPQ) in the edible coatings (QC, QL, QC-NPs-Ag-QC, QC-NPs-Ag-QL, QL-NPs-

Ag-QL and QL-NPs-Ag-QC) and stored at 10 ° C to facilitate dry /120 min, then were packed in 

polystyrene bags at 4 ° C. Sanitized only strawberries were used as a blank and not sanitized 

strawberries as control. Was analyzed color (Minolta CR-400; CIE-L*, Cab* and hab*), decay rate 

(Arbitrary scale; 0 undamaged 5 high damage), texture (Texture analyzer; TAXT2; skin firmness (N) 

and elasticity (mm)) and weight loss (%) at 7 days of storage. Decay rate, color, skin firmness and 

elasticity of the strawberries (uncoated and coated with the six different edible coatings) not show 

statistical differences at the end of storage possibly although in this period not damage tissue collapse, 

presence of micelle and apparent dehydration are recorded (7 days). For the weight loss was 

significantly higher for control, blank samples (>10% with respect to initial weight 0 day), samples 

coated with QC-NPs-Ag-QL and QL-NPs-Ag-QL registered weight loss of 10% possibly due to an 

increase in the permeability of water vapor of both edible coatings, all other coated strawberries 

reported weight losses of ≤ 4%.  

 

Keywords: Nanocomposites, Edible coatings, Chitosan, Minimally Processed, Strawberry 

 

 

INTRODUCTION 

The nanotechnology is nowadays one of the most attractive fields of investigation in the food industry, 

the nanoparticles and the nanocompounds can contribute to the functionality of the recoverings to the 
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conservation of the fruits. The main function of the packings for food is to maintain the harmlessness 

and the quality of the food, to extend the time of useful life of the food factors and conditions must 

get ready that disfavour to the foodstuff like microorganisms, oxygen, moisture and external force 

(1). The purpose of the packing in the food must prevent the loss or profit of the humidity, 

contamination by microorganisms. These packing are a barrier against water vapors, oxygen, scents 

and external flavors (1). The use of chitosan films can prolong the life shelf of the products that are 

covered since it is a biopolymer with a strong antimicrobial action since it reduces the production of 

ethylene and carbon dioxide which are related to the deterioration of vegetables and fruits, the 

permeability to the water avoids the accumulation and growth of fungi (2, 3).  

 

The chitosan is a biodegradable polymer obtained by means of the deacetylation of chitin in alkaline 

conditions and high temperatures (2,4,5), not toxicant, antimicrobial properties, this turns it into a 

material with big potential to work like food packing (2,6), it can extend the life-shelf of fresh food 

with high water activity like fruits, vegetables and meats, since it presents the skill of going well 

together lipids and metals such as copper, zinc, lead, vanadium and iron (2,6), in this case it will be 

proved by silver since it is known that it has a high antimicrobial power. The chitosan films can be 

modified using different compounds so to improve the properties mechanicals and permeable of the 

same ones (7) they will be used nanocompounds of chitosan and silver in recoverings of chitosan 

Cherax Cuadricaranatus (Prawn) and commercial chitosan in order to improve the characteristics 

mechanicals, morphologic, as well as antimicrobial and the fruits conservation. Obtaining chitosan 

provides a great help to environment since during the industrial processing of lobster, shrimp, crab 

and prawns a very large waste (8) volume, so it generates that if they are not given adequate treatment 

can generate a serious and important environmental problems, for these reasons and giving a utility 

to these wastes was carried out obtaining chitosan from Cherax quadricaranatus, and took out the 

formulation of coatings and nanocomposites based on the same being applied to strawberries for their 

great susceptibility to being attacked by mold Botrytis cinerae considering that chitosan is par 

excellence an antimicrobial potential (9). The application of edible coatings promises to be an 

excellent technology for improved quality and preserve food during processing and storage. 

 

MATERIALS AND METHODS 

Preparation of nanocomposites silver-chitosan. They will be prepared by reduction with NaBH4 in 

a microwave reactor (CEM) (10). They were dissolved 100 µg commercial chitosan (QC)(Sigma 

Aldrich) and one with prawn chitosan (QL), in 10 mL of acetic acid (J.T Baker) 1% and allowed to 

stir for 20 minutes constant at 7 rpm, followed to this was added 37.5 g of AgNO3 (silver nitrate) (J.T 

Baker), this will be done only when the chitosan dissolved in the acid, and should be stirring. The 

flask was positioned in an oven microwave reactor (CEM Discover®), under the following 

conditions: 60 watts at 90°C with 1 min. run time and 60 watts at 90°C for 3 min. as hold time, and 

20 min. cooling (activation phase of biopolymer). Then the solution was cooled on an ice bath with 

constant stirring at 7 rpm, is added together dropwise a cold solution of NaBH4 (150.0132 N) acting 

as a strong reductant and shaken 7 rpm for 30 min in ice bath. After the time the sample is transferred 

to the microwave reactor under the same conditions as the first cycle (60 watts at 90°C for 1 min run 

time and 60 watts at 90°C for 3 min as hold time and 20 min cooling, during the run time is added 

drop by drop a cold solution of ascorbic acid (1% N) which acts as a stabilizer for the reaction, thereby 
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obtaining the silver-chitosan nanocomposites of commercial chitosan NPs-Ag-QC and silver-prawn 

chitosan NPs-Ag-QL. 

 

TREATMENTS FOR THE PREPARATION OF NANOCOMPOSITES AND COATINGS 

Formation of 

silver 

nanocomposites 

Reactor Discover® 

CEM (908005). 

Reducing agent: Sodium 

Borohydride (NaBH4). 

Silver nitrate and 

acetic acid (1% 

N). 

Formulation of 

coatings 

Stir plate, stirrer, water 

bath and deionized 

water. 

Commercial chitosan 

(Sigma Adrich, GD ≤75%) 

and Prawn chitosan 

Glycerol and 

ascorbic acid 

85%. 

 

Formulation of edible coatings based commercial chitosan and prawn Chitosan. 

Commercial chitosan (RQC). 1.5 g chitosan were dissolved per 100 mL of deionized water, stirred 

until homogenize much as possible at 7 rpm, add 0.7 mL of glycerol and subsequently 0.7 mL of acid 

lactic 85%, followed by stirring. Followed by this, which measure pH should be 4.1 ± 0.2, should be 

so, adjust pH with lactic acid scoring spending acid to obtain the desired pH value (most stop stirring 

between each addition of acid to adjustment before measuring pH, to allow the acid to react in the 

middle). Stirring for 24 hours at 7 rpm to then be heat-treated (94°C for 15 min), then move to a cold 

bath to thermal shock ant guarantee their safety. 

Prawn chitosan (RQL). 1.5 g chitosan were dissolved per 100 mL of deionized water, stirred until 

homogenize much as possible at 7 rpm, add 0.7 mL of glycerol and subsequently 0.7 mL of acid lactic 

85%, followed by stirring. Followed by this, which measure pH should be 4.1 ± 0.2, should be so, 

adjust pH with lactic acid scoring spending acid to obtain the desired pH value (most stop stirring 

between each addition of acid to adjustment before measuring pH, to allow the acid to react in the 

middle).Strain the coating to remove impurities, furthermore stirring for 24 hours at 7 rpm to then be 

heat treated (94°C for 15 min), later move to a cold bath to thermal shock ant guarantee their safety. 

Raw material. We used strawberries (Fragaria ananassa) variety Festival provided by the supplier 

Hamberry®, which were selected and classified based on the norm NMX-FF-062-2002 in the degree 

of extra quality. Subsequently the strawberries will be processed by applying minimum processing 

techniques (washing, sanitized, centrifugation) was conducted sanitation by immersion with NiconPQ 

(4mL/10 lt of water) were used as control without sanitized strawberries. Were weighed 50g. The 

strawberries are overlaid by immersion for 8 min, subsequently shall be dried 10º C for a period of 2 

h to perform the baling samples, which is carried out in bags "Bolco®" (11), shall be measured 

parameters during 7 days of storage. 

Decay index. The rate of decay (IDC) was carried out by means of the observation of each fruit 

separately from all treatments, quantifying the level of damage as indicated by the following scale: 1 

= not damaged, 2 = Slight damage (≤25%), 3 = moderate damage (≥25% and ≤50%) 4 = severe 

damage (≥50% and ≤75%) and 5 = fully damaged (75 - 100%). Once quantified the damage in each 

fruit of all treatments and each one of the samples, data were grouped by determining the average and 

it was obtained the rate of decay by using the following equation (Figure 1):  

 

 
Figure 1. Decay Index 
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Color. The color values (CIEL*a*b*) were obtained by the colorimeter Minolta. 

Strength of the skin (N) and elasticity (mm). Quantitative values of texture is obtained through the 

submission of 4 fruits per each sample in treatment in the above mentioned time period, to testing in 

the texturometer (TA - XT Texture Analyzer), using the attachment P/2, which measures the force 

required to penetrate the walls of the structure of plant origin (force of the skin). Will be obtained and 

compared the values of the maximum force required for penetration by the probe. 

 

RESULTS  

In the Figure 2 and Figure 3, shows the values of the Physiochemical characterization performed to 

each one of the coatings showing all a standard deviation was not significant. Subsequent to the 

integration of NPs-Ag-QC and NPs-Ag-QL the pH value of the samples, RQL and RQL/NPs-Ag-

QC, RQC/NPs-Ag-QL and RQ denote similar values, where samples RQL/NPs-Ag-QC and RQL 

have a similar values of solids for desiccation percentage.  

 

 
Figure 2. Physiochemical characterization of the 

coatings 

Figure 3. Measure of refractive index and Activity 

of water. 

 

Color. Measured with colorimeter Minolta. (L*,Cab* and HAB*) of strawberries coated, control and 

blank. In Figure 4, we can observe the color variation between each one of the samples. The samples 

with greater luminance (L*) were those of blank followed by the control samples with little significant 

margins of error, can also be seen that the samples that presented a higher saturation (chroma C*) 

were those identified as RQL and at the end we find that the sample identified as RQL has a value of 

34.4 being the highest in the column of the hue (H*). It is believed that the control samples and blank 

have greater luminous due to the color of the coatings with nanocomposites is brown.  
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Figure 4. Initial Color with coatings Figure 5. Final color with coatings 

 

In Figure 5 you can see the color similarity between all samples, both in brightness, hue and chroma 

in comparison to the Figure 4 is thought to be due to the rate of decay in strawberries because these 

obscure to be in rot. 

 

In Figure 6, we can observe the level of physical damage in each sample. Strawberries that showed 

a lower damage were coated with RQL/NPs-Ag-QC perhaps this is due to the combination of both 

chitosan that combined their properties showing these strawberries greater conservation. 

 

 
Figure 6. Level of physical damage after being coating 
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Decay Rate. In Figure 7, the average level of damage control samples, coated blank and is present. 

Decay rate was measured as visually observed in mold damage in fruit and fruit health, color and 

firmness. It was noted that the strawberries covered identified as RQC-NPs-Ag-QC had a damage 

high in comparison to the other samples, the range of error limit of estimate in the samples is 

between 1.0 and 0.3. Samples with less damage is noted that were the ones that we have identified 

as RQL-NPs-Ag-QC. It is believed that chitosan of prawn has a power antifungal slightly higher 

than the commercial chitosan 

 

 
Figure 6. Decay rate in strawberries coated, control and blank 

 

CONCLUSION 

In the formulation of coatings and its composition there are no significant differences between them 

in the physical-chemical analysis, strawberries coated with RQL-NP-Ag-QC are kept in good 

condition compared to the control samples after 7 days of storage , considering that the coating gives 

favorable results although based on the results shows that there is a better conservation of strawberries 

with coatings made with commercial chitosan or containing nanocomposites commercial chitosan 

and noting that the commercial chitosan has a power higher than the antifungal prawn chitosan. 

Coatings with and without nanocomposites do not affect the color, taste or appearance of the 

strawberries. 
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ABSTRACT 

The Brazilian papaya production corresponds to 12,5% of the worldwide production. The maintenance 

of these fruits under low temperatures (10ºC) during the exportation to Europe and the USA may 

damage the volatile compounds of the aroma. Since methyl jasmonate (MJ) is already described in the 

literature as a plant hormone that can increase the volatile compounds in fruits and vegetables, many 

different protocols has been studied. The aim of this work was applying methyl jasmonate by the 

evaporation method in the concentration of 10 ppm during 24h and evaluate its effects in the fruits. 

The first protocol include one single application and the second one includes two applications of MJ - 

one application with the unripe fruit and the other one using the same fruits already ripe. It was verified 

some differences between both groups. When compared to the control group that was not treated with 

MJ, the fruits treated seem to be more attractive and the peel was greener than the control fruits. There 

were some differences between the volatile compounds evaluated in both fruit groups. Fresh volatile 

aroma from heptanal, 1-heptanol and isoamyl butirate were detected in the protocol with two MJ 

applications and it was not detected in fruits treated only once. 

 

Keywords: papaya, volatile, aroma, methyl jasmonate. 

 

 

INTRODUCTION 

Methyl Jasmonate (MJ) is a naturally occurring plant growth regulator that is involved in the 

mechanism of defense of the plant against pathogens (1). It has been reported that a postharvest MJ 

treatment maintained higher levels of bioactive compounds, enhanced antioxidant capacity in 

blackberry, raspberry and strawberry (2, 3) and can affect the biosynthesis of important fruit 

components such as carotenes, chlorophylls and vitamins1. The U.S. Food and Drug Administration 

classified the MJ as a Generally Recognized as Safe (GRAS) substance, then it may have potential 

commercial applications to enhance the fruit quality and formation of volatile compounds (4). 

 

Papaya has more than 300 volatile compounds identified (5). The biosynthetic pathways have been 

traced back up to intermediates of primary metabolism (6). It has been shown that carbohydrates, 

fatty acids and amino acids represent the natural carbon pools for flavor compounds (7). Linalool, the 
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most abundant volatile compound in papaya from cultivar Golden (8), is a terpenoid that can be 

synthesized from acetyl CoA and pyruvate provided by the carbohydrate pools in plastids and the 

cytoplasm. Many other aliphatic aldehydes, alcohols and ketones that contribute to the cultivar 

Golden flavor are from lipoxygenase (LOX) pathway such as hexanal and nonanal (7). 

 

Brazil is one of the biggest papaya producer and Europe and the USA are the main consumer markets 

(9). The cold chain is essential for extending the shelf life of the fruit and generally the temperatures 

are around 10ºC. Even though, it harms the quality by reducing the emission of volatile aroma 

components (10). The most representative volatile compound influenced by the cold chain is the 

monoterpene linalool. It affects the flavor and the acceptance of the exported papaya. Since the 

volatile compounds are essential to the consumers’ acceptance, the exogenous application of MJ is 

purposed in this work to preserve the flavor of papaya even when stored at low temperature (10ºC). 

 

 

MATERIAL AND METHODS 

Chemicals: Methyl jasmonate was purchased from Sigma-Aldrich (Steinhem, Germany) and the GC 

purity (sum of isomers) is ≥ 94.0%. The SPME (Solid-Phase Micro Extration) carboxen resin, 

divinylbenzene polydimethylsiloxane (CAR/ DVB / PDMS) 100μm thickness was purchase from 

Supelco® (Sigma-Aldrich, Germany). 

Fruit Material and Treatment. The papaya fruits were supplied by UGBP Company (Union of 

Growers of Brazilian Papaya) from Linhares-ES, Brazil. They were harvested in stage 1 and 

transported to the laboratory in cold chain, 2 days after harvest. Fruits were selected for uniform size 

and absence of defects and then randomly divided in two groups. Group stored at 10ºC one single MJ 

application and group stored at 10º two MJ applications. An appropriate amount of MJ liquid was 

spotted on the filter paper inside the boxes and incubated at 22ºC for 24h, allowing the MJ to 

evaporate. The concentration was calculated on the basis that MJ evaporated completely and reached 

the concentration of 10 ppm inside the boxes. Following treatment, the boxes were opened and each 

group stored at 10ºC for 15 days. Fruit pulp samples were kept in -20ºC to realize the volatile 

compounds analysis.  

Aroma Volatile compounds. Analyses along the ripening using the micro-solid phase extraction 

(SPME) were adopted. Groups stored at 10ºC were evaluated the days 0,1,3,5,7,10,11,13 and 15. The 

method of extraction employed a volatile by SPME carboxen resin, divinylbenzene 

polydimethylsiloxane 100μm thickness Supelco® (CAR / DVB / PDMS). Approximately 4g of pulp 

from a pool of three fruits were added to 2 mL of 30% NaCl (w/v). During the procedure, the small 

cylinders of pulp were placed in a beker with ice to preserve the aroma volatile compounds. They 

were then placed in a vial fitted lid with silicone septum and frozen at -20 °C for subsequent analysis 

by GC-MS. After a month, the pulp was thawed at 50 ° C in a water bath with intense stirring. The 

volatile aroma was accumulated for 20 minutes and the SPME fiber was introduced into the vial and 

exposed to the air inside for 40 minutes. Once captured, the sample was desorbed from the fiber by 

exposure to heat injector chromatograph (200ºC) for 3 minutes. The Hewlett-Packard chromatograph 

model 6890 coupled to a mass selective detector 5973 model was used. As the chromatographic 

column used was Supelcowax 10 (size 30 m, 0.25 mm diam. Procedure, 0.25 mm thick film). The 

temperature program was: 35°C for 0.5 minutes, ramp at 5°C / min to 250º C, lasting for 1 minute, 

followed by a new ramp to 20°C / min to 310°C and kept for 2 minutes. The temperature of the 
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interface between the chromatograph and a mass selective detector was 230ºC and ionization was 

done by electron impact (70 eV) and the ion source maintained at 150°C. The analysis was performed 

in duplicate for each sample. The mass spectra obtained were compared with the NIST library version 

1.6 is considered positive identification with those with a similarity index above 70%.  

 

RESULTS AND DISCUSSION 

There were selected 26 volatile aroma compounds whose the adopted criteria were: presence of 

aromatic notes and minimum similarity index of 70% with the chromatograms of the library NIST 

1.6®.  

 

The most important and abundant volatile aroma in papaya cv.’Golden’ is linalool. It is described as 

a sweet, floral, alcoholic volatile. Volatile compounds in a very low concentrations sometimes have 

more impact than other compounds present in upper concentrations. Then, unique combinations of 

volatiles, as well as the specific proportions of each of the volatile components, can determine aroma 

properties of the fruits. The most relevant volatile compounds found in the group two MJ applications 

and absent in the group one single application were heptanal, isoamyl butyrate and 1-heptanol. The 

first one presents a fresh aldehydic fatty green herbal aroma, as the second one is fruity, tropical, 

apple and melon like with tutti frutti notes. Moreover, 1-heptanol presents notes of apple, apricot, 

woody and fruity (11). The Table 1 shows the volatile compounds that are present or absent in both 

treated groups. 

 

MJ is able to modify the biochemical pathways of volatile compounds (12). Mainly the two MJ 

applications, may avoid undesirable alterations in the volatile fraction occurring postharvest and 

during storage, as well as minimizing aroma losses. Papaya aroma is an important indicator to reflect 

its quality flavor and the production was markedly influenced by many factors. In general, more than 

one biochemical pathway is responsible for a blend of volatile compounds released from different 

fruits. Fruits synthesize and emit a large variety of aroma volatile compounds with terpenoids and 

fatty-acid derivatives the dominant classes (13). 

 

Hexanal is a product of linoleic acid, while autoxidation of linolenic acid produces 2,4-heptadienal 

as the major product. Further autoxidation of these aldehydes leads to the formation of other volatile 

products. Some aldehydes are volatile fatty acid derivative as methyl jasmonate. They are derived 

from C18 unsaturated fatty acids including linoleic acid or linolenic acid, which undergo 

dioxygenation in a reaction catalyzed by LOX (14). Other compounds like trans-β-ionone, are derived 

from carotenoid pathway. The terpenoids are the largest class of plant secondary metabolites with 

many volatile representatives, which linalool is the most abundant in papaya fruit. Plastidial IPP 

provides the precursors for geranyl diphosphate (GPP) and GGPP for mono-, di, and tetra-terpenes 

however, cross-talk between two IPP biosynthetic pathways is prevalent, particularly in the direction 

from plastids to cytosol (15, 16). 
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Table 1. Volatile Aroma Compounds Presence (P) or absent in the papaya samples that received one or two 

methyl jasmonate (MJ) applications. 

Volatile Aroma Compounds MJ single application MJ two applications 

Hexanal P P 

Nonanal P P 

Linalool Oxide (1) P P 

2,4-Heptadienal P  
2-Ethyl-1-hexanol P P 

Linalool P P 

β-Cyclocitral P P 

2-Pentylfurane P  
6-Methyl-5-Hepten-2-one P P 

Trans-2-octenal P P 

1-octen-3-ol P P 

Linalool Oxide (2) P P 

Benzaldehyde P P 

Phenylacetonitrile P P 

Trans-β-ionone P P 

1-Hexanol P  
1-Octanol P P 

Trans-geranyl-acetone P P 

Benzyl Alcohol P P 

Citral P  
Furfural P  

Methyl Benzoate P P 

Heptanal  P 

Isoamyl Butyrate  P 

1-Heptanol  P 

Butanoic Acid   P 

Data are means (n=3). The letter “P” refers to the presence of the compound as the blank line refers 

the absent of the compound. The volatile aroma compounds were listed according to the minimum 

similarity index of 70% with the chromatograms of the library NIST 1.6®.  

 

In spite of many factors including cultivar, cultural practices, ripeness; harvest maturity and 

postharvest handling can influence the abundance of volatile compounds in fruit. MJ seems to change 

the volatile aroma profile and there are many protocols that can be applied depending on the fruit and 

the method employed. 
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ABSTRACT 

Berries are fruits highly appreciated by their color, flavor and recently by their antioxidant activity, 

due to the presence of important biocompounds, such as phenolics and anthocyanins. However, these 

fruits are highly perishable, and attacked by molds even at temperatures under 5ºC.  In order to avoid 

mold decay during refrigerated storage, hydrothermal microwave-assisted treatments were developed 

for raspberry (Rubus idaeus L.) and blackberry (Rubus adenotrichus Schltdl.) fruits. Four batches of 

each berry were studied, one batch was left untreated (control), the other three, were immersed in water 

(berries 100 g in tap water 200 g) and treated in a microwave oven at 269 W, 379 W or 473 W power. 

Berries in water were heated to a target temperature of 48°C, maintained for 4 min. Immediately, fruits 

were transferred into ice cold water for 1 min. Target temperature was reached at 60, 75 and 90 s for 

269, 379 and 473 W, respectively. After the treatment, berries were stored at 7°C in ventilated trays. 

pH, titratable acidity total soluble solids, firmness, color and content of anthocyanins, phenolic, and 

flavonoids compounds were analyzed. Anthocyanin contents decreased after the application of 

microwave treatment in both berries at all conditions studied (p<0.05). In raspberry, higher contents 

of total phenolic compounds were achieved after 8 days of storage, being higher in berries treated at 

269 and 379 W in comparison to the control fruits (p<0.05). After 15 days of storage, berries treated 

with microwaves did not show mold presence; pH was significantly higher in berries treated at 473 W 

(p<0.05). The better treatment for both berries was the performed at 269 W, under these conditions 

mold presence was prevented, berries did not show changes in the physicochemical properties and 

preserved their biocompounds content. 

 

Keywords: raspberry, blackberry, microwave treatments, postharvest treatments, biocompounds 

 

 

INTRODUCTION 

Berries are fruits highly appreciated by their color, flavor and recently by their antioxidant activity, 

due to the presence of important biocompounds, such as phenolics and anthocyanins (1).  The main 

disease that attacks the berries is gray mold rot, caused by Botrytis cinerea, which develops in 

environments with very high humidity and even at refrigeration temperatures. Symptoms begin with 

a gray mycelium, later, conidiophores containing spores begin to develop around the fruit until its 

complete decay is formed. Several strategies have been proposed to avoid mold decay in berries, such 

as hot air treatments (2, 3), and new technologies, as irradiation (4). 
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Microwave heating is an emerging technology in food processing, which bases its preservation 

properties in thermal reduction of the microbial counts in foods. Heating takes place due to the 

interaction of electromagnetic radiation at certain frequencies with dielectric materials. In contrast 

with convection or conduction mechanisms, microwaves directly penetrate the material causing 

volumetric heat generation in the material, resulting in high-energy efficiency and lower heating times 

(5). This technology has found many applications in the food industry, as it has important advantages 

over conventional heating, such as reduced processing time, high-energy efficiency, and improved 

food quality. Currently it has been intensively studied for pasteurization and sterilization operations 

(6). 

 

The objective of this study was to develop microwave-assisted hydrothermal treatments to prevent 

decay in raspberries and blackberries caused by Botrytis cinerea, evaluating the physical and chemical 

quality of fruits after treatment during refrigerated storage. 

 

MATERIALS AND METHODS 

Fruits. Raspberries (Rubus idaeus L.) red variety, and blackberry (Rubus adenotrichus Schltdl.) fruits 

were harvested in Ex-Hacienda Buenavista, San Carlos, Salamanca, Guanajuato, Mexico. These were 

acquired directly from the field in March 2016 and transported to the laboratory. The fruits were 

selected according to a uniform size, immature, free from mechanical defects and damage. 

Microwave-assisted hydrothermal treatments. The output power of the microwave oven (Model 

MS-0745vs, LG, Mexico City) at different power levels was determined using the IEC 90750 method 

(7). For microwave-assisted hydrothermal treatments, 100±5 g of berries were used per batch and 

immersed in a plastic container in 200 g of water. They were placed in the center of the turntable of 

the microwave oven. Berries were heated until reach 48ºC and held for 6 min; these temperature and 

holding time were reported as conditions at which Botrytis cinerea was inactivated in strawberry 

puree (8). Every 15 s, internal temperature was measured by inserting a thermocouple type-T at the 

center of the berry. After heating, fruits were removed immediately and were immersed in an ice 

water bath at 4°C. During cooling, temperatures were measured until reach 20°C in the center. After 

cooling, raspberries were removed from the water, allowed to dry at room and placed in plastic trays 

with slotted cover (to avoid condensation from respiration) and were stored at 7°C for 14 days. Four 

conditions were studied: microwave-assisted treatment at 269, 379 and 473 W of power, and a batch 

of raspberries was left untreated as a control. All treatments were carried out in triplicate. 

Determination of quality parameters. Before and after treatments, physicochemical properties in 

berries were determined: pH measured with pHmeter (Conductronic, Mod pH 120, Mexico, DF.), 

total soluble solids (TSS), expressed in ºBx, measured with digital refractometer (Hanna Instruments, 

Mod. HI 96801, Romania), titratable acidity by titration with sodium hydroxide till pH=8.2 (9). Total 

phenolics were determined by the Folin-Ciocalteu reagent (10) using gallic acid as a standard. The 

content of total flavonoids was measured with reagent AlCl3 in methanol, using quercetin as standard 

(11). The anthocyanin content was determined by pH differential method using sodium borate buffer 

at pH 1.0 and pH 4.5, respectively (12). 

Statistical analysis. Results were statistically analyzed using Minitab 16, through analysis of 

variance and Tukey’s pairwise comparisons, in order to identify if there were significant differences 

between data. In all statistical analyses, p=0.05 was considered the significance level. 
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RESULTS AND DISCUSSION 

Figure 1 shows the temperature profile for raspberries during the treatment. To reach the target 

temperature of 48ºC, batch of berries required a time of 90 s for power of 269 W, 75 s for power of 

379 W and 60 s for power of 473 W. For cooling, it required 30 s (fruits with diameter of 1.5-1.8 cm). 

Short treatment times were also reported by Villa-Rojas et al. (13) when treated strawberries with 

microwave-assisted hydrothermal treatments. 

 

 
Figure 1 Temperature profile in raspberries during microwave heating at 269 (40% power), 379 

(60% power) and 473 W (80% power) and cooling in water 4°C. 

 

The pH value for raspberries was around 3.2 and 3.9 before the treatment, and ended with values 

between 4.3 and 5.4 (after 14 days of storage). pH for blackberries was 3-07-3.34 after treatments, 

and finished with values of 3.4 to 3.7. Increasing in pH is due to physiological activity in the berries, 

however, there was not effect of the treatment in pH of the fruits (p>0.05). Titratable acidity of 

raspberries ranges between 1 and 1.8% of citric acid, while for blackberries values at day 1 were of 

0.97 to 1.15% and at day 14, the acidity was 0.76 to 0.86%. Microwave treatments did not affected 

the acidity of the berries (p>0.05). 

 

No significant changes were observed in weight and size or in total soluble solids of the berries during 

the storage (Figure 2 for raspberries). In the case of blackberries, total soluble solids ranged from 8 

to 8.85ºBx at day 1 and ended with values of 8.8 to 10.1ºBx. Then, the microwave-assisted 

hydrothermal treatments did not have effect on these physicochemical properties (p>0.05). 
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Figure 2 Total soluble solids and weight loss in raspberries control (C), and microwave-assisted 

treated at 269 W, 379 W and 473 W during refrigerated storage (7ºC) for 14 days. 

 

The total anthocyanin content ranged from 2.24 to 5.27 mg of cyanidin 3-glucoside/100 g fresh fruit 

in control, 1.40 to 3.02 for berries treated at 269 W, 2.51 to 4.89 for fruits under treatment at 379 W 

and 1.90 to 4.29 using the power of 473 W (Figure 3). There was an increase of this important 

compound during storage. The anthocyanin content values are lower than the reported by Peña et al. 

(14), who cited values up to 10 mg/100 g; differences were attributed to berries cultivars and 

methodology. The total phenolic compounds ranged from 25.74 to 41.97 mg gallic acid/100 g of fresh 

berry (Figure 4); treatments at 269 W and 473 W showed an increase in total phenolic compounds 

compared to the control batch (p<0.05). Flavonoids (even of 8.03 mg quercetin/g fresh fruit) also 

increased with the storage time. 

 

For blackberries, anthocyanin content was between 8.3 and 9.3 mg of cyanidin 3-glucoside/100 g 

fresh fruit at day 1, and also increased during the storage. However, higher contents were observed 

in the control (untreated) berries, with contents around 23 mg of cyanidin 3-glucoside/100 g fresh 

fruit, while the treated berries had 13.35 to 14.37 mg of cyanidin 3-glucoside/100 g fresh fruit 

(p<0.05). The total phenolic compounds ranged from 33.76 to 44.35 mg gallic acid/100 g of fresh 

berry, without differences among treatments (p>0.05). Flavonoids also increased with storage time, 

the highest values were observed in the control samples with values of 60.94 mg quercetin/g fresh 

fruit. Flavonoids were higher in the studied blackberries than the raspberries samples. 
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Figure 3 Anthocyanin content in raspberries: control 

(C) and treated at 269, 379 and 473 W after 1, 7 and 14 

days in refrigerated storage (7ºC). 

Figure 4. Total phenolic compounds content in 

raspberries: control (C) and treated at 269, 379 

and 473 W after 1, 7 and 14 days in storage (7ºC). 

 

In the treated samples, no mold growth was observed for both raspberries and blackberries during the 

14 days of study. However, in the control berries, molds were observed after 10 days of storage.  

 

CONCLUSION 

For raspberries and blackberries, better results are obtained at 279 W. The microwave-assisted 

hydrothermal treatments have the potential to prevent decay by molds during refrigerated storage 

raspberries, preserving their physicochemical properties and biocompounds contents. 
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ABSTRACT 

The aim of this work was evaluate the lipoxygenase (LOX, linoleate:oxygen reductase, 

E.C.1.13.11.12) enzyme activity from chayote fruit and their putative isoforms, in relation to 

physiological changes that affect the ripening, sprouting and senescence process during shelf life 

period. The fruits were harvested at 18-21 d after anthesis, and then, measurements were made each 

four days to reach 29 d in postharvest. The enzyme activity was measured by spectrophotometric assay 

of LOX and the determination of molecular weight was carried out by SDS-PAGE and the 

identification of putative isoforms by polyacrylamide gels (zymograms). In addition, correlation 

analysis were carry out for physiological and biochemical variables (CO2 and ethylene production rate, 

volume and weight losses, lipid profile, total solids contents, pH, titratable acidity, color changes -L, 

Hue and Crome- and fruit firmness). The results showed positive correlation coefficients between the 

LOX enzyme activity and the variables volume and weight losses, linolenic and linoleic acid contents, 

which were associated to speedy dehydration, sprouting and senescence of chayote fruits. In our study, 

this changes presumably may be regulated in chayote fruit by five putative isoforms of LOX detected 

in the zymogram. Each isoform shown different activity patterns during shelf life period. We propose 

the name SeLOX for each discovery isoform. In this sense, SeLOX-1 were assigned to the principal 

isoform that display activity during whole postharvest life. SeLOX-2, 3, and 4 were assigned to actives 

isoforms between physiological maturity and germination (sprouting). Meanwhile, SeLOX-5 was 

given to isoform that turn up specifically during senescence stage. The partial characterization of this 

isoforms of LOX shown changes in their activities in function to pH and temperature levels, as well as 

the source of plant tissue (root, steam or leaves). 

 

Keywords: LOX isoforms, Enzymatic assays, Non-Climacteric Fruit, Postharves physiology. 

 

 

INTRODUCTION 

Lipoxygenase (LOX; linoleate:oxygen reductase, E.C.1.13.11.12) is an enzyme that is widely 

expressed in many plants and animals, and also in some bacteria and fungi. It plays several roles in 

diverse physiological and pathological processes (1, 2). In plants, linoleic and linolenic acids are the 
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main substrates for LOX activity through the addition of molecular oxygen to fatty acids that contain 

a cis-cis-1,4-pentadiene system, leading to the formation of hydroperoxide (HPO) derivatives (3-5). 

LOX could play many important roles in regulating the fruit ripening and senescence processes, 

especially as a spoilage enzyme (5-6), resulting in membrane breakdown and loss of cellular 

compartmentalization (4). In climacteric fruit, such as tomato, kiwi, ‘honeydew’ melon and kiwifruit, 

there are several fruit-specific LOX isoforms identified and related to ripening (4-5, 7-8). However, 

few researchers have focused on LOX activity of non-climacteric fruits and particularly, no studies 

on chayote fruit (Sechium edule Jacq. Sw.) have been conducted yet.  

 

The chayote fruit is a non-traditional export crop that belongs to the Cucurbitaceae family and it have 

many traditional uses in several countries. Almost all structures of this plant are nutritionally 

important in the human diet, however, only the fruit has economic importance in countries like 

México, Costa Rica, Brazil, Puerto Rico and USA, where it is commercialized and exported, and 

represents a significant source of revenues (9). It is also produced and trades at small scale in countries 

like England, France and Spain (10). 

 

Nevertheless, the commercial value and acceptability of chayote fruit in the markets seems to be 

influenced by physical appearance like dehydration and sprouting (viviparous seed germination, even 

when the fruit is attached to plant vines), which reduce the commercial quality, storage time, shelf 

life and shipment to export to distant markets. Several treatments have been applied in order to avoid 

these handling problems, including plastic bags, edible wax coatings, manipulations of temperature, 

relative humidity and modified atmospheres which reduce water loses and respiration rate, or 

applications of 1-methylcyclopropene as inhibitor of ethylene action (11, 12). These approaches have 

been successful to reduce fruit metabolism and keep enzyme activity down, thereby extending the 

shelf life. However, little has been explained in relation to which enzymes are active and play 

physiological roles during fruit ripening and senescence of chayote. To date Flick et al. (13, 14) have 

studied the activity of polyphenol oxidase, phosphatase and lipoxygenase (LOX) enzymes in Sechium 

edule in a later stage of fruit ripening but with unsatisfying results or simply found no activity. 

 

To the best of our knowledge there are no reports currently available on chayote LOX activity and 

their isoforms associated in whole fruit ripening process related to the loss of commercial quality. For 

this reason, the aim of the present work was to evaluate the LOX activity and their putative isoforms 

in relation to postharvest interactions between several physiological variables during the fruit shelf 

life. 

 

METHODS AND MATERIALS 

A total of 40 fruits of chayote cv. virens levis at physiological maturity (ca. 18 to 22 d post-anthesis) 

were harvested and acclimated to the laboratory conditions at 25°C. Physiological evaluations (like 

ethylene and CO2 production rate, volume and weight loss, fruit firmness, fruit color, soluble solid 

contents, titratable acidity, total lipid fractions, fatty acid profile) and enzyme assays started 24 h 

postharvest (day one), and subsequent measurements were made every four days until the fruit was 

over-ripened (29 d) and senescence occurred so that it was unacceptable for markets and customers. 
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Enzyme extraction was carried by homogenization 10g of mesocarp with 50mL of distilled deionized 

water. After homogenization the mixtures were centrifuged at 14,000 rpm, 4°C for 20 min. Finally, 

the supernatant containing LOX was filtered with a 0.22 µm Millipore® microfiltration membrane 

and it was employed either immediately as the crude enzyme extract or stored at -70°C until used. 

Total proteins (5 µg/lane) determinations were carried out using the dye-binding method of Bradford 

(15) with bovine serum albumin as the standard. 

 

Lipoxygenase activity was assayed according to Gökmen et al. (16), using linoleic acid as substrate 

(93% purity, Sigma®). The substrate solution was prepared by mixing 157.2 µL of linoleic acid with 

157.2 µL of Tween-20 and 10 mL of buffer solution of sodium phosphate 0.1 M pH 7.0. The solution 

was clarified by the addition of 1 mL 1N NaOH and diluted to 200 mL with 0.1 M sodium phosphate 

buffer at pH 7.0, for a 2.5 mM final concentration of linoleic acid  (stock solution). The stock solution 

was stored in an amber flask and kept refrigerated until used (no more than 3 hours). For assays, 1.32 

mL of stock solution were placed in a quartz cell (3 mL capacity) together with 680 µL of 0.1 M 

sodium phosphate buffer at pH 7.0 and 20 µL of the crude extract. The sample blank was similar but 

without crude extract; instead, the same volume was replaced by distilled deionized water. LOX 

activity was carried out at 30°C for 10 minutes at 234 nm using a Beckman® Spectrophotometer DU 

7500. Enzyme activity was estimated by initial velocity. One unit of LOX activity was defined as an 

increase in absorbance of 0.001 min-1mg-1 of protein at 234 nm. Relative lipoxygenase activity was 

expressed as percentage calculated as: 

 

𝑹𝒆𝒍𝒂𝒕𝒊𝒗𝒆 𝒂𝒄𝒕𝒊𝒗𝒊𝒕𝒚  (%) =
𝐥𝐨𝐰𝐞𝐬𝐭  𝐚𝐜𝐭𝐢𝐯𝐢𝐭𝐲

 𝐡𝐢𝐠𝐡𝐞𝐬𝐭  𝐚𝐜𝐭𝐢𝐯𝐢𝐭𝐲 
∗ 𝟏𝟎𝟎 

 

The LOX molecular weight was determined by SDS-PAGE according to Laemmli (17) without 2-

mercaptoethanol for 30 min at 70 V (stacking gel) and 51 min at 170 V (resolving gel) in the stacking, 

resolving and sample buffers. A Precision Plus Protein® All Blue Standards (BioRad®) containing 10 

blue-stained recombinant proteins (10-250 kDa9 was used as protein molecular weight sizing on all 

SDS-PAGE gels. The lipoxygenase activity in polyacrylamide gels (zymograms) was carried out on 

a vertical slab with 12% (w/v) of polyacrylamide gel electrophoresis. Afterward, the gel was washed 

with sterilized distilled deionized water and incubated for 10 min in 20 mL of the substrate solution 

under moderate stirring at room temperature (28±1°C), then, 5 mL of staining solution were added to 

the substrate to observe the appearance of bands after 3 to 10 min. The substrate solution and staining 

solution was prepared according to Seta-Koselska et al. (18). 

 

Results and discussion 

Total protein bands in the crude extract from fruit flesh tissue using SDS-PAGE and zymographic 

detection of LOX activity in total soluble protein indicates the presence of five LOX isoforms in fruit 

(Figure 1 and 2). Each isoform shows a different expression pattern during fruit ripening and 

senescence. SeLOX-1 was the mainly isoform according their zymogram expressions along to whole 

evaluation period and whose molecular weight was registered in 46 kDa. The SeLOX-2, 3 and 4 was 

given to a group of isoforms of LOX which expression occurred presumably during horticultural 

maturity and ripening but not in senescence, recording a molecular weight of 33, 32 and 31 kDa 

respectively. Finally, during the later stage of fruit evaluation the SeLOX-5 isoform with 87 kDa of 
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molecular weight was expressed, which may be more related to fruit senescence and plantlets 

development then ripening process. 

 

 

Figure 1. Total proteins by SDS-PAGE. M=Molecular weight marker. SG=Early seed germination events at 

visible way. 

 

 

 
Figure 2. Expression of several LOX isoforms during postharvest period. M=Molecular weight marker. 

SG=Days of seed germination (by visual observation). 

 

Ripening-associated alterations by LOX activity also were monitored on mesocarp excised from 

chayote fruit in postharvest. Spectrophotometric assay of protein crude extract from mesocarp tissue 

revealed a maximum in absorbance at 234 nm within the first 24 h after fruit has been removed from 

the plant, followed by a strong reduction in LOX activity (Figure 3). The spectrophotometric assay is 

based on the increase in absorbance at 234 nm due to formation of conjugated double bonds in the 

hydroperoxy (HPO) moieties formed during LOX action. The HPO derivatives formed by LOX were 

not measured in this work, but the maximum enzyme action showed a correlation with the maximum 

linoleic (r=0.85) and linolenic acid contents corresponding to greater LOX relative activity. 

Furthermore, when the amounts of linoleic and linolenic acids decreased the enzyme activity started 

a highly statistically significant decrease (P≤0.001) from 100% of initial relative activity to 18.2±4.4 

at the same time. These result may suggest that as they may occur in many higher plants, probably 

free linoleic and linolenic acids could be the principal substrates for LOX in chayote fruit. In many 

plants, multiple specific LOX isoforms are related to oxygenation of these polyunsaturated fatty acids 

after the induction of phospholipases by various stressors of chemical effector triggered by cell 
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membrane disruptions and hence the enzyme play a key role in the membrane integrity due to the 

degradation of membrane fatty acids with concomitant release of other free fatty acids and increased 

water loss (1, 3, 19).  

 

 
 

Figure 3. LOX relative activity in relation to free linoleic acid during ripening and senescence of chayote 

fruit. 

 

The free fatty acids identified in chayote fruit correspond to Palmitic (39.6%), followed by Linolenic 

(18%), Stearic (16.8%), Oleic (11.2%), Linoleic (8.87%) and Palmitoleic (3.15%) acids. Meanwhile, 

the evolution of total lipid fraction ranged from 1.4% at day one to a maximum of 5.3% at day 13, at 

the time after Lox activity and linoleic acid content reached a minimum and steady state. It is 

interesting to note that the readings recorded at day 13 coincided with a 12.5% of fruit sprouting, 

which seemed to be triggered after a maximum expression of SeLOX-2, 3 and 4 from day nine and 

remained to day 21 when the germinated plantlets were totally visible in almost all fruit. Thereby, the 

role of LOX activity in relation to free fatty acids, and especially linoleic and linolenic acids and 

weight loss may suggest not only membrane degradation, but also a possible relationship with the 

germination events in chayote fruit. Some correlation between LOX activity and physiological 

parameters during ripening were observed, for example in weight loss (r=0.65), volume loss (r=0.96), 

°Hue value (r=0.76). At germination time, weight loss values ranged from 11.3±2.6 to 14.1±3.4% 

between 13 d to 17 d, respectively, then SeLOX-2, 3 and 4 increased their activity. The maximum 

loss reached by the fruit was recorded at 29 d with 28.7±8.9% when their commercial quality was not 

acceptable because of wilting and dehydration symptoms, which became more pronounced after 17 

d. Conversely, ethylene and CO2 production rates were very low and consistent with those from a 

non-climacteric pattern, exhibiting a negative correlation with LOX activity (r = -0.71 and r = -0.708 

respectively). Both variables apparently did not promote deterioration of tissue during the postharvest 

period, however, Cadena et al. (12) remarks that ethylene and CO2 may facilitate the fruit opening 

and promotes germination. No other variable tested showed meaningful correlation with LOX 

activity. 
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ABSTRACT 

Strawberry fruit (Fragaria × ananassa Duch.) is recognized by its nutritional composition (vitamin C, 

total phenols and anthocyanins), antioxidant capacity and sensory properties (color, texture and flavor). 

This fruit is consumed fresh and its postharvest life may decrease by factors such as temperature mainly 

and the presence of microorganisms, which cause up to 20 % of losses. Therefore, it is necessary to 

implement postharvest technologies able to slow down transpiration, reduce mechanical injury and 

inhibit microorganisms, and at the same time, compatible with the environment. In this regard, edible 

coatings of chitosan combined with plant extracts and essential oils might be an important alternative 

due to its not toxic effects on environment and human health. The aim of this research was then to 

evaluate the postharvest quality of strawberry treated with a coating of 0.4% chitosan + 0.02% + 

cinnamon essential oil + hibiscus flower extract (15 g∙100 mL-1). Fruit were placed in clamshells and 

stored at 5±1 °C for16 days. The study also included a group of non-treated fruit. Each group contained 

18 experimental units with 100 g of fruit. Weight loss, soluble solids content (SSC), titratable acidity, 

color and antioxidant capacity (% reduction of DPPH●) were evaluated. Experiments were arranged in 

a completely randomized design. Results indicated that the applied coating allowed a twofold increase 

in postharvest life of strawberry (16 days) and 20% less SSC than control group. Weight loss, titratable 

acidity, color and antioxidant capacity did not show significant differences (P ≤ 0.05) compared with 

control fruit. The applied edible coating may be an appropriate technology for this fruit, since it 

extended strawberry storage life and delayed ripening. 

 

Keywords: chitosan, hibiscus extract, canola oil, cinnamon essential oil 

 

 

INTRODUCTION 

Strawberry fruit (Fragaria × ananassa Duch.) is recognized for its nutritional composition (vitamin 

C, total phenols and anthocyanins), antioxidant capacity and sensory properties (color, texture and 

flavor) (1). This fruit is consumed fresh and its postharvest life may be decreased mainly by factors 

such as storage temperature and the presence of microorganisms, which can cause economic losses 

of up to 20% and reduced fruit quality. Therefore, it is necessary to implement environmentally-

compatible postharvest technologies able to slow down transpiration, reduce mechanical injury and 

inhibit microorganisms. In this regard, edible coatings containing chitosan combined with plant 

extracts and essential oils might be an important alternative due to their non-toxic effects on the 
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environment and human health (2). The aim of this research was to evaluate the postharvest quality 

of strawberry treated with a coating of 0.4% chitosan + 0.02% + cinnamon essential oil + jamaica 

flower extract (15 g∙100 mL-1). 

 

METHODS AND MATERIALS  

Strawberries were picked and sanitized (200 mg-L-1 chlorine solution). Then the fruits were randomly 

placed into two groups. The treatments were: a) strawberries without edible coating (control group) 

and b) strawberries with edible coating.  

Edible coatings were formulated according to (3). Chitosan solutions at concentrations of 0.4% 

were prepared by dissolving chitosan powder in an aqueous solution of glacial acetic acid (0.5 mL in 

100 mL), under stirred conditions at 50 °C. Next, Tween 60 was added to the chitosan solution as a 

plasticizer, followed by 0.02% cinnamon essential oil and 1% jamaica flower extract (15 g∙100 mL-

1). Finally, the fruits were dipped into the coating solutions for 3 min and excess coating materials 

were allowed to drip off. The samples were then air-dried at ambient temperature (25 °C ± 1), and 

then placed in plastic trays and stored at 5±1 °C for 16 days. Each group contained 18 experimental 

units with 100 g of fruit.  

Weight loss was calculated according to the weight of each sample before and after storage and 

expressed as a percentage of the initial weight of the strawberry.  

Soluble solids content (SSC) was measured by a hand-held refractometer. The juice that exuded 

from the total strawberry flesh was used as a sample. The SSC value of each sample was obtained by 

averaging three determinations of the sample and expressed as a percentage. 

Titratable acidity (TA) was evaluated using 20 g of strawberry, which were homogenized with 100 

mL of water and then filtered. A 5-mL aliquot of the mixture was titrated to pH 8.3 using 0.1 mol∙L-

1 NaOH and expressed as % citric acid. Phenolphthalein was used as indicator (4). 

Color was measured at two equidistant points of strawberry using a Hunter Lab colorimeter (Color 

Tec-PCM®)(5). Results were reported as ΔE using the following expression, where L, a*, b*, are 

values that represent the lightness, red-green or yellow-blue, respectively. 

 

∆𝐸 =  √(∆𝐿)2 +(∆𝑎)2 + (∆𝑏)2  

 

Antioxidant capacity was determined by the 2, 2-diphenyl-1- picryl-hidrazil (DPPH●) radical-

scavenging method (6). The absorbance was measured at 517 nm and the results were expressed as 

the percentage inhibition of the DPPH radical. 

Statistical analysis. Data were analyzed by an analysis of variance (P ≤ 0.05) and the means separated 

by Tukey.  

 

RESULTS AND DISCUSSION 

Effect of edible coating on strawberry quality. Results indicated that the applied coating allowed 

a twofold increase in the postharvest life of strawberry (16 days). Table 1 shows quality changes in 

strawberries. The edible coating decreased fruit weight loss by 20 % after 9 storage days. On the other 

hand, there were no significant changes in TA, indicating that the organic acids, which are the second 

most important component of strawberry flavor (7), were preserved during storage.  
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However, there were significant differences in SSC/TA. The control group had a higher maturation 

index than strawberries treated with the edible coating. This behavior indicated that the edible coating 

delayed the ripening process in the fruit, allowing its preservation through storage. On the other hand, 

the color did not show significant differences (P ≤ 0.05) compared with control fruit. 

 

Antioxidant capacity. Strawberries with edible coating had on average 20% more antioxidant 

capacity than control group. In addition, there were no significant differences (P ≤ 0.05) in antioxidant 

capacity between the beginning and end of storage. Panico (7) reported a 40-78 % DPPH● inhibition 

percentage for strawberry cv. Malettos, which was similar to our data.  

 

 

Table1. Quality and ripening changes of strawberries treated with edible coating 

 Days of storage Strawberry without 

edible coating (control) 

Strawberry with 

edible coating 

Weight loss (%) 9 8.3 ± 0.7 6.6 ± 0.8 

16  --- 12.7 ± 1.6 

SSC (%) 

0 9.5 ± 0.01 9 ± 2 

9 9.4 ± 1.7 8.6 ± 0.6 

16 --- 8.1 ± 0.2 

Titratable acidity (%) 

0 0.7 ± 0.03 0.8  ± 0.05 

9 0.7 ± 0.06 0.8 ± 0.13 

16 --- 0.8 ± 0.03 

SSC/TA 

0 13.5 11.25 

9 13.4 10.75 

16 --- 10.12 

 

Color (ΔE) 

9 12 ± 2.7 7.9 ± 1.8 

16 9.8 ± 1.1 8.5 ± 1.5 

 

 
Figure 1. Antioxidant capacity of strawberries treated with edible coating.  Each data point is the mean of 

three replicates. Vertical bars represent the standard deviation. 
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Hence, the applied edible coating may be an appropriate technology for this fruit because it extended 

strawberry storage life and delayed ripening. 
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ABSTRACT 

The aim of this study was to evaluate the effect of using 3 different shade nets (gray, black and crystal) 

and a plastic cover compared to open field cultivation on the quality of tomato fruits. A randomized 

design was used with five treatments and four replications. Statistical significance of the effect of 

treatments was estimated by ANOVA 5%, followed by Duncan test. Three different samples were 

taken for the analysis of fruit quality variables. The variables assessed were: firmness, color, lycopene, 

pH, vitamin C, °Brix, citric acid and maturity index (°Brix/titratable acidity). Additionally, 

photosynthetically active radiation (PAR) and temperature inside net shade structures were monitored. 

The results show that plastic cover and the 3 shade nets: crystal, black and gray reduced the PAR in 

66%, 59%, 40% and 35% respectively with respect to control (open field). With respect to the variable 

lycopene content, all treatments showed significant difference from control having higher values. 

However the concentrations vary depending of the date of sampling ranging from 14.3- to 21.2 

mg/100gr. Showing that both the quantity and quality of light, are crucial factors for high 

concentrations of lycopene. Firmness and pH showed no significant difference between treatments. 

The greatest accumulation of °Brix was for plastic cover (7.49). For vitamin C, the crystal net had the 

highest accumulation with 8.72 mg/100 g. Finally, the maturity index were higher for gray and crystal 

nets, indicating that it was the treatments with the sweeter fruits. In general, the results indicated that 

the three shade nets and the plastic cover, reduced radiation and modifies the temperature inside 

structures; altering the microclimate and therefore the quality parameters of the tomatoes fruits 

evaluated.  

 

Keywords:  shade nets, microclimate, tomato quality, protected environments 

 

 

INTRODUCTION 

Tomato (Lycopersicon esculentum Mill.) Is a commercially important crop worldwide (1); Mexico is 

ranked first worldwide in export, and the US is the principal importer (2). Internal and external 

qualities of fruits are highly variable depending on the interaction of numerous factors, such as the 

same genetic variety, environmental factors and cultural practices. Of these factors, environmental 

have the advantage that can be controlled by grown under protected environments (3). Among 

protected environments used for growing tomatoes, we can highlight the shade nets, since it is 

possible to manipulate the temperature and radiative levels through shading degrees inherent to each 

type of net. Additionally, it is cheaper alternative compared to greenhouse, allowing produce more 

vigorous plants with high quality fruit and higher yields than open field (4). In this sense it has been 

reported that solar radiation (or light intensity) and temperature affect the quality of the tomato fruit 
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such as texture, firmness, appearance, taste and oxidant and antioxidant compounds (5, 6, 7). 

Furthermore it has been reported that increasing the exposure of fruits to the photosynthetically active 

radiation are obtained increments in lycopene and β-carotene content (8). Based on the above and 

although it has been demonstrated the potential of nets new technologies to  improve the quality of 

tomato fruits as well as productivity and harvesting period, it still requires further  research for its 

implementation in different varieties or crops and environmental conditions, hence the aim of this 

study was to evaluate the effect of 3 different nets shades (gray, crystal and black) and a plastic cover 

on the quality of tomato fruit ball-type variety "Horus" grown under macrotunnel conditions. 

 

METHODS AND MATERIALS 

A field trial was conducted at Research Center for Applied Chemistry (CIQA), located approximately 

35 km from the city of Saltillo, Coahuila,  [lat. 25°N, long. 101°W, 1193 m above mean sea level 

(ASL)], during autumn-winter season  of  2015. A randomized design was used with five treatments 

[crystal, black and gray nets, one plastic cover and one control (open field)] with four replications, in 

total 20 experimental units (EU). Each EU consist in macrotunnel of 5 m long by 3 m wide and 2.5 

m high. Tomato cultivar Horus was used for this experiment, the plants were grown under the 

recommended practices for commercial crops. Quantum sensors measured photosynthetic active 

radiation (PAR) within each macrotunnel above the height of the crop. HOBO types sensors measured 

temperature and relative humidity. Readings from each sensor were taken every minute, averaged 

hourly, and recorded. For the analysis of fruit quality variables, 20 tomatoes (4 per treatment) were 

sampled at three different dates (18-Nov-15, 07-Dec-15, 14-Dec-15) all were harvested at the mature-

pink stage. The variables assessed were: firmness, color, lycopene, pH, vitamin C, °Brix, titratable 

acidity and maturity index (°Brix/titratable acidity). Statistical significance of the effect of treatments 

was estimated by ANOVA 5%, followed by Duncan test. 

 

RESULTS AND DISCUSSIONS 

In this research by comparing the average daily PAR radiation inside the macrotunnels covered with 

different nets, plastic cover and open field, it can appreciate significant differences between them 

(Figure 1). During sampling throughout the crop cycle, open field shown the highest values (T5) 684 

µmol/m2/sec, followed by plastic cover (T4) 455 µmol/m2/sec, then the crystal net (T2) 408 

µmol/m2/sec, then the black net (T3) 277 µmol/m2/sec and with the lower values the gray net (T1) 

238 µmol/m2/sec. The results show that plastic cover and the 3 shade nets: crystal, black and gray 

reduced the PAR in 66%, 59%, 40% and 35% respectively with respect to control (open field).  

 

With regard to temperature recorded throughout the experiment, treatment of plastic cover (T4) was 

the highest temperature reached treatment at midday. The data obtained were: 28.7, 23.6 and 27.4 0C 

in the first, second and third sampling respectively. Although all nets behaved similarly, the trend 

was that the crystal net showed higher temperature compared with black and gray net and open field, 

the latter finally had a lower temperature. 

 

Regarding color and firmness variables, the sampling results taken throughout the crop cycle showed 

no statistically significant differences. However for variable firmness it was observed that 

numerically T4 (plastic cover) had a greatest value than all treatments (4.11 kg/cm2). Gómez et al., 

(4), reported firmness values in the range of 2.16 Kg/cm2 at 3.45 Kg/cm2, in tomatoes with same 
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degree of ripeness. This suggests to find the optimum growth conditions in order to achieve fruits 

with pericarp thickness and firmness that improved the tolerance transport and storage. Similarly to 

the variable color the T5 treatment (open field) on average of the three samplings, showed the index 

values lower colored (25.9) contrary the T4 (plastic cover) the highest values (30.6). This data is 

consistent with data reported by Ilić et al., (9), who mentioned that tomatoes exposed to direct sunlight 

in the open field often develop poor color. 

 

  

Figure 1. Average photosynthetically active 

radiation readings in the interior of each treatment 

and open field for three sampling (18.11.2015, 

07.12.2015 and 14.12.2015) throughout the cycle 

tomato crop: gray net (T1) crystal net (T2), black 

net (T3), plastic cover (T4) and open field (T5). 

 

Figure 2. Lycopene content in tomato fruits under 

different shade nets: gray (T1) crystal (T2), black (T3), 

plastic cover (T4) and open field (T5) in three 

samplings: sampling 1 (18.11.2015), sampling 2 

(07.12.2015) and sampling 3 (14.12.2015) 

 

It has been shown that both the intensity (quantity) and wavelengths (quality) of light as well as an 

ambient temperature, have an important effect on the synthesis and accumulation of lycopene in 

tomato fruits (10). This could be demonstrated with the data obtained in this experiment to find that 

the T3 (black net) and T5 (open field) treatments were those who obtained the lowest lycopene levels 

in the first (14.3 and 15.54 mg/100g) and third sampling (6.9 and 4.2 mg/100g) respectively (Figure 

2). Both treatments being subjected to very contrasting radiation (Figure 1). However in the second 

sampling T3 (black net) was the highest concentration of lycopene treatment (20.2 mg/100g). This 

effect was most likely related in addition to light intensity and quality, to the environmental 

temperature recorded inside the macrotunnel. 

 

Analyzing variable degrees brix, it found statistically significant differences between treatments 

(Figure 3). Getting the greatest accumulation of degrees brix in the plastic cover (T4, 7.49), followed 

by the gray net (T1, 7.33), follow by open field (T5, 7.31), then crystal net (T2, 7.24) and finally the 

black net (T3, 6.84). These differences are attributed to the different amount of radiation that permit 

passed up each of the nets into the tunnel. As it has been reported that higher radiation accumulates 

more sugar content and fruit with greater flavor are obtained (11). 
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Figure 3. Average values of three samples of degrees brix in tomatoes grown under different shade nets: gray 

(T1) crystal (T2), black (T3), plastic cover (T4) and open field (T5). Different letters indicate a significant 

difference according to Duncan test (p ≤ 0.05). 

 

As can be seen in Figure 4, for pH variable no significant differences between treatments on the same 

date sampling were found, however, a trend to lower pH values was found in all treatments during 

the cycle crop. This effect could be due to decrease in solar radiation that was presented as winter 

approached.  

  

Figure 4. (T5). pH trend for three samples in the 

tomato crop under different shade nets: gray (T1) 

crystal (T2), black (T3), plastic cover (T4) and open 

field (T5). 

 

Figure 5. Vitamin C in tomatoes grown under 

different shade nets. gray (T1) crystal (T2), black 

(T3), plastic cover (T4) and open field (T5). 

Different letters indicate a significant difference 

according to Duncan test (p ≤ 0.05). 

 

The content of vitamin C is reduced by effect of shading (9), this was confirmed in this experiment 

to observe that the crystal net (T2) had the highest accumulation of vitamin C with 8.72 mg/100 g, 
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followed by gray net (T1) with 7.96 mg/100 g, the plastic cover (T4) with 7.49 mg/100g, black net 

(T3) with 7.19 mg/100g and open field (T5) 3.81 mg/100g (Figure 5). 

 

Finally, the maturity index (°Brix/titratable acidity) it is reported as a useful indicator for the maturity 

of the tomato (9). In this essay, the maturity index were higher for gray and crystal nets and plastic 

cover (28.97, 29.57, and 29.18) indicating that these were the treatments with the sweeter fruits. In 

general maturity indices were obtained in the range of 22.5-33.74, being higher than those reported 

as indicators of a good taste of tomatoes (12.5-14.6). This shows that the Horus cultivar used in this 

work, has a higher genetic potential sweetness itself. 

 

CONCLUSION 

In general, the results indicated that the three shade nets and the plastic cover, reduced radiation and 

modifies the temperature inside structures; altering the microclimate and therefore the quality 

parameters of the tomatoes fruits evaluated. 
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ABSTRACT 

Amaranth is a grain with high protein quality that has been promoted for consumption in Mexico and 

other developing countries. Production of this grain has increased in the recent years. However, 

diversity of processed food products available in the market is still limited. The main thermal process 

for including amaranth in food products is popping of kernels in order to destroy anti-nutritional 

factors. Some kernels remain unpopped after this operation and are not used for the manufacturing of 

food products. The aim of the study was to develop a milkshake-like product based on unpopped grains 

of amaranth. A total of nine formulations were tested according to a three component (refined sugar, 

coffee and cocoa) simplex lattice mixture design. All formulations (dry ingredients) were composed 

with 60% unpopped amaranth flour and 40% with one of the nine combination of mixture components.  

The dry ingredients were blended with milk. A consumer study with 252 students was conducted for 

evaluating product acceptance and purchase intent with attributes such as appearance, color, odor, 

particle size, flavor, aftertaste and overall taste, by using a balanced incomplete block design. ANOVA 

results indicated consumers detected differences in appearance, particle size, flavor, and aftertaste 

among formulations. MANOVA confirmed these findings. Multiple logistic regression analysis 

identified flavor and aftertaste as critical attributes for product acceptance. Appearance, color and 

flavor were critical for purchase intent. Consumers preferred formulations with sugar and cocoa more 

than those with coffee. According to McNemar analysis, informing the consumer about the nutritional 

quality of amaranth has significant effect in shifting consumer responses for purchase intent from NO 

to YES. Using unpopped amaranth grains remained after popping for developing milkshake-like 

products is suitable when mixed with sugar and cocoa, and the consumer is adequately informed about 

the nutritional characteristics of the product. 

 

Keywords: product development, amaranth, unpopped, optimization 

 

 

INTRODUCTION 

Amaranth is generally consumed as a processed cereal. The development of new products of amaranth 

in recent years seeks to provide a healthier life to consumers, thus adapting to daily life as an essential 

nutrient in the diet. In the food industry, there are several products made of amaranth such as 

“alegrías”, nutritional bars, trapping cereal, granola, flour, beverages or yogurt (added with 

amaranth), concentrated, extruded, starches, oils and others. However the most popular product in the 

market are “alegrias” that are prepared using popped kernels. During popping of amaranth, the grain 

is subjected to a popping process at high temperatures in order to improve the condition of the kernel 
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such as sensory characteristics and destruction of antinutritional factors present in the kernel. Along 

with these benefits, popping of amaranth can also improve the digestibility of nutrients, particularly 

proteins. While this process provides nutritional benefits of amaranth grain for human consumption, 

there is also some disadvantages such as the loss that is generated during the production process. 

Kernels that fail to pop during popping process are a subproduct that is separated from the popped 

kernels and will not be used for the regular preparation of food products. Usually a percentage of 7-

10 % of kernels will not pop during a regular popping process. Previous analysis indicate the protein 

content in this fail-to-pop kernels is still valuable and can be used as an ingredient for the preparation 

of other amaranth-based products. The aim of this work was to develop a ready-to-use food powder 

for milkshake preparation with a high protein content using sensory optimization, and thus taking 

advantage of amaranth subproducts. 

 

MATERIALS AND METHODS 

Fail-to pop amaranth flour was provided by NUTRIAMTO S. de R.L. de C.V., located in the city of 

Oaxaca, Mixteca region, municipality Villa de Chilapa de Diaz. Analyses were conducted at the 

Cereal Processing Pilot Plant of the Colegio de Postgraduados – Campus Córdoba (Amatlán de los 

Reyes, Veracruz, Mexico). Some analyzes were also performed in the laboratories of the Universidad 

Technologica del Centro de Veracruz (Cuitlahuac, Veracruz, Mexico). 

Formulations.  Mixtures were designed using a three component constrained simplex lattice mixture 

design. The 9 formulations selected are shown in Table 1. The powder formulations included 60% of 

amaranth flour and 40% of a mixture of coffee, refined sugar and cocoa according to Table 1. 

Milkshakes were later prepared using 30g of each formulation and 200 mL of milk. 

 

Table 1. Formulations used in the study. 

Formulation Coffee (%) Refined Sugar (%) Cocoa (%) 

1 30 70 0 

2 0 70 30 

3 25 50 25 

4 70 30 0 

5 50 25 25 

6 25 25 50 

7 0 30 70 

8 70 0 30 

9 30 0 70 

Preparation. The preparation of the milk shake was carried out by gradually adding the powder 

formulation to milk ensuring a complete homogenization of the powder between each addition.  

Consumer survey. The consumer acceptance test was carried out following a balanced incomplete 

block design (Plan 11.3ª, Cochran and Cox, 1954). A total of 252 consumers evaluated two codded 

samples out of nine formulations. Consumers were asked to answer a 3-part questionnaire: 1) 

demographic information, including age, sex, origin country. 2) Consumers assessed the acceptability 

in a nine-point hedonic scale of each attribute of the prepared food drink in the following order: 
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appearance, color, aroma and taste. 3) The binomial (yes / no) scale was used to determine the general 

acceptance and purchase intent of each sample (Sae-Eaw et al 2007). From demographic data, 

frequency tables were constructed. The analysis of variance (ANOVA) was used to determine 

significant differences (α=0.05) between the 9 test formulations. A second order optimization was 

conducted using the software R ver 3.0. 

 

RESULTS AND DISCUSSION 

Demographic data indicated 81% of the population was aged between 18-24 years, the remaining 

19% were between the ages of 25-55 or more years old. As for the gender of consumers, this balanced 

behaved as 45% of the evaluators were women, while the remaining 55% were males. Since the 

product is focused on an active public is important to highlight the activities carried out by evaluators, 

these showed that 85% of the assessors were students, 13% workers, 2% study and work. Regarding 

the origin of the evaluators 62% are located in the center of Veracruz (Fortin, Córdoba, Cuitlahuac, 

Yanga) area, while 38% belong to different parts of the state and likewise in other states. When asked 

to the evaluators about the breakfast in order to know how often did, the results showed that 65% take 

at least one drink in the morning before leaving home, 14% do possibly before leaving house, 9% 

once a week and 12% do not consume any food. As for the consumption of amaranth 51% mentioned 

that consumed, 48% said they did not consume and 1% do not know the grain. The frequency of 

consumption of amaranth showed that 34% did not respond, 42% responded that it eventually 

consumed, 15% once a month and 8% once a week. With these results we concluded that 50% of the 

population know and/or have ever used grain or some derivative thereof.  

 

The ANOVA analysis determined significant differences in the attributes among formulations as 

shown in Table 2.  Data indicated the existence of significant differences in appearance, presence of 

particles, flavor, aftertaste and overall liking. No differences were found in color and aroma. 

MANOVA analysis by Wilks test, Pillai, Hotelling-Lawley and Roy, confirmed the results of 

variance analysis of significant difference among formulations.  

 

Tabla 2. Study formulations with attribute. 

