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Introduction  
 

During the commercialization of biological products, the temperature is important parameter to 

corroborate, commonly called cold chain this is defined as the logistics system comprising personnel, 

equipment and procedures for storing, transporting and maintaining the correct temperature (below 4 ° C). 

An effective way to address this problem is the use oftime temperature indicator (TTI)however, these 

devices have a limited economic and technical record as only spot temperatures.(1) The present research 

proposes the utilization of lactic bacteriaas a monitor that detects the temperature changes (. When 

bacteria feels different temperature, the metabolism ofthe bacteria is activated and then resazurin utilized 

this activation (hydrogen in mitochondrial activity) (2) to change the color of resazurin and then the 

natural blue color change to pink (Fig. 1). This is correlated to the time of exposition of the product too 

high temperature, when more time and temperature the change of the resazurin color is more rapid. 

  
 

Methods and materials  
 

The present research has the aims to investigate the conditions and concentration oflactic bacteria that 

produce the objective referred above. For research, we used LactococcuslactisssplactisBM147 grown in a 

medium that contained skim milk, glucose, yeast extract and sodium caseinate, the culture was kept at 29° 

during 10 hours. 

We absorb in a 1x2 cm. wathman filter paper Number 4, 0.2 ml. of the bacteria culture with different 

concentrations (between 1x10
7
 and 1x10

4 
), after, the papers were dehydrated in vacuum (15 to 25 mm 

Hg) at room temperature during 30 min. .In the same manner the resazurin papers was prepared utilizing a 

solution of resazurin (0.0125mg/25ml). Two papers (one with the culture and the other with 

resazurin)were put together in a polietilen bag that contains an encapsulated drop of water (0.3ml). The 

closed bag was maintained in refrigeration until being used.  

To activate the kit we press the encapsulated drop of water until it splash. Then the two-wathman papers 

were hydrated and put in contact the resazurin and the bacteria. Then we monitored the change in color vs. 

time at different temperatures (4, 8, 22° C) and different concentration of bacteria. 

 

RESAZURIN 

(Blue) 

            

RESORUFIN 

(Pink) 

DEHIDRORRESUFIN 
(White) 

Fig 1.  Resazurinreaction 
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When the optimal conditions were found (concentration of bacteria that rapidly changes the color of 

resazurin to pink at 22° C and slowly at 4° C). Then we make several kits and put one on different foods 

(pork and bovine meat, chicken and milk) obtain in super market, these were put  in a manner that the 

food and the kit were exposed too the same temperature for the same time. We monitored the time when 

the blue color changes to pink or white , the concentration of total viable bacteria in the food were counted 

( mesophilic std. plate count), this was done at different temperatures (4, 8, 22° C) and the time when 

change of color happens. 

 

Results and discussion 
 

The results indicate that the resazurin color changes to pink in 2 hrs. at room temperature, with a bacteria 

concentration of 1x10
7
, 3 hrs. with a bacteria concentration of 1x10

6
, 6 hrs. with 1x10

5
 and 15 hrs. with 

1x10
4 
. At 4° C with less than one day  for the concentration of 1x10

7
,  two days for the concentration of 

1x10
6
, and more than 12 days for the concentration of 1x10

5
 y 1x10

4
 (fig. 2 and 3 ) 
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This figure clear relates the change of color with the amount of time and temperature that bacteria were 

exposed. 

On the other hand when the kit was put on a food, the results indicate, that we can predict the amount of 

bacteria present in the food with the change in the resazurin color.(Fig. 4, 5, 6) 

In fig. 4 is plotted the evolution of bacterial count Vs Time at 3 different temperatures (22°C, 8°C, 4°C) of 

pork meat, the color of the line represent the color of the kit attached of the meat. Is clear that the pink 

color appears when the concentration of bacteria is between  1x10
6 

and 1x10
7
 but a different time for 

different temperature. 2or 3 hours at 22°C, 34 Hours at 8°C and 75 hours at 4°C (fig 5) In other 

investigations meat stored under refrigeration (open packing) predominantly reporting a gram-negative 

bacterial, not forming spores that cause putrefaction in the product. Thus, in these experiments was shown 

microbial load values between 10
7
 a 10 

8 
UFC/g / g (3) (4). In fig 6 inmilk monitored was and the results 

be seen the samepattern.  

Values of 10 
6
 UFC/ ml or more indicates that milk is not fit for consumption. The sensory characteristics 

presented are: yellow, putrid odor, presence of curds and sour taste, as reportedMunsch, A.P 

(5)AndBarbano, D.M  (6). Who found that psychrotrophic bacteria are the main causes of the deterioration 

of the milk.which is consistent with what we found. 
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Fig 4. Relation of changes of color of kit with the microbial growth in pork meat 

 
Fig 5. Relation of changes of color of kit with the microbial growth in chicken breast  
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Change in the line color, represents the color of the kit 
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Pink 

           White 
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 27 

 
Fig 6. Relation of changes of color of kit with the microbial growth in in milk  

In conclusion.With lactic bacteria and the resazurin. It is possible to detected changes in the temperature 

and time to which the foods were maintained and therefore, they are possible to be used in the monitoring 

the cold chain during the food commercialization. 
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Introduction  

 
Betulinic acid (BA) is acompound from the group of pentacyclictriterpene-type lupine,found widely 

throughout the plant kingdom (1). BA displays wide ranges of biological activities, which includes anti-

inflammatory, antimalarial, antiallergenic, hepatoprotector, hypolipidemic and anti-obesity potential by 

promoting weight loss. However,the most relevant of the reported activities are anti-HIV and anticancer 

(2-5). BA is a promising agent for the treatment of different diseases, however the potential therapeutic 

activity can be hampered due to its low solubility; andbothitsabsorption as well as its bioavailability is 

questionable.A drug delivery system is an alternative to improve the bioavailability of poorly soluble 

compounds; among these systems nanoemulsions have been reported as one of the most promising 

techniques. In this context, nanoemulsionsare thermodynamically unstable but kinetically stable systems 

of oil and water stabilized by an interfacial film of surfactant molecules. This system has globule 

sizesranging from 20 to 500 nm (6). In the present study we producedbetulinic acid 

nanoemulsionsprepared withphosphatidylcholineas emulsifier and different oils were employed as 

disperse phase, using a high-pressure homogenizer. The main objective of this work was to evaluate the 

influence of composition (emulsifier and oil concentration) and operational variables (pressure and 

number of cycles) on the characteristics of BA nanoemulsions made by high-pressure homogenization. 

 

Materials and methods 
 

Materials. Betulinic acid was obtained from Indofine Chemicals. Soy phosphatidylcholine (PC) with a 

purity >95% was obtained from Avanti Polar Lipids, Inc. (Alabaster, AL). Oils used were:Extra virgin 

olive oil (Crisco), corn oil (Crisco), coconut and palm oil (Sigma), flaxseed oil (Spring Valley), and 

medium chain oilcontaining mainly C8 and C10 (Captexfrom Abitec, Paris, IL). 

 

Preparation of betulinic acid nanoemulsions 
 

The aqueous and oily phases were prepared separately, the oil phase consisted of the oil in which the BA 

was previously dispersed by sonication and PC as emulsifier was added in concentrations of 7.5 and 10 % 

dissolved in Milli-Q water. Nanoemulsions contained BA at a concentration of 50 mg/L. The oil and 

aqueous phases were mixed in ratios of 5:95 and 10:90. The water phase was added to the oily phase and a 

coarse emulsion was formed using a rotor-stator homogenizer (Polytron PT-2100) at 1000 rpm for 2 

minutes. After that, the coarse emulsion was passed through a high-pressure homogenizer (Nano DeBEE 

45, BEE International, MA) adjusted to pressures of 68.9,137.9 and 206.8 MPa and homogenized for 5, 10 

and 15 cycles. Nanoemulsions formed were stored at 25 °C for three months. 

 

Nanoemulsion characterization 
Globulesize. The mean globule size and size distribution were determined by dynamic light scattering 

(DLS) at 25 °C and ascattering angle of 90° using a ZetasizerNano-ZS90 (Malvern Instruments Inc). Size 
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distributions were reported by the polydispersity index (PdI). The samples were diluted withmilli-Q water 

prior the measurement. 

 

Zeta potential measurements.Measurement of the surface charge was determined by measuring the zeta 

potential of the nanoemulsionusing the Zetasizer at 25 °C. The nanoemulsions were diluted with Milli-Q 

water.  

 

Determination of entrapmentefficiency.The entrapmentefficiency of the nanoemulsion was determined 

separating the undissolvedBAby centrifugation at 11,000 rpm for 30 min. After centrifugation, the BA 

concentration in the nanoglobules was calculated from the final concentration of BA after preparation. The 

BAentrapment efficiency in the nanoemulsion was expressed as percent of the BA encapsulated by the 

globule in the nanoemulsion and was calculated with the following equation: 

(1) 

The BA content was determined by HPLC with UV detection according to the method reported by Zhao et 

al. (7).  

 

Nanoemulsion stability. The evaluation of the stability was made byperiodically measuring the globule 

size and PdI of the nanoemulsionsthat were stored at 25 °C for up to 3 months.  

 

Data analysis.The experiment was conducted in duplicate and each analysis consisted of at least three 

measurements. In this study, a 3x3x2 factorial design was employed to investigate the influence of the 

variables (pressure, number of cycles and emulsifier concentration) on the globule size and the size 

distribution of the BA nanoemulsions made with olive and medium chain oils as the dispersed phase. All 

data analyses were performed using the StatisticaData Analysis Software v. 5 (StatSoft Inc.). 

 

Results and discussion 
 

The globule size reduction in nanoemulsions can be achieved by varying conditions in the formation 

variables such as type and concentration of emulsifier,dispersed phase content, and by the energy input 

(8). The energy input can be applied by changing the pressure or the emulsification time, or by repeating 

the operation for more cycles. Then, in this study we studied the effect of these variables on the 

characteristics of Betulinic acid nanoemulsions. 

 

Factorial design analyses.The effect of the variables on the globule size and the size distribution was 

evaluated for the nanoemulsions made with olive and medium chain oils as the dispersed phase (table 

1).According to factorial design analyses for olive oil nanoemulsions, for globule size all the main factors 

and the interactions pressure-cycle and pressure-emulsifier had effect, however the pressure was the most 

significant factor followed by cycles and emulsifier concentration. For the size distribution, the variable 

that had the highest outcome was pressure and the effect of the other variables were notsignificant. Similar 

results were found for globule size in medium chain nanoemulsions, although for size distribution, 

pressure and the interaction pressureïnumber of cycles had a significant effect.  
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Table 1. Analysis of variance for globule size and size distribution 

Variable Particle size Size distribution 

F- Value P- value F-value P-value 

P 2016.55 0.000 20.25 0.000 

C 387.22 0.000 1.11 0.334 

E 315.81 0.000 3.39 0.069 

Interactions     

P-C 95.15 0.000 0.56 0.690 

P-E 3.51 0.034 0.40 0.672 

C-E 0.44 0.649 0.14 0.870 

P-C-E 1.50 0.208 0.06 0.994 

P (pressure), C (number of cycles), E (emulsifier concentration) 

 

Effect of the emulsifier concentration. 

In this work, when we employed 7.5 and 10 % PC and with higher pressure and number of cycles. 

Increasing the emulsifier concentration resulted in a decline of globule size (Table 1), that can be 

explained by the fact that at a concentration of 7.5 % PC, the emulsifier available to cover the globule 

surface was insufficient; when emulsifier concentration was increased(10 %) the globule surface was 

better covered and greater resistance to deformation when globules coalesced. Globule sizes obtained at 

137.9 MPafor 15 cycles, and 206.8 MPafor 10 and 15 cycles, were not significantly different, producing a 

minimum globule size of 206 nm. Emulsions made with 10 % PC at all the pressures and number of 

cycles proven were less disperse, but it was not significantly differentfrom the results employing 7.5% PC. 

 

Table 2. Characterization of globule size and size distribution of BA nanoemulsions prepared at different 

emulsifier concentrations 

PC Concentration (%) Globule size (nm) Size distribution (PdI) 

7.5 213.2 ± 1.5
a
 0.086 ± 0.018

a
 

10 194.9 ± 0.9
b
 0.081 ± 0.03

a
 

The BA nanoemulsions were prepared with a 5:95 olive oil ratio at 206.8 MPa and 5 cycles. Means with different letters in the 

same column are significantly different from each other (ANOVA, Tukey, p < 0.05). 

 
Effect of different pressures and number of cycles on Betulinic acid nanoemulsions.We expected the 

mean globule size to decrease with higher pressure and number of cycles because as pressure was 

increased the shear forces and turbulence were also increased. Figure 1 shows the globule size of the 

nanoemulsions made with 10 % PC and 5% olive oil prepared at different pressures and number of cycles. 

The increment in the homogenization pressure resulted in a significant decrease in globule size for all 

pressures employed. After 5 cycles the minimum globule size of 213 nm at 206.8 MPa was obtained. As 

expected, an effect of the number of cycles in the reduction of globules size was observed; at 68.9 and 

137.9 MPa increasing the number of cycles resulted in a significant reduction of the globule size. 

However, at 206.8 MPaand by applying more than 5 cycles made no significant effect on globule size 

reduction. By increasing pressure and number of cycles it was possible to reduce globule size at values as 

low as 193 nm. At 137.9 MPa and 15 cycles no significant differences were found among nanoemulsions 

prepared at 206.8 MPa with 5 to 15 cycles.  
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Figure 1. Globule size of BA nanoemulsions at different pressures and cycles. Key: 5 cycles, vertically 

striped bar; 10 cycles, diagonally striped bar; 15 cycles, horizontally striped bar. Bars indicate standard 

deviation. 

The effect of the pressure and number of cycles on the size distribution of nanoemulsions was evaluated 

(Table 3). The width of the size distribution was reduced as the pressure increased; however, the effect of 

the number of cycles on PdI did not show a consistent pattern. No significant difference was observed 

between the PdI values of nanoemulsions produced at different pressures and cycles. 

 

Table 3. Characterization of size distribution of BA nanoemulsions prepared at different pressures and 

cycles 

Pressure 

(MPa) 

Cycles 

5 10 15 

68.9 0.122 ± 0.046
a
 0.113 ± 0.029

a
 0.109 ± 0.026

a
 

137.9 0.086 ± 0.024
a
 0.071 ± 0.035

a
 0.077 ± 0.018

a
 

206.8 0.081 ± 0.030
a
 0.072 ± 0.011

a
 0.077 ± 0.026

a
 

The BA nanoemulsions were prepared with a concentration of 10 % PC and 5% olive oil. Means with different letters are 

significantly different from each other (ANOVA, Tukey, p < 0.05). 

 

Effect of the oil ratio.The oil concentration was increased at O/W ratio from 5:95 to 10:90 

(Figure 2) and an increase in globule size was noted. At 10:90 using a 10 % PC a mean globule 

size of 206 nm was obtained with 137.9 MPa and 15 cycles. By increasing the oil volume the 

number of globules formed increased, causing more globule-globule interactions, which favored 

globule aggregation and in turn increased the mean globule size. When increasing the oil ratio an 

apparent over-processing occurred when the number of cycles was increased to 15 at 206.8 MPa. 

As energy input was increased higher collision frequency was produced, thus more ñuncoveredò 

globules were available to coalesce and resulted in increased globule size and dispersion. Hence, 

for the 10:90 oil ratio, treatments beyond 137.9 MPa and 15 cycles did not produce an 

improvement in globule size.  
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Figure 2. Globule size of BA nanoemulsions at different oil ratios. Key: 10 % oil and 5 cycles, diagonally 

striped bar; 10% oil and 15 cycles, horizontally striped bar; 5 % oil and 5 cycles, gray bar; 5% oil and 15 

cycles; dotted bar. Bars include their standard deviation. 

 

Increasing the oil content had an effect on the size distribution of the nanoemulsions, keeping high values 

of PdI compared with the oil ratio 5:95 at the same conditions (pressure and cycles), which was less 

favorable in terms of stability (table 4).  

 

Table 4. Characterization of size distribution of BA nanoemulsions prepared at different oil ratios  

Pressure MPa 10:90 5:95 

68.9 0.124 ± 0.033
a
 0.122 ± 0.046

a
 

137.9 0.095 ± 0.036
a
 0.086 ± 0.024

a
 

206.8 0.091 ± 0.0186
a
 0.081 ± 0.030

a
 

The BA nanoemulsions were prepared with a concentration of 10 % PC and 5 cycles. Means with different letters in the same line 

are significantly different from each other (ANOVA, Tukey, p < 0.05). 

 

Influence of oil type on BA nanoemulsions. The effect of type of oil used as continue phase on globule 

size was evaluated. In this study we choose to use a pressure of 206.8 MPa and 5 cycles as the best 

conditions in the homogenizer, because less cycles were necessary to achieve the lowest globule size and 

the energy expenditure is reduced. Table 5 shows the results when differents oils at O/W ratio 5:95 and 10 

% of PC was employed. Is observed that the change in oil resulted in a change in globule size and the size 

distribution, this reduction can be due to the fatty acids composition of the oils (chain length and 

unsaturation) as well as the viscosity (9). 

 

Table 5. Characterization of globule size and size distribution of BA nanoemulsions prepared with 

different oils. 

Oil  Globule size (nm) PdI 

Corn 187.6 ± 2.7
a
 0.072 ± 0.009

a
 

Flaxseed 178.5 ± 1.7
b
 0.075 ± 0.023

ab
 

Palm 181.1 ± 2.6
b
 0.106 ± 0.013

bc
 

Coconut 172.2 ± 1.3
c
 0.082 ± 0.027

abc
 

Medium chain oil 162.8 ± 1.7
d
 0.089 ± 0.015

abcd
 

The BA nanoemulsions were prepared with at concentration of 10 % PC and 5% oil at 206.8 MPa and 5 cycles. Means with 

different letters in the same line are significantly different from each other (ANOVA, Tukey, p < 0.05). 
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Zeta potential of the emulsions.Negative values for zeta potential are reported when PC was used. The 

data are shown in table 6 for olive oil and medium chain oil at the highest pressure tested, for 5 ï 15 

cycles, at 10% PC and a ratio O/W of 5:95. Zeta potential values for the best conditions were -14 mV and 

-22.3 mV for olive oil and medium chain oil, respectively. The higher value obtained with medium chain 

oil was possibly caused by an over-processing and increase of temperature that may have caused partial 

hydrolysis of PC with formation of Lyso PC and thus produced an increase on zeta potential values (9). 

Values up to (+/-) 30 mV are considered suitable for good electrical stability (10); based on this, PC 

contributed only lightly to the zeta potential and globule stabilization. 

 

Table 6. Zeta potential values for PC stabilized BA nanoemulsions 

 

Cycles 
Zeta Potential (mV) 

Olive oil Medium Chain Oil 

5 -14.00 ± 1.05
a
 -22.33 ± 1.00

a
 

10 -13.00 ± 0.44
a
 -18.77 ± 0.57

b
 

15 -14.23 ± 0.35
a
 -48.40 ± 0.62

c
 

Each value in the table represents the mean ± standard deviation of at least tree measurements from two 

replications. Means with different letters in the same line are significantly different from each other (ANOVA, 

Tukey, p < 0.05). 

 

Entrapment efficiency. The concentration of betulinic acid was determined in the nanoemulsion with 

olive and medium chain oil like dispersed phase at 206.8 MPa and 5 cycles considered as the best 

conditions, obtaining a considerable entrapment efficiency of 76 and 80 %, respectively and there was no 

significant difference among these two values. 