Formul

ation 

Appareance Color Aroma Particles Flavor Aftertaste Overall  

Liking 

1 5.30±1.83ab 5.45±2.12a 6.19±1.53a 5.18±1.71ab 5.33±1.86ab 5.23±1.85ab 5.46±1.71ab 

2 5.59±1.77ª 5.75±1.50ª 5.80±1.50a 5.45±1.81a 5.93±2.04a 5.50±1.83ª 5.78±1.92a 

3 5.29±1.93ab 5.75±1.60ª 6.21±1.82a 4.64±1.73ab 4.78±1.77abc 4.68±1.90abc 4.85±1.75abc 

4 4.98±2.38ab 5.46±1.79ª 6.45±1.67a 4.56±1.73abc 3.87±1.92cd 4.09±1.75cd 4.45±1.83bc 

5 5.00±1.80ab 5.75±1.73ª 6.45±1.59a 4.50±1.87abc 3.75±2.04cd 4.30±1.69bcd 4.25±2.00cd 

6 5.50±1.55ab 5.82±1.53ª 5.69±1.76a 4.52±1.65abc 4.45±1.88bc 4.57±1.88abc 4.64±1.92bc 

7 5.38±1.45ab 5.89±1.63ª 5.47±1.92a 4.80±1.82ab 4.64±1.98bc 4.57±1.95abc 5.09±1.79abc 

8 4.48±2.08b 5.21±2.13ª 5.52±2.12a 3.52±1.90c 2.96±2.12d 3.30±2.15d 3.29±1.75d 

9 5.05±1.60ab 5.48±1.61ª 5.55±1.73a 4.35±2.02bc 4.09±1.92cd 4.09±2.04cd 4.31±1.61cd 

 

The dendogram (Figure 1) identified four groups of formulations that were similar among them. It 

was observed that the formulation 8 was very different from the others, since it was considerably 

away from the other groups.  Logistic regression (Table 3) analysis indicated that appearance, color, 

flavor and overall liking were critical attributes for purchase intent. McNemar analysis determined 
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that including more information for the consumers about the benefits of amaranth-based products can 

increase their purchase intent from 54.8 % to 71.2%.  

 
Figure 1. Dendogram for grouping formulations 
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Flavor 
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Figure 2. Sensory optimization of formulations per attribute. 
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Table 3. Purchase intent of milkshake formulations. 

Attribute  Estimated Pr (>|z|)  Estimated Pr (>|z|)  

Appareance 0.1479  0.1437  0.2269  0.04606*  

Color  -0.0120  0.8971  -0.2212  0.03135*  

Odor  -0.1038  0.2331  -0.1343  0.15632  

Particles  0.1203  0.2720  0.1215  0.31058  

Flavor 0.3923  0.0024**  0.4780  0.00053***  

Aftertaste -0.2752  0.0364*  -0.1527  0.26127  

Overall liking 0.9900  7.6e-10***  0.9558  7.1e-08***  

 

Sensory optimization of mixtures is presented in figure 2. Optimization was conducted on each 

attribute measured in the hedonic scale. Preferred appearance and color was on formulations with a 

mixture of sugar and cocoa. Consumers preferred aroma of formulations with sugar and coffee. 

Preferred particles, flavor, aftertaste and overall liking was for formulation with sugar. 

 

CONCLUSIONS 

In general, we can conclude that consumers were young people who tend to consume a drink in the 

morning, therefore reflect consumer interest before a new product with ease of preparation and that 

has healthy benefits. Attribute in the study observed that there is a significant difference between 

formulations. After analyzing the results we observed that the sugar content in the formulations is 

critical because the best positioned formulations were the F1, F2 and F7 formulations. The 

formulation 8 was the least accepted since it did not contain sugar nor cocoa. Development of 

products using fail-to-pop amaranth flour is suitable when the right mixture of flavors is selected. 
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ABSTRACT 

Rabbit meat is classified in the lean meats group (like the chicken, turkey and fish) and it’s a very 

nutritious food: it has a low fat content and a high content of vitamins, proteins and minerals. The 

objective of this project was the elaboration of a jerky-type snack with rabbit dry meat in a custom-

made gas dryer. Two type of sauces were used to give a characteristic flavor to the snacks: one made 

with mustard and another made with paprika, the elaboration process basically consisted of three 

stages: marinated, pre-cooked and dried. A sensory analysis was made with the help of a trained 

panelists group (12 people of different ages, between 19 and 45 years) to determine the taste of the 

snacks, two snacks of dried chicken meat were also prepared in the same way (for comparison 

purposes). The panelists were asked to rate the taste of the four snacks, we used a triplicate assay and 

the taste evaluation scale was from 1 to 5; with the results, it was conducted an statistical analysis 

(consisted of an ANOVA test and an homogeneous groups test of Scheffe, both with a 95% 

significance, both tests were made in StatisticaMR); the results showed that there was not statistical 

differences between the taste of the snacks made from chicken meat and rabbit meat (for panelists who 

participated in the evaluation). 

 

Keywords: Sensory analysis, jerky, rabbit. 

 

 

INTRODUCTION 

The aim of this study was the measure of the acceptance of four types of seasoned snacks made with 

dried lean meat. Dried meat snacks were prepared using two recipes (mustard and paprika) in meat 

slices with a dehydration stage inside a gas operated drier followed with a rapid sensory analysis (12 

tasters who met the selection process). The tasters were provided with 4 types of snacks (2 rabbit 

meat snacks and 2 chicken meat snacks) to make the sensory evaluation of the taste parameter. The 

study revealed two things: 1.- Under the study conditions, the best snack overall was the chicken 

snack with paprika recipe and 2.- No statistical differences were found between the taste of the 

different snacks. 

 

MATERIALS AND METHODS: 

Conditioning of a gas dryer. - A gas operated drier was used to make the snacks, the drier had the 

following characteristics (Figure 1):  

• Galvanized steel walls. 

• Two fans on top. 
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• Two trays with galvanized steel mesh (to place the meat). 

• A grill on the bottom to prevent the direct contact flame-meat. 

• A gas burner with air-flow valve. 

• A door with a steel lock. 

 

 

Image 1- Gas operated drier used in the experiments. 

 

Meat preparation. - Two types of sauces (paprika and mustard) where used in order to add different 

flavors to the meat, both of them were based on basic recipes proposed by the American Council of 

Meat Exportation. First, the meat was sliced into small pieces with a knife, then, we putted the meat 

inside plastic vessels with sauce for 24 hours (in refrigeration), and finally, we cooked the meat 

(English term). To prepare the mustard sauce we used (per 500 g of meat) a half cup of water, a half 

cup of white vinegar, 70g of mustard, 1.0g of parsley,3.0g of oregano, 2g of rosemary, 2g of pepper 

and 15g of salt; for the paprika sauce we used (per 500 g of meat) a half cup of water, a half cup of 

white vinegar, 1g of paprika, 15g of salt, 2g cumin, 3g oregano and 2g of crushed garlic, all 

ingredients were purchased in local merchants. 

 

  

Image 2. Meat in mustard sauce. Image 3. Meat in paprika sauce. 

 

Drying the meat. - After the meat was cooked at "English term", the meat was introduced inside the 

dryer for a period of 5 hours at 70ºC, then, the meat was removed from the dryer and stored in plastic 

bags with airtight seal for a short time period (less than two weeks). 

Sensory evaluation. - We carried out a sensory evaluation using the methodology proposed by 

Torricella. All panelists were provided with the chicken and rabbit snacks (in triplicate), they were 

instructed to drink water and eat a piece of white bread after every test and they were asked to evaluate 
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the snacks taste using a simple scale with values from 1 to 5. After that, a statistical analysis was 

made using StatisticaMR for Windows (version 7.0.61.0). 

 

RESULTS AND DISCUSSION: 

Four batches of dry snacks were obtained (2 chicken batches and 2 rabbit batches), the rabbit snacks 

were the number 1 and the number 3 (paprika and mustard respectively) and the chicken snacks were 

the number 2 and number 4 (same logic as in the rabbit); prepared snacks images are shown below 

(Figures 4 and 5). 

 

  
Image 4. Mustard snacks. Image 5. Paprika snacks. 

 

In the sensory evaluation, we determined that the best snack was the number 2 according to the 

panelists (the paprika chicken snack), and the worst snack was the number 3 (the mustard rabbit 

snack). The following data set shows the results (for technical problems, the final data analysis only 

includes 11 results): 

 

Data set 1.- Snacks taste results. 

 
 

 

Apparently, chicken snacks (2 and 4) had the best evaluations, however, in the means comparison 

tests there are no significant differences between all snacks (as shown in Data set 2); for this reason, 

we can say that the panelists did not distinguish between snacks made with rabbit and chicken. There 

is not much information about the sensory analysis of this type of snacks, so this work has relevancy 

at least in the north region of the country. 
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Data set 2.- Scheffe test of homogeneous groups for the snacks. 

 
 

 

CONCLUSIONS: 

There is no statistically significant difference between the taste of chicken meat snacks and the taste 

of rabbit meat snacks (at least in the present job). The best evaluated snack was the prepared with 

paprika and chicken meat (number 2). 
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ABSTRACT 

Drinks obtained from jamaica´s (Hibiscus sabdariffa L) calyces are an important source of antioxidants 

and are widely consumed in México. Some efforts for describing jamaica-beverage´s atributes have 

been done but there are differences among them in the concentrations used to this purpose. Therefore, 

it is needed to identify the Jamaica-water concentration preferres by consumers in order to obtain a 

pleasant, strong enough beverage to perform sensory descriptive analysis with the beverages obtained 

from the calyces. In this study, the aim was to identify the calyces-sugar-water proportion most 

preferred by consumers for the consequent sensory desciptive analysis. Sensory evaluations were 

applied in two stages among 212 adult consumers in Pénjamo, Guanajuato. Eight formulas consisting 

in four concentrations of jamaica calyces (1, 2, 4 and 10% w/v) and two sugar concentrations (11 and 

16% w/v) in water were prepared. Samples were presented at room temperature in plastic cups 

randomly coded and in a counterbalanced way. Subjects tasted 15 mL of each beverage, ranked the 

samples according with their preference and after that, rated them from the least to the most preferred 

in a 15-point numeric, structured scale. Kruskal-Wallis test was used for the ranking test, and one-way 

ANOVA was used for the rating test. Dunn´s and Tukey´s test were calculated for differences at 5% 

level. The rating data was treated as continuous and non-linear regression analysis was performed to 

determine the optimum calyces-sugar-water level Two preference tests were conducted including 106 

subjects each. The first preference test allowed to identify that the two most diluted-least sweet samples 

were positioned in the not preference area as well as rated the least [F(7,840)=29.32; P<0.0001]. The 

second test showed that jamaica´s 4 and 10% concentrations adittioned with 16% sugar were the most 

preferred obtaining the highest ranks and rates [F(5,630)=21.83; P<0.0001], but the ratings obtained by 

the jamaica´s 4% concentration was slightly higher than the 10% concentration. This effect could be 

related with an u-inverse preference-jamaica´s concentration curve. The results obtained in this 

investigation can be considered an effort to standardize jamaica´s beverages concentration prepared 

for conducting a sensory profile. 

 

Keywords: Hibiscus sabdariffa, beverages, preference, Rank-rating test 

 

 

INTRODUCTION 

Jamaica (Hibiscus sabdariffa L) is a plant native from Africa widely distributed in the world (1, 2). 

The calyces are used in various regions to prepare a refreshing drink, which contains a high 

concentration of antioxidants (3, 4). Preference tests have been done among consumers using several 
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calyx-water and calyx-sugar concentrations. It is remarkable that there is heterogeneity in the 

concentrations used in the investigations, making it difficult to establish comparisons between results 

(5, 6). Few efforts have been made to describe the sensory characteristics of beverages obtained from 

jamaica´s calyces (4, 7, 8). And just in one case, a Quantitative Descriptive Analysis has been reported 

(8). 

 

Quantitative Descriptive Analysis is a powerful, reliable method developed to obtain and quantify 

products attributes, but due to the long time needed to prepare expert judges, researchers have 

proposed new, quick techniques such as projective mapping, polarized sensory positioning and 

CATA questions, which are consumer oriented tests (9), although it is necessary to present food 

products in the way regularly consumed by them (10), for this reason it is necessary to stablish the 

optimum calyces and sugar concentrations to make a beverage appropriated to be evaluated and 

characterized by consumers. 

 

Rank-rating method has been used to evaluate food products among consumers with satisfactory 

results (11, 12). The combination of ranking and hedonic tests allows to analyze results confirming 

participant´s point of view and reducing errors (11, 13), providing data which can be analyzed by 

parametric and non-parametric statistics and better discriminative capacity (13). This work aimed to 

identify the preferred jamaica´s calyces and sugar concentration for a beverage among consumers 

using the rank-rating method. 

 

METHODS AND MATERIAL 

Subjects. The test was conducted in Pénjamo´s downtown. Two hundred and twelve adult consumers 

were invited by word-of-mouth to participate in the study. Subjects were jamaica´s beverages likers. 

The experiment was applied in two stages with 106 participants each. 

Samples. Jamaica´s calyces were purchased in local markets in Guanajuato, Mexico in autumn 2015. 

They were transported to the Universidad Politécnica de Penjamo´s laboratory. Drinking water was 

boiled to 100°C and jamaica´s calyces were added and left for 10 minutes. Four concentrations were 

prepared (1.0, 2.5, 5.0 and 10.0 %, w/v). Beverages were filtered and once they reached room 

temperature, sugar was added to generate 11 and 16% concentrations (w/v). Fifteen milliliters of the 

beverages were served at room temperature to the consumers in 30 mL plastic cups labeled with three 

digits numbers and presented in counterbalanced order. 

Procedure. The samples to be tasted were presented jointly. Consumers tasted the samples and 

ranked them from the least to the most preferred. After that, they were presented with the 15-point 

numeric scale printed on a cardboard strip (150 x 10 cm). They were asked to rate the ranked samples 

according to overall liking, positioning each sample in the category on the scale. Consumers were 

allowed to re-taste the samples and modify their ratings as required. The experimental sessions lasted 

about 20 minutes per consumer. In the first test subjects evaluated eight samples. The samples most 

preferred were chosen to be evaluated in a second stage where the rank-rating test was applied with 

six concentrations, applying the same experimental protocol. 

Statistical analysis. Ranking results were analyzed with Kruskal-Wallis and rating test with one-way 

ANOVA. Dunn´s and Tukey´s test were calculated for differences at 5% level. The rating test was 

treated as continuous and non-linear regression analysis was performed to determine the optimum 

calyces-sugar-water level. 
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RESULTS AND DISCUSSION 

The first rank-rating test allowed to identify the most and least preferred beverage´s formulas. 

Frequencies of the distribution of ranks obtained for each formula are presented in figure 1. The less 

sweet-most concentrated formulas were ranked as less liked [K(7,840)=200.2; P<0.0001]. The rating´s 

given by participants to the poorest evaluated formulas confirmed the ranking results. Ratings 

obtained by the 10% calyces-11% sugar and 5% calyces-11% sugar were 4.3±0.4 and 4.7±0.4, 

respectively, which were lower than the rest of the beverages, while the 1.0 and 2.5% calyces with 

16% sugar obtained the highest rates [F(7,840)=29.32; P<0.0001]. Jamaica´s calyces have high 

concentration of ascorbic acid and tannins (2), which brings acid and astringent characteristics to the 

beverage. It has been shown that the intensity of the sour and bitter taste concentrated preparations of 

jamaica´s products can drive rejection among consumers (1), the sweet taste can mask those attributes, 

but in this case the low concentration of sugar added could have not do it. 

 

 

 
Figure 1. Ranking distribution for each of the eight formulas tested. Ranks are ordered from 

1=least preferred to 8=Most preferred. (n=106 consumers). 

 

In sight of the results from the first stage of the rank-rating test, it was decided to apply a second test 

only with the formulas most appreciated by the consumers. The order of ranks obtained by the 

beverages corresponded with ratings. Results of the ratings obtained by each product are presented in 

table 1. As in the previous stage, less sweet concentrations obtained the lowest ranks and rates [K(5,630) 

= 106.5 for ranking and F(5,630) = 21.83 for rating, both P < 0.0001]. Again, it is possible that the 

strong characteristics of the jamaica´s beverages were masked with the sweetness of the 16% sugar 

concentration. A possible explanation in that, although there is considerable variation in sweet taste 

perception and preferences among humans, sweet taste is a powerful factor influencing food 

acceptance. Morevover, the bitter and sour tastes are associated by the body with dangerous foods 

and humans tend to dislike them (14). But this appreciation about a product can vary when people are 

informed about potential benefits by consuming it. 
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Table 1. Ratings of the jamaica´s calyces beverages obtained in the second stage of the rank-rating test 

Beverage formula Rating 

11% sugar, 1% calyces 7.3 ± 0.4 bc 

16% sugar, 1% calyces 8.9 ± 0.4 cd 

11% sugar, 2.5 % calyces 7.1 ± 0.4 b 

16% sugar, 2.5% calyces 10.4 ± 0.4 d 

16% sugar, 5% calyces 7.8 ± 0.4 bc 

16% sugar, 10% calyces 4.7 ± 0.4 a 

Different uppercase letters indicate significative difference between samples (Tukey P < 0.05). Mean ± SE; 

n=106 

 

People´s expectation is a factor that determines ratings for products (15). Silva et al. (7) studied 

preferences for jamaica beverages added with 13% sugar among 22 consumers and reported that 

people were expecting a beverage with lower sugar content due to the fact that they were told this 

was a healthy product. In the present experiment subjects were just asked about their overall liking 

for the product, which might be the reason for their stronger preference for products with higher 

sweetness. 

 

The ratings obtained for 16%-sugar beverages were higher than those 11%-sugar. Treating data as 

continua, it was done a non-linear regression analysis (Figure 2). A second order curve fitted best to 

the data and a u-shaped curve for the hedonic data was observed. The most liked jamaica´s 

concentration in the beverage might be found around 1.9%. Bolade et al (5) and Ramírez et al (6) 

worked with different concentrations of jamaica-water, adding different levels of sugar. The former 

worked with hot water jamaica´s extraction at 1.92, 1.75 and 1.62% concentrations as well as 11, 12, 

13 and 14 % sugar. The highest rates observed among 21 subjects, using a 9-point hedonic scale 

anchored at the center and extremes, were for a beverage with 1.62% jamaica-13% sugar 

concentration. On the other side, Ramírez et al (6) using a 9-point hedonic and a just-right scales 

among 75 consumers obtained that the most liked calyces concentration could be between 3.3 and 

2.0%. Differences among those reports and this are the number of subjects tested and that, in the last 

case, jamaica´s calyces extractions were obtained by mean of cold water. Although it has been 

reported that volatiles obtained from calyces by hot water is higher and most pleasant for consumers 

than the obtained by colder extractions (3). 
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Figure 2. Liking for jamaica beverages at 16% sugar and different calyce´s concentrations 

 

Bechoff et al (8) applied a 9-point verbal scale preference test among consumers using four different 

infusions at 2.5%-calyces and 13%-sugar concentrations. In the present experiment, it was notably 

observed the wider range of rates used by consumers in the second stage, It is thought that the minor 

number of stimuli allowed them to use the scale widely while in the first stage the higher number of 

stimuli compressed responses. This can generate a feeling of impotence due to the inability to express 

the liking difference. It has been observed that using a just-number labeled scale (as in the present 

study), participants use a wider range of categories (16), and when having less stimuli to evaluate, 

participants try to occupy the scale completely (15), showing larger differences among products and 

a higher u-shape by the psychohedonic function is observed (15, 17). 

 

The rank-rating method is a suitable tool, easy to apply and to be understood by consumers. The test 

has been poorly used but provide useful and reliable information because the error of the judges is 

reduced allowing them to retaste stimuli. The u-shaped hedonic curve for jamaica´s beverages 

allowed to predict the optimum calyces:sugar concentration. This information could be used in future 

experiments for description of the beverage among consumers. 
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ABSTRACT 

Mexico has experienced a substantial change in obesity rates. One major causes are the negative 

changes in diet. A healthy diet consists of a variety and balanced diet. Different studies have showed 

that food neophobia is an important predictor of people’s willingness to try variety foods, while 

consumers’ interest about general health can influence their healthy eating. The purpose of this study 

was to examine the possible relationship between food neophobia and the interest in eating healthy 

with food-varied consumption. Participants (n=303, 18-55 years old) were from Guadalajara, Jalisco. 

They completed a questionnaire designed to measure their interest on healthy eating with the multiple 

scale labelled as ‘general health interest’; their attitudes towards new food with the multiple scale of 

‘food neophobia’ and their food intake. The impact of various socio-demographic variables on food 

neophobia and general health interest was examined using multiple linear regression analysis. The 

predictors were age, income, gender, and education. The model was significant (F(4,298) = 7.84, 

p<0.001) and explained 12% of the variance. Results of multiple linear regression analysis showed 

that age was positively associated with food neophobia and general health interest. Whereas, income 

and education were negatively associated with food neophobia. Results of the present study suggest 

that food neophobia and general healthy interest influences people’s daily eating behavior. Persons 

with higher food neophobia scores consume smaller amounts of vegetables and less often fish 

compared with persons with lower food neophobia scores. It is also noted that, persons with lower 

general healthy interest scores tend to consume smaller amounts of fruits and vegetables, and more 

legumens compared with persons with higher general healthy interest. The findings of the present 

investigation indicate that food neophobia has a negative impact on people’ food variety and on the 

consumption of recommended food.  

 

Keywords: Food neophobia; health interest; eating behavior; Mexican consumers  

 

 

INTRODUCTION 

In the last decades, the prevalence of obesity has dramatically increased in Mexico. Seven out of ten 

Mexicans are overweight with a third clinically obese. Mexico ranks the most obese country in the 

world in adult obesity overtaking the United States as the most obese country in the world.  

 

Overweight and obesity are the main risk factor of nutrition-related chronic diseases such as type 2-

diabetes and hypertension. This health problem impact on health-care costs; According to Rtveladze 

et al. (1) in 2017 spending on health costs will be more than ten billion dollars. To deal effectively 
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with this widespread obesity epidemic, it is important to identify its determinants. Although, obesity 

results from some genetic causes, most of them are related to lifestyle and the dietary habits, 

especially over-eating and unhealthy diet (2). A health diet consists of a variety and balanced diet. 

Food preferences are believed to play a role important in the prediction of human food choices; food 

neophobia is one of the main factors influencing the quality of diet and of food preferences (3,4). 

Food neophobia is the reluctance to try new foods, and people differ in their degree of food neophobia 

(5) with some individuals showing great pleasure in eating new foods and others showing a strong 

aversion to them (6). Although food neophobia has been evolutionarily useful, in a modern society 

where food safety is guaranteed, it can have a negative effect on food choices as food neophobic 

individuals avoid new food experiences and thus lack dietary variety (7, 8). Associations between 

food neophobia and food intake were observed in an undergraduate student simple (9). Another study 

showed that adults and children with higher levels of food neophobia had eaten fewer foods listed on 

a food frequency questionnaire compared with adults and children with lower levels of food 

neophobia (10). This suggests that people with a lower level of food neophobia consume a broader 

variety of foods compared with people with a higher level of food neophobia (11).  

 

On the other hand, the interest of people's health could be a good predictor for healthy eating. Villegas 

et al. (12) showed that an interest in eating healthily can increase the willingness to consume different 

types of products with specific nutritional characteristics, such as soy-milk. Roininen et al. (13) 

proposed a questionnaire to measure the interest in healthy eating, the results supported that intra-

individual correlations between consumption frequency and health ratings across foods (health food 

index) were positively related to fruit consumption, and negatively related to fat consumption. In the 

present investigation, we examined the associations of various variables with neophobia and general 

interest health. We are especially interested in how neophobia food and interest on health are related 

to people´s daily eating and in the socio-demographic variables (age, gender, income and education) 

that are correlated with food neophobia.  

 

METHODS AND MATERIALS 

Participants. Data were collected through a survey with 303 people (164 F, 139 M, age range 18–55 

years), who were randomly recruited at public places from Guadalajara, Jalisco. 

Questionnaire. The participants were asked to fill out a survey specially designed for this research. 

Which included questions related to: a) healthy eating habits; b) food neophobia; c) meat consumption 

frequency; d) fruit, vegetable and legumes consumption frequency; e) how many meals per day they 

have; f) what kinds of snack eat between meals; and g) balanced diet status of their diet. 

 

First, they were asked to complete a questionnaire designed to measured their interest in eating 

healthily with the multiple scale labeled as “general health interest”, proposed by Roininen et al.(13) 

and their attitude towards new food with the multiple scale of “ food neophobia”, developed by Pliner 

and Hobden.(3) The items from both scales were translated into Spanish. The words of some items 

had to be adapted, to have the same meaning as the original item. 

 

Meat (beef, pork, poultry) and fish consumption frequency were evaluated by the ranking test. 

Participants ranked the four items (beef, pork, poultry and fish) according to the degree of 

consumption. 
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Fruit, vegetables and legumes consumption were assessed with a 5-point responses scale for 

consumption frequencies. Responses possibilities were: (1) several times per year or less, (2) several 

times per month, (3) several times per week, (4) daily and (5) several times per day 

 

Next, the participants indicated how many times they eat per day. The responses were grouped into 

three categories: 1) one to two times per day, 2) three to four times per day, and 3) most of five times. 

Participants indicated by an open question what kinds of snack they eat between meals.  

 

They also specified by multiple-choice questions how they usually prepare or eat their meals; 

response options were fried, baked, grill or stewed. 

 

Finally, balanced diet status was determined by the estimate frequency of their habitual consumption 

of various food products. Participants mentioned all the food they had consumed in the last two days 

(day of the survey and the day before). The foods were classified into five groups according to the 

eatwell guide (14, 15). These food groups can be viewed as indicators of balanced or not balanced 

diet. For the statistical calculations the recommended percentage of each group for each day were 

recoded: 1) Fruit and vegetables (40%); 2) Potatoes, bread, rice, pasta and starchy carbohydrates 

(20%); 3) Beans, pulses, fish, eggs, meat and another proteins (20%); 4) Dairy and alternatives (15%): 

5) Oil, and spreads (5%) 

Data analysis. The internal consistency of the Spanish multi-scales was measured with Cronbach's α 

coefficient. The influence of various socio-demographics variables on food neophobia and interest in 

eating healthily was examined using multiple linear regression analysis. The predictors were, gender, 

age, income, and education. Friedman's test was used for the ranking test, and correlations analysis 

was performed to determine the most consumed meat. All statistical analyses were performed using 

XL-Stat 2016 (Addinsoft, New York, NY) software.   

 

RESULTS AND DISCUSSION 

Internal consistency was acceptable for both general health interest and food neophobia multi-scales. 

The values Cronbach`s α coefficient obtained, α= 0.71 and 0.79 respectively, were similar to those 

obtained by other authors for other versions of these scales. For instance, in the research of Villegas 

et al., (12) the “general health interest” scale and the “food neophobia” scale the values obtained were 

α=79 and α=82 respectively.  

 

Results of the regression analysis are shown in table 1. The model was significant for both variables 

Neophobia (F(4,298) = 12.61, p<0.001) and general health interest (F(4,298) = 7.84, p<0.023) and 

explained 15% and 12 % of the variance respectively. These results suggest that sociodemographic 

variables explain about 12-15% of the variance. This implies, that there are most likely other variables 

that may have an impact on food neophobia and general health interest.  

 

Age was significantly positively associated with food neophobia and general health interest. Older 

people have a higher food neophobia values and were more interested in eating healthily that younger 

people  
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Whereas, income and education were both negatively correlated with neophobia. People with higher 

income and a higher level of education have lower food neophobia scores compared with people with 

lower income and a lower level of education. In contrast to some reports that indicated that men are 

more neophobic than women, in this work the gender was no significant for food neophobia. People 

involved in this study showed moderated to high interest towards healthy eating, being age that plays 

the most important role to this construct. 

 

Table 1 Results of a linear regression analysis with the neophobia scores and the general health interest 

scores as dependent variable and socio-demographics variables as independent variables. 

Variable 
Food neophobia Eating healthily interest 

B SE B β B SE B β 

Constant 3.342** 0.174  2.977* 0.153  

Gender -0.148 0.079 -0.104 -0.081 0.069 -0.068 

Age 0.094* 0.039 0.146 0.076* 0.034 0.141 

Income -0.091* 0.040 -0.151 0.068 0.035 0.136 

Education -0.229** 0.064 -0.235 0.052 0.056 0.064 

R2 = 0.12 general health interest; R2 = 0.15 Food Neophobia 

Gender, 0 = females and 1 = males; *p <0.05; ** p <0.001  

 

The Friedman's test (Q = 178.66; p < 0.0001) allowed to identify that the beef-meat was the most 

consumed and the fish was the least consumed. 

 

The correlations between food neophobia, general health interest and consumption of selected food 

are showed in Table 2, people with higher food neophobia scores consume significantly less fish and 

vegetables compared with people with lower food neophobia. In addition, food neophobia was 

significantly positive correlated with pork, beef and poultry consumption. However, for foods such 

as fruit and legumes no association with neophobia was observed. In the other hand, food neophobia 

was significantly negatively correlated with balanced diet status. People with higher food neophobia 

values have less variety in their diet compared with people with lower food neophobia values. Food 

neophobia was also not correlated with all tested food categories. This construct seems unrelated to 

the frequency of fruit consumption, for example. The explanation is that people with a high level of 

food neophobia have a generally lower intake of all foods can be ruled out. It seems likely that 

neophobic persons compensate for lower consumption of foods such as fish and vegetables with 

increased consumption of other food groups such as pork. Accordingly, food neophobia might not 

only restrict people’s food variety but also might promote higher consumption of less beneficial food 

groups.  

 

General health interest was significantly positively correlated with vegetable and fruit consumption. 

Persons with higher general health interest tend to consume more vegetables and fruit compared with 

people with lower general health interest. In addition, general health interest was significantly 

positively correlated with balanced diet status. People with a higher general health interest have a 

varied diet. 
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Table 2 Correlations between, general health interest and several food frequency measures 

Variable Food neophobia Eating healthily interest 

Pork 0.207** -0.02 

Beef 0.171* 0.02 

Fish -0.431** 0.03 

Poultry 0.171** 0.01 

Vegetable consumption -0.249** 0.19** 

Fruit consumption 0.018 0.42*** 

Legumes 0.075 -0.50 

Balanced diet status -0.129* 0.140* 

Number of meals per day -0.013 0.04 

* p < 0.05; ** p < 0.01; *** p < 0.001 

 

In the present study, a heterogeneous sample from Guadalajara, Mexico was examined. Our sample 

was small compared to the general population. Another limitation is that self-reported eating behavior 

was analyzed and people’s actual food behavior was not measured. Therefore, consumption 

frequency scores might be biased by conscious or unconscious under- or over-reporting of people’s 

true food consumption. 

 

Results of the present study suggest that food neophobia and general healthy interest influences 

people’s daily eating behavior. The findings of the present investigation indicate that food neophobia 

has a negative impact on people’ food variety and on the consumption of recommended food. With 

the number of obese and overweight people increasing, it becomes important to identify factors that 

influence people’s eating behavior, and food neophobia and general health interest might be an 

important barrier for balanced food choices.  
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ABSTRACT 

The selection and consumption of a food product may be affected by different extrinsic and intrinsic 

cues, and normally extrinsic cues are those that drive the initial product choice. In that sense, the 

relative importance of three extrinsic characteristics of mezcal was evaluated. The selected attributes 

were: alcohol content (38% V/V and 45% V/V); price ($150.00, $280.00 and $548.00) and region of 

origin (Durango, Oaxaca and San Luis Potosí).  497 consumers from four  cities in Mexico (Mexico 

City, the city with the highest level of mezcal consumption; Durango City, the capital of the fourth 

largest mezcal producer state; Guadalajara, where mezcal consumption is incipient and Oaxaca City, 

the capital of the largest mezcal producer state) having different levels of exposure and familiarity to 

mezcal assessed nine different product profiles. These profiles, obtained through an orthogonal design, 

combined the different levels of each considered factors and were presented in a random order. 

Multiple regression analysis was applied to determine the utility values for the different levels of 

attributes and the relative importance of these attributes had for participants. Overall, the region of 

origin was the most important factor, followed by price and alcohol. The Oaxacan mezcal had the 

highest purchase intention value meanwhile mezcal from San Luis Potosi showed the lowest scores. 

Four segments of consumers were found regardless of the city. The region of origin and the price were 

at the same level of importance in clusters 1 and 3 (50.1% of consumers), while the alcoholic content 

had the lower influence in the purchase intention for the participants. For the two remaining clusters, 

the region of origin was the most important factor followed by the price (49.9% of participants). The 

cluster 3 had significant higher number of women showed the strongest rejection towards the higher 

alcoholic content. The results of this study confirm the importance of identifying consumers segments 

with similar patterns of preference in order to develop oriented marketing strategies according to the 

characteristics of the product and the peculiarities of the target market. 

 

Keywords: Extrinsic attributes, mezcal, consumers, utility values, relative importance. 

 

 

INTRODUCTION 

In Mexico, the alcoholic beverage market has been growing rapidly. Within that sector, mezcal 

consumption has presented the greatest growth. Only in Mexico City, the consumption was increased 

by 60% in the last two years (1). The food choice is a complex process which involves many different 
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factors, including intrinsic attributes and extrinsic attributes (2). On one hand, the intrinsic attributes 

are related to the product composition, and including smell, aroma, taste, mouthfeel and texture. The 

extrinsic attributes are those related to the image and information, which comprise bottle, awards, 

region of origin, raw material, price and label (3, 4). While it is true that the consumer decisions are 

based on the intrinsic attributes, the extrinsic ones normally drive the initial product choice (5). In 

that sense, a methodology oriented to estimate the structure of consumers’ evaluation of sets of 

predetermined combinations of product attributes or product profiles is the conjoint analysis (6). The 

use of this tool, includes the construction of different combinations of attributes and levels. Attributes 

and levels must include key features that are considered for consumers in a purchase situation. The 

product profiles are presented to the consumers, who are asked to rank them or rate them on a rating 

scale (7). Because the consumer responses are not homogeneous, it is important to identify consumer 

segments with similar preference patterns (8). The objective of this study was to determine the 

importance and utility of three extrinsic attributes among consumers of four different cities.   

 

MATERIALS AND METHODS 

Selection of the attributes levels. Four hundred individuals from Durango, Guadalajara, Mexico 

City and Oaxaca, all regular consumers of alcoholic beverages were interviewed. They were asked to 

choose the five attributes that they consider as important drivers of their purchase intention. To do 

this, they received a list of attributes that included: type of agave, alcohol content, label, brand, quality 

hologram, price, awards and origin region.  

 

The selected attributes (factors) and their respective levels are shown in the Table 1. 

 

Table 1. Attributes and levels considered for the analysis  

Attributes Levels 

Region of origin Durango, Oaxaca, San Luis Potosí 

Price ($/bottle) 150, 280, 548 

Alcohol content 38% V/V, 45% V/V 

 

As region of origin three levels were considered: Oaxaca as the main producer region of mezcal in 

Mexico; Durango as third producer region and San Luis as the four producer nationwide (although 

its consumption is concentrated locally). Regarding the price, the considered levels were $150.00, 

$280.00 and $548.00, representing the price ranges existing in the market, when the study was carried 

out. For the alcoholic content, two levels were considered: 38% V/V and 45%. A fractional factorial 

design was generated, and orthogonal array was applied. The orthogonal design was performed using 

the software SPSS version 22 (Chicago, IL, U.S.A).      

Conjoint analysis 

Consumers: 497 consumers participated, aged from 18 to 50 years old were recruited, in the same 

Mexican cities already mentioned: Durango City (N=125), Guadalajara (N=125), Mexico City 

(N=124) and Oaxaca City (N=123). The selection criteria were: being consumers of alcoholic 

beverages at least once a month, including mezcal or tequila, being native of the study region and 

showing interest in participating in the study. Sociodemographic information such as gender, city, 

age and consumption of mezcal were also recorded.    
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Application of conjoint analysis: Nine different profiles were presented and evaluated, in randomly 

manner (Table 2). Each profile was identified with a three digit code. Participants had to rank the nine 

profiles depending on their purchase intention from 1(first purchased intent product) to 9 (last 

purchased intent product).   

  

Table 2. Mezcal profiles obtained by means of the orthogonal array design 

Region Price Alcohol Content 

Charcas, San Luis Potosí $150 45% V/V 

Charcas, San Luis Potosí $280 38% V/V 

Matatlán Oaxaca $150 38% V/V 

Matatlán, Oaxaca $548 45% V/V 

Dolores Hidalgo, Durango $150 45% V/V 

Charcas, San Luis Potosí $548 45% V/V 

Dolores Hidalgo, Durango $548 38% V/V 

Matatlan, Oaxaca $280 45% V/V 

Dolores Hidalgo, Durango $280 45% V/V 

 

Statistical analysis. The data analysis was carried out considering all consumers as a pool. Multiple 

Regression Analysis was applied to determine the utility values for the different levels of attributes 

and the relative importance that these attributes had for participants. Then, an agglomerative 

hierarchical cluster analysis (Ward Method) was carried out to identify the different segments of 

consumer with similar preference patterns. To check the existence of significant differences between 

clusters, regarding factor and their corresponding levels a one-way ANOVA was performed. 

Additionally, a Tukey test (p<0.05) was carried out to identify significant differences. The clusters 

obtained were characterized using the sociodemographic available information by means of chi-

square tests. All the analyses were carried out with XLSTAT 2016 (Addinosoft, France). 

 

RESULTS 

Attributes selection. Table 3 shows the relative importance and the utilities of each factor and level 

obtained for the pooled sample. The region of origin had a relative importance of 47.07%, followed 

by price 34.82% and the alcohol content with 19.1%. The highest value of utility was observed for 

Oaxaca’s mezcal, with a price of $548.00 and with an alcohol content of 38% V/V.  

 

The results showed that the region of origin was considered the most important attribute. Different 

authors have shown the importance of the region of origin and pointed out that the image of a food 

product, especially that of a regional product, is linked to a particular quality, which is constructed 

from a multidimensional process that involves cognitive (beliefs), affective (feelings and emotions), 

cultural aspects and its distinctive sensory characteristics specific of a determinate region among 

others. Therefore, the image that a consumer has about a product from a given region could influence 

positively or negatively on his/her interest about the product (5, 9). 

 

The second most important attribute was the price (34.82%). This result contrasts with those obtained 

in other studies regarding alcoholic beverages in which price was the most important factor driving 

consumers’ choices, especially when they did not have enough information about the product and the 
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risk of making a wrong decision was high. In these cases, price was considered as an indicator of the 

product quality (3). 

 

Table 3. Global values relative importance and utilities of each factor for each level 

Attributes 

 

Relative importance 

 

Levels Utilities 

Region of origin 46.07A Durango -0.083b 

  Oaxaca 0.865b 

  San Luis Potosí -0.872c 

Price 34.82B $150.00 -0.151 b 

  $280.00 0.046 a 

  $548.00 0.105 a  

Alcohol 19.104 C 38% V/V 0.094 a 

  45% V/V -0.094 b 

a-c, different letter indicates significant difference between levels. 

A-C, different letter indicates significant difference between factors. 

 

Finally, the alcohol content had the lower importance (19.1%). Apparently, the importance of alcohol 

content varies depending on the context in which it is evaluated. In some studies, it has been reported 

as one of the attributes with minor importance (10, 11). However, in other cases, it has been 

considered among the most importance. For example, Thomas and Pickering (2003) found that a 

group of new young drinkers considered the alcohol content as a significant attribute. These authors 

suggest that this attribute seemed to be perceived as a risk signal, and also reflected a low level of 

confidence in the product. 

 

Cluster segmentation. Four segment of participants with different preference patterns were found. 

Chi-square test showed significant differences between clusters by city, gender and self-reported 

mezcal consumption (Table 4) 

 

Table 4. Characteristics of the four clusters obtained. *  

  

  Cluster 1 Cluster 2 Cluster 3 Cluster 4 

N N=138 N=135 N=104 N=120 

City (p=0.044) 

Durango 54 23 18 30 

Guadalajara 34 35 28 28 

Mexico City 37 28 22 37 

Oaxaca 32 40 24 27 

Gender (p=0.010) 
Male 75 73 36 72 

Female 82 53 56 50 

Mezcal consumption 

(p=0.038) 

Yes 83 45 43 54 

No 74 81 49 68 

* Bold numbers indicate significant differences within each cluster for a specific sociodemographic 

characteristic (p<0.05)   
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Significant differences between clusters were also observed regarding the relative importance that 

consumers gave to each attribute (Table 5).            

 

Table 5. Relative importance and utility values for each cluster * 

  
Attribute/levels Cluster 1 Cluster 2 Cluster 3 Cluster 4 

Relative importance (%) 

Region 37.46 aC 61.83 aA 52.02 aB 36.38 aC 

Price 40.1 aA 26.33 bB 30.45 bB 40.13 aA 

Alcohol content 22.45 bA 11.83 cC 17.52 cB 23.48 bA 

Utility values 

Durango 0.486 aB -0.857 bC 0.924 bA -0.776 bC 

Oaxaca -0.365 bD 2.516 aA 1.261 aB 0.445 aC 

San Luis Potosí -0.121 bB -1.659 cC -2.185 cD 0.331 aA 

150 0.446 aA -0.265 bB -0.051 bB -0.877 cC 

280 0.514 aA 0.487 aA -0.772 cC -0.393 bB 

548 -0.960 bD -0.222 bC 0.822 aB 1.270 aA 

38% 0.116 aB 0.048 aB 0.541 aA -0.127 aB 

45% -0.116 bA -0.048 aA -0.541 bB 0.127  aA 

 

* a-c, different letter indicates significant difference between rows  

  A-D, different letter indicates significant difference between columns 

 

Region of origin and price were at the same level of importance for the consumers in clusters 1 and 

3. However, in terms of preferences, consumers showed different behavior. On the other hand, the 

participants of cluster 1 preferred the mezcal from Durango. It is worth mentioning that this segment 

was comprised mainly by participants from Durango. Consumers from cluster 4 preferred mezcal of 

San Luis Potosí and Oaxaca. Regarding price, participants from cluster 1 preferred products with low 

and intermediate prices. Notwithstanding, consumers from cluster 4 preferred the most expensive 

mezcal, which may suggest that these participants recognize the “value” of the region and thus show 

a willingness to pay a higher price. In clusters 2 and 3 (43.86% of participants), the region was the 

most important attribute. In this sense, cluster 2 showed the greatest preference for the Oaxacan 

mezcal. This cluster was mainly made up by consumers from Oaxaca. These results suggests that 

consumers prefer products produced locally, thus indicating some degree of ethnocentrism, which 

refers to a moral obligation to prefer the local over the foreign (3); besides, the region may be 

considered as a quality indicator, because the sensory quality is associated to the region or country 

(4). This could be due to the origin of the product, which can evoke beliefs about traditions, 

inhabitants, and culture, influencing the perception of quality by consumers (13). By last, consumers 

of cluster 3 showed the greatest rejection of mezcal with higher alcoholic content. This cluster had 

significantly more women, one possible explanation is that women are physiologically more sensitive 

than men (14). Therefore, this attribute could be considered as a risk for women of this cluster. 

Instead, consumers of clusters 2 and 4 showed no significant difference in preferences for different 

alcohol concentrations.  

 

Even though the exploratory nature of this study, it was observed that in some cases the preference 

for the local products. Furthermore, the results obtained confirm the importance of identifying 
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consumer segments with similar patterns of preference in order to develop oriented marketing 

strategies according to the charateristics of  the product and the peculiarities of the target market. 
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ABSTRACT 

The flavor profile of fermented meat products such Chorizo results from multiple chemical and 

biochemical reactions that take place during the ripening stage. Most studies describe the sensory 

profile of the final product, with limited information related to the odor profile evolution during 

ripening. Therefore, the aim of this work was to explore the evolution of odor profile of homemade 

Chorizo during ripening (day 0, 7, 14 and 32), and to correlate with their volatile compounds. Odor 

profile was obtained by conventional descriptive analysis with the following strategy: 1) Selection the 

panelist according to their ability to discriminate differences, recognize 12 chemical compounds and 

threshold, 2) Generate vocabulary with different types of chorizos and select attributes to evaluate and 

their references, 3) Training the panelist: first recognize the different type of spices and odors 

characteristics, second, familiarize with simple pork meat mixture (pork-onion, pork-garlic-onion, 

pork-lactic acid, pork-clove) and then 4) Evaluate sample of Chorizo, the sequence for evaluation was 

from simple reference solutions up to complex mixtures, and finally the Chorizo sample. Volatile 

compounds were extracted by SPME technique using a DVB/CAR/PDMS fiber and analyzed by CG-

Shimadzu 2010 and standard references. ANOVA was carried out on sensory data by each attribute, 

considering sample, sessions, assessor and their interactions as sources of variation and 5% 

significance lever was considered in the analysis and the differences were calculated using Tukey`s 

test. Principal Component Analysis (PCA) was applied to explore the inter-relationship between 

variables. Thirteen odor attributes (pork meat, greasy, garlic, onion, fermented, vinegar, clove, pepper, 

oregano, bay leaf, cumin, smoked and chilli) were evaluated. The sample in day 0 was different (p 

≤0.05) with the highest intensity in descriptors chilli, onion, meat pork and greasy, and these were 

decreased during ripening. Chorizo in day 14 was significantly different with the highest intensity in 

vinegar and bay leaf odor, which were correlated (r ≥0.5) with acetic acid and trans-2-hexanal, 

respectively. Furthermore acetic acid was correlated with fermented odor, 1-pentanol with fermented, 

pepper, oregano and smoked odor and clove odor with eugenol and benzaldehyde.  

 

Keywords: Chorizo, Sensory Evaluation, Odor Profile, Volatile Compounds 

 

 

INTRODUCTION 

“Chorizo” is a type of fermented sausage that commonly undergoes a process of drying-ripening 

before consumption (1). It is made-up of minced lean pork and pork back fat, and then mixed with 



 

596 
 

salt, chili or paprika and different spices (garlic, onion, pepper, oregano and others).  The mixtures 

obtained are stuffed into a natural casing, most of the time, or a synthetic casing, and finally, the 

drying and ripening processes take place. The flavor and odor profile of fermented meat products, 

such as Chorizo, results from multiple chemical and biochemical reactions that occur during the 

ripening stage. The major biochemical changes are lipolysis and proteolysis. The last reaction 

generates a large variety of volatile compounds (aldehydes, alcohol, ketones, esters, etc.) or 

precursors of them, and these have an important role on the sensory characteristics since these 

compounds contribute to odor profile (2, 3). There are several studies about biochemical changes 

during ripening in homemade and industrial chorizo de cebolla (1), differences of volatile compounds 

in five brands of chorizo de pamplona (4) and the differences in volatile compounds in traditional and 

industrial chorizo (5); nevertheless, these studies only focus on physical-chemical changes and put 

aside the sensory changes.  

 

The odor profile has a high impact on the overall acceptance in all types of foods (6) because the first 

step we do when deciding to ingest food is to smell it through the nostril (orthonasal route), then we 

put it into the mouth and we appreciate its flavor via the nasopharynx (retronasal route) together with 

its taste and texture (7). Therefore, the odor is the most important characteristic that allows us to 

decide if we consume or not any type of food. Thus, it is also important to evaluate the odor profile 

in chorizo and their relationship with the volatile compounds through ripening period. 

 

In the recent years, there have been studies to evaluate the addition effect of: sugar and a starter 

culture in Spanish chorizo (8), olive oil emulsified with alginate in chorizo (9) and tiger nut fiber in 

chorizo of pamplona (10), all of them on the physico-chemical and some sensory characteristics such 

as texture and flavor. Others studied the effect of fat level in chorizo of Celta pig (11), different 

autochthonous starter cultures of Galician chorizo (12), addition of natural (grape seed and chestnut 

extract) and synthetic antioxidants (BHT) to the physical, chemical, volatile and sensory 

characteristics, focuses in flavor, texture, appearance and global intensity odor. Nevertheless, all these 

studies were only in the final products, with limited information related to the odor profile evolution 

during ripening and not exploring their relationship with volatile compounds. Therefore, the aim of 

this work was to explore the evolution of odor profile of homemade chorizo during ripening (day 0, 

7, 14 and 32), and to correlate with their volatile compounds. 

 

MATERIALS AND METHODS 

Sausage Manufacture. Chorizo samples were manufactured in the pilot plant of the Centro de 

Investigación y Asistencia en Tecnología y Diseño del Estado de Jalisco. It was prepared a 5kg-batch   

with 40% of pork back fat and 60 % of lean pork obtained from “Atemajac” market in Guadalajara, 

Jalisco. Lean and back fat were ground through a 5 mm diameter mincing plate (Torrey CI-22-1 

L9N2E) on grinder (Torrey Mod. M-22RW). Then, mixed with the rest of ingredients as g/kg of 

mixture: 36 of paprika, 20 of salt, 3 of garlic, 3 of pepper, 3 of mixture of nitrites, 2 ginger, 2 nutmeg, 

1 monosodic glutamate and 25 mL of vinager. The meat mixture was maintained at 4 ºC for 24 hours 

and then was stuffed into natural porcine casing with diameter of 35-38 mm. The sausages were 

transferred to a dry-ripening chamber where they were kept for 5 days at 7-9 ºC and 75-80 % relative 

humidity, and . Finally the temperature was increased to 10-12 ºC and kept for 27 more days.  Samples 

at day 0, 7, 14 and 32 days of ripening were taken for subsequent analysis. For physicochemical, 
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volatile and sensory analysis, the casing of each chorizo was removed and evaluated either by four, 

three and two replicates, respectively.  

Physicochemical analysis. The moisture content of the samples was determined by dehydration at 

110 ºC of 1 g of chorizo using a AND MF-50 moisture analyzer (A&D company).  For pH using 10 

g of chorizo in 100 mL in distilled water, measure using a pH meter Orion 3 STAR (Thermo 

Scientific). Water activity (aw) was determined using a Aqualab 4 TEV (Decagon Devices, Inc.). 

Volatile compounds. The analysis was carried out by extraction of volatile compounds he samples 

using solid-phase microextraction (SPME). An SPME device (SUPELCO) containing a fused-silica 

fiber coated with a 50/30 μm thickness DVB/CAR/PDMS was used. For headspace SPME extraction, 

3 g of each sample were weighed in a 40 mL amber vial, then screw-capped with a PTFE/silicone 

(SUPELCO) septum. The fiber was conditioned for 60 min at 240 ºC previously to extraction. The 

extraction was at 35 ºC for 60 min; before extraction, the samples were equilibrated for 60 min at the 

same temperature used for extraction. After extraction, the SPME fiber was immediately injected to 

port of the gas chromatograph system. A gas chromatograph 2010 (Shimadzu corporation) was used 

with a DB-624 UI capillary column of 30 m x 0.25 mm i.d., 1.4 μm film thickness (Agilent J&W 

Scientific) was used with nitrogen as a carrier gas at 2 mL/min flow rate. The fiber was desorbed and 

maintained in the injection port at 240 ºC for 6 min.  Temperature program was at 37 ºC , isothermal 

for 13 min, then raising to 110 ºC at a rate of 4 ºC/min and then raising to 150 at a rate of 5 ºC/min, 

and then 210 ºC at a rate of 10 ºC/min and held for 5 min. Injector and detector temperatures were 

both set at 240 ºC. Compounds were identified by mass spectra, using a gas cromatograph 6890N 

(Agilent Technologies) equipped with a mass selective detector 59752 (Agilent), and retention time 

with authentic standards.  All standard were more than 98% of purity except:  2-3 Pentadione (97 %), 

(S)-Limonene (96%), both Aldrich, and (-)- α-Thujone (Fluka). 

Sensory Analysis. Sensory evaluation was obtained by conventional descriptive analysis. We 

completed the training of 8 assessors focusing only in the odor profile. The training took place during 

8 months with the following strategy: 1) The initial group were 19 persons and 8 were selected 

according to their ability to discriminate differences used in commercial chorizo samples, odor 

recognize of 12 chemical compounds (linalool, isoamyl acetate, eugenol, methyl sulfide, furufural, 

1-octen-3-ol, (S)-limonene, benzaldehyde, diacetyl, carvacrol and ethyl butyrate) and threshold of 

basic tastes (sweet, acid, sour, salty and umami) (13).  2) Vocabulary generation with different types 

of chorizos and selecting the attributes to evaluate with their references, 3) Training the panelist: the 

first step were the judges recognition of different type of spices (onion, garlic, oregano, pepper, cumin 

and clove) and odor characteristics (acetic acid and fermented), the second step aimed to get 

familiarized with simple pork meat mixtures (pork-onion, pork-garlic-onion, pork-lactic acid, pork-

clove) and the last step was evaluating chorizo samples. Chorizo samples were 3 g weighed in a 75 

mL amber bottle covered with aluminum outside and capped with aluminum and plastic. Four 

samples were presented per session, evaluating them attribute per attribute.  

Statistics Analysis. ANOVA was carried out on sensory data by each attribute, considering sample, 

sessions, assessor and their interactions as sources of variation and 5% significance lever was 

considered in the analysis. The differences were calculated using Tukey`s test. Principal Component 

Analysis (PCA) was applied to explore the inter-relationship between variables. All analyses were 

performed in R version 3.3.1(14) applying functionality from the add-on package FactoMineR (15) 

and SensoMineR (16). 
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RESULTS 

The Fig. 1 shows the physico-chemical results. The moisture graph shows a significant decrease of 

water content along all the sampling times  (p>0.05), at beginning of ripening was of 54.14%  and 

the greater decreased was observed during the first 7 days of ripening, 40.33%, At the end of ripening, 

the moisture was 28.78%.  The water activity had similar results. Samples show significant decreased 

(p>0.05) through the ripening from 0.971 to 0.895. The highest decreased occurred during the final 

days, from day 14 to 32. The pH of chorizo samples began at 5.6 and showed a slight significant 

increase (p >0.05) during the first seven days of ripening, then dropped at day 14 from 5.9 to 5.6 and, 

finally, had a significant increased (p>0.05) again, finished with pH to 6.6, at the final process of 

ripening. Not significant differences were observed in chorizo samples of days 0 and 14 and have the 

lower pH, and both were different (p>0.05) to the other ripening days. The formulation of this chorizo 

included vinegar; consequently, vinegar is the reason of the lower pH at beginning. Afterwards, pH 

only decreased 0.3 units, similar result reported previously (17) due the fermentation step is limited 

because since the formulation did not include a carbohydrate source (9). The final increase of pH 

probably is due to the liberation of peptides, amino acids and ammonia compounds from proteolysis 

reactions (18). 

 
The sensory analysis results are shown in Table 1. Odor of chili, pork meat, greasy, onion and 

fermented had differences during the days of ripening, where the first three characteristics decreased 

the intensity through the ripening. The greater odor of vinegar was at day 0 and 14, and it had not 

significant differences in those days, fermented odor at 14 day obtained the less intensity and it was 

the different sample (p>0.05) in this odor (Fig 2).  The behavior of judges to finish the training shows 

significant differences between chili, greasy and pepper odor. The rating between two sessions was 

different only in three odors, vinegar, fermented and bay leaf. The similarity of sessions implies a 

constant rating of judges which may indicate that they are trained in 9 of the 13 odors. Previously 

studies focus on odor in final product obtained that decreased the acid lactic odor (11), and higher 

pepper odor (17). 

 

Seventy two compounds were identified in this experimental chorizo, including 10 alcohols, 7 acids, 

19 aldehydes, 6 ketones, 7 esteres, 8 terpenes, 4 alkanes, 4 nitrogen compounds, 2 sulphur 

compounds, 2 phenols and other 3 compounds. The major sources of terpenes are related to spices, 

thujene, α-pinene,   and sabinene previously identified in pepper, and β-caryophillene and limonene 

in paprika (4).  Some alcohol derived from carbohydrate fermentation, as ethyl alcohol, 2-3-

butanediol, 1-propanol, 1-pentanol, other proceeded from amino acid catabolism, phenylethylalcohol 

A B C 

Figure 1. Physicochemical result of chorizo ripening process.  (A) Moisture, (B) Aw and (C) 

pH results. 
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(12). Most of the aldehydes identified come from lipid oxidation, pentanal, hexanal, heptanal, 2-

heptanal, octanal, 2-octanal, nonanal, 2-nonenal, 2,4-nonadienal, 2,4-dodecadienal, also from lipid 

oxidation were some alcohols, 1-octen-3-ol, some ketones, 2-heptanone, 3-octen-2-ona and 2 

nonanone (12, 18).  The samples at day 7 and 14 were characterized by these compounds. Some acids 

as propanoic acid, butanoic acid, hexanoic acid and heptanoic acid come from hydrolysis of 

triacilglycerols and phospholipids. The esters as butanoic acid, 3-methyl-, ethyl ester, hexanoic acid, 

ethyl ester comes from microbial esterification and this compound were characteristics at final 

ripenening process, D14 and D32 (12). 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

The PCA obtained with physico-chemical, volatile compounds a sensory evaluation, fig 3, explain 

77.27 % of total variance with the first two dimension and only be represent the 50 variables that had 

more contribution in the two first dimensions. The first dimension could separate the four samples in 

two groups the positive side, corresponded to chorizo at D14 and D33 and negative side D0 and D14. 

During the first 14 days of ripening the samples had the greatest moisture and Aw, pork meat, chilli, 

onion, bay leaf, and characterized by the spices volatile compounds as caryophillene, beta 

caryophillene and cinnamaldehyde. 

 

This is expected because at beginning had a fewer characteristics degradations compounds so the 

odor of spices of formulations were the predominant.  The compound sabinene was the terpen more 

correlated with odor of pepper in chorizo, previously study found this terpen as dominant in pepper 

(21). Odor of chilli was more  correlated with hexanal, 2-3 butanediol, nonanal, dodecane and 

caryophillene, pork meat odor with nitrogenous compounds,  propanamide and 1,3-Propanediamine, 

N-methyl- and 2-4 nonadienal, greasy odor with hexanal, 3-octen-2-ona, heptanoic acid, octanoic 

acid, ethyl ester and decanoic acid ethyl ester, fermented odor with butanoic acid,  benzaldehyde, 

bencenzacetaldehyde and 2 nonanone,  this compounds become of degradation to amino acids,  fatty 

acids, carbohydrates and  lipid oxidation (12, 19)  
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Table 1.  Analysis of variance of sensory data.  

Cells highlighted in gray show significant effect by each variable (column) 

(p>0.05)  

* Attributes with differences (p>0.05)  during ripening 
Fig 2.  Odor profile of chorizo evaluated by trained 

panel. 

* 
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* 
* 



 

600 
 

 
Figure 3. Principal components with the 50  physico-chemical, volatile and sensory variables that had more 

contribution in the first two dimensions. 
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ABSTRACT 

The aim of this study, was to develop a sensory lexicon for analystis of odor, flavor and texture of 

papaya fruits, using sensory and their correlation to instrumental measurements to characterize 

different cultivars of Mexican papaya fruits. Fourteen panelist were trained to evaluate sensory quality 

of papaya fruits. The judges were trained to identify differences between varieties of papaya and 

different maturity stages by Duo-trio test. For objective description of the odor and flavor of fruits, 

there were used 7 volatile compounds that contribute to the typical papaya aroma, (methyl butanoate, 

benzyl isothiocyanate, butyric acid, 3-mercapto-3-methyl-1-butan-ol, isoamyl acetate and 4-hexen-3-

one) from which 10 descriptors were generated. On the other side, panelists were familiarized with 

different papaya cultivars to know the characteristics of broad range of papaya fruits at different 

ripening stages to know the features that consumers uses to choose a fruit. Repeatability of the panelist 

were evaluated by ANOVA of intensity of physical references and intensity descriptors of odor and 

aroma profile of fruits. Nine descriptors of odor (mature papaya/grape, fermented/aged cheese, green 

papaya, onion/rue plant, banana gum and plastic/ nail polish) and four descriptors of texture (firmness, 

melting, juiciness and particle shape: fibrous or lumpy) were obtained. Results showed that the lexicon, 

was adequate to describe the differences of odor and texture characteristics among cultivars. In parallel 

pH, acidity titration, Aw, moisture percent, color CIEL*a*b*, total soluble solids and texture (TPA) 

were measured, to establish differences among cultivars (p<0.05) and correlate with to sensory 

evaluation by principal component analysis. This methodological strategy could be the basis for the 

implementation of a method to the sensory and physiochemical characterization of papaya fruits. 

 

Keywords: sensory evaluation, papaya, lexicon 

 

INTRODUCTION 

Papaya (Carica papaya L.) is a tropical fruit belonging to the family Caricaceae that is widely grown 

in tropical and sub-tropical countries. It is principally consumed fresh and widely used in food 

industry for the production of jams, liquors, ice creams and beverages (1). Among the many quality 

parameters defining the desirability of papaya fruits, aroma and texture are two important 

characteristics which influence the final acceptance by the consumers. Actually genetic 

improvements in papaya has been focused on increasing production or achieving high levels of 

resistance against plagues or diseases and less frequently on amelioration of the nutritional quality 

(2). Programs aimed to obtaining products with a better sensory quality remain an exception and even 

in those cases sensory tests have been used only as a complementary piece of information for selecting 
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the most appropriate germplasm, usually based on two or three individuals’ ability to distinguish a 

defect in the product (3).  

 

Sensory quality comprehends not only the intrinsic attributes of the product, but also the interaction 

between the product and the consumer. Moreover, it is also necessary to establish a relationship 

between the physical-chemical composition of the product and its sensory attributes as color, texture, 

aroma (volatile compounds) and taste (sweet, sour, salty, bitter and trigeminal sensations), as well as 

between the sensory perceptions and the acceptability for the consumer (4). Nowadays, exist studies 

focused on the identification of volatile compounds of papaya fruits, characterization of some 

physical-chemical features of commercial varieties and methods to extend the post- harvested self-

life or after industrial process of papaya fruits, but, until now, no author has obtained a sensory 

characterization protocol by creating and evaluating a training method for a sensory panel as a useful 

characterization tool for a wide selection of papaya. There for, the aim of this study, was to forma a 

group of trained assessors to develop a sensory lexicon for analysis of odor, flavor and texture of 

papaya fruits, and their correlation to instrumental measurements to objective characterize different 

cultivars of Mexican papaya fruits. 

 

MATERIALS AND METHODS 

Samples. All papaya samples were from México, cultivated at three different parts of the country 

(Colima, Michoacán, and Chiapas), the wide range of varieties served to familiarize the panelist with 

the large diversity of papaya varieties that exist and the changes of sensorial features during ripening.  

Panelists. 

The sensory panel was initially drawn for a large group of 47 volunteers (25 females and 24 males) 

belonging to CIATEJ between 24-34 years old. They were first selected applying a test ISO 8586 and 

evaluation of sensitivity of taste (ISO 3972) using for odor threshold four volatile compounds present 

in papaya aroma (5).  

Panelists Training- Panelists were trained to evaluate sensory quality of papaya fruits (odor, flavor, 

texture and color) focused on odor and texture. As part of panelists’ training, it was applied a A-no-

A test (ISO 8589) to compare the odor and flavor of different papaya varieties, in these tests, the 

mode in which the panelists were asked to indicate one or two characteristics that allowed them to 

differentiate between papayas, permitted the indirect generation of possible descriptors, that formed 

the background for the subsequent construction of the lexicon (Table I). Thus, this first descriptor list 

provided the basis of the selection of the first physical references for familiarization and calibration 

of panelists. In this way, there were selected 7 volatile compounds that contribute to typical papaya 

aroma (Table I), this volatile compounds were named by each panelist and by a consensus the list of 

descriptors for this volatiles compounds was defined. 

Next it was verified the repeatability of the panelists, providing the panelists the 7 volatile compounds 

coded with three digits and requesting that for each compound, indicate the name of the perceived 

odor, this tests was carried out by triplicate. Subsequently, to train panelists to identify odors in a 

complex product such as papaya, two mixtures of volatile compounds were used, the compounds for 

mixtures were selected from the 7 based volatile compounds; additionally were applied Duo-Trio test 

to verify no confusion between perceived odors of the volatile compounds. 

Parallel the panelists were trained and familiarize with the broad range of texture by a consensus. 

Before evaluating the texture of the fruit, panelists were familiar with the general concepts of texture, 
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using several of the suggested references in the standard ISO 11036. In the subsequent sessions, there 

were presented to the panelists, a set of papaya fruits both whole and pieces so they become familiar 

with the diversity aspects of texture. During this familiarization the panelists were asked to describe 

the texture, obtaining the first vocabulary to develop a lexicon to describe the fruits. Panelists were 

explained on how to asses’ texture in mouth and hand, and which features evaluate to obtain a final 

texture lexicon (Table II). Finally panelists were familiarized with different papaya cultivars to know 

the differences of broad range of odor and texture of papaya fruits at different ripening stages. In 

parallel physicochemical parameters as pH, °Brix, acidity titration (AT) and Aw were measured by 

triplicate. The pH, acidity titration (AT) and total soluble solids (TSS) determinations were done 

following the AOAC (1998) method. 20 g of fruit were homogenized in 100 mL of distilled water 

and 33 mL of the filtered mixture were taken to quantify pH and AT using a potentiometer. AT was 

expressed as a percentage of citric acid and malic acid. TSS was measured directly from pulp, using 

a refractometer and expressed in °Brix. 3 g of fruit were homogenized to quantify Aw using an 

Aqualab and 1g of fruit homogenized. 

 

RESULTS AND DISCUSSION 

The Table I shows the descriptors indirectly generated by A-no-A test. These descriptors the first 

lexicon and each one descriptor was associated to 7 volatile compounds selected from volatile 

compounds reported by Pino (2014). Six sessions were needed to verify the repeatability and capacity 

of panelists to associate descriptors with volatile compounds, thus, 10 descriptors were obtained 

(Table I).  

 

Table 1. First list of descriptors obtained by A-no-A test, volatile compounds selected to panelist training and the 

final lexicon of papaya odor generated by panelists. 

First descriptors obtained 

by A-no-A  test 

Volatile Compound 

used like reference 

Final odor lexicon generated by 

panelists 

green papaya benzyl isothiocyanate green papaya/latex 

mature papaya/ papaya Methyl butanoate mature papaya/grape 

vomit/ rotten/ acid Butyric acid fermented /aged cheese 

Grass 3-mercapto-3-methyl-1-butan-ol rue plant /onion 

Plastic 4-hexen-3-one nail polish 

Sweet Isoamyl acetate banana gum 

fruit/sweet Ethyl butanoate ------ 

During the mixture tests the ethyl butanoate was eliminated because it caused panelists confusion 

with acid butyric and methyl butanoate, being that generated similar notes. 

 

Odor description of 15 papayas cultivars. Description of odor of 15 varieties of papaya (Maradol, 

Sensación, Royal, g260, g279, A1, A2, A3, A4, A5, A6, A7, A8, A9 and A10) were described and 

classified by the ten descriptors (green papaya/latex, mature papaya/grape, onion/rue plant, nail 

polish, banana gum and aged cheese/fermented). The Figure I shows the chart obtained by correlation 

of descriptors and varieties by factor analysis with 2 factors which explained 33.49% and 21.00% of 

the observed variation (54.49% in total).  

 

According to the odor the papaya cultivars has been cluster in three groups: 
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The group 1: Maradol, Sensación, Royal, g260, g279, A1, A3, A4, A7, A8 and A9 shared a profile 

mainly descripted by green papaya/latex, mature papaya/grape, rue plant/onion and fermented/aged 

cheese, notes generated by key volatile compounds in papaya aroma profile; also the panelists 

managed have a better capacity to perceive and identify in papaya odor the notes presents in other 

fruits like peach, mango, yaca, lime and lemon, and some sulphurous notes (sewage and rotten). The 

varieties of the group 2: A5, A6 y A10 shared different odor like fruity notes, unlike the group 1. The 

variety A2 was the most difference compared with the other cultivars, presenting descriptors like 

rotten or detergent even without odor. 

 

Once the panelists were familiarized with de different features of papaya cultivars, including the odor 

and different ripening stages, they were trained to evaluate the texture. After, the panelists were 

familiar with the general concepts of texture according to ISO 11036, were applied A-no-A test to 

compare the texture of both whole and piece fruits in different ripening stages, there were indirectly 

obtained the descriptors the people used when they choose a fruit in a market. During next sessions 

the panelist describe the texture of many fruits in different ripening stages, obtaining a final lexicon 

conformed by 5 attributes (Table 2). 

 

 
Figure 1. Factor Analysis of 15 papaya cultivars. The triangle figure represent each papaya variety, the 

rectangle figure represent the descriptors used by the panelists to describe the papayas’ aroma. 

 

 

A1

A2

A3

A4

A5

A6

A7

A8 A9

A10

g260g279

royalsensación
Maradol

green 

papaya/latex mature papaya
onion/rue plant

banana gum

nail polish

aged cheese/ fermented

lemon

nut

lime

detergent

fruity

yaca

sewage/rotten

without odor

mango

coconut

peach

pineapple

cherry

-0.8

-0.3

0.2

0.7

1.2

-1 -0.5 0 0.5 1 1.5 2 2.5 3 3.5

F
2
 (

2
1
.0

0
 %

)

F1 (33.49 %)

(F1 y F2: 54.49 %)



 

606 
 

Table 2. Papaya sensory lexicon develop by trained panel 

Attributes Description References 

Firmness Initial force required to bite 

completely through samples 

between incisive theet. 