 

Nanoemulsion stability. Changes during storage were studied measuring the globule size and PdI in olive 

and medium chain oils at the best homogenizing conditions found previously in this work (Table 7). There 

were no significant changeson globule size and PdI during the 3 months of storage, the size of globule 

increment was 2 % at most. These results depict the stability of nanoemulsions using PC during the time 

designed for this work. Nanoemulsions showed overall good stability during this time, with no drastic 

effects on globule diameter and size distribution, both are important variablesthat control emulsion 

stability. 

 

Table 7. Characterization of globule size and size distribution of BA nanoemulsions during storage time. 

Week Globule size (nm) PdI 

 Olive Oil Medium chain oil Olive Oil Medium chain oil 

0 194.9 ± 0.9
a
 162.8 ± 1.7

a
 0.081 ± 0.033

a
 0.089 ± 0.015

a
 

1 193.8 ± 1.5
a
 160.7 ± 1.2

a
 0.089 ± 0.034

a
 0.080 ± 0.008

a
 

2 196.7 ± 1.8
a
 160.8 ± 2.1

a
 0.093 ± 0.038

a
 0.079 ± 0.021

a
 

3 197.0 ± 3.8
a
 161.8 ± 1.4

a
 0.080 ± 0.015

a
 0.087 ± 0.012

a
 

4 196.8 ± 1.5
a
 162.3 ± 1.1

a
 0.083 ± 0.012

a
 0.077 ± 0.011

a
 

8 196.9 ± 1.9
a
 163.4 ± 2.4

a
 0.085 ± 0.029

a
 0.078 ± 0.021

a
 

12 198.8 ± 4.6
b
 164.0 ± 1.7

a
 0.093 ± 0.025

a
 0.084 ± 0.016

a
 

 
BA nanoemulsions were prepared with a concentration of 5% oil, 10 % PC, 206.8 MPa and 5 cycles. Means with different letters 

in the same line are significantly different from each other (ANOVA, Tukey, p < 0.05). 
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Conclusions 
 

Globule size and distribution were influenced by emulsifier concentration, pressures and number of 

cycles. Reducing the oil concentration and even using a different type of oil, allowed us to achieve a 

reduction of globule size. Higher emulsification pressures produced marked reductions of globule size, 

homogeneous size distributions and the nanoemulsions showed good stability. Homogenization is 

suggested as a method capable to achieve the reduction of globules to nanometric scale.  
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Introducción 
 

Extrusion is beyond doubt one of the most promising alternative processes in the industry of nixtamalized 

corn flours (Bazúa y otros 1979). In this process, there is no wash water or nejayote, and it is used the 

whole corn grain. This process produces some important changes in the physical, rheological, structural 

and textural characteristics of dough and tortilla, as compared to those obtained by the traditional 

nixtamalization process. These changes are due to the interactions between the constituents of the corn 

grain and the conditions used in the process, such as temperature generated by a heating jacket, screw 

conveyor speed and geometry, as well as lime and humidity concentrations. That is why extrusion has not 

been spread in corn flour and tortilla industry (Rodríguez et al., 1996).  

An alternative technological process that has become increasingly popular in the food industry is the 

ohmic heating. Ohmic heating is a thermal process in which heat is internally generated by the passage of 

an alternating electrical current (AC) through a material, such as food, that offers electrical resistance. The 

principles of ohmic heating are quite simple: An AC is applied at both ends of the product; the heating rate 

is directly proportional to the square of the intensity of the electric field, the electrical conductivity, and 

the type of product heated (Ruan et al., 1999). Because heat is internally generated, the process is easy to 

control. Gaytán et al. (2011) obtained nixtamalyzed corn flours using ñbatchò ohmic heating with good 

quality characteristics; the objective of this work is obtaining nixtamalyzed corn flours using a continuous 

ohmic heating process determining their quality characteristics and comparing them with those of 

traditionally nixtamalyzed corn flour. 

 

Materials y methods 
 

Raw material: White corn was bought in Querétaro, Mexico, with grains 8.64, 11.72 y 4.30 mm width, 

length and thick, 82 kg/hL hectoliter weight, and 23 flotation indexes. These characteristics qualify the 

grain as apt to produce tortilla (NMX-FF-034/1-SCFI-2002) and as hard grain (NMX-F-046-S-1980). 

Corn was processed using the traditional nixtamalization and the continuous ohmic heating system. 

Traditional nixtamalization : Corn (1 kg) was added to 2 L of water with Ca(OH)2 (1%), cooked to 

boiling temperature during 30 min, stepping in the same liquid during 19 h, dehydrated in a flash dryer 

(270 °C income and 40 °C exit temperature), ground in a Pulvex mill, mesh 0.5 and stored in plastic bags 

at 2 + 2 °C.  

Continuous ohmic heating system: This equipment (Figure 1) was patented by Morales et al. (2010) and 

is divided in two zones: Transport and heating. It consists of a screw conveyor to transport corn flour, 

coupled to a rectangular ohmic heating cell 25, 5 and 2 cm length, width and height, respectively. At both 

sides of the cell are two stainless steel electrodes connected to AC voltage. The processed material exit 

occurs without reduction of area neither exit dye, which avoids the application of pressure over the 

material. The equipment has a temperature controller Watlow Mod. 981 with a K type temperature sensor, 
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a variable transformer voltage AC at 60 Hz (Variac), a bench multimeter HP to measure AC voltage and 

current and a speed controller Baldor. The temperature controller allows or avoids the passage of AC 

current with the appropriate potency to reach the desired temperature (maximum potency is 1500 watts). 

To nixtamalize by continuous ohmic heating it was used corn ground in a Pulvex mill, mesh 1.3 micron 

and the amount of water stipulated for each experimental sample with Ca(OH)2 (0.3 %), it was fed to the 

equipment and heated until the stipulated temperature (Gaytán-Martínez et al., 2011), material was 

dehydrated in a flash dryer, ground in a Pulvex mill, mesh 0.5 and stored in plastic bags at 2 + 2 °C. 

Processing of corn flours by ohmic heating: Corn grain was milled using a Pulvex mill, 1.3 mm mesh; 

milled corn (500 g) was mixed with 0.3 % of Ca(OH)2 and the amount of water determined (experimental 

design) for this particular treatment was added and homogeneously mixed. The mixture was fed in the 

ohmic heating equipment and processed at the transport speed and temperature indicated in the 

experimental design. The processed material was dried in a Flash type dryer (CINVESTAV development) 

at an input temperature of 270-275 °C and output temperature of 40 °C. It was milled in a Pulvex mill, 0.5 

mesh and stored in plastic bag at 4 °C until analysis. 

 

 
Figure 1. Ohmic heating equipment 

 

Corn flour characterization : Water absorption (WAI) and water solubility (WSI) indices were 

determined by the method descripted by Anderson et al. (1969). To perform Dunnetôs test between ohmic 

heated flour (OHF) and traditionally nixtamalized flour (TNF), WSI values of TNF were adjusted adding 

the solid compounds lost in decanted water, considering data reported by Campechano et al. (2011). 

Dynamic viscosity was determined in a Phsica MCR 1001 rheometer, according to the method descripted 

by Gaytán-Martínez et al. (2000). Experimental design and statistical analysis: Experimental design 

was a surface response methodology with three independent variables (Table 1) were: feed moisture 

transport speed and materialôs exit temperature), second order and five central points. It was also 

performed a Dunnetôs test to evaluate differences between OHFs and TNF. Data were analyzed using a 

Minitab 14 program. 

 

Table 1.  Factors y levels used to obtain corn flour using a continuous ohmic heating equipment. 

Variable 
level 

Minimum Maximum 

Feed moisture (%) 50 60 

Temperature (°C) 75 85 

Transport speed (rpm) 10 20 
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Results and discusion 
 

Water absorption index (WAI) is one of the most important characteristics of corn flours to prepare 

tortillas; it is related with the capacity of flours to retain water and affects flexibility and yield of tortillas 

(Almeida-Domínguez et al., 1996). 

Processing parameters that significantly affected WAI was temperature (p<0.001), as well as interactions 

between moisture-temperature and temperature-transport speed (p<0.05). Figure 2 shows that at high 

moisture and temperature is when the highest WAI occurred. WAI increases because of starch 

modification during the thermal-alkaline processing. 

Dunnetôs test indicated that there are significant differences between the WAI of OHCF (2.52-3.15 g of 

gel/ g of flour) and TCF (2.23 g of gel/ g of flour) indicating higher values of WAI of OHCF. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
 

 

Figure 1. Water absorption index and water solutility index of flours processed by ohmic heating. 

 

 

Water solubility index (WSI) indicates the fragmentation degree of starch contained in flours; this 

fragmentation is produced during the cooking process and it is expressed as solids soluble in water 

(Bressani et. al., 2001). WSI was significantly affected (p<0.05) by temperature as well as the quadratic 

effect of moisture and interactions between moisture-temperature and temperature-transport speed. 

Samples processed at high moisture presented the highest WSI (Figure 1). OHCF (8.83 %) presented 

significantly higher values of WSI (Dunnetôs test) tan TCF (5.96 %); however, when the loss of solids 

(Campechano et al., 2011) in washer water (nejayote) is considered (6 %) there are not significant 

differences (p<0.05) between them. WSI is related with corn hardness, and thermal and alkaline cooking, 

which degrades corn bran. Most of the solids are solubilized during washing and for industrial processing 

during agitation and washing (Campechano et al., 2011; Rosentrater, 2006). It must be considered that 

some solids lost in wash water are hydrocolloids, which are present in OHCF because there is not wash 

water in this process improving textural characteristics of tortillas elaborated with these flours. 
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The process variables influencing significantly (p<0.01) the viscosity profile of OHCF were moisture and 

temperature, as well as their quadratic effects. 

 

 

 

 

 

 

 

 

 

 

 

 
Figure 2. Viscosity profile of ohmic heated corn flours. 

Dunnetôs test showed a significant difference (p<0.05) between OHCF (392-2000 cp) and TCF (5064 cp), 

reflecting the differences of the heating and milling between both processes. Gaytán-Martínez et al. 

(2012) reported that during ohmic heating of corn flours, the mixture corn-water-lime is heated 

homogenously because heat is generated internally by the alternative electric current applied; there are 

produced structural changes in starch, which traduces as a low viscosity. On the other hand, milling is an 

obligated operation before continuous ohmic heating, while the hole grain is used in nixtamalization. After 

nixtamalization, there are produced some changes in corn starch due to the nixtamal grinding when a 

stone-grind is used, because of friction between stones. 
 

Conclusions 
 

Continuous ohmic heating allowed obtaining of corn flour with similar characteristics to those processed 

by the traditional nixtamalization technique; so, continuous ohmic heating may be considered as an 

excellent alternative technology to solve those problems associated with polluting effluents, water waste, 

and dissipation of processing energy. It has also the advantage of a processing short time and the 

contribution of the whole grain nutrients and fibre. 
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Introduction  
High hydrostatic pressure (HHP) is a food preservation process relatively new; is considered a non-

thermal technology applied in the food industry because pressurization is carried out at room temperature 

(1). High pressure processing has not much studied yet on extracting useful compounds which are 

sensitive to heat from many food resources; therefore, the high pressure extraction process could definitely 

contribute to wide ranges of food industries for improving extraction yields correlated to their biological 

activities (2). The production of 'Ataulfo' mangoes in Mexico is important because it is one of the main 

varieties that are exported (3). Currently there are no reports on the effect of HHP on the nutritional 

components of whole Ataulfo mango postharvest; therefore, the aim of this study was to evaluate the 

effect of APH on some antioxidant compounds of 'Ataulfo' mangoes postharvest. 

 

Materials and methods 
Plant material. Were used (Mangifera indica L) 'Ataulfo' mangoes at physiological maturity.The fruits 

were transferred to the laboratory, washed and immersed in a solution of 2 - (4-thiazolyl)-1H-

benzimidazole (20 mg/l) for 5 min to prevent fungal growth. Then they are dried and immediately used for 

this study. 

High hydrostatic pressure treatment. The mangoes were divided into seven groups of 50 fruits, then each 

batch is subjected to different pressure treatments: 15, 30 or 60 MPa, for 10 or 20 min. A control group 

remained untreated pressurization. Hydrostatic pressure treatments were applied using an isostatic press; 

model CIP42260 (Avure Autoclave Systems, Erie PA USA). The fruits were covered with a film of high-

density polyethylene before being introduced into the treatment chamber to avoid direct contact with the 

pressurizing liquid. Pressurized mangoes stored at 25±1 °C and 85-90% relative humidity (RH) until 

senescence. 

Ascorbic acid analysis (AA). Was analyzed using the technique of Suntornsuk et al (4). It was weighed 10 

g of mangoes pulp and homogenized with 25 ml sulfuric acid (2 N), 25 ml of distilled water and 3 ml of 

starch as indicator. The mixture was titrated with a solution of iodine (0.05 N). Reported in mg ascorbic 

acid per 100 g fresh weight (FW). 

Total carotenoids analysis (TC). 2 g of mango pulp were weighed, it was added 7 ml of acetone:petroleum 

ether 80:20 (v/v) and 0.5 g of MgCO3 and the mixture was homogenized for 1 min. The homogenate was 

centrifuged at 15.000 rpm for 30 min at 4 ° C. The supernatant was placed in a separator funnel, adding 15 

ml of NaCl (20%). The aqueous phase was drained and the organic layer was diluted to 10 ml with 

petroleum ether. Absorbance was measured at 448 nm in a spectrophotometer UV/Vis (Jenway model 

6705). The quantification was done using a calibration curve as a standard of b-carotene. The result was 

expressed as mg b  

Extractable phenols analysis (EP). For extraction, 10 g of pulp was homogenized with 96% ethanol and 

sonicated in a sonication equipment Cole-Parmer model 8891 for 30 min. Subsequently the sample was 

centrifuged (centrifuged Hermle Labortechnick model Z36HK) at 11500 rpm, 10 ºC for 10 min. The 

supernatant was concentrated to a volume of 4 ml; then was added 5 ml Folin Ciocalteu's reagent and 20 

ml of sodium bicarbonate 20%. The reaction was allowed for 30 min and absorbance was measured at 760 
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nm in a spectrophotometer UV/Vis. To quantify the EP was carried out a calibration curve with standard 

chlorogenic acid. The result was expressed as mg chlorogenic acid per 100 g DW (6). 

Antioxidant capacity or antiradical efficiency (AE). Was performed using the method of Sánchez-Moreno 

et al (7). To obtain the extract antioxidant, 5 g of pulp was placed under stirring with 10 ml of absolute 

methanol for 2 h. Then centrifuged for 30 min at 4 ° C and 15000 rpm. A solution 25 mg/l of the radical 1, 

1-diphenyl-2-picrylhydrazyl (DPPH·) was prepared. Were taken 5, 10, 20, 30, 40 and 50 ml of antioxidant 

extract and these were reacted separately with 3.5 ml of the solution of DPPH·. Absorbance was measured 

at 515 nm every minute for 5 min in a spectrophotometer.  

Statistical analysis. Data were analyzed with a design of randomized complete block with factorial 3 x 2 

(hydrostatic pressure of 15, 30 and 60 MPa x the treatment time of 10 and 20 min), where the blocks were 

the days of storage; for the analysis of variance using the general linear model (GLM) of SAS (The SAS 

System for WindowsTM. Version 6.11). Two replicates were performed and each analysis was done in 

triplicate. 

 

Results and discussion 
 

Ascorbic acid (AA).In Figure 1 shows AA content of control fruits and pressurized fruits. The control 

fruits showed an initial AA content of 134.98 mg/100g FW and in the days following it was synthesized 

with 149.14 mg/100 g FW (day 11), and then decrease when the fruit were senescent. In pressurized fruits, 

the AA content was affected significantly (p Ò 0.05) by the level of pressure and time (Fig. 1). The fruits 

with 15 MPa for 10 and 20 min not showed alteration in the synthesis of AA, there was no statistical 

difference compared with the control, this might be because these treatments did not alter the metabolism 

of AA. In fruits subjected to 30 MPa (10 and 20 min) showed that from 8 to 11 days storage, there was a 

higher content of vitamin C than the control; while in the fruit with 60 MPa (10 and 20 min) increased the 

AA content was even higher from day 5 of storage. It is clear that the fruits with higher levels of pressure 

and time increased the synthesis of AA to a greater extent, this probably because oxidative stress is higher 

and the increase of AA is to reduce this stress by being an antioxidant (8). On the other hand, Torres et al 

(9) processed orange juice at pressure levels 400, 500, 600 Mpa for 15 min; they found that during the 

process was obtained 94.5% retention of vitamin C in all pressure treated samples. In whole fruit, it was 

observed that HHP could also retain vitamin C and increase; the treatment can be used in puree mangoes. 

Total carotenoids (TC). In Fig. 1 shows changes in the total carotenoids. In the control fruits, TC 

increased during the days of storage and the internal color of 'Ataulfo' mangoes was developed normally 

until the fruit ripened. The HHP and the application time significantly affect the contents of TC (P Ò 0.05). 

In pressurized mangoes at 15 and 30 MPa, TC was greater 10 min than 20 min, for fruit with 10 min of 

pressurization was observed from day 5 to day 14 of storage, a higher TC content (121.22 y 98.67 mg ɓ-

carotene/100 g DW, respectively) compared to control fruits (68.65 mg ɓ-carotene/100 g DW) and 

pressurized fruits for 20 min (79.57 y 66.10 mg ɓ-carotene/100 g DW). In treated mangoes at 60 Mpa for 

10 and 20 min, the synthesis of TC did not increase during fruit ripening. In 'Ataulfo' mangoes pressurized 

to 30 and 60 MPa (10 and 20 min) showed internal and external physical changes, there was a spongy 

tissue and the presence of internal cavities near the peduncle (10). It is possible that the application of 

lower hydrostatic pressure in óAtaulfoô mangoes, was facilitated the extraction of total carotenoids.  

 Extractable phenols (EP). The effect of HHP on EP is shown in Fig. 1. In non-pressurized fruits (control) 

the initial content of extractable phenols was 105.83 mg chlorogenic acid /100 g DW and subsequently the 

concentration of phenols decreases to 38% of the initial concentration (63.53 mg chlorogenic acid/100 g 

DW) until day 14 of storage. This behaviour is characteristic mangoes fruit, because the concentration of 

phenolic compounds is greater in green fruit, and decreases during maturation (11).  The level of pressure 

and time significantly affect EP (P Ò 0.05). Treated mangoes at the three levels of pressure for 10 min, 

showed a greater increase in phenolic concentration from day 8 of storage than control fruit, the EP was 

higher in treated fruits at 15 MPa. The same behaviour was observed in EP for treated fruit for 20 min 

(Fig. 1), but the treated fruits at 60 MPa for 20 min synthesized higher content of EP, during the first days 

after application of pressure. Prasad et al (12) reported that HHP exhibited higher extraction effectiveness 
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on phenolic content, and higher antioxidant and anticancer activity with shorter extraction time in Longan 

Fruit. Possibly the high pressure was effective to improve the extraction of phenolic compounds also may 

reduce the activity of the polyphenol oxidase although the results depended on the pressure and time of 

application. 