Min: Tender asparagus  

 

Max: Green apple  

Cohesiveness Excess softness with lack of 

chews 

Min: goat cheese 

Max: Apple  

Juiciness Amount of juice released on 

the first three chews 

Min: Apple 

Max: Watermelon 

fibrous Amount of wet and soft 

fibrous structures detected 

during chewing 

Min: Apple  

 

Max: Pineapple 

lumpy Amount of lumps structures 

detected during chewing 

Min: yoghurt 

Max: cooked oatmeal 

 

Finally physicochemical parameters as pH, °Brix, AT and Aw were measured. The results were 

evaluated by principal component analysis (PCA) to know generally the similarities and differences 

between the 15 cultivars. The Figure 2 shows the PCA with the first and second principal components 

explained 55.52% and 26.68% of the observed variation (82.20% in total). The pH, % of citric acid 

and % of malic acid contributed to explain the variance of the principal component 1. The second 

component was explained by °Brix and Aw. The PCA shows three clusters (cluster 1: A1, A5, A6, 

A7, A8, A9, A10 and Maradol; cluster 2: Sensación, Royal, g260 and 6279; cluster 3: A2, A3 and 

A4). The cluster 1 includes 8 cultivars including Maradol and the most resemble to the Maradol 

cultivar were A7 and A8 without significant differences (p<0.05) in the physicochemical parameters; 

the cultivar A6 and A9 were similar presenting only significance difference in pH and % citric acid 

respectively. The cluster 2 was the one who presents most significant differences with regard to all 

the cultivars, containing less % of citric acid and % malic acid and a pH more alkaline. The major 

content of soluble solids were for cluster 3 with 11 and 12.5 °Bx, while in the group 1 the total soluble 

solids was between 9.5 and 10.5 °Bx, agree with Bron and Jacomino (6) founded in Golden cultivar 

and Sañudo (7) in Maradol cultivar and Umaña (8) in Pococí hybrid cultivar. 

 

In conclusion the lexicon generated by the panelists allows found similitudes between the descriptors 

generated to odor and the key odor active compounds in papaya aroma reported by other researchers; 

besides the panelists presents repeatability and ability to describe odor and texture attributes, 

demonstrating a good training and reliability results. Moreover the statistics’ analysis indicate that 

exist a similarity in the way the clusters are formed to the physicochemical measures and sensory 

evaluation of odor. These results suggest that this lexicon develop could be used as reference to 

describe the characteristic odor of papaya fruits, also, actually do not exist a lexicon that facilitates 

the odor of papaya varieties; on the other hand either exist a lexicon to permit the description of  

texture characteristics among cultivars. These lexicons will permit provide new information in the 

ones not generally considered. This methodological strategy could be the basis for the implementation 

of a method to the sensory and physiochemical characterization of papaya fruits. And could 

potentially be extended to breeding programs to provide detailed odorative and textural information 

of a large number of papaya cultivars. 
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Figure 2. Principal component analysis of physical and chemicals features of papaya cultivars. 
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ABSTRACT 

A drinkable soy yogurt, could be classified as a functional food, because of its lactic bacterial and 

protein soy content. It also, was proposed as an alternative fast food for Mexicans woman. Thereby, 

the main objective for this project, was to determine the acceptance Level from a cherry drinkable soy 

yogurt sweetened with sucrose. A Sensory Evaluation pilot test mas made with 100 consumer panelists 

(69 females and 31 men, 18-25 age). Consumer panelist completed Paired Comparison and Preference 

Tests, in order to evaluate two treatments. Treatment 1, cherry drinkable soy yogurt and Treatment 2, 

natural drinkable commercial yogurt, that was cherry flavored. A Randomized Complete Block Design 

was made using a Binomial Approximation Test from the Normal Distribution, to the Paired 

Comparison probe and an X2 for the Preference Level as response variable, 95% confidence interval. 

Samples were identified by random 3-digit codes on plastic glasses (No. 0). For every sample change, 

each panelist could unclogging their mouths eating green apples. Arenosity and Liquid consistency 

from the treatments were measured within a Paired Comparison Test. A significant difference existed 

on Arenosity (p value 0.0005160, z value= -3.47), hence that, the alternative Hypothesis was accepted. 

Thus, it has been suggested that the natural drinkable commercial yogurt that was cherry flavored, 

remained with an arenosity sensation. No significant difference, were observed for Liquid consistency 

variable (p value 0.5716, z value= 0.5656), so the null hypothesis for this variable were equal perceived 

in both treatments for the consumers. No significant difference was observed on the Preference Tests 

(p value 00.18122), so it proposed that, both treatments were equal accepted for the consumers. Then, 

it has been concluded that cherry drinkable soy yogurt had had the same acceptance level than the 

commercial yogurt that was flavored. 

 

Keywords: Soy, yogurt, Acceptance Level, arenosity. 

 

 

INTRODUCTION 

A drinkable soy yogurt, could be classified as a functional food (3), because of its lactic bacterial and 

protein soy content (5). It also, was proposed as an alternative fast food for Mexicans woman (4, 7). 

Thereby, the main objective for this project was to determine the acceptance Level from a cherry 

drinkable soy yogurt sweetened with sucrose (6) and determinate its shelf life by the viability of lactic 

bacteria. A Sensory Evaluation pilot test mas made with 100 consumer panelists (69 females and 31 

men, 18-25 age). Consumer panelist completed Paired Comparison and Preference Tests, in order to 

evaluate two treatments. Treatment 1, was the cherry drinkable soy yogurt and Treatment 2, with a 

natural drinkable commercial yogurt that was cherry flavored (10). 
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METHODS AND MATERIALS 

Sensorial evaluation was made with a 100 consumers panel (Students from Facultad de Ciencias 

Agricolas, Universidad del Estado de Mexico). Sensorial evaluation included a Paired comparison 

and Preference Tests in order to determinate if the Cherry Drinkable soy yogurt (8) could be accepted. 

A Natural drinkable commercial yogurt was cherry flavored with the same cherry fruit:syrup (1:1) 

used for the Soy yogurt elaboration and cherry soy yogurts was valued as Treatment 1 (T1) (9). The 

commercial flavored yogurt was used as Treatment (T2). At first, a consumption questionnaire was 

applied to the consumers that included some important yogurt consumption questions. Once a week, 

once a month and once per fifteen days yogurt consumption were evaluated by the questionnaire. 

Consistency yogurt frequent consumption was also included in those questions. 

 

Yogurt samples were three-digit coded random in plastic glasses (Number 0) and given to the 

consumer’s panel. For every sample change the panelist unclogging their mouths by eating green 

apples slices. Pair Comparison Test evaluated the Soy yogurt consistency for liquid and sandy 

consistencies with the commercial flavored natural yogurt made (Figure 1). In the other hand, 

Preference Tests was developed with a 7 points Hedonic scale method (Figure 2).  

 

Figure 1. Soy Yogurt Pair Comparison Test. 

 

PAIR COMPARISON TEST 

 

 Instructions: Circle the code according to the questions. 

 1. - ¿Which is the sandier sample? 

  507    276 

 2. - ¿Which is the most liquid sample? 

  507   276 
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Figure 2. Soy Yogurt Preference Test 

 

Experimental Design. A Randomized Complete Block Design was made using a Binomial 

Approximation Test from the Normal Distribution, to the Paired Comparison probe and an X2 for the 

Preference Level as response variable, 95% confidence interval. 

 

RESULT AND DISCUSSIONS  

69 females and 31 men, between 18-25 ages participated on the questionnaire. 63% panel’s consumers 

said that they eat at least a yogurt a once a week, the 22 % every fifteen days and finally 13% once a 

mount. Drinkable yogurt was the most consumed presentation (50% of the consumers) and the last 

consumed presentation resulted the consistent yogurt presentation. 

 

The Paired Comparison test, the consumers panels identify the samples is sandier and most liquid. 

Test results were analyzed by a binomial to normal distributions test (confidence interval 95%). Null 

hypothesis described that both samples perceived the same. Alternative hypothesis described that 

both samples different perceived. There were no significant differences for arenosity texture 

parameter  

 

PREFERENCE TEST 

Instructions: In front of you are two yogurt samples, test one at a time. Mark with an X on each sample 

 

Scale 

Samples 

507 276 

 

Very much liked 

Liked a lot 

Liked 

Liked and did not like 

Disliked 

Much disliked 

Very much disliked 
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Figure 3. Seven points Hedonic scale test results 

 

For Paired Comparison test it was found a significant difference existed on Arenosity (p value 

0.0005160, z value= -3.47), hence that, the alternative Hypothesis was accepted. Thus, it has been 

suggested that the natural drinkable commercial yogurt that was cherry flavored, remained with an 

arenosity sensation. No significant difference, were observed for Liquid consistency variable (p value 

0.5716, z value= 0.5656), so the null hypothesis for this variable were equal perceived in both 

treatments for the consumers. 

 

For preference test is was found no significant difference was observed on the Preference Tests (p 

value 00.18122), so it proposed that, both treatments were equal accepted for the consumers. Then, it 

has been concluded that cherry drinkable soy yogurt had had the same acceptance level than the 

commercial yogurt that was flavored. The resulted are shown in Figure 3 (1, 2). 

 

CONCLUSIONS 

Cherry Drinkable Soy Yogurt was accepted the same as a commercial drinkable yogurt. Cherry 

Drinkable Soy Yogurt shelf life was of 21 days, without any food preservative. 
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ABSTRACT 

Because of the importance of seeking alternative sources of ingredients in the development of new 

products, tortilla chips in this research were obtained from corn, cassava (Manihot esculenta) and 

Chaya sheet (Cnidoscolus aconitifolius). The main objective was to evaluate the effect of concentration 

chaya leaf on protein content, fiber content and level of satisfaction. Four treatments with four 

repetitions were analyzed using a completely randomized design. a sensory test of pleasantness was 

applied to a total of 100 untrained consumers. The results were interpreted with an ANOVA (p = 0.05) 

and DMS (α = 0.05) test. In tortilla chips with 2.5% and 7.5% of Chaya (T3 and T4) higher protein 

content (7.13 and 7.39%) and fiber (2.66 and 2.84%) with no significant difference was obtained, 

which is important because the majority of existing chips on the market do not provide enough of these 

nutrients, however, sensory test indicated that the totopo with 2.5% obtained the best level of 

appreciation among consumers which was rated "like a lot". According to the results, it is feasible to 

enrich tortilla chips with a vegetable source such as cassava flour Chaya and to provide protein and 

fiber in the daily dietary intake, without affecting its sensory attribute.  

 

Keywords: Manihot Esculenta, Cnidoscolus aconitifolius, fried tortilla 

 

 

INTRODUCTION 

In recent years it has been observed in the school population low consumption of fruits, vegetables 

and cereals; and excess consumption of high-calorie products index as fried foods, pizzas, biscuits 

and sugary drinks, among others. These products, such as fried foods are widely accepted in the 

market, the annual value of sales of snack foods (chips) in Mexico according to the Monthly Industrial 

Survey (1) amounts to an average of $ 16,664,001.00 Mexican pesos, these statistics suggest the need 

to develop products that provide health benefit, ie that are nutritious, that are free of preservatives, 

artificial colorings and also to be unpalatable. 

 

An alternative to improve the nutritional value frying is the incorporation of vegetable ingredients 

such as leaf Chaya a plant native to southern Mexico and the Maya region of Guatemala, Belize and 

parts of Honduras, which is used as a source of food and for medicinal purposes, is a sheet containing 

a significant amount of protein and minerals (2), however because there are no industrial applications 
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of this resource consumption is low despite characterized by its nutritional content. For all the above, 

this research sheet Chaya (Cnidoscolus aconitifoliu) was used as a functional ingredient to produce 

corn fritters and cassava (Manihot esculenta). 

 

METHODS AND MATERIALS 

Raw material: The ingredients used to make the chips were flour Chaya (Cnidoscolus aconitifolius) 

variety "star", cassava (Manihot esculenta) and cornmeal. 

Chaya Flour: Chaya leaves were washed with water to remove any dust from insect or crop area. 

They were left for one hour under the air stream to remove excess wash water, then dried at 60 °C for 

three hours, finally triturated to a particle size of 0.45 mm. 

Cassava conditioning: Cassava was cut into small pieces, the outer shell was removed with a knife, 

it was disinfected with a detergent solution and washed with water. It was cooked at 100 °C for 30 

minutes. A cooked it pressed once to obtain a puree cassava. 

Formulation and preparation of fried foods: Chaya flour, mixed with corn flour, cassava and 

spices (garlic, pepper and salt) (Table I). tortillas 120 mm diameter and were drawn mm thick, cut in 

triangular form (30 x 30 x 30 mm) to be subjected to frying in sunflower oil at 160 °C for 5 minutes. 

 

Table I. Experimental Formulations for frying 100 g. 

INGREDIENTS 

(g) 
T1 T2 T3 T4 

Chaya  0.0 2.5 5.0 7.5 

Cornmeal  80.2 77.7 75.2 72.7 

Yuca 18.0 18.0 18.0 18.0 

Spices  1.8 1.8 1.8 1.8 

 

Determination of protein and fiber: was performed according to AOAC of (2005): Protein by the 

method 981.10 and crude fiber by the method 978.10 (3). A total of four repetitions were made per 

analysis. 

Sensory analysis: a sensory test of pleasantness was applied to a total of 100 untrained consumers 

using the hedonic scale of 9 points, where 1 is "I dislike a lot”, 5, “I like or disgust me" and 9 “like 

very much” 

Statistical analysis: a completely randomized design, where the response variable was the protein 

content, crude fiber and pleasantness was applied; was the independent variable concentrations flour 

Chaya (0, 2.5, 5 and 7.5 %). The ANOVA was performed at a probability level of 0.05, and a DMS 

test α of 0.05. In addition, fashion was used as a measure of central tendency to interpret the results 

of sensory analysis. To perform statistical analysis, StatisticalDiscovery JMP 8.0 software was used, 

from SAS. 

 

RESULTS AND DISCUSSION 

To the extent that the concentration of flour in frying chaya increases its protein content and fiber. 

This indicates that the addition of flour Chaya levels 2.5, 5.0 and 7.5% has a positive effect on the 

nutritional value of the chips by raising the fiber content above the reported in the commercial tortilla 

chips (1.7 concentration to 2.3 % fiber). Furthermore, the protein content is enhanced since protein 

reported in commercial tortilla chips made from nixtamal is 2 to 3.0%. However, increasing the 
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concentration of Chaya in fritters perception of pleasantness decreases significantly, Table 2 shows 

that treatments with 0 and 2.5 % of Chaya were the most pleasantness, fashion indicates that the 

pleasantness was 7 and 8, ie "like moderately" and "like very much". Similar behavior was obtained 

in a study of snack made from corn supplemented with soy, the study showed that it is possible to 

supplement cornflour with soy flour that is rich in protein, proximal analysis in mixtures of corn and 

soybean showed an increased nutrient quality compared with data reported in literature for cornmeal 

unsubstituted (4). In another study where snacks were prepared cranberry recorded fiber content of 

4.2 to 7.5 % on a cranberry snack (5). In tortilla chips made from beans and corn nixtamalized content 

of 10.5 recorded 10.9 % fiber (6). Regarding the inclusion of other ingredients in the manufacture of 

food products, it is known to influence substantially in physicochemical properties, as well as sensory 

attributes. For example, the inclusion of flour fodder in the preparation of bakery products (7). Besides 

functional or technological aspects, the biological properties influence providing nutraceutical aspects 

(8). It has also been reported that the inclusion of flour, rice starch, cassava and modified soy 

calorimetric parameters and consequently the rheological properties, directly affecting characteristics 

such as specific volume, firmness, etc. which in turn impact on consumer acceptance of these 

influencing (9). 

 

Table 2. Protein content, fiber and pleasantness of the chips. 

TRAT CHAYA* 

(%) 

FIBRE* 

(%) 

PROTEIN* 

(%) 

 PLEASANTNESS # 

        X                Mo 

T1 0.0 1.65 ± 0.06c 5.47 ± 0.42c 6.0  ±  2.1a 7 

T2 2.5 2.66 ± 0.16b 7.13 ± 0.02b 6.1  ±  2.0a 8 

T3 5.0 2.84 ± 0.07b 7.39 ± 0.02ab 5.4  ±  2.0b 5 

T4 7.5 3.46 ± 0.26a 7.63 ± 0.05a 5.6  ±  2.0ab 6 

* The values presented are the mean ± standard deviations, (n = 100).  

 # The values presented are the mean ± standard deviation (n = 4). 

    Different letters indicate statistically significant differences according to the DMS test (P <0.05). 

 

CONCLUSIONS 

In addition to considering the nutritional quality in new product development, it is also important to 

consider the sensory effect that food has on consumers. The addition of 2.5% flour Chaya in a corn-

based frying shown to improve the nutritional value without affecting the sensory aspect, so it could 

be an alternative to enrich these types of products which by their nature are few nutritious. 
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ABSTRACT 

The objective or this work was to determine the presence or absence of Salmonella spp in samples of 

onion and coriander mixtures that come with different kinds of tacos that roadside stands sell in the 

east side of the city Torreon, Coahuila. A total of 32 samples of the onion-coriander mixture were 

collected from the places mentioned above, not changing the way street vendors manipulate them. The 

technique used corresponds to the one proposed in the standard NOM-114-SSA1-1994. For the pre-

enrichment, 10 g of the sample was immersed in 90 mL of peptone water 1.0% and then incubated at 

35±2 °C for 24 h. The samples enrichment was made in Selenite-cystine and tetrathionate broths with 

1.0 mL of the pre-enrichment broth, then incubated at 35±2 °C for 24 h. The development phase was 

made inoculating them with the enrichment broths, Petri dishes with the following microbiological 

cultures: Salmonella-Shigella, Bismuth sulfite, Brilliant green and XLD. Petri dishes were incubated 

at 35±2 °C for 24 h. At the end, colonies with Salmonella characteristics were taken from the original 

group of samples, and the corresponding biochemical tests were performed for their preliminary 

identification. From the 32 total samples 11 showed preliminary characteristics for Salmonella. These 

11 samples were processed using the automated equipment WalkAway 961006, showing 7 samples 

resulting positive for Salmonella enteriditis (21.87%) from the total quantity. Nowadays street food is 

much consumed; the onion-coriander mixture usually comes with this kind of products. The presence 

of Salmonella in some of the samples reaffirms the necessity of a better sanitary control from 

authorities in the selling and making of these food products along with a better enforcement of GMP. 

 

Keywords: ETA's, Salmonella sp, GMP. 

 

 

INTRODUCTION 

Mexican food uses different spices and plants to be seasoned and get their characteristic flavors. The 

mixture of coriander and onion is a traditional mixture of finely chopped vegetables used mainly in a 

raw way to spice several dishes like tacos. Roadside stands are a big problem to public health in 

Mexico since most of these stands lack in hygiene and the people who make the food don’t follow 

the good sanitary practices or they are unaware of them. 

 

Diseases caused by eating contaminated food have increased significantly from year 2000 to 2008 

due to the population´s changing lifestyle and eating habits (1, 2). Salmonellosis is one of the most 
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common diseases caused by eating contaminated food worldwide. Some cases are not serious; 

however, it depends on the Salmonella strain. Salmonella enterica can cause severe intestinal 

infections, bacteremia and also meningitis; Salmonella typhi is the strain that causes typhoid fever in 

humans (3). In Mexico, the states with the highest incidence of salmonellosis are Tabasco, Chiapas 

and Coahuila, while the states with fewer reports are Durango, Hidalgo and Mexico; corresponding 

the 67% of the cases to women (1). 

 

Strains of S. dublin and mainly S. enteritidis, are among the most virulent Salmonella species, and as 

other infectious diseases, the way it affects the body depends some variables such as the microbial 

load and the immune status of the host (4). The main places were these bacteria stay is in the intestinal 

tract of humans and animals, soil, bedding, garbage, feces, etc. Foods that can be contaminated with 

it are mainly animal products such as meat, chicken, seafood, milk and eggs, and also their derivate 

products (5). No reason has been found about why some serotypes are more prevalent in food than 

others but it´s suggested that the different serotyes react very differently to environmental conditions 

and temperature, as well as chemicals or nutrients the food may contain, other factors that cause food 

contamination and the spread of microorganisms are the presence of insects, the location and 

ventilation where the food is being prepared (4, 6). The number of patients suffering from 

salmonellosis always increases in the summer and it happens more frequently in children, elderly and 

immunocompromised people (5). Sanitary control and good sanitary practices in food preparation are 

essential to reduce the risk factors that influence food-borne diseases and to protect the health and 

welfare of consumers (7). 

 

The following work was intended to determine the extent of contamination and incidence of 

Salmonella spp in mixtures of coriander (Coriandrum sativum) and onion (Allium cepa) used in the 

sale and preparation of tacos in roadside stands in the city of Torreon, Coahuila, Mexico. 

 

MATERIALS AND METHODS 

Method. The following study was made in the Applied Plant Biotechnology area from the Faculty of 

Biological Sciences at the Autonomous University of Coahuila in the city of Torreon, Coah., Mexico. 

Sampling. A total of 32 samples taken from random roadside stands in the east side of city were 

analyzed. The sampling was performed according to the specifications of Mexican Official Standard 

NOM-109-SSA1-1994, “Procedures for taking, handling and transportation of food samples for 

microbiological analysis”; the person who prepares the food introduced the sample into a bag with 

the utensils they normally use. The onion and coriander sample was refrigerated for later 

microbiological analysis. 

Procedure for determination of Salmonella spp. Isolation and determination were performed 

according to the guidelines of the Official Mexican Standard NOM-114-SSA1-1994, “Method for the 

determination of Salmonella in food”. For pre-enrichment, 10 g of each sample were weighed and 

inoculated into 90 mL of 1% peptone water, which was incubated 24 hours at 35 ± 2 °C. Later it was 

inoculated 1 mL of each sample in 10 mL of selenite-cystine and tetrathionate broths, and both were 

incubated for 24 h at 35 ± 2 °C. Subsequently, it was inoculated on the culture media Salmonella 

Shigella (SS), Xylose Lysine Desoxycholate (XLD), Brilliant Green (VB) and Bismuth Sulfite, which 

were incubated at 35 ± 2 °C for 24 h. Suspicious colonies were identified by conventional biochemical 

tests. Mediums for biochemical analysis used were Triple Sugar Iron (TSI), Lysine Iron (LIA), 
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Simmons´ citrate and Motility Indole Ornithine (MIO). Strains that resulted positive in the 

biochemical tests were identified with a serological test with the automated equipment WalkAway 

961006. 

 

RESULTS AND DISCUSSION 

32 samples were collected randomly in different roadside stands; 11 of them showed preliminary 

characteristics of Salmonella spp (Table 1). A total of 21.875% (n=7) were positive for Salmonella 

enteritidis. 

 

The total percentage of positive for Salmonella enteritidis is considered a number above the normal, 

considering that only a small sampling of the entire city was taken, taking these quantities to larger 

populations even more widespread throughout the country, it is notorious the low level of hygiene 

that exist in food handling.  

 

In Mexico there aren´t national statistics specifically by Salmonella infections because when 

consulting a doctor only the clinical picture is used to make a diagnosis, so most of the time no 

microbiological studies are performed giving no accurate results. However, United Kingdom and the 

United States have conducted researches on deaths related to infections transmitted by food, which 

gives a result of 30%, the main character the Salmonella infection (3). 

 

Table 1. Biochemical tests results of the 11 samples that showed preliminary characteristics of 

Salmonella spp. 

No. de muestra TSI LIA CIT M I O 

1 K+/A+ + + +  -  + 

2 K+/A+ - + +  -  + 

3 K+/A+ + + -  -  + 

4 K+/A+ + - +  -  - 

5 K-/A+ - + +  -  - 

6 K-/A- - + +  -  + 

7 K+/A- - + +  -  + 

8 K+/A- + + +  -  + 

9 A+/A+ - + -  -  - 

10 K+/A- + - +  -  + 

11 K+/A- + + +  -  + 

 

It is advisable to have a better control over the handling of food, especially those who can’t be cooked 

at a high temperature like vegetables in this case, since the number of pathogens is highly worrying. 
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ABSTRACT 

The objective or this work was to determine the total density of total coliforms, fecal coliforms and E. 

coli using the technique of NMP and associated flora in samples of flavored water offered by street 

vendor. Methodology. 30 samples were taken at random from 100 ml each of flavored water of 

different flavor sold in the center of Torreon, Coahuila. The methodology proposed in the CCAYAC-

M-004/8 standard of the Ministery of Health for drinking water and ice by determining the NMP was 

used. For total coliforms to 5 tubes with sodium lauryl sulfate broth was added 20 mL of the test sample 

and incubated al 35o C for 24 to 48 hours. Of the positive tubes with gas, the same number of tubes 

were inoculated with bright green bile broth and incubated at 35o C for 24 to 48 hours, form fecal 

coliforms. Positive tubes CF to test E. coli, the same number of tubes with EC broth and incubated at 

44.5o C for 24 to 48 hours were inoculated. The confirmatory test for E. coli was done on agar EMB 

confirmed E. coli with biochemical tests. The accompanying flora was determined with the positive 

growth of a tube for CT McConkey agar and bacteria were identified by biochemical tests. The 

descriptive statistical analysis was performed nonparametric. The NMP for CT was 30 samples; ˃8 

(66.66%); 8 (13.35%); 4.6 (10%); ˂ 1.1 (6.66%); 0 (3.35%). CF: ˃ 8 (46.66%); 8 (10%); 4.46 (16.66%); 

2.6 (6.66%); ˂1.1 (10%) and 0 (10%). 36.66% confirmed for E. coli. The associated flora in a 97.07% 

corresponded to the group of coliforms. Flavored water of City of Torreon Coah., shows contamination 

with coliforms that proves them as potential source of ETA´s. Which makes necessary an in-depth the 

sources of contamination of these products.  

 

Keywords: coliforms, Escherichia coli, Associated Flora 

 

 

INTRODUCTION 

At present, thousands of children and hundreds of adults die every year in the whole world for not 

being careful in the hygienic preparation of food and drinks, in restaurants, small restaurants, and 

street positions and even in the proper house. Mexico is not exempt from this problems: it is 

anticipated that in the country there happen every year nearly 200 million episodes of diarrhea for 

eating contaminated food, alarming number although, not all the times one comes with the doctor 

since one resorts to the auto medication, and this information does not register (3). A correct hygiene 

of the food is determined by multiple factors: conditions of securing of the same ones, characteristic 

of the means used for its transport, temperatures and food preservation, structure of the places where 

the food is manipulated, etc., emphasizing between all of them the hygiene of the practices of the 
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food manipulators. The food analysis is important to guarantee the quality of products that offer 

themselves the public. Thus the consumer will have the certainty and safety of having a sure product. 

For which the study of the harmlessness of a food needs the determination of pathogenic 

microorganisms and/or toxins and in some cases the use of warning microorganisms related to the 

presence of pathogenic (8). 

 

Fecal contamination has been and it keeps on being the main sanitary risk in the water, since he 

supposes the incorporation of pathogenic microorganisms that can provoke illnesses in the human 

health. For it, the sanitary control of microbiological risks is so important, and it constitutes a basic 

sanitary measurement to maintain a grade of health adapted in the population (5). Inside the warning 

microorganisms that compose a microbiological criterion for flavors waters for human consumption, 

the following ones can differ: The inventory of entire and fecal coliforms, as well as of Escherichia 

coli, which is an indicator of fecal contamination or possible presence of pathogenic and 

contamination after the preparation of the drinks, principally enteric bacteria (1). The coliforms are a 

family of bacteria that are commonly in the plants, the soil and the animals, including the human 

beings. The presence of bacteria coliforms is an indication of that the water can be contaminated by 

black waters or another type of garbage in decomposition. Generally, the bacteria coliforms are in 

major plenty in the superficial layer of the water or in the sediments of the fund (6). The bacteria 

belonging to the group of the entire coliforms (excluded E. coli) are present both in wastes water and 

in natural waters. Some of these bacteria are excreted in the dregs of persons and animals. The entire 

coliforms can survive also and proliferate in water distribution systems, especially. The group of the 

entire coliforms includes microorganisms that can survive and proliferate in the water. Consequently, 

they are not useful like index of fecal pathogenic agents, but they can be used like indicator of the 

efficacy of treatments and to evaluate the cleanliness and integrity of distribution systems and the 

possible presence of biofilms (2). The «whole of bacteria coliforms» (or «coliforms entire») it 

includes a wide variety of optional aerobic and anaerobic bacilli, gram-negative and not sporulating 

capable of proliferating in the presence of relatively high concentrations of biliary salt fermenting the 

lactose and producing acid or aldehyde in 24 h to 35-37 °C.  

 

Escherichia coli and the coliforms thermos flask tolerant are a sub-group of the group of the entire 

coliforms that can ferment the lactose to higher temperatures. The entire coliforms produce, to 

ferment the lactose, the enzyme α-galactosidase. Traditionally, it was considered that the bacteria 

coliforms belonged to the genera Escherichia, Citrobacter, Klebsiella and Enterobacter, but the group 

is more heterogeneous and he includes other genres as Serratia and Hafnia. The group of the entire 

coliforms includes fecal and environmental species (9).  

 

Of all coliforms, only E. coli has an origin especially fecal, since they are always present in large 

numbers in the dregs of the living beings of warm blood and rarely they are in water or soil that has 

not suffered any type of fecal contamination. Therefore, it is considered that the detection of these as 

fecal organisms or the presumption of E. coli constitutes a sufficient information as to estimate the 

fecal nature of the above mentioned contamination (4). To the flavored drinks not alcoholic, to the 

products prepared by the dissolution in water or milk for use and human consumption, of sweeteners 

and optional ingredients added or not of additives, which can be or not carbonated one determines 

them: Aerobic mesophylls, entire Coliformes, fecal Coliformes, Salmonella sp, E. coli, V. cholerae 
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and Enterotoxin estafilocóccica (7). This work took as a target to determine the load of CT, CF and 

E. coli of the drinks of flavors that are expended in the center of the city of Turret Coahuila and its 

flora accompanist as relation of the group coliforms. 

 

MATERIALS AND METHODS 

Sampling. Samples were purchased at different locations of Torreon, México.  

Presumptive test of total coliforms Samples were processed for total coliforms by the MPN method, 

using Sodium Lauril Sulfate Broth in a 5-tubes scheme. Tubes were incubated at 37°C ±0. 5°C for 24 

hrs. Tubes with gas formtation after 24 or 48 h were recorded as positive. 

Complementary test for accompanist flora (Mac Conkey Agar). A sample from one of the positive 

tubes was further inoculated in a MacConkey Agar plate, presuntive E.coli colonies were further 

isolated as pure culture and biochemical tests (TSI, TIES UP, CIT, MINE and Broth Urea) were done, 

as well as Gram stain for microscopic morphology test.  

Confirmatory testing of total coliforms. 

Of every positive tube in the presumptive test, a tube of Billiant Green Bile Broth was inoculated, 

and incubated at 35°C ±0. 5°C for 24 h for gas formation.  

Confirmatory testing for Fecal coliforms. For Fecal coliforms, positive samples form samples were 

incubated at 42°C ±. 05°C in water bath for 48 hours. A confirmatory test for Fecal coliform was 

done by inoculating a positive tube from the BGB broth in an EMB agar plate; presumptive colonies 

were isolated and and biochemical tests (TSI, TIES UP, CIT, MINE and Broth Urea) were done, as 

well as Gram stain for microscopic morphology test. 

 

RESULTS 

The NMP for CT of 30 samples was had; ˃8 (66. 66 %); 8 (13. 35 %); 4. 6 (10 %); ˂1. 1 (6. 66 %) 

and 0 (3. 35 %). For CF: ˃8 (46. 66 %); 8 (10 %); 4. 46 (16. 66 %); 2. 6 (6. 66 %); ˂1. 1 (10 %) and 

0 (10 %). Confirming to him 3l 36. 66 % for E. coli. The accompanist flora corresponded in 97. 07 

% to the group of the coliformes. 
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DISCUSSION 

The NOM-218-SSA1/SCF-2002, it mentions that for not alcoholic drinks in bulk, manufactured with 

vegetable derivatives without thermal treatment, the entire coliforms (CT) are not considered to be 

an indicator, the fecal Coliformes (CF) will must be minors to 3 of NMP/mL, the presence of E. coli 

also will be less to 3 NMP/mL. In accordance with these indicators, the samples of fresh waters 

analyzed in the center of the city of Turret Coahuila, 10 % of them you show a quantity of less CT to 

3 NMP/mL and 90 % bigger than 3 NMP/ml. being considered to be this significant parameter 

although the norm should not contemplate it. The CF of the samples presented 26. 66 % of them 

concentrations of less or equal NMP/mL to 3 and 73. 33 % was much over 3 as the norm marks it. 

The E. coli derived from the fecal coliformes there presented before himself 73. 33 % of the positive 

samples for CF, what it indicates us that the waters can be an important source of ETA's derived from 

its consumption, already is for the fruits by which they are used for its preparation, of the quality of 

the ice that joins them or inclusive of the drainage atomizations that are evident in the center of the 

city where these drinks are expended. For it is suggested to keep on analyzing these products to 

improve its sanitary quality. The flora accompanist decided as own of the group coliforms. 
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ABSTRACT 

The city of Delicias is located in the southeast of the state. The geographical location and subtropical 

climate of Delicias promotes the generation of specific microflora in milk, for instance lactic acid 

bacteria (LAB). LAB is crucial for maintaining the physical factors and organoleptic characteristics in 

the artisanal cheese. The aim of this study was to characterize the physicochemical composition and 

native lactic acid bacteria in raw milk Chihuahua (artisanal cheese) produced in the region. Seasonal 

climate influences the cheese composition. The cheese produced during summer shows an increase in 

the means values of total solids, protein and fat (p<0.05). Most of the lactic acid bacteria isolated 

appertain to the genus Lactococcus lactis spp. lactis (41%), while the rest appertain to Lactobacillus 

paracasei spp. paracasei (24%), Lactobacillus pentosus (17%), Lactobacillus brevis (12%) and 

Lactobacillus fermentum (6%). 

 

Keywords: Artisanal Chihuahua Cheese, Lactic Acid Bacteria, Raw Milk. 

 

 

INTRODUCTION   

Delicias is the most important region of the state of Chihuahua with regard to bovine milk production, 

where one part of produced milk is destined for Chihuahua cheese production (1). Chihuahua cheese 

is mild to tangy flavor, the color is dull white and semi-hard with a crumbly texture (2). This kind of 

cheese is usually consumed fresh within one month of the day of production. Artisanal Chihuahua 

cheese is produced on a small scale, traditionally with raw milk. Nevertheless since 2010, in 

accordance to NOM-243-SSA1-2010(3), the cheese must be made from pasteurized milk. However, 

the use of pasteurized milk for cheese production can alter its sensorial characteristics as flavor and 

texture. The main function of certain LAB is producing lactic acid from lactose during the production 

process, causing biochemical changes in the maturation stage which is essential for developing its 

characteristic flavor (4). LAB is crucial for maintaining the physical factors that are fundamental for 

traditional cheese. It is known that the organoleptic characteristics of cheese derive from the 

environmental local conditions, including the cattle breed and diet, as well as production process. The 

geographical location and subtropical climate of Delicias (5) promotes the generation of specific 

microflora in milk, for instance LAB.  All of these factors influence the cheese flavor and taste (6, 7). 

Besides, there is very little information about artisanal Chihuahua cheese produced in Delicias. For 

this reason, the current study analyzes this cheese and characterizes the physicochemical and lactic 

acid bacteria native flora composition during the first 15 days of maturation, as the cheese may be 

consumed within one month of the day of production. 
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MATERIALS AND METHODS 

Chihuahua cheese manufacture. Artisanal cheese preparation and typical production procedures 

employed in the region. Raw milk (100L) was warmed to 33 °C for 40-70 minutes in a water bath; 

then calcium chloride (0.02%) was added. Rennet was added at (8mL/300mLwater), before ripening 

for 30-40 minutes.  The arising coagulum was cut vertically and horizontally with a cheese lyre. After 

this, it was cooked at 36-38°C for 55-65 minutes, until a firm curd allowed whey to drained (20-30 

minutes). Immediately, the cheddaring process began (this step represents the moment when curd 

slabs are stacked and flipped). Then, milled curd and salt (250 g) were added. Further, curd was 

added, molded and pressed (400 - 550 kPa) for draining the excess of whey (for about 16 H). On the 

next day, the cheese was removed from the mold, cut in blocks (average 1 Kg) and dried (4-10°C) 

for 2 days. Finally, the cheese was vacuum-packed and stored at 4°C. 

Sampling. Chihuahua cheese made from raw milk is produced during both seasons: late spring (June) 

and late summer (September). The cheese was made at an artisan cheese factory located around 

Delicias. After demolding the cheese, it was cut in one pound blocks and dried at 10°C for 2 days. 

Then, these were stored at 4°C for 15 days and vacuum-packed. The average temperature during the 

cheese manufacturing and drying process was 39°C during spring and 31.33°C during summer. 

Cheeses produced in both dates were analyzed in days 1, 3, 5, 7, 10 and 15 of ripening. A total of 18 

samples were analyzed for each season. All samples were analyzed in triplicate. 

Compositional Analysis. The following instruments were employed for determining the cheese pH 

(at 24°C) in three different points through direct measurement: Orion Star A211 penetration pH Meter 

(Thermo Scientific, USA) equipped with a stainless steel cutting blade (9120 APWP- model Orion) 

calibrated with pH 4 and 7 buffers (Thermo Scientific, USA). The titratable acidity was determined 

according to method (920.124; AOAC), fat content (method 933.05; AOAC), protein (method 

991.22; AOAC) and humidity (method 948.12; AOAC).  All the analyses were performed by 

triplicate. 

Lactic Acid Bacteria strains isolation and microbiological characterization by biochemical test. 

LAB was isolated from raw milk Chihuahua cheese samples at different storage stages (1, 3, 5, 7, 10 

and 15 days). Isolation was performed by inoculation on a selective solid medium for LAB; we 

employed MRS broth supplemented with 0.05% L-cysteine-HCl (Sigma-Aldrich Co. LLC). All 

inoculated plates were anaerobically incubated in GasPak System with BBL Gas Pak ™ EZ CO2 

Container System sachets (Becton Dickinson Microbiology Systems, Cockeysville, MD) for 48h at 

30°C. Gram stain reactions and catalase test were performed on the selected colonies, with the 

intention of studying their morphologies. After a microscopic examination, only the gram positive 

and catalase negative colonies were sub-cultured to purity on MRS and supplemented with 0.05% L-

cysteine-HCl for further identification. In order to carry out the biochemical tests, all strains were 

tested for carbohydrate fermentation through the API 50 CHL system (BioMérieux, Lyon, France) 

according to the manufacturer recommendations. For the species determination, carbohydrate 

fermentation patterns were compared with the apiweb™.   

Statistical analysis. With the purpose of verifying the effects of seasons in relation to the 

physicochemical composition and storage days of raw milk Chihuahua cheese we performed an 

analysis of variance (ANOVA) showing a completely randomized design.  A mean separation test 

was conducted using the Duncan’s test. The Coefficients of Variation (CV %) and Confidence 

Intervals (CI 95%) were calculated so that data variations for each analyzed season could be 
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compared. The significance level was employed in all the analyses, 5% (p≤ 0.05). P-values were 

obtained using SAS (8). 

 

RESULTS AND DISCUSSION 

Compositional analysis. Physicochemical composition, pH and acidity of raw milk Chihuahua 

cheese observed in spring and summer seasons is shown in Table 1. 

 

Table 1 Seasonal effects on the physicochemical composition of Chihuahua cheese made from raw milk 

Duncan´s test; Values mean ±S.D. (n= 18); a:%. b: % lactic acid; S. D.: Standard Deviation; CV: Coefficient of 

Variation; IC95%: 95% Confidence Interval. 

 

During spring and summer, the total solids mean value from raw milk Chihuahua cheese varied 

between 56.317 and 60.784, respectively.  During spring, the mean of fat was of 26.81, while in 

summer it was of 28.362. In the same way, during spring and summer the acidity mean levels varied 

between 3.333 and 3.65, respectively. In the summer, an increase in the total solid, fat and acidity 

levels (p<0.05) was observed. These differences were enough to fully alter the sensory and 

technological properties of cheese. Proteins level and pH did not provoked significant alterations due 

to seasonal change (p<0.05), (Table 1). The results of the physicochemical analysis reflect the 

influence of the environmental characteristics during the different seasons, and how this modifies the 

protein and fat values in artisanal cheeses. Physical and chemical results found in the present study 

are consistent with the report of Tunik et al. 2007 (9), where the cheese fat content average varied 

greatly from one season to another.  Similar results were observed in Marajó Island (Pa, Brazil), 

reported compositional variations of artisanal cheese around the year (10).  

 

Isolation of Lactic Acid Bacteria strains. Lactic Acid Bacteria were isolated from raw milk 

Chihuahua cheese samples. Isolation was performed by a routine microbiological procedure, while 

inoculation was made on a solid medium. The selective media employed for LAB was MRS 

supplemented plate.  We were able to observe more than one colony on the MRS supplemented plate 

surface. The morphological characteristics were examined under the microscope. The Gram positive 

and catalase negative rods, as well as the cocci-shaped bacteria were specifically transferred to the 

MRS supplemented plate for purification. The isolates subculture was made until it was possible to 

obtain pure isolates. Once the pure colonies were obtained, these were cultured in MRS supplemented 

and stored at 4°C in the fridge for future use. From the twelve samples, (day 1, 3, 5, 7, 10 and 15 of 

ripening / spring and summer) a total of 112 were isolates. Seventeen isolates were classified as gram 

positive and catalase negative bacteria.  
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The largest part of the identified isolates appertain to genus Lactococcus lactis spp lactis, while the 

rest appertain to genus Lactobacillus pentosus and Lactobacillus paracasei spp paracasei, 

respectively.  The following isolates fermented:  D-ribose, D-galactose, D-glucose, D-fructose, D-

mannose, D-maltose, D-lactose; and N-acetyl glucosamine, amygdaline, arbutin, sculin/ferric citrate, 

salicin, D-celiobiose and gentibiose, with the exception of Lactobacillus fermentum (Table 2). Earlier 

studies have already reported the presence of such bacteria (11-14). 

 

Table 2 Carbohydrates fermentation pattern of lactic acid bacteria isolated from raw milk Chihuahua cheese 

 
0:control, 1: glycerol, 2: erythritol,3: D-arabinose, 4: L-arabinose, 5: D-ribose, 6: D-xylose, 7: L-xylose, 8: D-

adonitol, 9: methyl-βD-xylopyranoside, 10: D-galactose, 11: D-glucose, 12: D-fructose,  13: D-mannose, 14: 

L-sorbose, 15: L-rhamnose, 16: dulcitol, 17: Inositol, 18: D-mannitol, 19: D-sorbitol, 20: Methyl-αD-

mannopyranoside, 21: Methyl-αD-glucopiranoside, 22: N-acetylglucosamine,  23: amygdalin, 24: arbutin, 25: 

sculin/ferric citrate, 26: salicin, 27: D-celiobiose, 28: D-maltose, 29: D-lactose, 30: D-melibiose, 31: D-

saccharose, 32: D-threhalose, 33: Inulin, 34: D-melezitose,  35: D-rafinose, 36: amidon, 37: glycogen, 38: 

xylitol, 39: gentibiose, 40: D-turanose, 41: D-lyxose, 42: D-tagatose, 43: D-fucose, 44: L-fucose, 45: D-arabitol, 

46: L-arabitol, 47: Potassium  gluconate,  48: potassium 2-ketogluconate, 49: potassium 5- ketogluconate. 

Black square: Sugar fermentation positive; Lb = Lactobacillus, Lc = Lactococcus, Leuc = Leuconostoc. 

 

The 17 isolates were classified as follows: 7 (41%) Lactococcus lactis spp. Lactis; 4 (24%) 

Lactobacillus paracasei spp. Paracasei; 3 (17%) Lactobacillus pentosus; 2 (12%), Lactobacillus 

brevis and 1 (6 %) Lactobacillus fermentum.  We were able to observe that Lactococcus lactis spp. 

lactis, Lactobacillus paracasei spp. paracasei and Lactobacillus brevis constitute the dominant micro 

flora of raw milk Chihuahua cheese. The current study reports the presence of four strains of 

Lactobacillus paracasei spp. paracasei. In Cheddar cheese, L. paracasei is used as a probiotic, 

remaining 8 months after ripening13; it is considered as the most effective strain which is used to 

stimulate the development of sulfur properties in cheese.14 In the same way, L. paracasei acts as an 

adjunct culture in Cheddar cheese, leading to elevated levels of total FAA during ripening.15 

Lactobacillus paracasei, Lactobacillus pentosus, Lactobacillus fermentum and Lactobacillus brevis 

represent a group of Non-starter Lactic Acid Bacteria (NSLAB0) (16, 18). 

 

CONCLUSIONS 

Results showed that the temperature characteristic of each season (spring and summer) exert certain 

influence over the physicochemical composition of cheese, and that such differences were enough to 

alter the concentration of certain components of artisanal Chihuahua cheese. Raw milk Chihuahua 

cheese manufactured during spring and summer showed a predominant LAB of Lactococcus lactis 

spp. lactis, Lactobacillus pentosus and Lactobacillus paracasei spp. paracasei, according to the 

carbohydrates fermentation pattern. This study disclosed that, isolated LAB may be related to 

Chihuahua cheese ripening. Therefore, it is necessary to select the most suitable strains for controlling 

Chihuahua cheese ripening. The potential use of our strains as starter or non- starter culture, will 

depend on further studies that must be carried out on the selected isolates. The studies must be 
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conducted to assess the effect of cheese quality. The autochthonous microflora of Chihuahua cheese 

constitutes a legacy which has to be protected and conserved. 
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ABSTRACT 

Chemical sanitizers such as peroxyacetic acid (PAA) and cetyl pyridinium chloride (CPC) are 

commonly applied to poultry carcasses or parts to reduce pathogenic microorganisms including 

Salmonella and Campylobacter spp.. Recently there has been increased concern expressed regarding 

the risk of chemical residue carryover that may result in failure to detect pathogens surviving 

antimicrobial treatment of poultry carcasses or parts during routine testing. Chemical neutralizers may 

be used to counteract the activity of food sanitizers, thus allowing pathogen detection from foods. In 

this study, the abilities of sanitizer-specific neutralizers applied at differing concentrations to CPC- or 

PAA-treated Salmonella in liquid medium were tested to determine minimum neutralizer 

concentrations necessary to allow pathogen survival. Three S. enterica serovars (Typhimurium, 

Kentucky, Heidelberg) were individually inoculated to a target of ~5.0 log10 CFU/ml in double strength 

tryptic soy broth (2xTSB) and then immediately exposed to CPC at 0.1, 0.2, 0.4, 0.6, or 0.8% (w/v; 

final concentration), or PAA at 0.0125, 0.025, 0.05, 0.1 or 0.2% (0.2% = 2,000 ppm; final 

concentration). Following antimicrobial addition, sanitizer-specific neutralizers were added at 

different concentrations. For CPC, combination of lecithin and Tween 20 was added in buffered 

peptone water (BPW) at 2X, 1X, 0.5X, 0.25X, or 0.125X their standard concentrations in Dey-Engley 

(D/E) Neutralizing Buffer. For PAA, disodium phosphate (Na2HPO4) and potassium monophosphate 

(KPO4) were added at 3X, 2X, 1X, 0.5X, and 0.25X their standard concentrations in BPW. Sodium 

thiosulfate was also added at 1.8%, 1.2%, 0.6%, 0.3%, and 0.15% (w/v) to neutralize peroxy-radicals. 

Following addition of sanitizer neutralizers, test tubes were incubated for 24 hr at 35°C and then 

inspected for turbidity. For all Salmonella isolates, higher concentrations of sanitizers required higher 

concentrations of neutralizers to counteract sanitizer antimicrobial activity. At 0.8% CPC, 1X 

neutralizer additions were required to observe growth for Salmonella isolates, whereas for PAA the 

addition of neutralizers to at least 2X their concentrations in BPW was required to allow Salmonella 

survival. The recovery of foodborne microbial pathogens may be enhanced by utilization of sanitizer 

neutralizers during the testing of foods for pathogenic microorganisms. 

 

Keywords: Salmonella, poultry sanitizers, neutralizers, poultry microbiology 

 

 

INTRODUCTION  

The presence of Salmonella is a persisting food safety hazard for both the poultry industry and poultry 

products consumers. Therefore, many antimicrobials are used to reduce the prevalence of pathogens 

on poultry carcasses and parts. Cetylpyridinium chloride (CPC) and peracetic acid (PAA) are 
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antimicrobials that have been successfully utilized as effective antimicrobial agents to reduce 

Salmonella and Campylobacter on poultry carcasses (4, 5). The U. S Department of Agriculture, Food 

Safety Inspection Service (USDA- FSIS) has implemented performance standards for pathogens on 

chicken carcasses to levels less than 10%. Thus, the use of antimicrobials is critical for complying 

with mandatory performance standards in poultry harvest and processing. However, the potential risk 

of antimicrobial residue presence after carcass surfaces leading to loss of surviving pathogen 

detection can lead to inaccurate determination of performance standard compliance (2, 3).  

Neutralization is utilized to inactivate antimicrobial carryover; neutralizers have been used to assess 

the efficiency of microbial recovery (1, 6, 7, 8). Sheikh (1981) demonstrated the development and 

validation of a neutralizer system that could be used in the antimicrobial activity evaluation of several 

antibacterial agents. Typically, the selected neutralizer should not be used just to inhibit the 

antimicrobial activity of the residues, but also have to be non- bactericidal to the test organism(s) and 

must not form a toxic compounds when combined with the active agent (7, 8). This research is 

investigated the survival of Salmonella enterica serovars in vitro when challenged with CPC or PAA 

(Safe Foods Corp., Rogers, AR) applied at differing concentrations and then treated with a BPW 

solution containing differing concentrations of CPC-neutralizing or PAA-neutralizing agents. Given 

differences in CPC and PAA active agents, differing neutralizer formulations were prepared specific 

to each sanitizer. The objective of this study was to determine minimum neutralizer concentrations 

thresholds necessary for Salmonella survival when previously exposed to CPC at either 0.1, 0.2, 0.4, 

0.6, or 0.8%, or PAA at 0.0125, 0.025, 0.05, 0.1 or 0.2% (0.2% = 2,000 ppm).  

 

MATERIALS AND METHODS 

Buffered Peptone Water (BPW) Preparation: Buffered peptone water (BPW) with addition of 

sodium thiosulfate was prepared from scratch as the neutralizer delivery medium for experiments, 

using recommended concentrations in Dey-Engley (D/E) Neutralizing Buffer (using the BAM as a 

guide for formulation), then stirred. In order to obtain 3X, in a 100-mL screw-cap bottle, 1.0 g 

peptone, 0.5 g NaCl, 4.2 g Na2 HPO4, 1.8 g KPO4 and 7.2g Sodium thiosulfate were added and the 

bottle then was filled to 100 mL with distilled water. Then, similar preparations of neutralizer at 2X, 

1X, 0.5X, and 0.25X their concentrations in DE buffer were prepared using the same procedure. The 

solutions were then autoclaved (121 °C, 15 min), and stored in a cool dark location until the time of 

experiment.  

BPW Preparation, PPA. BPW for use in PAA experiments was prepared from scratch according to 

the formulation for BPW provided in the FDA-BAM, except that sodium thiosulfate was added for 

neutralization of oxidizing compounds, disodium phosphate (Na2HPO4) and potassium 

monophosphate (KPO4) were added to neutralize acidulant. For thiosulfate and both phosphate 

reagents, BPW base was supplemented with neutralizers to a maximum of 3X each their respective 

recommended concentrations in D/E Neutralizing Broth. 3X concentrations of neutralizing agents in 

BPW were added to a 100 ml volumetric flask and the bottle then was filled to 100 mL with distilled 

water. Then, similar preparations of BPW containing neutralizers at 2X, 1X, 0.5X, and 0.25X their 

concentrations in DE buffer were prepared using the same procedure. The solutions were autoclaved 

(121 °C, 15 min), and stored in a cool dark location until the time of experiment. 

CPC Stock Preparation. A stock of 50 ml CPC was prepared by adding 30 ml sterilized distilled 

water and 4% CPC into a glass container, and then brought to volume with sterilized distilled water. 
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The other four CPC concentrations stock were prepared using the same procedure to produce all 

experimental CPC solutions to achieve their desired final concentrations (0.8, 0.6, 0.4, 0.2, and 0.1%). 

PAA Preparation. PAA was prepared in time of experiment, immediately prior to adding to reaction 

tubes, by adding 30 ml sterilized distilled water and 8% PAA into a sterilized glass container, and 

then brought to volume with sterilized distilled water. The other four PAA concentrations were 

prepared using the same procedure to produce all experimental PAA solutions to achieve their desired 

final concentrations (0.2, 0.1, 0.05, 0.025, and 0.0125%). 

Experimental procedure, Cultures of Salmonella enterica serovars, Heidelberg, Kentucky, and 

Typhimurium were revived from cryo- storage. From prepared bacterial culture, 1 ml was aseptically 

taken and aseptically transferred into 9 ml 2xTSB to a target of 105 CFU/ml concentration. From this 

suspension, 1 ml was taken and transferred into sterile test tubes for the first CPC or PAA application, 

and then 0.5 ml previously prepared CPC or PAA stock was aseptically added to produce a desired 

final antimicrobial content. Finally, 0.5 ml of neutralizer solution was aseptically added to the test 

tubes, prepared to deliver a desired neutralizer concentration upon addition. Positive controls were 

prepared by adding 1 ml bacterial suspension; 0.5 ml CPC (adjusted to desired final concentration) 

and 0.5 ml sterilized distilled water. The tubes were incubated at 35 °C for 24 h; after incubating, the 

tubes were checked for turbidity as evidence of Salmonella survival growth. Tubes showing no 

turbidity were plated onto TSA-loaded Petri plates (0.1 ml) to check for Salmonella survival. 

Inoculated plates were incubated at 35 °C for 24 h to confirm non Salmonella growth, or determine 

colony counts in order to assess bactericidal activity of CPC or PAA. Tubes not showing turbidity 

were identified as having an inhibitory concentration of antimicrobail against the tested Salmonella 

isolate, and plates from tubes not showing growth bearing <10 CFU were identified as bearing a 

bactericidal concentration of antimicribail against the tested Salmonella isolate. All experiments were 

replicated three times in identical fashion for each Salmonella isolate. 

 

RESULTS AND CONCLUSIONS  

In this study, neutralizer application was observed to counteract the activity of applied antimicrobials 

(CPC, PAA) in a dose-dependent fashion. Additionally, according to previous studies, the Dey-

Engley neutralizing broth is found to be the best for this purpose overall neutralizing broth. It was 

observed that Salmonella enterica serovars were inhibited by the application of CPC or PAA at all 

concentrations of applied antimicrobial, when no neutralizer mixture was used. (Table 1). The 

application of neutralizers at maximum levels used in the current study in BPW to chicken carcasses 

are expected to neutralize the antimicrobial activity of sanitizers when applied at concentrations not 

exceeding 0.8% CPC or 2,000 ppm (0.2%) PAA.  

 

No appreciable differences were found between the Salmonella enterica serovars (Typhimurium, 

Kentucky, Heidelberg) in their responses to the antimicrobial (CPC), indicating that Salmonella 

inhibition by CPC or PAA may not be subject to significant strain-specific differences. Compared to 

the case of CPC, where infrequent and variable numbers of Salmonella colonies were recovered on 

TSA, following incubation, PAA experiments did not yield consistent detectable colonies at the limit 

of detection of 10 CFU/ml for tubes scored as visually clear. 
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Table 1: Inhibition of Salmonella growth in the presence of CPC when neutralized with chemical neutralizers 

during incubation at 35 °C for 24 hr. 

 CPC (%)                     

S. Typhimurium 0.8   0.6   0.4   0.2   0.1   

- 

Control 

2X Neutralizer +++a   +++   +++   +++   +++   ---- 

1X Neutralizer +++   +++   +++   +++   +++   ---- 

0.5X Neutralizer ----   ----   +++   +++   +++   ---- 

0.25X Neutralizer ----   ----   ----   +++   +++   ---- 

0.125 X Neutralizer ----   ----   ----   ----   ----   ---- 

+ Control ----  ----  ----  ----  ----   

                        

S.Kentucky 0.8   0.6   0.4   0.2   0.1   

- 

Control 

2X Neutralizer +++   +++   +++   +++   +++   ---- 

1X Neutralizer +++   +++   +++   +++   +++   ---- 

0.5X Neutralizer ----   ----   +++   +++   +++   ---- 

0.25X Neutralizer ----   ----   ----   ----   +++   ---- 

0.125 X Neutralizer ----   ----   ----   ----   ----   ---- 

+ Control ----  ----  ----  ----  ----   

                        

 CPC                     

S. Heidelberg 0.8   0.6   0.4   0.2   0.1   

- 

Control 

2X Neutralizer +++   +++   +++   +++   +++   ---- 

1X Neutralizer +++   +++   +++   +++   +++   ---- 

0.5X Neutralizer ----   ----   +++   +++   +++   ---- 

0.25X Neutralizer ----   ----   ----   ----   +++   ---- 

0.125 X Neutralizer ----   ----   ----   ----   ----   ---- 

+ Control ----  ----  ----  ----  ----   

 

PAA, in cases where inoculated Salmonella were inhibited from growth, was also capable of 

inactivating the pathogen if neutralizers were not added (+Control) or were insufficient to arrest 

antimicrobial activity (Table 2). Positive control the antimicrobial agent carried over by not having 

neutralizers inhibited the growth of viable organisms. Thus, no recovery of organisms was observed 

at any concentration when organisms were exposed to CPC or PAA. 
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Table 2. Inhibition of Salmonella growth in the presence of PAA when neutralized with chemical 

neutralizers during incubation at 35 °C for 24 hr. 

S. Typhimurium 0.2   0.1   0.05   0.025   0.0125   

3X Neutralizer +++   +++   +++   +++   +++   

2X Neutralizer +++   +++   +++   +++   +++   

1X Neutralizer ---   ---   +++   +++   +++   

0.5X Neutralizer ---   +++   ---   +++   +++   

0.25X Neutralizer ---   ---   ---   +++   +++   

+Control ---   ---   ---   ---   ---   

                      

S. Kentucky 0.2   0.1   0.05   0.025   0.0125  
3X Neutralizer +++   +++   +++   +++   +++   

2X Neutralizer +++   +++   +++   +++   +++   

1X Neutralizer ---   ---   +++   +++   +++   

0.5X Neutralizer ---   +++   ---   +++   +++   

0.25X Neutralizer ---   ---   ---   +++   +++   

+Control ---   ---   ---   ---   ---   

                      

S.  Heidelberg 0.2   0.1   0.05   0.025   0.0125   

3X Neutralizer +++   +++   +++   +++   +++   

2X Neutralizer +++   +++   +++   +++   +++   

1X Neutralizer ---   ---   +++   +++   +++   

0.5X Neutralizer ---   +++   ---   +++   +++   

0.25X Neutralizer ---   ---   ---   +++   +++   

+Control ---   ---   ---   ---   ---   
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ABSTRACT 

Due to their aroma, flavor, medical properties and antioxidants, strawberries and coriander are 

frequently consumed in Mexico. That’s why it is crucial to find a way to disinfect them properly to 

prevent health issues. This paper assesses the microorganism elimination, total phenolic content and 

total antioxidant capacity in strawberries and coriander with the use of ozone produced by electrolysis 

(7.75x10-7 mol min-1) and three other commercially available disinfection treatments. The remaining 

three treatments were a domestic ozone generator (6.25x10-5 mol min-1), a disinfectant containing 

10% chlorine dioxide, and another one with 0.082% ionized silver. After disinfection treatments, 

colony forming units (CFU) countings were performed in order to determine the effectiveness of 

microorganism removal. The total phenolic content was determined according to the Folin-Ciocalteu 

procedure and the total antioxidant capacity by two assays: FRAP and ABTS in hydro-methanolic 

extract solutions of 80%. The results obtained in wet basis of the total phenolic content equivalent to 

gallic acid (GAE) are between the 1.75-0.81mg GAE g-1 interval, while the antioxidant capacity values 

equivalent to Trolox (TE) are between the 12.97-2.59μmol TE g-1 interval using ABTS assay, and 

between 4.94-1.85±0.69 μmol TE g-1 interval using FRAP assay. Both in the total phenolic content 

and antioxidant capacity determination, non statistically different values (p<0.05) were obtained when 

the control and the treatments were compared, which suggest that none of the treatments affect said 

properties. In the case of the CFU count in the coriander, there is no statistically significant difference 

between any of the treatments. On the other hand, when applied to strawberries, there is no statistically 

significant difference (p<0.05) between the use of ozone produced by electrolysis and the disinfectant 

based on ionized silver, and neither between chlorine dioxide and the domestic ozone generator. 

However, these two last ones proved to be 19% more effective in microorganism removal than the first 

two. 

 

 

Keywords: Ozone, antioxidant, polyphenols, CFU, disinfection 

 

 

INTRODUCTION 

The importance of a high consumption of fruits and vegetables in the prevention of some 

micronutrients’ deficiencies and especially in non-communicable chronical diseases has been 

documented extensively in recent years. Nevertheless, there has been an increase in disease outbreaks 
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associated to the consumption of fruits and vegetables. During their farming, processing, transport, 

storage and merchandizing they get infected with bacterium, viruses, and parasites.  

 

This has promoted the use of disinfectants in the treatment, elimination of pathogen microorganisms, 

and the conservation of diverse food products (1).  Nowadays, there are different disinfection 

methods, being disinfection solutions based on silver ionization, chlorine dioxide solutions, citric 

extracts or detergents of the most common. Recently, the possibility of using ozone as a natural 

alternative for the disinfection of a variety of fruits and vegetables has been studied. 

 

Ozone has potential as a disinfectant due to its strong oxidative power; due to this characteristic, 

ozone is cable of oxidizing glycoproteins, peptidoglycan, pseudopeptidoglycan, and diverse 

polysaccharides, all of which are components present in the cellular wall of diverse microorganisms. 

Chlorine dioxide dissolved in water has been used to disinfect fruits and vegetables due to its 

moderate oxidative power compared to ozone, efficacy, stability, low cost and easy handling.  

 

Nevertheless, it has been reported that byproducts from haloacetic acids are formed during the process 

of disinfection. Polyphenolic compounds in the tissues of fruits and vegetables have gained great 

importance due to their potential benefit in human health (2), and the use of disinfectants could 

modify their contents and their antioxidant capacity. As it was mentioned previously, fruits and 

vegetables are exposed to different microorganisms during their harvest, particularly strawberries and 

coriander due to the way they are harvested. 

 

The purpose of this work is to evaluate in strawberries and coriander, the effect of ozone generated 

in an electrodomestic device and generated electrolytically and other disinfectant agents that are 

commonly used in the disinfection of fruits and vegetables such as chlorine dioxide and ionized silver 

and also test their effectiveness in the elimination of microorganisms, the total phenolic content and 

their total antioxidant capacity.  

 

MATERIALS AND METHODS 

The Folin-Ciocalteu reactant, the gallic acid (GA), the anhydrous sodium carbonate, the 6-hydroxy-

2,5,7,8-tetramethylchroman-2-carboxylic acid (Trolox), the tripyridyl-s 2,4,6 triazine (TPTZ), the 

2,2'-azino-acid bis-3-ethylbenzthiazoline acid -6- sulfonic acid (ABTS), the potassium persulfate,the 

glacial acetic acid, the sodium acetate trihydrate, the hydrochloric acid, the sulfuric acid, the 

methanol, and the ferric chloride hexahydrate were purchased from Sigma Aldrich. The 0.082% 

ionized silver and the 10% chlorine dioxide solution were bought in a supermarket. Bacteriological 

agar and nutrient broth were purchased from Dibico and Bioxon respectively. Likewise, lead and 

graphite electrodes were used for cell operation. A microplate reader equipped with automatic 

injection pumps and the data analysis software Gen5TMdata (Biotek Instruments Inc., Winooski, VT, 

USA), an incubator (Innova 42, New Brunswick Scientific), a centrifuge (Thermo Scientific, Heraeus 

Primo Biofuge), a domestic ozone generator (Biozon) , a colony counter (Bantexand) and a power 

supply 0-25 V (Agilnet) were used as well. 

Electrolytic Ozone Production. The ozone was obtained in the laboratory following the Ibañez G.J. 

methodology (3). 
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Disinfection treatments. Four disinfecting treatments were used and there was a control group which 

wasn’t disinfected. The treatments were a 0.082% solution of ionized silver, a 10% chlorine dioxide 

solution, a domestic ozone generator (DOG) with a flow of 6.25x10-5 mol min-1 and ozone produced 

electrolytically (OPE) with a flow of 7.75x10-7 mol min-1. In the case of the first three treatments, the 

instructions for disinfection recommended by the manufacturers to disinfect 70 g of strawberries and 

5 g of coriander in 200 ml of sterile water were followed. In the meantime, the ozone produced 

electrolytically was used for 3 minutes. Afterwards, 800 μl of strawberries and 500 μl of coriander 

from each disinfection treatment were inoculated in triplicate in bacteriological agar to incubate them 

for 24 hours. Finally, a colony-forming unit (CFU) count was made for each sample to determine the 

elimination of microorganisms. 

Extract preparation to determine phenol content and total antioxidant capacity. The strawberry 

(70 g) and the coriander (5g) were first disinfected in 200 mL of water using the four treatments. 

Afterwards, the strawberry (2.5 g) was mixed with 25 mL of 80% methanol and was acidified with 

10% HCl to reach a pH of 3. This mixture was shaken in a vortex (1000 rpm, 3min), it was sonicated 

(15 min), and it was shaken in an incubator (150 rpm, 30 min, 30°C). Finally, it was centrifuged at 

3000 rpm, it was filtrated and the supernatant was diluted to 25mL. The coriander extraction preceded 

in the same way. The extraction procedure for each sample was made in triplicate.  

Quantification of total phenolic content. Quantification of total phenolic content was performed by 

the Folin-Ciocalteu method described by Cicco et al.,(4). The gallic acid calibration curve was 

obtained from a solution of gallic acid with a concentration of 0.5 mg mL-1, of this aliquot solutions 

of .01 to 0.09 mg mL-1 were taken. In a 96-well microplate 25 µL of the test solutions (extracts 

strawberry or cilantro), different dilutions of gallic acid (GA), 30 µL of  20% sodium carbonate, 125 

µL of distilled water and 20 µL of Folin-Ciocalteu reagent (diluted 1:10 with distilled water) were 

mixed  in each well. The results were expressed as mg equivalents to gallic acid  per gram of sample 

in a wet basis (mg EAGg-1
bh). 

Evaluation of antioxidant activity. Evaluation of the antioxidant capacity was performed by the 

FRAP method (antioxidant reducing iron power) following the methodology of Benzie et al. (5) and 

ABTS (2,2-azinobis-3etil benzotioazolín-6-sulfonic acid) method according to the methodology of 

Re et al. (6) with some modifications in both of them. The results were expressed as µmol equivalents 

to Trolox per gram of sample in wet basis ( Trolox µmol g-1 bh). 

 

RESULTS AND DISCUSSION 

Total phenolic content and total antioxidant capacity. In this study the effect in medium scale of 

ozone was evaluated between electrochemical production of ozone and a domestic ozone generator, 

also between two disinfectants that are commercially available (Chlorine dioxide and Ionized silver) 

in the phenol content and total antioxidant capacity of strawberries and coriander. The best response 

was obtained in strawberries and coriander extracts at a concentration of 0.1 g mL-1 and 0.2 g mL-1 

respectively. In Table 1 the results of the total phenolic content of strawberries (1.75±0.15 to 

1.54±0.16) and coriander (0.972±0.17 to 0.930±0.18) are shown.  

 

Although the treatment with OPE, DOG and chlorine dioxide turn out to be slightly higher than when 

they were treated with ionized silver (1.51±0.13 strawberry, 0.812±0.09 coriander) when you 

compare all these results with the untreated strawberries and coriander there were not any significant 
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differences according to the Tukey test (p<0.05). This agrees with the reports of Restuccia et al. (7) 

and Beltrán et al. (8) in lettuce and artichoke respectively.  

 

Table 1. Polyphenol (FT), total antioxidant capacity (FRAP) and (ABTS) determination in wet methanolyc 

extracts of strawberries and coriander disinfected by different treatments. 