 
Figure 1. Changes in ascorbic acid, total carotenoids, extractable phenols and antioxidante capacity in óAtaulfoô 

mangoes treated with HHP (15, 30 and 60 MPa) for 10 and 20 min, during postharvest storage at 25 ° C. 
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Antioxidant capacity or antiradical efficiency (AE). In the control fruit, AE reached its maximum 

efficiency at day 14 of storage (see Fig.2) and the antioxidant capacity of this extract is in the middle 

nevel (7). For fruit pressurized to 15 MPa for 10 min (Fig. 2), maximum AE was also presented on day 14 

of storage and this increase coincided with the highest phenolic content and total carotenoids found. The 

same was for fruits treated at 15 MPa for 20 minutes but less AE. For fruit with 30 and 60 MPa (10 and 20 

min), the maximum EA occurs on the day 8 and remains until day 14, with lower antioxidant capacity 

than fruits with 15 MPa. All high pressure treatments had higher AE than control fruits. It is possible that 

tissue structural changes induced by HHP, resulted in the release into the extracellular medium of 

antioxidant compounds (13). 

 

Conclusion 
 

In the present study was found that high pressures cause changes in the content of antioxidants in 'Ataulfo' 

mangoes during postharvest ripening at 25 ° C. The effect of HHP in mangoes fruit depended on the level 

and time of the pressure. The fruits treated with less pressure and time (15 MPa for 10 min) increased 

extractable phenols content, total carotenoids and antioxidant capacity than control fruit during storage 

time. The high pressure extraction technology provided a better way of utilizing mangoes fruit pericarp as 

a readily accessible source of natural antioxidants in food and pharmaceutical industries. 
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Introduction  
 

The most common dehydration method employed in the food industry to date is the hot air drying; 

nevertheless, this method has some disadvantages such as cost, product quality, etc. In recent years, 

microwave drying has appeared as an alternative to improve the quality of dehydrated products [1]. 

Response Surface Methodology (RSM) is the most popular optimization method used in recent years [2]. 

In this study, RSM was used to optimize operating conditions of the dehydration process of mango pulp in 

a microwave oven and desirability function used as the methodology for the optimization. Ripe mango 

(Mangifera indica L.) variety Paradise of low quality considered not able to be commercialized as fresh 

was used. A central composite design was used to develop models for the responses by Design-Expert 

Software (version 5.0.4). The independent variables were the oven's power (317 - 505) Watts and 

dehydration time (8 - 13) min, while investigated responses were temperature of mango pulp at output 

(ºC), water activity (Aw) and the parameter of color "a" [3]. To visualize the combined effects of two 

factors on any response, the response surface and contour plots were generated for each fitted model as the 

function of two independent variables, while keeping the other variable at the central value. The optimum 

dehydration zone was located within the intervals from 317 to 505 Watts and from 7.5 min to 13 min for 

oven's power and dehydration time, respectively. The following criteria was established for the different 

variables:  70.9 to 120 ºC for  temperature, 0.3 to 0.5 for Aw and  14 to 16.7  forthe parameter of color "a". 

Applying the desirability functions the optimum conditions of dehydration were oven's power of 505 W 

and dehydration time of 9.6 min. The optimum parameters found could be used as a guide for escalation 

process for microwave mango dehydration [4]. 

 
Materials and methods 
 

Raw material: ripe fruits of mango (Mangifera indica L.) Paradise variety (Petacón) considered of lower 

quality for fresh commercialization, and was obtained from the central of supplies of Mexico City. The 

fruits were washed, disinfected, and the peel and seed were removed. 

Dehydration of mango pulp in microwaves:  microwave oven SHARP R-530ES Household Microwave 

oven 1200 Watts of output. Hundred grams of pulp were used in each lot. 

Measurement of the real power of the oven: the established method IMPI - 2 [5] was followed for the 

measurement of the real power of the microwave oven. 

Optimization of the dehydration of pulp of mango by response surface methodology: A central 

experimental design composed was conducted using the software Design-Expert (version 5.0.4) with two 

independent variables at three levels and five replicates of the central point [2]. The power of the oven and 

the time of dehydration were chosen as independent variables. 

The preset variables: oven power and dehydration time, they were variables based on preliminary tests. 

The intervals of the independent variables are shown in table 1. 
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Table 1. Independent variables and levels of the experimental design 

Variables Code 
Level 

-1 0 1 

Oven power (Watts) X1 317.3 425.8 505.2 

Dehydration time (min) X2 8 10 13 

 

The dependent variables assessed were the temperature at the oven exit (ºC), water activity (Aw) and the 

parameter of color "a". 

- Temperature at the oven exit (ºC). Mango pulp temperature was recorded immediately after 
completing  its dehydration in the microwave using an infrared digital thermometer gun type. A 
reading was taken around 3 s to get an average of the temperature reached at the end of the 
process of dehydration. 
 

- Water activity (Aw). Once dehydrated mango pulp was obtained, it was cooled to room 
temperature, and was milled and sifted until passed mesh 40. Water activity was determined in 
the powder using a Rotronic HygroPalm Aw1, expressing the result as the average of three 
repetitions. 
 

- Color. Color measurements were made by triplicate using the Color Reader DR-10, Konica 
Minolta. The evaluated variables were read in the CIELAB scale, where L** = brightness; a** = 
from green color to red color; b ** = from blue color to yellow color (Figure 1). 

Data were processes using a multiple regression analysis of second grade and the response surface 

methodology was applied in the experimental region. It was obtained a prediction for each evaluated 

characteristics (dependent variables) through statistical analysis, and second order equations were 

obtained, which contain linear, quadratic terms, and interaction. Each contour graph was generated as a 

function of two independent variables, while the third variable remained constant. The independent 

variables were found in the axis X and Y, while the response variable is located in the Z axis. 

 
Figure 1. CIELAB color scale 

 

Results 
 

Experimental design process of dehydration of mango in microwave pulp  
The values obtained of dependent variables according with the experimental design of 13 runs for 

microwave dehydrated mango are shown in table 1. 
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Table 1. Independent variables and dependent variables responses for different conditions of 

dehydration of mango pulp in oven microwave 

 
Independent variables   Dependent variables responses 

Run 
Oven power 

(level) 

X1 

Dehydration 

time  (min) 

X2 

 

 

 

Temperature at 

the oven exit 

(ºC) 

Y1 

Water activity 

(Aw).* 

Y2 

Color  

ñaò* 

Y3 

1 -1 -1  70.9 0.97 8.63 

2 1 -1  82.8 0.881 15.0 

3 -1 1  99.6 0.776 16.9 

4 1 1  169.6 0.239 13.1 

5 -1.414 0  81.6 0.919 11.1 

6 1.414 0  132.6 0.323 14.9 

7 0 -1.414  78.8 0.936 9.77 

8 0 1.414  153.3 0.282 15.0 

9 0 0  96.4 0.722 17.5 

10 0 0  100.8 0.549 16.6 

11 0 0  99.6 0.635 17.9 

12 0 0  100.3 0.624 18.9 

13 0 0  105.1 0.536 17.3 

* Arithmetic mean of three repetitions 

 

Figure 2. Surface response used for the dehydration of mango in microwave oven 

 
Discusion 

 

The dried mango presented a wide range of temperature in the conditions tested. The lower temperature 

found at the end of the microwave treatment was 70.9 and the higher was 169.9 ºC (Table 3). The central 

points of the design had an average value 99.4 ° C.  

 a model prediction of R
2
 was selected. Statistical analysis showed that the data can be adjusted to a 

quadratic model, with a determination coefficient (R
2
) of 0.985. 
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The final dehydration temperature of mango pulp could be described trough a mathematical model that 

involves the effects of the oven power and time heating (Equation 1): 

 (1) 

Where T is the final dehydration temperature (ºC); P is the oven power (Watts) and t is the time heating 

(min). This model explains the 98% of the total variation experimental. 

 

Surface response analysis of water activity (Aw) 

Table 1 shows the experimental results of the water activity of the mango dehydrated in microwave oven, 

which varied in the range from 0.239 to 0.97; the central points of the design had an average value of 

0.613. The regression model obtained for water activity was an exponential model of second order with an 

R
2
 of 0.952.  

The 2 equation describes the effects of the power of the oven and heating time on the water activity (Aw) 

for mango pulp dehydrated in microwave oven: 

 

 (2) 

 

Where Aw is the water activity of the dehydrated mango; P is the oven power (Watts) and t is the heating 

time (min). This model explains the 95.2% of the total variation experimental. 

 

{ǳǊŦŀŎŜ ǊŜǎǇƻƴǎŜ ŀƴŀƭȅǎƛǎ ƻŦ ŎƻƭƻǊ άŀέ 

In order to evaluate the color on the dehydrated mango in microwave oven, brightness parameters were 

measured "L", "a" and "b"; however, the results obtained for the "L" and "b" parameters showed no 

significant difference (p > 0.05), therefore it was only considered the parameter "a" (changes from green 

color to red color). The experimental results of the parameter of color "a" varied in a range of 8.63 to 18.9, 

while the central points of the design had an average of 17.64. Statistical analysis showed that the data can 

be adjusted to an exponential model of second order with an R
2
 of 0.980. The equation of the 

mathematical model describing the effects of the oven power and heating time on the color of the mango 

dehydrated in microwave is shown below: 

 (3) 

Where "a" is the color parameter; P is the oven power (Watts) and t is the heating time (min). 

 

Optimization of the dehydration process using microwave 

The optimization of the mango dehydration process in microwaves was firstly made graphically by the 

superposition of the graphic outline of the three dependent variables (Figure 2). The area shaded in figure 

3 corresponds to a set of points that meet the desired conditions for carrying out an optimal process of 

dehydration. The optimal dehydration process was  carried out to a power of 505.2 Watts during a time of 

9 minutes 36 seconds; the run was  of high desirability. 
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Abstract 
 

Dahlia is a wide-spread genus of the Compositae family of Mexican origin. It is perennial with edible 

tuberous roots. In prehispanic cultures they were valued for the nutritious inulin stored inside them.  

Inulin was extracted from Dahlia roots. Growth on phenol red broth of Candida kefir and Candida 

tropicalis as indicator strains was used in order to verify that root extract was inulin. The inulin prebiotic 

effect was evaluated by means of growth of Lactobacillus acidophillus in MRS broth supplemented with 3 

% of Dahlia inulin, then inoculated on MRS agar. L. acidophillus was enumerated after anaerobic 

incubation at 37 º C for 72 h. Chicory commercial inulin was used as control. IR spectroscopy was used in 

order to detect functional groups corresponding to inulin structure.  

Growth of Candida kefir and Candida tropicalis showed that inulin extracted from Dalia roots promoted a 

similar growth than chicory inulin. A change of color and gas production was observed on phenol red 

broth. L. acidophilus rate growth was greater (6.78 x 10
7 

ufc/mL) in the presence of Dahlia inulin than 

without it (5.77 x 10 
7 

ufc/mL). With regard to chicory inulin a similar growth was observed. Infrarred 

analysis showed a similarity between the chemical structure of Dahlia and chicory inulin.  

In conclusion, under our experimental conditions, this study showed that inulin extracted from Dahlia root 

has similar properties to that of chicory inulin, i.e., chemical structure and prebiotic effect on L. 

acidophilus. Furthermore, Dahlia root is a potential source of inulin. 

Key words: Dahlia inulin, prebiotic, L. acidophillus 

 

Introduction  
 

Inulin is a plant-derived carbohydrate with the benefits of soluble dietary fiber. It is not digested or 

absorbed in the small intestine, but is fermented in the colon by beneficial bacteria. Functioning as a 

prebiotic, inulin has been associated with enhancing the gastrointestinal system and immune system (1). 

Its structure is composed of linear or branched fructose polymers with chain length of 2ï60 units (degree 

of polymerization (DP) is 2ï60) usually with a terminal unit of glucose linked together by ɓ - (2-1) 

glycosidic bonds (2). 

The two species currently used by the industry to produce inulin belong to Compositae: Jerusalem 

artichoke (Helianthus tuberosus) and chicory (Chicorium intybus) (3). The dahlias are a small but wide-

spread genus of the family Compositae. Its roots were valued both for the nutritious inulin stored inside 

them and for the antibiotic compounds concentrated in the skin of the tubers (4). The technological use of 

inulin is based on its properties as a sugar replacer (especially in combination with high intensity 

sweeteners), as a fat replacer and texture modifier. For fat replacement in low-fat dairy products inulin 

seems particularly suitable as it may contribute By increasing faecal biomass and water content of stools, 

they improve bowel habits and regularity. Likely due to their specific fermentative properties, they affect 

several functions involved in colonic mucosa protection and repair, which may contribute to reduce the 

risk of intestinal diseases (5). 

Oliveira and col (6)., showed that in the presence of inulin, the concentrations of Streptococcus 

thermophilus   (4.1±0.1 g/L) and Bifidobacterium lactis (2.6±0.2 g/L) in the StïBl co-culture were about 

35 and 53% higher (0.05) than in their respective pure cultures. These results as a whole confirm the 

symbiotic and bifidogenic effects already mentioned by several authors.  
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Because dahlia roots are a rich source of inulin, there is a potential to use them as to stimulate the growth 

of health promoting bacteria to be a potential novel source of prebiotic nutraceuticals for the food and 

dietary supplement industry, and could be an alternative to more traditional FOS and inulin sources such 

as chicory roots. The aim of this investigation was to hypothesize that dahlia roots have a potential of be 

fermented by L. acidophilus.  

 

Materials and methods  
 
2.1 Inulin extraction   

 

1.5 kg lots of peeled tubers were chopped into fine pulp in hot water containing sodium metabisulphite to 

minimize browning at 95-98° C for 10 min. The resulting extract was concentrated and after subsequent 

filtrations, was clarified using activated carbon. Aliquots of the concentrate were weight and mixed with 

equal parts of ethanol (96 %), the flasks were stored at 4 °C for one day. The precipitate formed was 

filtered and dry at room temperature. The yield was calculated at the end of the dry process (Unpublished 

results).  

2.2 Microbiological identification of inulin.  

A sterile solution of phenol red broth was prepared and inoculated with 1 % of dahlia inulin, chicory; 

commercial inulin was used as control. Each tube contained a Durham´s fermentation tube or similar 

appliance. Tube No. 1 was inoculated with Candida kefir CDBB-L-1244 from CINVESTAV-IPN strains 

collection. Tube No. 2 was inoculated with Candida tropicalis obtained from the Facultad de Química, 

UAEM strains collection. The tubes were placed in an incubator at 37º C for 72 hours.  

2.3 Prebiotic effect of inulin  

Inulin extracted from dahlia roots, and commercially available inulin (Frutafit® SENSUS
, The Netherlands) 

were added at the rate of 3% (w/v) to pasteurized MRS broth (Difco BD., NJ USA). Then, pasteurized 

MRS was inoculated (1% v/v) separately with L. acidophilus strains (La-5
® 

Chr-Hansen
,
 Denmark) and 

incubated for 36 h. Serial dilutions were prepared  from broth-bacteria mix and viable Lactobacillus were 

enumerated by the pour plate technique using MRS agar (Difco BD., NJ USA). Plates were incubated at 

37º C for 48 h. Control sample did not contain any prebiotics. Each experiment was carried out in 

triplicate. A growth curve test was done in order to show the influence of the two different sources of 

inulin on the growth of L. acidophilus.  

2.4 Infrarred analysis  

 

Extracted dahlia inulin and chicory inulin (Frutafit® 
SENSUS, The Netherlands) were used. For IR 

analysis, samples (1%) were pressed into pellets of KBr (200 mg). Infrared spectra (4000- 400 cm
-
1) were 

recorded with an FTIR Perkin Elmer spectrometer, Spectrum 2000 (Waltham, MA USA)  

 

Results and discussion 

 

3.1 Microbiological identification of inulin  

 

After the incubation time gas production and a change of color from red to yellow was visible in the media 

who was inoculated with Candida kefir coming to the conclusion that the extracted substance is inulin. 

According to Cruz (1999), these changes are owed to inulinase enzyme that is produced specifically by 

Candida kefyr, Kluveromyces marxianus, Aspergillus sp., Penici1lium sp. This enzyme degradates inulin 

giving as a result molecules of fructose and other sugars such as: sucrose, rafinose, stachyose and inulin 

oligosaccharides with ɓ (2-1) and ɓ (2-6) linkages. 
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It`s important to say that this study is just a qualitative test, in order to show that the obtained product was 

inulin, but it will take in count to other studies, such as the obtention of high fructose syrup, which has 

gained importance in food, drink and pharmaceutical industries. 

  

3.2 Influence of the inulin on the growth of L. acidophilus. 

 
The growth of L. acidophilus was evaluated in the presence of inulin at the rate of 3% for the commercial inulin (IC) 

and experimental inulin (IE) in MRS agar.   
  

 

Fig 1. - Growth curve of L. acidophilus 
  
The CFU of L. acidophilus 0, 4, 8, 12, 24 and 36 hours are given in Fig 1. Both IC (commercial inulin) 

and IE (experimental inulin) produced a significant increase in L. acidophilus (Fig. 1) compared to the 

control (MRS). The major increase occurred after 8 h on the media that was supplemented with any inulin 

for lactobacilli. According to Minaña (2007) who evaluated a different kinds of FOS, found that the 

growth of lactobacillus and bifidobacterias is proportional to the concentration of the substrate.  

 

Fig 2.- pH variation  
 

Another important parameter that demonstrate the growth of lactic acid bacteria (LAB) is the pH it was 

mesure after the fermentation, as seen in Fig 2 there was a direct relation between bacterial growth and 

changes in pH, it means that bacterial growth use the inulin as an important source of carbon, and there´s a 

production of short carbon fatty acids, that has been reported as beneficial in the inhibition of pathogenic 

bacteria. 

 

3.3 Chemical structure  
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The IR spectroscopy technique was used in order to detect functional groups corresponding to inulin 

structure.  Fig 3 and Fig. 4 belong to dahlia inulin and chicory inulin. As seen both structures are similar 

because the representative functional groups in the dahlia spectrum, appeared in the same region, for 

example OH bands showed in 3370 cm-1 and then the CH were found on 1638 cm-1 so that it is 

possible to consider it as representative of the compound called inulin. Higuera 2009, made a 

similar study comparing artichoke inulin and chicory inulin, and concludes that the structures 

were similar even if the extraction methods were different.  
 

 

 

 

 

 

 

 

 

 

 

 

    Fig 3. FT-IR for spectrum for dahlia inulin                                 

Fig 4. FT-IR for spectrum for Chicory inulin  
 

According to Molina and  col .2005 (1) FT-IR spectrum for artichoke inulin was essentially identical to 

dahlia inulin and chicory inulin showing OH stretch (3353 cm_1) and carbonyl bands (1745 cm_1) 

characteristic of inulin.    

Conclusions  
According to these results, we can verify that inulin stimulates the growth of L. acidophilus, considering 

the polymer obtained as a prebiotic. The addition of inulin also exerted a clear effect on the growth of 

lactobacillus and show that there´s no a significant difference between dahlia inulin and chicory inulin. 

The acidification kinetics was enhanced by inulin addition to the MRS broth, in that it increased the 

maximum acidification rate and decreased the generation time.  
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The traditional nixtamalization method to obtain corn tortilla is still used nowadays. This process 

generates high biochemical oxygen demand wastewater. An alternative to this traditional process is the 

extrusion, which combines heat and mechanical shear stress to obtain corn masa using less water without 

generating pollutants. The quality of the extruded masa is still an open issue. In the present study, the main 

aim is to know the behavior of the viscosity corn flour obtained from extruded dough using different 

processing conditions. The input factors were: particle size, moisture and temperature in order to obtain a 

mathematical model to predict the behavior of the viscosity. The methodology consisted in a full factorial 

design 3
3
 with the variables: particle size (0.5, 0.8, 1.3 mm), moisture (45, 55, 65 % w/w) and cooking 

temperature (70, 75, 80 °C). It was used a single screw extruder with L/D = 20. Data showed that the 

processing parameters affecting the viscosity were the particle size and the interaction moisture ï 

temperature. It was possible to model the viscosity profile with a quadratic model, with an adjustment of 

R
2
 = 0.93 for the peak viscosity and R

2
 = 0.87 for retrograde viscosity. Response surface and quadratic 

model can predict viscosity of corn flour at different input conditions. 

 

Introduction  
 

The nixtamalization is a process used to produce food widely consumed in Mexico. It involves cooking 

the corn in an excess of water with 1% to 3% (w/w) of lime [1], followed by a steeping, washing and 

grinding steps. The thermal-alkaline process improves the nutritional quality of the grain and gelatinizes 

around of 15% of the starch in the corn. The main disadvantage of the method is that it uses excessive 

water and produces polluting effluents. A technological alternative is the nixtamalization by extrusion. 

During this process, the extruder is fed with a mixture of ground corn, lime, and water. This material is 

transported by a screw, and cooked by electric resistances. The cooked masa exits through a die [2]. 

The extrusion can include several operations such as: mixing, transporting, cooking, and shaping. This 

process combines mechanical stress with heat to facilitate starch gelatinization [3, 4]; however, it has not 

replaced the traditional process because the corn flour produced by extrusion does not achieve the desired 

quality. 

The apparent viscosity of flours provides information about the degree ofstarch modification,generally 

attributed to the leaching of amylose chains during the cooking process and it is reported as a quality 

factor in flours [5]. 

 

Materials and Methods 
 

Commercial maize variety ñmaicenaò, produced in 2011, wasobtained at the supply center of Querétaro. 

The corn was ground in a mill (Pulvex 200), with meshes of 0.5, 0.8 and 1.3 mm. The flour obtained was 

mixed with 0.3% (w/w) of lime and watertomoisturesof 45%, 55% and 65%, according to a 3
3
 factorial 

experimental design, having as factors: particle size, moisture, and temperature. 
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Extrusion Process 

For the cooking of the samplesa single-screw extruder of stainless steel (2.2 cm diameter with an L / D = 

20, developed at CICATA IPN Querétaro). Extrusion was operated at 20 rpm(Figure 1). 

 
Figure 1.Single-screw extruder, technology of CICATA -IPN, Qro. 

The extruded masa was ground in a Krupscoffee grinder and dried in an air recirculation oven (Binder 

brand), at 50°C for 24 hours. Dried samples were sieved trough mesh No. 60 (particle size <250 um). 

Viscosity Profile 

Viscosity was measured with a Rheometer (Anton Paar, MCR Phisyca model 101, with agitation probe 

STD 24-2D). Sampleswith a weight of 3 ± 0.0001 g, were conditioned to form an aqueous suspension by 

adding distilled water toa total weight of 21g. The temperature ramp used for the measurement was: initial 

time of 1 minute at 50°C, with heating from 50°C to 92°C, at a rate of 6 °C / min, and the temperature was 

maintained at 92°C for 6 min, ending with a cooling of 92°C to 50°C at the same rate [6]. 

 

Results and Discussion  
 

The viscosity shows the degree of modification of the starch granules during gelatinization.In a viscosity 

profile analysis of nixtamalizedfoods, the initial heating starts to raise the viscosity by swelling the starch 

granules.Atthis point the pasting temperature is determined. The maximum viscosity is generated when 

mostof the granules have reached the maximum swelling; this parameter isrelated to the ability of the 

starch to retain water, thus affecting the quality of the products: ñtortillaò or ñmasaò. 

The maximum viscosity (Table 1) showed significant differences (P <0.05) due to the effect of particle 

size, followed by of the moisture and the interaction moisture-temperature. 

The particle size determines the availability of the starchto reacts with moisture and calcium ions; also this 

parameter defines the modification of starch by the cooking temperature. 

Table 1.Analysis of the effect of extrusion variables on the viscosity profile 

Factor Response variable 

 Pastingtemperature Maximumviscosity Viscosity of 

retrogradation 

Particlesize 0.0001 0.0001 0.0001 

Moisture 0.0474 0.0238 0.0268 

Temperature 0.0092 NS NS 

Particlesize *Moisture NS 0.0038 NS 

Particlesize *Temperature 0.0246 0.0038 NS 

Moisture*Temperature 0.0182 0.0023 0.0001 

P values with Ŭ=0.05; NS= Non significative (P>Ŭ). 

The retrogradation viscosity is a prediction of how quickly the product will ageand it is a numerical value 

calculated as the difference between final viscosity and low viscosity. Physically, the retrogradation is the 

realignment of starch fragments. Theretrogradation valuewas significantlydifferent between treatments (P 

<0.05),and this difference was dominated by the particle size, moisture and the interaction of moisture - 

temperature. 



 61 

This latter interaction determines the degree of starch gelatinization obtained. The necessary temperature 

to achieve this reaction is from 70°C to 80°C [7], but the availability of water in the material limits the 

gelatinization reaction in the granules. According to the above, depending on conditions, starch 

gelatinization may occur in extruded products, depending on the relation water / starch and temperature 

[8]. 

Knowing the factors that have the largest effectsone can to discern the quality to be obtained in an 

extrusion process, manipulating the input parameters to optimize the process. For this optimization a 

quadratic model was used Eq. (1). 

 

 (1) 

 

Where: 

R= Response variable; T= Temperature; P= Particle size; H= Moisture content in percentage; a, b, c, d, e, 

f, g, h, i, j= Model coefficients  

It was decided to setthe particle size for each surface response. The temperature and moisture content were 

varied. 

Usingexperimental values and the method multiple regression, mathematical models were found for 

maximum viscosity and viscosity retrogradation; these are shown in Equations 2 and 3. 

The response surfaces generated for maximum viscosity and viscosity of retrogradationare in Figures 2 

and 3. The adjustment value and analysis of variance arein Tables 2 and 3. 

 
Fig. 2.Response Surfacesof maximum viscosity using different particle size. 

 

Table 2.Analysis of variance of maximum viscosity 

  Degrees of 

freedom 

Square Sum SquareAverage F Criticalvalue 

F 

Regression 9 9684112.617 1076012.51303 33.56 7.54902E-17 

Residue 45 1623181.791 36070.70647   

Total 54 11307294.41       

R
2 
= 0.96, R

2
adj= 0.93 

 

 
Fig. 3.Response surfacesof retrogradationviscosity withdifferent particle size. 

 
 

 

 (2) 

 

 
 

(3) 
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Table3. Analysis of variance of retrogradation viscosity 

  

Degrees of 

freedom 

Square Sum SquareAverage F Criticalvalue 

F 

Regression 9 12030848 1336760.89 38.39 5.89802E-18 

Residue 45 1762849.66 39174.4369   

Total 54 13793697.6       

R
2 
= 0.93, R

2
adj= 0.87 

According to the adjusted R
2
 coefficient,shown in tables 2 and 3, around 90% of the experimental data fit 

the model in the responses evaluated.These models can predict the quality of materials that will be 

obtained by extrusion. 

 

Conclusions 
 

The maximum viscosity and retrogradation viscosity depend mainly on the particle size, which is a factor 

that limits the diffusion of water into the granule. In a large particle this diffusion is slower, and therefore 

gelatinization is carried out only in regions which have already achieved the hydration. 

The interaction of moisture-temperature showed a significant effect on the high viscosity and 

retrogradation viscosity. The profile variables determine the quality of thenixtamalizedproducts. These 

propertiescan be predicted with the quadratic model, havingas input factors: particle size, moisture content 

and process temperature. Theadjustmentwith these models to the maximum viscosity and retrogradation 

viscosity is R
2
 = 0.93 and 0.87, respectively. 
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Abstract 
 

During corn nixtamalization biochemical reactions occur inside the grain, molecular interactions modify 

its rheological characteristics, and therefore in derived products, such as corn masa and tortilla. These 

changes are due to the modification of the starch during process conditions, such as calcium hydroxide 

concentration and the moisture content during cooking and stepping time. One indicative of changes in the 

components of corn is the relative viscosity in a viscoelastic amyl- profile graph. The aim of this study 

was to determine the effect of the stepping time on maize grits without the cooking process in an alkaline 

solution, on the maximum, minimum and final viscosity. The methodology consisted in crushing corn to a 

particle size of 4 mm and macerate it in a calcium hydroxide solution (1% w/ w), taking samples at 1, 30, 

60 min and every 60 min for 10 hours, using a control corn flour, macerated without lime. Data showed a 

tendency to increase viscosity in the macerated samples, with and without lime, according to the stepping 

time, reaching a peak at 4 hours in grits with 1% Ca (OH)2 and up to 8 hours in samples without lime. The 

lime stepped sampleôs viscosity varied from the 5 to 10 hours but analysis of variance and t-student test 

did not show a significant difference between samples (Ŭ= 0.05). It was concluded that stepping time at 

which maximum viscosity was reached, in samples with 1% lime, is 4 hours which may be due to 

physicochemical changes in the corn, caused by diffusion of calcium ions and water into the grain. 

 

Introduction  
 

Consumption of nixtamalizedfoods spread from Mexico to the world, which is consumed mainlyas 

tortillas and snacks. The quality of these products is determined by nixtamalization conditions. 

A crucial step of this process is the steepingtime of the cooked corn. During this stage the gelatinized 

starch is recrystallized to form new structures, increasing the calcium content in corn, due to diffusion 

reactions of calcium ions and water into the grain. Other changes include modification of the starch 

granule structure and protein bodies associated [1].  

It has also been reported that with increasing steeping time growths the swelling of the granules intact and 

the crystal structurechange [1]. Also, the quality of ñmasaò obtained from the hydration of flour is due to 

the conjunction of the steeping time and particle size. These features provide cohesiveness, plasticity and 

softness to the mass upon rehydration of flour for manipulation and shaping [2]. 

In nixtamalized flour a quality factor is the viscosity, which gives information relating to changes in the 

structure of the starch granule by the severity of the process. It has been reported that the dwell time has a 

positive effect on the quality of nixtamalizedfoods. However, the results are related to three factors: 

temperature, calcium hydroxide and steeping time.The effect of steeping time in the alkaline solution 

without heating is unknown. The aim of this study was to evaluate the effect of the steeping time or 

maceration on the viscosity of corn with and without calcium hydroxide, and without heating. 
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Materials and Methods 
 

Samples preparation 

Commercial maize variety ñmaicenaò, produced in 2011, was obtained at a supply center of Quer®taro. 

The corn was ground in a mill (Nixtamatic), to obtain grits of 4mm. The grits weremacerated with three 

parts of water,adding0% and 1% (w/w) of lime.The macerated time was 10 h.Macerated samples for1, 30, 

60, minutes and every hour for 10 hours were taken from the solution by using a colander. These samples 

were ground in a mill (Nixtamatic), dried in an oven with recirculating air at 50°C for 24 hours, ground in 

a Krupsgrinder coffee to obtain flour. The dried flour samples were sieved througha 60 mesh screen. 

Viscosity Profile 

Viscosity was measured with a Rheometer (Anton Paar, MCR Phisyca model 101, with agitation probe 

STD 24-2D). Samples with a weight of 3 ± 0.0001 g, were conditioned to form an aqueous suspension by 

adding distilled water to a total weight of 21 g. The temperature ramp used for the measurement was: 

initial time of 1 minute at 50°C, with heating from 50°C to 92°C, at a rate of 6 °C / min, and the 

temperature was maintained at 92°C for 6 min, ending with a cooling of 92°C to 50°C at the same rate. 

 

Results andDiscussion 
 

The maximum viscosity occurs when there is a balance between maximum reaching swelling of starch 

granules and amylose leaching chain [3]. 

According to a preliminary experiment, the viscosity in the raw milled corn reaches a value of 3600 

mPa*s. For traditional method nixtamalized flour maximum viscosity is in the range from 2800 to 3000 

mPa*s [4, 5]. 

Results show that the viscosity of the corn meal increases directly with the macerating time, even without 

heating. This behavior occurred in samples with and without calcium hydroxide. However, changes in the 

viscosity are dependent of both factors (Figure 1), butnonlinearincrease was observed. 

In samples macerated with 1%, it lime was found that the viscosity increased significantly in the early 

stages of the macerating, from 1 min to 6 hours, at latter timershowed a viscosity peak with 7315.94 

mPa*s, but this is wasnot significantly different (P> 0.05) from the viscosity measure after4 hours of 

macerating, which had a value of 7174.94 mPa*s. These results are shown in Table 1 and Figure 1. 

 

Table 1.Results of profile viscosity ofgrits macerated with 1% lime 

Name Tpasting Vmax Vmin  Vfin  Retrogradation 

X0 71.05
b 

3176.10
e 

1158.71
e 

3590.37
d
 2431.66

c 

X0.5 72.36
a 

4313.07
de 

1401.94
de

 4603.77
c 

3201.83
b 

X1 72.36
a 

5167.22
cd 

1770.66
cd 

5108.35
c 

3337.70
b 

X2 72.22
ab 

5863.77
bc 

2023.44
bc 

5510.15
bc 

3486.70
b 

X3 72.53
a 

6797.29
ab 

2320.60
ab 

6414.17
ab 

4093.57
a 

X4 72.14
ab 

7174.94
a 

2392.68
ab 

6544.21
a 

4151.53
a 

X5 72.24
ab 

7262.33
a 

2422.05
a 

6694.25ª 4272.20
a 

X6 72.22
ab 

7315.94
a 

2398.47
ab 

6795.81
a 

4397.34
a 

X7 72.43
a 

7143.74
a 

2341.70
ab 

6666.48
a 

4324.78
a 

X8 72.49
a 

7195.49
a 

2325.15
ab 

6759.04
a 

4433.89
a 

X9 72.43
a 

7304.00
a 

2331.43
ab 

6812.28
a 

4480.85
a 

X10 72.52
a 

7280.73
a 

2247.31
ab 

6758.55
a 

4511.24
a 

Different letters indicate significantly different average (P<0.05) 
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Where X0= Macerated corn 1 minuto, X0.5= Macerated corn 30 minutes, X1= Macerated corn 1 hr., X2= 

Macerated corn 2 h., T3= Macerated corn 3 h., X4= Macerated corn 4 h., X5= Macerated corn 5 h., X6= 

Macerated corn 6 h., X7= Macerated corn 7 h., X8= Macerated corn 8 h., X9= Macerated corn 9 h., X10= 

Macerated corn 10 h. 

Another event of interest was the increased of pasting temperature (PT) in samples with 1% lime. This 

feature is related to the energy required to be gelatinizedthe available starches. According to the above, 

when increasing the dwell time in the 1% limesolution thus requires more time to achieve greater energy 

for gelatinization. In a related work [5], it is mentioned that an increase in PT may be duethe incorporation 

of calcium ions into the structure of maize and protect the starch from gelatinization, requiring greater 

energy to the process. 

According to the literature the damaged starch granules are insoluble in cold water, but it might absorb 

water reversibly, returning to its original size when dry [3]; however, it was found that only the grits 

macerated in water treatment also provide an increase in viscosity with time, indicating changes in the 

starch structure. In these samplesthe viscosity reaches a maximum of 5800 mPa*s after 8 hours 

maceration (Table 2). 

Table 2.Results of profile viscosity of grits macerated with 0% lime 

Clave TP Vmax Vmin  Vfin  Retrogradation 

M0SC 71.98
g 

2998.62
i 

1313.70
g 

3604.26
g 

2290.56
h 

M0.5SC 72.41
e 

3276.97
h 

1385.48
fg 

3921.23
c 

2535.75
g 

M1SC 73.05
b 

4008.00
g 

1494.59
f 

4354.30
e 

2859.71
f 

M2SC 73.52
a 

4779.01
de 

1875.02
de 

5953.12
c 

4078.10
d 

M3SC 73.11
b 

4864.02
cd 

1743.44
e 

5341.50
d 

3598.07
e 

M4SC 72.88
c 

4898.54
cd 

1754.46
e 

5358.67
d 

3604.21
e 

M5SC 72.86
c 

4995.35
c 

1916.85
d 

5946.46
c 

4029.61
d 

M6SC 72.19
f 

5657.21
b 

2084.15
b 

6449.90
b 

4365.75
bc 

M7SC 72.24
f 

5774.36
ab 

2183.13
b 

6686.46
b 

4503.33
b 

M8SC 72.67
d 

5870.38
a 

2422.50
a 

7323.55
a 

4901.05
a 

M9SC 70.65
h 

5448.00
ef
 2109.5

cd 
6075.00

c 
3965.5

cd 

M10SC 70.5
h 

5197.50
f 

1932.5
bc 

5452.50
c 

3520
d 

Different letters indicate significantly different average (P<0.05) 

Where X0= Macerated corn 1 minuto, X0.5= Macerated corn 30 minutos, X1= Macerated corn 1 hr., X2= 

Macerated corn 2 h., T3= Macerated corn 3 h., X4= Macerated corn 4 h., X5= Macerated corn 5 h., X6= 

Macerated corn 6 h., X7= Macerated corn 7 h., X8= Macerated corn 8 h., X9= Macerated corn 9 h., X10= 

Macerated corn 10 h. 

 
Figure 1.Trend of maximum viscosity behavior over time 
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Changes in maximum viscosity of macerated corn without lime can be associated to the solubilizing 

globulins of the starch. When they dissociate from the granules, they allow exposure thereof to swelling 

by water and causes a small degree of leaching out of the same chains. 

 

Conclusions 

 

Viscosity of the macerated corn is influenced by changes in their physical and chemical structure. 

When corn is broken or cracked exposing the material naturally protected by the pericarp to the 

external environment, it may undergo major changes in its structure, which will be reflected of in 

this property. 

The steeping time is a significant that affects the viscosityof property with and without addition 

of calcium hydroxide. 

The starch is changes during the first 6 hours ofsteeping with 1% ofcalcium hydroxide, reaching 

a maximum viscosity of 7000 mPa*s, but this is not significantly different from the viscosity of 

macerated for 4, 5, 7, 8, 9 and 10 hours of steeping. 

The samples soaked in water without lime also show increases in viscosity, indicating that there 

are changes in the starch structure even without the presence of alkali; however, the maximum 

value reached in these conditions occurs about 8 h being 5000 mPa*s. 

The kinetics of the process in the absence of calcium hydroxide is slower compared with that 

found in macerated corn with 1% lime. 
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Introd uction 
 

The technologies of modified atmosphere packaging (MAP) apply to a wide variety of products of 

different nature and have a long history in the conservation of certain foods such as meat products, 

vegetables, milk, coffee and snacks, making them suitable for fresh and minimally processed foods [1]. 

These techniques are designed to maintain the sensory quality of these products and extend their shelf life, 

which is increased by two or three times with respect to the conservation of the product in passive 

atmosphere [2]. 

The use of vacuum to generate a modified atmosphere packaging in conjunction with osmotic dehydration 

involves applying a less than atmospheric pressure during the filling  of products with solid and liquid 

phases, resulting in a beneficial effect in the process of diffusion kinetics and in fruit quality, preventing 

structural changes in the fruit [3]. Water loss and gain of solids whose conditions are in a state of 

equilibrium, increase the mobility of solute sat the beginning of the process, occurring hydrodynamic 

mechanisms (HDM), where as the dehydration at atmospheric pressure are not these movements. HD 

Mare given by the effect of pressure gradients through the combined action of capillary pressure and 

pressure changes in the pores of the plant tissue [4]. There sponse surface methodology (SMR) is a tool to 

study the interactive effects between variable sofa process, provides technical design of experiments, 

modeling, evaluation and optimal search desirable and in turn is able to reduce the number of 

experimental runs, with statistically valid [5,6]. 