 FT(mg EAGg-1)bh 

 

ABTS (µmol Trolox g-1)bh 

 

FRAP(µmol Trolox g-1)bh 

 

Treatment Strawberry Coriander Strawberry Coriander Strawberry Coriander 

Control 1.76±0.23a 1.10±0.16a 12.9±1.13a 4.55±1.43a 4.94±0.12a 2.98±0.56a 

DOG 1.58±0.18a 0.972±0.17a 10.9±1.04a 3.61±0.24a 4.67±0.69a 2.35±0.37a 

OPE 1.75±0.15a 0.834±0.10a 12.2±1.42a 2.59±0.31a 4.43±0.56a 2.14±0.32a 

Chlorine 

dioxide 

1.54±0.16a 0.930±0.18a 11.9±0.68a 3.67±0.86a 4.52±0.07a 2.62±0.59a 

Ionized 

silver 

1.51±0.13a 0.812±0.09a 10.6±0.78a 3.48±0.89 a 4.00±0.34a 1.85±0.33a 

Values with the same letter are statistically the same based on the Tukey’s test (p<0.05). Values are the mean 

of three runs. Wb (wet basis).  

 

The results of antioxidant capacity in disinfected strawberries were obtained by the methods: ABTS 

(12.2±1.42 a 10.6±0.78) y FRAP (4.67±0.69 a 4.00±0.34) and for coriander:  ABTS (3.67±0.86 a 

2.59±0.31) and FRAP (2.62±0.59 a 1.85±0.33) expressed as µmol Trolox g-1 wb. Comparing the values 

of antioxidant capacity of ABTS and FRAP, the disinfecting treatment based on ionized silver 

resulted being slightly less in relationship to the other treatments. This could be due to the fact that 

ozone and chlorine dioxide solution avoid the production of free radicals, mainly hydroxyls (9). 

Nevertheless, as we can see in Table 1, neither for strawberries nor for coriander existed a significant 

difference ((p<0.05) between the disinfecting treatments (ionized silver solution, chlorine dioxide, 

DOG, OPE) and the non-disinfected group (control). This can be attributed to the high content of 

total phenols and of other antioxidant substances like vitamin C in strawberry and coriander that 

maintain the antioxidant capacity in spite of the different disinfecting treatments (10).  

 

For the CFU count in the case of coriander, there is no significant statistical difference (p<0.05) 

between the different disinfecting treatments where the control group presented, in average, 2125 

CFU, the ionized silver solution 502 CFU, the chlorine dioxide 399 CFU, the DOG 418 CFU and the 

OPE 784 CFU. On the other hand, in the case of the strawberries, for the OPE and the ionized silver 

solution there is no significant statistical difference (p<0.05), and the same happens between the 

chlorine dioxide and DOG. These last two turned out to be 19% more effective in the elimination of 

microorganisms than the first two. For the strawberries, the control group presented, in average, 240 

CFU, the ionized silver solution 89 CFU, the chlorine dioxide 43 CFU, the DOG 53 CFU and the 

OPE 95 CFU. So, as seen in the results of the CFU count, the electrolytically produced ozone is 

effective to disinfect strawberries as well as coriander, even though the OPE flow is 80.65 times less 

than that of the DOG. 
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CONCLUSIONS 

In conclusion, the disinfecting treatments don’t affect the nutritional quality of strawberries nor 

coriander because their total phenolic content and antioxidant capacity don’t differ significantly from 

the results obtained in the control group. In addition, it can be said that the ozone produced 

electrolytically is a good disinfectant because the results of the CFU count were not significantly 

different comparing them with the ones of the other commercial disinfectants. Nowadays the use of 

ozone as a disinfectant is not common, so it would be convenient to promote its use because it 

preserves the food’s properties and doesn’t leave any residues.  
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ABSTRACT 

Bacteriocin produced by Pediococcus acidilactici ITV26, has a potent antilisterial activity. However, 

the activity of this bacteriocin is affected by several factors, such as inactivation by proteolytic 

enzymes or by additives, linking or interaction with food components, limited solubility and high pH. 

Hence, an alternative to protect it is encapsulation into liposomes. The aim of this research was to 

obtain liposomes loaded with the purified bacteriocin of P. acidilactici ITV26 through 

microfluidization and to evaluate the effect of pH on the kinetics of release of the bacteriocin. In 

addition, the obtained liposomes were characterized in terms of particle size, polydispersity and zeta 

potential. The bacteriocin was produced from a fresh culture of P. acidilactici ITV26 incubated at 37 

°C for 18 h. The bacteriocin was purified by the adsorption-desorption method with 200 mM NaCl 

solution, then lyophilized and stored at -20 °C. Liposomes were prepared by using a rotor-stator (Ultra 

Turrax T25), and subsequently a microfluidizer equipment (Microfluidics M-110P) with 3 to 5% (w/w) 

of phosphatidylcholine from soybean (PC), at pressures of 500 and 1000 bar using two cycles. The 

obtained liposomes were characterized in terms of particle size, polydispersity and zeta potential. 

Release kinetics were studied by incubating the encapsulated bacteriocin at pH 4, 5, 6 and 6.8, at 

several time intervals for 120 h at 20 °C. Results showed that bacteriocin from P. acidilactici ITV26 

is a peptide of 4,610 Da having 20,333 Activity Units/mL. Otherwise, the particle size of the emulsion 

obtained with the rotor-stator was reduced by 62% using microfluidizer equipment.  

Nanoencapsulation with PC by using microfluidization allowed obtaining liposomes of about 128 nm 

with no significant difference (p<0.05) between cycles.  However, with 5% PC and 2 cycles of 

microfluidization allowed to achieve 89% encapsulation efficiency. The bacteriocin was stable, and 

had a slow and controlled release during 120 h in all the studied pH, decreasing pH modifies the ionic 

interactions involved in the stability of liposomes, therefore, at pH 4 has a better release of the purified 

bacteriocin. 

 

Keywords: bacteriocin, microfluidization, liposomes, Pediococcus acidilactici ITV26 

 

 

INTRODUCTION 

Bacteriocin produced by Pediococcus acidilactici ITV26, has a potent antilisterial activity. However, 

the activity of this bacteriocin is affected by several factors, such as inactivation by proteolytic 

enzymes or by additives, linking or interaction with food components, limited solubility and high pH 

(1). Hence, an alternative to protect it is encapsulation into liposomes (2). The aim of this research 

was to obtain liposomes loaded with the purified bacteriocin of P. acidilactici ITV26 through 

microfluidization and to evaluate the effect of pH on the kinetics of release of the bacteriocin. In 
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addition, the obtained liposomes were characterized in terms of particle size, polydispersity and zeta 

potential.  

 

METHODS AND MATERIALS 

The bacteriocin was produced from a fresh culture of P. acidilactici ITV26 incubated at 37 °C for 18 

h in MRS broth. The bacteriocin was purified by the adsorption-desorption method with 200 mM 

NaCl solution, and concentrated by ultrafiltration using Amicon® Ultra-15 Millipore tubes with 2 

molecular cut sizes, first using a 10kDa tube in order to separate the higher molecular weight 

components from the bacteriocin, followed by a 3 kDa tube to concentrate the bacteriocin, then 

lyophilized and stored at -20 °C. The bacteriocin molecular weight and the activity units were 

determined by SDS-PAGE electrophoresis, and the agar diffusion technique, respectively (3). The 

protein content of purified bacteriocin and bacteriocin in cell-free extract was determined by Bradford 

method. 

 

Liposomes were prepared by using a rotor-stator (Ultra Turrax T25), and subsequently a 

microfluidizer equipment with an interaction chamber with “Y” configuration (Microfluidics M-

110P) with 3 and 5% (w/w) of phosphatidylcholine from soybean (PC), at pressures of 500 and 1000 

bar using two cycles, with a repeat at the central point. Liposomes containing bacteriocin were 

recovered from emulsions by using size exclusion chromatography (Sephadex G-50 column) (4).  

 

The encapsulation efficiency (%EE) of the different formulations was calculated by the following 

equation: 

%EE = (
mc

me
) x 100 

Where mc is the mass of bacteriocin-encapsulating liposomes, and me is the mass of bacteriocin found 

in the extract, both variables were determined through a Bradford protein assay. The value of mc was 

determinate dissolved the liposomes in a solution of Triton X-100 (2% v/v) (5). The obtained 

liposomes were characterized in terms of particle size, polydispersity index (PDI) and zeta-potential 

by photon correlation spectroscopy using a Malvern Zetasizer. 

 

Bacteriocin release experiments were performed by suspending bacteriocin-loaded into 25 mM 

phosphate buffer (pH 6.5) containing 0.15 M NaCl in a relation 1:10 at pH 4, 5, 6 or 6.8 at several 

time intervals for 120 h at 4 °C. The suspensions were stirred and maintained at 4 °C temperature 

under shaking at 150 rpm. At the indicated time, 1 ml of sample was withdrawn from the suspension 

and centrifuged at 4000 x g for 5 min, then passed by a 0.22 µm Millipore filter unit. The bacteriocin 

content in the buffer was determined by Bradford method. All experiments were performed in 

triplicate. 

 

RESULTS AND DISCUSSION 

Results showed that bacteriocin from P. acidilactici ITV26 is a peptide of 4,610 Da having 20,333 

Activity Units/mL. 
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Fig. 1. SDS-PAGE electrophoresis of bacteriocin purified by P. acidilactici ITV 26, and Estimation of molecular 

weight. 

 

Otherwise, the particle size of the emulsion obtained with the rotor-stator was reduced by 62% using 

microfluidizer equipment. Nano-encapsulation with PC by using microfluidization allowed obtaining 

liposomes of about 118 nm with no significant difference (p<0.05) between cycles 1 and 2, using 

1000 bar of pressure.  Also, with 3% (p/p) PC and 2 cycles of microfluidization allowed to increase 

from 80 to 83% the encapsulation efficiency, above the treatment with 1 cycle of microfluidization. 

In addition to increasing the number of cycles a better particle size distribution was achieved as the 

Fig. 2 showed. 

 

Fig. 2. Particle size distribution at 3% PC, 1000 bar with cycle 0, 1 and 2. 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. 3. Particle size of liposomes made with 3% PC using 500 and 1000 bar at cycle 0, 1 and 2. 
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The bacteriocin was stable, and had a slow and controlled release at pH 6 and 6.8 during 120 h in all 

the studied pH, decreasing pH modifies the ionic interactions involved in the stability of liposomes, 

therefore, at acid pH 4 and 5 fast release of the bacteriocin from liposomes was observed, due to 

structural changes, mainly, both protonation and deprotonation on functional groups NH3/NH4
+ and 

COOH/COO- respectively. 

 

 

Fig. 4. Release kinetics at conditions of (1) 1000 bar 3% PC Cycle 1; (2) 1000 bar 3% PC Cycle 2. 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. 4. Release kinetics at conditions of (1) 1000 bar 3% PC Cycle 1; (2) 1000 bar 3% PC Cycle 2. 

 

CONCLUSIONS 

The adsorption-desorption method with a 200 mM NaCl concentration, followed by ultrafiltration 

with 10 and 3 kDa membranes, allowed obtaining a purified bacteriocin from Pediococcus 

acidilactici ITV26. According to the SDS-PAGE a 4,610 Da peptide was obtained. 

 

The microfluidization allowed to decrease significantly the size of the liposomes regard the one made 

with rotor-stator. However, no significant difference was found in particle size and PDI between 

treatments with increasing the cycle numbers used during microfluidization for the treatment with 

3% (w/w) PC. These liposomes were the steadiest with higher values of zeta potential. 

 

At acid pH faster release of the bacteriocin from liposomes was observed, due to structural changes, 

and modifies the ionic interactions involved in the stability of liposomes. 

 

Treatments with 1000 bar pressure had the best conditions of release for both 3 and 5% (w/w) PC. 

After 100 minutes of the release experiment, the equilibrium was reached. Encapsulation efficiency 

was increased by increasing the number of cycles for all microfluidization treatments. 
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ABSTRACT 

Lactic acid bacteria (LAB) are used in the food industry in the production of fermented products. 

Staphylococcus aureus is a pathogenic bacteria that should be absent in our food products. Previous 

work has shown that pimiento and guajillo peppers inhibited Staphylococcus aureus. The objective of 

this work was to evaluate the impact of habanero chili extract on the viability of LAB and 

Staphylococcus aureus. The habanero chili extract was prepared using isopropanol which was 

subsequently eliminated by evaporation under vacuum. The capsaicinoids concentration in the extract 

was determined by HPLC-RP. Concentrations of 10, 20 30 and 50% of extract were tested against 

Leuconosotc citreum, Lactobacillus casei Shirota and Staphylococcus aureus. Bacteria concentration 

was reading at 0.5 McFarland nephelometer and inoculated at 1% (v/v) in broth mixed with the 

habanero chili extract. Viability was monitored by optical density and plate count for 24 h at 37 °C for 

Lactobacillus casei Shirota and Staphylococcus aureus, and at 30 °C for Leuconostoc citreum. A 

positive control of each bacteria was run in each case. Staphylococcus aureus was inactivated by the 

addition of 30% of extract showing a significant decrease (p ≤ 0.05) in its viability after 8 h of 

incubation, reaching its complete inhibition at 12 h. On the contrary, Lactobacillus casei Shirota 

reached its maximum growth with 30% extract. Leuconostoc citreum was the most tolerant bacteria; 

at the same concentration of 50% its viability remained constant until 24 h; showing a bacteriostatic 

effect. Lactobacillus casei Shirota and Leuconostoc citreum were able to tolerate 30% of extract, and 

the same concentration inactivates Staphylococcus aureus. It is concluded that these lactic acid bacteria 

can tolerate high concentration of chili extract and this effect is important on food products that contain 

habanero chili. 

 

Keywords: Capsicum, Capsaicinoids, Habanero chili, Lactic acid bacteria 

 

 

INTRODUCTION 

Lactic acid bacteria (LAB), is a group of Gram-positive bacteria which produce lactic acid as a major 

product of carbohydrate metabolism. This group of bacteria is composed mainly for four genera 

Lactobacillus, Streptococcus, Pediococcus and Leuconostoc, which are used as fermentation starters 

in the manufacture of products such as cheese, yogurt and sausages (14). On the other hand chili 

extracts from habanero, serrano and pimiento have shown antibacterial activity against Listeria 

monocytogenes, Staphylococcus aureus, Salmonella Typhimurium and Bacillus cereus, concluding 

that phenolic compounds are associated with the antibacterial activity (8). Likewise, antibacterial 

activity also has been associated with the capsaicinoids content in aqueous extracts of Capsicum 
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against pathogenic bacteria as Clostridium sporogenes, Clostridium tetani, B. cereus, Bacillus 

subtilis, and Streptococcus pyogenes (6). Capsaicinoids are the pungent compounds in chili species 

and are composed by three functional moieties, a vainilloid, an amide and a hydrophobic chain. 

Capsaicin and dihydrocapsaicin are the most pungent capsaicinoids and those who make up about 

90% of the pungency of chili (7, 10). Habanero is most punget chili worldwide, reaching the 200.000 

and 300.000 Scoville Heat Units (SHU), being the orange habanero chili which contains the greatest 

amount of capsaicinoids and is the most cultivated in Mexican southeastern (13). Lactobacillus casei 

has demonstrated greater resistance to habanero chili extract compared with Escherichia coli who 

was more easily inhibited with this extract (4). However capsaicinoids effect on LAB viability and 

metabolism has not been studied thoroughly. The aim of this study was to evaluate the impact of the 

addition of an extract of habanero chili on the viability of two LAB (Lactobacillus casei Shirota and 

Leuconostoc citreum isolated from jalapeño chili fermentation), comparing with the food pathogenic 

bacteria S. aureus. 

 

METHODS AND MATERIALS 

Bacterial strains. Gram-positive bacteria used in this study were Leuconostoc citreum isolated from 

Jalapeño pepper fermentation (9), Lactobacillus casei Shirota (isolated from Yakult®), and S. aureus 

provide by the Laboratory of Medical Bacteriology of Department of Microbiology of National 

School of Biological Sciences of Instituto Politécnico Nacional, Mexico City, Mexico.. 

Elaboration of habanero chili extract. Habanero chili was acquired in markets in Mexico City. 

Once washed and dried, the peduncle was removed from the fruit and kept frozen at -40 °C. Habanero 

chili (250 g) was ground for 1 min in Thermomix (Mod. 3300, Vorwek, Germany). Then isopropanol 

(250 mL) was added and the mixture was homogenized for 15 min, followed by heating to boiling 

under reflux for 5 min. The cold mixture was filtered on paper Whatman No. 1 and activate charcoal 

was added in a relation of 15 g/L of extract, allowing it to stand for 10 min. After this time, charcoal 

was retired by filtration on paper and excess isopropanol was evaporated by vacuum evaporation at 

60 °C. Finally, the extract was centrifuged (3000 x g for 20 min at 4 °C), decanted and kept frozen (-

40 °C) until use (3). 

Identification and quantification of capsaicinoids by HPLC-RP. Capsaicinoids in habanero chili 

extract were analyzed by HPLC-RP using a chromatograph Varian (Mod. 192-LC), equipped with a 

UV-vis detector. The capsaicinoids (capsaicin and dihydrocapsaicin), were detected and quantified at 

280 nm by injecting 20 µL of chili extract comparing their retention times and area with standards 

(7). 

Survival kinetics of bacteria in culture medium supplemented with habanero chili extract. 

Concentration of 10, 20, 30 and 50% of habanero chili extract were prepared and sterilized by 

membrane filtration (Millex-HV, 0.45 µm, 33 mm, Merck, Germany), and added to culture mediums: 

MRS (de Mann, Rogosa, Sharpe) (BD®Difco, USA) and Mueller-Hinton (Dibico, Mexico). Bacterial 

cultures (L. citreum, L. casei Shirota and S. aureus) were adjusted to 0.5 nephelometer McFarland 

(c.a. 1.5x108 UFC/mL) in a physiological solution of NaCl 0.85%.Once adjusted the bacterial loads, 

these were inoculated at 1% (v/v) in the culture medium supplemented with each one of the 

concentrations of extract above prepared. The survival of each bacteria was evaluated by viability 

plate count in MRS agar for L. casei Shirota (48 h at 37 °C) and L. citreum (48 h at 30 °c) and Mueller-

Hinton agar for Sa (24 h at 37 °C). L. citreum, L. casei Shirota and S. aureus in culture medium 

without addition of chili extract was used as control. At the end of survival analysis the biological 
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parameters µmax (rate of maximum growth or death), λ (lag phase) and A (maximum growth), were 

calculated to compare growth changes among bacteria species (11). 

Statistical analysis. With the data obtained was performed an Analysis of variance (ANOVA), 

followed by a Tukey´s test with a significance level of 5% (p < 0.05) using Minitab 16 statistical 

software (Minitab Inc. State College, PA, USA) 

 

RESULTS AND DISCUSSIONS 

Elaboration of habanero chili extract. From 250 g of habanero chili were obtained 130 mL of 

extract which was used for the survival analysis and determination of capsaicinoids by HPLC-RP. 

The content of capsaicin and dihidrocapsaicin in extract were 731.11 and 385.88 µg/mL, respectively. 

In fruit the capsaicin and dihydrocapsaicin content were 2.83 and 1.55 mg/g d.w., respectively. The 

content of capsaicinoids in chili depends on the state of maturation and harvesting conditions, some 

authors report from 4.36 to 9 mg/g of capsaicin and from 2.49 to 7 mg/g of dihydrocapsaicin in fruit 

(12, 15). 

 

 

 

 

Figure 1. Survival/death of bacteria in culture medium supplemented with different concentrations of habanero 

chili extract (1a=Leuconostoc citreum, 1b=Lactobacillus casei Shirota, 1c=Staphylococcus aureus). 
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Survival kinetics of bacteria in culture medium supplemented with habanero chili extract. L. 

citreum is an obligate bacteria which produce desire exopolysaccharides that improve rheological and 

physical properties in fermented foods. This bacteria is not commonly reported in vegetable 

fermentation, however has been isolated from kimchi and sauerkraut, foods made with fermented 

cabbage, and its halotolerance potentiates its use in cheese and meat ripening (5). In the case of L. 

casei Shirota was chosen because is the most studied probiotic bacteria, typically incorporated into 

different dairy products and is commercially available in many countries worldwide (1). L. casei 

Shirota was used as a control to compare the effects of the extract on microbiota. Finally, S. aureus 

shares the characteristics of cell wall with the above two bacteria, because it is a Gram-positive 

bacteria and is a foodborne pathogen with high incidence in the microbiota and it is commonly found 

in food. 

 

The addition of habanero chili extract did not significantly affect growth of L. citreum from 4 to 16 h 

incubation in 10, 20 and 30% concentrations and control, however, after this time and until the 24 h 

of incubation there was no significant difference in maximum growth. While for the concentration of 

50% of extract was observed a bacteriostatic effect evidenced by the constant concentration of viable 

bacteria (CFU/mL) to 24 h incubation (Figure 1a). L. casei Shirota showed a similar growth to L. 

citreum, but in 30% extract concentration its growth was significantly different to control and 10 and 

20% concentrations for 24 h, reaching its maximum growth until this last point. In 50% of extract L. 

casei Shirota viability was decreasing until 20 h, time that was completely inhibited. S. aureus was 

the most sensitive bacteria to extract concentrations showing significantly differences from 20% of 

extract concentration, in this concentration does not reach its maximum growth even at 24 h 

incubation. In 30% of habanero chili extract this bacteria was inhibited at 12 h incubation, meanwhile 

in 50% of extract S. aureus was inhibited at 4 h incubation (Figure 1c).  

 

Biological parameters calculated are shown in Table 1. There were not changes in A and µmax of L. 

citreum in Control and 10, 20 and 30% of extract concentrations. In 50% of extract a negative rate 

growth was observed after a λ of 16 h. This means that even if there is not a significant decrease in 

the concentration of L. citreum at the end of 24 h incubation, after 16 h the death µmax begins to 

increase. L. casei Shirota µmax was different between 10, 20, 30% of extract concentrations and 

Control, similar to observed in L. citreum, but A at the end of analysis was the same. In 50% of extract, 

µmax acquired negative values indicating cellular death. Staphylococcus aureus had negative values 

for µmax for 30 and 50% extract concentrations, in which the bacteria was completely inhibited. L. 

citreum maintained its viability to 12 h of incubation, whilst S. aureus viability at 4 h of incubation 

at the same concentration decreased completely. 

 

It had reported that red chili and capsaicin on Lactobacillus acidophilus increased its L-lactate 

production and glucose consumption, whereas with capsazepine this effect was not observed (14). 

Also, phenolic compounds in natural extracts increase membrane permeability of Lactobacillus 

hilgardii and Oenococcus oeni in wine fermentation, causing cellular lysis and affecting the protein 

synthesis mechanism, reason why some extract are active against Gram-positive bacteria (2). In the 

other hand, some species of Lactobacillus display the capability to produce specific enzymes such as 

tannase, phenolic acid descarboxylase and benzyl alcohol dehydrogenase, which help to tolerate these 

compounds (9). Inhibition of S. aureus and survival of L. casei Shirota and L. citreum are promising 
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results to potentiate the use of extracts of Capsicum, because they eliminate the presence of 

pathogenic bacteria without significantly affecting those bacteria known for their probiotic character. 

 

 

Table 1. Growth parameters of bacteria in culture medium supplemented with habanero chili extract. 

Leuconostoc citreum 

Parameter Control 10% 20% 30% 50% 

µmax (h-1) 0.763 0.797 0.767 0.767 -0.056 

λ (h) 1 1 1 1 16 

A (CFU/mL) 2.16x109 1.56x109 1.60x109 1.42x109 4.70x105 

Lactobacillus casei Shirota 

Parameter Control 10% 20% 30% 50% 

µmax (h-1) 0.984 0.791 0.765 0.587 -4.397 

λ (h) 1 1 1 1 1 

A (CFU/mL) 2.83x109 2.40x109 1.72x109 6.25x108 4.84x105 

Staphylococcus aureus 

Parameter Control 10% 20% 30% 50% 

µmax (h-1) 0.582 0.463 0.717 -0.455 -3.072 

λ (h) 1 1 16 1 1 

A (CFU/mL) 2.50x108 3.66x108 3.47x107 1.39x106 1.39x106 

 

CONCLUSION  

Habanero chili extract was effective against S. aureus from concentration of 20%, in which its growth 

rate was decreased and from 30% this bacteria was inhibited after 12 h. Meanwhile L. citreum and L. 

casei Shirota could support this concentration and their viability were not significantly different to 

the maximum growth recorded for the same bacteria in the optimum culture medium. In 50% of 

extract, L. casei Shirota growth was inhibited at 20 h of incubation. S. aureus was the most sensitive 

bacteria to habanero chili extract, at 4 h of incubation its growth was inhibited. L. citreum was the 

most tolerate bacteria because its viability was reported through 24 h of analysis. This effect is 

important on food products that contain habanero chili as it had demonstrated that this chili has 

antimicrobial activity against some pathogenic bacteria at the same time that not affects some others 

lactic acid bacteria. 
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ABSTRACT 

Biofilms on inert food contact surfaces could lead to food contamination by undesirable 

microorganisms, resulting in food spoilage or transmission of disease. The carnic products are the most 

susceptible to this type of contamination. Some spoilage are Pseudomonas aeruginosa, Moraxella, 

Alcaligenes, Streptococcus spp, Leuconostoc spp, Bacillus spp,  Micrococcus spp and Lactobacillus 

spp associated with meat processing. Biofilm has become a problem in food industries as it renders its 

inhabitants resistant to antimicrobial agents and cleaning. The objective of this work was the formation 

of biofilms could be a potential source of contamination with spoilage in industries meat processing. 

The biofilm formation  assays that were realized consisted in to incorporate aliquot 50 µL of a three 

different strains of  Lactic Acid Bacteria (LAB) (1.1x 105–8.5 x107  UFC/mL) in MRS broth and were 

added stainless steel coupons (AI SI 304) of  250 mm and  0.5 mm surfaces. A negative control with 

no inoculum was included in all assays. After 24 h of incubation at 37 ºC and 7 days / 25 ºC, coupons 

were removed and washed with 1 mL PBS (7 mM Na2HPO4, 3 mM NaH2PO4, 130 mM NaCl pH 7.4) 

for 10 s to eliminate non-adhered cells. Coupons were stained with 0.01 % of acridine orange solution 

for 2 min, rinsed with sterile distilled water and observed three coupons of each model with a Nikon 

Eclipse E200 epifluorescence microscope. The number of adhering cells of LAB on the surface of the 

coupons increased as a function of contact time (7 days) and temperature (25ºC). Other important 

factor is the ability of LAB to produce extracellular adhesive material that helps the cells to adhere to 

the surface. The study demonstrated that the lactic acid bacteria could adhere and survive in food 

contact surface and even increase the populations as time progressed and low temperature.  

 

Keywords: Biofilms, Lactic Acid Bacteria, surfaces. 

 

 

INTRODUCTION 

Lactic acid bacteria (LAB) are a group of gram-positive, non-spore forming, cocci or bacillis, non-

aerobic but aerotolerant, oxidase, catalase and benzidine negative, able to ferment carbohydrates for 

energy and lactic acid production (1). The classification of lactic acid bacteria into different genera is 

largely based on morphology, mode of glucose fermentation (homofermentative and 

heterofermentative), growth at different temperatures, and configuration of the lactic acid produced, 

ability to grow at high salt concentrations, and acid or alkaline tolerance (2). 

 

Lactic acid bacteria include various major genera: Lactobacillus, Lactococcus, Carnobacterium, 

Enterococcus, Lactosphaera, Leuconostoc, Melissococcus, Oenococcus, Pediococcus, 

Streptococcus, Tetragenococcus, Vagococcus and Weissella. Other genera are: Aerococcus, 
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Microbacterium, Propionibacterium and Bifidobacterium (3). These microorganisms are found in 

milk, meat and fermented products, as well as in fermented vegetables and beverages inhibiting the 

growth of pathogenic and deteriorating microorganisms, maintaining the nutritive quality and 

improving the shelf life of foods. They have also been used as flavor and texture producers. They 

produce various compounds such as organic acids, diacetyl, hydrogen peroxide, and bacteriocins or 

bactericidal proteins during lactic fermentations (4).  

 

LAB are well known as beneficial bacteria and include probiotic bacteria that help maintain a good 

enteral environment and producers of biopreservatives in dairy products and fermented foods. They 

are also known as food spoilage bacteria and pose a constant concern for the food industry. They 

cause contamination or deterioration of meat products (5). LAB are the major bacterial group 

associated with the spoilage of cooked, cured meat products packed in vacuum or modified 

atmosphere and stored at chill temperatures (6, 7).  

 

The combination of the micro-aerophilic conditions, the presence of curing salt and nitrite and a 

reduced Aw resulting from the addition of sodium chloride and other humectants, like phosphate salts 

and sodium lactate, favors the growth of psychrotrophic LAB. The metabolic activity of LAB results 

in spoilage appearing as `sour' off-flavors and off-odours, milky exudates and frequently, slimy, 

swelling of the pack and/or greening (7, 8, 9). In nature, bacteria have developed a variety of 

mechanisms of resistance to environmental stresses. One is the formation of biofilms. The formation 

of biofilms by some species of LAB has been reported, and a few reports have described genes 

responsible for adhesion or biofilm formation. Somers reported the manufacture of cheddar cheese in 

the presence of biofilms of nonstarter LAB. Millsap et al. (10) described the adherence of six 

Lactobacillus species to silicone rubber and glass in urine and buffer under flow. 

 

However, it has not been made clear whether the LAB on the raw ingredients of food products can 

form biofilms. Although the importance of controlling spoilage LAB is recognized, few reports have 

demonstrated the formation of LAB biofilms on raw ingredients. Therefore, in this study, we 

examined the formation of biofilms by representative LAB species that cause food deterioration or 

contamination. The study demonstrated that the lactic acid bacterias can adhere and survive in food 

contact surface and even increase the populations as time progressed and low temperature.  

 

MATERIALS AND METHODS 

The biofilm formation  assays that were realized consisted in to incorporate aliquot 50 µL of a three  

different strains of  Lactic Acid Bacteria (LAB) (1.1x 105 – 8.5 x107  UFC/mL) in MRS broth and 

were added stainless steel coupons (AI SI 304) of  250 mm and  0.5 mm surfaces  (11).  A negative 

control with no inoculum was included in all assays. Afther 24 h of incubation at 37 ºC and 7 days / 

25 ºC, coupons were removed and washed with 1 mL PBS (7 mM Na2HPO4, 3 mM NaH2PO4, 130 

mM NaCl pH 7.4) for 10 s to eliminate non-adhered cells (12). Coupons were stained with 0.01 % of 

acridine orange solution for 2 min, rinsed with sterile distilled water and observed three coupons of 

each model with a Nikon Eclipse E200 epifluorescence microscope. 

 

 

 



 

657 
 

RESULTS AND DISCUSSION  

The ability of Streptococcus thermophilus, Lactobacillus lactis and Lactobacillus pentosus to develop 

biofilms at 25 and 37 °C on stainless steel were evaluated, and the micrographs showed that the 

number of adhering cells of LAB on the surface of the coupons increased as a function of the 

temperature (37 ºC). In addition, the in the biofilm Streptococcus thermophilus predominated in both 

temperatures, however, the predominant microorganisms the biofilms are those which have a higher 

growth rate, although these can never completely exclude microorganisms with slow growth (13).  

 

Moreover, in both conditions the cells in the biofilm was mainly observed in orange-red color, this 

indicate a high RNA content and respiratory activity and thus rapid growth. Few green cells were 

observed this shown the presence of cells without respiratory activity (14, 15) (Fig. 1). Another 

important factor is the ability of LAB to produce extracellular adhesive material, fatty acids that help 

the cells to adhere to the surface, moreover this microorganisms have specific proteins surface that 

stimulates the cellular aggregation (16). 

 

   
Fig. 1. Micrographs of biofilm formation by LAB on stainless steel. The biofilms were developed at 25 

and 37 °C by 7 d. A) Negative control, B) Biofilm developed at 25 °C and C) Biofilm developed at 37 °C.  

 

The LAB represents a big problem in food spoilage in the meat industry and in the dairy industry. 

The biofilms of non-starter lactic acid bacteria (NSLAB) in the dairy industry are mainly conformed 

by Lactobacillus spp. These biofilms survivors the clean and disinfection process and contaminate 

subsequent manufacture product. The presence of NSLAB in cheese is typically regarded as an 

indicator of poor hygiene and can influence the flavor of cheese (17). This study demonstrated that 

the lactic acid bacteria could adhere and survive on food contact surface and even increase the 

populations as time progressed and low temperature and the bacteria maintain metabolically active. 

This situation is important because the ability to develop biofilms provides advantages for the 

microorganisms as increases their resistance to antimicrobial agents and the cells can survive in an 

inert surface for a long time (15, 18).    

 

CONCLUSION 

The LAB has the ability to develop biofilms in stainless steel even at minor temperature than their 

optimal. The cells in the biofilm after 7 d of incubation were metabolically active and this situation 

provides a problem in the food industry because the microorganisms can persist after disinfection 

process and contaminate the food, altering the organoleptic characteristics.   
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ABSTRACT 

The objective was to evaluate the effect of the addition of non-caloric sweeteners and an emulsifier in 

the growth of 9 strains of lactic acid bacteria. To do so, microorganisms belonging to the genera 

Lactobacillus and Pediococcus were growth in broth Man, Rogosa and Sharpe (MRS) to which was 

added, individually, 4 sweeteners equivalent to daily estimated intake in mg/kg (13.3 aspartame, 1.3 

Stevia, Acesulfame K 0.69 and 1.6 sucralose) and the emulsifier Tween 80 1%. The experiment was 

performed in a Bioscreen equipment, at 37°C using microtiter plates with 340 µL of MRS broth, 10 

µL of solution of the test compound and 50 µL of microorganism suspension previously cultivated in 

MRS broth at 37°C, washed and resuspended in saline solution (0.85%), so that the cultivation initiated 

with approximately 500 cells as inoculum. Each experiment was done in triplicate by measuring the 

absorbance to reach stationary phase. The results were processed to obtain the growth curves and the 

specific growth rate (μ) was calculated. It was found, that the effect of the compounds tested was 

differential, depending on the type of additive (sweetener or emulsifier) and each strain responds 

differently to the presence of these; Pediococcus acidilactici and Lactobacillus rhamnosus ATCC 7469 

were not affected. The specific growth rate of Lactobacillus plantarum increased in about 70% when 

grown with stevia, acesulfame K and sucralose, while Lactobacillus brevis was the most affected 

bacteria by the emulsifier Tween 80, as its specific growth rate decreased by 40%. The lag phase 

showed an increase, in most cases, with the addition of the mentioned compounds. It can be concluded 

that for most microorganisms tested, there was an effect of sweeteners and emulsifier on the growth 

rate, although not necessarily negatively. A specific sweetener does not have the same impact on the 

kinetic parameters of the different strains. 

 

Keywords: emulsifier, sweetener, lactic acid bacteria 

 

 

INTRODUCTION 

The microbiota is defined as the set of microorganisms that inhabit an ecological niche, it exists in 

different parts of the human body, such as mouth, skin, vagina, and intestine; the latter is the one that 

has been studied for its importance on health. It has been established through various methods of 

identification that gut microbiota is composed of both prokaryotes and eukaryotes, predominating 

bacteria of the phyla: Firmicutes, Bacteroidetes, Actinobacteria, Fusobacteria, Verrucomicrobia and 

Proteobacteria, being the most abundant the first two (1, 2). Research has established the relation of 
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the gut microbiota with different aspects of health, such as immunomodulation, pathogen control, 

peristalsis, body weight, behavior and cognitive functions among others (3, 4), although some are still 

being studied. 

 

Dysbiosis is defined as any change in the composition of resident communities in a host, in relation 

to those found in healthy individuals. Factors such as antibiotic intake, infections and dietary changes, 

among others, can lead to this condition (5). It has been established in journals through the past three 

years, that certain additives used by the food industry may have effects on the composition of the gut 

microbiota and thus, the health of individuals. Especially, some sweeteners and emulsifiers have been 

studied, such as aspartame and polysorbate 80, in a model organism, the mouse. However, previous 

studies indicate that there is no effect on probiotic microorganisms added to products such as yogurt 

and ice cream, but this is measured in terms of its stability in shelf-life (6). 

 

For sweeteners, it has been reported that non-caloric sweeteners (NCS) as saccharin, sucralose and 

aspartame induce glucose intolerance in mice that were supplied through water, being saccharin the 

one with the greatest impact. The composition of the feces of different groups was examined by 16S 

ribosomal RNA sequencing, finding that those with saccharin intake had changed their microbiota 

composition (7). The relation between sweeteners intake, dysbiosis and obesity, has been investigated 

as one of several factors (8). On the other hand, there are also studies about emulsifiers such as 

carboxymethyl cellulose (CMC) and polysorbate 80 (Tween 80), again in murine models, showing 

an association between intake of these compounds and the alteration in the microbiota, in their 

interactions and the onset of metabolic syndrome and colitis in mice that were provided emulsifiers 

compared to the control group (9). 

 

Even studies in vivo give accurate information, culturing the microorganisms in the media commonly 

used for them, where sweeteners and emulsifiers are added at concentrations equivalent to the 

Acceptable Daily Intake (ADI) and the Estimated Daily Intake (EDI) levels, can give a first 

approximation of its behavior in these conditions. 

 

METHODS AND MATERIALS 

Microorganisms and medium: 9 strains of lactic acid bacteria were used: Lactobacillus acidophilus 

(Danisco), L. curvatus NRRL B 4562, L. helveticus  NRRL B 4526, L. reuteri NRRL B 14171, L. 

rhamnosus (I) NRRL B 442, L. rhamnosus (II) ATCC 7666, L. brevis ATCC 14869, L. plantarum 

ATCC 14917 and Pediococcus acidilactici ATCC 8042. They were preserved in Agar Man Rogosa 

Sharpe (MRS Agar). The inoculum were prepared in test tubes with 10 mL of MRS broth (MRS 

Broth).  

 

Sweeteners: the following sweeteners were tested: aspartame, stevia, acesulfame K and sucralose at 

concentrations equivalent to ADI, EDI and an equivalent to aspartame EDI, as shown in Table 1 (10, 

11). Emulsifier: Tween 80, 1% was used. 
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Table 1. Concentrations of additives (ADI, EDI and EDI equivalent) used in experimentation. 

Sweetener 

(mg/kg) 
Aspartame Stevia Acesulfame K Sucralose 

ADI 40 4 15 5 

EDI 13.3 1.3 0.69 1.6 

EDI  Asp 13.3 13.3 13.3 13.3 

 

Equipment: Centrifuge Eppendorf 5418, Bioscreen (Growth Curves USA), laboratory incubator 

(Riossa). 

Methodology: The experiment was conducted in two parts: on the first microorganisms preserved in 

MRS agar were transferred to test tubes with 10 mL of MRS broth, which are incubated at 37 ° C for 

18 hours. After incubation time, serial dilutions from 10-2 to 10-6 were made in saline solution (0.95% 

NaCl), to spread the last one by extension surface in Petri dishes with MRS agar supplemented with 

sweeteners and emulsifier, as the concentrations shown in table 1, by triple. The control experiment 

is Agar MRS; the plates were incubated at 37 ° C, making observations at 12, 24 and 36 hours for 

analysis of colonial morphology. 

The second experiment allowed getting kinetic data for microbial growth in MRS broth with 

sweeteners and emulsionant, at concentrations equivalents to EDI for each one and 13.3 mg/kg in 

general (Table 1) with MRS broth as control.  Inocula were prepared as mentioned, after overnight 

the biomass was centrifuged at 5000 rpm for 5 minutes to remove traces of culture medium. 

Subsequently the cell pellets were re-suspended in saline solution to a final concentration of 1 x 102 

cell/mL. 50 µL of this suspension were added to 340 µL of MRS broth with 10 µL of additives 

solution in Bioscreen incubation plates under aseptic conditions. Triple experiments were done and 

microbial growth was followed until stationary phase. Samples of final culture, were inoculated in 

MRS agar to observe the colony morphology were made.  

 

RESULTS AND DISCUSSION 

The specific growth rate (μ) for each microorganism exposed to the tested additives were calculated. 

Tables 2 and 3 show the values μ (1/h) with equivalent concentrations of EDI aspartame and each 

additive EDI. 

 

Aliquots of each microorganism from this experiment, were spread in MRS agar, in order to find if 

there were changes in the morphology and colony growth after having been in contact with the 

additives and to compare with the development of lactic acid bacteria in sweeteners concentrations 

media equivalent to the ADI. 
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Table 2. Growth rate in the presence of additives in concentrations of 13.3 mg / kg (equivalent EDI) 

Additive 
Aspartame Acesulfame K Sucralose Stevia Tween 80 

MRS 
13.3 g/kg 13.3 g/kg 13.3 g/kg 13.3 g/kg 1% 

Strain µ [1/ h] µ [1/ h] µ [1/ h] µ [1/ h] µ [1/ h] µ [1/ h] 

L. acidophilus 0.144 0.114 0.127 0.125 0.110 0.125 

L. curvatus 0.109 0.097 0.080 0.114 0.078 0.082 

L. helveticus 0.073 0.103 0.088 0.080 0.091 0.098 

L. rhamnosus I 0.128 0.112 0.095 0.128 0.108 0.128 

L. brevis 0.089 0.094 0.058 0.069 0.067 0.106 

L. plantarum 0.121 0.119 0.085 0.115 0.043 0.072 

L. rhamnosus II 0.075 0.094 0.092 0.068 0.078 0.086 

P. acidilactici 0.075 0.062 0.079 0.085 0.058 0.072 

L. reuteri 0.089 0.120 0.124 0.115 0.056 0.106 

 

Table 3. Growth rate in the presence of additives (EDI) 

Additive 
Aspartame Acesulfame K Sucralose Stevia Tween 80 

MRS 
 13.3 mg/kg 0.69 mg/kg 1.6 mg/kg 1.3 mg/kg 1% 

Strain µ [1/ h] µ [1/ h] µ [1/ h] µ [1/ h] µ [1/ h] µ [1/ h] 

L. acidophilus 0.179 0.134 0.148 0.135 0.154 0.142 

L. curvatus 0.115 0.124 0.133 0.128 0.059 0.097 

L. helveticus 0.107 0.115 0.112 0.115 0.109 0.110 

L.rhamnosus I 0.102 0.123 0.112 0.146 0.098 0.106 

L. brevis 0.188 0.133 0.168 0.142 0.074 0.124 

L. plantarum 0.094 0.122 0.119 0.108 0.074 0.062 

L. rhamnosus II  0.140 0.126 0.130 0.134 0.114 0.126 

P. acidilactici 0.063 0.062 0.068 0.065 0.061 0.069 

L. reuteri 0.099 0.111 0.124 0.104 0.094 0.107 

 

Overall, microorganisms presented the typical morphology of lactic acid bacteria, according to 

Bergey's Manual (12), with colonies of 2-4 mm diameter, circular, raised, convex, regular full edge, 

smooth surface, opaque white. No significant changes were noted, except for five bacteria, as shown 

in Table 4. 
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Table 4. Morphological changes of bacteria under different culture conditions 

Additive 
Asp 

ADI 

Ste 

ADI 

Suc 

ADI 

Asp 

EDI 

Ste 

EDI 

Ac K 

EDI 

Tween 80 

1% 

Strain CC* CC  CC G* CC G CC G CC G 

L helveticus ++ ++ 

Small 

colonie

s 

     --  No  

L. 

plantarum 
+++   - - - - - -   

L. 

rhamnosus 
         halo  

L. curvatus          +++  

L. reuteri halo halo halo   -      

               * CC = Colony color; G = Growth 

 

As shown in Tables 2 and 3 the specific growth rate of microorganisms is affected differently 

depending on the additive and its concentration; in the case of equivalent EDI (13.3 mg / kg) L. brevis 

and L. reuteri grow slower under addition of Stevia and Tween 80, respectively. In contrast, on each 

EDI, this does not occur, indicating a relation between the concentration and the measured effect. 

For morphology, although there is little change, some are very remarkable, depending on the culture 

conditions, that is, if the sweetener or emulsifier is added to MRS agar or whether the microorganisms 

grow in MRS broth with additive and seeded in Agar MRS, as reported in table 4. 

 

Other aspects such as the probiotic activity of strains to see if the additive impact on them, need to be 

further studied. 
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ABSTRACT 

Brucellosis is a zoonotic infection, prevalent worldwide mainly in endemic developing countries, is 

most frequently associated with the consumption of contaminated dairy foods, contact with infected 

animals and laboratory exposure. Due to the complexity of the modern commercial food chain and the 

wide geographical distribution of food products, contamination with Brucella is an economic, 

environmental, and health problem. Water is considered a vehicle for the propagation and 

dissemination of human associated zoonotic bacteria. In rural communities, untreated surface water 

from rivers, dams, and streams is directly used for drinking and other domestic purposes. These 

unprotected water sources can be contaminated with microbes like Brucella spp. through rainfall run-

off and agricultural inputs, mixing with sewage effluents and faeces from wild life, which render them 

unacceptable for human consumption. Recent techniques used for the extraction of high molecular 

weight DNA and RNA from a range of cultured and environmental bacteria, based on the use of the 

nontoxic polysaccharide solubilizing compound xanthogenate. These methods are rapid, require no 

enzymatic or mechanical cell disruption, and have been used to isolate both DNA and RNA free of 

enzyme inhibitors or nucleases. To identify Brucella spp. DNA from water it is necessary simple, fast 

and economic methods. The objective of this work was to isolate nucleic acids of Brucella from water 

by Xanthogenate-Sodium Dodecyl Sulfate (X-S) method.  DNA extraction was performed from 

drinking, lake water and five samples of 200 mL of distilled water inoculated to obtain reading to OD 

600 of 0.002 to 0.78. The UFC/ml were determinated (NOM-092-SSA1-1994). Two hundred mL were 

filtered (0.22-μm). The filter was incubated in 1.0 ml of buffer (1% potassium ethyl xanthogenate, 100 

mM Tris-HCl (pH 7.4), 20mM EDTA (pH 8.0), 1% sodium dodecyl sulfate, 800 mM ammonium 

acetate) at 70 ºC/2 hours, the lysate was placed on ice/30 min, centrifuged at 12,000 rpm/15 min, 750 

L of supernatant were mixed with isopropanol and was incubated at room temperature/10 min, the 

precipitated DNA was washed with 70% ethanol and resuspended in water. Genomic DNA was 

analyzed by PCR to identify Brucella spp. Nucleic acid were isolated by X-S method in all samples 

analyzed, except to drinking water. Relation 260/280 was from 1.6 to 1.8, DNA obtained was used 

successfully to amplify by PCR a fragment of 450 bp corresponding to bp26 gen presents in B. 

melitensis M16. The X-S method to isolate nucleic acid from Brucella spp, was of great utility because 

of is economic, rapid, efficient, no need mechanical cell breakage, enzyme digestion, hot phenol. DNA 

obtained was useful to realize PCR assays, this method could contribute to identification of pathogenic 

bacteria causing of zoonoses associated with water like possible vector for disease transmission. 

 

Keywords: Brucella spp., DNA, isolation, PCR 
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INTRODUCTION 

Water is central to all life, and safe drinking water is essential. Concerns with water quality have 

increased in recent years, in part due to the more frequent contamination of drinking water by 

pathogens which results in many health concerns relating to environmental water quality, including 

lakes and streams waters, which could be contaminated by many individual sources belonging to 

wildlife, domesticated animals, and/or humans (1). In this way, presence of pathogens in water 

represents a primary health concern in relation to environmental waters used for drinking water 

supply, recreational activities, and food production (2). These problems are common to all nations 

regardless of economic position although pollution level and type vary among countries, and they are 

related with emergent and re-emergent diseases which present high incidence in developing countries 

where there is more economic difficulties to overcome environmental and social changes (3). 

 

In this paper we present new protocols, based on the use of xanthogenate, for the rapid extraction of 

high-quality DNA and RNA from a wide range of environmental and cultured bacteria like Brucella 

spp. In addition, these protocols have proven of general utility for the extraction of DNA and RNA 

from a diverse range of microorganisms and environmental samples. Because of difficult to identify 

to Brucella spp. through their bacterial isolation from water samples by microbiological methods, and 

having a better way to assess the risk to human health from a contamination of water samples with 

Brucella, in this work it is proposed the use of a technique of molecular biology for the rapid 

extraction of DNA of Brucella by Xanthogenate-Sodium Dodecyl Sulfate (X-S) method, and identify 

to Brucella spp. by a PCR assay. 

 

MATERIALS AND METHODS 

Brucella strains. The strains examined in this study were procured from the Laboratory of Microbial 

Pathogenicity from the Instituto de Ciencias-BUAP (CICM-ICUAP, Puebla, Mexico). Brucella 

melitensis M16 was model organism, Gram negative strain analyzed like negative control for assay 

PCR was E. coli O157:H7 (CICM-ICUAP). Bacterial strains were typed and cultured using the 

standard microbiological procedures described by Alton et al. (4). 

DNA extraction. Genomic DNA was extracted from several kinds of samples, drinking water, lake 

(Puebla, México), and five samples distilled water inoculated with Brucella melitensis M16 to obtain 

reading to OD600 of 0.002, 0.007, 0.014, 0.040 and 0.078. It was also extracted genomic DNA from 

bacterial pure cultures by heat lysis of cells (5). Bacteria were heated at 99 oC for 15 min and 

centrifuged for 10 min at 13,000 x g. The supernatant obtained was then used in PCR. Total genomic 

DNA from the water samples was extracted using the potassium xanthogenate-sodium dodecyl sulfate 

(X-S) procedure reported by Tillet et al. (6), with modifications reported by Jeong et al. (7). 

Aproximately 200 ml of water collected in sterile bottles were filtered using a 0.22-μm pore size 

Durapore membrane filter (Millipore, County Cork, Ireland). The filter obtained was cut in two with 

a sterile scalpel. DNA from filters containing field or inoculated water samples was extracted by 

incubation with 2.0 ml of buffer [1% potassium ethyl xanthogenate, 100 mM Tris-HCl (pH 7.4), 

20mM EDTA (pH 8.0), 1% sodium dodecyl sulfate, and 800 mM ammonium acetate] at 70°C for 

120 min. After incubation, the filter was vortexed briefly. The lysate was transferred into a 2-ml tube, 

placed on ice for 30 min, and then centrifuged at 20,000 ×g for 15 min. Part of supernatant (750 µL) 

was transferred to 1.5-ml tube and mixed with an equal volume of isopropanol. After incubation at 

room temperature for 10 min, the precipitated DNA was pelleted by centrifugation at 20,000 × g for 
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20 min. The pellet was washed with 70% ethanol and suspended in 100 µL of distilled and autoclaved 

water. 

PCR amplification. To evaluate utility of DNA samples in the identification of bacterial genus 

isolated by method X-S, it was amplified a 450-bp fragment from bp26 gene, which coded for an 

immunodominant antigen presents in all strain of genus Brucella except in strains isolated from 

marine mammals (6). The fragment was amplified by adding of 18.75 pmol from each to specific 

primers (F 5’-GCGCATTCTTCGGTTATGAA-3’, R 5’-CGCAGGCGA AAACAGCTATAA-3’) to 

the reaction mix which contained Go Taq Green Master Mix (Promega). A PCR assay was carried 

out with a 25 L reaction mixture containing 1 L of template DNA (from X-S method or heat lysis 

of cultures), 200 M each deoxynucleoside triphosphate, 2 mM MgCl2, 1.5 U DNA polymerase and 

its amplification buffer, and 6.25 pmol of each primer. Thermal cycling was accomplished with 

Mastercycler Personal (Eppendorf). After initial denaturation at 95 °C for 7 min, the PCR profile was 

as follows: 35 s of template denaturation at 95 °C, 45 s of primer annealing at 64 °C, and 180 s of 

primer extension at 72 °C, for a total of 25 cycles, with a final extension at 72 °C for 6 min. PCR 

products were analyzed by 1.5% agarose electrophoresis. 

 

RESULTS 

DNA extraction from water samples. All water samples were treated at the same way. It is 

importante to point the modification proposed by Jeong et al. (7) consisted in filtering 200 mL of 

water, while Tillet et al., (2000) showed viability of method using 1-2 mL volumes of mid to late 

logarithmic growth phase bacterial cell cultures were harvested by centrifugation and the cell pellets 

resuspended in 50 µL of TER (10 mM Tris- HCl, pH 7.4; 1 mM EDTA, pH 8; 100 g mL RNase A).   

 

 

A 

 
 

B 

 

Figure 1 DNA isolated from bacteria present in water samples, using the XS DNA extraction method. 

(A). DNA extracted from different types of samples. Lane 1, molecular size marker, 1 kb plus DNA ladder 

(Invitrogen Ltd.); Lanes 2 and 3, Water samples inoculated OD600= 0.078 y 0.04, respectively; Lane 4, Lake 

water processed in 5 h after recollection; Lane 5, Drinking water. (B). Method sensitivity. Lanes 1-5, Water 

samples inoculated OD600= 0.002, 0.007, 0.014, 0.078 y 0.04; Lanes 6 y 7, DNA isolation from collected waters 

from lakes, stored for 1 month and 5 h, respectively. 

 

At the beginning we decided to investigate effectiveness of method to extract DNA from water 

samples inoculated with sufficient bacteria, so it was selected OD600= 0.078 and 0.004, and a sample 

of lake water was also analyzed 30 min after its collection. Results showed that it was possible obtain 
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DNA by X-S method from these 3 different samples, and DNA concentration was greater in lake 

sample than others (Fig. 1A, lanes 2-4), however it was not detected genomic DNA from drinking 

water (Fig. 1A, lane 5). 

 

Secondly, it was evaluated sensibility of method, so DNA was isolated from water samples inoculated 

with B. melitensis M16 to obtain reading from lower to higher concentration (OD600 of 0.002, 0.007, 

0.014, 0.040 and 0.078), and results showed it was possible to isolate DNA to OD600 of 0.014, 0.040 

and 0.078 (Fig. 1B, lanes 3-5), but no for OD600 of 0.002, 0.007 (Fig. 1B, lanes 1 and 2). It was also 

important to identify the importante of storage conditions of sample, because of results showed that 

to freeze water collected for more than 1 month affects the effectiveness of this method (Fig. 1B, 

lanes 6), unlike water samples processed in less than 24 h, which there were not problem to obtain 

DNA (Fig. 1B, lanes 7). 

 

Figure 2 Amplification of products by PCR for identification of Brucella spp. A 450-bp fragment from 

bp26 gene was identified after electrophoresis of PCR product on a 1.5% agarose gel in 1XTAE, stained with 

ethidium bromide, and photographed under UV transillumination. Lane 2, E. coli; Lanes 3 y 4, Products 

obtained from heat lysis of B. melitensis M16; Lanes 5 and 6, Products obtained from Water samples inoculated 

with B. melitensis M16 (OD600= 0.078 y 0.04, respectively); Lane 7, PCR from lake sample. 

 

Identification of Brucella spp by PCR amplification. After showing that XS method was effective 

to extract DNA, it was assessed the quality of nucleic acids obtained to amplify a 450-bp fragment 

from bp26 gene, to identify Brucella spp. Primers used in this assay are specific to identify Brucella 

genus, like it was showed for PCR negative product to Gram-negative strain E. coli did not amplify 

the fragment of 450-bp (Fig. 2, lane 2), and positive results were obtained from water samples 

inoculated with B. melitensis M16, either heat lysis of cells (Fig. 2, lanes 3, 4) or X-S method (Fig. 

2, lane 5, 6). However, bands more defined and intense were obtain with DNA extracted by X-S 

method. Although it was obtained more DNA of lake sample than others samples analyzed (Fig. 1A, 

lane 4), it was not evidence of presence Brucella spp. in this one (Fig. 2, lane 7). 

 

DISCUSSION 

The advent of brucelosis molecular investigations has created the need for rapid and efficient 

techniques for the extraction of nucleic acids from both cultured and environmental isolates. This 

work presents novel methods for the extraction of high quality nucleic acids from a wide range of 

environmental and cultured Brucella spp. The XS DNA extraction method rapidly provided high 

quality DNA of high molecular weight from Brucella spp. In addition, this technique requires minimal 

1    2       3       4        5       6       7    
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handling of the microbial sample and does not require mechanical homogenization. 

 

In this study we obtained DNA extracted from several kinds of water samples with different 

concentrations, inoculated in lab or collected from natural water like lakes. We evaluated presence of 

genomic DNA in drinking water, but the result was negative. In spite of heterogeneity of other 

samples analyzed with regard to different bacterial load if we consider environmental samples, it was 

possible obtain DNA with a enough quality to amplify a PCR assay genus specific to Brucella spp., 

which suggests that genome obtained was free of enzymatic inhibitors and was suitable for PCR, and 

could be used for other assays which need of different enzymatic activities like restriction enzyme 

digestion and cloning. 

 

We consider in the future, to realize PCR assays to identify genomics specific regions from another 

type of miroorganisms which could be present in environmental samples, probably cyanobacterial 

cells, human pathogens or some indicators to evaluate human and animal origin of bacterial 

contamination of water, like Bacteroidales markers (7). 

 

We prove that XS-method presents several advantages, the XS buffer contains no hazardous 

chemicals and is of low cost, it is based on the use of the nontoxic polysaccharide solubilizing 

compound xanthogenate, initially used to disrupt plant cell walls. In addition, the xanthates bind metal 

ions, thus potentially inhibiting the activity of DNA degrading enzymes, as well as chelating ionic 

inhibitors of DNA amplification reactions (6). This method does not require the use of toxic organics, 

enzymatic digestions, or cesium chloride ultracentrifugation. In addition, it can be performed without 

mechanical tissue homogenization and requires minimal handling of the microbial sample. This is 

very important to reduce the risk of sample contamination and minimize the production of aerosols, 

mainly because of the danger in manipulating of samples contains highly virulent human pathogens, 

like model bacteria we evaluated in this work. These characteristics justify low cost and efficiency of 

method to extract DNA even from samples with high bacterial load which could contain Gram-

negative bacteria, archea, unicellular cyanobacteria, and filamentous cyanobacteria. The X-S method 

evaluated requires a time of incubation to 70ºC, 120 min, altough this time is longer than 15 min 

recomended for Gram (-) (6), we consider that is important consider the longer incubation, 

particularly when genomic DNA will be extracted from environmental sample.  

 

In conclusion, X-S method is of great utility to isolate nucleic acid of water samples because it is 

possible to obtain DNA of enough quality to realize PCR assays, is efficient and economic for 

reagents and minimum equipment required, and reliable to work with samples which contain highly 

virulent human pathogens. It is important to implement techniques like this one, because of it would 

support to control sources of water contamination and prevent disease transmission. 
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ABSTRACT 

Croton incanus is a plant species that is distributed in Northern and Central Mexico. C. incanus is used 

in traditional medicine as auxiliary for colic infantile, anemia and in the recovery of diseases. Despite 

its benefits, not there are studies scientific about its content phenolic and activity antibacterial. 

Therefore, the objective of the present work was to determine plant phytochemical profile as well as 

evaluate its activity antibacterial against bacteria of importance in food science. The dried leaves of C. 

incanus were crushed to less than 1 mm particle size The extraction was made by maceration for 2 

hours at 600 rpm. The extract was concentrated to not more than 50°C, and I store under refrigeration 

until use. It prepared a solution of the extract to 2000 ppm and is carried out a screening phytochemical. 

Finally, the antibacterial activity test was performed using the microdilution method on the NCCSL 

plate using strains of Escherichia coli and Staphylococcus aureus. Concentrations of 0.43 to 1000 ppm 

was used. The phytochemical screening revealed the presence of flavonoids, alkaloids, Sesquiterpene 

lactones, coumarins and lactones in ethanolic extract of C. incanus. As for the antibacterial activity of 

the extract, it obtained inhibition percentages of 61 % and 49 % against E. coli and S. aureus 

respectively. Both percentages of inhibition occurred at concentrations of 1000 ppm. Another study 

with a different species revealed that 2000 ppm was obtained 100% inhibition, this is consistent with 

the results obtained in this work since the summary shows a dose-dependent behavior for antibacterial 

activity. Croton ethanolic extract incanus present antibacterial activity, however, this was not 100% 

what you have a perspective to assess the summary to higher concentrations as well as also to separate 

the compounds found and assess them separately and thus know which of them is attributed to the 

effect. 

 

Keywords: antibacterial activity, phytochemical screening, Croton incanus 

 

INTRODUCTION 

Plants can synthesize a large number of secondary metabolites, which have many important functions 

such as the attraction of insects, defense against pests and antibacterial activity (1). For several 

decades, metabolites have been employed in the area of food with the name of nutraceuticals. 

Nutraceuticals are compounds of natural origin with beneficial biological activity for humans (2, 3). 

They are usually obtained are vegetable sources such as edible and medicinal plants and the most 

common functions that are antioxidant (4) and antibacterial activity (5) being of great importance for 

the development of functional foods and formulation of edible films. Among the plants that exhibit 

antibacterial activity are those of the genus Croton (Euphorbiaceae) such as Croton lechleri (6), C. 

crassifolius (7) and C. campestris (8). However, there are other plant species of the same genus that 
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lack of studies of antibacterial activity, such as C. incanus which in addition there is a phytochemical 

profile so that the objective of the present study was performed a phytochemical screening and 

evaluate the antibacterial activity of ethanolic extract of C. incanus using strains of interest in food. 

 

METHODS AND MATERIALS 

The plant material was provided by MSc Mauricio González in Rayones, N.L. The leaves were 

harvested in July 2015, washed, and dried in the Sun. Once dry they mashed and sieved to a less than 

1 mm particle size. The ethanolic extraction was made by maceration at a ratio (1:20 p/v) with 

constant agitation (600 rpm) and a temperature of 25°C for 2 hours in a grill marks Labnet (9). The 

solvent is removed using a Buchi Rotavapor RE 120. Once removed the solvent extract was stored in 

refrigeration and protected from light. The phytochemical screening was conducted in a qualitative 

manner as described by Dominguez (10) and Tiwari et al. (11). The tests were conducted alkaloids, 

coumarins, steroids, flavonoids, flavanones, unsaturations, lactones, phenolic compounds, and 

sesquiterpenlactones. The determination of the antibacterial activity was conducted by the 

microdilution plate suggested by Manual of Antimicrobial Susceptibility Testing (NCCLS, 2005) 

(12). To standardize the number of bacteria 0.5 McFarland was used to adjusting bacterial 

concentration 1x106 CFU/ml. The bacteria were used for the study and E. coli ATCC 11229 and 

Staphylococcus aureus ATCC 6538. Concentrations tested were 0.49 to 1000 ppm using as negative 

control 10% ethanol and ceftriaxone as a positive control. Once finished in the assay plate was 

incubated at 36°C for 24 hours. Reading the plate was BioTek Synergy HTX spectrophotometric at 

625 nm and the results expressed as percent inhibition. The results were analyzed via one-way 

ANOVA Tukey With multiple comparisons post-test (p <0.05) utilizing GraphPad Prism 6 

 

RESULTS AND DISCUSSION 

Secondary metabolites have biological properties that help the plant to survive in the environment. In 

addition, they also represent a potential source of new nutraceuticals for use in food processing with 

functional potential, in the formulation of edible films and even presented a way to capsules. In the 

present study, it is shown in Table 1, where the presence of flavonoids and phenolic compounds as 

compounds which are reports of biological activity is observed in this case of antioxidant activity 

(13). Peres et al. (14) worked with C. urucurana revealing the presence of phenolic compounds while 

Rossi et al., (6) found in C. lechleri sesquiterpenes. This makes clear that share the same genus plants 

metabolic pathways that allow them to sinter characteristic secondary metabolites.  

 

Table 1. Phytochemical screening of Croton incanus 

Secondary metabolites Croton incanus Reference 

Alkaloids +  

Coumarins +  

Steroids +  

Flavonoids + (14) 

Flavonones +  

Lactones +  

Phenolic compounds + (14)  

Sesquiterpenoids + (6)  

(+) = Presence, (-) = absence   
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On the other hand, currently in nutraceutical research is focused on finding compounds with 

antibacterial activity that can deal with cases of the food-borne disease. Based on the above the 

antibacterial activity of ethanol extract of C. incanus determined where a wide range of concentrations 

at which I present activity was observed, The results are shown in Figure 1.  

 

Both extracts were active against both strains. E. coli was the one that presented greater susceptibility 

with 61% activity while S. aureus showed higher resistance. Peres et al. (14), reported a MIC at 2000 

ppm for C. urucurana while in the present study the highest concentration of extract was 1000 pmm, 

this because the higher the concentration the extract was not completely dissolved. 

 

 
Fig 1. Antibacterial activity of C. incanus. a) C. incanus vs E coli, b) C. incanus vs S. aureus. 

 

In conclusion, the ethanolic extract of C. incanus revealed the presence of metabolites of interest in 

food, including phenolic compounds. For this reason, it is important to expand the study and evaluate 

the antioxidant activity of the extract. The results showed antibacterial activity against E. coli and 

effect S. aureus, which is important for separating the extract and the compounds separately evaluate 

their potential. 
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ABSTRACT 

The objective of this study was evaluate the performance of the 3M™ PetrifilmTM Rapid Coliform 

Count (RCC) Plate in yogurt and sour cream when compared to the traditional method (Violet Red 

Bile Agar (VRBA) utilizing a paired design. Thirty 10 g samples of yogurt and sour cream were 

inoculated with one mL of raw milk containing 22-23 coliforms/mL (n=60). An additional 30 samples 

of uninoculated sour cream were used as a control. Samples were diluted and homogenized with 90 

mL of Butterfield’s Phosphate-Buffered Dilution Water.  One mL of the suspension was plated to 

rehydratable film media or VRBA with an overlay.  Samples were incubated at 35oC. Enumeration of 

3M Petriflm RCC Plates was done at 8, 12, 14 (presumptive) and 24 h (confirmed). VRBA plates were 

enumerated after 24 h of incubation. Results were compared using a paired-t test. The recovery of 

coliforms from yogurt utilizing VRBA plates incubated for 24 h was not significantly different from 

the early presumptive positive recovery obtained with 3M Petrifilm RCC Plates enumerated after 8, 

12 and 14 h of incubation(p>0.05); coliform recovery is statistically superior using the dry film media 

incubated 24 h when compare with VRBA. Similarly the recovery of coliforms from sour cream was 

not significantly different between VRBA and 3M Petrifilm RCC Plate enumerated after 12, 14 and 

24 h of incubation; enumeration of 3M Petrifilm RCC Plate enumerated 8 h provides lower recovery 

than VBRA (p<0.05).  The 30 sour cream samples used as control did not yield any colonies with both 

methods. Utilization of 3M Petrifilm Rapid Coliform Count Plate for yogurt and sour cream provide 

fast, accurate, early detection of coliforms that is statistically equivalent to the traditional agar method. 

 

Keywords: Coliforms, Yogurt, Cream, Dairy, Petrifilm 

 

 

INTRODUCTION 

Certain bacterial groups such as coliforms, Enterobacteriacae or total Gram negative organisms 

signify indicators of poor sanitation or post-pasteurization contamination in dairy products. The use 

of coliforms as indicator organisms has expanded, becoming a standard hygienic quality test for many 

foods and beverages. The dairy industry has long used coliforms for this purpose as they are 

represented in over 20 genera of Gram negative, non-sporeforming rods, which lack capability to 

survive typical heat treatments and thus can be used as indicators of post-pasteurization contamination 

(1). Therefore, elevated coliform counts in milk and dairy products suggest that unsanitary conditions 

exist during production, processing or packaging (2). 

 

The phenotypic characteristic that defines coliform bacteria is their ability to ferment lactose, 

resulting in gas and acid production within 48 hours. It is this property that distinguishes coliform 
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organisms from other Gram negative microorganisms (e.g., Pseudomonas spp.) when plated on 

selective and differential coliform media (3). 

 

Traditional selective media and 3M™ PetrifilmTM Plate, a rehydratable media, methods are 

commonly used for the testing of these indicator organisms groups. 3M Petrifilm Plates have 

demonstrated consistent performance that has been recognized with certificates, recognitions and 

third party validations. 3M Petrifilm Plates have streamlined, standardized and simplified the process 

of microbial quantitative indicator testing, improving productivity and helping ensure the highest 

levels of product quality. 

 

The purpose of this study was evaluate the performance of a rehydratable media, 3M™ PetrifilmTM 

Rapid Coliform Count Plate in yogurt and sour cream when compared to the traditional method 

(Violet Red Bile Agar (VRBA)).  