The aim of this study is optimized by response surface method, the conditions of preparation and 

packaging of mango cut and packing type chamoy considering the potential effects of the process factors 

on the kinetics of diffusivity and firmness changes. The variables considered were: storage temperature (-

7, -2, 5, 12 and 17°C), guar gum concentration (0.19, 0.33, 0.54, 0.75 and 0.89% w/w) and vacuum (332, 

400, 500, 600 and 668 mbar). 

 

Materials and methods 
 

Materials 

Guar gum, chamoy essence, chamoy flavor, glucose syrup(at 50ºBxother ingredients of 

thepreparationliquid medium were acquiredinDrogueríaCosmopolitaS.A.de CV. citricacid, 

potassiumsorbateand calcium chloride (BASF, Mexico). Themango 

(Mangiferaindica)varietyAtaulfowaspurchased in Comercial center in Cuautitlán México in a batchof 

23kg. The mango was selectedaccordingtoits maturity, considering the skin color (green to yellow), 

firmness and soluble solidspresent. 

 

Liquid medium preparation 

Theliquid mediumwas preparedwith 70% glucose syrupat50 °Bx , 3% citric3%chamoyessence,Chamoy 

flavor,and 0.1 % of potassiumsorbateaspreservative. Guargumwas usedashydrocolloidin liquid medium 
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inat different concentrationsaccording thefactorialdesignproposed: (0.19, 0.33, 0.54, 0.75and 0.89% w / 

w).The dispersionofthe ingredientswas madeina stirrer ofpropeller(HeidolphGermany) at 1.500rpm, 

withtwo cyclesof5 minutesand a temperature of50 ± 2°C. 

 

Diffusion kinetic 

Osmotic dehydrationwas made usingmangocubes (1 x1 cm) andliquid mediumin ratio 1:3 and then packed 

to differentpressure conditionsinpolyethylenebagsofpolystyrene-polyethylene(11.1 x 17.5 cm), packed and 

stored atthetemperatureaccording factorial design by obtaining ofdiffusionkinetics,by measuringthe 

speedatwhichgain solid onmango cubes and lose water. Effectivediffusivityofsolidwas obtained 

bythefollowingcalculation basis: 

 

  

Where: SG=solid gain; ºBxt=Soluble solid at t (time); ºBxÐ= soluble solid at infinitum; ªBxi = 

Initialconcentration of soluble solid; WL = water loss; Xt =moisture at time (t); XÐ=moisture at infinitum; 

X i= initial moisture (Ferrari et.,al., 2011) 

Fromthe straight part ofthe graphtimevsSGand time vsWLthe effectivediffusivity was obtainedwiththe 

following equations: 

,  

Where SG= solid gain; De = Effective diffusivity; t = time; L= charactisticlength[6]. 

 

Activation energy (Ea) 

Activation energy was calculated at 0.54 % of guar gum and vacuum of 500 mbar and all 

temperaturesstudied (-7, 5 y 17ºC). Activation energy was calculated with de next correlation: 

 

Where: De= effective diffusivity; Do = effective diffusion frecuency; Ea = Acitvationenergy (KJ/mol); R 

= ideal gas constant; T = temperature (K). 

 

Results and discussion 
 

Table1 showsthe regression coefficientsandprobability values (a = 0.05).Showing that thelinear and 

quadratic termofvacuumwas the variables factor thatmost influenceinthe diffusion coefficientof 

moistureduring osmotic dehydration processof mango. Vacuum and guar gumwere the terms that hadthe 

greatest influence on water loss. Forthecase of diffusionofmoistureregressioncoefficient (Table 1), 

indicatesthattheobtained coefficientsadequatelypredictsthebehavior of factorsinrelationtotheresponse. 

 

The resultsto diffusionof soluble solidsshowedthat the term more significant was the linear term of 

vacuumandthe quadratic terms ofthetemperatureandguargum, which shows thatunder the 

conditionstested,there had amaximum. As reported by others authors, temperature and vacuum are factor 

that affect the solid diffusion [6]. The regression coefficientsobtainedadequatelypredictthe diffusion 

processof solidsand moisture 
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Table 1. ANOVA, regression coefficients and goodness of fit 

Regression 

coefficient  

Diffusion 

effective of 

moisture (Deff) 

p-value Diffusion 

effective of 

Solid Deff 

 

p-value 

ɓ0 (Constant) -37.73 0.000 -17.65 0.000 

ɓ1 (Temperature) -1.41 0.895 -0.61 0.884 

ɓ2 (Vacuum) 0.11 0.008 6.89 E -02 0.056 

ɓ3  (Gum guar) 11.72 0.412 -3.54 0.345 

ɓ11 1.81 E-03 0.993 -2.72 E-04 0.001 

ɓ22 -9.63 E-05 0.000 -6.97 E-05 0.934 

ɓ33 -5.65 0.993 -0.33 0.000 

ɓ12 1.28 E-03 0.001 5.16 E-04 0.101 

ɓ13 1.30 0.138 0.65 0.000 

ɓ23 -1.74 E-02 0.000 2.73 E-03 0.790 

R
2
 0.80  0.85  

Fit (F-value) 2.41  2.45  

Fit (p-value) 0.058
b
 0.076 0.056  

ɓi, regression coefficients of linear terms, ɓii, quadratics terms and ɓij interactions 

terms. 
a
 Significant (p < 0.05) 

b
 no significant (p > 0.05) 

 

Figure2 (a-c) shown the effect of the factors studied. Figure 2(a) shows that the higher diffusivity is given by 

the interaction between the temperature (10 ÁC) and vacuum (Ò 200mbar). The Figure 2(b) shows a behavior 

saddle point between the temperature and thecontent of guar gum, establishing that the maximum diffusion of 

moisture takes place between 5 and 15 °C and concentrations of guar below 0.4%. Figure 2(c) shows an area 

where the minimal diffusion occurs (-4 to-2 x10
-8
 m

2
/s), also was found that concentrations of 0.8% guar gum 

and 600mbar vacuum during packaging of the product, so at lower concentrations of guar gum (0.2 to0.4%) 

takes the largest moisture diffusion (-12 a -10 x 10
-8 

m
2
/s), Has been recommended to use a higher 

concentration of guar gum at 1% w/w dispersion presents difficulties and the viscosity is very high for a liquid 

medium [7] and it is possible to optimize the response for diffusion coefficients values greater of -4 x10-
-8 

m
2
/s 

 
Figure 2. Effect of process variable on coefficient moisture diffusion 
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Figure3(a-c) shown thecontourscorrespondingto the coefficientsofsolid diffusionfromtheosmoticsolutionto 

the handle.Figure3(a) shows theinfluence of temperatureand vacuumonthe solid diffusion coefficient, 

showing thata temperature increasing 5ºC and vacuum decreasing below400 mbar, risesthe diffusion 

coefficientsupº-6x 10
-8
m/s, These resultsare explained because thetemperaturecausesincreasedkinetic 

energy of theliquid mediumand hencethe particles movefasterand promotesthe mass transfer process, 

whileguargumreplacestheairporespresent inthefruit causing decreasing the rateofmassexchange [8]. 

The optimization of osmotic process was conducted to maximize the moisture loss and gain solid, the 

optimal condition was obtained to a temperature of 5ºC, guar gum of 0.18 % and vacuum of 480 mmHg. 

 
Figure 3. Effect osmotic dehydration on coefficient solid diffusion 

 

The activation energy is a parameter that depends on the mass and temperature. The higher activation 

energy implies an increased sensitivity to temperature and requires a small change in temperature for the 

transport of solids into the membrane material give faster.The activation energies increase as the gain of 

solids, according to Alakaliet al. [6]. The activation energies obtained in this work with cooling 

temperatures between -7 and 17 ° C, were of 6,586KJ/mol in solid gain and 18,767KJ/mol in loss water. 

Have been reported activation energy in range of 0 to 63KJ/mol for diffusion controlled processes, so that 

both activation energies were obtained experimentally in this work corresponding to diffusive process. 

 

Conclusions 

 
The use of liquid so flow viscosity coverage and therefore with low concentrations of guar gum in 

combination with packaging at low vacuum promotes better solids gain. 

The implementation of vacuum promotes the transfer of solids within the hand leand water loss. The 

vacuum is directly proportional in the diffusion rate and like wise on the activation energy. 
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Introduction  
 

Solid lipid nanoparticles (SLN) are solid spherical submicron systems used as delivery systems and 

vectors in different fields. The waxes in combination with other ingredients have been applied as 

treatment in fresh fruit conservation. Recently, the nano-coatings have become greatinterest in the food 

technology in particular as treatments to increase food shelf-life.[1]. The growingof consumer 

demandforhigh quality products with better and new properties is an issue very important to the food 

research. The nanotechnologyc an solve these approaches. One resource is to user enewable biopolymers, 

such as polysaccharides, proteins, lipids, and compounds derived from plants and animals [2].It was found 

that the use of solid lipids instead of liquid oils was a very attractive idea for achieving controlled release 

of certain components in the feed. Solid lipid nanoparticles are submicronic dispersions with high surface 

area which are composed of acceptable lipis, stabilizers andwater[3]. One problem found in coating susing 

lipids is that when the system contact with water it acquired a white coloration on the surface, causing a 

poor appearance. This whiteness may be dueto a slight condensation of water vapor after the fruit has been 

cooled, but may also be due to various factors related to the components which form the coating [4] 

 

Materials and methods 
 

Beeswax (melting point = 65°C), Candeuba Wax (melting point= 85°C) were obtained from 

Multiceras®SA deC.V., Pluronic F-127 ®(Poloxamer 407, PF-127)(BASF, México), Xanthan Gum food 

grade (Drugstores Cosmopolitan®), Milli -Q ® (Millipore ®, USA-Bedfore, MD). All other reagents were 

of analytical grade and were used without further purification. 

Preparation of Solid lipid nanoparticles(SLN)  

The SLN were prepared by hot homogenization method. The wax was heated at 5ºC above the melting 

point by 5 min, the aqueous phase was prepared at the same temperature.The oil-in water emulsion was 

prepared using a Ultra-Turrax ® T-50 Basic (IKA Labortechnik) with a propeller S25 model N-25. Three 

cycles at10,000/5min were employed to decrease of particle size. The solid nanoparticles were formed 

during the cooling of the dispersion. 

SLN Characterization 

The particle size and the polydispersity index (PDI) were determined using a CoulterNano-Sizer® 

N4Plus. Measurements were made in triplicate. NL Sare diluted with water Milli -Q ® according to the 

volume frequency histogram.The determination was performed to angle of 273º at 25ºC [5]. 
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ɕ was evaluated for the system prepared using a Z-sizer 4 (Zetasizer Nano Series, Malvern Ltd, France) 

after appropriate dilution in distiller water Milli-QÈ. ɕ values were normalized with polystyrene standard 

dispersion (ɕ = -55 mV). Measurements were made at 25°C in triplicate. 

Morphology characterization 

The morphological analysis of SLN was performed after removed the excess of stabilizer by three 

centrifugations at 30,000 rpm for 50 min. A drop of this concentrated suspension was spread on a 

microfilter membrane (200nm) and dried under vacuum at RT. They were placed onto stubs and coated 

with gold (~ 20 nm thickness) (Coater
®
 JFC-1100 JEOL, Tokyo, Japan). Finally the samples were 

observed under a scanning electronic microscope (JSM-6400
®
 SEM JEOL, Tokyo, Japan). 

Biological Model 

Lemons were used as a fruit model to compare the whiteness developed by the different coatings. They 

were purchased at a local marketin the municipality of Cuautitlan Izcalli. The fruit was selected taking 

into account a diameter of 5 cm and a brightness (Lmin= 30, Lmax= 45). 

Morphology characterization 

The morphological analysis of SLN was performed after removed the excess of stabilizer by three 

centrifugations at 30,000 rpm for 50 min. A drop of this concentrated suspension was spread on a 

microfilter membrane (200nm) and dried under vacuum at RT. They were placed onto stubs and coated 

(Coater
®
 JFC-1100 JEOL, Tokyo, Japan) was used to coat with gold (~ 20 nm thickness). Finally the 

samples were observed under a (JSM-6400
®
 SEM JEOL, Tokyo, Japan). 

Nanocoatings preparation 

A solution containing 0.4%of xanthan gum and 0.5% of propylene glycol was prepared and mixed with 

the solid lipid nanoparticles at different concentrations (30, 40 and 50%) using a mechanical stirrer 

(Eurostar power control-visc, IKA®WERKE) at 2000 rpm. 

Nanocoating application 

The coatings use dare summarized in table 1. They was applied by immersion (30s) and then dry the 

during 1 minusing an hand dryer (Vidal Sassoon® BrandVS773MXN1 model) with air temperature of 

35°C and speed of 4 m/s. The lemons were then evaluated by whiteness index. 

Table 1. CoatingCompositions. 

Sample Wax Concentration (g/L) 

1 Candeuba 60 

2 Candeuba 50 

3 Candeuba 40 

4 Beeswax 60 

5 Beeswax 50 

6 Beeswax 40 

Whiteness index (WI) 

WI evaluation was performed by color measurements using a Minolta® CR-300. Readings were obtained 

at scale L *, a *, b * (CIELAB) after calibration of the apparatus, on a white plate MinoltaL *=98.11, a * 

= 0.22and b *=1.94.WI was calculated according to the equation: 

WI = [(100/L)
2
+ (10b

2
)]

0.5
 

All measurementswere carried outon two sidesoflemonandthree samplesbycoating. 

Statistical analysis 

The resultswere analyzed using thestatistical softwareMINITAB14Inc.®, ANOVA and t-student test for 

mean comparison were performed. 

 

Results and discusion 
 

NLS Characterization 
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The particle sizefor theSLN of candeubawaxwas 233nmwitha polydispersity indexof0.153 and zeta 

potential of -39 mV.For beeswax the size obtained was 348 nm with a polydispersity index of 0.272 and 

zeta potential of -59mV.The polydispersity index indicates the deviation of an autocorrelation function as 

amono-dispersed dispersion of spheres with the same diameter [7].The difference in potential 

characteristics between the lipids is attributed to the chemical composition of the wax. The zeta potential 

allows predictions about the storage stability of the colloidal dispersion. In general, thea ggregation of the 

particles isless likely incharged particles (high ɕ) due to the electric repulsion [8]. The results obtained 

indicates that submicronic nanoparticles with a low dispersion (few microspheres in the batches) and good 

colloidal physical stability were obtained. The Figure 1 shows particle size distribution on function of wax 

type, for both waxes the distribution was normal. 

The Figure 2 shows the micrograph of NLS; this evidence the presence of small spheres of less 

thanonemicrometersize, according to the particle size distribution obtained by light scattering 
 

 
Figure 1. Particle size Distribution Of SLN  Figure 2. NLS morphology NLS of Beeswax 
 

Whiteness Index (WI) 

Table 1 shows the results of color measurement based on L*, a* and b* values It is observed that 

candeuba wax had a higher white component with L-values > 60 associated with whiter trend in relation 

to the plate calibration values. Furthermore,there was notstatistically significantdifferenceinthe function of 

candeuba wax concentration. On the other hand,the sampleswith beeswax showed a brightness less than 

38% candeuba wax which is associated with the smaller index of whiteness coated emons shown by SLN 

prepared with beeswax. There was a statistically significant difference in function of the SLN proportion, 

thisbehavior is evidenced in the values of L *.  
 

Table 1. Color  values by lemons coatings with waxes. 

Coating L*  a* b*  

Candeuba(40 %) 68.56ª -15.41 44.96 

Candeuba(50 %) 64.54ª -11.03 49.19 

Candeuba (60 %) 68.95ª -8.39 41.23 

Beeswax (40 %) 37.42
b
 -12.79 17.70 

Beeswax (50 %) 40.51
b
 -13.75 19.67 

Beeswax (60 %) 47.89
c
 -17.25 30.47 

Different letters in same columnsare indicative significantdifference (a =0.05) 
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Figure 3 shows thebox plotrepresentingthe differences betweenthe use of candeuba wax and beeswax at 

different concentrations. 

Wax 

[NLS]

CandeubaBeeswax

605040605040

175

150

125

100

75

50

IW

 
Figure 3 Comparison based on the type and concentration of wax 

 

It confirms that the beeswax tends to decrease the WI according to theconcentration. The dispersion of the 

results is less at concentrations between 40 and 50% of SLN. In the case of candelilla wax there is no 

difference statistically significative among the concentrations but the WI is greater. 

Figure 4 shows photographies of treated, with candeuba wax (40%) they had a white appearance (Fig. 

4A), where as with beeswax did not show whiteness (Figure 4C), however, the two types of coating 

showed a white layer easily visible when they were wet ted apparently by a thickcoating (Figure 4 Band 

D). 
 

 

Figure 4. Lemons coated with different waxes: A Candeuba wax dry, B Candeuba wax wet, C Beeswax dry and D 
Beeswax wet 

Conclusion 
 

It was possible to develop wax coatings from SLN. They were capable to decrease the whiteness index on 

fruit surface. The composition of beeswax coatings gaveless WI. The NLS concentrations used in the 

formulation and the thick of the coating are determinants to the WI. 
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Abstract 
 

Apple juice is placed as the third most important variety of juice in Mexico´s national market. Due to this 

fact, hereby we present a computational model that predicts the characteristics of filtered apple juice by 

using data from both, the freshly produced apple juice and the filtration membrane. The process of 

filtration of apple juice was studied through a Brownian dynamics model and in order to find a correlation 

with a real system; the filtration membrane and the filtered and unfiltered juices were characterized 

experimentally. The pore size distribution of the membranes was studied through scanning electron 

microscopy (SEM) while the particle size distribution was obtained via dynamic light scattering (DLS). 

The experimental pore size and particle size distributions were compared to the theoretical distributions 

predicted by the model and the precision of the model was evaluated. The results from this work could be 

a key to the membrane selection process in the apple juice industry and quality control. It is important to 

mention that given the initial pore and particle size distributions, the model could also be extended to 

systems other than apple juice. 

 

Introduction  
 

Chihuahua, a state in the Northwest of Mexico, produces around the 68% of the overall apple production 

nationwide. (1) 70% of that production is directly sold without processing while the other 30% is mainly 

used for the production of juices and marmalades. (2) More than 70 million liters of apple juice were 

produced in 2011 corresponding to the en el 16.9% of the total production of juices in the country and 

placing it as the third in importance. (3)  

 

To comply with the official quality specifications (density, total dissolved solids, appearance, color, taste, 

aroma and nutritional properties) established by the Codex STAN 247-2005 quality norm, the apple juice 

has to be subjected to various clarification, filtration and concentration processes as the juice has to remain 

stable and without sediments during the shelf life. Evaporation, rotative vacuum filtration, filter presses or 

membrane filtration, the later being the most cost effective are the most common processes in the apple 

juice industry (5). The membranes that are normally used in these processes are organic derived from 

polymers such as poly(ethylene), poly(propylene) and cellulose acetate.  

 

On the other hand, computational simulations have been used as a very valuable tool and as a way to 

predict real processes. One of the simulation methods that is widely used in the study of fluids is 

Molecular Dynamics. This theory resolves the Newton motion equations for the atoms of the system. A 

variation of this method is Brownian Dynamics that is well known to describe the dynamics of colloidal 

particles taking into account the Brownian motion (6). Apple juice can be considered as a colloidal system 

and therefore the Brownian Dynamics model can be applied to it.  