 

MATERIAL AND METHODS  

Preparation of inoculum. Raw milk was used to inoculate yogurt and sour cream samples. Ten fold 

serial dilutions were conducted with Butterfield´s Phosphate-Buffered Dilution Water to determine 

population of coliforms in milk.  Dilutions were plated on 3M Petrifilm Rapid Coliform Count and 

plates were incubated for 24 hours at 35°C. Colony forming units (CFU) per mL of raw milk were 

determined. 

Samples inoculation and analysis. Thirty 10 g samples of yogurt and sour cream (n=60) were 

inoculated with one mL of raw milk containing 22-23 coliforms/mL. Thirty additional samples of 

uninoculated sour cream were used as a control. Samples were diluted and homogenized with 90 mL 

of Butterfield’s Phosphate-Buffered Dilution Water.  One mL of the suspension was plated to 

rehydratable film media and on VRBA with an overlay.  Samples were incubated at 35oC. 

Enumeration of 3M Petriflm Rapid Coliform Count Plates were conducted at 8, 12, 14 (presumptive) 

and 24 hours (confirmed). VRBA plates were enumerated after 24 hours of incubation (3). Results 

were compared using a paired-t test (media and standard deviation).  

 

RESULTS 

The recovery of coliforms from yogurt (figure 1) utilizing VRBA plates incubated for 24 hours was 

not significantly different from the early presumptive positive recovery obtained with 3M Petrifilm 

Rapid Coliform Count Plates enumerated after 8, 12 and 14 hours of incubation (p>0.05); 

enumeration of 3M petrifilm Rapid Coliform Count plated enumerated 24 hours provides higher 

recovery than VBRA (p>0.05).  
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Figure 1. Comparative Recoveries From Inoculated Yogurt on 3MTM PetrifilmTM Rapid Coliform Count Plates 

(8, 12, 14 and 24 hours at 35°C) and Violet Bile Red Agar (24 hours at 35°C)  

 

Similarly the recovery of coliforms from sour cream was not significantly different between VRBA 

and 3M Petrifilm Rapid Coliform Count Plate enumerated after 12, 14 and 24 hours of incubation; 

enumeration of 3M Petrifilm Rapid Coliform Count Plate enumerated 8 hours provides lower 

recovery than VBRA (p<0.05). 

 

 
Figure 2. Comparative Recoveries From Inoculated Sour Cream on 3MTM PetrifilmTM Rapid Coliform Count 

Plates (8, 12, 14 and 24 hours at 35°C) and Vile Bile Red Agar (24 hours at 35°C)  

 

The 30 sour cream samples used as control did not yield any colonies for either method.  
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Table 1. P-values from Paired T- test 

Comparison of 3M Petrifilm Rapid Coliform Count Plate and Violet Red Bile Agar 

Product 
Incubation Time (hours) 

8 12 14 24 

Yogurt 0.904 0.123 0.081 0.026a 

Sour cream 0.001b 0.933 0.324 0.074 

a: Significant difference between methods with 3M Petrifilm Rapid Coliform Count Plate 

higher recovery 

b: Significant difference between methods with 3M Petrifilm Rapid Coliform Count Plate 

lower recovery 

 

 

CONCLUSION 

The use of 3M Petrifilm Rapid Coliform Count Plate for yogurt and sour cream provides fast, 

accurate, early detection of coliforms  that is statistically equivalent to the traditional agar method. 

Early detection of coliforms may allow dairy product producers to react faster to the presence of 

microbial contamination and implement corrective actions sooner than with the traditional agar 

method.  
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ABSTRACT 

Agave lechuguilla TORREY belongs to the family Agavaceae, which in Mexico reaches its highest 

level of species diversity and Durango is among the richest States of Mexico in species of Agave, with 

24 to 29. Agave and other genera of Agavaceae are rich in secondary metabolites, meanly saponins but 

until further research has been conducted, there are at present no data about the evaluation of the 

biological activity (antibacterial activity) and phytochemical profile of A. lechuguilla TORREY. In 

this study the foliar tissue, cogollo and pineapple extracts of A. lechuguilla were assessed to determine 

the antibacterial activity for control of diverse etiological agents of bacterial bovine mastitis and also 

analyze the antioxidant capacity to preserve foods. Preliminary phytochemical screening included the 

determination of unsaturated compounds, phenolic compounds, carbohydrates, coumarins, alkaloids, 

sterols and triptens. The modified well-diffusion method was used to assess antibacterial activity of 

extracts against bacteria cultivated overnight at 37 °C in Luria broth (Difco), and 100 µl (1x 109 

cell/ml) of each isolate were mixed with 15 ml of TSB with warm soft agar 0.7% (w/v) and plated. 

Wells, 8 mm in diameter, were dug into the agar and kept for 2 h at 37°C. Then, 100 ml of each extract. 

The antioxidant capacity was determined by Radical Scavenging Capacity Using DPPH Method DPPH 

in % Inhibition.The results of arbitrarial units (mm2) for bacterial inhibición were Staphylococcus 

aureus (ATCC 25923), Streptococcus agalactiae, Streptococcus uberis, Escherichia coli (ATCC 

25922), Serratia marcescens NIMA, Klebsiella pneumoniae (ATCC 10031).The antioxidant capacity 

of the aqueous and alcoholic extract of foliar tissue were 21% and 33 % respectively and for de 

pineapple of the aqueous and alcoholic extracts corresponded 12% % and 43% in the preliminary 

analysis results. The results showed that the extracts had differences in the antimicrobial patterns 

against important mastitis causing bacteria, and the aqueous extract of A. lechuguilla TORREY could 

be the most useful as an alternative method to control bovine mastitis. 

 

Keywords: Agave lechuguilla, antibacterial, antioxidant, mastitis. 

 

 

INTRODUCTION 

The plant represents an enormous reservoir of biologically active compounds with various chemical 

structures and protective/disease preventive properties (phytochemicals). Plants are the natural 

sources of medicine. Antimicrobial screening of plant extracts and phytochemicals, represents a 

starting point for antimicrobial drug discovery and many phytochemical compounds of the plants act 
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as antioxidants, which are scavengers of particles known as oxygen-free radicals (oxidants 

compounds). 

 

In actually the use of natural resources is increasing like a challenge on the society in front of the 

waste of the environment. One of the principal resources is the agave; the import of this resource is 

growing in socioeconomic and agriculture sectors, above all of the communities with arid and 

semiarid climate in which is given whit success (4). 

 

The Agave lechuguilla is exceptional for being one of the two species of agave with a huge natural 

distribution and production between the species in the same environment. It’s a xerophyte plant 

growing in the arid and semiarid zone of the country. The Agave is Original from the south of the 

United Stated and in Mexico popular in the Chihuahua state, growing in unfavorable zones with long 

periods of drought and high temperatures (10). In Mexico the superficial distribution it is approximate 

to 20 million hectares in the states of Coahuila, Nuevo León, Durango, San Luis Potosí, and 

Tamaulipas. The principal use of the A. lechuguilla is gave the fiber o istle, which is high resistance 

and durability, that’s makes the overexploitation of the plant causing the study of a better agronomic 

handing and sustainable (3-6).  

 

The consumption of natural products with a potential benefit to the health has continuously grown in 

the last years, what it has done pigmentation one of the most important economic factors of the plant 

(7), Also is has been verified the consumption of antirust and phenolic compounds decrease the 

prevalence  of some types of cancer  and heart troubles. (8-13).  

 

The antirust activity of the Agave Lechugilla it was evaluated by means of the percentage of inhibition 

of the free radical DPPH, and the content of phenols by the method of Folin-Ciocalteau. It was 

prepared aqueous extracts and ethanolics of the leaf and pineapple of the plant for different methods. 

 

MATERIALS AND METHODS 

Preparation of plant material. Agave native specie was collected from Sierra and Jimulco Canyon 

Municipal Ecologic Reserve. The access to the Jimulco Ecological Reserve is the “Ejido” Juan 

Eugenio, about 24 miles south of Torreón Coahuila, MEXICO.  The plant was rinsed twice with 

distilled water to remove soil particles and any inorganic surface deposit. Then the plant was separated 

into leaves, buds and pineapple. The samples were dried in an oven (Thermo) to 40 ± 3°C for 48 h, 

ground to a particle size of 5 mm (Wiley mill) and stored until use. 

Extraction of plant material. Separately, leaves buds and pineapple (3-5g) were subjected to Soxhlet 

extraction with different solvents to obtain extracts with hexane (Hex), ether (Et), chloroform (Cl), 

dichloromethane (DCM), Acetone (Ac), ethanol (EtOH) and methanol (MetOH) (Khan, et al., 2010). 

Determination of antimicrobial activity by well diffusion method. The antibacterial activity of all 

the extracts was determined against indicator strains Gram-positive and Gram-negative reported as 

causative agents of bovine mastitis (Table 1). The bacteria were incubated  using tryptone soy broth 

(CST DIBCO) at 35 °C in orbital shaking (200 rpm) overnigth until ~1×109 cells/mL and then, 0.7% 

(v/v) of each culture was mixed in fresh agar media (AP; 0.012% bacteriological agar-AB, CST 

0.15%, w / v), plated in Petri dishes and incubated at 35 °C/2h.  
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Wells, 8 mm in diameter, were dug into the agar and 100 μL of extract were added to each well and 

incubated for 12 h at 4 °C, followed by an additional incubation at 35 °C for 24 h. The diameters of 

zones of inhibition were measured. Assays were repeated in triplicate and the average was recorded. 

The antimicrobial activity of each extract was performed by applying the formula: 

𝐴 =  𝜋𝑟2 =  𝜋 (
𝐷

2
)

2

=  𝜋
𝐷2

4
 

The results were expressed in arbitrary units (AU). One unit of extract activity was defined to be 

equal to 1 mm2 of the zone of inhibition of growth of the indicator bacterium (1). 

 

Table 1. Susceptible microorganisms 

Gram-positive T (°C) Gram-negative T (°C) 

Staphylococcus aureus 35° Escherichia coli 35° 

Streptococcus agalactiae 35° Serratia marcescens NIMA 35° 

Streptococcus uberis 35° Klebsiella pneumoniae 35° 

Bacillus cereus 35° Shigella flexneri 35° 

Streptococcus pyogenes 35° Pseudomona aeruginosa 35° 

 

Phytochemical profile. Qualitatively were determined unsaturations, vegetable tannins (phenolic 

hydroxyl), carbohydrates, coumarins, alkaloids, sterols and triptens. 

Total polyphenol content determination. The Folin-Ciocalteu method was used to determine the 

total phenol content.Gallic acid was used as a standard to produce the calibration curve. Total phenol 

content was expressed in mg of gallic acid equivalents (GAE)/100 30 μL of samples (extracts). 

Determination was done in spectrophotometer (Dynex RMX) at 630 nm. The Folin-Ciocalteu method 

gives a crude estimation of the total phenolic compounds present in leaves, buds and pineapple 

extracts. 

Antioxidant activity (DPPH free radical scavenging activity) determination. The antioxidant 

activity of the plant extracts was examined on the basis of the scavenging effect on the stable DPPH 

free radical activity (Prieto, 2012). Ethanolic solution of DPPH (0.05 mM) (100 μL) was added to 40 

μL of extract solution with different concentrations (0.02 - 2 mg/mL). DPPH solution was freshly 

prepared and kept in the dark at 4°C. Ethanol 96% was added and the mixture was shaken vigorously. 

The mixture was left to stand for 5 min and absorbance was measured spectrophotometrically at 517 

nm. Ethanol was used to set the absorbance zero. A blank sample containing the same amount of 

ethanol and DPPH was also prepared. All determinations were performed in triplicate. The radical 

scavenging activities of the tested samples, expressed as percentage of inhibition were calculated 

according to the following equation: 

 

Percent (%) inhibition of DPPH activity = [(AB – AA) / AB] x 100 

 

Where AA and AB are the absorbance values of the test and of the blank sample, respectively. 

 

RESULTS 

Extracts of leaves, buds and pineapple from A. lechuguilla, showed very similar inhibitory activity 

against all tested bacteria (0 to 13.3518 UA). Only one difference was detected in the case of acetone 

extract of heart (cogollo) and pineapple against S. flexneri, which exhibits lower antibacterial activity 
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than the rest of the extracts assayed. However, it is important to note that in general is promising the 

antibacterial potential of the extracts to control of pathogenic bacteria (Table 2) 

 

The antibacterial activity of the extracts against S. Pyogenes, S. Flexneri, B. cereus and P. aeruginosa 

was not detected (data not show). 

 

Tabla 2. Antimicrobial activity (AU)* of extracts from Agave lechuguilla against causative agents of bovine 
 

Extracto 

Cogollo (heart) 

Bacteria Hex Ét Cl DCM Ac EtOH MetOH 

 E.coli  18.49 + 0.0 19.80+0.62 18.70 + 0.30 19.14 + 0.30 18.70 + 0.30 18.92 + 0.61 17.64 +0.0 

Pineapple 

  19.37+ 1.22 18.70 +0.30 20.25+0.00 18.92+0.00 19.36+0.00 18.70+0.30 17.32+ 0.44 

Leaves 

  19.3625+0.62 19.37+0.24 19.58+0.93 19.37+1.24 18.28+0.90 18.49+0.62 17.85+0.89 

Cogollo 

 S. aureus 8.82±12.47 19.80±0.62 11.52±16.29 18.06±0.60 20.70±0.0 21.16±0.0 19.31±3.25 

  Pineapple 

 47.88±12.47 20.65±5.43 24.5±34.64 18.96±2.46 21.88±0.95 47.88±12.47 18.75±2.75 

  Leaves 

 10.60±14.99 19.80±0.62 19.53±27.62 17.22±0.0 22.09±0.66 20.25±0.63 21.64±6.54 

Cogollo 

 Str. ubieris 20.82±44.50 27.24±12.3 10.12±4.31 24.82±3.86 18.06±0.0 0.00±0.00 20.82±4.50 

  Pineapple 

 18.08±1.80 26.40±13.5 10.12±14.31 23.64±4.80 18.73±2.14 0.00±0.00 9.24±13.07 

Leaves 

 18.29±1.5 27.30±10.6 12.5±17.67 26.32±6.64 29.73±17.69 0.00±0.00 8.61±12.17 

Cogollo 

S. agalactie 18.7±0.30 17.85±0.29 17.43±0.88 19.80±0.62 8.40±11.88 19.4±2.48 18.73±2.14 

Pineapple 

 19.14±0.30 17.22±0.00 19.58±0.31 19.58±0.31 6.81±0.00 20.25±0.00 18.93±1.23 

Leaves 

 18.70±0.30 17.64±0.00 17.43±0.88 19.58±0.93 17.43±0.29 20.25±0.00 18.95±1.84 

Cogollo 

S. marcescens 17.22±0.5 18.07±1.20 18.06±0.00 17.85±0.89 18.73±2.14 19.4±2.48 18.73±2.14 

Pineapple 

 17.43±0.29 18.07±1.20 18.06±0.60 18.92±0.61 18.94±1.84 19.58±0.93 22.18±3.98 

Leaves 

 17.22±0.58 18.28±0.90 18.70±0.30 18.06±0.60 18.51±1.84 18.27±0.30 18.94±1.84 

Cogollo 

K. pneumoniae 18.2±0.90 17.64±0.00 19.17±2.16 17.01±0.29 25.02±7.38 18.06±0.60 17.65±1.18 

Pineapple 

 18.06±0.60 17.43±0.29 18.94±1.84 17.22±0.58 17.64±0.00 18.49±0.60 17.43±0.88 

Leaves 

 18.29±1.51 17.64±0.59 18.29±1.51 17.64±0.00 19.14±0.92 19.14±0.92 18.27±0.30 

 

Phytochemical profile. In general, all the metabolites were detected in different extracts assayed 

(Table 3). Aqueous extracts of leaves positively revealed the presence of all the metabolites except 
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alkaloids, these results were similar to extracts from pineapple extract. The methanolic extracts of the 

leaves were only positive to unsaturation, although other metabolites were positive in the buds such 

as unsaturation, coumarins, sterols and terpenes. The same extracts showed positive results for all 

metabolites in the fraction of the pineapple (Table 3). 

  

Table 3. Composite phytochemicals of the aqueous extracts and methanol of Agave lechuguilla. 

 Aqueous extracts Methanol extracts 

Testing Leaves Pineapple Leaves Heart Pineapple 

Insaturaciones + + + + + + + + + + 

Phenolic hydroxyl + + + + - - - - + + 

Carbohydrates + + + + - - - - + + 

Coumarins + + + + - - + + + + 

Alkaloids - - - - - - - - + + 

Sterols and 

terpenes 

+ + + + - - + + + + 

 

 

Determination of the inhibition of radical free (DPPH•). Table 4 describes the results of the 

antioxidant capacity an dtotal polyphenol content 

 

Table 4.  Antioxidant activity and Total polyphenol of extracts from Agave lechuguilla 

Extracts DPPH (%) Total phenols (mgEAG/L). 

Aqueous   foliar 21 20.8 

Aqueous  pineapple 12 23.7 

Ethanolic foliar 33 37.77 

Ethanolic pineapple 43 40.70 

 

DISCUSSION 

The phytochemical screening for active constituents, biological activities and antioxidant capacity 

was carried out in Agave lechuguilla TORREY native from Jimulco Ecological Reserve (Coahuila, 

MEXICO) These species in particular, demands an urgent attention to conserve such vital resources 

so as to promote and optimize their use in the primary health, food bio preservation, 

ethnopharmacological and/or biotechnological application. 

 

Agave lechuguilla extracts tested, show in general a brosd antimicrobial spectre against the 

pathogenic bacteria used as indicator strains. Is important to note that the causative agents of bovine 

mastitis as well as foodborne bacteria (E.coli) or pathogens of public health importance in human (S. 

aureus) with showing susceptibility to the activity of the different extracts, can control or eliminated 

and can even be considered an alternative to chemical food preservatives or traditional antibiotics that 

generate damage in human health of consumers and/or bacterial resistance in medical treatments. 

“Lechuguilla” extracts have not causing resistance as antibiotics and that is advantageous for efficient 

medical treatments in humans and animals. 
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Plant total phenols constitute one of the major groups of compounds acting as primary antioxidants 

or free radical terminators, it was reasonable to determine their total amount in the selected plant 

extracts, and respect to the extracts tested ethanolic pineapple extract has the most significative results 

and this the results are consistent with the data obtained for antioxidant activity. 

 

In this research, the antioxidant activity of the extracts from “lechuguilla” show a very important 

antioxidant activity. Comparatively, the ethanolic pineapple extract showed higher activity than other 

extracts on the basis of the scavenging effect on the stable DPPH free radical activity.  

 

In conclusion, the antioxidant activity of “lechugilla” might be due to their phenolic compounds 

content, and is important to note that, free radicals are involved in many disorders like 

neurodegenerative diseases, cancer and acquired immunodeficiency syndrome (AIDS) and 

antioxidants, and for this reason have potential for the management of those diseases.  

 

The results generated by the project provide basic information for future research about of the extracts 

and attempts concentrations for use in the production of biopharmaceuticals with potential therapeutic 

application or as bio-conservatives additives in the food industry. The information also raises the 

sustainable use of A. lechuguilla, allowing a revaluation of its phytochemical profile detected in 

extracts of secondary metabolites, as well as to continue the analysis of the antibacterial spectre and 

antioxidant capacity to generate diverse biotechnological products and applications. 
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ABSTRACT 

Fructans conformed by fructose units may be obtained from Agave tequilana spp and can be added to 

an extensive variety of dietary products since it offers both technological and nutritional benefits, such 

as stress suppressor. The Polyamines Putrescine, Spermidine and Spermine are positively charged 

ubiquitous molecules of low molecular weight and basic by their amino groups. The polyamines are 

considered necessary for homeostasis, division and cell differentiation, they are involved in multiple 

metabolic pathways and molecular processes such as replication, transcription and translation, and 

these molecules are considered survival and development indispensable. Retroconversion of bioactive 

Polyamines Spermine and Spermidine respectively, they becomes to Putrescine which in turn is 

excreted. To this aim 100 hy-line w-36 pullets were randomly divided into three experimental groups.  

Two pullets groups were treated by adding 0.1% and 0.2% agave Fructans in feed. The test lasted up 

to 30 posture weeks. Treatments were categorized as control without agave Fructans addition. 

Polyamine (Putrescine, Spermidine and Spermine) levels in feces were used as stress indicators. 

Polyamine levels in feces were determined by RP- HPLC to evaluate the effect of agave Fructans 

supplementation. The values of Putrescine found in feces decreased in comparison with the control 

group, (p <0.05), demonstrating that agave Fructans can be a useful alternative as feed additive. 

 

 

INTRODUCTION 

Egg production in Mexico is an activity comparable to that in developed countries, participating with 

a 4.7% of the world production, after Japan, Russia, India, United States and China. In Mexico poultry 

farming is an economic activity of great importance and represents 1.0% of total GDP in 2016 (1). 

Said economic activity generated 1´236,000 direct and indirect jobs in the same year. In our country 

egg production represents all of a food culture, given its high nutritional value, accessibility to the 

major part of the population and versatility of preparation. It is important to mention that Mexico is 

the principal consumer of eggs in the world; in 2016 an amount of 22.8 kilos of egg per year, per 

person (2). 

 

Prebiotics are non-digestible feed ingredients that affect host in a benefic way by means of the 

selective stimulation of growth and or activity of one or a limited number of bacteria in the colon (3). 

The oligofructans (or various simple sugars united amongst themselves linked together) are produced 
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by many types of plants. They are concentrated or stored in the fine tissue of the plant; generally roots 

and rhizomes contain the greatest concentrations (4). The prebiotics are digested by bifidobacterias 

and stimulate their growth, said bacteria at the same time contribute to the homeostasis of the 

intestinal cells, besides inhibiting the growth of pathogenic bacteria (5). 

 

The Polyamines (PAs) Putrescine (Pu), Spermidine (Spd) and Spermine (Spm) are ubicquitas 

molecules, of low molecular weight and basic given their amino groups, are obtained from intrinsic 

sources by means of intracellular biosynthesis, as well as extrinsic in the case of the diet, intestinal 

flora, secretions related to digestion, as well as detached cells (6). They are considered as necessary 

for homeostasis, division (7), as well as the cellar differentiation since they participate in multiple 

metabolic pathways and molecular processes such as replication, transcription and translation, as well 

as molecules indispensable for survival and development (8). The retro-conversion of the bioactive 

PAs Spd and Spm, respectively, converting them to Pu which can be excreted.  

 

The effect of diet regarding the levels of PAs in the excretions permits the use of the determination 

of said molecules extensively (9, 10, 11), among many other applications and in distinct models of 

study (12). We should mention that controversy exists regarding the use of the PAs as molecular 

markers in distinct models and/or physiological states; on one hand, it is argued that the levels of PAs 

are the result of a total response of the body, when they are determined in fluids or excretions in cases 

of cancer (13) and other illnesses (14, 15) and nevertheless, in the study of the plants they are well 

recognized as indicators of stress since 40 years (12). In the present study, the levels of Pu, Spd and 

Spm were determined in fecal matter of laying hens that were fed with a diet added with Fructans 

obtained from Agave Tequilana, given that reports do not exist concerning levels of PAs as of said 

source. 

 

MATERIALS AND METHODS 

Experimental design. 100 pullets were used randomly divided in 3 treatments and 5% of excretions 

were analyzed. The pullets were of one day of birth from the genetic line hy-line w-36. The treatments 

were categorized as Control (control without agave Fructans), Fructans 0.1% (0.1% of agave Fructans 

added to the feed) and Fructans 0.2% (0.2% of agave Fructans added to the feed). The amount added 

of agave Fructans was determined by preliminary experiments (16). The test lasted from development 

until 30 weeks of egg laying. 

Feed and handling. The housing of the birds was on floor with bed of corncob and space 

accommodated for the stage of egg laying with nests of galvanized sheet. During the experiment, the 

birds were given feed on two occasions, in the morning and in the afternoon in a controlled manner, 

according to a feeding program consistent with its requirement and an appropriate consumption 

guaranteed with nutrients as per the NCR tables (17). The feed was served in hopper type troughs. 

Water was supplied in bell drinkers. The agave Fructans were added to the diet in the form of flour. 

A calendar of vaccination was carried out in accordance to the zone of study and the technical 

reference of the bird lineage. The period of light was adjusted to 17 hours. The birds were maintained 

in these conditions for three weeks and later upon reaching a median weight of 1.119 Kilograms and 

21 weeks of age to start the egg laying. During this period of time, growth was evaluated based on 

weight and the consumption of feed. 
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Determination of Pas. The concentrations of Pu, Spd and Spm were determined in excretions by 

means of Liquid Chromatography of High Resolution in Reverse Phase (RP–HPLC) with 

fluorescence detection according to Marcé et al., (1995) with small modifications and at the end of 

the test. 200 mg of sample were taken with 1 ml of TCA–HCl, 40 uL of Diamino Heptane (DAH) 

were added as internal standard to 1ngr/uL and were centrifuged into a Eppendorf tube at 14,000 

rpm/20 min. 100 uL were taken of the supernatant and mixed in an amber vial with 40 uL of saturated 

sodium carbonate and 100 uL of dansyl chloride were added (5 mg/ml of acetone). The vials were 

covered and left to rest overnight in darkness, were drained at room temperature for 72 hours and 

with nitrogen gas at 60° C, respectively. They were resuspended in 1 ml of water and were filtered in 

C18 Octadecyl cartridges (J.T.Baker, Holanda), and which were previously activated with 1 ml of 

Methanol. They were balanced with 1 ml of sodium bicarbonate 20 mM at a pH of 12. The dansyled 

sample was passed and the column was washed with 5 ml of water. The PAs were eluted with 1 ml 

of can, and 20 uL were injected to the liquid chromatograph Agilent 1200 Series (Germany). 

To analyze the levels of PAs the method of dancylation was used with dancyl chloride proposed by 

Marcé. The dancyled PAs were separated by RP-HPLC, with Lichrosorb 10-P-18 (4.6x250 mm) 

column. As a mobile phase, an isocratic mixture of acetonitrile:water (90:10) at 1 ml/min. was used, 

detection with fluorescence, at 340 nm of excitation and 435 nm of emission. The concentration of 

PAs was determined by the method of the internal standard (DHA as reference), and expressed in 

ng/g of Pu in fecal matter 

Statistical analysis. The results were analyzed by means of the Kruskal-Wallis test for the mean 

difference and the Dunn method for the mean comparison, respectively. The values are expressed as 

averages±standard error. The analysis was developed with the statistical package SigmaPlot for 

Windows, version 11. The differences were considered significant with the value of p<0.05 

 

RESULTS AND DISCUSSION 

Since reports do not exist on the levels of PAs in fecal matter of laying hens, this is the principal 

contribution of the present work. Although they were considered more appropriate as indicators of 

physiological changes, as the effect of the diet, on the acetyl form of the PAs, Pu, Spd and Spm, in 

excretions (18). Nevertheless, in the case of hen fecal matter the Pu in its non-acetyl form is the best 

indicator for diets added with Fructans proceeding from Agave tequilana (Fig. 1). Spd and Spm do 

not appear to be good indicators, since the levels registered were found too close to the inferior limit 

of detection (data not presented). Since here 200 mg of sample was taken, probably increasing the 

quantity of fecal matter allows Spd and Spm to be also good candidates as biomarkers of the effect 

of the diet, although this requires more studies. The results are in agreement with previous multiple 

works that show Pu as well as PA that is excreted more in distinct models (18, 19, 20), regarding Spd 

and Spm. The technique of separation used in the present study permits the determination of the three 

PAs (Fig. 2), Pu, Spd and Spm, considered classics in their distinct applications (20), with the 

corresponding advantages, since the sample collecting is not invasive, among others, and for the 

model presented here. 
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          Without Fructans         Fructans 0.1%          Fructans 0.2% 

Figure 1. Levels of Pu in fecal matter of laying hens fed with diet added with Fructans of Agave tequilana, 

according to Materials and Methods. The values correspond to the average ± of standard error, obtained by 

means of the Krushkar–Wallis test and Dunn test for the comparison of averages. 

 

 
Figure 2. Chromatogram corresponding to the standards of PAs: Pu, Spd and Spm, as well as DAH as internal 

standard and where the times of retention of each molecule are included. 

 

The results obtained in the present study show an association between the effects of the diet with the 

content of Pu (Fig. 3), with the advantage of using the type of non – invasive sample, with respect to 

other works with similar purposes (21). On the other hand, although in the plant kingdom it is well 

established the use of PAs as indicators of stress (12), this is not the criterion fully accepted for 

animals, except when dealing with pathology such as cancer (20, 22). 
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Figure 3. Chromatogram typical of a sample of fecal matter of laying hen fed with a diet added with Fructans 

of Agave tequilana and their respective retention times. 

 

In the present model, significant physical differences were observed in the general state of the hens 

that were fed with a diet added with Fructans of Agave tequilana, in respect to diets with additions; 

among other, the plumage was better developed, more complete; with a less restless and less stressed 

behavior and with better egg quality with the naked eye. Perhaps these parameters require more 

studies in order to corroborate said superficial observations. 
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ABSTRACT 

The main of this research were evaluated the prevalence and the causes of gastrointestinal diseases 

(GD) in México. This study was done by online survey.  It was divided in 4 sections:  1) Personal data, 

2) GD information, 3) Environmental information and 4) Socio-economic information (AMAI 8x7). 

The distribution of the survey was carried out by social networks. The data obtained was evaluated by 

EpiDat3.1 program using descriptive and contingence analysis. 529 people were evaluated. The rage 

of age of the respondents was between 16 to72 years old and they were from 27 of the 32 Mexico’s 

states. The prevalence of GD in the last year was of 78.83%.  The 24.95% suffer them once a year and 

70.14% more than once a year, being gastritis (n=219), colitis (n=165) and gastroenteritis (n= 72) the 

most common; also the principal symptoms were stomachache (n=438) and diarrhea (n=216). The 

duration of the illness was among one day (40.83%), and two to three days (42.16%), affecting to the 

35.16% in the development of their personal activities.  The main causes associated with these diseases 

were: 1) the consumption of food (n= 386), principally the consumed in the street (46.88% of the 

people eat once a week on it) and 2) stress (n=332).  Meat (n=200), dairy (n=173) and meat (n=157) 

products were the most related to GD by the consumers. Most of the factors evaluated (personal 

characteristics, the practice of hygienic measures, the environmental conditions and the socioeconomic 

level) didn’t have a significant relationship (P< 0.05) with the prevalence of GD in the last year., only 

the sex (P=0.0400), the presence of residual water in the locality (P=0.0346), the cleanliness of the 

kitchen (P=0.0175) and the change frequency of scouring pad (P= 0.0054). The frequency of street 

food consumption and cleanness of the refrigerator didn’t have a significant difference; however show 

an important tendency. In conclusion, due to the high prevalence of GD, it's necessary to analyze the 

risk of all the factors related with these diseases to prioritize them, regardless of  didn't have a 

significant effect, because it can contribute to increase the risk. 

 

Keywords: gastrointestinal diseases, prevalence, causes 

 

 

INTRODUCTION 

The gastrointestinal diseases (GD) are pathologies that affect the organs of the digestive system, 

which are associated principally to food borne pathogens. However the pathogens aren’t the only 

cause of them, the consumption of fatty and spicy food, the food intolerances, the changes in the diet, 

the stress and some drugs are related with these diseases too (1,2).  

 

In Mexico, the GI diseases are one of the first causes of medical consultation and death. The National 

Health and Nutrition Survey 2012 reported that the GI diseases are the second cause of medical 
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consultation in people between 0 to 19 years old (3). In addition the Statistic and Geographic National 

Institute referred that the acute diarrhea diseases have the second place in mortality in children 

younger than five year old (4).  This data are very important due to the negative impact in the health 

of the population as well as in the economy.  Many factors that are associated with the risk to suffer 

GD, being the socioeconomic and environmental conditions the most related (5). 

 

For this reason, it’s necessary the implementation, development, strengthening and trace of corrective 

and preventive measures against the GD. These measures are responsibility of the government, public 

and private institutions, producers and consumers. The first step to generate corrective and preventive 

measure against GD is obtaining information about the prevalence and cause related with these 

diseases. The main of this research was done a preliminary study about the prevalence and causes of 

GD in Mexico, with the finality to have information that allows the visualization of an overview.  

 

METHODS AND MATERIALS  

Prevalence and causes of GI diseases survey. The study was done by online multiple choice survey 

to youth and adult people (≤16 years old) of Mexico. The survey was divided in four sections: 

personal data, GD information, environmental information and socioeconomic information. First 

section (personal data): In this section was recollected data about the name, age, sex, occupation, 

education level and place of residence. Second section (GD information): In this section were done 

13 questions about the prevalence, behavior, frequency and possible causes of GD 1) In the last year 

have you been suffer GD? 2) What type of GD do you have frequently? 3)  How often do you suffer 

GD? 4) Which symptoms do you have? 5)  When you have GD, how much time do you have the 

illness? 6) When you have GD do you develop your normal activities properly? 7) If you answer NOT 

to the 6 question, what activities are affected? 8) When you have GD, what do you do? 9) If you 

answer in the 8 question that you consume home remedies, which home remedies do you consume? 

10) When you have GD, what do you think that is the cause?   11)  Where do you eat when you get 

GD? 12) How often in a week do you consume food in the street? 13) When you have GD, what food 

or beverage do you think that are involved? 14) What type of water do you drink normally? Third 

section (environmental information): In this section were done 17 questions about their living and 

food preparation environment, and their hygienic measures 1) Where you live, how is discard the 

garbage? 2)  Where you live, are there accumulation of sewage? 3)  How do you perceive the 

environment where you live? 4)  How do you perceive the environment where you prepare the food? 

5) How often the refrigerator is cleaned in your home? 6) How often the dishcloths are cleaned or 

changed ? 7) How often the scouring pad is changed? 8) When you cook, do you change the cookware 

to handle a raw and then a cook product? 9) Do you have in refrigeration the milk, meat, eggs and 

cook food? 9) Have you been taught hygienic measure to avoid GI diseases? 10) If you answer YES 

to the question 9, where did you learn it? 11) If you answer YES to the question 9, which hygienic 

measures have you learned? 12) Do you wash your hands before eat and after to go to the bathroom? 

13) Do you disinfect your hands before eat and after to go to the bathroom? 14) Do you wash your 

hands before and during the food preparation? 15) Do you wash and disinfect the fruits and vegetable 

before eat them? 16) Do you know what the microorganisms are?  17) If you answer YES, describe 

it. Fourth section (Socioeconomic information): In this section was asked the 8 questions established 

by the Market Intelligence and Public Opinion Mexican Association, AMAI for its acronym in 

Spanish, to determine the socioeconomic level (AMAI 8X7) (6)  
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Statistic analysis.  It was performed descriptive analysis to identify the distribution of some variables 

and contingence analysis to determine the relation between the personal, consumption and 

socioeconomic characteristics with the GI diseases. This was done using the EpiDat 3.1 program. 

 

RESULTS AND DISCUSSION  

In this study, 529 surveys were analyzed; finding the rage of age of the respondents between 16 to 72 

years old, the 59.4% were female and the 40.6% were male. The 98.3% of the people were Mexican 

and the 1.7% foreigners that live in the country. They were from 27 of the 32 Mexico’s states and 

their education level was between middle school and doctor’s degree, having the majority the 

complete university (39.9%).  

 

The prevalence of GD in the last year was of 78.83%, this value is alarming principally for the health 

damage, but also for the economical implications.  The 29.68% suffer them once every three months; 

24.95% once a year; 15.32% once a week; 13.80% once a month; 11.34% more that once a month; 

and 4.91% never.  The most common diseases were gastritis (n=219), colitis (n=165) and 

gastroenteritis (n= 72) and the principal symptoms were stomachache (n=438) and diarrhea (n=216). 

The duration of the illness was among one day (40.83%) and two to three days (42.16%), affecting 

to the 35.16% in the development of their personal activities, principally the social (n=126) and work 

(n=103) activities. The higher frequencies of these diseases have consequences in the integral 

development and in the quality of life.  

 

The principal actions that the people do when get a GD are: go to the doctor (n=222), self-medicated 

(n=209), wait for the pain disappears (n=162) and intake home remedies (n=146).  In the case of the 

intake of home remedies, the teas are the more used (chamomile, mint, peppermint, leaves of pepper 

tree and others leaves of Mexican traditional plants).  Some plants that are used as traditional 

medicines in Mexico have been analyzed for their antimicrobial and anti-diarrheic power, finding 

important results (7-10)  

 

On the other hand, the self-medicated is the second activity done when get a GD. In Mexico the 

antibiotic resistance of pathogens is a big problem which is related with the self-medication and self-

attention (11). 

 

In the Figure 1 is shown the graphic of the causes that the people associate with GD, being the 

principal the consumption of food (n= 386) and the stress (n= 332). For this reason is important to 

take care about the feeding not only in nutrition terms, but also in food safety. The products that the 

consumer related with GD are meat (n=200), dairy products (n=173) and meat products (n=157).  
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Figure 1. Causes associated to Gastrointestinal Diseases 

 

The consumption of foods and drinks in the street (n=362) and parties or meeting (n= 205) are 

associated with these diseases.  The 46.88% of the people eat food once a week on the street (Figure 

2).  

 

Exist many factor (personal characteristics, the practice of hygienic measures, the environmental 

conditions and the socioeconomic level) that have been associated with GD, in these study only a few 

factor of all  showed a significant relationship with the prevalence of GD in the last year: the sex 

(P=0.0400), the presence of sewage in the locality (P=0.0346), the cleanliness of the kitchen 

(P=0.0175) and the change frequency of scouring pad (P= 0.0054) (Table 1). Although some factors 

didn’t show significant difference, it doesn’t mean that don’t have influence because the interaction 

and the sum of some factor can increase the risk of suffer GD. 

 

 
Figure 2. Consumption of food on the street 
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Finally, in this study the socioeconomic level didn’t show a significant differences, however is well 

know that exist a relationship between the poverty and the food insecurity, principally to the quality 

of the water, the handling of residues and the lack of personal hygienic.  

 

Table 1. Relations between factor and the prevalence of GD in the last year 

Type of factor Factor Probability 

Pearson  test 

Personal characteristics 

Sex 0.0400* 

Education level 0.0771 

Residence 0.5591 

Consumption habits 
Food street consumption  0.0795 

Type of water consumption 0.4228 

Hygienic measures  

Washing hands before eat and 

after go to the bathroom  
0.7917 

Disinfecting hands before eat and 

after go to the bathroom 
0.1065 

Washing hands before and during 

the preparation of food 
0.6467 

Disinfection of fruit and vegetable 

before eat 
0.0653 

Cleanliness frequency of 

refrigerator 
0.0679 

Change frequency of dishcloths 0.8720 

Change frequency of scouring pad 0.0080* 

Change of cookware between raw 

and cook 
0.3607 

Environmental conditions 

Way to discard the garbage  0.5262 

Presence of sewage 0.0346* 

Cleanliness of the live place   0.9458 

Cleanliness of the kitchen  0.0175* 

Socioeconomic characteristics  AMAI 8X7 test 0.0964 

 

 

In conclusion, in Mexico the prevalence and frequency of GD is higher, having consequences in the 

integral development and quality of life of the people. The consumption of food and beverage are the 

principal cause related with them, being the meat and dairy products the most dubious.  Although 

some factors of individual way like the street consumption and the socioeconomic level didn’t show 

significant effect with the suffer GD in the last year, is important to analyze the sum of them to 

determine how the risk increases when you are exposed to risk factors. 
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ABSTRACT 

The food originated from animals play a very important role in foodborne illness and Escherichia coli 

is one of the emergent bacteria more researched by his wide range of serotypes or pathogenically 

varieties, its 150 serotypes of produce Verotoxynes and the hemorragical bowel and kidney diseases. 

Countless are the baby goat prepared dishes and one of those is the baby goat “machito”. The nature 

and form of the preparation is based on baby goat intestines and the natural presence of Escherichia 

coli 0157:H7 in samples of feces clinically healthy makes us think that the baby goat machitos may 

have been contaminated. This disease causes at least 20000 cases of bloody diarrhea stool and more 

than 200 deaths a year in the U.S., 97 samples of baby goat machito were collected on points of sale 

and flea markets, then they were bacteriologically analyzed by homogenization on EC broth and 

incubated at 37°C for 18 hours then the samples are planted on Fluorocult, MacConkey-Sorbitol, and 

EMB agar, then incubated at 37°C for 24 hours, and the based on results biochemical identification 

tests were realized. 500 µl were collected of the EC broth and tangible colonies of the O157:H7 

serotype inoculated on nutritional broth to extract DNA and the PCR was elaborated using hemolysin 

alpha hlyA igniters. A sample was tested positive by a band amplifying of approximately 361 bp 

equivalent at 1.03%. This shows the presence of the enterohemorragycall serotype in baby goat 

machito in Monterrey. 

 

 

INTRODUCTION 

Food of animal origin play an important role in Foodborne Diseases (ETA) and Escherichia coli is 

one of the emerging bacteria most researched for its wide range of serotypes or pathogenic strains, its 

150 producing serotypes Verotoxins, kidney and intestinal bleeding complications and it causes 

through its cytotoxic effects capable of triggering apoptotic processes for the B subunit of intimin 

alpha operon encoded on 2997 bp hlyA under study. Its effects in humans as Colitis Hemorrhagic, 

Hemorrhagic Syndrome Renal and Thrombosis Thrombotic cause high morbidity and mortality. 

 

Its natural reservoirs and the ability to adapt to the gastrointestinal tract of various hosts, such as 

cattle, sheep, goats, pigs and wild animals within predominate wild boar and deer, explains why this 

bacterium in children nurseries they became ill after exposure to small pets at a mini zoo also 

contamination of crops of lettuce, spinach and cucumbers as has been recently reported. Countless 
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products and byproducts of origin marketed goats from meat and dairy products. One of the more 

dishes prepared from baby goat is the "macho" baby goat. Nature and form of preparation through 

intestines and viscera of baby goats and the natural presence of Escherichia coli O157: H7 in samples 

of raw milk, meat and mainly in feces of clinically healthy goats, it makes us think that the baby goat 

machitos might be contaminated. The determination by culture and PCR enterohemorrhagic serotype 

O157: H7 in raw baby goat "machito" in Monterrey was the target of this investigation. 

 

At the same time, we set two specific objectives, to isolate and identify by conventional bacteriology, 

the pathoserotype O157: H7 E. coli and second, to detect by molecular biology, PCR, hly A gene 

encoding the enterohaemolysin alpha. 

 

METHODS 

Sampling. 97 samples of baby goat "macho" were collected at point of sale in supermarkets 

established, popular and mobile markets and in specialized outlets origin products and byproducts of 

goats. The samples were transported in ice chests with coolants and taken to the Laboratory of 

Microbiology, of Medicina Veterinaria y Zootecnia School (FMVZ) of the Universidad Autónoma  

Nuevo León (UANL). 

Bacteriological methods 

Reference strains. In this research, we worked with reference strains used previously recommended 

by Aguirre et al, 2009 for the standardization of technical work; this to confirm the specificity of the 

primers selected for the study. Strains were E. coli O157: H7 ATCC 4350 and Escherichia coli strains 

typical ATCC 25922 and 15599. 

Isolation and culture. Bacteriologically analyzed by homogenizing 25 g in 225 ml EC Broth and 

incubated at 37 ° C for 18 hours, after, we inoculated for streaking in three quadrant on petri dishes 

with agar Fluorocult, Sorbitol Mac Conkey and EMB; incubated for 24 hours at 37 ° C and the 

colonies with colonial characteristics and typical morphology of the genus in these selective media, 

she underwent biochemical tests IMVyC and also TSI, LIA, Urea, SIM, MIO, for identification.  

Suggestive colonies O157: H7 inoculated in three milliliters of nutrient broth and incubated for 18 

hours at 37 ° C to have a young culture, see in Table No. - 1. 

 

Table 1. Identification of bacterial Escherichia coli strains 

Growth Medium Inoculation Incubation 

   Time (h)       Temperature(ºC) 

Reagents 

added 

TSI Puncture and 

streaking 

48  36     No 

LIA Puncture and 

streaking 

48  36      No 

MIO Puncture 48  36  Kovack  

Phenylalanine Streaking 48  36      No 

SIM Puncture 48  36  Kovack 

UREA  Streaking 48  36  Urea 40 % 

Citrate Streaking 48  36       No 

MR-VP Inoculated 48  36       No  

Methyl Red Inoculated 48  36  Metilen Red 

Vogues Proskawer Inoculated 48  36°  α-naftol 
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Molecula Methods 

DNA Extraction. DNA was extracted from the EC enrichment medium with food and young crops 

suspect colonies O157: H7, 500 ul were collected and deposited in eppendorf tubes for DNA 

extraction technique using DNAzol®; This procedure is based on the use of a detergent solution with 

guanidine with lysing activity that hydrolyzes RNA and allows the selective precipitation of DNA 

cell lysate (DNAzol® Molecular Research Center, INC., OH, USA). The other method for extracting 

DNA was CTAB recommended by Edwards K. et al., 1991. 

PCR. The primers used were as follows: E. coli O157: H7 5'gtagggaagcgaacagag 3'-F; E. coli O157: 

H7-R 5'3'aagctccgtgtgcctgaa 

These initiators are intended to detect the gene for alpha enterohaemolysin hlyA 2997 bp and 

amplifying a fraction of 361 bp. This sequence of 2997 bp gene inserted hlyA the first initiator from 

the base No. 2017 and the second in base No. 2378 in order to amplify a 361 bp fragment in total.  

Product DNA extraction, 4 .mu.l reactant mixture for PCR were taken. To perform PCR, a mixture 

of reactants 12 .mu.l of water UPE, 2.5 .mu.l of Buffer 1 X, 1 .mu.l of magnesium chloride, 2.5 .mu.l 

of dNTPs, and 1 ul Taq polymerase (Table 2) was prepared ; initiators for serotype O157: H7, 

They were used at a concentration of 100 pmol of stock / ul 1 ul of each having been placed, leading 

to a final volume of 25 .mu.l.  

 

Table 2.Concentration of reactants PCR mix  for molecular identification of Escherichia coli O157: H7 

REAGENT CONCENTRATION VOLUME  

 

FINAL CONCENTRATION 

Primer E coli O157H7-F 10 poml/ µl 1 µl 0.4 pmol/µl 

Primer E coli O157H7-R 10 pmol/ µl 1 µl 0.4 pmol/µl 

MgCl2 50 mM 1 µl 1.5 mM 

Buffer PCR 10 X 2.5 µl 1 X 

DNTPs 10mM c/u 2.5 µl 200 µM 

H2 O – UPE ______ 12.0 µl _____ 

Taq polimerasa 1u/µl 1 µl 1 U 

ADN Molde   4 µl ND 

End Volume  25 µl  

Amplification conditions. The first cycle denaturalization was carried out at 94 ° C for 5 minutes; 

subsequently the samples to 35 cycles (denaturalization at 94 ° C for 30 seconds, annealing at 50 ° C 

for 30 sec and extension at 74 ° C for 30 seconds and 94 ° C for 30 seconds for denaturalization) were 

subjected; the last cycle was at 74 ° C for 5 minutes final extension and left in a last process safety 

storage at 4 ° C. See Table No.  

 

Table 3. Conditions and amplification program. Program A: 11 E COLI Wang, et al, 1997 

CICLOS FASE TIEMPO TEMPERATURA 

1 CICLO Desnaturalización inicial 5 minutos 94° C 

 Desnaturalización 30 s 94° C 

 Alineación 30 s 50° C 

 Extensión 30 s 74° C 

1 CICLO Extensión final 5 minutos 74° C 

    Conservación 24 horas 4° C 

35 CICLOS 
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Electrophoresis. The amplified PCR products were subjected to agarose gel electrophoresis and 

1.2% observed in a photo documentator for visualization of the bands; the procedure was carried out 

with strains positive and negative controls for finding the proper functioning of the initiators and a 

molecular weight marker. 

 

RESULTS 

Of the 97 samples of baby goat machito POS collected from popular, established and mobile markets, 

a sample was positive both for bacteriological methods such as molecular analysis. In bacteriology, 

the EMB Agar colonies grew with its characteristic green metallic sheen, Agar Fluorocult as colonies 

green color and Mac Conkey  Sorbitol cream or beige colonies. Identification IMVyC biochemical 

tests, carbohydrate fermentation, deamination and decarboxylation of aminoacids, enzyme 

production, led us to the genus and species Escherichia coli.  

 

By its colonial characteristics, growth on selective media and their biochemical behavior before the 

Sorbitol and Fluorocult, was identified in serotype O157: H7. 

 

                                                                                                                                                                   Pruebas IMVy C         

ID Indol RM VP Cit Urea TSI Glu Lac Sac H2S GAS Motil 

001 + + - - - A/A + + + - - + 

 

ID LIA Dcx Desam Ornitina Sorbitol MUG 

001 A/A + - + Neg (-) Neg (-) 

 

PCR 

The PCR results were satisfactory as one of the 97 samples of raw "machito" baby goat at point of 

sale, from a popular market, after pre-enrichment and already with the amplified PCR product allowed 

the observation of a band of about 361 bp. This positive sample (1/97), equivalent to 1.03% which 

satisfies us that think it is a low percentage and we will make recommendations to producers to 

implement critical control points and management Good HCCPP and manuals Hygiene practices. 

 

 
 

 

 

 

1 2 3 

In the gel observed in lane 1 a band of about 

361 bp corresponding to the control strain 

and lane 2 machito our sample problem kid 

N °. 67 tested positive in culture; in lane 3 

the molecular weight marker 100.  

 

100 pb 

300 pb 

400 pb 
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ANALYSIS OF RESULTS 

Based on the results obtained, 1.03% corresponding positive for a positive sample of 97 were 

collected in total, it makes us think that despite having the presence of this pathoserotype of 

Escherichia coli, the percentage is low and matches those reported in 2003 by Donotrorou and 

collaborators work, he found a positive sample of 50 equivalent to 2% in a sample of "kokoretsi" 

Greek dish like baby goat "macho”. Instead, recent reports in 2010 of Mersha and colleagues in 

Ethiopia where expose a 8.7% presence of pathoserotype O157: H7 in channels kid POS, shows that 

our products of origin goats are below these percentages. Our results compared with those reported 

by Juré in Argentina in 2010, reveal a similarity because they are a positive case (1.88%) of 53 

samples of ground beef at retail serotype O157: H7 compared with 1.03% obtained in our study, the 

difference is minimal. Even our work refers to goat meat byproducts of origin, a foodstuff very 

commercialized in our region is goat's milk used for the production of artisan cheese and sweet goat 

milk mainly; wanting to compare our results with those reported by Solomakos in 2009 in Greece 

where he found three samples (3/460) of goat milk positive O157: H7 equivalent to a 0.7% positivity 

what we interpret as a low percentage close to found in baby goat "macho" in Monterrey, NL., 

Mexico. 

 

CONCLUSIONS 

This allows us to conclude and demonstrates the movement and presence of entherohemorrhagic 

serotype O157: H7 in baby goat machitos  in Monterrey and also reveals that effective time is better 

to molecular and these methods, PCR is a fast and reliable alternative compared the culture, isolation, 

biochemical identification of the microorganism. 
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ABSTRACT 

Mango is an important nutrimental and economical fruit in Mexico. Due to its high content of vitamin 

A and C, sugars and sensorial attributes mango is well accepted around the world. In the other hand 

chitosan the deacetylated form of chitin, is a linear biopolymer obtained from crustacean shells that 

possess antimicrobial activity due to its polyelectrolyte behavior. The tendency of the use of natural 

compounds as food preservatives has conducted to the search of different natural preservation methods 

that combined with physical technologies can improved food safety without losing sensory and 

physicochemical characteristics. The main objective of this work was to evaluate the application of 

chitosan and freezing in the physicochemical, microbiological and sensory analysis of fresh cut mango. 

In vitro Chitosan antimicrobial activity was determined evaluating Minimum Inhibitory Concentration 

using low, medium and high chitosan molecular weight against E. coli, S. aureus and S. thiphymurium. 

Mango was obtained from a local market, disinfected, peel and cut and use immediately. Experiments 

in vivo were conducted with the selected chitosan concentration and citric acid solution as comparative 

method, liquid nitrogen was used to freeze the materials. pH, Brix°, Color and WA were evaluated as 

physicochemical analysis, total coliforms and mesophylls counts were determined as microbiological 

analysis and sensory determinations were performed using a semi-trained panel, where color, general 

appearance, aroma and flavor were evaluated with an acceptance test in mango determinations. Results 

indicate that all chitosan evaluated presented antimicrobial activity against the 3 pathogenic bacteria 

evaluated, but high molecular weight chitosan presented the major antimicrobial effect, 1% chitosan 

concentration was selected as sensorial concentration accepted by the panel without affecting mango 

attributes. During storage acid citric treatments presented low counts of total mesophylls and coliforms, 

nevertheless chitosan treatments did not presented any coliforms count until the end of the experiments. 

Sensorial analysis indicated that there was not significant differences between the control and chitosan 

treatments in color, general appearance and aroma after unfreezing the product. The study of natural 

additives as chitosan to food preservation and its acceptance for the consumers is of interest to develop 

new natural preservation techniques. 

 

Keywords: chitosan, mango preservation, freezing technologies 

 

 

INTRODUCTION 

Mangoes are fruits with a significant economic importance in México due to its sensorial attributes 

and nutritional properties, nevertheless as all seasonal fruits its availability all year long is limited. In 

the other hand chitosan, the deacetylated form of chitin, is known for its antimicrobial activity due to 
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its polyelectrolyte behavior that made it useful to the food industry as an additive. The tendency of 

the use of natural compounds as food preservatives has conducted to the search of different natural 

preservation methods that combined with physical technologies could improve food safety. For this 

reason, the present study aim to evaluate the application of chitosan and freezing on the 

physicochemical, microbiological and sensory quality of fresh cut mango. 

 

METHODOLOGY 

The mangoes were purchased from a local store from Merida, which were disinfected and cut before 

experiments, the treatments were prepared by immersion in solution of chitosan 1% (low molecular 

weight) and 0.1% of citric acid. Later the treatments were subjected to liquid nitrogen immersion and 

sealed under 70% of vacuum and stored at -18 ° C, sampling was performed at 0, 5, 12 and 19 days.  

Physicochemical characterization. pH measurements were performed with a Hanna Instruments 

potentiometer, water activity (aw) was determined using a Novasina device. Soluble solids content 

was performed using a refractometer, reporting the amount of ° Brix. For color characterization a 

colorimeter Hunter model 4500 L was used to determine the color coordinates L * (black/white), a * 

(red/green) and b * (blue/yellow). 

Minimum Inhibitory Concentration (MIC). MIC was evaluated against strains of Staphylococcus 

aureus ATCC 25923 and Escherichia coli ATCC 25922, using low (LMW: 50.000 to 190.000 Da; 

75-85% deacetylation, SIGMA), medium, (MMW: 190.000 to 310.000 Da; 75-85% deacetylation, 

SIGMA) and high molecular commercial chitosan (HMW: 310.000 to 375.000 Da;> 75% 

deacetylation, SIGMA), by the method of serial dilution, incubated in 96-well microplates. Aliquots 

of 10 µL were used to perform colony count to determined 50, 90 and 99 MIC as Colony Formed 

Units (CFU)/mL.   

Microbiological analysis. Determination of microbial analysis was performed using Petrifilm (3M 

Center) plates for mesophilic and total coliforms counts, the results were reported as CFU/g of 

sample. 

Sensory Analysis. A triangular test was conducted to evaluate color, smell and visual texture as 

principal attributes; A second test of preference level was performed and the attribute evaluated was 

taste. 

 

RESULTS AND DISCUSSIONS 

Physicochemical characterization. The results of the physicochemical characterization (Table 1) 

showed high values of water activity (0.970-0.988); indicating a measure of the amount of water 

available for microbial growth, reinforcing the importance of subjecting the product to a preservation 

method. During the analysis, pH values were lower than the control, which could be explained by 

acidification of the cytoplasm, that promote the production of CO2, which by dissolution in cellular 

tissue water reduces the pH of medium (1). 

 

Significant effects were observed in most of the treatments of color parameters; reporting a decrease 

in the parameter L *, this trend was previously reported by Salinas et al. (1) who performed the study 

of the preservation of the quality of mangoes by pulsed light and malic acid dipping. Furthermore, a 

significant decrease in the °Brix was observed, which contributes to leaching of sugars when 

immersion in treatments solutions was performed (1). 
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Table 1. Physicochemical characterization of cut mangoes samples 

Time Treatment Aw pH °Brix   Color 

L* a* b* 

 

T0 

Control 0.972±0a,b 4.42±0e 17.41±0.3d,e 61.84±0.1e
 13.45±0.7c 60.49±3.6e,f 

Chit 0.978±0c,d 4.12±0b 18.00±0.2e 56.13±1.0d  10.84±0.5b 58.70±1.3e 

C.Ac 0.979±0c,d 4.93±0f 16.48±0.3c,d 51.31±1.3b 10.64±0.2b 51.25±2.2d 

T5 Chit 0.970±0a 4.36±0d,e 16.25±1.7b,c 51.27±0.2b 10.99±0.1b 34.42±1.2b 

C.Ac 0.975±0b,c 3.76±0.1a 18.25±1.0e 47.64±0.2b 14.25±0.9c 36.06±2.6c 

T12 Chit 0.982±0d 4.10±0.0b 15.50±0.7b 63.97±0.2g 22.38±0.4e,f 48.84±1.0d 

C.Ac 0.988e 4.29±0c 15.75±0.3b 57.72±0.2d 21.25±2.1e 59.91±3.0e 

T19 Chit 0.980±0d 4.31±0c,d 14.00±0a 61.33±0e 17.79±0d 60.92±0.5e,f 

C.Ac 0.981±0d 4.11±0b 13.00±0.7a 62.68±0f 23.09±0.3f 63.55±0.6f 

* Equal letters in the same column indicate no significant difference (ρ >0.05). 

 

Chitosan Minimum Inhibitory Concentrations (MIC). It has been reported that the antimicrobial 

effect of chitosan depends on several factors including the microorganism and its growth phase, as 

well as molecular weight, solubility and degree of chitosan acetylation (2). According to the results 

presented in Table 2, an antimicrobial effect was presented against both Escherichia coli and 

Staphylococcus aureus bacteria, with all chitosan solutions; however this effect was higher using high 

molecular weight chitosan; this tendency has been previously reported by Chung & Chen (3) who 

indicate that chitosan low molecular weight has a lower antibacterial activity. 

 

Microbiological analysis. The results of microbial analysis were performed in treatments and 

compere to a control sample, which highlights the importance of conservation method, since an 

exponential increase was observed in the content of Mesophiles of 6500-8750000 (CFU/g), and total 

Coliforms of 25,500 to 1,800,000 (CFU/g) at an interval of one day at 25 ° C in the control sample. 

The results were within the range reported by O'Connor et al. (4) who point to Klebsiella pneumoniae 

as the organism of highest incidence. 

 

Generally it can be observed that chitosan was the treatment that showed higher microbial inhibition; 

since the count of total coliforms and mesophiles at T0 indicated a decrease to 0 CFU / g. According 

to Cissé et al. (5), the antimicrobial effect of chitosan to prolong the shelf life of mangoes, is due to 

the nature of its positive charges, which interact with negatively charged membranes, altering cell 

permeability. 

 

Table 2. Determination of MIC chitosan with different molecular weight. 

Chitosan 

Molecular 

weight 

MIC 99 MIC 90 MIC 50 

S. aureus E.coli S. aureus E.coli S. aureus E.coli 

LMW 67 ppm 52.2 ppm 45 ppm 22.5 ppm 5 ppm 4 ppm 

MMW 45 ppm 45 ppm 35 ppm 36 ppm 3 ppm 22 ppm 

HMW 30 ppm 30 ppm 20 ppm 20 ppm 2.5 ppm 8 ppm 
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Figure 1. Microbiological analysis 

 

Various studies report the use of coatings as preservation method for mangoes postharvest, such as 

coatings bentonite loaded with potassium sorbate (6); likewise, other techniques have been reported 

for the preservation of mangos, such as ultraviolet irradiation (7); however its drawback is that not 

being fully accepted by consumers, which is an advantage in chitosan coatings being obtained from 

natural sources, coupled with the fact of its antimicrobial and antioxidant potential that gave it higher 

opportunities. 

 

Sensory evaluation. According to the results of the preference test (Figure 2) there was not 

significant differences among the three treatments evaluated; so the coating with chitosan, did not 

affect the sensory characteristics of the mangoes. 

 

The results of preference test were corroborated through the implementation of the triangular test; the 

results were analyzed by statistical treatment, which indicated that the number of matching responses 

needed at a significance level of 5% for a sensory panel made up of 10 panelists should be 7; however 

the number of matching responses were 3, that means the panelists did not perceive the different of 

the treatments with respect to the control. 
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Figure 2. Sensorial preference Test. 

 

CONCLUSIONS 

All chitosan evaluated presented antimicrobial activity against the 2 pathogenic bacteria, but high 

molecular weight chitosan presented the major antimicrobial effect. The results showed that chitosan 

had a higher efficiency as an antimicrobial additive to achieve a further reduction in total population 

of mesophilic and coliforms bacteria. Although physicochemical results reported significant 

differences compared to the control, sensory analysis indicated that there was not significant 

differences in color, overall appearance and flavor after combine chitosan and freezing in fresh cut 

mango. The study of natural additives as chitosan to food preservation and its acceptance for the 

consumers is of interest to develop new natural preservation techniques. 
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ABSTRACT 

Tender cactus pads or “nopalitos” (Opuntia ficus-indica) are often pre-trimmed, cut and packaged, and 

while usually consumed cooked they may also be consumed raw in salads or in juice. Therefore, use 

of an effective sanitizer is of great importance to assure the microbiological quality of fresh cactus 

pads. The objective of this study was to evaluate the efficacy of different sanitizing treatments on 

reducing a Salmonella Typhimurium ATCC 23564 strain (kanamycin resistant) population on fresh 

cactus pads. After washing and cutting off the spines, cactus pads were treated with sodium 

hypochlorite at 150 ppm, lactic acid at 1.5%, and two commercial antimicrobial formulations, Citrik 

Agro (1 and 3 mL/L) and Microdyn (8 drops/L), a citric-based and a colloidal silver, respectively. 

Fresh cactus pads were inoculated with a bacteria suspension of approximately 7 log10 CFU/mL. After 

inoculation pads were maintained overnight in a biosafety cabinet to allow for attachment of S. 

Typhimurium cells before exposing them to the treatment solutions for 5, 10 and 15 min. Bacterial 

cells were enumerated by using direct plating on Hektoen enteric agar supplemented with kanamycin 

(50 µg/mL). Treatment of cactus pads with lactic acid, in all times tested, caused a significant reduction 

raging between 1.1 and 4.2 log10 CFU/g; sodium hypochlorite, Citrik Agro® and Microdyn® produced 

variable results ranging from 1.7 – 2.1, 0.0 – 1.7 and 0.0 – 1.1 log10 CFU/g, respectively. These results 

indicate that lactic acid can be considered a potential antimicrobial agent in the sanitization of fresh 

nopal pads without spines.  

 

Keywords: Cactus, Salmonella, Sanitizers, Opuntia ficus-indica 

 

 

INTRODUCTION 

The consumption of fresh nopal ((Opuntia ficus-indica) (L.) Mill. (Cactaceae)) in salads and juices, 

alone or combined with other fresh fruits and vegetables is widely popular among health conscious 

consumers due to its purported health benefit (5). Although the tender stems (10-15 cm) of nopal 

commonly known as “nopales”, “nopalitos” or “cladodes” (flattened stems) are thoroughly washed 

and spines removed before eating they are not disinfected to eliminate potential human pathogens 

that could be adhered to the cladode surface. Some of these pathogens are Salmonella and Escherichia 

coli, commonly found in fresh horticultural products and associated with foodborne outbreaks. In an 

earlier study, Hernandez and others (7) reported the presence of Salmonella in fresh nopal cladodes. 

An important feature of Salmonella is its capacity to produce biofilms, which allows them to adhere 

and colonize not only abiotic surfaces but also biotic surfaces such as vegetables; for example, 

Salmonella in cantaloupe (1). Biofilms are communities of microbial cells embedded in a matrix of 
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exopolymers they produce, as a survival mechanism and protection. Actually, there is no 

recommended or commercial method to effectively eliminate Salmonella or other enteropathogens 

on fresh nopal cladodes. In absence of terminal treatment for nopal cladode disinfection, the fresh 

salads and juices made with fresh nopal can be a vehicle for these bacteria. Among the chemical 

treatments used in fresh produce to eliminate or reduce the population of Salmonella are those listed 

in Table 1.  

 

Table 1. Chemical treatments used in fresh produce to reduce the population of Salmonella. 

Treatment Characteristics Reduction in 

population  

log10 CFU 

Reference 

Citrik Agro® / 15 

min 

A natural antimicrobial based on 

citric extracts.  

> 2 on parsley 

(Petroselium crispum) 

6 

Chitosan (200 mg) 

+ allyl 

isothiocyanate 

(60 µL/mL) / 24 h 

 

Antimicrobial coating.  > 5  on whole 

cantaloupes 

3 

Ultrasound (45 

kHz) + peracetic 

acid (40 mg/L) / 10 

min 

Inactivates bacterial cells. 3.9 on cherry tomatoes 

(Lycopersicon 

esculentum var. 

cerasiforme) 

 

2 

Lemon juice + 

pasteurized grape 

vinegar / 15 min 

A natural product  To undetectable levels 

on rocket (Eruca 

sativa) and 0.86-3.24 

on spring onion (Allium 

cepa) 

9 

Deionized water + 

1.5% lactic acid + 

1.5% hydrogen 

peroxide / 15 min  

An antimicrobial mixture  > 5.0 on Delicious 

apples, Navel oranges 

and ripe red tomatoes.  

11 

NaOCl (100 or 200 

ppm) with 1% 

(v/v) lactic acid / 1 

min 

 A strong oxidizer  3.5 and 4.0 on apples 

cultivar “Empire” 

8 

 

Prior to this work, De los Santos and others (5) indicated that sodium hypochlorite (NaOCl, 200 ppm), 

and lactic acid (1.5 x 10-4 ppm) applied for 20 min on biofilms, significantly inhibited the growth of 

three Salmonella strains (N4, N7 and Sal4) on microplates (Coster®), with minimal essential medium 

with glucose. However, the effect of these sanitizing treatments could vary on fresh cladodes without 

spines. The objective of this work was to determine the efficiency of NaOCl and lactic acid and two 

commercial antimicrobial formulations, Citrik Agro® and Microdyn®, citric-based and colloidal 
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silver, respectively, using artificially inoculated fresh cactus pads without spines, to find an effective 

one to assure the microbiological quality of fresh nopal. 

 

METHODS AND MATERIALS 

Bacterial culture. Wild-type bacterial cells of Salmonella Typhimurium (N4) and S. Javiana (N7), 

isolated from cactus pads, and laboratory strain S. Typhimurium ATCC23564 (Sal4) were made 

resistant to Kanamycin (Km) by spontaneous mutation. These strains were cultured individually in 

tryptone soy agar (TSA) at 37 °C for 48 h for pad inoculation. Frozen stock cultures were streaked 

on tryptone soy broth medium for an overnight incubation and then into TSA for subsequent inoculum 

preparation. Medium was supplemented with Km (50-µg mL-1) for selective enumeration of Km 

resistant N4, N7 and Sal4 strains. Bacterial cells were collected by loop from 72 h old cultures and 

transferred separately into tubes containing 10 mL of 0.1 % sterile peptone until an optical density 

(OD560 nm) of 0.5 in a spectrophotometer (Genesys® UV, Termo spectronic) was reached to get 

about 8 log10 CFU per mL. 

Application of inoculum: The sanitation treatments were carried out on pre-trimmed pads (20-25 

cm, 64 g in average) harvested from greenhouse-grown (20°C, 51.2 % RH) cactus plants cultivar 

Milpa Alta. Two hours prior to inoculation, the pads were washed with tap water; the spines were 

removed with a sterilized knife, rinsed with sterile tap water and wiped with a sterilized paper towel. 

Three sections (4.5 diameter/5 g each one) of tissue were delimited by pad and inoculated artificially 

with Sal4 (7.3 log10 CFU/mL) or a mix of the three Salmonella strains N4, N7 and Sal4, (8.0 log10 

CFU/mL). Inoculum was applied as a series of 10 drops of 10 μL around the middle part of the section 

pad. As a control each of three spots of a pad were inoculated but with sterilized water. The treated 

and control pads were allowed to dry for 18 h in a class II biosafety cabinet (Thermo Forma) at room 

temperature prior to the sanitization treatment.  