The motivation of this work is the lack of criteria for the selection of filtration membranes in the juice 

industry and its main objective is to find a correlation between the initial experimental characteristics of 

apple juice and a filtration membrane, to predict the characteristics of filtered apple juice. The results from 
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this work are believed to set the basis towards an efficient membrane selection process in the apple juice 

industry.  

 

Methods 

 
Computational simulation 

The computational simulation developed in this work is based on the code previously developed by 

Marrufo in 2010. The filtration model is conceived as juice particles flowing through a membrane and is 

therefore composed of three elements; unfiltered juice, the filtration membrane and filtered juice.  

 

The initial particle size distribution of the unfiltered juice and the pore size distribution of the membrane 

are the main inputs for the simulation. The size distributions are described by two parameters; b, which is 

associated to the width of the distribution and µ, which is related to the average size as described in 

equations 1 and 2 below. The particle size distribution of the unfiltered juice is characterized by the 

parameters bp and µp. It is worth to mention that the simulations can be performed for both, filtration 

systems with a log-normal distribution or filtration systems with a Gaussian distribution.  

 

On the other hand, the membrane model is defined as a series of parallel planes with a certain pore size 

distribution as described by the experimental parameters b0 and µ0. Though the minimum membrane width 

is calculated by the program. The minimum number of runs and the simulation time up to which the 

maximum number of particles have crossed the membranes are also obtained by the program (7). Finally, 

the simulation results quantify the particles that have crossed the membrane as given by the parameters bf 

and µf.  

 

                      (1) 

 

 

Where b=1/(2S
2
) with S as the standard deviation and m being the logarithm of the average size, 0s , (of 

both, pores or particles). 

 

 

                       (2) 

 

Where b=1/(2S
2
) with S as the standard deviation and µ as the average size, 0s (of both, pores or 

particles). 

 

Experimental characterization 

Apple juice was extracted from golden delicious apples from Chihuahua. A first elimination of big 

particles was achieved after sedimentation of the juice for around an hour. The juice was then centrifuged 

to 4200 x g (5716 rpm) for 15 min. Cellulose acetate membranes characterized by SEM were used to filter 

the previously centrifuged juice (JC). The filtered juice (JCAC) was analyzed via DLS. 

 

Correlation 

The experimental pore and particle size distributions were used as the input for the simulation program so 

as to obtain the theoretical juice particle size distribution after the filtration process. Finally, in order to 

find a correlation between the theoretical model and the real system, the theoretical particle size 

distribution of the juice was compared to the experimental particle size distribution.  
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Results 
 

The experimental particle size distribution parameters of the unfiletered juice (bp and µp) and filtered juice 

(bf and µf) as well as the experimental parameters of the pore size distribution of the membrane (b0 and µ0) 

are shown below in table 1.  
 

Table 1. Experimental b and µ of both, the particle size distribution of the juice (filtered 

and unfiltered) and the pore size distribution of the membranes. 

 

Filtration System bp µp b0 µ0 bf µf 

JC vs JCAC 47.630 3.077 10.017 0.73 11.716 0.55 

 

The experimental b and µ parameters of the unfiltered juice and the membranes were used as the input for 

the simulation program and the theoretical µf and bf for the filtered juice were obtained through the 

simulation. The calculated and experimental values are displayed and compared in table 2 below. The % 

relative errors of both parameters are also presented in the table. As it can be observed, there is only a 

10% error from the comparison of µ values while the error from the comparison between b values is much 

more significant.  

 

According to the graphical comparison (figure 1), the theoretical and experimental distributions are 

centered in a very similar average particle size. There is a relative error of less than 10% in the 

comparison from the calculated and the experimental average particle size. However, the distributions 

differ in the width, associated to the parameter b. The polidispersity of the centrifuged system can be 

assumed as narrow and with a trend to decrease after the filtration process. However, the DLS from the 

experimental results indicate that the range of particles that cross the membrane in the real system is 

broader than the predicted system. This behavior can be attributed to some of the factors that are omitted 

in the simulation model like the effect of pressure, the interactions among the juice particles, the formation 

of particles aggregates and the fouling of the membrane.  

 
Table 2. Comparison between calculated and experimental bf and µf values for the filtration system. 

 

Filtration 

system 

bf 

Experimental 

µf Experimental bf 

Calculated 

µf 

Calculated 

%Relative 

Error b  

%Relative 

Error µ  

JC vs JCAC 11.71 0.55 48.357 0.50 312.95 9.04 

 

 

 

 

 

 

 

 

 

 

 

 

 

  
Figure 2. Comparison between calculated (blue) and 

experimental particle size distribution) of the JC vs. JCAC 

filtration system. 
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Conclusions 
 

The correlation between a computational model and a real apple juice filtration system was successfully 

studied in this work. In order to achieve this, experimental data from apple juice and a cellulose acetate 

membrane was correlated to the theoretical data obtained from the simulation. By comparing both, the 

particle size distribution of apple juice prior and after filtration and the pore size distribution of the 

filtration membrane it can be said that the simulation is successful in predicting µ, a parameter related to 

the average particle size in the apple juice after filtration. However, there is a significant error in the 

prediction of the parameter b that is associated with the broadness of the distribution. This behavior can be 

attributed to some of the factors that are omitted in the simulation model like the effect of pressure during 

filtration, the interactions among the juice particles, the formation of aggregates and the fouling of the 

membrane. 
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Since its discovery in heated foods in 2002, the acrylamide (AA) has gained worldwide attention as a 

consequence of its potential toxicity at the concentrations at which it is formed during thermal food 

processing. Studies have indicated that polyvalent cation reduces the formation of AA in thermally 

processed snack foods and bakery products. In this study, It was evaluated the effectiveness of calcium 

and magnesium, as CaCl2 and MgCl2, to reduce AA formation in tortilla chips, fried during 30 sec at 

190°C, using soybean oil. It was found that AA was reduced up to 70% by adding of MgCl2 to the water 

used to make the masa, at a 0.04, 0.08 and 0.12 M concentration, compared to 52, 67 and 52% for 0.04, 

0.08 and 0.12 M of CaCl2, respectively. The color and fracture force of tortilla chips, added with CaCl2, 

were similar to the control. In contrast, the tortilla chips added with MgCl2 were darker and less hard than 

control. These findings suggest that the CaCl2 and MgCl2 can be used as a viable approach for the 

mitigation of AA formation in tortilla chip products. 

 

Keywords: Calcium, Magnesium; Acrylamide mitigation, Tortilla chips 

 

Introduction  

 

Worldwide, 13% of deaths are caused by cancer (1), as consequence, factors as the presence of toxic 

compounds in foods have gained widespread attention.  Acrylamide, a neurotoxic and probably human 

carcinogen molecule (2, 3) is formed in relatively high concentrations when carbohydrate-rich foods are 

processed at high temperatures (4). Maillard type reactions have been shown as one major reaction 

pathway (5, 6). Acrylamide is produced by degradation of asparagine in presence of carbohydrates, 

however, other reaction precursors such as lipid oxidation products have been proposed (7, 8, 9, 10). 

Based on the maintenance of original sensory attributes and heat processing procedures, various chemical 

agents have been tested for their effectiveness as food additives in reducing the formation of AA on 

thermally processed foods. Consumable acids, cations, phospholipids, lecithins, hydrocolloids, 

antioxidants and amino acids are been used as effective mitigation agents in model systems and real food 

samples (11, 12, 13, 14, 15, 16, 17, 18, 19, 20, 21).  Among  all possible above-mentioned mitigation 

strategies , the use of metal cations have been showed like a easy, inexpensive and viable approach for the 

minimization of acrylamide content, in commercial as well as in homemade foods (22). This study 

analyzes the acrylamide mitigating properties of metal cations by determining acrylamide formation in 

tortilla chips containing either calcium chloride or magnesium chloride. 

 

Materials and methods 
 

2.1. Materials 

Deuterium-labeled [2,3,3-
2
H3]acrylamide were obtained from SigmaïAldrich Company (St. Louis, MO, 

USA), respectively. CaCl2 and MgCl2.6H2O were all reagent grade and obtained from Merck (Darmstadt, 

Germany). All other chemicals were purchased from SigmaïAldrich Company (St. Louis, MO) or Merck 

(Darmstadt, Germany), and were analytical grade. Nixtamalized corn flour (NFC) was produced with 
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commercial corn variety named Pioneer 30P16 (harvested in Guanajuato and Michoacán, México,) and 

commercial lime (Ca(OH)2) (El Topo, Monterrey, N.L. Mexico) , commonly used in the tortilla industry. 

This flour was prepared by cooking 8 kg of whole maize kernels in a solution of 16L of water and 80g of 

calcium hydroxide. The maize was boiled in an aluminum pan for 25min and steeped 16h at room 

temperature (22 ° 1ºC). The steep liquor (nejayote) was removed. The cooked maize was washed with 

16L of water, then ground into corn masa (FUMASA, M100, Querétaro, Mexico), and finally dehydrated 

using a flash type dryer (Cinvestav-AVG, M2000, Querétaro, Mexico). Before storage, the dry 

nixtamalized corn flour was milled using a hammer mill (PULVEX 200, Mexico DF, Mexico) with a 0.5 

mm screen. 
 

2.2. Elaboration of tortilla and tortilla chi ps with calcium and magnesium chloride. 

The tortilla chips were elaborated of the next way: 100g of nixtamalized corn flour was rehydrated with 

118mL of 0.04, 0.08, 0.12 M CaCl2 or MgCl2 to provide fresh masa with adequate consistency to make 

tortillas. For the control treatment only water was used to make the masa. The additives final 

concentration in masa was: 0.53, 1.07 and 1.60% (w/w) for CaCl2 and 0.38, 0.76 and 1.14 % (w/w) for 

MgCl2. The masa was flattened into thin disks of 11cm diameter and 1.0mm thickness using a commercial 

tortilla roll machine. Shaped tortillas were cooked on both sides for about 1.0 min by using an iron hot 

plate (270 ° 10 ºC). The elaborated tortillas were cut into circular pieces with an average area of 10cm
2
. 

Tortilla pieces were fried for 30s at 190ºC using soybean oil. After frying, tortilla chips were cooled on a 

paper towel to remove superficial oil and the color, breaking force, and acrylamide content determined. 

 

2.3. Color determination in tortilla chips. 

The color of tortilla chips was determined using a colorimeter MiniScan XE, model 45/0-L (Hunter 

Associates Laboratory, 11491 Sunset Hill Rd., Reston, Va., U.S.A.) and the CIELAB L, a b method. This 

parameter was reported like color total differences (DE) which was calculated according to equation: ȹE= 

[(ȹL)
 2

 + (ȹa)
 2

 + (ȹb)
 2

]
½
, where L = brightness or lightness, a = greenness/redness, b = yellowness/ 

blueness; ȹL, ȹa, and ȹb = absolute differences of the values between the reference tile (white porcelain) 

and sample values; ȹE = total difference between reference and sample color. The reference values 

(calibration) were: L = 92.22, a = -0.82 and b = 0.62. 

 

2.4. Texture determination in tortilla chips 

The fracture force of tortilla chips was evaluated in freshly prepared samples, using the Texture Analyzer 

TA-XT2 (Texture Technologies Corp., N. Y.). The test was carried out using a 2.03 mm diameter 

stainless-steel probe and a platform accessory with a hollow cylindrical base with 33.5 and 10 mm 

external and internal diameters, respectively. The probe traveled at a velocity of 10 mm/s until it cracked 

the sample (distance 6 mm). 

 

2.5. Acrylamide determination in tortilla chips 

Acrylamide was analyzed as the stable 2-bromopropenamide derivative by gas chromatographyïmass 

spectrometry (GCïMS) using the method described previously (23). The tortilla chips were ground in a 

lab mill and powered samples (~0.8g) were weighed, placed in centrifugal tubes, added with 20mL of 

internal standard solution (0.5mg/mL of deuterium-labeled [2,3,3-
2
H3]acrylamide in acetonitrile), 8mL of 

distilled water and 10mL of n-hexane at room temperature, and stirred for 5 min. After centrifugation at 

2000xg for 10min, organic phases were removed, and supernatants filtered. These extracts (3mL) were 

treated with 0.45g of potassium bromide, 200mL of sulfuric acid (10% v/v), and 300mL of potassium 

bromated solution (0.1M). After 1h in the dark at 4C̄, the bromination reaction was terminated by adding 

of sodium 1M sodium thiosulfate until solutions became colorless, and solutions were extracted with 4mL 

of ethyl acetate/hexane (4:1). Organic layers were recovered after centrifugation at 2000xg for 10 min, and 

were dried with sodium sulfate and evaporated to dryness under nitrogen. Each sample was dissolved in 

50mL of ethyl acetate, treated with 25mL of triethylamine, and analyzed by GCïMS. The ions monitored 

for the identification of the analyte, 2-bromopropenamide, were [C3H4NO]
+ 

= 70, [C3H4
79

BrNO]
+
 = 149, 
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and [C3H4
81

BrNO]
+
 = 151, using m/z 149 for quantification. The ions monitored for the identification of 

the internal standard 2-bromo[
2
H2]propenamide were [C2

2
H2H

81
Br]

+ 
= 110  and [C3

2
H2H2

81
BrNO]

+
 = 153, 

using m/z 153 for quantification. 

GCïMS analyses were conducted with an Agilent 7890GC system coupled with an Agilent 5975C MSD. 

In all experiments, a 30m³0.25mm i.d.³0.25mm HP5-MS capillary column was used. Working conditions 

were: carrier gas helium (1mL/min at constant flow); injector, 250C̄; oven temperature: from 50 (1min) 

to 240̄ C at 5̄C/min and then to 300̄ C at 10̄C/min; transfer line to MSD, 280̄C; ionization EI, 70 eV. 

Quantification of acrylamide was carried out by preparing standard curves of this compound. Acrylamide 

content was directly proportional to the acrylamide/internal standard area ratio (r =0.999, p < 0.0001). The 

coefficients of variation at the different concentrations were lower than 10%. 

 

2.6. Statistical analysis 

All results are expressed as mean values. Statistical comparisons between two groups were made using 

Studentôs t-test. With several groups, one-way analysis of variance was used. When significant F values 

were obtained, group differences were evaluated by the Tukey test. All statistical procedures were carried 

out using the JMP 9.0 package (SAS Institute Inc., Cary, NC). The significance level is p< 0.05 unless 

otherwise indicated.  

 

Results and discussion 
 

The addition of metal cations to masa decreased the pH to an extent that depended on the amount of salt 

added. It has been showed that lowering pH caused a reduction in acrylamide formation (11). Initial pH 

value (control) was 7.8. Masa prepared with 0.04, 0.08 and 0.12 M CaCl2 and MgCl2 had a pH value of 

7.40, 7.23, 7.18 and 7.25, 7.19, 7.14, respectively.   

Tortilla chips are particularly, popular consumer snack products in Mexico, United States and other 

countries. In despite of tortilla chips popularity, there are few studies about acrylamide content in this type 

of food.  Figure 1 shows the average level of acrylamide formed in tortilla chips when the frying process 

was performed at 190°C for 30s. The acrylamide concentration for tortilla chips without the presence of 

salt (control) was estimated as 1024±53mg/kg. These levels are 4-fold higher than FDA data on 

acrylamide concentration in foods report (24). The presence of either CaCl2 or MgCl2 on experimental 

tortilla chips resulted in decreasing of acrylamide concentration. There was a trend of decreasing 

acrylamide formation during frying that reached statistical significance compared to the control for the 

0.04, 0.08 and 0.12 M samples with acrylamide reduced by 53, 68, 53 and 69, 70, 74% for CaCl2 and 

MgCl2, respectively. Similar results have been reported for potato strips (16), wheat based products (25, 

26), cereal matrices (27) and cookies (28), where the use of metal ions derivatives in different forms are 

capable of reducing acrylamide levels. It has been recently suggested that adding divalent metal ions could 

give high-temperature stability to asparagine/matrix interactions, thereby rendering the latter species 

unavailable for reaction with carbonyl precursors to produce acrylamide (29). On the other hand, although 

the results indicated that the presence of MgCl2 significantly prevented acrylamide formation in tortilla 

chips during frying, a bitter aftertaste was perceived in the MgCl2 treated products, which was not detected 

in tortilla chips prepared with CaCl2.  

Figure 2 shows the effects of different concentrations of calcium and magnesium chloride on the color and 

fracture force between the samples and the control. Addition of CaCl2 resulted in tortilla chips not 

significantly different from the control sample in terms of color and fracture force. Instead, addition of 

MgCl2, all formulations were significantly different (p<0.05) from the control sample. As the MgCl2 in the 

experimental masa increased from 0.04 to 0.12M, there was a trend of increasing and decreasing color and 

fracture force, respectively. It has been suggested in model system that browning is accelerated by the 

presence of MgCl2 due to the increased sugar hydrolysis and to the reduction of water mobility caused by 

the salt counteracting the inhibitory effect of water on the reaction. In accordance with the 

aforementioned, starch hydrolysis increase sugars concentration that could participate in Maillard reaction 
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which resulted in lower fracture force values as consequence of the formation of crack in tortilla chips 

structure.  

 

Conclusions 
 

The use of salts as CaCl2 or MgCl2 is effective acrylamide mitigation strategy in tortilla chips production. 

However, although a much more detailed sensory evaluation of tortilla chips prepared with salts, the 

adverse effects of MgCl2 on sensory properties obtained in this study are considered as a significant 

limitation for their applicability in the nixtamalized corn products industry. 
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Figure legends 

Fig. 1. Effect of calcium chloride (crosshatched bars) and magnesium chloride (horizontally striped bars) 

on acrylamide content in tortilla chips fried at 190ºC for 30s. Tortilla chips without salts (striped bars) are 

included for comparison. Bars with different letters in the same panel has significant differences (Tukey, p 

= 0.05). 

Fig. 2. Effect of calcium chloride (crosshatched bars) and magnesium chloride (horizontally striped bars) 

on: A) color and B) texture, in tortilla chips fried at 190ºC for 30s. Tortilla chips without salts (striped 

bars) are included for comparison. Bars with different letters in the same panel has significant differences 

(Tukey, p = 0.05). 



 89 

TOPIC: Emerging Technologies ET-25 

 

Effect Of Dietary Supplementation With Vitamin D3 And 25-OH D3 In Antioxidant 

Activity Of The Enzymes Catalase, Glutathione Peroxidase (GPX) And Superpxide 

Dismutase (SOD) Of Pork 

 
Hernández-Hernández, I.

1
*, López-Hernández, LH

1
., Braña-Varela, D

2
., Ponce-Alquicira, E

1
. 

 
1 
Departamento de Biotecnología, Universidad Autónoma Metropolitana. Av. San Rafael Atlixco No. 186. 

Col. Vicentina C.P. 09340, Iztapalapa, México. 
2
Centro Nacional de Investigación Disciplinaria en 

Fisiología y mejoramiento animal. Km 1 carretera a Colon, Ajuchitlan. Querétaro. E-mail: 

sabelhh@yahoo.com.mx 
 

Introduction  
 

Oxidative processes in meat lead to quality deterioration (1). Meat has endogenous antioxidants and 

prooxidants and living cells have several mechanisms of protection against oxidative processes, including 

antioxidant enzymes such as superoxide dismutase (SOD), catalase and glutathione peroxidase (GSH-Px). 