Treatment solutions. Section pads were immersed in separate 100-mL jelly plastic mold (Bosco® 

México) containing 45 mL of  antimicrobial solution: NaOCl (ReasolTM) at 150 ppm, pH 7.8, lactic 

acid (Fermont® 85%) at 1.5 x 10-4 ppm, pH 2.1; Citrik Agro® (3 mL/L) pH 5.2 and Microdyn® (8 

drops /L), pH 5.7. For the comparisons, section pads were either immersed in sterile water (pH 6.9) 

or kept untreated (controls). Treatment solutions were made with sterile tap water and the required 

amounts of sanitizer. All sections pads were immersed for periods of 10 or 15 min. At the end of the 

exposure time, each section was transferred aseptically to a separate new jelly plastic mold containing 

45 mL of sterilized water, removed and placed individually in sterile Ziploc® (17.7x19.5 cm) bags. 

Each treatment was done in three replicates (a section pad considered as a replicate).  

Microbial assessment. The treated section pads placed separately in a sterile Ziploc® bag containing 

45 mL of 0.1% sterile peptone water were macerated in a Stomacher (SEWARD® 400 circulator) at 

300 strokes/min for 120 s. Salmonella cells were determined by plating serial dilutions onto Hektoen 

medium supplemented with 50 mg/L Kanamycin. Wash suspension (100 µL) from each Ziploc® bag 

were also directly plated without dilution. Plates were incubated at 37 °C for 48 h before examination 

for presumptive colonies of Salmonella. 

Statistical analysis. Statistical analysis of variance in a complete randomized block design was 

performed using GLM procedure of the SAS System version 9 for Windows. Mean separation were 

examined using Tukey’s range test to determine if significant differences (P<0.05) in Salmonella 

population exist between mean values.  
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RESULTS AND DISCUSSION  

Among the four sanitizers tested in this work, lactic acid at 1.5 x 10-4 ppm was found to be the most 

effective in reducing levels of Salmonella populations on section nopal pads. Immersion of section 

nopal pads in lactic acid treatment resulted in a significant reduction (P <0.05) of 4.3 log10 CFU of 

Sal4 population compared to populations in the controls (water and untreated section pads). On the 

other hand, counts of Sal4 on section nopal pads treated with NaOCl at 150 ppm or Citrik Agro® (3 

mL/L) showed a reduction of 1.3 and 1.2 log10 CFU, respectively. A slight reduction (0.9 log10 CFU) 

resulted when treated with Microdyn® (8 drops/L). However no significant differences (P <0.05) 

were observed between NaOCl, Citrik Agro®, Microdyn® and the control treatments; neither, 

between 10 and 15 min treatment times (Table 2). When this experiment was done one more but 

section nopal pads inoculated with a mix of Salmonella strains N4, N7 and Sal4 and treated with the 

same sanitizers, except Microdyn®, at the same concentrations for 10 min lactic acid was found again 

to be the most effective. Counts of Salmonella mix, showed the greatest reduction (2.2) with lactic 

acid (Table 3). 

 

Table 2. Efficacy of the antimicrobial immersion treatment on artificially inoculated Salmonella Typhimurium 

Sal4 on section nopal pads.  

Treatment/Time pH Population 

log10 CFU/mL† 

Reduction log10 

CFU/mL‡ 

Lactic acid (1.5 x 10-4 ppm) 2.1  4.3 

10 min  1.0 b  

15 min  0.9 b  

NaOCl (150 ppm) 7.8  1.3 

10 min   3.5 ab  

15 min  4.2 a  

Citrik Agro® (3 mL/L) 5.2  1.2 

10 min   3.4 ab  

15 min  4.5 a  

Microdyn® (8 drops/L) 5.7  0.9 

10 min  4.6 a  

15 min  4.1 a  

Water 6.9   

10 min  5.0 a 0.2 

Untreated   5.2 a  
†The numbers are mean of three independent replicates.  
‡The sanitizing numbers are mean of the two treatment times. 

 

It is recommended that sanitizers be applied to surfaces that are free of organic matter to get their 

maximum efficiency and reduce microorganisms on produce 5 log10 CFU (10). Neither of lactic acid, 

NaOCl, Citrik Agro® or Microdyn®, at the concentration and contact time tested here, had the ability 

to reduce Salmonella on artificially contaminated nopal pads 5 log CFU. In this study, the spot 

inoculum method was utilized as it represents the mode by which pads could be contaminated during 

the pad spines removal before consumption. During the spine removal mucilage secretion occurs. 
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Nopal mucilage is a water-soluble heteropolysaccharide that may have affected the effectiveness of 

the sanitizers tested here.  

 

Table 3. Efficacy of the antimicrobial immersion treatment on artificially inoculated mix of Salmonella strains 

N4, N7 and Sal4 on section nopal pads.  

Treatment/Time  

(10 min) 

pH Population 

log10 CFU/mL† 

Reduction log10 

CFU/mL 

Lactic acid (1.5 x 10-4 ppm) 2.0 3.0 c 2.2 

NaOCl (150 ppm) 7.7    4.0 abc 1.2 

Citrik Agro® (3 mL/L) 5.8    4.1 abc 1.1 

Water 6.6  4.6 ab 0.6 

Untreated   5.2 ab  
†The numbers are mean of three independent replicates. 

 

CONCLUSIONS  

The results obtained in this study indicate that lactic acid (1.5 x 10-4 ppm) for 10 min is an effective 

sanitizer in reducing the level of artificially inoculated Salmonella strains of nopal pads without 

spines. Lactic acid can be considered a potential antimicrobial agent in the sanitization of fresh nopal 

pads, without spines, which are intended for fresh consumption.  
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ABSTRACT 

The aim of this study was to detect the presence of horsemeat in fresh meat and processed products, 

mainly in outlets (butcher shops) where the probability of horsemeat as beef is bid was high, as this 

practice constitutes adulteration because the sale of horsemeat consumer is not yet regulated. 

Adulteration detection was performed by the PCR technique, technique that is based on DNA analysis 

and allows replication in vitro million copies of genetic material of interest specifically. For this 

analysis were worked a total of 15 samples, of which 4 were processed products and 11 were fresh 

products, these samples DNA was extracted using Sambrook method. Genetic material obtained was 

quantified by a nanoespectofotometro to corroborate quantity and quality of the DNA obtained, the 

primers used were; forward primer: 5' - CCA GCT CCA GAC CTC TCA TCA AAC ATC TCT TGA 

TGA AA- 3 ', reverse primer : 5' - CGA CTC ACT AGA GGG TTC TAG TA -3', conditions for 

amplification were: 1 Cycle at 94C , 35 cycles at 94 for 30s , 60 ° C for 30s , 72 for 30s and 1 cycle at 

72 for 7 min. The results of amplification were assessed on agarose gels 1.5% dying ethidium bromide. 

Of the total samples analyzed for the presence of the species horse only in three samples were detected 

the adulteration, this samples were fresh products. The results show that the adulteration of meat 

products with horsemeat is a practice that makes illegally in some outlets in Mexico City. The 

technique proposed here can be implemented as a control tool in this type of products to ensure product 

authenticity and consumer safety. 

 

Keywords: Adulteration, PCR, AND, Meat Products. 

 

 

INTRODUCTION  

The determination of the origin of the species of meat is an integral part of the food regulation 

regarding economic regulation. Besides that fraudulent practices cause potential economic losses, the 

correct identification of species is important for consumers for other reasons; medical requirements 

of individuals with specific allergies to certain species, or religious practices (3). Adulteration of meat 

and meat products, can occur both fresh and processed product and this can be accomplished by the 

addition or substitution of ingredients. In most cases this substitution responds to economic purposes 

seeking to lower production costs, in this case the marketing and consumption of horse meat in 

Mexico responds to this factor, this market is not properly regulated, so practiced fraudulently, most 

of the meat distributed horse is not subject to quality inspections and safety endangering the 

consumer, who pays for a product that never obtained, the detection of this adulteration is difficult 
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because it is difficult to visually distinguish the origin of product purchased. This makes the easily 

vulnerable meat products to adulterate, which is why authenticity is focused on the identification of 

the species, to carry out the detection of species of highly specific manner have been developed based 

on DNA analysis methods[2]. The polymerase chain reaction (PCR) is one of the DNA-based methods 

mostly used, which consists in amplifying a specific DNA fragment (1). 

 

MATERIALS AND METHODS  

To perform this work required a blood sample horse and 15 samples of products to be evaluated 11 

fresh and 4 processed products (Table 1). 

 

DNA samples was extracted using the classical protocol of Sambrook, (4). The quantity and quality 

of genetic material obtained was quantified using a nanoespectofotometro to determine the feasibility 

of DNA. Subsequently carried out the PCR using specific primers retaken previous studies, sequences 

and expected amplified were:  

 

Frontal primer (4): 5'-GACCTCCCAGCTCCATCAAACATCTCATCTTGATGAAA-3' 

Reverse primer (4): 5'-CTCAGATTCACTCGACGAGGGTAGTA-3' 

Amplified: 439pb 

 

Table 1. List of the samples evaluated 

 

PCR reactions were prepared according to the Promega protocol required for PCR master mix kit. 

Once the reaction list, amplification conditions were defined: 1 cycle at 94 for 3 min, 35 cycles at 94 

° C for 30s for denaturation, 60C for 30s for hybridization and 72 for 7min for elongation, ending 

with one cycle at 4 ° C to maintain the product. To analyze the results of the PCR was carried out a 

horizontal electrophoresis in a agarose gel of 1.5% concentarcion, stained with ethidium bromide, 

was employed a stream of 90v. Display electrophoresis gels on a UV transilluminator. 
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RESULTS AND DISCUSSION  

The specificity of the primers to use, was corroborated by comparing these with DNA from species 

phylogenetically near and far, by this test specificity was confirmed as the primers chosen showed no 

hybridization with any other species than the horse. Once standardized amplification conditions and 

confirmed the specificity of the primers, proposed in this work protocol was used in 15 commercial 

samples of horsemeat acquired in different local retailers of this product mostly butchers, the results 

obtained are shown in the following figures. 

 

As shown in Figure 1, the presence of the species of horse was detected in sample 7 (Corned beef 

expended in the “la merced” market ), this result was confirmed by performing the assay for this 

sample again, plus this sample two more samples were detected with the presence of horse (figure 2), 

these samples were the number 15 (beef) and number 9 (beefsteak expended in “la merced”). Notably, 

all the tested products were bought low price of beef is worth noting that most of the positive samples 

were acquired in a market with high demand selling beef so competitive in terms of price it is 

important, the two samples from this source were the lower price, which provides that the retailer 

aims to reduce investment for higher profits 

 

 
 

Figure 1. Agarose gel 1.5% to detect the horse 

presence in commercial meat products. MP) Ladder 

DNA marker, B) White, C +) Positive Control, 1) 

Sample 5, 2) Sample 6, 3) Sample 7, 4) Sample 8, 5) 

Sample 9, 6) Sample 10. 

 

Figure 2. Agarose gel 1.5% to detect the horse 

presence in commercial meat products. MP) 

Ladder DNA marker, B) White, C +) Positive 

Control, 1) Sample 7, 2) Sample 15, 3) Sample 9. 
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Since the PCR technique reliability and accuracy in the results sought, a sensitivity analysis was 

performed on the detection of the species under study, which allowed us to establish approximately 

the noticeable proportion of adulteration in products, for that mixtures of horsemeat and beef were 

conducted in different proportions (100 horse/0 beef, 75 horse/25 beef, 50 horse/50 beef, 20 horse/80 

beef, 10 horse/90 beef and 5 horse/95 beef), from these mixtures the genetic material was obtained 

and  developed protocol was applied, these results are shown in the following figure. 

Figura 3. Agarose gel 1.5% to determine the detection sensitivity of horsemeat in commercial meat products 

MP) Ladder DNA marker, B) White, C +) Positive Control, Lanes 1 to 6 proportional mixtures of horsemeat / 

beef: 1) 100/0 2) 75/25, 3) 50/50, 4) 20/80, 5) 10/90, 6) 5/95.  

 

Figure 3 shows the amplified obtained for different mixtures of horsemeat and beef, it can be seen 

that as the proportion of horse decreases the intensity of the band obtained so does the band 

amplification is perceptible to the rail do no. 5 (10/90), this indicates that roughly method sensitivity 

is 90%, which represents a parameter allowing adequate sensitivity identifying adulterations present 

in small amounts. 

 

CONCLUSIONS  

The proposed methodology for identifying the presence of horsemeat in products marketed as beef 

products, was very useful as it allowed the clear identification of adulteration in 3 different products 

regardless preprocessing which had been submitted showing so the molecular technique is highly 

specific, although it has not been shown that the consumption of horsemeat significantly compromise 

the integrity of the consumer, the fact expending horsemeat as beef constitutes fraud. The approach 

of this technique aims to provide an efficient tool that is helpful to enforce national or international 

law legislation, which seeks to protect consumers based on their lifestyle, religion and / or health, as 

well fair trade. 
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It was also shown that the sensitivity of molecular methods is high to allow detection of adulteration 

in small quantities, it is noteworthy that this sensitivity is subject to appropriate use of the technique 

since being a multifactorial PCR technique is important to check all the factors involved to carry it. 
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ABSTRACT 

The aim of this program was to provide sufficient knowledge to enable the development of expertise 

in the people responsible for the receipt, storage, preparation and service of food that is sold in 

cafeterias at the Benemérita Universidad Autónoma de Puebla (BUAP). Methods: Six cafeterias from 

the Architecture, Engineering, Electronics, Biology, Economics and Languages Faculties were 

inspected in "Ciudad Universitaria". The findings were reported and delivered to dealerships in each 

cafeteria in order to improve hygiene practices when handling food. In addition to this, training was 

given to all the food handlers of each cafeteria, such training was based on the NOM-251-SSA1-2009: 

Hygienic Practice for Food Processing, Beverages or Food Supplements. The course was held over 

two days, four hours each. This allowed improving food-processing practices that are sold in the 

BUAP. At the beginning and at the end of the training the basic knowledge of food safety practices 

were measured and evaluated. In general, food handlers had low level of knowledge on food security. 

However, the results of the post-training assessments showed that participants were able to gain 

knowledge about the receipt, storage, preparation and service of food, nevertheless it is recommended 

to continue with subsequent training that will strengthen the knowledge related to:  food hygiene, 

cleaning and disinfection, as well as preparation and service. 

 

Keywords: Food safety; Food training; Employee handling practices; Food service establishments; 

Hygiene 

 

 

INTRODUCTION 

Due to the heterogeneity of the ingredients that make Mexican food culture, contamination risks 

(physical, chemical and biological) to which they are exposed, are diverse. Foods often lose their safe 

condition during the processes by which they are produced, transported and stored for the supply and 

retail distribution. When this occurs and contaminated foods are consumed, they cause infections and 

food poisoning in diners, thereby causing the Foodborne Diseases. In Mexico by the year 2000, 257 

million annual illnesses caused by consumption of contaminated food, equivalent to 2.5 episodes per 

person per year were estimated (1). In Puebla in 2006 there were 241.911 cases of intestinal infectious 

diseases and food poisoning, with 329 deaths (Single Information System for Epidemiological 

Surveillance, 2006) (2). Given these circumstances and in order to reverse the aforementioned it is 

proposed to develop and enhance the knowledge and skills of those responsible for preparing food at 

the "Benemérita Universidad Autónoma de Puebla", by implementing a comprehensive program of 
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preventive training that preserves security, safety and quality of food and water available for human 

consumption. In order to provide effective teaching and methodological relevance to the program, 

audiovisual and printed materials were generated in which the beneficiaries of the training found in 

legible and accurate illustrations and simple texts; warnings, recommendations, explanations of 

practical and feasible implementation techniques. Focusing their application to foods that make up 

the Mexican food culture. It explains and suggests the safe use of those foods and beverages for their 

nutritional contributions recommended by public health institutions in the country. The criteria and 

content on food safety and security that are manifested in teaching materials program are based on 

the provisions that current regulations established in this regard. 

 

METHODS AND MATERIALS 

Six "model" cafeterias were audited in "Ciudad Universitaria" belonging to the Faculties of 

Architecture, Engineering, Electronics, Biology, Economics and Languages. The diagnosis was made 

based on the general provisions of NOM-251-SSA1-2009 (3). During the inspection, the method of 

food preparation was observed by the manipulators, as well as, personal habits, facilities and areas, 

equipment and tools, services, storage, operations control, control of raw materials, control of 

packaging, handling control, temperature control, maintenance and cleaning, pest control, waste 

management, personal health and hygiene, transport and staff training. Upon completion of these 

audits a report of observed anomalies was drafted. 

 

Subsequently, the training course on which the program is based began. During the course, trainers 

taught different techniques, maneuvers, recommendations and warnings. The foregoing in order that 

these techniques are applied, verified, and constitute an effective preventive tool. They start at the 

time, place and conditions in which the raw materials and supplies are received and culminate when 

water and processed foods are consumed. 

 

The training was carried out using the methodology known as “How People Learn: Brain, Mind, 

Experience, and School” (Washington, DC: The National Academies Press) (4). Based on the 

interrelationship established between the community, the teaching, and the learning and knowledge. 

The course was held over two days, four hours each session. The facilities of the Faculty of Chemical 

Engineering in the “Benemerita Universidad Autónoma de Puebla” were headquarters for training. 

 

RESULTS AND DISCUSSION 

The percentage of compliance with the provisions enacted by the NOM-251-SSA1-2009 by dealers 

audited in inspections of food establishments was 54%. The points that needed strengthening were: 

facilities and areas, equipment and utensils, services, storage, operations control, control of raw 

materials, control, packaging, maintenance and cleaning, waste management, personal health and 

hygiene, temperature control, control handling and cleaning. Upon completion of training a final 

evaluation was made to dealers, topics that showed a better understanding were personal hygiene, 

pest control, receipt, storage and food storage, as well as disinfection of fruits and vegetables. 

However it is necessary to continue with subsequent training that reinforces the knowledge related 

to: hygiene, cleaning and disinfection of food as well as preparation and service.  
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Table 1 shows the level of noncompliance with the requirements set by the NOM-251-SSA1-2009 

presented in audits to food establishments belonging to the “Benemérita Universidad Autónoma de 

Puebla”.  

 

Table 1. Regulatory requirements unfulfilled in the audited establishments 

Evaluation criteria Requirements established by the NOM-251-SSA1-2009 

Facilities and areas 5.1.1, 5.1.3 

Equipment and utensils 5.2.1, 5.2.2, 5.2.5 

Services 5.3.6, 5.3.9, 5.3.12 

Storage 5.4.1, 5.4.2, 5.4.3, 5.4.6 

Operations control 5.5.2, 5.5.3, 5.5.4, 5.5.6 

Control of raw materials 5.6.2, 5.6.5 

Control packaging 5.7.1 

Maintenance and cleaning 5.9.1, 5.9.2, 5.9.10, 5.9.11 

Waste management 5.11.1, 5.11.2, 5.11.3 

Health and personal hygiene 5.12.3, 5.12.6, 7.6.2, 7.6.3 

Temperature control 7.1.1, 7.3.2, 7.3.3 

Handling control 7.4.1, 7.4.8 

Cleaning 7.5.5 

 

 

Figure 1 shows the percentage of requirements fulfilled and unfulfilled by the audited establishments. 

 

 
Figure 1. Level of compliance with the requirements for the audited dealers 

 

The total number of participants who attended the training was 69 people from various faculties of 

“Ciudad Universitaria”, health sciences and dependencies of the center of Puebla City, and 

preparatory schools belonging to the “Benemérita Universidad Autónoma de Puebla”. Figure 2 shows 

the percentage of attendees according to their location. 

 

46%

54%
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Figure 2. Percentage of participants in training by location 

 

According to the results obtained by dealers in their final evaluation, the topics that reveal a greater 

understanding and that were acquired more easily are personal hygiene, pest control, receipt, storage 

and food storage, as well as disinfection of fruit and vegetables (Figure 3). However it is necessary 

to continue with subsequent training that reinforces the knowledge related to: hygiene, cleaning and 

disinfection of food as well as preparation and service. 

 
Figure 3. Learning outcomes of the final evaluation 

 

CONCLUSION 

According to the audits carried out at the“Benemérita Universidad Autónoma de Puebla” cafeterias, 

it is shown that the provisions of NOM-251-SSA1-2009 are not fulfilled by 43% also; it is observed 

the lack of training for food handlers. However, according to the results of subsequent evaluations to 

training, the participants were able to gain knowledge of receipt, storage, preparation and service of 

food. However it is recommended to continue with subsequent training that will strengthen the 

knowledge related to: hygiene, cleaning and disinfection of food as well as preparation and service. 
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ABSTRACT 

Moringa oleifera is a tree native to India that possess multiple benefits for human health, attributed to 

its high content of bioactive compounds, mainly polyphenols, being used as a traditional medicine in 

treating over 300 diseases. The objective of this study was to characterize the phenolics compounds 

form M. oleifera leaves obtained by maceration and to evaluate its inhibitory effect on microbial 

growth of Staphylococcus aureus and Shigella sp. The hydroalcoholic extract (ethanol 70%, v/v) from 

M. oleifera leaves was prepared by maceration (36°C, 136 rpm) with a kinetic sampling each 24 h 

during 5 days. The analytical determinations of condensed and hydrolysable tannins were performed 

by the method of butanolysis and Folin-Ciocalteu respectively. The characterization of the phenolic 

constituents was performed by High-Performance Liquid Chromatography coupled to Mass 

Spectrometry (HPLC-MS). The growth inhibitory effect was tested by the disk diffusion susceptibility 

method (6.5mm of diameter) against two pathogenic bacterial strains transmitted by food, 

Staphylococcus aureus and Shigella sp. The results showed an average concentration of 178±7 mg as 

Procyanidin C1 Equivalent (PC1E)/100g of Dry Weight (DW) of condensed tannins and 1203±75 mg 

as Gallic Acid Equivalent (GAE)/100gDW of hydrolyzed tannins. Among the main compounds 

characterized by HPLC-MS present in the extracts of M. oleifera leaves include the hidroxy-caffeic 

acid, isoquercetin and crypto-chlorogenic acid. Finally, the concentrations used (160-13.3 mg/mL) 

showed that the extract from leaves of M. oleifera presented an antimicrobial effect for S. aureus under 

all concentrations used and a minimum inhibitory concentration (MIC) of 160 mg/mL for Shigella sp. 

The results confirmed the presence of bioactive compounds in extracts from leaves of M. oleifera whit 

antimicrobial potential for control of pathogenic microorganism such as S. aureus and Shigella sp. 

However, further studies for the isolation of the main compounds responsible for this antimicrobial 

activity are still needed. 

 

Keywords: Moringa oleifera, maceration, HPLC-MS, antimicrobial activity, polyphenols 

 

 

INTRODUCTION 

Moringa oleifera is a South Asian tree belonging to the Moringaceae family. The tree is deciduous, 

with fast growth, relatively undemanding to soil, well adapted to droughts and usually it reaches 10-

12 meters in height, with a diameter of 20-40 cm at chest height. It is cultivated in many parts of the 
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world, like Afghanistan, Bangladesh, Sri Lanka, Africa, West Asia and in the Americas, from Mexico 

to Peru, Caribbean Islands, Paraguay and Brazil (1). 

 

Moringa oleifera is a widely cultivated tree due to its many uses as functional food, cleaning water 

material, oil extraction for biofuel production, and other applications. The main use of this plant is as 

traditional medicine around the world due to empiric observations (2). These benefits have been 

associated with metabolites mainly phenolic compounds, flavonoids, vitamins and proteins. 

Nevertheless, the knowledge we have about the type of metabolites present in each organ and its 

ecological and biological functions, is not fully elucidated. Some of the molecular characterizations 

made in the last years including a protein with the ability to agglutinate, proteinase inhibitors, lectins, 

carbohydrates and lipid contents (2). However the full tree includes leaves, stem, roots, seeds and 

flowers that have been reported as important sources of different biochemical compounds with 

anticarcinogenic, antiinflammatory, antidiabetic, antioxidant, and antimicrobial effects (3). 

 

The leaves are the part most used of the plant. These are mainly used for human and animal nutrition 

and traditional medicine for the treatment of many diseases. M. oleifera leaves are rich in proteins, 

calcium, iron, potassium, vitamins (particularly C and E), β-carotene, and in antioxidant and bioactive 

compounds, such as flavonoids, phenolic compounds, glucosinolates and isothiocanates, responsible 

of their numerous pharmacological properties (1). The objective of this study was to evaluate the 

inhibitory effect of the extract of M. oleifera leaf extract on the microbial growth of Staphylococcus 

aureus and Shigella sp. common pathogens in food and characterize some of the phenolic compounds 

present in these leaves. 

 

MATERIALS AND METHODS  

Sample Collection. M. oleifera leaves were collected in March 2016 in places near to Cd. Valles, S. 

L. P., Mexico. The leaves were cleaned with water and then dried in a hot oven at 45°C until constant 

weight. The dried samples were ground and the obtained powder was kept in sealed containers and 

protected from light until used.   

Maceration of M. oleifera leaves. Dried and powdered M. oleifera leaves were macerated in ethanol 

(70%, v/v) with a mass-solvent relation of 1/10 w/v for 120 h (36 °C, 136 rpm) with a kinetic sampling 

each 24 h during 5 days. The extract was filtered and centrifuged at 4000 rpm for 10min to obtain a 

clear supernatant which was kept in sealed containers and protected from light until used. 

Determination of hydrolysable tannins. The content of hydrolysable tannins was determined using 

Folin-Ciocalteu (FC) procedure. Each sample of 800 μL was mixed with 800 μL of  FC, 800 μL of 

sodium bicarbonate solution (0.01M) and 5 mL of distilled water. The mixture was allowed to stand 

at room temperature for 45 min. The absorbance was measured at 790 nm using a UV-Visible (UV-

VIS) spectrophotometer Genesys 5. The content of hydrolysable tannins was calculated as mean ± 

SD (n=3) and expressed as mg of Gallic Acid Equivalent (GAE)/100g of Dry Weight (DW). 

Determination of condensed tannins. The content of condensed tannins in the extracts was 

determined by the method of butanolysis. Samples of 250 L of extract were mixed with 1.5 mL of 

HCl/BuOH (5%) and 50 μL of reagent ferric (2% in distilled water). The mixtures were carried to 

water bath (90 ° C) for 40 minutes at the boil. The absorbance was measured at 550 nm using a UV-

Visible (UV-VIS) spectrophotometer. The content of condensed tannins was calculated as mean ± 

SD (n=3) and expressed as mg of Procyanidin C1 Equivalent (PC1E)/100gDW of condensed tannins. 
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Antimicrobial activity by the diffusion susceptibility method. Staphylococcus aureus and Shigella 

sp strains were revitalized in 5 mL of nutrient broth and incubated at 37 °C for 24 h. The revitalized 

bacterial strains were inoculated in trypticase soy agar plates and incubated at 37 ° C for 24 h. The 

bacterial suspension in saline solution (0.85%) was prepared from the obtained colonies. The bacterial 

suspensions were uniformly inoculated using sterile cotton swab on a sterile Petri dish sterile Petri 

dish of nutrient agar. Five serial dilutions yielded concentrations of 160, 80, 40, 20, 20 and 13.3 

mg/mL for extracts and 6.5 mm filter paper discs were impregnated with each of the different 

dilutions. The discs were allowed to remain at room temperature until complete diluent evaporation. 

Discs loaded with the extract were placed onto the surface of the agar. Paper discs impregnated with 

the diluents used in the extracts were used as control. The systems were incubated for 24 h at 36ºC ± 

1ºC, under aerobic conditions. After incubation, the bacterial growth was observed. Inhibition of the 

bacterial growth was measured in mm. All experiments were performed in duplicate. 

Qualitative analysis of major active compounds by HPLC-MS. The maceration extract was 

analyzed by HPLC method performed on a Varian HPLC system including an autosampler (Varian 

ProStar 410, USA), a ternary pump (Varian ProStar 230I, USA) and a PDA detector (Varian ProStar 

330, USA). A liquid chromatograph ion trap mass spectrometer (Varian 500-MS IT Mass 

Spectrometer, USA) equipped with an electrospray ion source also was used. The separation was 

carried out onto a Denali  C18 column (150 mm × 2.1 mm, 3µm, Grace, USA). The eluents were 

formic acid (0.2 %, v/v; solvent A) and acetonitrile (solvent B). The following gradient was applied: 

initial, 3% B; 0–5 min, 9% B linear; 5–15 min, 16% B linear; 15–45 min, 50% B linear. The column 

was then washed and reconditioned. The flow rate was maintained at 0.2 mL/min and elution was 

monitored at 245, 280, 320 and 550 nm. The whole effluent (0.2 mL/min) was injected into the source 

of the mass spectrometer, without splitting. All MS experiments were carried out in the negative mode 

[M-H]-1. Nitrogen was used as nebulizing gas and helium as damping gas. The ion source parameters 

were: spray voltage 5.0 kV and, capillary voltage and temperature were 90.0 V and 350 °C, 

respectively. Data were collected and processed using MS Workstation software (V 6.9). Samples 

were firstly analyzed in full scan mode acquired in the m/z range 50–2000. MS/MS analyses were 

performed on a series of selected precursor ions. 

 

RESULTS AND DISCUSSION 

The results of the determination of condensed and hydrolysable tannins contained in the M. oleifera 

leaf extract are presented in the Figure 1. The results of the determination of hydrolysable and 

condensed tannins showed an average concentration of 178±7 mg PC1E/100gDW of condensed 

tannins and 1203±75 mg GAE/100gDW of hydrolyzed tannins.  In maceration extracts little change 

was observed in the concentration of tannins during the extraction kinetic. Based on this results it is 

considered unfavorable extend for more than one day the extraction of the bioactive compounds from 

M. oleifera. 

 

An important biological activity of M. oleifera is its antimicrobial activity. In the literature has been 

described the antimicrobial activity of flowers, pods, seeds, stem and leaves of this plant (4,5). Thus, 

this study aimed to evaluate the antimicrobial activity of M. oleifera extracts leaf against 

Staphylococcus aureus and Shigella sp., considering that these microorganisms are some of the main 

pathogens in food and can cause economic losses to the food industry as well as public health 

problems. The results of this study showed the antibacterial activity of the M. oleifera leaf extract 
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against Staphylococcus aureus strains in concentrations of 160 to 13.3 mg/ml. On the other hand, 

Shigella sp. showed a lower inhibitory response with a minimum inhibitory concentration (MIC) of 

160 mg/ml (Table 1). In addition, the antimicrobial activity of M. oleifera extracts of leaves, flowers 

and pods has been observed against Klebsiella pneumoniae, Pseudomonas aeruginosa, E. coli, 

Salmonella typhimurium, Salmonella typhii, Helicobacter pylori and Vibrio cholerae.  

 

Several reports have suggested that a phytochemical responsible for the antimicrobial activity in M. 

oleifera is 4-(4'-O-acetyl-α-L-rhamnopyranosyloxy) benzyl isothiocyanate which has bactericidal 

action on various pathogenic species, including isolates of Staphylococcus, Streptococcus and 

Legionella (6).  

 

 
Figure 1. Concentration of hydrolyzable and condensed tannins in the maceration extracts. 

 

Table 1. Results of the disk diffusion test with an isolate of Staphylococcus aureus and Shigella sp. 

Staphylococcus aureus Shigella sp. 

Concentration 

(mg/mL) 

Inhibition diameter 

(mm) 

Concentration 

(mg/mL) 

Inhibition diameter 

(mm) 

160.0 15.25±1.06 160.0 7.5±0.7 

80.0 12.50±0.00 80.0 - 

40.0 10.25±0.71 40.0 - 

20.0 8.75±0.35 20.0 - 

Values represent means ± standard deviation of duplicate readings. 

 

The HPLC-MS analysis presented in the Figure 2 revealed the presence of the main phenolic 

compounds such as hydroxycaffeic acid, crypto chlorogenic acid, isoquercetin and an unknown 

compound. The importance in the identification and quantification of these phyto-chemicals such as 

phenolic compounds is due to their relationship with several biological activities, including 

antimicrobial activity, antioxidant potential and radical scavenging, which is relevant for therapeutics 

and nutraceutical applications (2).  
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Figure 2. LC/MS chromatogram of M. oleifera leaf extract. 

 

Reports have revealed that phenolic contents of medicinal plants are related to their antioxidant 

capacity. In the case the OH scavenging ability of leaf extract of M. oleifera could be attributed to the 

presence of polyphenols which are capable of donating hydrogen atoms to OH radicals, thus 

inhibiting the oxidation process (7). Although, further researches with purified compounds are 

necessary in order to determine the bioactive compounds responsible for some of these biological 

activities, including antimicrobial activity. 
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ABSTRACT 

Aflatoxins are considered as one of the most important natural contaminants in food due to the 

presence of these in plant products such as grains and spices. Likewise, they represent a common 

source of contaminants in meat products, these can get contaminated indirectly through additives and 

spices used in their preparation, or directly with fungi of the genus Aspergillus flavus and Aspergillus 

parasiticus. The aim of this study was to determine the amount of total aflatoxins in spices used in the 

production of meat products, this becomes relevant if we consider that there are few previous studies 

that report the degree of contamination of different raw materials. The samples were obtained from 

different food processing plants, these were corn starch, potato starch, garlic powder, onion powder, 

chili guajillo powder, cinnamon, peanut paste, paprika and textured soy. The determination of aflatoxin 

was performed using the kit of Neogen® Verator aflatoxin. According to the results, 75% of the 

samples tested positive for total aflatoxins (AT), of which the sample with the highest number of 

aflatoxin was cinnamon powder with a concentration of 52.71µg/kg, followed by paprika 26.06 µg/kg; 

the guajillo powder, garlic powder, onion powder, peanut and potato starch showed concentrations of 

4.24, 2.05, 1.61, 1.57 and 2.75µg/kg respectively, in samples such as cornstarch and soy texturized the 

aT results they were negative. Mexican law tolerates a maximum of 20 µg/kg in food for human 

consumption, demonstrating that some products are over this limit, however in at least 29 countries, 

the maximum permissible limit is 2μg/kg. This study demonstrates that some feedstocks commonly 

used for the formulation of meat products, were subjected to contamination through meat proccessing, 

which represents a potencial risk to public health. 

 

Keywords: aflatoxins, spices, meat products. 

 

 

INTRODUCTION 

Aflatoxins are synthesized by fungi Aspergillus flavus and A. parasiticus mainly secondary 

metabolites. They were isolated and characterized for the first time in 1960, due to the death of more 

than 100,000 young turkeys (disease X turkeys) in Scotland, which later was determined, had been 

due to consumption of food with peanut flour contaminated with this metabolite (1-3). 

 

Aspergillus flavus and A. parasiticus are able to colonize and produce aflatoxins in food for animals 

and humans as cereals (maize, wheat, sorghum, etc.) and derived products (tortillas, flour, pasta, etc.), 

seeds oilseeds (peanuts, walnuts, pistachios, etc.), spices (chillies, cumin, mustard, etc.) and derived 

products such as eggs, dairy and meat products (4). 
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Aflatoxins are the most common mycotoxins in spices. They are teratogenic, mutagenic and 

carcinogenic in animals and humans (5), these toxins are cumulative so that once the grain or the 

agricultural product is contaminated in the field or warehouse they persist to digestion, the heat of 

cooking and freezing (4). 

 

METHODS AND MATERIALS 

The ingredients evaluated were garlic powder, onion powder, potato starch, corn starch, textured soy, 

guajillo powder, peanut paste, paprika and cinnamon. The samples were obtained from food 

processing plants located in Mexico DF, 100 g for each of the samples were obtained and were 

packaged, labeled and stored at room temperature until the time of evaluation. 

 

For the evaluation of the samples the kit for rapid detection Verator aflatoxin of Neogen® was used, 

which is based on immuno reactions ELISA, this kit is approved by USDA's Grain Inspection, 

Packers & Stockyyards Administration (GIPSA) so that the results they are dependable. 

 

RESULTS AND DISCUSSION 

The 75% of samples tested were positive for total aflatoxins (AT) (Table 1). Cinnamon powder 

sample was the largest number of AT with 52.27 ppb, while the Cornstarch sample, did not show 

presence of AT, followed by the Soya textured with an average of 0.07 ppb AT. 

 

The results obtained for cinnamon are similar to those recorded by Tosun and Arslan (5), who found 

the presence of AT and specifically aflatoxin B1 in 100% of their samples, ranging from 49.4 to 

53ppm. 

 

Table 1. Total aflatoxins in no meat raw material 

Sample Total Aflatoxins (ppm) 

Cornstarch 0.00 

0.00 

Potato starch 0.00 

2.75 

Texturized soy 0.00 

0.07 

Pepper 26.09 

Powder guajillo 4.24 

Cinnamon powder  52.71 

Garlic powder 2.05 

Onion powder 1.61 

Peanut 1.57 

 

Chalfoun et al. (6) determined that the cinnamon and cloves, promoting complete mycelial inhibition; 

in the same way that Viegas et al. (7), who found inhibition by cinnamon powder. Which is 

contradictory to what was found in this study. Furthermore, Sekiyama et al. (8) found 2.5% of 
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aflatoxins in corn products, including cornmeal, at concentrations of 10.4 to 59μg / kg. Similarly 

Broggi et al. (9) detected aflatoxins in 50 and 41.1% of samples analyzed. 

 

For the sample of paprika, a positive value of 9.26 ppb AT was obtained, which is similar to that 

found by Cho et al. (10), who of 41 samples of paprika powder, 17.1% had the presence of AT. 

Guajillo sample powder showed positive results with 4.24 ppb, as Sahar et al. (11) who tested positive 

for aflatoxin B1, which coincides with the findings of Iqbal et al. (12) who found that 56% of samples 

were powdered guajillo positive AT. 

 

Garlic powder for the AT content was 2.05 ppb, while onion powder 1.61 ppb presented. The above 

results for garlic are similar to those found by Arowora et al. (13), with a value of 3.13 ppb, in contrast 

to the findings in this paper, Chalfoun et al. (6) determined that garlic powder inhibits mycelial growth 

in concentrations of 2 and 4%, eliminating the possibility of developing aflatoxin, so it is presumed 

that contamination can occur prior to processing garlic powder. While in the case of onion Sahar et 

al. (11) found positive results in 90% of samples, contrary to garlic Chalfoun et al. (6) determined 

that the onion and oregano and laurel, show no growth inhibition of fungus mycelium so, in this case, 

contamination could occur in any part of the process. 

 

Potato starch yielded positive results with 2.75 and 0.92 ppb, unlike corn starch. In samples of soy 

texurizada they value 0.00 and 0.07 ppb respectively were obtained, the amount of AT is minimal 

and is not comparable with other values because they have not done research for the detection of 

aflatoxins in this product. 

 

Peanut sample revealed the presence of 1.57 ppb of aflatoxins, Ostadahimi et al. (14) analyzed 23 

samples, 17.3% were positive for the presence of alfatoxins in a range of 3.03-8.6; Moreover, Choi 

et al. (15) found aflatoxins in 1 of 31 samples tested (3.2%) at level of 7.97 ppm. 

 

CONCLUSIONS 

Based on the results obtained, it is concluded that most of spices and raw materials used to make 

sausages have total aflatoxins, which generally in a finished sausage containing more than one of the 

contaminated ingredients, represents a potential hazard public health. 

 

Potato starch presented a positive result against cornstarch, so replacing it in sausage production is 

potentially more risky than beneficial. Improve good manufacturing practices and pay special 

attention to the storage of raw materials, could be an alternative to generate a solution to the problem. 
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ABSTRACT 

The quality of milk produced on dairy farms is affected by pollution factors such as milking equipment, 

water, utensils, the cow, the same computer, causing the product may deteriorate. The objective was 

to evaluate the sanitary quality during milk processing with the Cotija cheese is made. 10 monthly 

samples were taken during the milking stage. To make improvements to the process of extracting the 

milk, a current diagnosis of quality was established and a program of BPH, which focused on physical 

facilities, sanitary equipment, cleaning and disinfection, control of operations, transportation was 

implemented and training. The samples were divided into two stages: one, prior to improve the sanitary 

conditions of farms and a second stage after a series of improvements. In analyzes obtained from step 

I, the dairy farms evidenced by a poor state both in facilities and in the aspect of health. In stage I, it is 

observed that 69.11% for BMA, was between 4.93 - 5.90 log10 CFU / ml, 23% corresponded to 

intervals between 6.70 - 7.50 log10 CFU / ml, values that exceed the limit established by the NMX F-

700-SCFI-2004., which establishes the reference limit 106 CFU / ml. For the second stage sampling 

after starting a program of hygiene and operational improvements in the process of obtaining milk, 

78% of the results of BMA were between 2.57 and 3.55 and log10 CFU/ml. Compared with those who 

were obtained in the first stage the difference is highly significant, also these data would be within 

stipulated by the NMX-F-700-SCFI-2004., 16% corresponded to counts obtained 4.71 log10 CFU / 

ml, only 5% of the samples exceeded the limits referenced. 

 

Keywords: Quality, milk and cottage cheese. 

 

 

INTRODUCTION:  

Fresh milk contains about 3 log10 CFU / mL mesophilic Aerobic even though there have been 

hygienic conditions and may be ≥ 6 log 10 CFU / mL, when it has been contaminated milk by milking 

equipment, water, utensils, cow , the same computer can provide bacteria when a temperature control 

storage of milk (1) is not carried. 

 

The quality of milk produced on dairy farms is affected by the above factors, this causes the product 

may deteriorate, causing economic losses for the producer (1). When milk is received in the industry 

Aerobic mesophilic bacteria counts (3) are mainly performed.  
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In some countries when the milk does not meet the limits of the parameters set by the industry, this 

is reflected in the payment (1). There microbial standards which allow us to appreciate the level of 

hygiene in a food which has been obtained, processed and stored (1). 

 

In order to establish criteria and assess the microbiological quality of milk is necessary to work with 

programs that ensure improve product safety, an option is the implementation of the Good Hygienic 

Practices which are a tool defined as the stages and general procedures keeping under control the 

operational conditions within the process of establishing favorable conditions and allow for the 

production of safe food. Therefore, the objective of this work was to improve the quality of milk, 

making improvements in the process of milk extraction. 

 

MATERIALS AND METHODS 

Samples were collected monthly for 24 months in 20 cattle farms in the municipality of Jiquilpan, 

Mich. Inclusion criteria for this study were producers with similar characteristics in terms of milking 

facilities, number of cows and they were willing to improve the quality of milk. To make 

improvements to the process of extracting a current diagnosis milk quality was established and 

subsequently process improvements were proposed. The samples were divided into two stages: first, 

prior to improve the sanitary conditions of farms and a second stage after the improvements made 

(blunting of the rooms, pre-sealed, sealing, separation of milk from sick animals, animals under 

treatment).  

 

The samples were collected in sterile plastic bags of cantaras randomly. It is noteworthy that each of 

the stages was held for four months in each year and 4 months were where improvements and training 

courses were established. 

 

The microbiological determinations were: Aerobic mesophilic bacteria (BMA) and Total Coliforms 

(CT), both in raw milk and whole sampling points. the methodology, the applied for each 

determination was proposed by the NOM-092-SSA1-1994 for BMA and NOM-113-SSA1-1994 for 

CT. 

 

Experimental un paired samples where observations of the two treatments (before and after 

application of Good Hygienic Practices) in milk were compared using the t test of Student design of 

the United Nations level of significance was used 0.05 (7). 

 

RESULTS AND DISCUSSION 

In analyzes obtained from step I, dairy farms evidenced by a poor state both in facilities and in the 

aspect of health, in Figure 1, it is observed that 69.11% for BMA, was between 4.93 - 5.90 log10 UFC 

/ ml, 22.78% corresponded to the intervals between 6.70 -. 7.50 log10 CFU / ml, values that exceed 

the limit established by the NMX-F-700-COFOCALEC-2004, which establishes the reference limit 

106 CFU / ml. 
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Figure 1. Dispersion of the bacterial load in dairy cattle farms first stage. 

 

This value is very large when compared with what establish other international organizations as an 

acceptable 105 CFU / mL, however, these organizations mention that for these farms with little 

infrastructure is very likely not to apply these controls for financial reasons and human resources, 

lack of adequate skilled personnel, infrastructure or other relevant factors (8). Regarding the 73.52% 

record CT values between 4.45 and 5.56 log10 CFU / mL, the 13.19% was between 6.58 - 7.33 log10 

CFU / mL. However, in the country there is no reference value which can set a limit for this indicator 

group. 

 

There is a regulation of sanitary control which includes specifications for raw milk as the way it 

should be transported, selling banned in public thoroughfares, milk containers, characteristics of milk 

intended for direct human consumption and is used as raw material for processing for obtaining 

products (5). The study on the microbiological quality of raw milk in tanks is of great importance 

BMA count, as they often are a factor in the price of milk. Sometimes buyers set the price and 

incentives for milk with a lower how much bacteria (6). 

 

For the second stage sampling after starting a program of hygiene and operational improvements in 

the process of obtaining milk, 76.96% of the results of BMA were between 2.57 and 3.55 and log10 

CFU / mL, compared with those who was obtained in the first stage the difference is highly 

significant, also these data would be within stipulated by the NMX-F-700-SCFI-2004. the 18.59% 

were counts obtained 4.71 log10 CFU / mL, only 5.45% of the samples exceeded the limits referenced. 

Undersecretary of Health Regulation and Development manages a ceiling of raw milk BMA for grade 

A 5 log10 CFU / mL. The 76.96% of the samples analyzed in this study was within this limit. United 

States handles like quality limit for BMA in raw milk ≤ 4 log10 CFU / mL unlike the regulatory limit 

set by the dairy industry that is ≤ 5 log10 CFU / mL (7). 
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According to the statistical analysis it is highly significant (p <0.005) before training courses and 

various improvements to the process (Stage I) and after implementation of GHP (Stage II), reducing 

the extent of distribution of 5.04 3.4 log10 CFU / mL for BMA; with significant differences from 5.65 

to 4.78 log10 CFU / mL for CT, which corroborates the statement by Lasta et al, 1992 to the effect 

that implementing a GHP establishment, the bacterial load in dairy farms is reduced. 

Figure 2. Dispersion of the bacterial load on cattle farms second stage. 

 

The CT record 66.8% of the samples between 3.55 and 4.24 log10 CFU / mL, values that are still 

outperforming the NMX-F-700-COFOCALEC-2004, however the results of the first stage were 

higher than this, and in this second stage was achieved decrease a logarithm (Figure 2). 

 

The implementation of health programs in such dairy farms helps to significantly reduce the bacterial 

load (4), who reported bacterial loads 3.0X105 CFU / mL of BMA prior to the implementation of 

good management practices. As was the case in this investigation, where the emergence of each of 

the cows was implemented, pre-sealed and sealing nipples, cleaning the udder, diagnosis of mastitis, 

processing Operating Procedures Sanitation (SOP) concerning disinfection of equipment, surfaces 

contacting the milk and utensils. It should be noted that this program has also been implemented in 

goats (2), where the start of the study was 80-100% out of bounds, to implement the program the 

reduction was 38-82%. 

 

Furthermore BMA count is important in assessing the quality of food microbiological determination, 

which allows comparative analyzes. The high counts of BMA in raw products does not necessarily 

indicate a risk to consumer health, however when information on the conditions of hygiene and 

control relating to the production, an account of the microbiota aerobic mesophilic failure can be a 

valuable reference (2 6). 

 

CONCLUSIONS 

Implementing improvements to the process of extracting milk contributed to improve the 

microbiological quality of milk in 20 cattle farms in the municipality of Jiquilpan where they were 

held.  
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To determine the presence of microorganisms indicators as BMA and CT was useful in predicting the 

degree of contamination, and have been applied as an indicator of hygienic practices during 

processing. 
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ABSTRACT 

The increasing use of antimicrobials for human and animal health and livestock production has been 

accompanied by the development of mechanisms previously evasion by sensitive microorganisms. The 

objectives were to isolate and identify Listeria spp of a matured artisan cheese and then the evaluation 

of the sensitivity / resistance to 23 antimicrobials. A total of 95 sampling cheeses. Isolation and 

characterization was done according to the NOM-143-SSA1-1995. Amikacin, AM: Ampicillin, CB: 

carbenicillin, CF: Cefaletina, CRO: Ceftriaxone, CXM: Cefuroxime, CAZ: Ceptadicima, CL: 

Chloramphenicol, DC: dicloxacillin, E Also, antimicrobial susceptibility to 23 antimicrobials (AK was 

evaluated: erythromycin, GE: Gentamicin, NET: Netilmicine, NF: nitrofurantoin, PEF: pefloxacin, PE: 

Penicillin, SXT: trimethoprim + Sulfametazol, TLC: Tylosin, AMX: Amoxicillin, VAC: Vancomycin, 

ETR: Streptomycin, FLF: Fluofernicol, LCO: lincomycin, OXT. oxytetracycline) by the agar diffusion 

method Miueller-Hinton. Regarding isolation were isolated and characterized strains of Listeria sp 5. 

The 17.39% showed resistance to DC, PE, TLC, VAC, these antimicrobial DC and TLC presented 

total resistance. Although Listeria is a microorganism that acquires resistance to antimicrobials very 

slowly, in recent years has shown that this pathogen has developed resistance including some of those 

used to treat listeriosis, such as AM or association with it includes one aminoglucósidoscomo such as 

GE and other second choice as the FLF, E and OXT. All strains of Listeria showed intermediate 

sensitivity or sensitivity to E and VAC. This indicates that the studied strains have developed resistance 

to antimicrobials which were sensitive, also with the passage of time has made the percentage of 

resistant strains increases and have acquired multidrug resistance. 

 

Keywords: cheese, Listeria sp and ripened cheeses 

 

 

INTRODUCTION 

Research has shown the emergence of multidrug-resistant strains in nature, representing a potential 

risk to human health. The indiscriminate and irrational use of antimicrobials in human and veterinary 

medicine and livestock production, has made certain microorganisms are acquiring some kind of 

resistance to one or more antimicrobials, this has become one of the major health problems public 

(1). 

 

Although Listeria is a microorganism that acquires resistance to antimicrobials very slowly, in recent 

years have shown the development of antimicrobial resistance, including some of those used to treat 

listeriosis, such as ampicillin or association with include one aminoglycosides (eg gentamycin), and 

other second choice as chloramphenicol, erythromycin, tetracycline and rifampicin (2,3). However, 

little attention has been paid to the presence of resistant microorganisms in food for human 
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consumption, especially in the animal and can presumably be carriers of resistance. Hence the need 

to assess patterns of sensitivity and resistance to certain antimicrobial agents commonly used in the 

treatment of listeriosis in strains of Listeria spp. 

 

MATERIALS AND METHODS 

The sample collection was with 95 producers in the region of origin of the municipalities of Santa 

Maria del Oro, Jilotlan of Sorrows and Quitupan, Jalisco, and by the state of Michoacan samples were 

obtained from the municipalities of Tocumbo and Cotija . For handling samples recommended for 

the handling and transport of food samples for microbiological analysis (5) procedure was followed. 

 

The determination of Listeria spp in unripened cheese was performed according to the methodology 

proposed (6). Likewise, all isolates were corroborated with biochemical tests APIS E20, L20 APIS. 

agglutination tests which were taken with 30 ul of antiserum factors of Listeria spp O1,4 were 

performed. Later a hoe of a fresh culture of the microorganism previously grown on nutrient agar was 

added and read at 3 minutes was performed transillumination light blancay reactions were interpreted 

by crosses (+, ++, +++, and + +++). Isolates were serotyped with specific antisera "O1, 4". 

 

Susceptibility tests and antimicrobial resistance of isolated microorganisms was determined by disk 

diffusion method on agar, in which the BIORAD multi-brand, gram positive (CAT.71080180) and 

gram-negative were used (CAT.71080280) Vancomycin (VAN), Amoxicillin (AMX), 

Oxitotraciclina (OXT), trimethoprim (TMP), Penicillin (PSU) Sulfadiozina (FE), Tilocina (TLO), 

Florfenicol (FFC), Ampicillin (AM), flavomycin (FLA) lincomycin (LIC), Streptomycin (EXT). 

 

RESULTS AND DISCUSSION 

95 cheeses analyzed 5 strains of Listeria spp 38% were positive were isolated. Regarding the 5 strains 

tested they showed intermediate sensitivity to 4 of the 12 antimicrobials (PSU, TLO, FE and FFC). 

On the other hand, the percentage of strains showed resistance to 8 antimicrobials (VAN, FLAN, 

PSU, FE, TLO, FFC, AM, LIC). 

 

Table 1. Number of Listeria spp resistant strains, sensitive and intermediate. 

Antimicrobial  Sensitive Resistant Intermediate 

VAN 3 2 - 

AMX 5 - - 

OXT 5 - - 

TMP 5 - - 

PSU - 1 4 

FE 2 1 2 

TLO 1 1 3 

FFC 3 1 1 

AM 4 1 - 

FLA 3 2 - 

LIC 4 1 - 

EXT 5 - - 
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Figure 1 graphically present the percentage of strains of Listeria spp, sensitive, intermediate and 

resistant to antimicrobial sensitivity tested. 

 

None of the 5 strains were susceptible to all 12 antimicrobials, although 4 of them were sensitive to 

AMX, OXT, TMP AND EXT. 

. 

 
Figure 1 Graph of strains of Listeria spp, intermediate sensitive and resistant. 

 

Listeria spp respect is important to note the importance of this organism, as it is multisystem that can 

infect a wide range of human tissues (7). While most cases of illness due to consumption of 

unpasteurized or products made with the same milk, outbreaks despite pasteurization make clear that 

this process does not eliminate the risk of subsequent contamination and therefore, the pasteurized 

foods carry the same danger that raw milk (8). 

 

Comparing the results obtained (9) in 1999 are below those reported in this investigation and reporting 

3.6% in Italian cheeses, while in 1993 reported a prevalence of 5.2% in cheeses made from raw milk 

(10). In cheeses made in the province of Beira Baixa, Portugal a percentage of 46% (11) was reported. 

In Canada, the United States and Mexico the prevalence varies between 0 and 15% (12). 

 

In other studies in Costa Rica, assigned a positivity of 10% and 45% in cheese (13). In Peru, a 4% 

positivity (14) However, other research conducted in Europe and Chile reported the absence of this 

organism (15,16) is reported. 63% of isolation corresponded to Listeria genus, of these 8.4% were 

identified L. monocytogenes, while 7.36% were L. ivanovii, being 4.21% L. innocua. In 2007 very 

similar to those obtained in this research using the disk diffusion method Miuller-Hinton agar (17) 

results were reported. 

 

Also, in 2010 a study of susceptibility of 54 strains of Listeria isolated from milk and milk products 

reported by diffusion method disk, which they found that 98.2% of strains were resistant to one or 

more antimicrobials, obtaining very similar results that were obtained in this investigation, since all 

were sensitive to vancomycin, 12.7% resistant to ampicillin, 20% to ciprofloxacin, 1.8% to 

gentamicin, 34.5% penicillin and 27% tetracycline. However, they differ in the resistance to 

erythromycin (12.8%) since all strains showed intermediate sensitivity to these antimicrobial (18). 

Other studies, using the same disk diffusion method, with strains of Listeria spp. isolated from 

chicken-based products, ready-to-cook (RTC) and ready-to-eat (RTE), they obtained the following 

patterns of antimicrobial susceptibility: resistance to ampicillin (35.5%), ciprofloxacin (30,0 %), 
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erythromycin (6.4%), penicillin (35.5%) rifampicin (7%) tetracycline (32%) and vancomycin (0%). 

Similar to the results of this investigation. 

 

The β-lactam: ampicillin and penicillin have been the drugs of choice for the treatment of listeriosis, 

but have been replaced by others since Listeria spp has acquired resistance to these antimicrobials 

(19). In this study it was found that 40% and 10% of strains were resistant to penicillin and ampicillin 

respectively. Other alternative treatments for listeriosis is the use of tetracycline, gentamicin or 

erythromycin alone or in combination (19). In this research not oxytetracycline resistant strains were 

detected.  

 

The results showed that some of the antimicrobials used for the treatment of food-borne listeriosis 

formerly resistant, now presented sensitivity as penicillin, ampicillin and clindamycin (20). Only still 

retain sensitivity to vancomycin, erythromycin and rifampicin. The combination of erythromycin-

Vancomycin is used to treat listeriosis in pregnant women. (twenty-one). The high resistance found 

to clindamycin is supported by other authors argue that resistance 100% of this antimicrobial strains 

may be due to excessive use of it in veterinary medicine. The slow increase to be observed to penicillin 

and ampicillin may be due to their widespread use in the treatment of various diseases in animals and 

man. The tetracycline resistance may be due to the use of this medicine years ago as a growth 

promoter in animal feed and as a second choice drug in the treatment of human disease (21). The low 

resistance to gentamicin may be because these antimicrobial no longer used, either as therapeutic 

antimicrobial agents in veterinary medicine or as growth promoters in animals conventional fattening 

(21).  

 

CONCLUSIONS 

Listeria spp strains tested in this study, showed widespread resistance to several antimicrobials 

commonly used in the treatment of  listeriosis, which could increase the risk of foodborne listeriosis. 

That is why it is considered important to conduct continuous surveillance of emerging resistance to 

this pathogen and thereby contribute to ensuring safety in the effective treatment of human listeriosis. 

 

Furthermore, these results obtained in this study seems necessary to expand the number of strains of 

Listeria foodborne and antimicrobials, as well as the study of genes of resistance to certain antibiotics, 

in order to contribute to a better understanding of the risk of listeriosis associated food. 
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ABSTRACT 

Different cultures have used extracts from wild blackberry (Rubus sp.) as antimicrobial, effect 

attributed to the presence of polyphenols. This paper reports methanol extract of leaves of Rubus 

adenotrichos, collected in Uruapan, Michoacán, Mexico as antimicrobial potential. For antibacterial 

evaluation against Clavibacter michiganensis subsp. Michiganensis, methanolic extracts (ME) were 

obtained from dehydrated samples and resuspended in 10 % dimethylsulfoxide (DMSO). In order to 

understand the relationship between their antibacterial activity and polyphenols concentration, these 

were quantified by the Folin-Ciocalteu method. ME was stored in the dark at 4 °C for 0, 60 and 120 

days (ME0, ME60 and ME120 respectively). The ME0 antimicrobial activity was qualitatively evaluated 

using 0.5 cm diameter discs impregnated with 50 µL of extract. Antimicrobial treatments for evaluation 

were: ME60; ME120; absolute control containing 10 % DMSO (AC) and positive control (PC) 

containing trimethoprim and sulfamethoxazole 25 µg/mL of potato dextrose médium. Inhibition was 

determined by counting colony forming units (CFU) by serial dilutions and plating in Petri dish. The 

analysis of the data was carried out in triplicate with a completely experimental randomized design. 

Tukey test was performed with the JMP statistical package, version 6.0.0, SAS. Significant differences 

were found in the polyphenol content, being ME0 (5.20 ± 0.11 µg EAG/µL) superior, respect to ME60 

and ME120. Qualitative tests showed inhibition of 11.5 ± 1.6 mm, while the inhibition of the bacteria 

percentage, did not show a significative diference between ME60 (98.8 ± 0.38 %) and ME120 (96.4 ± 

0.49 %). This experiment shows that the methanolic extract inhibited the development of the 

phytopathogenic bacteria Clavibacter michiganensis subsp michiganensis and which retains its activity 

for at least 120 days of storage. 

 

Keywords: Clavibacter, polyphenols, antimicrobial activity 

 

 

INTRODUCTION 

The Rubus genus presents plants such as raspberries and blackberries that are developed in several 

states of the Mexican Republic, including Michoacán (1-3). The fruits of the wild blackberries 

represent an alternate source for the family income from various communities, also they are used with 

stems and leaves in the traditional herbal due to their positive impact on the control of infectious 

diseases (4-6); these effects has been attributed to the presence of phytochemicals, mainly 

polyphenols, which have shown antimicrobial activity against various bacteria, including 
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Mycobacterium tuberculosis, Salmonella typhi, E. coli, Streptococcus aureus, Micrococcus luteus, 

Proteus mirabilis, Bacillus subtilis, Citrobacteri sp., Pseudomonas aeruginosa and Helicobacter 

pylori strains resistant to antibiotics, revealing inhibition of bacterial growth (7, 8). Notwithstanding 

the foregoing, of the more than 250 species of Rubus that are reported in the world (1), has been 

evaluated only the antibacterial potential of a small number of them, hence the importance of 

evaluating the more than 15 species of Rubus present in Mexico and its possible application in 

agronomy for the control of plant pathogens as Clavibacter michiganensis subspecies michiganensis, 

causal bacteria of the bacterial canker that affects the tomato (9). The objective of the present work 

was to obtain polar extracts from the leaves of Rubus adenotrichus and assess its antibacterial activity. 

 

MATERIALS AND METHODS 

Collection and preparation of the plant material. Leaves of the species Rubus adenotrichus were 

collected in the hill "The Charanda", City of Uruapan, Michoacán, Mexico, located with the data 

georreferénciales N 19° 26' 17.6'' and W 102° 03' 49.3''. The leaves collected showed healthy 

appearance and a state of intermediate development. These were subjected to a process of dehydration 

by 24 hours at 46°C. Subsequently, were pulverized to finally store at -20 °C in watertight plastic 

bags. 

Metanolic extract. Ten grams of dehydrated leaves and pulverized were macerated in 100 mL of 

absolute methanol mark FERMONT, for a period of 5 days to 4°C. After the maceration, the extract 

it was filtered through filter paper whatman # 4; once recovered the extract was stored in the dark at 

4 °C until its use. 

Quantification of total polyphenols. Once the maceration process is completed, the total 

polyphenols were measured at zero time (ME0), subsequently to the 60 days (ME60) and 120 days 

(ME120) storage. The reaction mixture consisted in 50 µL of extract, 100 µL of Folin-Ciocalteu 

reagent (FC) with 2N concentration, and 550 µL of distilled water to a final volume of 700 µL, giving 

a reaction time of 8 min; subsequently added 300 µL of Na2CO3 to 7.5 % and was left at rest for 15 

minutes at ambient temperature. At the end of the reaction, took reading the absorbance at 760 nm in 

UV-Vis spectrophotometer brand JENWAY 6305, using a reagent blank with methanol (10, 11). 

To report the results, was built a standard curve of gallic acid, starting from a stock solution with a 

concentration of 0.5 mg/mL. The results were expressed as µg gallic acid equivalents (EAG)/µL. 

Bacterial Culture. The antibacterial activity of the extracts was evaluated against the bacterium 

Clavibacter michiganensis subspecies michiganensis, donated by the Universidad Autonoma Agraria 

Antonio Narro (UAAAN). 

Antibacterial assessment through disk diffusión test. For the antibacterial evaluation the extracts 

were resuspendidos in dimethylsulfoxide (DMSO) to 10 %. Were used sterile discs of 0.5 cm in 

diameter elaborated with filter paper and 50 µL of methanolic extract (treatment ME0) or 50 µL of 

DMSO to 10 % (absolute control) were applied. The disks were placed in Petri dishes inoculated with 

100 µL of the bacterium, and incubated in the dark at 25°C during 96 hours. Elapsed time of 

incubation is evaluated the diameter of the inhibition halo. 

Percentage of bacterial inhibition. For this evaluation were placed within a flask Erlenmeyer of 25 

mL: 4.4 mL of a potato dextrose broth (PD), 100 µl of inoculum and 0.5 mL of treatment for a final 

volume of 5 mL. The treatments were: Absolute Control (AC): 10% DMSO; positive control (CP): 

trimetroprima and sulfametoxasol 25 µg/mL of medium PD; EM60 and EM120. Subsequently the 

flasks were incubated for 10 hours at room temperature (25°C) and in constant agitation to 150 rpm. 
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Finally is used the method of serial dilutions and planting in Petri plates for counting the colony 

forming units (CFU)/mL. 

Statistical Analysis. The analysis for the different evaluations were carried out in triplicate with a 

completely randomized experimental design. The Tukey test was performed with the statistical 

package JMP version 6.0.0, SAS Institute, Inc. 

 

RESULTS AND DISCUSSION 

Polyphenol content. The results showed significant differences in the content of total polyphenols 

present between treatments (Figure 1), being EM0 which presented higher concentration (5.20 ± 0.11 

µg EAG/µL). Moreover the data show a degradation of polyphenolic compounds, at 60 days of 

storage. This is contrasted with what was described by Aispurua-Olaizola et al., (13) who set an 

average life of polyphenolic compounds stored in the dark at 4° C from 139 to 152 days. 

 

 
Figure 1.Effect of time on the content of total polyphenols, Tukey (p<0.05): EM0, EM60 and EM120 (extract 

metanólico evaluated to zero, 60 days and 120 days of storage, respectively) 

 

Presence of inhibition zone. The impregnated disks with the EM0 showed a halo of inhibition of 

11.5 ± 1.6 mm, which indicates that the extract presents an antimicrobial affection on the bacteria 

evaluated. 

 

Effect of extracts on the percentages of bacterial inhibition. There were no significant differences 

between the treatments EM60 and EM120 with respect to the percentage of bacterial inhibition (98.8 

± 0.38 % and 96.4 ± 0.49 %, respectively; Figure 2). These results were obtained by applying dose 

of 486.9 ± 24.6 µg EAG (EM60) and 408.6 ± 21.6 µg EAG (EM120) per milliliter of PD medium 

inoculated with the bacteria.  

 

 

ME0 ME60 ME120
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Figure 2. Percentage of inhibition of ME60 (methanolic extract 60 days), ME120 (methanolic extract 120 days), 

PC (trimetroprima and sulfametoxasol 25 µg/mL of medium PD) and AC (containing DMSO at 10 %) against 

to Clavibacter michiganensis subspecies michiganensis. Different literals denote significant differences, Tukey 

(P˂0.05). 

 

The foregoing expresses the vulnerability of phytopathogenic bacteria Clavibacter michiganensis 

subspecies michiganensis to be confronted with the methanolic extract of leaves of Rubus 

adenotrichus, since in similar jobs such as the one carried out by Martini et al. (8) are displayed 

minimum inhibitory dose of 150 to 1500 µg/mL of crude extract of leaves of Rubus ulmifolius against 

different strains of Helicobacter pylori. 

 

CONCLUSION 

The extract obtained by methanolic maceration of leaves of Rubus adenotrichus exhibits an inhibitory 

effect against the phytopathogenic bacteria Clavibacter michiganensis subspecies michiganensis and 

if it is stored in the dark at 4 °C keeps its effect for 120 days without showing significant differences. 
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ABSTRACT 

The cassava root (Manihot esculenta Crantz) ranks fourth in the world as a crop, after wheat, corn and 

rice, millions of people depend on cassava in Africa, Asia and Latin America because it is a food base 

population with limited resources. Cassava roots are a good source of carbohydrates, some vitamins 

and minerals, plus metabolites such as hydroxycoumarins and flavonoids, with potential biological 

function, however, its bitter taste is associated with high levels of cyanogenic glucosides (linamarina 

and lotaustralin) making it potentially toxic when root tissues are damaged, releasing cianhydric acid 

(potent inhibitor of complex IV of the respiratory chain) by the action of their endogenous enzyme (β-

glucosidase). The objective of this work was to isolate the linamarin of cassava extract by 

chromatographic techniques for evaluation in animal model. A methanol extract of cassava flour was 

obtained, which was carried a column chromatography (CC), which eluted different solvent mixtures 

with polarities in increasing order (hexane, ethyl acetate, acetone), fractions of 15ml which were 

analyzed in thin layer chromatography (TLC) were collected . Linamarin presence was confirmed in 

the fractions coincided with the standard (Sigma Aldrich) via HPLC Varian ProStar 210 model, C18 

reverse phase column 4.6x250mm, 5 .mu.m (Agilent), UV detector, vol. 20μL injection, 240nm 

wavelength, mobile phase A water: acetonitrile (80:20), mobile phase B acetonitrile, flow rate  0.6ml 

/ min. The gradient was 100% A at 0 min, 99% A to 3min, 97% of A to 5 min, 99% A to 100% 7min 

and A at 10 min. 12 fractions of interest after separation by CC were obtained, which they were 

analyzed by HPLC. Fractions 62-64 had two peaks with retention times of 3.08 and the 3.4min, the 

first peak is estimated to linamarin isomer (lotaustralin), 65-72 fractions showed a peak with retention 

time between 3.4 and 3.5 min similar to the standard, in two asymmetric peaks 73-74 showed. The 

methodology developed linamarina allowed obtaining a high degree of purity which will allow 

subsequent use in toxicological by employees. 