Catalase and glutathione peroxidase (GSH-Px) are considered the major peroxide-removing enzymes 

located in the cytosol (2). SOD plays an important role in protecting against damage by the superoxide 

anion radical (3). 

Information on factors influencing the activity of antioxidant enzymes in meat is limited. Antioxidant 

enzyme activities differ between meat of different species (4) and muscle type. Antioxidant enzyme 

activity could also vary between animals of a single species. Therefore, variations in the activity of these 

enzymes between different genetic types could lead to differences in oxidative stability of the meat. 

 

Methods 
 

Sample collection  

The study was conducted with Longissimus dorsi obtained from 80 pigs fertilis x G-Performer with an 

initial weight of 85 kg. The animals are randomized based on gender and weight to be assigned to one of 4 

treatment provided: T1 was a control-negative, T2 was Vitamin D3 (20,000 IU/Kg), T3 was 25-OHD3 

(500 µg/Kg) and T4 was a positive-control contained: vitamin-E(180 IU/Kg), selenium-organic (0.15-

ppm) and astaxanthin (10-ppm). The pigs were fed for 35 days on site INIFAP Ajuchitlan, Querétaro. At 

day 36 were slaughtered TIF No. 412, (Km 8.5 Carretera San Jose Chichimequillas Alto, Querétaro, 

Querétaro). At 24 hours postmortem the cutting was performed in the TIF-No. 201 (TIF Apaseo, Narciso 

Mendoza # 408 Colonia Centro, Apaseo el Grande, Guanajuato). The left Longissimus dorsi muscle of 

each animal was identified and 9 chops cut into 2 cm thick cuts were packed with polyethylene bag is then 

closed under vacuum stored at 4 ° C in a cooling chamber for a period of up 28 days. The analysis 

performed on days 1, 7, 14, 21 and 28. 

Sample preparation 

Chopped meat samples were disrupted for 2 min whit an Ultra Turrax T18 homogenizer IKA (Staufen, 

Germany) homogenizer in potassium phosphate buffer (50 mM, pH 7). Homogenates were centrifuged at 

10,000 rpm and 4°C (Eppendorf centrifuge 5810R, Hamburg, Germany) during 30 min and supernatant 

was collected and stored in an ice bath. 

Determination of the activity of catalase 
An aliquot of 0.1 mL of homogenate (prepared as describe above) was added to 2.9 mL of H2O2 (11 mM), 

the absorbance was read at the beginning and during the next 30 seconds to complete 2 minutes, using a 

spectrophotometer Varian 50 Bio (New Jersey, USA). The results were expressed as U / g of meat (2). 
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Determination of the activity of glutathione peroxidase 

The reaction mixture was prepared by placing potassium phosphate buffer [40 mM, pH = 7, EDTA (0.5 

mM) and sodium azide (1 mM)] was then added GSH (reduced glutathione, 1 mM), glutathione reductase 

( 1.5 U / mL) and 50 µL of crude extract. The tubes were incubated for 5 min at 35 ° C after which time 

was added NADPH (0.15 mM) and the reaction was started by adding hydrogen peroxide (0.15 mM). 

Absorbance was read using a spectrophotometer Varian Bio 50 (New Jersey, USA) after 15 seconds into 

the reaction was monitored every 10 seconds up to a minute. We used the molar extinction coefficient 

(6.22 mM
-1
 cm

-1
) to calculate the concentration of NADPH. The results were expressed as U/100g of meat 

(1.2). 

Determination of superoxide dismutase activity  
Was determined using a kit from Sigma-Aldrich SOD Co (Germany) and used according to instructions 

provided by the manufacturer. 

Statistical analyses 

Statistical analysis of the data was performed using the Statistical Package for Windows XLSTAT 2011 v. 

4.02 (Addinsoft SARL, New York., USA). We applied a method of analysis of variance (ANOVA) where 

the source of variation was the treatment, day and treatment-day interaction, subsequently a multiple 

comparison of means by Duncan's test (P Ò 0.05). 

 

Results 
 

Catalase activity 

This test is relevant because some studies suggest that endogenous antioxidants, especially catalase can 

minimize oxidative rancidity during storage because it is a very stable enzyme deactivated only by effect 

of the temperature (3, 4). The analysis of variance show that there is significant difference for all factors 

(treatment, day and treatment-day interaction). This indicates that the dose and source of vitamin D3 had 

significant effect (P Ò 0.05) on the catalase enzyme activity. 

 
Fig. 1 Variation in the catalase enzyme activity with respect to storage time pigs cuts supplemented with vitamin D3 

and 25-OHD3. 
 

The activity was higher at day 1 (Fig. 1) being the negative control (167.405 U / g meat) which showed 

the highest activity, but treatment 2, 3 and the positive control (153.99, 150.02 and 149.56 U/g meat, 

respectively) showed the same activity between them. However, the activity decreases as time passes 

being the negative control which had the lowest activity at day 28 (78.06 U/g meat), while treatment 3 and 

the positive control showed the lowest activity at day 21 (127.763 and 120.834 U/g of meat). 

The values of the catalase enzyme activity determined in this paper ranged between 86.235 and 182.823 

U/g of meat which had the same tendency and close to those obtained by various authors (2) that are of 

187 and 381 U/g meat of the difference in data is attributed primarily to the characteristics of the pigs 

used, since not correspond to the same features and the type of muscle used for the study. Reports on the 

antioxidant activity of the catalase are scarce despite that it is a critical enzyme which is stable during 

storage of refrigerated fresh meat (3). In general, it is considered that low concentrations of hydrogen 
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peroxide stimulate the activity of glutathione peroxidase while high concentrations are preferably 

catalyzed by catalase (5). 

 

Glutathione peroxidase (GPX) activity 

Glutathione peroxidase was determined in order to verify their presence in the pork and the effect of 

treatment on their activity. Analysis of variance showed significant differences for all factors (treatment, 

day and treatment-day interaction). This indicates that the dose and source of vitamin D3 had significant 

effect (PÒ0.05) on the enzymatic activity of glutathione peroxidase (GPX). 

 
Fig. 2 Variation in the enzymatic activity of glutathione peroxidase (GPX) with respect to storage time pigs cuts 

supplemented with vitamin D3 and 25-OHD3. 
 

The lower activity of all treatments showed day 1 (Fig. 2), the activity was increased as time passes being 

the largest storage at day 7 for the negative control (10.615 U/100g of meat) whereas the positive control, 

treatment 3 and treatment 2 showed the same activity between them (7.88, 6.89 and 6.33 U/100 g of meat, 

respectively) then began to decrease activity to decrease in all treatments reduced activity observed at day 

28 in the treatment 2 (4.102 U/100g of meat). It was observed that the highest enzyme activity were 

present at day 7, which corresponds to some previous work (3.7), in addition to which an enzyme is fairly 

stable over time raw meat storage, and unlike of catalase does not need bigger amounts of hydrogen 

peroxide to display their activity. The decrease in activity from 21 days, it could be because the system 

glutathione GSH / GSSG ratio is one of the biggest redox systems in animal tissues and their presence 

decreases during storage of the exudate through the meat (6). 

 

Superoxide dismutase (SOD) activity 

This enzyme was determined in order to observe if their activity modified the effect of treatment 

assignment. The analysis of variance showed significant difference only for the storage time (days) on the 

enzymatic activity of superoxide dismutase (SOD). 

 
Fig. 3 Variation in the enzymatic activity of superoxide dismutase (SOD) with respect to storage time pigs cuts 

supplemented with vitamin D3 and 25-OHD3. 
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At day 1 (Fig. 3) all treatments showed the lowest enzyme activity, with the negative control and the 

treatment 2 showed lower activity (737.701 and 743.129 U/g meat, respectively) whereas the positive 

control and treatment 3 showed the highest activity (783.59 and 778.26 U/g meat, respectively), however 

the activity on day 7 in all treatments increased equally. Subsequently, the activity began to decrease with 

the lesser activity on day 21 being observed primarily in the positive control and treatment 3 (808.36 and 

805.02 U / g meat, respectively). 

In this paper the results are between 845.136 and 888.690 U/g of meat, which corresponds to what is 

described by some authors (2,6) where they report results between 657-928 U/g of meat, mainly Iberian 

pig. 

 

Previous studies have agreed that different types of diets based on corn, sorghum and a mixture of both, 

the activity of SOD showed no difference in the effect of diet because this enzyme exists in three forms: 

Cu-Zn- SOD, Mn-SOD and Fe-SOD and probably conclude that none of the compounds present in diets 

may have effect on the metals which form part of this enzyme and achieve the effect by diet administered 

(3.7), probably due to this there was no effect of treatment provided. Plus it also depends on the type of 

muscle that is being used for the study, and found that increased activity in glycolytic muscles, namely, 

who have higher levels of oxidation, compared to muscles that have low glycolytic activity as 

Longissimus dorsi (6). 

 

Conclusions 
 

The correlation of SOD activity of GPX activity was positive (0261), while the catalase activity of SOD 

and GPX was negative (-0145 and -0105), indicating that the enzymatic activity can be a system to be 

coupled as a first mover endogenous antioxidants and others act later. However, no difference was 

observed between treatments, since in some determinations was better the negative control, which would 

suggest that probably both vitamin D3 and its active metabolite 25-OH D3 may not have lasting 

antioxidant effect in meat during storage time could therefore reformulate diets. 
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Introduction  
 

Actually, the solution concentration is a common method in different labs to around of world. 

Consequently, more research labs work and produce bio-molecules modified how are the proteins, 

peptides and anti-bodies with large range of job. This has applications on medicine, foods, industrial and 

academic. Protein concentration and purification methods are the key for many thechnologies that are 

transforming the way to learn about cellular processes. In general, biomolecule purification involves a 

complex series of steps where targets are selectively separated though sequential processes,[1,2]. In 

general, for large-scale applications, there are three main processes with common commercial application 

in separating solutes from aqueous solutions: evaporation, membrane technologies, and freeze 

concentration.[3,4]. Ultrafiltration is widely used in biotechnological industry and research laboratories; 

however, concentration polarization and membrane fouling remain as the usual problems present during 

its application[5,6,7]In general, the cryoconcentration process consists of ice crystallization, ice crystal 

growth, and the separation of the concentrate solution [8,9]. After the beginning of ice crystallization, the 

concentration of the remaining solution is increased continuously; hence, the freezing point is 

progressively lowered [10]. Thus when the thawing process arises the earlier droplets, the solute is eluted 

from the matrix, in the freeze thawing method, the concentrated solution is drained off while the ice 

fraction is allowed in a solid state with minimal dry matter content; however, the time required for the 

thawing process can be far longer than that required of freezing because of the thermal conductivity, and 

thus the rate of heat transfer through an unfrozen layer can be less than  one-third of the conductivity and 

heat flow rate through an equivalent frozen layer [11]. 

 

Methods and Materials 
 

Cryoconcentration device and procedure 

The cryoconcentration procedure was based on the use of a device (fig.1)[12]. The components listed in 

this section referto fig 1. Scrap ultrafilters used for protein concentration (pierce Protein Concentrators) 

were used to develop a device crioconcentrator at laboratory scale (20 ml). For this purpose, the cellulose 

membrane from the ultrafilter was removed by using  a solution of chlorhydric acid and sulfuric acid (ratio 

of 1:1, v/v) for 8 hours. After, cellulose residues were removed either the helps of a glass rod, the device 

was finally washed for complete cleaning. To build the component 1 a transversal cut of 3 mm in the 

bottom of the device was made.  Component 2 is made by cutting a pierce of tube approximately  2 cm 

from the upper end  of a tube polypropylene falcon type of 50 ml. After assembly of the device using the 

threaded cap (component 4) to close the device;the cap has a disc-styrofoam (component 5) to seal the 

sample holder device and allow its loading. This was used for the experiment of concentration reported in 

this study. Was designed and used for freezing protein solution and recovering the cryoconcentrated 

solutes by centrifugation rather than conventional thawing.  
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Fig.1.-Cryoconcentration device used for protein 

concentration based on the method of freez-dialysis-

centrifugation [11]  

Freezing temperature oscillation 

Freezing was achieved at -70 C for 8 h by using an 

ultra freeze (ultraslow SANYO, USA) for the 

desired slow freezing. Was transferred to 

refrigerator to 4C (torrey R36-4P, Mexico) by 

intervals of 15, 30 and 60min.After freezing, 

component 1 containing the frozen sample was 

placed in a 50-ml polypropylene tube (component 

3) and centrifuged in a Sorvall RC 6+ centrifuge 

(Thermo Scientific, Germany) to collect the 

concentrated solution. Was repeated this process, 

by was changed the temperature of 4C to -10 C,( 

was used a conventional freeze, torrey CVPS-15, 

Mexico). 

Milk whey 

Fresh milk whey was prepared by acid coagulation 

with hydrochloric acid (pH 4.6, Sigma-Aldrich, 

USA). The separated whey was centrifuged 

(11,000g at 4C for 15 min), and the supernatant was 

filtered and stored at 4C, for this purpose, 

commercial pasteurized skim cow`s milk was used. 

Concentration of solutes measurement 

Total soluble solid were measured using an ATAGO refractometer (model PAL-1,ATAGO.Japan)with an 

accuracy of +0.1 Bx. 

Protein content 

Protein concentration was determined spectrophotometrically at 595 nm (Lambda 25, PerkinElmer, USA) 

according to the method of Bradford. Bovine serum albumin (BSA) was used as an external standard. All 

protein determinations were performed in triplicate. 

Dialysis 

Protein solution were dialyzed against distilled water (simple/water, 1:100) for 2 h at 4C using dialysis 

tubing cellulose membrane (12kDa MWCO, Sigma-Aldrich) and with continuous stirring. A change of 

distilled water was made after the first hour. Later, was cryoconcentrated to -70 C for 2h.This process 

repeated itself on the same sample till that was not found a significant change in the concentration. 

 

Results and discussion 
 

During freeze concentration process the water is segregated from the aqueous solution by crystallization 

and the solute is concentrated in the residual solution. In this study, the freezing and thawing principle was 

used to develop a procedure to concentrate protein solutions at a laboratory scale using the device 

described in Fig. 1, accelerating the elution of solutes by centrifugation. Fresh milk whey was used as a 

model to optimize temperature of freezing. The samplewas cryoconcentrated from 7.5+0.2 to 

55.8+0.3ºBrix. Implying that a concentration factor of 7.5-fold was achieved (Fig. 2); recently, was 

obtained a result of 6.4-fold using this device but was used freezing temperature from -10 C and your 

freezing time was from 8 h.was observed the behavior in the concentration at -70ºC through time, using 
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the cryoconcentration device where concentration was increased to 55.8ºBrix in a time of 2 hours then 

there was no a considerable increase in the concentration (Fig2). 
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Fig 2.-Correspond to one-way ANOVA with ºBrix. This analisis revealed no significant diference between any time 

more than 2 hours at a temperature of -70ºC freeze. 

 
Freezing Temperature Oscillations 

The freezing temperature was oscillated from -10 to -70 C, with stages at 4C (at different span of time, 

15, 30, 60 min) and was observed that the freezing temperature oscillation did not occur a significant 

increase how was observed in the fig 3. 

 
Fig. 3.-The part A4 treatment are observed representing the oscillation of freezing temperature. 1 treatment on the 

sample was exposed to a temperature of -70ºC for 8 h. 2 treatment on the sample was exposed to a temperature of -

70ºC for 2 h then exposed to a temperature of 4ºC for 15 minutes, this process was repeated 4 times. 3 treatment on 

the sample was exposed to a temperature of -70ºC for 2 h then exposed to a temperature of 4ºC for 30 min, this 

process was repeated 4 times. 4 treatment on the sample was exposed to a temperature of -70ºC for 2 h then exposed 

to a temperature of 4ºC for 60 min. this process was repeated 4 times. The part B 4 treatment are observed 

representing the oscillation of temperature similar to part A but the temperature change of 4ºC to -10ºC. 
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Fig. 4.- Increment of protein by stage in the cycle freezing-dialysis-centrifugation. Stage 1.-first cryoconcentration.  

Stage 2.- second cryoconcentration.  Stage 3.- third cryoconcentration.Stage 4.- fourth cryoconcentration. Stage 9.-

fivethcryoconcentration 

 

This analisis revealed no significant diference between any times more than 2 hours at a temperature of -70ºC freeze 

 

Was realized a recurrent dialysis and was observed that the stage increase of freezing-dialysis-

centrifugation was increased of protein concentration but after fourth stage presented no significant 

diference between any stage more 4 stages at a temperature of -70ºC 
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Introduction  
 

Most of the energy needs in virtually every country in the world, use non renewable energy sources, such 

as oil, coal and natural gas. The oil is the more significant fraction, provides (37%) of the world's energy. 

In the U.S., consumption leading energy, most of the oil is used in the transport sector. In fact, more than 

95% of the energy used in this sector comes from oil. In this context, has been documented the 

environmental risk and economic dependence from this nonrenewable energy source. Taking into account 

that one of the options for energy generation (Biofuels) from biomass is the production of biodiesel. Some 

of the advantages reported in the use of biodiesel are:  

¶ Reduce oil dependence 

¶ Close the life cycle greenhouse emissions 

However, the use of biofuels could present considerable environmental impacts. Thus, the use of biomass 

as a feedstock for bioenergy could have significant environmental impacts, such as land contamination 

and erosion of these, those ones are considered as ones of the major environmental problems, including 

climate change compared to, this in turn reduces the biodiversity and ecosystem degradation. Moreover, at 

present the production of biodiesel has a higher cost than conventional systems based on fossil energy. 

Therefore, in this paper we propose an alternative to the typical production of biodiesel (monocultures 

extension), that by using tools such as LCA (life cycle assessment) and process simulation. This by 

implementing a system of small farms that generate energy and economic independence among them, 

reducing the environmental impact and activating local economies. 

 

Methods 
 

As a first step scenario proposed study in which cultivation and cattle driving in model farms were based 

on literature data. Sought maximize the resources of the area, without exporting which could affect to 

environmental symbiosis and integrating the above feasibility studies in the field. This methodology 

represents an iterative process which seeks to obtain the stage ideal which leads to the determination of the 

study area. 

Second step: 

ÅDetermine the location of the farms.  

ÅFarms Dimension according to the load capacity of livestock use. 

ÅDefine the boundaries of the system under study. 

ÅPerform material balances and energy in the system under study. This includes the biodiesel process is to 

implement within farms. For make the balances of the production process of biodiesel were used process 

simulation programs.  

ÅEquipment sizing in the biodiesel production process and analysis economic thereof  

ÅDetermine the mass balances on farms and the interaction energy between them (for example the amount 

of energy in transport material between farms)  

Third Stage  
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After obtaining the material and energy balances, was held on biodiesel LCA, which were identified in the 

critical stages in the process for the environment and proposes different solutions, thus reaching an overall 

analysis of the farm system. The final result is a proposal that has the least environmental impact ensure 

the viability of the same. 

 

Results and discussion 
 

Defining stage 

To determine the cultive to use, sought one with robust agroecological requirements (Figure 1) , the 

cultive was selected: 

Jatrofa due to the following characteristics: 

Å Lifetime of up to 50 years 

Å It grows in poor, sandy soils 

Å Started production from year 

Å 38% fat and 18% protein (cattle feed) 

Å Production costs low 

Å Do not compete with food for not being edible (Human) 

Å 2 tons of oil (triglyceride) per hectare 

Å Plant fibrous 

According to agroecological properties of jatropha cultivation, it was determined that an area consistent 

are the suburbs of Wadley and Vanegas located in the highlands of San Luis. 