 

Keywords: Linamarin, chromatographic techniques, purification, cassava 

 

 

INTRODUCTION 

The yucca, cassava, or manioc (Manihot esculenta Crantz) is an original plant of Latin America and 

the Caribbean, also cultivated in Africa and Asia. It is one of the main crops in the world, sharing 

place with wheat, corn, sugar cane and rice, due to its easy adaptation to the climate, its use in food 

industry and because it is a very good source of energy for consumption human and animal (1). In 

Mexico cassava is cultivated and consumed in Chiapas, Guerrero, Jalisco, Oaxaca, Puebla, Sonora, 
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Tabasco and Veracruz, its consumption varies from the form raw until in products finished as flour, 

fried or sweet products (2). 

 

Cassava roots are a good source of carbohydrates, some vitamins and minerals, and metabolites 

glycosylated with potential biological function, such as hydroxycoumarins and flavonoids (quercetin, 

kaemferol, coumaric acid), also it has toxic compounds as cyanogenic glycosides (linamarin and 

lotaustralin) (3; 4). 

 

When linamarin comes into contact with the linamarase (endogenous enzyme, located in the cell 

walls) (5), causing hydrolysis of linamarin in acetonecyanohydrin and glucose. When 

acetonecyanohydrin is degraded by various factors such as pH, temperature and maceration, 

dissociates the molecule producing a hydrogen cyanide (HCN) that inhibits mitochondrial respiration 

(6;7;8). Although these glycosides are removed mostly during the processing of cassava roots, can be 

present in the intact form or hydrolyzed, endangering consumer health (9;10). Epidemiological data 

associated with cassava consumption hypothyroidism and two very different neurological diseases 

each other: Neuropathy TAN (NAT), a peripheral neuropathy that presents with sensory neural 

deafness and optic atrophy, and konzo, a spastic paraparesis (11). The formula of linamarin is 

C10H17NO6 and has a molecular weight of 247.24508, his point of fusion is of 142-143° C.  It is freely 

soluble in water, cold alcohol and acetone; slightly soluble in hot ethyl acetate, ether, benzene and 

chloroform and practically insoluble in petroleum ether (12). 

 

Different methods exist for the detection and quantification of glycosides cyanogenic, some based on 

hydrogen cyanide production, with colorimetric techniques such as measuring kit proposed (13). 

Another technique used is chromatography, from column chromatography and thin layer for 

separation and semiquantitative determination (14), as by HPLC using a reversed-phase C18 column 

and as mobile phase methane: water, acetonitrile:water, ortho-phosphoric acid:methanol and 

methanol:stopper phosphate (15;16;17). The objective of this work is to carry out extraction, detection 

and purification of linamarin for future applications in the study of this compound in the toxicological 

field. 

 

MATERIALS AND METHODS: 

Biological material: Cassava was collected in the municipality of Tlapacoyan, Veracruz state. The 

roots that were not damaged or contaminated by a fungus were selected. It was washed and peeled 

the root and cut into strips about 4cm long and 1cm in thickness, dried at 105 °C in a heating oven 

and once dried was ground using a mortar to obtain powder or yucca flour which it was screened in 

a mesh No.40. 

Moisture content: It was held by weights difference, 3g of sample fresh were placed in a capsule of 

porcelain in constant weight. Be submitted to 100 ± 2 ° C in a stove until weight constant. It was left 

to cool in desiccator and was weighed. 

Fat: It was determined by weight difference by the Soxhlet method (3g sample), extracting with 

125mL of hexane. 

Proteins: They were determined by Biuret method with bovine albumin serum as standard, extracted 

proteins soluble cassava through the aqueous extract 1:10 (w/v), 100µl of sample were taken and 

were read by a spectrophotometer at 540nm. 
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Ash: The sample was incinerated and later submitted to 530°C in a muffle for 4-6 hours until constant 

weight. It was left to cool in a desiccator and weighed. 

Cyanide: The reagents of the Cyanide used test kit HI 3855 of the brand Hanna Instruments (18). 

Providing by means of UV-Vis spectrophotometry, the concentration of cyanide present in the extract 

(1:10 w/v) of fresh cassava with a solution of orthophosphoric acid/ethanol (0.1M) read at a 

wavelength of 545nm (19). 

Extract: 100g cassava flour was homogenized with cold methanol for 24 hours, then filtered under 

vacuum and the methanolic extract obtained was concentrated by rotary evaporator model Yamato 

RE301 until 10ml about, it was added 1 g of activated carbon and stirred 1h, after it was centrifugated 

the extract to 5000rpm, 4°C during 20min (20). 

Column chromatography: Occupied a glass column with 60cm height, 4cm diameter, the stationary 

phase was silica gel 200-425 MESH and different solvent mixtures were eluted with polarities in 

increasing order (hexane, ethyl acetate, acetone), fractions (15mL) were analyzed in thin layer 

chromatography (TLC) with standard linamarin (Sigma Aldrich). 

High-resolution liquid chromatography: After obtained fractions with similar profiles everyone 

was evaporated, subsequently reconstituted with 1 mL methanol and analyzed by Liquid 

Chromatography High Resolution (HPLC) equipment model Varian ProStar 210, with column C18 

4.6x250mm reversed phase, 5µm (Agilent), detector UV, volume injection 20µL and wavelength of 

240nm. Mobile phase A water:acetonitrile (80:20), mobile phase B acetonitrile and flow rate was 

0.6mL/min. The gradient was 100% of A at 0 min, 99% of A at 3min, 97% of A at 5 min, 99% of A 

at 7min and 100% of A at 10 min (10). 

 

RESULTS AND DISCUSSION 

The results obtained in the evaluation of moisture, fats, proteins and ashes, which are shown in Table 

1, do not indicate significant differences with that reported by Ospina and Ceballos (2002), according 

to the results obtained with the Cyanide test kit HI 3855, the variety occupied was sweet cassava. 

 

Table 1: Results of moisture, fat, protein, ash and cyanide of manioc fresh. 

Determination Reference values  

(Ospina y Ceballos, 2002) 

Results 

Moisture  60-70% 65.3±5.8% 

Fat 0.5-1% 0.682±0.061% 

Proteins 2-4% 1.964±0.057% 

Ash 1-2.5% 1.359±0.109% 

Cyanide ≤180mg/100g sweet 

≥180mg/100g bitter 

105.2±6.85mg/100g 
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Figure 1: TLC fractions 65-72 (Acetone: ethyl acetate 60:40, revealed with sulfuric acid solution: 10% acetone) 

 

After collecting the different fractions obtained by column chromatography(CC), were run by thin 

layer chromatography(TLC), in groups of 8 fractions compared with standard linamarin. In Figure 1, 

the fractions 65-72 where it is possible to observe that they ran in a profile similar to the standard. 

 

 
Figure 2: Chromatogram obtained of fractions 65-68, for determination of linamarin. 

 

 
Figure 3: Chromatogram obtained of fractions 69-72, for determination of linamarin. 
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The figure 2 shows the chromatograms of the fractions 65-68, everyone had a peak with a time of 

retention of 3.48±0.01min this profile was similar to the standard of linamarin. The figure 3 shows 

the fractions 69-72 in which the first peak corresponds to linamarin with a time of retention of 

3.51±0.01min and the second peak is the isomer of linamarin (lotaustralin) with a time of retention 

of 3.730±0.02min. The concentration of linamarin of different fractions ranged from 1.41-1.87g/kg, 

it was similar to reported by Rivadeneyra et al., 2013 and Sornyotha et al. 2007.  

 

CONCLUSION 

The methodology developed by the application of chromatographic techniques allowed the 

purification of linamarin for use in subsequent toxicological evaluations involving the central nervous 

system. 
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ABSTRACT 

In April 2002, the National Food Authority from Sweden published a study in which the presence of a 

carcinogen in experimental animals identified as acrylamide was reported for the first time. The main 

mechanism for the formation of acrylamide in foods is through Maillard reaction between reducing 

sugars (such as glucose or fructose) and the amino terminal of asparagine, during heat processing. 

Given that acrylamide is recognized as a health risk because of its proven neurotoxic and probable 

carcinogenic effects, it is necessary to conduct survey studies where the concentration of acrylamide 

can be determined and used construct a reliable database to support bills so legislation in this regard 

can be established. Due to the above, the aim of present work was estimate the content of acrylamide 

(AA) in food consumed by young people in Mexico and calculate its intake in this population sector. 

Twenty samples of heat-processed commercial foods, widely consumed in Mexico were obtained from 

supermarkets and local convenience stores, and analyzed in triplicate to determine their concentration 

of acrylamide (µg/kg of product) by HPLC-UV and later assess the intake in young adults.  

Significantly high contents of acrylamide were found in most foods evaluated; the highest levels were 

found in fried products (5,914 µg/kg in potato chips). Intake of Acrylamide was estimated in 0.68 

µg/kg bw/day and this was estimated based on food and portions that subjects reported. The estimated 

daily intake could be at levels above the limit established to avoid the risk of neurotoxicity. This 

research provides relevant information for public health experts, policy makers and consumers in 

general. 

 

Keywords: Acrylamide, Food-intake, Health, México.  

 

 

INTRODUCTION  

Thermally processed food products are consumed in large proportions by the general population, 

thermal treatments can increase the range of color, flavor and aroma, also favor the development of 

desired sensory characteristics, thus offering more palatable products to consumers. Thermal 

processing also extends the shelf life of food products, since microbial population is reduced or 

inactivated and moisture may be diminished. However, heating also favors chemical reactions that 

could promote the reduction in the content of beneficial compounds, or even in the formation of 
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potentially toxicants as acrylamide. (1,2). In this work we intended to estimate the content of 

acrylamide (AA) in food consumed by young people in Mexico and calculate its intake in the general 

population. A total of 20 samples of heat-processed commercial foods, widely consumed in Mexico 

were obtained from local supermarkets and convenience stores, and analyzed in triplicate to determine 

their content of AA (µg/kg of product) by HPLC-UV. Significantly high contents of AA were found 

in most foods evaluated; the highest levels were found in fried products: 5,914 µg/kg of product in 

potato chips, followed by roasted products such as coffee, while the lowest concentration of AA (294 

µg/kg of product) was found in baguette bread. The estimated daily intake could be at levels above 

the limit established to avoid the risk of neurotoxicity. This research provides relevant information 

for public health experts, policy makers and consumers in general. 

 

METHODS AND MATERIALS  

Sample selection. Samples of different commercial starchy foodstuffs widely distributed in Mexico 

were selected randomly in triplicate in fast-food restaurants, local supermarkets and convenience 

stores in the city of Veracruz, Veracruz, Mexico. Samples were grouped in fifteen categories, to which 

the AA content was determined. These data are presented in Table 1. The samples included, roasted 

coffee, breakfast cereals, tortilla products, popcorn instant noodles, nuggets, bread, crackers, French 

fries and potato chips of different brands. The choice was based on what was reported on the 

occurrence of AA in foodstuffs reported by FAO/WHO (2002) and the Swedish National Food 

Administration (3). 

Quantification of Acrylamide in selected foods. In order to quantify AA, samples were ground with 

a food processor (BraunTM). One g of each sample was weighed and 10 mL of 0.1% (v/v) formic acid 

was added, then, sample was homogenized using a magnetic stirrer (250 rpm, 20 min), centrifuged at 

10,000 rpm (30 min, 4 ºC), and the supernatant was cleaned using SPE (C18 Max, Grace PureTM); 

columns were conditioned with 1 mL of methanol, followed by 1 mL of deionized water; after that, 

1 mL of sample was passed dropwise through the column; samples were then eluted with 1 mL of 

deionized water and fractions were collected and filtered through a 0.45 μm syringe filter for further 

analysis by HPLC. A previously calculated percent recovery of SPE columns was used to adjust the 

AA concentration of each sample. AA extracted were analyzed using a HPLC system (Waters™, 

Milford, MA) with a reverse phase C18 column ODS Spheri-5 (220 mm x 4.6 mm, Supelco), a mobile 

phase of 0.1% formic acid; a UV/Visible detector (Waters 2487) adjusted to 195 nm; a flow rate of 1 

mL/min and an injection volume of 10 μL (EPA Method 8316). A calibration curve was constructed 

(range of 0.5-1 μg AA /mL) to verify the linearity of the UV detector.  

Estimated dietary intake of acrylamide based in food consumption data. Volunteer subjects from 

the city of Veracruz were selected randomly in order to obtain population sample, its size was 

estimated employing the formula (I) with a confidence interval of 95 %. 

 

n=(N*Z^2*p(1-p))/(N-1*e^2+Z^2*p(1-p)) ----------(I) 

Where: 

n = sample size, N = population size, Z = standard deviation, e = standard error, P = proportion 

 

A three-day consumption record was employed to estimate the dietary intake of acrylamide (4). 

Subjects were instructed to record the weights of foods consumed if possible, using household 
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measurements (spoonful or cup). Consumption of individual food types and the content of AA 

ingested (μg/kg bw/day) were estimated.  

 

RESULTS  

AA content was analyzed using an HPLC-UV system. Linearity of the UV detector was assessed with 

a calibration curve (0.5-1 µg acrylamide/mL, R2=0.9955). Precision of the method was measured 

during 10 different days and a variation coefficient of 4.71 % was calculated. Quantification and 

detection limits were established for this method as 0.0622 and 0.0182 µg/mL, respectively. A spike 

of AA (1 µg/mL) was added to a food sample in order to confirm that the peak identified corresponded 

to AA. 

 

Samples analyzed consisted of foods subjected to different heat treatments: frying, baking, roasting 

and sterilization in the case of canned products and porridge for baby. As is shown in Table 1 the 

higher content of acrylamide was found in fried foods such as potato chips, French fries and crushed 

plantain (5,802, 3,267 and 1,923 µg/kg of product, respectively). Products subjected to roasting, like 

medium roasted coffee, also presented a significant concentration., Canned vegetables and instant 

noodles (957 and 331 µg/kg of product). In baked foods, the highest content was found in corn 

products, baked tortillas, corn breakfast cereal and popcorn; where acrylamide concentrations were 

373, 498 and 607 µg/kg of product, respectively; bread type baguette, cracker biscuits and chocolate 

chip cookies had lower levels of acrylamide (302, 308 and 304 µg/kg of product, respectively). 

 

Table 1. Acrylamide (µg/Kg) in various foodstuffs produced in México. 

FOOD CATEGORY ACRYLAMIDE CONTENT (µg/Kg) 

1. Baguette bread 302 ± 4 

2. Chocolate chip cookies 304 ± 0.53 

3. Cracker biscuits 308 ± 12 

4. White toast bread 320 ± 3 

5. Instant noodles 331 ± 3 

6. Roasted peanuts 347 ± 13 

7. Fried chicken nuggets 364 ± 8 

8. Baked tortilla 373 ± 22 

9. Corn breakfast cereal 498 ± 19 

10. Microwave popcorn 607 ± 36 

11. Canned vegetables 957 ± 47 

12. Medium toast ground coffee 1877 ± 71 

13. Fried green plantain 1923 ± 32 

14. French fries 3267 ± 142 

15. Potato crisps 5802 ± 306 
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In order to make a preliminary assessment of acrylamide intake only attributed to these products, 

surveys were conducted on 275 subjects; 100 men (36.5 %) and 174 women  (63.5 %), mean age was 

22 ± 2 years. An intake of 0.68 µg/kg bw/day was estimated based on food and portions that subjects 

reported (Table 2). 

 

Table 2. Consumption of acrylamide in surveyed population (n=275) 

Food Acrylamide μg/kg 

product 

% Consumers 

Baguette bread 5.94±9.05 54.01 

Chocolate chip cookies 3.60±13.22 34.31 

Cracker biscuits 0.54±2.79 9.49 

White toast bread 0.31±1.39 8.03 

Instant noodles 0.14±1.72 1.09 

Roasted peanuts 0.20±1.63 2.92 

Fried Chicken nuggets 0.25±4.13 0.36 

Baked tortilla 0.82±3.55 15.69 

Corn breakfast cereal 2.18±7.78 19.71 

Microwave popcorn 0.92±4.3 6.57 

Canned vegetables 0.24±4.05 0.36 

Medium toast ground coffee 2.75±6.95 32.85 

Fried green plantain 4.09±20.51 4.38 

French fries 9.0±35.32 9.12 

Potato crisps 14.88±64.89 9.85 

 

DISCUSSION. 

Liquid chromatography methods coupled to UV detection have been used to analyze the content of 

acrylamide in potato products as well as in instant noodles. Acrylamide concentration in potato chips 

measured by LC-UV methods at low wavelengths gave results consistent with determinations made 

by GC-MS (5-7).  

 

Content of acrylamide in fried foods such potatoes chips, French fries and green plantain chips found 

in this work, should be considered of concern since the market for sweet and savory snacks in Mexico 

is still growing, in the end of 2007, this sector posted total sales of US $ 2,597 million, representing 

an increase of 6.6% between the years 2006 and 2007. High levels of acrylamide in toasted products 

like medium roast coffee were found in this study, our results are of concern since coffee consumption 

has increased 35 % from 2005 to 2010. The per capita consumption was 1.85 kg of green coffee in 

2015. (8) Acrylamide was found in canned vegetables (potatoes and carrots mixture. Instant soups 
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are a source of alarm, since these products are widely consumed by the Mexican population; where 

more than 514 million servings per year were reported back in 2006 (9).  

 

In México as in other Latin America countries, corn products are among the most important sources 

of protein, calcium and energy. A recent report indicates that frying tortilla chips in soybean oil at 180 

ºC for 3.15 min produced up to 802 µg/kg of acrylamide (10). We found in baked tortillas acrylamide 

in concentrations that were lower than those reported by the later authors, who found that baking 

tortilla for four minutes produced an acrylamide concentration of 587 µg/kg product. Baking 

parameters such as time and temperature could affect these values. 

 

A corn-based breakfast cereal was also analyzed since according to the Federal Bureau of Consumers 

of México (11), 50 % of children in urban Mexican population consume it two to three times a week, 

and 37% ingest it daily. The variation in acrylamide levels the rest of samples can be explained by 

differences in the parameters of cooking and processing, the type and quality of the raw materials and 

the high variability in the formulations, and even storage conditions (12). 

 

Acrylamide intake has been estimated by various studies published by the scientific community. 

Acrylamide intake assessment is particularly difficult because its levels depend largely on the nature 

and extent of heat treatment and preparation methods, which vary among participants of the study 

populations (13). In order to make a preliminary assessment of acrylamide intake only due to these 

products, surveys were conducted on 275 subjects. The average Acrylamide intake (μg/kg bw/day) 

was of 0.65 ±1.07 (male) and 0.70 ±1.28 (female); our results are in the same order of magnitude than 

the report by Sirot and co-workers (2012) they assessed the exposure to of general adult and children 

populations by combining analytical results with national consumption data. They reported a mean 

acrylamide exposure of 0.43±0.33 μg/kg bw/day for adults and 0.69±0.58 μg/kg bw/day for children. 

Authors established that these values indicated a health concern, since the calculated margins of 

exposure, based on benchmark dose limits defined for carcinogenic effects remain very low, 

especially for young children (14). 

 

CONCLUSIONS. 

Evaluation of the acrylamide content in various foodstuffs in México, especially those associated with 

high consumption, should generate interest in all concerned sectors: the food industry, health 

management and government regulatory agencies. Studies aimed to evaluate the effect of diverse 

cooking variables in home condition on acrylamide production in various foods are currently under 

way. Data disclosure will be necessary so that people responsible for preparing foods in Mexican 

households and food services, such as industrial canteens, restaurants, may increase their awareness. 

There is no legislation or Federal instance in Mexico that monitors or regulates the acrylamide content 

in heat-treated foods, and could press the domestic food industry to take steps to minimize its 

presence. Moreover, in Mexico the levels of acrylamide in different food groups that contribute 

significantly to the dietary intake of the population are not known. General studies in this topic are 

still needed. 
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ABSTRACT 

Methicillin-resistant Staphylococcus aureus (MRSA) is an important pathogen that is becoming 

increasingly important in bovine mastitis, causing chronic intramammary infections (IMI) which limit 

profitable milk production. These pathogens reach us through various ways one of them are dairy 

products such as fresh cheeses or pasteurization malpractices causing contamination in fresh cheeses 

easily. In this work the ability to inhibit biofilm formation of Staphylococcus aureus by total 

polyphenols drimifolia Mexican avocado criollo variety was tested. The bacterial strains of this work 

were obtained from 11 freshly milked  Holstein dairy cows with chronic mastitis data as raw milk and 

the strain 3 (methicillin resistant and vancomycin intermediate) as a control. The bactericidal power 

of total polyphenols was verified by test and the minimum bactericidal concentration (MIC), this being 

100g / ml. To test inhibition of biofilm formation was used a microtiter plate 96 wells using gentamicin 

as positive control and soy broth tripticasine as negative control, the polyphenols was adjusted with a 

sub-MIC dose of 50 g/ml with avocado leaf extract, and was then placed in the incubator for eight 

hours. The viable cells were removed and the biofilm formation was verified by crystal violet. The 

results were read at a wavelength of 490nm. To test removal of biofilm already formed a similar 

procedure with some variants was performed. The microtiter plate was incubated first for four hours 

without inhibitor to allow biofilm formation were subsequently added total polyphenols at a 

concentration of 50 g/ml and incubated for a period of 24 hours after that time was measured percent 

inhibition in the same way as for the first test. The results showed that total polyphenols avocado leaf 

inhibited by 40% to 90% of the formation of new film in the 11 strains isolated from raw milk, and 

60% in the control strain of methicillin-resistant Staphylococcus aureus 3. However, the test removal 

of biofilm already formed only showed inhibitions ranging from 25% to 59%. With this, we can 

conclude that the polyphenols Mexican avocado leaf have great potential in inhibiting new films of a 

pathogen such as S. aureus. 

 

 

INTRODUCTION 

As is known Mexico is center of origin of many plant spices. Within these spices is avocado (Persea 

americana). Is endemic to the region again lion specifically between the cities of Aramberri and 

Zaragoza in these places specifically is the point of origin of the avocado. Which is so also will have 

registered not only a variety if not more of this fruit ranging from shapes, sizes very different and 

varied, some cultivars are Maria Elena, Duck, Egg Dove, Yellow, Champion, butter, Banana Early, 

Banana 'Late Criollo 1 Criollo 2 Criollo 3 Criollo 4 Horn, Pagua, Leonor, the Savior, the long jump 
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and Banana, to name a few. This time we will work with a variety specific, which is the variety Maria 

Elena, who has given us good results. 

 

Nosocomial infections are one of the most outstanding and important issues regarding public safety, 

for that reason it is important to know the epidemiology of infections as this has become a big 

challenge for those responsible for health, because the adaptation of bacteria to antibiotics (8). For 

example. Staphylococcus aureuses is a bacterium belonging to Micrococcaceae, with a morphology 

of gram-positive cocci in culture grow forming clusters and has particularly unique virulence and 

especially resistance to antibiotics which represents a serious problem for human health 

characteristics, as it has a major impact on countries worldwide, thus their level of morbidity is 

already at a community level and intra-hospital (2) 

 

It due to the problems generated around wasteful overuse of antibiotics in animals, we have a problem 

and that bacterial resistance is an ongoing process that began with the resistance of penicillin by 

aureus.La staphylococcus resistance is conferred by a binding protein PBP penicillin for its acronym 

in English called PBP2a or BPPP which is not in the know methicillin susceptible S. aureus, protein 

is encoded by the mecA gene (9,10). 

 

Also of note biofilm production because although it is considered a virulence determinant, also helps 

survival and spread of bacteria in the host, these bacteria are characterized by growing in a matrix of 

exopolysaccharide and adhered to a surface inert or tissue lived this allows the bacteria to survive 

under high stress conditions. Production biofilm is due to ica I operate (intercellular adhesion cluster) 

composed of several genes (ICAR ica ADBC) involved in the biosynthesis of the polysaccharide 

intercellular adhesion (PIA) as this is elprincipal matrix component biofilm (10). 

 

There are other proteins that influence the biofilm formation which emphasize the surface BAP 

protein, which is involved in adherence to inert surfaces and increase the infection (11). The agr locus 

is a genetic system of global regulation of virulence of Staphylococcus genus. It is an operon which 

includes a system signal transduction two components responsible for expression of virulence and 

pathogenicity. This operon is induced by a self-peptide (AIP) that eta at the same locus. Agr is 

considered as a global regulator in staphylococcal virulence and quorum sensing mechanism in 

Staphylococcus aureus. The genetic locus AGR is about 3 kb in size and comprises of various 

transcription units. This place is activated by two promoters and P2 and P3. P2 programs agrACDB 

operon expression and a ligand autoinducing. Whereas, P3 promoter directs expression of RNAIII 

molecules, which in turn regulate the expression of virulence genes and quorum sensing (10). 

 

Bovine mastitis is the disease of dairy cattle that causes major economic losses to producers and the 

dairy industry because it causes decreased milk secretion and impaired quality of milk (Booth, 1981). 

From the health point of view how milking livestock is important in the state of udder health and the 

quality of milk produced, the bacterial load varies significantly between milking methods (5). The 

etiology of clinical and subclinical mastitis shows differences between regions and countries (6). 

Given this behavior is essential to identify circulating microorganisms before considering any disease 

control (7). 
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MATERIALS AND METHODS 

To carry out this research was carried out a sampling of Holstein dairy cows in a barn milking Marin 

new lion. The collection conducted early in the morning before the usual milking, about forty cows 

were sampled in milk production, then passed to manually remove a sample of milk from the four 

quarters of the udder, this was done without any prior disinfection to collect the largest possible 

number of bacteria, the samples were collected in sterile plastic bags and sealed to prevent leakage 

after collection back to campus agricultural science where science lab, where direct seeding was 

performed in is broth tripticaceina soy and after reseeding agar tripticaceina soy after incubation for 

24 hours, were able to isolate and purify 11 different strains of Staphylococcus and added more 

already had isolated in the laboratory, which were performed catalase test out positive, subsequent 

mind an experiment was conducted to determine if our avocado leaf extract drimifolia criollo variety 

is capable of inhibiting the adhesion of the biofilm of bacteria, so two protocols to determine the 

reaction that triggers the extract were used. 

Inhibition of biofilm formation. The twelve bacteria isolated from dairy cattle were placed in an 

Elisa plate well with 96 negative control is gentamicin and TSB is the positive control, the remaining 

wells are six repetitions with the extract. They allowed to incubate for 8 hours at 37 degrees Celsius 

in an incubator, after incubation was removed the supernatant with the bacteria so that only stay 

bacteria adhered to the plate and were added the gentamicin, TSB and polyphenols which to add a 

sub-mic dose of 50g / ml extract avocado leaf, then allowed to incubate 2 hours, then remove again 

the supernatant, rinse with distilled water, then stained with crystal violet for 5 minutes and rinse with 

ethanol and then with water and had to read the microplate at 490 nm. 

Number # 2 degradation of the biofilm formed. Twelve bacteria were placed in an Elisa plate well 

with 96 negative control is gentamicin and TSB is the positive control, the remaining wells are six 

repetitions with the extract. They are allowed to incubate 24 hours at 37 degrees Celsius in an 

incubator, after incubation was withdrawn supernatant with the bacteria so that only stay the biofilm 

attached to the plate and were added the gentamicin, TSB and polyphenols which to add a sub-mic 

dose of 50g / ml extract avocado leaf, then allowed to incubate 2 hours, then remove again the 

supernatant, rinse with distilled water, then stained with crystal violet for 5 minutes and rinse with 

ethanol and then with water and we proceed to reading the microplate at 490 nm., 

 

RESULTS 

Biofilm formation inhibition (Staphylococcus aureus). The results of the analysis of synthesis of 

new biofilm shows that a concentration of 150g/ml of total polyphenols, can inhibit the formation 

of new biofilm, the total polyphenols of avocado leaves native Mexican drymifola variety acts such 

that inhibition of biofilm formation of Staphylococcus aureus between 40 and up to 60 % inhibition 

considering that the extract attacks bacteria thus preventing their proliferation (figure 1). 

 

After the reading of the plate was performed the following chart in which we can see that a lower 

percentage was degradation biofilm having as results percentages ranging from 25% to 59% removal 

of this thanks to the use total pylyphenols from Mexican avocado therefore the polyphenols 

performance prevents the formation of biofilm if once formed can also remove a little percent of 

already.  
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Figure 1: Removal of existing biofilm of Staphylococcus aureus. Columns 1-11: Strains isolated from dairy 

cattle. Column 12: control Strain Mu3. 

Figure 2: Remotion of the formed Biofilm. Columns: Strains used Nomenclature EOG is for strains isolated 

from dairy cattle. Control Strain Mu3 

 

CONCLUSION 

As we can conclude the importance that can generate a staple crop in our country can be of importance 

not only in the food concept but also as alternative medicine aside drugs and antibiotics only generate 

resistance to certain pathogens, this so we can get great results against diseases that generate large 

amounts of human casualties and economic losses animals. With the help of leaf extract Mexican 

criollo avocado can effectively replace the use of antibiotics and likewise them aside and make way 

for new techniques more efficient, safer and less harmful control. Since polyphenols avocado leaf has 

a potential gan inhibition against Staphylococcus aureus. 
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ABSTRACT 

At moment of carrying out risk analysis studies on food safety, it is important to have reliable 

information associated to hazards and food matrices of interest. On this regard, it is relevant the use of 

scientific databases to establish which public and private institutions with pertinent information for 

such study in a specific region. Information that may correspond to reports, research results, 

epidemiological reports, case studies, newsletters, circulars, work-papers, etc. The computing tool 

developed possess information associated with 214 institutions and 305 groups of Colombian research 

and 15 food matrices (meat, dairy, fish, fruits and vegetables, water, salt, low-acid foods, infant foods, 

cereals, fats and oils, sugar and derivatives, spices, poultry, sauces, eggs, ready foods to eat, and 

others), and it corresponds to collected information made directly in the regions. For seeking specific 

data, the tool allows using keywords through information crossings associated to hazards and foods 

that have often been connected with cases of ETAs in the country, debugging all available data. For 

evaluating the performance of tool, a test was carried out corresponding to identification of information 

sources that have information on organophosphate pesticide residues in broccoli and cauliflower in 

Colombia. The category of fruits and vegetables was crossed with subcategories (hazard class) 

pesticide residues, environmental contaminants, and waste packaging. It was found that there were 195 

records of which 57 were specific to organophosphates. Of those 57 results, 5 corresponded to linked 

information to research groups, and 52 to existing information in records of public and private 

institutions. Filtering these records using as subcategory the type of information, it was found that 20 

records corresponded to general information, 4 to exposure, 13 to alertness, 5 to monitoring, and 15 to 

control. Respect to each one records, the software is able to provide information on information sources 

to which belong, delivering data that allow contact with them facilitating the search, identification and 

collection of required information for conducting researches on analysis safety risks. Approach that 

helps to reduce the involved time in this process and to take the first steps in consolidating specific 

databases for such studies. 

 

Keywords: safety, risk analysis, broccoli, organophosphates, information. 

 

 

INTRODUCTION 

All cruciferous species are affected to greater or lesser grade by phytosanitary problems that 

predispose to disease and result in the intensive use of pesticides as a management measure. Thus, 

Colombian Agricultural Research Corporation (Corpoica) reported that producers of vegetables such 

as cabbage, broccoli, cauliflower, and Chinese cabbage, carry out indiscriminate applications with 

organophosphate pesticides, reaching to effect until 16 applications during the crop cycle. Pesticide 

mailto:jrey@unisalle.edu.co
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residues most frequently found in broccoli correspond to Malathion, Diazinon, and Chlorpyrifos 

present in 70, 65, and 43% of analyzed samples (1-3). 

 

Organophosphates are insecticides most commonly used for pest-control in Colombia, along with 

Carbamates and Bipyridyls (4). Highlighting the use of Chlorpyrifos, Diazinon, Dichlorvos, 

Mevinphos, Monocrotophos, Methyl Parathion, Parathion, Methamidophos, Coumaphos, Fenthion, 

Malathion, and Profens (5). These charged a boom after the prohibition of organochlorine pesticides 

and these have proven to be efficient and economical (2); however, although they are less persistent 

in the environment, they represent a risk to human health (6). 

 

The frames of organophosphate poisoning are a serious public health problem in many parts of the 

world. In this regard, it is important to know compound type used, the route of entry of the toxic, and 

time of evolution. The clinical frame of this poisoning type is conformed for a set of characteristic 

signs and symptoms that must be recognized by the physician in emergency department, to provide 

adequate and timely handling to the patient (5). 

 

In that sense, these substances become a major risk for various sectors of the population, on the one 

hand producers and workers handling agrochemicals and on the other hand consumers, being more 

vulnerable children under five years (2). Observing, then, the need of carrying out a safety risk profile 

which relevant information on the subject is collected in order to assistance to take new measures for 

helping to risk managers to determine the need of a risk assessment. 

 

At the moment of accomplishing risk analysis studies on food safety, it is important to have reliable 

information associated to hazards and food matrices of interest. In this regard, it is relevant the use of 

scientific databases besides establishing which public and private institutions possess significant 

information for this type of study in a specific region. Information that may correspond to reports, 

research results, epidemiological reports, case studies, newsletters, circulars, work-documents, etc. 

 

MATERIALS AND METHODS 

For the development of Software, a data sheet was prepared for identification and characterization of 

sources and a computer tool for capturing information. With data sheet adjusted was proceeded to 

make the collection of information in different regions. Followed, the design and development of a 

computer search tool was proceeded with a graphical interface that allowing to different users access 

of fast and reliable manner to the collected information (7). 

 
The computer tool developed holds associated information from 214 institutions and 305 Colombian 

research groups and 15 food matrices (meat, dairy, fish, fruits and vegetables, water, salt, low-acid 

foods, infant foods, cereals, fats and oils, sugar and derivatives, spices, poultry, sauces, eggs, ready 

to eat foods, and others) that correspond to the collection of information made directly in the regions. 

For specific searches, the tool allows using keywords, crossing information associated to hazards and 

foods that have often been associated to ETAs cases in the country. 

 
For evaluating the performance of tool, a proof was carried out corresponding to the identification of 

sources of information that have information on organophosphate pesticide residues in broccoli and 
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cauliflower in Colombia. In that sense, the fruit and vegetable category was crossed with 

subcategories (hazard class) pesticide residues, environmental pollutants, and waste packaging. 

 

RESULTS AND DISCUSSION 

After using the software crossing the fruit and vegetable category with subcategories (hazard class) 

pesticide residues, environmental pollutants, and waste packaging, it was found that there were 195 

records of which 57 were specific to organophosphates. Of those 57 results, 5 corresponded to 

information related to research groups and 52 to existing information in records of public and private 

institutions.  

Table 1. Example of using search platform 

 
 

Filtering these records using as subcategory the information type, it was found that 20 records 

corresponded to general information, 4 to exposure, 13 to vigilance, 5 to monitoring, and 15 to 

control. With respect to each one of the records, the software is able to provide information on sources 

IdFuente Peligro ClasePeligro Categoria Subcategoria Valor

2 Peligros Químicos Residuos de plaguicidas Vigilancia Organofosforados CA

2 Peligros Químicos Residuos de plaguicidas Control Organofosforados CA

5 Peligros Químicos Residuos de plaguicidas Vigilancia Organofosforados CA

5 Peligros Químicos Residuos de plaguicidas Control Organofosforados CA

10 Peligros Químicos Residuos de plaguicidas General Organofosforados B

10 Peligros Químicos Residuos de plaguicidas Monitoreo Organofosforados B

10 Peligros Químicos Residuos de plaguicidas Control Organofosforados B

17 Peligros Químicos Residuos de plaguicidas Vigilancia Organofosforados CA

17 Peligros Químicos Residuos de plaguicidas Control Organofosforados CA

18 Peligros Químicos Residuos de plaguicidas Vigilancia Organofosforados CA

18 Peligros Químicos Residuos de plaguicidas Control Organofosforados CA

21 Peligros Químicos Residuos de plaguicidas General Organofosforados PW,B

24 Peligros Químicos Residuos de plaguicidas General Organofosforados B

30 Peligros Químicos Residuos de plaguicidas general Organofosforados CA

31 Peligros Químicos Residuos de plaguicidas General Organofosforados CA

42 Peligros Químicos Residuos de plaguicidas General Organofosforados CA

50 Peligros Químicos Residuos de plaguicidas Monitoreo Organofosforados B

50 Peligros Químicos Residuos de plaguicidas Vigilancia Organofosforados B

50 Peligros Químicos Residuos de plaguicidas Control Organofosforados B

56 Peligros Químicos Residuos de plaguicidas Monitoreo Organofosforados B,CA

56 Peligros Químicos Residuos de plaguicidas Vigilancia Organofosforados B,CA

56 Peligros Químicos Residuos de plaguicidas Control Organofosforados B

58 Peligros Químicos Residuos de plaguicidas Vigilancia Organofosforados CA

58 Peligros Químicos Residuos de plaguicidas Control Organofosforados CA

64 Peligros Químicos Residuos de plaguicidas Vigilancia Organofosforados CA

64 Peligros Químicos Residuos de plaguicidas Control Organofosforados CA

67 Peligros Químicos Residuos de plaguicidas General Organofosforados CA

189 Peligros Químicos Residuos de plaguicidas Exposición Organofosforados PW

191 Peligros Químicos Residuos de plaguicidas General Organofosforados CA

191 Peligros Químicos Residuos de plaguicidas Monitoreo Organofosforados CA

205 Peligros Químicos Residuos de plaguicidas General Organofosforados PW,B

208 Peligros Químicos Residuos de plaguicidas General Organofosforados CA

215 Peligros Químicos Residuos de plaguicidas General Organofosforados B

COL0005789 Peligros Químicos Residuos de plaguicidas Vigilancia Organofosforados CA

COL0019605 Peligros Químicos Residuos de plaguicidas Control Organofosforados PW

COL0065617 Peligros Químicos Residuos de plaguicidas Exposición Organofosforados CA
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of information to which they belong, delivering data that allow contact with them facilitating the 

search, identification and collection of information which is required to conduct researches in analysis 

safety risks. Approach that helps to reduce the time involved in this process and to take the first steps 

in consolidating specific databases for such studies. 

 

As an example, Table 1 presents one search executed, on which was crossed the food matrix (fruits 

and vegetables) with criteria: dangerous chemical (pesticide residues), subcategory 

(organophosphate).  It can be seen as a result of the search the identification "IdFuente" that 

corresponds to contact details of source, a criteria of classification "Categoria" that frames the 

information according to whether it is for vigilance, monitoring, control, monitoring or it is of general 

character, and a nomination "Valor" that corresponds to access type to information (CA: assisted 

consultation -  formal request for information, B: library, or PW: consultation through web). 

 

After obtaining this information, the next step for the construction of the risk profile is to access to 

itself and perform its depuration in order to gather the major quantity of national information for 

constructing documents of risk analysis in Colombian context. In the future, it is expected that this 

tool will be used in the development of risk assessments and it will serve as a support to the 

development of system of sanitary and phytosanitary measures of country and for the expedition of 

appropriate actions. 
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ABSTRACT 

The commercial relationship between Mexico and Japan has grown considerably in recent years, 

therefore the requirements to meet safety standards in export agricultural products to Japan are 

increasingly demanding, as in the case of avocado produced mainly in the state of Michoacán. Two of 

the main requirements for exporting Mexican avocados to that destination, is compliance with the 

maximum residue limits (MRLs) for those pesticides that are permitted and on the other hand, ensure 

that the product is free not permitted pesticides according to the Japanese law. To achieve this, the 

Servicio Nacional de Sanidad, Inocuidad y Calidad Agroalimentaria (SENASICA) through the 

National Reference Center of Pesticides and Contaminants, developed a robust methodology for multi-

residual pesticide analysis in avocado matrix, using the technique of QuEChERS extraction, referred 

in the official standard method CSN EN 15662, at which modifications and improvements were made 

because it is a highly complex matrix, the above in order to achieve detection levels up to 0,005 mg / 

kg. The methodology was developed by liquid and gas chromatography coupled to spectrometry 

masses/masses. The extraction process validation and quantification covered 42 pesticides in avocado, 

according to the requirements for the target market; it considered the statistical analysis to calculate 

and ensure compliance with the limits of detection, limits of quantification, recovery rates, linearity 

and working range, robustness of the method, repeatability, reproducibility and uncertainty. This has 

considerably reduced rejections Mexican avocado shipments to this major shopping destination. 

 

 

INTRODUCTION 

In Mexico, the avocado is one of the main agricultural export products, so it is important, guarantee 

the results obtained from the analysis of pesticides in that matrix, as taking of the decision on approval 

or rejection have a great economic, political and social impact an international level. The laboratory 

CNRPyC (Centro Nacional de Referencia de Plaguicidas y Contaminantes) has the mission to report 

reliable results based on validated methodologies, because of that, the present project has the finality 

of guarantee the validated extraction and reliable quantification for the analysis of interest pesticides 

in the avocado matrix. The validation of interest pesticides in the avocado matrix are extracted by the 

QuEChERS method and quantified by Liquid and Gas Chromatography coupled to Spectrometry 

Masses / Masses. 
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The QuEChERS method (Quick, Easy, Cheap, Effective, Rugged and Safe) is based on an initial 

phase extraction using only 10 g sample with Acetonitrile (1 mL of Acetonitrile for 1g sample). It is 

created a partition liquid-liquid adding an excess salt to the extract. After centrifugation, the 

acetonitrile phase with the pesticide is collected. The matrix is cleaned and the excess of water is 

removed, mixing the extract with anhydrous MgSO4, primary and secondary amine (PSA) and GCB 

(Graphitized-Carbon Black Sorben), which effectively eliminates some matrix components, such as 

water, lipids, sugars and pigments. The major advantage, besides time and effort, is that the final 

extract can be analyzed directly by LC / MS / MS or GC / MS / MS. 

 

The analytes that can be determined with this methodology, meeting the required MRL (maximum 

residue limit expressed in mg of pesticide per kilogram of sample) for export to Japan, are mentioned 

in the next Table 1. 

 

Table 1. Pesticides in Avocado. 

No. Compound MRL mg/Kg Method 

1 Acephate unspecified* LC 

2 Azoxystrobin   LC 

3 Boscalid   LC 

4 Carbendazim 3.0 LC 

5 Chlorpyriphos   LC 

6 Clothianidin   LC 

7 Cyprodinil 1.0 LC 

8 Diazinon   LC 

9 Dichlorvos (DDVP)   LC 

10 Dimethoate 1.0 LC 

11 Ethion   LC 

12 Fenhexamid   LC 

13 Hexazinone   LC 

14 Imidacloprid 0.700 LC 

15 Methamidophos 0.010 LC 

16 Myclobutanil   LC 

17 Omethoate   LC 

18 Prometryn   LC 

19 Pyraclostrobin   LC 

20 Pyrimethanil   LC 

21 Terbutryn   LC 

22 Thiabendazole 3.0 LC 

23 Thiamethoxam unspecified* LC 

24 α-Endosulfan 0.500 GC 

25 α-Cypermethrin unspecified* GC 

26 β-Endosulfan 0.500 GC 

27 Bifenthrin unspecified* GC 

28 
cis,1,2,3-

Tetrahydrophthalimide(THPI) 
unspecified* GC 

29 Diphenylamine   GC 
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No. Compound MRL mg/Kg Method 

30 Endosulfan sulfate 0.500 GC 

31 Fludioxonil unspecified* GC 

32 Folpet 30.0 GC 

33 λ-Cyhalotrin   GC 

34 Malathion   GC 

35 Methidathion   GC 

36 Parathion   GC 

37 Parathion methyl 0.200 GC 

38 Pentachlorophenol unspecified* GC 

39 cis-Permethrin 5.0 GC 

40 trans-Permethrin 5.0 GC 

41 Tributylphosphate   GC 

42 Triphenylphosphate   GC 

*The maximum residue limit is taken as 0.01 mg / Kg. 

 

In the preliminary tests, was utilized a system of Liquid Chromatography (LC / MS / MS) and Gas 

(GC / MS / MS); it is works basically with confirmation of pesticide identity, determining the 

operation conditions of the equipment to reach the required limits for pesticides, the linearity of the 

equipment is evaluated, the form ionization of molecules, matrix avocado interferences are reviewed 

and pesticides extraction in the matrix. 

 

The first step was the individual tuning of the compounds for identification of precursor ion, followed 

by subsequent injections to identify the optimal daughters ions, that is to say, three MRM transitions 

for each pesticide were monitored: the most abundant for quantification and less abundant for 

confirmation; followed to establish the right conditions for optimization of LC / MS / MS and GC / 

MS / MS to obtain the best sensitivity and specificity in the method. 

 

For validation, it needs to prepare a matrix-matched calibration, in a rank established, adding known 

quantities of a mixture of standard pesticide with Acetonitrile Absolv Grade to 1% Acetic Acid. To 

check the Repeatability at low concentrations, the matrix was pre-spike with a pesticides mixture 

known. The internal standard (ISTD) used to correct the variation of the injection volume, known as 

Atrazine Standard in a 0.020 mg / kg concentration. All pesticides standards were tested in 3 days; 

the analysts are interleaved by 10 replicates each one, using a Xevo TQ-S system with ESI ionization 

and a system with triple quadrupole Agilent 7000C and Agilent 7890 GC. 

 

The aim of this project was to develop and validate a suitable robust method for the analysis routine 

avocado, able to provide accuracy and precision to meet the criteria of Japan. 

 

MATERIAL AND METHODS 

Reagents used in the validation 

Sample Processing: Milli Q Water, Acetonitrile Absolv grade, Extraction QuEChERS CEN Waters, 

Clean-up Thermo tube and Bondapack HC18 HA 37-    55um 125ª. 
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Instrumental Analysis: Acetonitrile Absolv grade, Methanol Absolv grade, Milli Q Water, Glacial 

Acetic Acid, HPLC grade, Formic Acid, and Ammonium Formate >99.0%. 

 

Material used in the validation 

Sample Processing: Analytical Balance, Calibrated Pipettes, Centrifuge, Mechanical Shaker, 

Ultrasonic Bath, Spatula, Falcon Tubes 50mL, Acrodisc 25mm GHP 0.20um and Polypropylene 

Syringes 10mL. 

Equipment: Liquid Chromatograph coupled to Spectrometry Masses / Masses with Autosampler, 

Sample Organizer and Temperature controlled of Waters brand, which is handled with the conditions 

shown in the following Table for validation of pesticides. 

 

 

Optimization of LC/MS/MS conditions 

System:  Waters ACQUITY UPLC Class I System  

Column:  ACQUITY UPLC BEH C18 2.1x100mm; 1.7um  

Column Temperature:  45°C  

Sample Temperature:  4°C  

Flow:  0.350 mL/min  

Mobil Phase A:  Water 0.1% Formic Acid, 5mM Ammonium Formate. 

Mobil Phase B:  Methanol 0.1% Formic Acid 

Gradient:  0.00 min 95%A  

0.25 min 95%A  

7.00 min 0%A  

7.5 min 0%A  

7.6 min 95%A  

Syringe wash:  Methanol 0.1% Formic Acid 

Run Time:  10 min  

Injection volume:  3 µL 

Detector Conditions  

System MS:  XEVO TQ-S Detector  

Ionization:  ESI (positive and negative polarity)  

Source Temperature:  150°C  

Desolvation temperature:  500°C  

Desolvation gas flow:  Nitrogen, 1000 L/Hr.  

Cone gas flow:  Nitrogen, 15 L/Hr.  

Collision gas flow:  Argon, 0.15 mL/min  

Acquisition:  MRM (multiple reaction monitoring)  

 

Gas Chromatograph coupled to Spectrometry Masses / Masses with Autosampler, Sample Organizer 

and Temperature controlled of Waters brand, which is handled with the conditions shown in the 

following Table for validation of pesticides. 
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Optimization of GC/MS/MS conditions 

System:  Agilent 7890 B GC  

Column:  Agilent HP-5MS UI 15m x 0.25mm, 0.25um  

Oven Temperature:  60°C  

5°C/min 210°C  

10°C/min 302.5°C  

Carrier gas:  Helio BIP  

Flow:  1.2 mL/min  

Temperature Injection Port:  60°C  

Injection volume: 2 µL  

Injection mode: Solvent Vent  

Detector Conditions 

Sistema MS:  Agilent 7000C Triple Quadrupole GC-MS/MS  

Ionization: EI  

Ionization voltage:  70 eV  

Temperature ionization source: 280°C  

Quadrupole temperature: 180°C  

Interface temperature: 300°C  

Acquisition: MRM  

 

Test materials. Avocado matrix is used to perform validation to determine pesticide in matrices fats 

by QuEChERS method. For the Avocado Blank evaluation, is required a test by LC / MS / MS and 

GC / MS / MS to guarantee that the matrix is free of pesticides. Avocado sample should be sufficient 

to perform validation testing. The sample is ground in a Robot Coupe, stored in a plastic container at 

a temperature of -10 Celsius degrees. 

 

Extraction. The general extraction process " QuEChERS" consists of two steps; the first step of 

pesticides extraction, it is to add Acetonitrile (Absolv grade) and 4g Magnesium Sulfate (MgSO4) 

salts, 1g sodium citrate (NaCitrate) and 1g sodium chloride (NaCl) and 0.5g NaSesquihydrate 

(European Method CEN). The second step is cleaning; PSA (primary and secondary amine) in order 

to remove sugars; additional salts with C18 for lipids and GCB for pigments. For avocado clean-up 

method is used: 900mg MgSO4; 150mg PSA, 150mg C18 and 45mg GCB.  

 

Extraction Steps Using a spatula to homogenize the sample to be analyzed. In an analytical balance 

Weigh 10 ± 0.01g in 50 mL Falcon tube. For the reagent blank extraction weigh 10 ± 0.01g of distilled 

water instead of the sample. Add 5 mL of distilled water to all sample blanks avocado. Spiked samples 

with pesticides mixture solutions by a calibrated pipette. Adding with a calibrated pipette, 10 mL of 

Acetonitrile Absolv grade, followed by extraction Waters CEN salts. Shake for 2 minutes and 

centrifuge at 5000 oscillations for 5 min, sonicated in an ultrasonic bath for 2 minutes. 

 

Clean-up. Transfer 5 mL of the ACN layer into the clean-up tube. Shake vigorously for 1 minute on 

a Vortex shaker and centrifuge at 3200rpm for 2 minutes. Filter the final cleaned-up extract with a 

Polypropylene Syringes 10mL and 0.2um GHP membrane and collect a 2 mL vial. 
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Instrumental Analysis. Condition the chromatographs LC / MS / MS (Startup system) and GC / MS 

/ MS (AutoTune). Check the Chromatograph operation, injecting a blank solvent and pesticides 

mixture. If the equipment is in operating conditions, proceed to load the sequence and method with 

the indicated Software (Masslynx and MassHunter) and injecting the sample batch. After the injection 

sequence, continue to processing of the data using appropriate Software to each chromatograph 

(Masslynx and MassHunter). 

 

VALIDATION EXPERIMENTS 

Confirmation of Identity. Inject a mixture pesticide solution known for identification in the 

instruments at a concentration of about 0.050 mg/kg to guarantee the identity transitions and retention 

times. The results for this point, is to know retention times for each pesticides and set the criteria for 

ion ratios, which are criterions for acceptance or rejection reported results. Then perform the 

extraction of 10 sample blanks and injected into the equipment, to assess the matrix interference. 

 

Linear range and interval work. Inject 10 matrix matched calibration solutions, taking into 

consideration that the calibration curve must contemplate the MRLs of pesticides that have 

established this value. Evaluate the curves by linear regression; meeting the criteria established with 

the correlation coefficient and residual (R2=0.98). The results help us to know the linear range in the 

instrument for each pesticide.  

 

Repeatability Determine the repeatability in 4 calibration standard pesticides levels (matrix-matches) 

by analyzing 10 repetitions per level in a short time, quantified by a calibration standard pesticides 

curve in pre-spike matrix. For the analytes that include a MRL should consider this value within the 

calibration curve (matrix-matched), taking into consideration the results obtained in the linear range 

parameter and working. The repeatability conditions are the same process, instrument and analyst. 

 

Reproducibility. Reproducibility is determined in the same four levels of the calibration standard 

levels (matrix-matched) in the repeatability evaluation, taking the analysis of 10 replicates per level 

in a short time, under the condition to extraction by another analyst validation. Quantified by a 

calibration standard curve in pre-spike. The reproducibility conditions are the same process, 

instrument and analyst. 

 

Accuracy, Precision and Recovery (% R). Based on the sample spiked concentrations vs. calculated 

theoretical concentrations in studies of repeatability and reproducibility; calculate the percentage 

recovery of each level of fortification evaluated for each pesticide. Statistical analysis as t of student 

helps to evaluate accuracy of the method for every pesticide and F of Fisher to evaluate precision of 

repeatability and reproducibility of the method conditions. 

 

Limit of detection (LOD). According to the accuracy and precision obtained from the statistical 

analysis, determine the concentration taken as the limit of detection of each pesticide. At this point 

you should consider the LD <LC. 

 

Limit of quantitation (LOQ). According to the accuracy and precision obtained from the statistical 

analysis, determine the concentration taken as limit of quantitation of each pesticide, which must be 
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accurate and reliable accuracy. At this point you should consider the MRLs for each pesticide taking 

into consideration the criteria of LC <MRL. 

 

Robustness. Based on the methodology used, an analysis of critical control points using the Youden 

approach, a combination of variables, which should be implementing with a spiking level, taking into 

consideration the changes of the critical variables are made. Critical steps in the process: Sample 

weight (10.1 g), Agitation Manual, For 1.5 minutes Agitation, 2mL tube, 3 min sonication. It was 

concluded that with these steps, some pesticides were affected, so they had to adjust to get good 

results. 

 

Uncertainty. For uncertainty calculation guidelines for establishing and validation results are used. 

Then diagram for estimating uncertainty described. 

 

Steps for estimating uncertainty: Define the measured Y. Establish the physical model. Identify the 

input quantities Xi. Establish the mathematical model. Identify sources of uncertainty. Quantify the 

variability of each source and associate a distribution. Get the standard uncertainty (xi). Calculate the 

combined standard uncertainty u (c). Calculate the expanded uncertainty U. 

 

The mathematic model is: 

 

𝐶𝑜𝑛𝑐𝑒𝑡𝑟𝑎𝑡𝑖𝑜𝑛
𝑝𝑒𝑠𝑡𝑖𝑐𝑖𝑑𝑒

=
𝐼𝑛𝑡𝑒𝑟𝑝𝑜𝑙𝑎𝑡𝑒𝑑 

𝑣𝑎𝑙𝑢𝑒
∗

𝐼𝑆𝑇𝐷
𝐶𝑜𝑛𝑐𝑒𝑡𝑟𝑎𝑡𝑖𝑜𝑛

∗
𝑃𝑟𝑜𝑐𝑒𝑠𝑠 
𝐷𝑖𝑙𝑢𝑡𝑖𝑜𝑛

 

 

𝐶𝑜𝑛𝑐𝑒𝑡𝑟𝑎𝑡𝑖𝑜𝑛
𝑝𝑒𝑠𝑡𝑖𝑐𝑖𝑑𝑒

= [
𝑚𝑔

𝐾𝑔
] 

 

Functionality Verification of Material Reference. The functionality of the pesticide refers to the 

evaluation of the pesticide if it presents expiration. In this setting, the retention time is evaluated, 

quantization and confirmation transitions, a single chromatographic response in the acquisition 

window, the chromatographic peak symmetry, linearity of the pesticide and percentage deviation. 

Based on these criteria the reference solution is compared with the expired solution. The pesticide is 

declared functional for validation of the method when it meets the established criteria. 

 

CONCLUSIONS 

The results revealed that the developed method is highly robust and suitable for cost effective routine 

analysis of these pesticides, achieving excellent recoveries for all of the compound/commodity/ spike 

concentration combinations tested and good sensitivity. The method is in use at CNRPyC laboratory 

for routine analysis in avocado samples, finding positive results in detecting pesticides with 

acceptable uncertainty. 
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ABSTRACT 

In Mexico, 33% of treated wastewater is used for agricultural irrigation and in Durango, Mexico, 15.6 

L/s are intended for such activity due to its fertilizing properties and as an alternative in times of 

drought. However, this practice is perceived negatively and even more, it could increase the concern 

about the appearance of antibiotic-resistant strains, which according to FAO is an emerging threat to 

public health and food safety. The objective of this work was to demonstrate whether irrigation with 

treated wastewater favors the increase of antibiotic-resistant strains. Two treatments were established, 

which consisted of agricultural soil from the City of Durango irrigated with treated wastewater (Tc), 

with well water (Tp), and a control that remained dry (Ts), each with two repetitions in plastic boxes 

of 30x30x60 cm. They were sampled daily for 5 days and the content of total fecal coliforms (TFC) 

was quantified as well as antibiotic resistant coliforms using the pour plate tecnique with Brilliant 

Green Bile Agar adding antibiotics widely used (ampicillin, AMP; amoxicillin, AMX, trimethoprim-

sulfamethoxazole, SXT, amikacin, AMK; gentamicin, GEN, and cefixime, CFM). pH, electrical 

conductivity and organic matter were also measured. At the end of sampling period, results for TFC 

were: Ts, 1345 CFU/g; Tp, 4035 CFU/g and Tc, 18830 CFU/g. In Tc, resistant strains to all antibiotics 

were found except for AMK. Of all strains, 0.76% were resistant to AMP; 14.3% to CFM, 0.27% to 

AMX, 1.72% to SXT and 1.32% to GEN. Treatments Ts and Tp presented only resistant strains to 

AMP (Ts, 5.26%; Tp, 0.15%) and to CFM (Ts, 6.66%; Tp, 14.29 %). Evidently, use of treated 

wastewater for agricultural irrigation increased the content of TFC in the soil, as well as antibiotic-

resistant strains, but in this case the resistant strains to AMP, SXT, AMK and GEN were not detectable 

if the soil was irrigated with well water or if the watering is ceased as recommended by the Reuse of 

Water Manual published by CONAGUA. We can conclude that the proper use of treated wastewater 

does not represent an additional risk in agriculture. 

 

Keywords: Treated wastewater, antibiotic-resistant, agricultural irrigation 

 

 

INTRODUCTION  

In Mexico 33% of treated wastewater (TWW) is intended for agricultural irrigation (1). The 

regulation for the control of discharge seeks to promote its reuse in agricultural irrigation as a strategy 

to conserve water of first use and seize the content of nutrients and organic matter present in the 

wastewater (2). 
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The use of treated wastewater for irrigation in agriculture is being accepted in the world. It is being 

studied and adopted in countries with water shortages and in growing populations with increased 

demand for irrigation water so treated wastewater is a potentially valuable resource and whose 

demand increases. FAO in 2010 (3) reported that 10% of the total cultivated land worldwide is 

irrigated with TWW. 

 

The increasing demand of treated wastewater for agricultural use is accompanied by an increase in 

the regulation of permissible limits and a monitoring of soil watered to ensure food safety. In this 

regard, there is particular interest about the emergence of antibiotic resistant bacterial strains. 

Antimicrobial resistance affects food, food security and economic well-being of millions of farming 

families worldwide (4).  

 

Durango has 178 wastewater treatment plants (WWTP), of which 15.6 L/s are intended for agriculture 

as an alternative in times of drought (1). The objective of this study was to demonstrate whether 

irrigation with treated domestic wastewater, favors the increase of antibiotic-resistant culturable 

microorganisms in the soil in which it is applied and likewise, what is the effect on the amount of 

these microorganisms when well water is used on a soil which has been watered with TWW was 

evaluated. 

 

MATERIALS AND METHODS 

Land obtained from a plot that produces cattle feed was used. This is irrigated with treated wastewater 

from a stabilization lagoon. For this work, water from an aerated lagoon of the East Treatment Plant 

was used, which in dry season it is sold as irrigation water, all this located in the city of Durango, 

Durango, Mexico. 

Experimental design. Two treatments were established, each with two repetitions and a control in 

plastic boxes of 30x30x60 cm. The first treatment was irrigated with treated wastewater (Tc), the 

second treatment with well water (Tp) in order to evaluate the effect of dilution by rain and the control 

that remained dry (Ts). It was watered uniformly until the water began to drain from the bottom of 

the boxes and this was done only once, at the beginning of the study. It was sampled daily for 5 days. 

Microbiological analysis. The content of total fecal coliforms was quantified as well as antibiotic 

resistant coliforms using the pour plate technique with Brilliant Green Bile Agar adding the antibiotics 

listed below in Table 1. 

Table 1. Antibiotics used and its concentrations. 

Antibiotic Key 
*Concentration 

used (µ/Ll) 

Ampicillin  Amp 10 

Amoxicillin  Amx 25 

Trimethoprim-sulfamethoxazole  Sxt 25 

Amikacin  Amk 30 

Gentamicin  Gen 10 

Cefixime  Cfm 5 

* Critical concentrations (5) 
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Determination of physicochemical parameters. To all experimental units at the beginning and the 

end of the evaluation, pH, electrical conductivity (EC), humidity and organic matter were determined. 

For the treated wastewater, dissolved oxygen (% and mg/L) was also determined in situ. 

 

RESULTS AND DISCUSSION 

Characterization of treated wastewater and soil. The treated wastewater has a pH of 7.67, EC 

0.691 dS/cm and OD 0.12 mg/L. The soil had a pH of 7.3, EC0.123 dS/cm, indicating that it is a soil 

with negligible effects of salinity (6) and the content of organic matter was 2.19%. Rusan et al, (7), 

says that the effect of the treated wasterwater on pH and EC of the soil is variable and this may be 

due to the different characteristics of the soil and water used. As for the content of organic matter, 

which is suitable for cultivation (8), the same work of Rusan (7) indicates that the soil they evaluated, 

while being irrigated with treated water over the years, its organic matter content increased, this due 

to the content of nutrients and organic matter that the treated water contributes so it could be possible 

that the use of this type of water favors this soil characteristic. 

 

Antibiotics resistance tests. At the end of the sampling period the total fecal coliform count was for 

Ts: 1345 CFU/g, Tp: 3783 CFU/g and Tc: 18830 CFU/g. It is obvious that by using treated wastewater 

the coliform content will increase in the land, but you can see that these diminish over time. On the 

Ts kinetics was observed that the antibiotic with a higher number of resistant strains was the Amp, 

which decreased 2 log, followed by the Cfm that only decreased 1 log. The soil did not presented Sxt 

resistant bacteria on the second day, and Gen resistance decreased 1 log. For Amx and Amk no 

presence of resistant strains was detected (Figure 1). It is noteworthy that the content of total 

coliforms, did not decrease over the analysis time, but the organisms that had some type of antibiotic 

resistance did, so to stop watering with TWW before harvesting, could reduce the number of 

microorganisms and thus the risk to food security. This practice is already mentioned in the Manual 

para el Manejo de Zonas de Riego con Aguas Residuales (9). 

 
Figure 1. Kinetics of resistant fecal coliform in treatment Ts. 

 

In Tp treatment (Figure 2), no resistance was found for Sxt and Amp. The count of resistant strains 

to Amx decreased about 4 log while for Gen and Cfm this decreased 1 log. For Amk there were only 
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resistant bacteria on the first day. In this case, resistance to Amp had also the highest number of 

organisms.  

 

In several reports (10, 11, 12) it has been found that this antibiotic has a high percentage of resistant 

strains to it in treated wastewater, so it is logical to find a higher percentage of bacteria resistant to it 

in soil that has been watered with TWW. The use of fresh water or well water to irrigate these type 

of soils may be an option for when irrigation with TWW is suspended, or for crops that are not 

resistant to desiccation. 

 

 
Figure 2. Kinetics of resistant fecal coliform in treatment Tp. 

 

In Tc treatment (Figure 3) there was resistance for every antibiotic used. For Am there was a 

decreased of 3 log; for Amx and Stx, 2 log. Resistance to Amk was not found at the end of the 

sampling but for Gm and Cfm resistance remained.  

 

 
Figure 3. Kinetics of resistant fecal coliform in treatment Tc. 

 

In Tc, resistant strains to all antibiotics were found except for Amk (0.44% to Amp, 0.15% to Amx, 

0.97 % to Sxt, 0.75 % to Gen and 9.09 % to Cfm). Treatments Ts and Tp presented only resistant 
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strains to Amp (Tp, 0.16%; Ts, 5.26%) and to Cfm (Tp, 14.29%; Ts, 6.66%), as you can appreciate 

in Figure 4. 

 

 
Figure 4. Percentage of antibiotic resistance. 

 

Use of TWW in agriculture increased the content of fecal coliform microorganism in soil as well as 

the strains resistant to antibiotics but cessation of it or the change for well water before harvest, 

reduces the content of these type of microorganisms. This work found that strains resistant to Am, 

Stx and Gm were no longer detectable in soil when it is irrigated with well water or if all irrigation is 

stopped as it is recommended by national organisms such as CONAGUA, so the correct use of this 

type of water does not represent an additional risk for crops. It is important, however, to perform a 

monitoring in this zones at different seasons to stablish an estimated time in which this risk would be 

the lowest. 
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ABSTRACT 

Cheese consumption is well establish in Mexican gastronomy, although it came together from the old-

word colonization its use in the native dishes came to stay as part of the culture hybridization. The vast 

majority of cheeses are made from heat-treated milk, but handcrafted cheeses are also popular among 

consumers. It is a fact that the most popular cheeses are fresh varieties because of their prestige and 

sensorial richness. As expected, the first ones render products free of most pathogens as a result of the 

industry quality control programs; meanwhile traditional fresh varieties are associated to potential 

public health risk because currently they are made with poor quality raw milk and inadequate 

manufacture practices. The aim of this work was to study the microbial population of one of the most 

traditional cheese in the western part of the country: Adobera, to investigate the microbial quality by 

assessing the incidence of Lactic Acid Bacteria (LAB), Salmonella, Listeria monocytogenes, 

Escherichia coli and Staphylococcus aureus in six brands commonly marketed in Guadalajara 

metropolitan area. BAL and pathogens were identified using culture techniques and Matrix-assisted 

laser desorption ionization-time of flight mass spectrometry (MALDI-TOF MS) methods. A pair of 

each brand was assessed by duplicate. In general, the microbiological quality of cheeses was of 

acceptable, e.g. L. monocytogenes and Salmonella sp. were not detected in any samples. However, E. 

coli and S. aureus were frequently found in unpasteurized cheeses, sometimes at levels that are of 

concern, three of the six varieties presented Staphylococcus aureus at 10(4)cfu g(-1) and Escherichia 

coli at 10(3)cfu g(-1). Other species identified within this group encompassed Klebsiella pneumoniae 

and Pseudomona aeruginosa. Regarding the LAB incidence they were found in 10(6 to 8)cfu g(-1) 

and the species found were Lactobacillus plantarum, L. paraplantarum, L. fermentum, L. rhamnosus, 

L. curvatus, L. paracassei and Corynebacterium glutamicum. To improve the safety of traditional 

Adobera, efforts must be made to raise awareness on hygiene barriers, also by improvin raw milk 

quality and the process control. It also can be suggested the use of starter cultures to reinforce the 

dominance of native LAB, adding biocontrol to cheese system. 

 

Keywords: cheese, Lactic Acid Bacteria, pathogens, artisanal cheese,  

 

 

INTRODUCTION 

Cheese has a well-established performance in Mexican gastronomy, though its presence came 

together with the Spanish colonization its use in the indigenous dishes stayed as part of the culture 

hybridization. The majority of Mexican cheeses are made from heat-treated milk by the dairy 

industry, but handcrafted traditional cheeses are also popular among consumers. It is a fact that the 
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most traditional cheeses are fresh varieties made with raw milk (2). As expected, the first ones 

normally render products free of microbial risks as a result of the quality control programs of the food 

industry, normally aligned to the Mexican safety regulations, meanwhile traditional artisanal varieties 

are associated to potential public health risks, since currently they are made with poor quality raw 

milk and/or inadequate manufacture practices (3). 

 

Adobera is a Mexican cheese produced in the west of the country. The artisanal traditional variety is 

made with whole raw milk, has a characteristic crumbly texture and melts when heated. It is possible 

to find variations in the process just as it is expected in any product when is handcrafted, but the main 

conditions and practices are as follows: the milk is clotted at 37 °C by enzymatic agent (microbial or 

animal origin), no starter is added (unless the milk used is pasteurized); when the formed curd has 

sufficient firmness it is cut in relatively large grains (3-5 cm), then the drained curd is grinded in a 

hand meat miller and salted immediately or 24 hours later, the difference brings out the crumbly-

texture-non-melting type (Adobera de mesa) or the crumbly-texture-melting type (Adobera de 

fundir), respectively (former research made by the authors). 

 

Few reports have been written about Mexican cheeses (i. e. characteristics, processing, sensorial or 

microbial quality, etc.) (3), therefore the aim of this work was to study the composition and microbial 

quality of traditional Adobera, this could contribute in the understanding of safety and shelf life of 

this product. To reach this purpose Lactic Acid Bacteria (LAB) present in samples of this cheese 

marketed in Guadalajara were isolated and identified, also the Mexican standards fulfillment were 

assessed together with the incidence of Salmonella, Listeria monocytogenes, Escherichia coli and 

Staphylococcus aureus. 

 

METHODS AND MATERIAL 

Cheese samples. The five most popular brands of traditional Adobera (1, 2, 3, 5 and 6) were 

purchased in different markets and supermarkets in Guadalajara to be evaluated. The commercial 

labels of cheeses 5 and 6 did not declare weather they were made with pasteurized or unpasteurized 

milk, therefore these cheeses were considered made with raw milk. Labels of cheeses 1, 2 and 3 

declared the use of pasteurized milk. Cheeses were stored at 5°C until their evaluation. The 

composition of all cheeses was also evaluated. All assessments were made by duplicate. 

BAL isolation. MRS, M17 (suitable culture medium for Streptococcus spp) and APT 

(heterofermentative bacteria isolation such as Leuconostoc)-agar plates were used for the isolation of 

LAB. Two samples of each brand of Adobera were analyzed (A and B). Each cheese sample was 

crushed and mixed with 0.75% NaCl solution. Dilutions of the mixed solution (10-to 10000-fold) 

were spread directly onto the surface of agar plates. Samples were incubated under anaerobic 

conditions at 30°C for 3 to 5 days. Colonies were randomly selected from agar plates and purified by 

replating on specific agar plates. Colonies were reselected and initially Gram stained and tested for 

production of oxidase and catalase. 

To detect L. monocytogenes, Listeria Enrichment Broth as pre-enrichment (30 ºC/24–48 h) and Fraser 

broth as enrichment broth (37 ºC/24–48 h) were used. Oxford and ChromAgar Listeria were used for 

isolation. For the detection of Salmonella in cheese samples Buffered peptone water as a non-selective 

pre-enrichment medium, Rappaport-Vassiliadis (RV) medium and Tetrathionate (TT) broth as 

enrichment mediums were used. XLD agar, Brilliant Green Agar and Hektoen Enteric agar were used 
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for isolation. For the enumeration of Escherichia coli CHROmagar ECC medium (37 ºC/24h) was 

used. For the enumeration of coagulase positive staphylococci (Staphylococcus aureus and other 

species) Baird Parker agar was used. Potato Dextrose Agar (YGC) was used to isolate yeasts and 

moulds and the colonies grown were counted after 5 days of incubation at 25 ºC. 

For the enumeration of yeasts, moulds, staphylococci and E. coli the primary suspensions of cheese 

samples were prepared with 3–5 min homogenization of 10 g of the sample in 90 ml of sterile 20% 

di-potassium hydrogen phosphate 

Microorganism identification. The taxonomic identification of the isolated microorganisms was 

made using different microbiological and molecular techniques. The presumptive identification of 

the isolated colonies was first based on morphological characteristics, both microscopic and 

macroscopic and biochemical techniques were used, Gram staining, oxidase and catalase tests were 

performed, then the colonies were grouped. 

The selected colonies were analysed by mass spectrometry in a platform specially designed for 

microbial identification (MALDI-Biotyper). This methodology allows grouping and/or identifying 

isolated microorganisms to a species level [1, 6]. For the speed of the analysis (<2min per sample) 

and the 96-spots format of the sample charging plate a large number of isolates can be processed. 

 

RESULTS AND DISCUSSION 

The production of cheese should be in accordance with legal regulations for good sanitary practices. 

Cheeses are categorized according to their moisture content, Adobera is a fresh and semi-soft cheese 

(> 35 – < 50%), the regulated microbiological criteria for fresh or soft cheeses are L. monocytogenes 

and Salmonella (absent in 25 g or 1 g of sample), S. aureus < 1000 cfu/g and < 100 coliforms at 30 

ºC (4). 

 

In general, the microbiological quality of Adobera samples was acceptable, e.g. L. monocytogenes 

and Salmonella sp. were not detected in any samples. However, E. coli and S. aureus were found in 

three of the five brands, sometimes at levels of concern: Staphylococcus aureus at 10(4)cfu g(-1) and 

Escherichia coli at 10(3)cfu g(-1), the MALDI-TOF methodology permitted to identify Klebsiella 

pneumoniae in sample 6, consequently we found sufficient evidence of a lack of hygiene in the 

manufacture procedures of the majority of the Adobera evaluated. In addition, results indicated that 

raw milk cheeses (samples 5 and 6) had higher microbial counts than pasteurized samples, although 

it was noticeable that sample 1 presented similar microbial composition than raw milk cheeses, this 

could indicate either this brand has poor hygiene manufacture control or declares fake information. 

Proximal composition of all cheeses resulted as expected for soft fresh cheeses; interestingly sample 

2 presented unusual low protein content, so that it is probably an analogue product not made with 

milk (Table 1). 
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Regarding the LAB incidence they counted by 10(6 to 8) cfu g(-1). The species found were 

Lactobacillus plantarum, Lb. mesenteroides, Lb. fermentum, Lb. rhamnosus, Lb. curvatus, 

Lactococcus lactis, Streptococcus lutetiensis and St. equinus. Lactobacillus plantarum was more 

frequently found among all cheeses (Figure 1), in fact the unique specie isolated in sample 2; 

meanwhile Lb. curvatus was the single specie isolated in sample 3. Interestingly BAL diversity was 

broader in the raw milk cheeses than pasteurized milk samples, exception made with sample 1 from 

which several BAL were isolated (Table 2). These results showed a potential biocontrol of the native 

microbiota of the Adobera cheese, since several studies had reported antagonistic property of LAB 

over certain pathogens that also reduces their pathogenic effect when both groups interact. It has also 

been reported that Lb. curvatus which is more resistant to pasteurization has antagonizing activity 

against Salmonella enteritis; it has also been reported that the absence of BAL, Listeria 

monocytogenes and other many Gram-negative pathogens strengthen their growth; also Lactobacillus 

fermentum showed antagonism against E. coli and Salmonella spp. 

 
Figure 1. Frequency of the native microorganisms isolated from Adobera 

 

 

Table 1. Adobera composition and microbial quality (mean)

Sample Type
Moisture 

(%)

Protein 

(%)

Fat 

(%)

Salmonella 

spp (25 g)

Staphylococcus 

aureus 

(CFU/g)

E. coli 

(CFU/g)

Mould  

(CFU/g)

Yeasts  

(CFU/g)

Listeria 

monocytogenes 

(25 g)

1
Pasteurized 

milk
49 24 18 Absent 6800 3800 40 190 Absent

2
Pasteurized 

milk
50 7 8 Absent < 100 50 < 10 40 Absent

3
Pasteurized 

milk
50 20 14 Absent < 100 < 10 < 10 34 Absent

5 Raw milk 35 22 14 Absent 720 900 60 340 Absent

6 Raw milk 47 24 20 Absent 7920 1500 120 780 Absent
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Table 2. Native lactic-acid bacteria isolated from Adobera Mexican cheese and cultured in different medium 

 
 

Numerous researchers have reported bactericidal and/or bacteriostatic effects against pathogenic 

bacteria in cheese because of low pH (as a result of organic acid production), salt content, competing 

flora, biochemical metabolites and bacteriocins. Examples of pathogens that are susceptible to 

inactivation or growth inhibition by metabolites of lactic acid bacteria include Salmonella 

SAMPLE
Colony 

code

Culture 

Medium
Morfology

Catalase 

test
 Gram stain

Identified 

Bacteria

Score 

(MALDI-

TOF).

1
1A 4 MRS

Bacilli large and wide - +
Lactobacillus 

plantarum
2.128

1
1A 3 MRS

Coccus chained - +
Lactococcus 

lactis
2.142

1
1A 5 M17

Gouped Bacillus - +
Streptococcus 

lutetiensis
1.828

1
1A 4 APT Diplobacilli short and 

wide
- +

Lactobacillus 

plantarum
2.063

2
1A 3 M17

Curved Bacilli - +
Lactobacillus 

plantarum
2.034

3
1A 2 APT

Bacilli long and thin - +
Lactobacillus 

curvatus
2.285

3
1 A1 APT

Bacilli long and thin - +
Lactobacillus 

curvatus
2.27

3
2A 4 M17 Bacilli long and thin 

bonded in between
- +

Lactobacillus 

curvatus
1.843

3 1A 1 M17 Bacilli long and thin, 

possible capsuleated

- + Lactobacillus 

curvatus

1.853

3 1A 5 MRS Bacilli long and thin, 

possible capsuleated

- + Lactobacillus 

curvatus

1.821

3 1A 1 MRS Bacilli long and thin, 

possible capsuleated

- + Lactobacillus 

curvatus

2.029

5 2A 4 MRS
Long and wide Bacilli

- + Lactobacillus 

plantarum

1.993

5 1A 2 MRS
Long and wide Bacilli

- + Lactobacillus 

fermentum

2.049

5 1A 2 APT Bacilli in chains - + Lactobacillus 

fermentum

1.822

5 1A 1 MRS Large Medium Wide 

Bacillli

- + Lactobacillus  

paracasei

2.329

5 1A 1 APT Extra Long and Thin 

Bacilli 

- + Lactobacillus 

fermentum

1.94

5 2A 4 MRS
Long and wide Bacilli

- + Lactobacillus 

plantarum

1.993

6 2A 4 M17 Diplobacilli. - + Lactobacillus 

rhamnosus

2.246

6 2A 1 MRS Coccus - + Streptococcus 

equinus

2.054

6 2A 3 MRS Coccus - + Lactococcus 

lactis

2.143

6 1 A3 APT Long Bacilli an Thin 

bonded in between

- + Lactobacillus 

fermentum

1.848

6 2A 5 MRS Smaill Diplobacilli - + Leuconostoc 

mesenteroides

1.89

6 1B 1 M17 Large and Wide Bacillli + + Klebsiella 

pneumoniae

2.094
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Typhimurium, enteropathogenic Escherichia coli, Staphylococcus aureus and L. monocytogenes (5). 

However, it must be stressed that the manufacture of cheeses such as the one we studied must be done 

under the proper conditions of Good Hygiene Practices and Good Manufacturing Practices. In 

addition, the natural cheeses must include active cultures, and the storage and display temperatures 

must not exceed 30°C. 

 

CONCLUSION 

A wide diversity of species of viable Lactobacillus, Lactococcus and Streptococcus were isolated 

from Adobera cheese. Some of them dominated the microbial counts in the cheese matrix. However, 

unpasteurized milk cheeses showed more BAL diversity than the pasteurized milk cheese. Most of 

the species found have been reported with bactericidal effect against pathogens, this could explain 

the low counts of the regulated safety indicators microorganisms in all samples, hypothesis that 

should be proved in further studies. Nevertheless, to achieve safety of traditional Adobera, efforts 

must be made among the producers and health authorities to raise awareness on hygiene barriers, also 

to improve the quality of raw milk and to implement quality process control within the handcrafted 

process. Finally some of the species of the native LAB isolated in this work could be used as starter 

culture; they could reinforce the dominance of native beneficial microbiota, so they can be proposed 

as biocontrol for these artisanal cheeses. 
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ABSTRACT 

The seasonal abundance of Vibrio vulnificus strains in raw American oysters (Crassostrea virginica) 

was evaluated monthly during a one-year period (January to December) and the risk of exposure was 

assessed. A total of 80 medium legal-sized (7–8 cm long) live oysters were harvested monthly by 

divers at oyster beds in two harvesting sites of the Mandinga Lagoon System. After being cleansed, 

live oyster were analyzed within 2 h of collection. The detection of V. vulnificus species-specific 

hemolysin gene (vvha) and genotype gene targets for groups E (Environmental) and C (Clinical) 

densities was accomplished by MPN–PCR methodology. MPN values counts calculated with 3-tube 

MPN tables were normalized for appropriate analysis and the significant variations in the seasonal 

distribution were evaluated by analysis of variance (P < 0.05) and Tukey’s test. The FDA/FAO/WHO 

v.2005 software in combination with Microsoft Excel was used to run the simulations. Although no 

significant differences in density levels among seasons were detected, the highest mean V. vulnificus 

(vvha+) densities were observed during summer and fall (1,100 MPN/g) seasons. The highest mean 

pathogenic V. vulnificus (vvha+) type C density was found (36.0 MPN/g) during summer season as 

well; however, no V. vulnificus (vvha+) type E densities were detected during the sampling period. 

Considering 10 h of storage out of refrigeration and an intake of 12 oysters (100 g) the model predicted 

that the higher mean risk per serving associated with the consumption of raw oysters contaminated 

with V. vulnificus (vvha+) was 4.0 × 10−5 for both summer and fall seasons. Similarly, the model 

predicted for V. vulnificus (vvha+) type C a mean risk per serving of 4.3 × 10−5 and 3.0 × 10−5 during 

summer and fall seasons, respectively. Although these results suggest that V. vulnificus poses a low 

health risk level, these strains raises important health issues as V. vulnificus (vvha+) type C are 

potentially virulent and may imply a risk of infection to the consumers of raw oysters. Hence, the 

monitoring of these pathogenic strains is crucial to seafood safety.  

 

Keywords: Vibrio vulnificus, raw oyster, health risk, seafood safety 

 

 

INTRODUCTION 

Vibrio vulnificus, an etiologic agent of seafood-associated fatalities worldwide, is a Gram-negative, 

halophilic bacterium that has the ability to cause lethal infections including primary septicemia, 

wound infection and gastroenteritis (16). V. vulnificus is more frequently associated with wound 

infections, with a case fatality rate as high as 50% (6), particularly in individuals with predisposing 

conditions, including patients with chronic liver disease, immunodeficiency, iron storage disorders, 

end-stage renal disease, and diabetes mellitus (5). V. vulnificus exhibits a great deal of genotypic and 
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phenotypic variation. The species is divided into three biotypes, all of which are able to cause human 

infection. However, biotype 1 is of greatest import to oyster producers and consumers. Biotype 1 

strains of V. vulnificus have been further divided into two genotypes, C and E. The gene vcg (virulence 

correlated gene) has two alleles, vcgC and vcgE, representing clinical and environmental strains, 

respectively (4). This pathogen is commonly reported in many Asian countries, including China, 

Japan and Taiwan, and in USA as well (1).  

 

V. vulnificus is a naturally occurring opportunistic pathogen commonly found in estuarine waters of 

tropical climates (15). The consumption of raw oysters, particularly those harvested from the Gulf of 

México in warmer months, has been strongly correlated with serious foodborne illness caused by V. 

vulnificus (8). In México, Quiñones et al. (11) isolated V. vulnificus from oyster samples collected 

from Pueblo Viejo Lagoon, Veracruz during the warmer months. This may imply increased risk of 

infection to the consumers of raw oysters. Nevertheless, there are few reports of risk assessments for 

V. vulnificus associated with raw oyster consumption. Mandinga Lagoon System (MLS) is one of the 

most important shellfish-production estuarine lagoon systems on the Mexican Gulf coast, which 

supplies fishery resources (oysters, shrimps, fishes, crabs) to nearby local restaurants, mostly from 

Veracruz – Boca del Río and México cities, where oysters are marketed and consumed raw by the 

local and tourist population (López-Hernández et al., 2015). As there is limited information about the 

presence and abundance of pathogenic V. vulnificus in oysters from this important lagoon system, the 

aim of this study was to determine the seasonal abundance of Vibrio vulnificus in raw oysters 

harvested from MLS for a better assessment of the public health risk associated with oyster 

consumption. 

 

MATERIALS AND METHODS 

Sample collection and processing. American oyster (Crassostrea virginica) samples were collected 

monthly during a one-year period (January to December). A total of 80 medium legal-sized (7–8 cm 

long) (13) live oysters were harvested by divers at oyster beds in two harvesting sites of the MLS 

(Figure 1) and immediately transported to the laboratory. Dead animals were discarded and the 

remaining oysters were scrubbed and rinsed under cold running tap water to remove debris and 

attached algae, and analyzed within 2 hours of collection. The detection of V. vulnificus species-

specific hemolysin gene (vvha) densities was accomplished by MPN–PCR methodology (López-

Hernández et al., 2015) for V. vulnificus. Briefly: The quantification of densities of V. vulnificus 

species-specific hemolysin gene (vvha) and genotype gene vcg targets for groups vcgE and vcgC 

strains was expressed by the Most Probably Number (MPN) method with the 3-tube test series MPN 

chart and the results expressed as V. vulnificus MPN/g of oysters (USDA, 2008). 
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Figure 1. Location of the study region and map of the MLS. The MLS is in the state of Veracruz, Mexico and 

flows parallel to the northwestern coastline of the Gulf of Mexico, between 19°02’ N and 96°06’ W in Alvarado, 

Veracruz. The MLS is constituted by Larga, Chica and Grande lagoons and exits into the Gulf of Mexico by 

the Boca del Rio, close to Veracruz City. Sites of oyster samples collection monitored for one-year period: bank 

A (Canal de Mandinga located close to the human settlement Mandinga) and bank B (Las Garzas located close 

to mangrove islands). 

 

Presumptive strains that were confirmed V. vulnificus vvha+, type E, and C in the direct PCR were 

scored positive for the respective gene and stored in slants of Trypticase Soja Agar (TSA) (BIOXON 

Becton Dickinson de México S.A de C.V., México) at –20°C for preservation until identification. 

Detection of V. vulnificus specific-species genes, and genotypes (E and C) were determined by 

conventional PCR according to the procedures described by Brauns et al. (2) nas Rosche et al. (12), 

respectively. PCR assays were performed using specific primers (Sigma-Aldrich QUIMICA S.A. de 

C.V., Mexico) for species and identification of genotype. DNA of strain CAIM 610T (2) was used as 

positive control for the (vvha) gene, and CAIM 1859 and CAIM 1860 were used as positive controls 

for genotypes E and C (12).  

Statistical analysis. Most probable number (MPN) 3-tube chart and formulas corresponding 95% 

confidence limits were used to identify MPN for each sample as previously described (17).  

Significant differences in the seasonal distributions of Log10 MPN/g V. vulnificus densities were 

analyzed by Analysis of Variance (P < 0.05) and Tukey’s test using Minitab v.16.0 (Minitab, Inc., 

State College PA). V. vulnifucs counts were Log10 transformed to appropriately normalize the data 

for ANOVA. Nondetectable values of V. vulnificus counts (<0.30 MPN/g) were replaced by half of 

the detection limit in oysters for statistical purposes. The FDA/FAO/WHO v.2005 software in 

combination with Microsoft Excel was used to run the risk simulations. 

 

RESULTS AND DISCUSSION 

Although no significant differences in density levels among seasons were detected, the highest mean 

V. vulnificus (vvha+) densities were observed during summer (551.7 MPN/g) and the lowest in winter 

(4.2 MPN/g) seasons. Moreover, positive samples were found during all seasons of a one-year period. 

The highest mean pathogenic V. vulnificus (vvha+) type C density was found (14.65 MPN/g) during 
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summer season as well. No V. vulnificus (vvha+) type E densities were detected during the sampling 

period. The highest mean V. vulnificus (vvha+) densities were detected during summer and fall when 

the average water temperature in the MLS were 29.29 and 27.27°C, respectively. Meanwhile, mean 

V. vulnificus (vvha+) densities decreased during winter when the average water temperature 

decreased to 25.62°C. 

 

Table 1. Seasonal variations of V. vulnificus vvha, genotypes C and E densities (Log10 MPN/g) in Crassostrea 

virginica samples from the MLS over a one-year period. 

 

Seasons 

V. vulnificus vvha 

density 

(MPN/g mean and 

range) 

Genotype E density 

(MPN/g mean and 

range) 

Genotype C density 

(MPN/g mean and 

range) 

Water Temperature 

(°C)* 

Winter 
4.2 ± 3.6a 

(<0.30 – 7.7) 
<0.30 

1.65 ± 1.5a 

(<0.30 – 3.0) 
25.62 ± 3.15a 

Spring 
184.1 ± 448.7a 

(<0.30 – 1,100.0) 
<0.30 

1.283 ± 2.4a 

(<0.30 – 6.2) 
28.79 ± 0.72a 

Summer 
551.7 ± 600.7a 

(<0.30 – 1,100.0) 
<0.30 

14.65 ± 17.5a 

(<0.30 – 36.0) 
29.29 ± 0.80a 

Fall 
366.9 ± 567.9a 

(<0.30 – 1,100.0) 
<0.30 

2.75 ± 1.5a 

(<0.30 –5.2) 
27.27 ± 1.51a 

Means with different literals are statistically different (P < 0.05) between seasons; *(9) 

 

Our results agree with those reported by Johnson et al. (7) who observed the highest V. vulnificus 

levels in oysters harvested from the U.S. Gulf of Mexico between May and October (median monthly 

concentration of 2300 MPN/g), with a reduction to fewer than 10 MPN/g from November to March. 

V. vulnificus proliferates in areas or during months where the water temperature exceeds 18°C, and 

culturable concentrations of V. vulnificus are generally lower when water temperatures are cooler. 

Thus, V. vulnificus colonization of oysters may be influenced by water parameters such as temperature 

or salinity (10). Quiñones et al. (11) isolated V. vulnificus from oyster samples collected from Pueblo 

Viejo Lagoon, Veracruz, and observed that overall 27% (39/143) of the oyster samples were (vvha+). 

Although positive samples were found during all seasons of a one-year period, a seasonal fluctuation 

was observed. Isolation rates from oysters were significantly higher in June than in the period from 

November to February (p < 0.0002), indicating that water surface temperatures (≥24°C) are more 

favorable for V. vulnificus during the summer months.  

 

An important finding in our study is the isolation of V. vulnificus of the C genotype. This is the first 

study to report the presence of V. vulnificus C in oysters from the Mexican coastline of the Gulf of 

Mexico. A seasonal trend for C genotype was observed, as the mean V. vulnificus C densities were 

detected when water temperatures were ≥27°C; meanwhile, the mean densities decreased as 

temperature decreased during winter. However, V. vulnificus E was not detected over the one-year 

period. It is unclear if levels of the two genotypes are unique to certain environmental conditions. 

These results seems to indicate that C strains have evolved to cope with the stresses associated with 

changing environment. The fact that oysters have C genotype strains as the dominant strain type 

further suggests the possibility that those oysters harboring larger densities of this genotype would be 

likely to be more infective to humans as V. vulnificus C type is more infectious (18). 
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Table 2. Estimated risk for Vibrio vulnificus in raw oysters Crassostrea virginica harvested from MLS over a 

one-year period. 

 

 

Season 

Vibrio vulnificus 

mean density  

(Log10 MPN/g) 

Expected cases 

per 100, 000 

servings 

consumed by at 

risk population 

Lower 95%, 

confidence limits 

expected cases per 

100, 000 servings 

consumed by at risk 

population 

Upper 95%, 

confidence limits 

expected cases per 

100, 000 servings 

consumed by at 

risk population 

vvha     

Winter 0.328 2.5 1.7 3.3 

Spring 0.249 2.9 3.1 3.9 

Summer 1.509 4.0 3.1 5.0 

Fall 0.665 3.9 2.2 4.9 

Genotype C     

Winter 0.224 1.3 0.1 2.7 

Spring 0.112 2.1 0.2 2.3 

Summer 1.178 4.3 3.5 5.0 

Fall 0.440 3.0 0.2 3.8 

 

As shown in Table 2, considering 10 h of storage out of refrigeration and an intake of 12 oysters (100 

g), the model predicted a higher mean risk per serving associated with the consumption of raw oysters 

contaminated with V. vulnificus (vvha+) of 4.0 cases per 100 000 servings during summer and fall 

seasons. Similarly, the model predicted for V. vulnificus (vvha+) type C a mean risk of 4.3 and 3.0 

cases per 100 000 servings during summer and fall seasons, respectively. Moreover, the legal 

Mexican bacteriological limit (14) of no detection of V. vulnificus in 50 g of oyster flesh was not 

accomplished. FAO/WHO (3) reported a risk assessment for primary septicaemia cases associated 

with consumption of raw oysters from the Gulf Coast of USA with mean densities of 57,000 and 80 

MPN/g during summer and winter harvest seasons, respectively. Given an average serving size of 

196 g (14 oysters), these average numbers correspond to V. vulnificus ingested per serving of 1.1 × 

107 and 1.6 × 104, respectively. However, variation in water and air temperatures and the 

characteristics of harvesting duration and storage time have the effect of increasing the variation of 

V. vulnificus numbers at each point along the harvest-to-consumption continuum.  

 

Although these results suggest that V. vulnificus poses a low health risk level, the V. vulnificus (vvha+) 

type C raise important health issues as these strains are potentially virulent and may imply a 

significant risk of infection associated with consumption of raw oysters and exposure to seawater. 

Thus, there is a need for tiered regulation that simultaneously reduces infection risk without ceasing 

to provide raw shellfish altogether. Hence, the monitoring of these pathogenic strains is crucial to 

seafood safety. 
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ABSTRACT 

Double emulsions, type water-in-oil-in-water (W/O/W), can encapsulate, carry and protect lipid 

compounds like essential oils; which have antimicrobial properties. The aim of this study was to 

analyze the antifungal activity of oregano essential oil (Lippia. berlandieri Schauer) (OEO) 

encapsulated in W/O/W double emulsions through the observation of growth/no-growth of A. niger 

and P. expansum in model systems. The double emulsions were prepared in a two-step process with 

homogenization by ultrasound, mechanical or a combination of both types of processes. The double 

emulsions were formulated containing 0, 1, 5 or 10% OEO. These emulsions were extended in Petri 

dishes on PDA agar (pH 5.3) adjusted to 0.98 or 0.99 aw with NaCl and inoculated with four points. 

The growth/no-growth of molds was observed for 8 days at 25ºC (the experiment was performed 

twice). For comparison, systems in which the OEO was diluted in corn oil at the same concentrations 

were prepared. Results demonstrated mold growth of both species in all systems with OEO in which 

corn oil was used as vehicle, while in the double emulsions, the use of 10% OEO avoided the growth 

of both molds. A. niger was more resistant to the action of OEO emulsions than P. expansum. 

Growth/no-growth data was adjusted to binary logistic regression. The models obtained were properly 

adjusted to the logit function proposed. The models relate the method of homogenization (categorical 

variable), water activity (aw), observation time (day) and concentration of OEO (% OEO) as 

independent factors. The model of the probability of growth/no growth interface was created including 

the factors with significant effect, considering p < 0.15 for the main effects and p < 0.05 for second 

order interactions of the continuous variables. Concordances of 99.2 for A. niger, and 99.7 for P. 

expansum were obtained with the proposed models. It is concluded that OEO in double emulsions 

prepared by ultrasonic homogenization was more effective for mold inhibition than using the OEO 

diluted in corn oil and logistic regression modeling is adequate to describe the growth/no growth 

interface of molds during storage. 

 

Keywords: essential oil, double emulsions, logistic regression, molds 

 

 

INTRODUCTION 

In recent years, it has been sought to replace chemical-synthetic antimicrobials by others that may be 

perceived by consumers as natural antimicrobials. Therefore, it has been investigated the use of 

essential oils of spices and herbs; and it has been found that these are effective against the growth of 

some microorganisms an as antioxidant agents (2,4). Among the studied essential oils, Mexican 



 

797 
 

oregano (Lippia berlandieri Schauer) essential oil has demonstrated to act as an antimicrobial due to 

its content of thymol, carvacrol, -cymene and -terpinene (1,10). 

 

Essential oils are compounds highly volatile and sensitive to degradation. Encapsulation by 

emulsification is one way to protect them. Double emulsions type water-in-oil-in-water (W/O/W) can 

encapsulate hydrophilic and lipophilic substances in the same system and potentially have a better 

protective effect (11). Very recent research about essential oil’s antimicrobial action had 

demonstrated that its encapsulation in emulsions can improve its functional activity (5, 6, 12, 13, 15). 

 

Molds are common microorganisms that cause spoilage in food and some of these can produce toxins. 

Some important genera are Aspergillus and Penicillium, both species are capable of producing 

dangerous mycotoxins such as aflatoxins, citrinin, ochratoxin and patulin (7). These molds are found 

mainly in fruits, vegetables and in some cereals. They have also been found in fresh and processed 

meats, such as bacon and cured hams, and cheeses (7, 8). Moreover, the Penicillium genus is widely 

found in breads and bakery products. 

 

It is important to find the concentrations in which the essential oils can be used as antimicrobial or 

antifungal agents and understand how they interact with physical and chemical factors such as water 

activity and pH. A good tool that allows us to predict some responses to several factors, is the 

modeling of the growth/no-growth interface of a microorganism, with binary logistic regression. This 

has been used widely in studies of bacterial growth and recently in yeasts and molds (3, 9, 14, 15). 

 

The aim of this study was to determine the antifungal activity of Mexican oregano essential oil (L. 

berlandieri Schauer) encapsulated within emulsions and to evaluate the effect of the homogenization 

method against A. niger and P. expansum, by using binary logistic regression.  

 

MATERIALS AND METHODS 

Encapsulation of essential oil. Mexican oregano essential oil (L. berlandieri Schauer) (OEO) (Lab. 

Hersol S.A. C.V., Mexico) was encapsulated in double emulsions in a two-step process. The primary 

emulsion was 20:80 W/O. The aqueous phase was a solution of 30% (w/w) maltodextrin (Globe, 

CPIngredientes, Mexico) and 0.5% (total weight, tw) of ascorbic acid (Omnichem, Mexico). The 

continuous oil phase was a mixture of corn oil (La Gloria®, Mexico) and OEO. The amount of OEO 

added was the necessary to obtain concentrations of 0%, 1%, 5% and 10% in the secondary emulsions. 

Soy lecithin (2% tw, Gelcaps, Mexico) was used as a stabilizer. It was homogenized by ultrasound 

(84 m, for 15 min) (Cole Parmer EW-04711-70, USA), or by mechanical homogenizer at 8500 rpm 

for 10 min (Silverson, L4R AXR, England). 

For the double emulsion, the primary emulsion was dispersed 30:70 in the external aqueous phase. 

This latter contained 6% (w/w) of whey protein (Fleischmann, Mexico) and 0.3% (tw) of Tween 80 

(Sigma-Aldrich, Mexico). The ultrasound homogenization treatment was carried out at 42 m during 

7.5 min. When mechanical homogenization was used, it was at 5100 rpm for 5 min. In addition, when 

ultrasound and mechanical homogenization were combined, the primary emulsion was homogenized 

at 108 m for 15 min and the secondary emulsion at 5800 rpm for 5 min. 

Antifungal activity. Molds Aspergillus niger and Penicillium expansum were obtained from the 

strain collection of the Food Microbiology Laboratory of the Universidad de las Américas Puebla. 
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Growth (1)/no-growth (0) of molds was observed for 8 days at 25 °C. Molds were inoculated on 

potato dextrose agar (PDA) and incubated at 25ºC for 7 days before collecting the spores with a 0.1% 

Tween 80 solution. For the antifungal activity tests, sterile Petri dishes with PDA (Bioxon, Becton 

Dickinson of Mexico) were used. The agar was adjusted to aw of 0.98 (± 0.002) and 0.99 (± 0.005), 

with NaCl (La finaMR, Mexico). Once the agar was solidified 100 L of emulsion were applied, with 

different concentrations of OEO (0%, 1%, 5% and 10%). After emulsions were dried, 8 points of 5 

L dispersion with 1x106 spores/mL were inoculated of each microorganism. Control plates in which 

no emulsion was added were also prepared. The experiment was performed twice. Besides, a test set 

in which OEO was diluted in corn oil at the same concentrations as the double emulsions (0% 1%, 

5% and 10%) was carried out. All plates were stored at 25°C. Observations of growth or no growth 

of molds were registered daily. It was considered as positive growth the visible formation (5 mm) of 

mold mycelium. 

Binary logistic regression. To predict the likelihood of mold growth and assess the effect of the 

method of homogenization, the water activity, the concentration of essential oil, the time and the 

interactions of these factors, the logistic regression model was used. Binary logistic regression models 

relate the probability that an event (Y) occurs, depending on the factors or independent variables (xi).  

 

The model is presented as follows (Eq 1): 

 

p(𝑥) =
𝑒𝑥𝑝[∑ 𝛽0+𝛽𝑖𝑥𝑖]

1+𝑒𝑥𝑝[∑ 𝛽0+𝛽𝑖𝑥𝑖]
      Eq (1) 

 

and logit transformation of p(x) in equation 2 (Eq 2): 

 

𝑙𝑜𝑔𝑖𝑡(𝑝) = 𝑔(𝑥) = 𝑙𝑛 [
𝑝(𝑥)

1−𝑝(𝑥)
] = ∑ 𝛽0 + 𝛽𝑖𝑥𝑖 + 𝛽𝑖𝑥𝑖

2             Eq (2) 

 

Where: 0, is a constant; i, are the coefficients for the factors “i”, estimated from experimental data; 

and xi are the factors or independent variables under study (16, 17). The method of homogenization 

was defined in the model as categorical (discrete) variable as follows: ultrasound (1), mechanical 

homogenization (2) and the homogenization combination of ultrasound-mechanical (3). While aw, the 

time of observation  (day)  and concentration of OEO (%) were defined as continuous variables for 

each mold. The adjustment of the data to the proposed models was estimated by testing Hosmer and 

Lemeshow goodness and the percentage of agreement (16,17). Data was analyzed and fitted using 

Minitab software (v.14 2005 LEAD Technologies Inc., USA). Only statistically significant terms 

were included in the model, with a p-value < 0.15 for the main effects and a p-value < 0.05 for second 

order interactions. 

 

RESULTS AND DISCUSSION 

In the model systems with oregano essential oil (OEO) diluted in corn oil, it was observed the growth 

of both A. niger and P. expansum, regardless the aw value. Although there was growth for all OEO 

concentrations, there was no development of spores at 10% of OEO for both molds during the 8 days 

of observation. When OEO was encapsulated within double emulsions, there was no growth of 

mycelium at 10% of OEO, neither for A. niger nor P. expansum.  
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Figure 1. Growth probability of Aspergillus niger (a), Penicillium expansum (b) with oregano essential oil 

(%OEO) encapsulated in W/O/W emulsions prepared with ultrasound; and Penicillium expansum (c) with 

oregano essential oil (%OEO) encapsulated in W/O/W emulsions prepared combining ultrasound and 

mechanical homogenization, all systems are at 0.98 aw. 

 

A. niger growth/no-growth data were fitted to a binary logistic regression model including the single 

factors: homogenization method, aw, storage time and OEO concentration; as well as the interactions: 

aw-OEO, time-OEO and the quadratic factors of time-OEO. The Hosmer–Lemeshow’s goodness test 

demonstrated that the data were well fitted to the proposed models (p-value of 0.996); and measures 

of association showed that there is a concordance of 99.2%. In general, the model for A. niger 
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probability growth showed that there is a greater probability of growth by increasing aw. Besides, A. 

niger showed to be more resistant than P. expansum to the OEO emulsions. 

 

The growth probability model for P. expansum also included all single factors and the significant 

effect of the interactions: aw-time and aw-OEO; as well as the quadratic factor of time. The Hosmer–

Lemeshow’s goodness test showed a P-value of 0.893 and a concordance percentage of 99.7%, 

demonstrating that the model adequately fitted the data. The model showed that OEO concentration 

in the emulsions decreases the probability of the mold growth.  

 

The growth probability of P. expansum increased when mechanical homogenization was used for the 

emulsions preparation. The combination of the homogenization method, ultrasound-mechanical 

affected slightly the mold growth in comparison to the homogenization with ultrasound for the two 

step preparation of the double emulsions. The statistical analysis proved that the homogenization 

methods did influenced the mold growth significantly (p <0.05) (Figure 1c). This effect can be 

explained due to the droplet size in the double emulsions. The ultrasound double emulsions had an 

average diameter (D4,3) of 2.69 (± 0.24) m, the mechanical homogenized double emulsions of 12.35 

(± 0.01) m and the ultrasound-mechanical homogenized double emulsions of 8.83 (± 0.21) m. 

Salvia-Trujillo et al. (12) showed that essential oils of lemongrass and clove had a greater and more 

rapid kinetics of inactivation against Escherichia coli when were encapsulated in nanoemulsions than 

in coarse emulsions. Furthermore, other investigations like those of Speranza et al. (13) also shows 

that a smaller drop size in the emulsions increases antimicrobial activity of amazonian oils. 

 

CONCLUSIONS 

The OEO encapsulated in double emulsions is more effective as antifungal than when OEO was only 

added directly. Both molds were inhibited at 10% OEO in the double emulsions. While A. niger 

growth was affected by aw, storage time and OEO; but not by the combination of ultrasound and 

mechanical homogenization. However, the growth of P. expansum was affected by the method of 

homogenization, storage time and OEO, but not by aw. The binary logistic regression allowed an 

adequate description of the data. It is necessary to validate the model to use it as a predictive tool in 

the formulation of double emulsions with natural antimicrobial agents. 
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ABSTRACT 

Human brucellosis remains a major public health problem in México, being the intake of contaminated 

dairy products or direct contact with infected animals the mayor modes of transmission. As Brucella 

mellitensis and B. abortus strains have been isolated in milk and artisanal cheese produced in Veracruz, 

the aim of this study was to explore different factors affecting brucellosis prevalence among humans 

living in urban and suburban areas of Veracruz, México. Two hundred serum samples were collected 

from 2012 to 2014 from febrile patients hospitalized at two public hospitals located in Veracruz City. 

All individuals had fever for at least 2 days or temperature on admission of  >38.5°C and were clinically 

diagnosed with dengue fever. Blood serum samples were screened for the presence of antibodies 

against Brucella using the rose Bengal plate test. Positive and suspected sera were further tested using 

the serum Brucella agglutination test with a single reciprocal titer > 1:20 for 2-mercaptoethanol 

according to NOM-022-SSA2-2002. The Chi-square test was used for all the univariate analyses, and 

Odds ratios (ORs) and 95% confidence intervals were estimated using Win Episcope v.2.0. Among 

200 patients studied 70/130 were confirmed dengue fever, of these 4/70 showed evidence for combined 

brucellosis infection and other 10/130 patients were confirmed brucellosis. Brucellosis prevalence was 

higher in women (9/14, 9.1%, CI95%=4.5-16.9) with an age range 13-59 years (4.35%, CI95%=0.2-23.8). 

The analysis identified the age group 41-50 years (OR 4.3, CI95%=1.3-13.9) and living in suburban 

areas (4/14) (OR 5.72, CI95%=1.78-18.35) as risk factors for Brucella seropositivity. No food 

consumption or occupational data were collected in clinical records. Nevertheless, as we previously 

reported, shops and markets in Veracruz sell unpasteurized dairy products that owners may obtain 

directly or indirectly from farmers located in endemic areas, representing the major risk factor for 

contracting brucellosis in urban areas. These results showed that the serological screening provided an 

effective means for the early diagnosis in this region. The collection of food-consumption and specific 

demographic data to detect risk groups and routes of transmission, and the strictly enforcement of dairy 

products pasteurization are urgently required to prevent infection and brucellosis spread. 

 

Keywords: Brucellosis, urban area, health risk, dengue fever 

 

 

INTRODUCTION 

Brucellosis is a highly infectious and an economically important zoonotic disease transferred from 

livestock to humans, and represents one of the most widespread zoonosis and a major human public 
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health problem worldwide (2). It is caused by bacteria of the genus Brucella, being the most 

pathogenic and invasive species for human B. melitensis, followed in descending order by B. suis, B. 

abortus and B. canis. Live animal vaccines B. melitensis Rev. 1 and B. abortus strain 19 are known 

to cause disease in humans (1, 13). The disease is transmitted through either direct contact with 

infected animals or through the consumption of raw fresh milk and unpasteurized and contaminated 

dairy products from endemic areas, which represents a non-occupational mode of transmission to 

humans living in urban and suburban areas (12). Most common symptoms of brucellosis include 

undulant fever in which the temperature can vary from 37 °C in the morning to 40 °C in the afternoon 

(11). Symptoms and signs of brucellosis usually referred of unknown origin, can be confused with 

other diseases including enteric fever, dengue, leptospirosis, rheumatic fever, tuberculosis, fungal 

infection, autoimmune disease and tumors, making it difficult to diagnose clinically. Thus, a detailed 

case history is very important for diagnosis (5). In this context, the differential diagnostic among 

brucellosis, dengue, salmonellosis and leptospirosis, as well as the obligatory report of these diseases 

are mandatory according to the Mexican Ministry of Health (NOM-032-SSA2-2002) (18).  

 

Despite the national campaign to eradicate animal brucellosis led by the Ministry of Agriculture, 

brucellosis still constitutes a significant public health problem in México. According to the Mexican 

Ministry of Health’s epidemiology directorate, 1,648 (female) and 58 (male) cases of human 

brucelosis were reported in 2015 in Veracruz state (17). The disease is present in rural and urban 

areas, being the main risk factor the consumption of raw milk and unpasteurized cow and goat dairy 

products. In Veracruz state, more than 35% of cow’s milk is consumed unpasteurized, and the goat’s 

milk is consumed unpasteurized or used to produce cheese under poor sanitary conditions (9). As 

Brucella mellitensis and B. abortus strains have been isolated in milk and artisanal cheese produced 

in Veracruz (Colorado et al., 2015), the aim of this study was to explore different factors affecting 

brucellosis prevalence among patients living in urban and suburban areas of Veracruz, México. 

 

MATERIALS AND METHODS 

Study design. A cross-sectional study from 2012 to 2014 was performed. Two hundred serum 

samples were collected from patients with febrile illness and other symptoms suggesting dengue 

infection at the time of admission in two public hospitals located in Veracruz City. All individuals 

had fever for at least 2 days or temperature on admission of >38.5°C. Demographic information, 

including the participant’s place of residence, gender, and age, was collected. Provisional clinical 

diagnoses established by the hospital clinical team were recorded. All serum samples were frozen at 

−80 °C until analysis. 

Laboratory diagnosis. Blood serum samples were centrifuged (3000 g for 10 min), and the serum 

collected was aliquoted (500 µL) and stored at -80°C until analysis for Dengue and Brucella 

antibodies detection. Dengue serology was performed according to Sánchez et al. (15) using Panbio 

IgM Capture ELISA (Panbio Diagnostics, Brisbane, Australia), overall sensitivity 94.7% and 

specificity 100%, and IgG capture ELISA (Panbio Diagnostics), overall sensitivity 96.3% and 

specificity 91.4%. These ELISA kits were used following the guidelines of InDRE. Assay was 

performed at the Biological Medical Research Institute, Universidad Veracruzana (Veracruz, 

México). Brucellosis serology was performed according the serological tests recommended by the 

NOM-022-SSA2-2002, using the Rose Bengal test as presuntive test. Positive and suspected sera 

were tested using standard agglutination test (SAT) and 2-mercaptoethanol as confirmatory tests at a 
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single reciprocal titer > 1:20 with a standardized B. abortus antigen as positive control, according to 

the manufacturer’s protocol (MICSA Laboratories, Ciudad de México, México) (16). Being an 

endemic area, a titer of > 1 : 20 is considered as positive test and suggest diagnosis of recent brucella 

infection. Assays were performed at the Laboratory of Microbiology, Escuela Nacional de Ciencias 

Biológicas, Instituto Politécnico Nacional, (México City, México). 

Statistical analysis. The significance of differences, risk analysis in prevalence rates of brucellosis 

between patients was determined using the Xi2 test, and Odds Ratio (OR) and 95% confidence 

intervals were estimated, using Vassarsats and Win    v.2.0 statistical programs. 

 

RESULTS AND DISCUSSION 

Among 200 patients studied with febrile illness 70/200 (35%, CI95%: 28.4-42.0) were confirmed 

positive and 130/200 (65%, CI95%: 57.0-71.6) were diagnosed negative for dengue virus infection. Of 

the 70 dengue-positive patients, 49.5% were females and 30.0% males, with the highest prevalence 

among the age group 21-30 years. Veracruz State is the main endemic region for dengue in the 

country, with approximately 2,884 cases in 2015 (6). According to Table 1, of the 200 patients 

studied, 14 (5.0%, CI95%: 2.6-9.3) met criteria for confirmed brucellosis. Brucellosis prevalence was 

higher in women (9/14, 9.1%, CI95%: 4.5-16.9) with an age range 13-59 years (4.35%, CI95%: 0.2-

23.8), and 4/9 were 41-50 years of age. Significant risk factors for Brucella seropositivity were related 

to the age groups 41-50 years (OR=4.3, CI95%: 1.3-13.9) and living in suburban areas (4/14) 

(OR=7.04, CI95%: 2.18-22.66).  

 

Table 1. Brucellosis in Veracruz: Prevalence and risk factors in febrile patients 

Factors n Seropositivity Prevalence (%) CI95% OR CI95% 

Gender       

General 200 14 5.0 2.6-9.3 -- -- 

Female 99 9 9.1 4.5-16.9 1.9 0.6-5.9 

Male 60 4 6.7 2.2-17.0 0.9 0.3-3.1 

Age (years)      

1-10 8 - - - - - 

11-20 23 1 4.3 0.2-23.8 0.6 0.1-4.6 

21-30 29 1 3.4 0.9-19.6 0.4 0.1-3.3 

31-40 16 3 18.7 4.9-46.3 3.6 0.1-13.6 

41-50* 20 4 20.0 6.6-44.3 4.3 1.3-13.9 

51-60 9 1 11.1 0.6-49.3 1.7 0.20-14.47 

61-70 6 - - - - - 

Residence       

Urban 140 10 7.1 3.9-13.1 1.07 0.32-3.58 

Suburban* 17 4 28.5 11.7-54.6 7.04 2.18-22.66 

     *(P<0.05) 

 

The impact of these findings is the deterioration of the quality of life in persons in their productive 

age, causing important work-power losses. Disease, such as brucellosis, can result in poor physical 

activity, an increasingly sedentary lifestyle, depression, and dependency on others. When these 

factors are combined with poor socioeconomic status and lack of health services, this can result in an 
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even more negative perception of current and future health (7). The predominance of female cases of 

brucellosis in Veracruz might be due to particular gender roles of women in households. According 

to Barroso et al. (3) study in Vélez-Rubio (Almeira) an Alcalá de Guadaira (Seville) Spain Health 

Centers, the highest number of cases of brucellosis (40%) were from age range 50-59 years, 60% 

were females, and the risk factor identified was the consumption of fresh, non-pasteurized cheese 

sold on the streets (OR= 112.0, CI95%: 4.48-16968.94, p<0.001). Pulido (14) reported 46/65 (69%) 

cases of human brucellosis in the southern municipalities of Veracruz state. The risk factors identified 

in this study were the occupational exposure (herdsman, farming, and milk and dairy products 

handling) and consumption of unpasteurized milk and dairy products. It has been documented that 

the primary transmission route of brucellosis is by the ingestion of unpasteurized dairy products in 

endemic countries (2). 

 

According to our study, one of the significant risk factors for infection was related to the residence in 

suburban areas (OR=7.04, CI95%: 2.18-22.66). One possible explanation could be due to the 

consumption of unpasteurized milk and dairy products; however, no food consumption or 

occupational data were collected in clinical records. Differences in quality of life between urban and 

suburban areas in Veracruz and low income levels are the additional socio-economic hardships that 

suburban populations must endure. In Mexico, brucellosis continues to be a problem due to certain 

traditions and customs associated with food preparation and a lack of health programs designed to 

teach people about the food safety concerns associated with zoonosis. Some studies have suggested 

a recent shift in the epidemiology of brucellosis from rural to urban settings, possibly related to 

unpasteurized milk consumption in urban environments (5, 10). In our geographic region – the 

Sotavento region – most common route of spread could be related to the consumption of artisanal 

fresco cheese produced from raw cow and goat milk, elaborated in rural communities. In these 

communities, farmers manufacture cheese using unpasteurized milk, as people engage in small-holder 

subsistence agriculture (7). As we previously reported (4), street vendors, local shops, and markets in 

Veracruz, sell unpasteurized milk and dairy products that owners may obtain directly or indirectly 

from farmers located in endemic areas, representing the major risk factor for contracting brucellosis 

in urban and suburban areas.  

 

Of the 70 dengue-positive patients, 4/70 (5.7%, CI95%: 1.8-14.7) showed evidence for combined 

dengue-brucellosis. Two confirmed coinfected patients were females with a range 11-20 years of age, 

one male was 45 years of age, and one patient have no data. No clinical history was reported in none 

of these patients. To our knowledge, co-infections with brucelosis and dengue fever or cross-

reactivity of Brucella serum agglutination test with PanBio Dengue Duo IgM and IgG capture ELISA 

used for serological diagnosis of dengue fever have not been reported previously. This finding suggest 

that serial or concurrent infection with different pathogenic acute febrile illness agents is not 

uncommon in Veracruz possibly due to environmental and social factors that favor the spread of these 

diseases. Currently, dengue infection could be clinically confused with other infectious illnesses, such 

as influenza, leptospira, malaria, brucellosis or typhoid fever as clinical diagnosis of dengue is based 

on general signs and symptoms due to the lack of differential diagnosis with rapid, specific, and 

sensitive diagnostic tools for confirmation of dengue cases (15). Moreover, it has been documented 

the transmission of Brucella infection from human to human, such as sexual transmission and mothers 

to infants by breast-feeding (8, 19).  
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Eradication of the disease in humans needs a multidisciplinary approach involving both humans and 

animals. Controlling animal brucellosis in México requires a considerable effort to build 

infrastructure that educates people about the risks of brucellosis. In regions endemic for brucellosis 

such as ours, an educational programme, especially one regarding the routes of transmission, would 

be a cost-effective method for prevention and control. This is particularly important in this area as 

artisanal fresh cheese, a popular food consumed daily at meals by many people, is usually produced 

from unpasteurized cow or goat milk. Our results showed that the serological screening provided an 

effective means for the early diagnosis in this endemic region. The collection of food-consumption 

and specific demographic data to detect risk groups and routes of transmission, and the strictly 

enforcement of dairy products pasteurization are urgently required nationwide to prevent infection 

and brucellosis spread. It is important to raise awareness of this public health problem among policy 

makers and to communicate risks to consumers in urban areas related to the hazardous zoonoses 

transmitted through raw milk and unpasteurized dairy products. 
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ABSTRACT 

Fresh produce often harbors a great number of microorganisms; hence, its growing demand may 

constitute a risk for consumers. The aim of this study was to evaluate the efficacy of several 

disinfection procedures against enterotoxigenic Escherichia coli (ETEC) inoculated on tomato fruits. 

Fruits were immersed in oregano or thyme essential oil dispersions (5, 10 ppm), with or without 

ultrasound treatment. The most efficient disinfectant treatments showing significant differences (P ≤ 

.05) between the reductions log10 CFU/g (S) of ETEC were those using 10 ppm oregano for 10 min, 

with S reductions =3,05 in individual treatments and S = 4.03 in mixed treatments. The results of this 

study encourage interest in the search for new alternatives for post-harvest treatment of tomato, that 

consider together the antimicrobial properties of treatments with essential oils of some plants, assisted 

by sonication. 

 

Keywords: Essential oils; Ultrasound; Tomato; Escherichia coli; Assisted disinfection 

 

 

INTRODUCTION 

The tomato (Solanum lycopersicum L.) is one of the crops with global importance due to their 

consumption, commercialization and industrialization. However, the consumption of this fruit has 

been related to multiples outbreaks of gastrointestinal diseases caused by pathogens like Listeria 

monocytogenes, E. coli, and Salmonella (1). In order to remove and inactivate the microorganisms on 

these fruits, is required effective washing and disinfection treatments. 

 

Recent reports have investigated the antimicrobial activity of the oregano (Origanum vulgare) and 

the thyme (Thymus vulgaris) oils essentials (2, 3). As well, there are studies about the use of 

ultrasound as a decontamination method on fresh products. This method is inefficient to remove the 

pathogens microorganisms, for that reason this technology can be applied in addition to others 

disinfection treatments (4). According to the explained background, in this study, essential oils and 

ultrasound disinfection treatments been evaluated on E. coli inoculated tomato with. 
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METHODS AND MATERIALS 

Vegetable Material. Roma VF tomatoes with physiological maturity degree, from a fertirrigation 

greenhouse located in the Sierra Norte de Puebla, Mexico, were placed in sterile plastics bags and 

transported to the laboratory. 

Inoculation of the fruits. The entire fruits were disinfected with sodium hypochlorite ( 5% , v/v) for 

5 minutes, rinsed with sterile water, dried for 5 minutes, and inoculated with E. coli (ETEC) which 

was previously isolated of tomato greenhouse. The identification of E. coli was made by IMViC 

biochemistry tests. Also, the confirmation was made by polymerase chain reaction (PCR) with the 

amplification of the gen bfpA (5).. E. coli inoculum  with a cell density of 107 UFC/ml and 1.1 optical 

density (OD) to 620mn was confirmed by plate count on agar eosin and methylene blue (EMB, BD 

Bioxon, México) at 37°C for 24 hours. The colonies were confirmed by biochemistry tests IMViC. 

The inoculation of the fruits was made by immersion on tryptone soy broth (TSB, BD Bioxon, 

Mexico) through a continuous shaking of 5 minutes. After that, the fruits were taken from the solution 

and stored under 37°C for 90 minutes; this method allowed to ensure an initial population of 1x107 

UFC/g on inoculated fruits. 

Disinfection treatments. The inoculated fruits were processed with individual (IT) and mixed (MT) 

disinfections treatments with oregano and thyme essential oils, with or without ultrasound and contact 

times of 5 or 10 minutes. The oils were extracted from 100g of dried leaves of each specie in 1 liter 

of bidistilled water with Clevenger hydrodistillation method for 2 hours. The oils were mixed with 

PBS (Phosphate-buffered saline) to obtain concentrations of 5 and 10 ppm on the disinfected 

solutions. The lT disinfection treatments were processed by placing inoculated fruits in sterile plastics 

bags (with distilled water or with oregano and thyme oil dispersions) and under concentrations and 

times previously defined. For the TxM treatments, the bagged tomatoes were placed on an ultrasonic 

bath Elmasonic S30H (Elma, Singen, Alemania) operated at a frequency of 40 kHz, at a power of 80 

W and a temperature of 40°C during the defined time. 

Microbial counts. The microbial counts of the disinfected fruits were made through decimal 

dissolutions (10-2 to 10-7) and EMB plates incubated to 37°C during 24 h. The factors of log reduction 

(S) were calculated from the log10 UFC/g values obtained before and after of disinfection treatments. 

The absence of E. coli was confirmed in the fruits controls (without inoculation) during the IT and 

MT disinfection treatments.  

Statistical analysis. All the experiments were realized three times considering a completely random 

design. The S results were analyzed by ANOVA. The S average were compared through the Tukey 

Test (α = 0, 05).  The analysis was made with the Analysis System, (GLM, 6.12 version) statistical 

software. 

 

RESULTS AND DISCUSSION  

Significant differences were obtained (p ≤ 0, 05) between the values of S with the applied treatments, 

it was observed an increase on the inhibitory effect on inoculated microorganism with the biggest 

contact time (t=10 min) with 5 and 10 ppm concentrations (Tables 1 and 2). The S values with oregano 

essential oil (IT) were larger than the thyme essential oil, with reductions around of 3 log10 UFC/g 

with 10 ppm and 10 min. This observation could be related to the presence of antimicrobial 

compounds like thymol, carvacrol, α-pinene, terpene and γ-p-cymene, previously reported by 

Oyedemi et al.6 in addition to the applied action on the lipids of the cellular membrane which affects 

the permeability and allows the cell lysis. 
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With reference to the IT with thyme, the values of S obtained were between 1.57 and 2,26 log10 UFC/g 

with 10 ppm (Table 1), these were similar than the obtained for Singh et al. (13), which applied 

disinfection treatments with 5ppm during 10 min on germinated of alfalfa inoculated with E. coli. 

The investigations of Sartoratto et al. (7) associates the antimicrobial effects of the thyme with 

contents of thymol, γ-terpene, and γ-p-cymene. 

 

The individual treatment with ultrasound as the only disinfectant action resulted ineffective with 

similar reductions (S) for the two times of contact applied (Table 1); the obtained values S were 

comparable to the report of Seymour et al. (8) with conditions of 26 kHz and distilled water (39°C) 

for the disinfection of parsley. According to Scherba's et al. (9) the inhibiting effect of the sonication 

from E. coli is related to the intensity's increase and it is independent to the treatment's durations.   

 

Table 1 S Reduction on counts of E. coli ETEC inoculated on tomato fruits under different disinfection 

treatments. 

  S (reduction log10 CFU/g )a 

Treatment Concentration 

(ppm) 

tc = 5 min tc = 10 min 

AE oregano 5 1,57±0,025 D 2,65±0,17 AB 

 10 2,53±0,10 B 3,05±0,03 A 

AE thyme 5 0,01±0,035 H 1,23±0,03  G 

 10 1,57±0,31 D 2,26±0,04 C 
a Mean values (n=3) ± a desviation standard. AE= essential oil; tc= time of contact. Different letters indicate 

significant differences (p ≤ 0,05) between the treatment's means. 

 

The MT generated (in certain disinfection conditions) synergistic and additive effects (Table 2). The 

synergistic effect was showed on the oregano oils to 10 ppm during 10min, while the additive effect 

was showed on the same oil to 5 ppm during 10 min. The effectiveness of the mentioned treatments 

was similar to Kim's results et al. (10), which reported similar results to the chlorinated solution to 2 

mM on inoculated lettuce  with E. coli 0157:H7.  

 

Table 2 Reduction on counts of E. coli (ETEC) (S) inoculated on tomato fruits under different disinfection 

treatments.  

  S (reduction log10 CFU/g )a 

Treatment Concentration 

(ppm) 

tc = 5 min tc = 10 min 

Sonication N/A 0,85 ± 0,07  F 0,84±0,04 F 

AE oregano + 

Sonication 

5 2,58±0,12   C 3,82±0,18 A 

 10 3,04±0,083  B 4,03±0,11  A 

AE thyme+ Sonication 5 0,97±0,16   F 1,94±0,22  DE 

 10 2,10±0,01  D 2,89±0,01  BC 
a Mean values (n=3) ± a desviation standard. AE= essential oil; tc= time of contact. Different letters 

indicate significant differences lowercase (p ≤ 0,05) between the means of treatments. 
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It has been shown that the use of ultrasound in addition to disinfectants or antimicrobial agents 

increases microbial lethality. Yu et al. (11) evaluated an increase on bactericidal activity of antibiotics 

with the application of low intensity ultrasound (70 KHz), and the effect was attributed to the 

phenomenon of sonoporation, which affects the permeability of the cell membrane and facilitates the 

flow of antimicrobials. 

 

For the TxM with thyme oil and sonication, the most significant reductions were obtained with 10ppm 

of oil concentration applied during 5 and 10 minutes (Table 2). The maximum value (S=2.89) 

obtained for this treatment was similar to the individual treatment of oregano oil to 5 and 10ppm 

during 10min. Furthermore, the mixed treatment with 5ppm of thyme just observed significant 

logarithm reductions with more contact time (Table 2). 
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ABSTRACT 

Several pre and post-harvest factors could contribute to the presence of microbial pathogens on fresh 

produce; these factors include irrigation water, soil, feces, insects and human handling. The outbreaks 

of Escherichia coli infections due to consumption of spinach leaves reaffirmed the importance and 

challenge of produce microbial safety. The aim of the present study was to show the presence on the 

surface (M1 method) and internalization (M2 method) of Escherichia coli (ETEC) on different spinach 

tissues (leaves, stem and rot) (Spinacia oleracea), when this pathogen is added to irrigation water.  

Population of E. coli was enumerated after 0 h (day of inoculation with 107 CFU/g), 72, 360 and 720 

h of storage. The samples for M1 were placed into a polyethylene bag containing 50 mL of sterile 0.1% 

peptone water and rubbed by hand with firm pressure for 1 min. For M2, twenty-five grams of spinach 

leaves were macerated in 225 mL 0.1% (w/v) sterile peptone water for 2 min with a stomacher blender. 

The samples were serially diluted in peptone water, plated (100 μL in triplicate) on eosin blue agar 

(EMB, Difco Laboratories) containing 50 μg/mL nalidixic acid, and incubated at 37 ◦C for 24 h before 

enumeration. The number of E. coli cells attached (M1) after 720 hours was 7.12 ± 0.493 Log10UFC/g. 

A similar trend was observed with M2 although populations were 7.58±0.044 Log10UFC/g. The 

colonization of E. coli was revealed for scanning electron microscopy and the internalization samples 

were examined with immunofluorescence and confocal microscopy. These results reinforce the 

importance of the internalization and adherences of E. coli due the conventional disinfection treatments 

are not sufficient to minimize the growth.  

  

Keywords: E: coli ,  Spinach, survival mechanisms, irrigation water 

 

 

INTRODUCTION  

A healthy diet can help to prevent certain illnesses (1). Consumption of fruit and vegetables may help 

prevent chronic diseases, including cancer and coronary heart disease (2, 3), because in addition to 

their nutritional value, these foods provide bioactive compounds such as vitamins, minerals, 

carotenoids and antioxidants.  

 

Human consumption of young seedlings or sprouts has increased due to their higher nutritional value 

as compared to the fully developed plants (4), and due to their softer and more delicate flavor (5). As 

the germination takes place, the nutrient bioavailability increases (6). Also, during this period, seeds 

require certain environmental conditions in terms of oxygen, light, temperature, and moisture, which 
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determine the development of the sprout's aroma and flavor (7, 8). Commercially-available baby 

vegetables include cherry tomato and baby carrot, lettuce, and spinach.  

  

Consumption of young seedlings and sprouts has been linked to some foodborne diseases over the 

last few years. One reason for this may be that most of these vegetables are consumed raw (9), usually 

to preserve their natural flavor and to prevent degradation of some nutrients during the cooking 

process. The Centers for Disease Control and Prevention has linked these products to Escherichia 

coli. For example, Escherichia coli O157 was isolated from 13 spinach packages in 2006; in 2012, 

the New York Department Health Wadsworth Center Laboratories isolated STEC O157:H7 from 

Organic Spinach produced by State Garden, Chelsea, Massachusetts, affecting five states; and the 

most recent report was in 2014, where O121 was linked to raw clover sprouts (10, 11, 12). 

 

Furthermore, some investigations report that spinach seed germination varies from 3 to 4 days, when 

seeds are more susceptible to contamination. Castro-Rosas and Escartín (13) observed that Vibrio 

cholera O1, Salmonella typhi, and Escherichia coli O157:H7 may develop during the first hours of 

germination. The risk for microbial contamination of sprouts is not limited to the presence of bacteria. 

Other factors, such as the microorganisms ability to survive and proliferate on soil, moisture, 

temperature, soil type, and sun exposure, have a huge impact on microbial behavior (14) and increase 

the risk to consumers. 

 

Finally, it is worth noting that some bacteria and other microorganisms have a natural tendency to 

adhere on surfaces as a survival mechanism. After the early stage, once colonization has taken place, 

cells can form a biofilm of immobilized microorganisms and polymers (15).  

 

It is thus important to study the behavior of microorganisms associated to vegetables, including sprout 

and baby vegetables. For this reason, the present work evaluates the effect of E. coli inoculated in the 

first irrigation water, on the development of baby spinach.  

 

MATERIALS AND METHODS 

A nalidixic acid-resistant strain of enterotoxigenic Escherichia coli (ETEC) isolated from greenhouse 

soil and tomatoes (16, 17) was used in this study. The bacteria culture for inoculation was adjusted to 

107 CFU/mL (18). 

 

Spinach (Spinacia oleracea) seeds were disinfected with sodium hypochlorite (2.6% v/v) under 

agitation for 5 minutes. Both substrate (Peat Moss, Sphagnum) and water were sterilized in autoclave 

(121 °C for 15 minutes). Seeding was done manually by placing 4-6 seeds per cavity in a germination 

seedbed containing 5 g of soil per cavity. Watering was made every 36 hours, using E. coli-inoculated 

water (107 CFU/mL) for the first irrigation and sterilized water for the rest. A control germination 

seedbed was maintained without any bacterial inoculum over the entire plant growth period. 

 

Samples (root, stem and leaves) were collected at 0, 72, 360, and 720 hours of plant growth by taking 

5 g of tissue and mixing with 45 mL of sterilized (0.1% w/v) peptone water (BD Bioxon, BECTON 

DICKINSON, México). Samples were then analyzed using two methods. For the first method (M1), 

samples were placed into a sterilized polyethylene bag (BagLight® Multilayer®: Ultra resistant, 
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interscience) and homogenized for 2 min with a stomacher blender (BagMixer, Mod 400W, 

interscience). For the second method (M2), samples were homogenized with a blender for 5 minutes. 

For the bacteria count, the samples (test and control) were serially diluted in peptone water and 100 

μL were seeded in triplicate on Eosin Methylene Blue Agar (EMB, Difco Laboratories) containing 

nalidixic acid (50 μg/mL), and incubated at 37 °C for 24 hours. 

 

To reveal surface colonization and biofilm formation, samples were dehydrated with different ethanol 

concentrations and covered with a thin gold layer for observation on a scanning electron microscopy 

(QUANTA FEG 250). To assess internalization, 30 µm sections were prepared with a microtome, 

(MICROM HM 505 EVP), then placed on slides and fixed with formaldehyde (4% v/v) for 30 min. 

The primary antibody for immunofluorescence was made using an anti-E. coli IgG (1:1500 dilution), 

obtained from New Zealand female rabbits treated with a ROSHKA protocol for five weeks, whereas 

the secondary antibody was a commercially-available anti-rabbit IgG-Rhodamine (1:1000 dilution). 

Internalization samples were examined with a Leica TCS SP8 confocal microscope coupled to an 

inverted DMI 6000CS microscope. 

 

RESULTS AND DISCUSSION  

E. coli could be recovered during the spinach growth up to the last time point measured (720 hours, 

when the plant developed its first true leaf). Recovery and counting methods were conducted to 

confirm the presence of E. coli in the sample surface (M1) and to show E. coli internalization into 

spinach tissues (root, steam and leaf) and confirm its presence in the sample surface at different 

growth times. 

 

The tissue sample was initially exposed to a concentration of 7.44 log10 CFU/g. As observed with 

method M1, E. coli showed a 1 log increase over the first 72 hours of growth (figure 1). At the 720 

hours timepoint, E. coli values match those reported by Nicholson (19). Although bacterial levels 

decreased at 360 hours, E. coli survived through the 720 hour timepoint, proving that this 

microorganism has the ability to adapt to some surfaces and survive. 

 

Per method M2 (see figure 1 for bacteria recovery and count), seeds were exposed to the same initial 

concentration of 7.44 log10 CFU/g. While bacterial levels also increased at 72 hours after inoculation, 

in this case bacterial levels grew up to 8.84 log10 CFU/g above the initial concentration and the counts 

obtained per method M1, proving that method M2 counts any bacteria that may have internalized into 

the tissues. At 360 hours bacterial levels remained stable, enabling for recovery at 720 hours (figure 

1). 

 

The increase of the counts per M2 compared to M1 may be related with the time during which bacteria 

may internalize through leaf stomata or through chemotaxis in roots (20). Also, M2 allows a better 

sample homogenization, facilitating the release of bacteria that may have internalized into the tissues.  
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Figure 1. E. coli growth (log10 CFU/g) on spinach plant inoculated with the irrigation water ● Recovery and 

count method M1 ○ Recovery and count method M2.  

 

Adherence and biofilm formation is one of the survival mechanism of some bacteria. Figure 2 shows 

E. coli adherence to root surface (figure 2 A) and to spinach stem after 360 hours of growth, proving 

that bacteria can survive and form biofilm (figure 2 B). Some studies proved that E. coli O157:H7 

can develop over the lettuce leaf, which may remain contaminated despite washing (21). Our work 

showed that E. coli adherence on spinach tissue may be related with the risk of foodborne disease 

associated with the consumption of this vegetable. 

 

A) B) 

Figure 2. SEM picture of E. coli A) Root tissue B) Stem tissue. EC; E. coli presence, A; Adherence, B; Biofilm 

formation.  

 

The following figure (figure 3A) shows E. coli internalization into root tissues after 720 hours of 

plant growth, proving that internalization may be due to root infection through cracks or lateral roots 

(22, 23, 24). Figure 3B shows E. coli internalized into the leaf tissues, demonstrating that bacteria 

were trapped inside stomata as already reported for O157:H7 in iceberg lettuce leaf (25). Both 
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internalization ways provide the bacteria with a favorable growth environment. For this type of 

vegetables that are ingested raw, washing techniques may be insufficient to eliminate pathogens. 

 

Figure 3. A) Cross section of root tissue B) Longitudinal section of leaf tissue (30 µm) confocal microscopy 

63x. i) Green field, basal fluorescence, ii) red field, fluorochrome, iii) brightfield, iv) Fields overlap. EC; E. coli 

internalization 
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