System study: 

Thus, the system to be studied were two small farms with energy and material interactions between them, , 

the characteristics of each are reported in Table 1 

Tabla 1. Dimensionamiento de granjas 

Vanegas Wadley 

40 hectares of jatrofa cultivation 25 hectares of jatrofa cultivation. 

7 cows and 20 goats 12 goats y 4 cows 

50 total hectares 35 total hectaras 

 

The number of cattle was determined according to the load capacity thereof, and consider 3.25 tonnes per 

hectares of cake as cattle feed: 

Biodiesel Production System 

The Batch designed for the production of biodiesel is shown in Figure 1, the goal is to process three 

tonnes of jatropha oil / week in a working day of 8 hours per day. Jatropha oil (stream 1) is introduced into 

the reactor (R-101) and feeds excess of 6:1 (mol / mol) in methanol (stream 2). It also adds 1% catalyst 

(NaOH). The reactor is of adiabatic type with a reaction time of 45 minutes. In the above conditions have 

a 98% conversion (w / w). Subsequently, the reaction mixture (stream 3) is subjected to a first evaporation 

step (EV-100). In this stage is obtained methanol in vapor state, which is recirculated to the process 

(stream 4), and a residual mixture (stream 6) which is sent to the settling system (DE-100). Here is 

performed the separation of biodiesel (99.99 mol%) and glycerine with impurities (stream 7). In the same 

operation H3PO4 is added, which reacts with the catalyst (NaOH) for the formation of neutralizing 

objective Na3PO4 with this compound. Proposes the use of Na3PO4, as fertilizer on farm system, since it 

contains no nitrogen main cause depletions of soils. Biodiesel decantation from the system (stream 10) has 

a temperature of 64 ° C, the stream is treated in a heat exchanger (IC-100) to reduce its temperature to 35 ° 

C, temperature suitable for sending to the storage area finished product. The glycerine with impurities is 

processed in an evaporation system (EV-101) which aims to remove residual water contained (stream 12), 

obtaining a 92% mol purity glycerin at a temperature of 102 ° C (current 8). The same stream is treated in 

a heat exchanger (IC-101) with the aim of reducing their temperature to 35 ° C, suitable temperature for 

storing the product. 
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Figure 1. General diagram of biodiesel production process in the integrated farming system 

 

To determine the total cost of the farm system was required sizing of equipment, energy costs of 

equipment, correlations [3] and the index update cost, performing the necessary calculations and gathering 

the above information was determined the cost of farm. Considering a total investment of 935 000 farm 

dollars, a price of $ 0.71 biodiesel / glycerin liter and 1.8 dollar / liter, the payback is estimated to be 5.3 

years, without considering the above assets as byproducts farm (milk, meat, cheese, etc..). 

Impact Analysis 

In order to determine the viability of the system studied were compared, emissions of pollutants and 

greenhouse energy parameters, including: the production process of petrodiesel, the biodiesel production 

process from vegetable oils plant BIONOR and integrated farming system proposed in this paper. 

 
Figure 2. Emissions of methane and nitrous oxide for three different biodiesel production systems. 
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Figure 3. Chart emissions of greenhouse gases in the life cycle of the cases studied (Ton / ha.year). 

 

In the case of integrated farming system were calculated greenhouse gas emissions originated in the 

production, distribution and use of the mixtures studied. The results are shown in Figure 3, these results 

are expressed in ton / ha.year. As can be seen in Figure 3 in terms of CO2, production and use of biodiesel 

prevents the emission of 4.4 tonnes of CO2 per hectare of jatropha planted a year, there is also the 

absorption capacity of 4.0 and 5.3 tonnes of CO2 per year per hectare of cultivation, the plant for farming 

and integral BIONOR respectively. In Figure 2 you can see the emissions of methane and nitrous oxide 

for each case study. In the case of nitrous oxide emission no significant difference in emissions, because 

these are caused mainly by burning fuel in the transportation and distribution of each system. In the case 

of methane emissions from the integrated farming system we can see 97% fewer emissions compared to 

diesel production process from oil, in the case of biodiesel production system made by BIONOR 

emissions savings amounted to 73%. 

 
Figure 4. Energy consumption for production of diesel in three different systems. references 

 

Figure 4 shows the energy consumption for each system. In the case of integrated farming system is 

observed energy savings of 97% compared with the production process from diesel oil, and a 81% savings 

in the case of biodiesel production system made by BIONOR. One can see that the items with significant 

energy inputs are the transport and distribution of raw materials and products, representing 18.7% of total 

energy. Meanwhile the maintenance of the farm, is the most important factor because it represents 75% of 

total energy required. The latter is essentially determined by the use and disposal of agricultural 

machinery as well as the necessary displacements thereof during the life of the system. 
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Introduction  
 

Mexico is the principal consumer of tortilla all over the world, it is estimated that 94 % of its population 

consumes it. Tortilla production is approximately of 12 million tons per year, representing an important 

percentage of commercialized food products in this country. Tortilla is also an important food in Central 

American countries. 

Tortilla is defined as a flat disc of nixtamalized corn dough, 12 ï 18 cm diameter and 1 -2 mm thick, 

which is cook over a hot iron (260-280 °C). The traditional technology to produce nixtamalized corn 

tortilla is very old; Aztecs used and transmit this process from generation to generation until these years. 

Originally, the nixtamalized corn grain was ground in a stone grinder and the diameter of tortillas was 

approximately 20 cm, which were cooked over hot earthenware. Tortilla was the Spanish name of 

ñtlaxcalliò, the Aztec name of this product with special characteristics that appeal to consumers, even now 

days. In the last decade has been done important effort to look for alternative processes to produce tortilla; 

the main aim is to reduce processing time and contaminant effluents, among others. An alternative 

technology studied by Gaytán-Martínez et al. (1) is the ohmic heating, also called resistive heating of 

electro heating
RM

, which consists in the application of an alternating electric current to a material, in this 

case, a food to increase internally its temperature because of dissipation of the electric current. As 

warming is internal, is distributed homogenously in a short heating time; these are its advantages over the 

traditional process. 

However, when a new technological process is used, it must be especially careful respect to the quality 

characteristics of the obtained end product demanded by consumers. The main objective of this work is 

evaluate the quality of tortillas obtained using the traditional nixtamalization process and the ohmic 

heating. 

 

Materials y methods 
 

Raw corn: White corn was bought in Querétaro, Mexico, with grains 8.64, 11.72 y 4.30 mm width, length 

and thick, 82 kg/hL hectoliter weight, and 23 flotation indexes. These characteristics qualify the grain as 

apt to produce tortilla (NMX-FF-034/1-SCFI-2002) and as hard grain (NMX-F-046-S-1980). Corn was 

processed using the traditional nixtamalization and the continuous ohmic heating system. 

Tradiditional nixtamalization: Corn (1 kg) was added to 2 L of water with Ca(OH)2 (1%), cooked to 

boiling temperature during 30 min, stepping in the same liquid during 19 h, dehydrated in a flash dryer 

(270 °C income and 40 °C exit temperature), ground in a Pulvex mill, mesh 0.5 and stored in plastic bags 

at 6+2 °C.  
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Continuous ohmic heating system: This equipment was patented by Morales-Sánchez et al. (2) and is 

divided in two zones: Transport and heating. It consists of a screw conveyor to transport corn flour, 

coupled to a rectangular ohmic heating cell 25, 5 and 2 cm length, width and height, respectively. At both 

sides of the cell are two stainless steel electrodes connected to AC voltage. The processed material exit 

occurs without reduction of area neither exit dye, which avoids the application of pressure over the 

material. The equipment has a temperature controller Watlow Mod. 981 with a K type temperature sensor, 

a variable transformer voltage AC at 60 Hz (Variac), a bench multimeter HP to measure AC voltage and 

current and a speed controller Baldor. The temperature controller allows or avoids the passage of AC 

current with the appropriate potency to reach the desired temperature (maximum potency is 1500 watts). 

Corn grain was milled in a Pulvex mill with mesh 1.3 mm and mixed with 0.3 % of Ca(OH)2 and the 

amount of water stipulated for each treatment according to the experimental design, and mixed 

homogenously. The mixture was fed to the ohmic heating equipment, transported to the cooking zone at 

10 or 20 rpm and heated until 75 or 85 °C; once processed, it was dried in a Flash type dryer 

(CINVESTAV development) at an input temperature of 270±5 °C and 40 °C at the exit. Flour was stored 

in plastic bags at 4 °C. 

 

Corn tortilla obtained by ohmic heating: Dough is prepared adding water to the flour until subjectively it 

reaches the desire texture (it does not crack and does not adhere to hands). Flat disks (diameter: 12.5 cm, 

thickness: 1.2 mm) were molded using a manual tortilla machine (Tortilladoras Gónzales, SA de CV. 

México) and cooked on a hot iron at 270 + 10 °C during 17 s on one side, 50 s the opposite and 17 s on 

the initial side, which inflates (10 replicates for treatment). 

 

Characterization of dough and tortilla: There were determined the chemical composition of corn flour (3, 

methods 32.1, 934.01, 942.05 and 920.39) dough yield (kg of dough/ kg of flour), hardness and 

adhesiveness (4) to dough, and tortilla yield (kg of tortilla/ kg of dough), weight loss and resistance force 

to tension and to cut using a Texture Analyzer TA-XT2 (5) 

Experimental design and statistical analysis: It was used a surface response methodology with three 

independent variables (Table 1) were: feed moisture transport speed and materialôs exit temperature), 

second order and five central points. It was also performed a Dunnetôs test to evaluate differences between 

OHFs and TNF. Data were analyzed using a Minitab 14 program. 
 

Table 1.  Factors and levels of ohmic heating to produce nixtamalized corn flour.  

Variable 
Nivel 

Mínim o Máximo 

Feed moisture (%) 50 60 

Temperature (°C) 75 85 

Transport speed (rpm) 10 20 

 

Results y discusion  
 

Physicochemical and textural properties of dough 

The quality characteristics of dough are shown in Table 2. There was not significant difference (p<0.05) 

between ohmic heated flours related to dough moisture and dough yield, as well as between them and 

traditional nixtamalized flour (Dunnetôs test); these characteristics accord with data reported by Figueroa 

et al. (6)  stated that they are appropriated to model tortilla and confer desirable texture properties to them. 

Adhesiveness and hardness were higher (p<0.05) in dough elaborated with flours processed by ohmic 

heating at 85 ÁC and were different from traditional method (Dunnetôs test), while those processed at a 

lower temperature did not show a different adhesiveness. Adhesiveness and hardness are important quality 

characteristics related with functional properties of dough; when dough shows a high adhesiveness, it is 

sticky and it is difficult to model tortilla (7); when dough shows a high hardness, it is related with a low 
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moisture and low adhesive dough. However, dough from corn flour processed by ohmic heating, in spite 

of its high adhesiveness and hardness (in some of them), showed high quality textural properties, as can be 

observed in Table 3 (tensile and cutting force). This behavior may be related to the high water absorption 

and retention of corn flour processed by ohmic heating.  

 

Table 2. Physicochemical characteristics of dough. 

Treatment 
Masa 

Yield*  

Moisture 

(%) 

Adhesiveness  

(g-F) 

Hardness  

(g-F) 

46.61/802/153 2.03±0.00 53.43±0.03 22.03±0.83 158.87±15.71 

50/75/10 2.05±0.00 52.84±1.12 23.05±2.64 179.70±3.56 

50/75/20 2.07±0.00 54.60±0.05 21.83±6.33 207.97±9.97 

50/85/10 2.10±0.00 53.66±0.55 25.08±7.04 245.92±2.64 

50/85/20 2.07±0.00 53.52±0.07 21.43±4.41 269.98±7.39 

55/71.5/15 2.02±0.00 54.25±0.14 25.85±2.90 175.80±8.44 

55/80/6.6 2.07±0.00 53.63±0.10 16.33±1.54 225.07±3.50 

55/80/15 2.06±0.00 54.62±0.39 17.06±1.63 178.65±11.51 

55/80/23 2.07±0.00 54.48±0.34 28.42±2.07 197.62±2.39 

55/88/15 2.11±0.00 56.77±0.24 22.07±4.46 154.51±5.56 

60/75/10 2.03±0.00 53.97±0.10 20.12±0.51 162.73±8.03 

60/75/20 2.00±0.00 54.02±0.52 22.98±0.26 158.82±0.55 

60/85/10 2.05±0.00 53.00±0.21 23.28±0.91 208.97±14.88 

60/85/29 2.07±0.00 54.08±0.39 30.79±1.24 235.75±16.99 

63.5/80/15 2.07±0.00 55.14±0.12 20.75±5.26 178.83±12.57 

Tradicional Process 2.04±0.00 53.37±0.19 21.70±2.92 175.94±0.37 
1
Feed Moisture; 

2
Temperature; 

3
Transport speed *masa kg/flour kg. 

 

Physicochemical, textural and rheological characteristics of tortilla 

In Table 3 can be observed that tortilla yielding from ohmic heating flour is slightly higher than that of the 

traditional nixtamalization. Tortilla yielding is related to the capacity of absorption of water of flour, as 

well as the period of time that starch is in contact with water; it is also related with the quantity of water 

evaporated during cooking of tortilla (weight loss); in spite of the long time that corn grain remains in 

contact with water when the traditional nixtamalization method is used and the short time required to 

process corn by ohmic heating, the absorption and retention of water is higher when the ohmic process is 

used. This behavior may be attributed to the heating process as well as the use of the whole grain, which 

retains the hydrocolloids present in its pericarp, conferring a higher capacity of interaction and retention of 

water to the flour. 

Tensile and cutting force are the way to evaluate the textural quality of tortilla (Table 3), tensile force is 

related to the resistance force of tortilla when is tearing by hand and cutting force to the resistance force of 

tortilla to be compressed by molars (8). Dunnetôs test did not show significant differences ((p<0.05) 

between the ohmic heated flours and the traditional one. 

 

Conclusion 
 

The continuous ohmic heating method proved to be an alternative technology to obtain nixtamalized corn 

flour, dough and tortilla with similar characteristics to those obtained by the traditional method, so it may 

be considered as a new industrial technology for this process, which has the advantage of its short 

processing time, the lack of contaminant alkaline effluents and its efficiency in the energy consumption. 

 
Tabla 3. Physicochemical, textural and rheological characteristics of tortilla. 
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Treatment 
Weight 

loss (%) 

Yield 

tortilla  

Moisture 

(%)  

Tensile 

strength  

(g-F) 

Cutting force 

(g-F) 

46.6
1
/80

2
/15

3
 15.51±0.98 1.72±0.02 45.09±0.02 86.94±16.46 715.67±12.04 

50/75/10 16.29±1.03 1.71±0.02 43.96±0.02 238.53±2.14 954.59±4.69 

50/75/20 18.20±1.74 1.70±0.04 44.42±0.03 156.94±2.77 1058.60±68.33 

50/85/10 14.87±1.09 1.79±0.02 45.03±0.20 137.58±18.46 724.60±13.08 

50/85/20 15.30±1.06 1.75±0.02 44.13±0.18 221.64±49.94 789.70±8.59 

55/71.5/15 17.27±1.22 1.67±0.02 43.94±0.09 96.47±17.69 745.47±14.60 

55/80/6.6 15.57±0.41 1.74±0.01 44.12±0.10 188.59±7.85 1156.58±71.98 

55/80/15 17.02±1.25 1.71±0.03 44.54±1.14 164.31±44.22 865.23±68.12 

55/80/23 17.13±0.91 1.72±0.02 44.97±0.29 112.71±13.80 588.04±73.72 

55/88/15 17.70±1.26 1.73±0.03 47.20±0.28 142.41±6.78 636.74±29.34 

60/75/10 18.50±1.23 1.66±0.03 43.41±0.06 76.59±27.84 835.45±78.92 

60/75/20 15.62±0.48 1.69±0.01 44.53±0.16 151.22±13.70 788.27±12.29 

60/85/10 18.99±1.64 1.66±0.03 40.92±0.24 168.92±40.19 1066.70±11.25 

60/85/29 15.80±0.33 1.75±0.01 45.78±0.10 179.65±22.03 699.78±56.61 

63.5/80/15 16.00±0.79 1.74±0.02 46.61±0.06 139.73±19.16 621.07±25.43 

Tradicional Process 16.79±1.47 1.69±0.03 42.96±0.05 160.55±16.42 1260.36±22.38 
1
Feed Moistures; 

2
Temperature; 

3
Transport speed. 
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Abstract 
 

Panela is a non-ripened, rennet-coagulated, high-moisture cheese widely consumed in Mexico. Although 

traditionally elaborated with raw milk, concerns on microbial safety have prompted the use of pasteurized 

milk as a substitute. However, changes in cutting time, curd firmness and pH at draining are expected and 

consequently physicochemical, functional and sensory characteristics may be compromised. Ultra high-

pressure homogenization (UHPH) is a novel processing technology with potential applications in 

cheesemaking and multiple-pass UHPH (MPUHPH) treatments have been proven to enhance microbial 

and enzyme inactivation, protein denaturation, and fat globule size reduction in milk. Our group has 

previously reported pasteurization-like MPUHPH conditions to secure microbial safety of whole milk. 

The aim of this work was evaluating the suitability of these MPUHPH milk treatments to produce Panela 

cheeses with desirable physicochemical attributes after pressing and throughout refrigerated storage. Milk 

(3% fat) was MPUHPH-processed at 20°C at 250 MPa and 210 MPa (4 and 5 passes respectively) in a 

Stansted homogenizer model nG7400:350, according to a complete randomized design with two 

replicates. One control cheese made of pasteurized milk (PM) (72°C, 15 s) was prepared on each 

cheesemaking day and results were analyzed by ANOVA (Ŭ=0.05). Panela cheeses were prepared 

following a standard procedure, vacuum-packaged and stored at 4°C for 21 days. Cheese composition and 

yield and whey composition were assessed at day 1 while texture profile, pH, color, and SEM 

microstructure were determined before and after 7, 14 and 21 days of refrigerated storage. Cheeses made 

with milk UHPH-processed at 250 MPa/4 passes exhibited compositional and microstructural 

characteristics, pH at day 1 and pH evolution similar to those of PM cheeses. Non-significant differences 

in color between control and experimental cheeses were observed at all sampling times, while texture 

parameters (firmness and cohesiveness) decreased more sharply than for PM cheeses during storage. 

Protein recovery was more efficient in MPUHPH cheeses but syneresis and fat losses in whey were 

greater. MPUHPH might represent a suitable alternative for producing unripened cheese. 

 

Introduction  
 

Despite its well-established reliability from the food safety standpoint, pasteurization causes chemical 

changes in milk components, which may be associated with undesirable sensory, functional and nutritive 

modifications. This in turn may affect the manufacture of dairy products like cheese. In consequence, 

gentler processing alternatives that may deliver safe milk without such detrimental changes have been 

explored. Among non-thermal technologies, ultra high pressure homogenization (UHPH) has been 

reported as an effective approach to preserve liquid food products (1). UHPH is based on the same 

principles ruling conventional homogenization, but a ceramic valve with a modified mechanical design 

allows the equipment to reach an operating pressure up to 400 MPa. Pressure, inlet temperature and 
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number of passes have been identified as the most relevant processing parameters (2). UHPH might 

reduce both microbial and enzymatic activity of fluid foods such as milk, soy milk, beer, and fruit juices 

through shear stress, high speed collisions, impingement and cavitation mechanisms. Multiple-pass UHPH 

(MPUHPH) treatments at lower pressures are considered to have cumulative effects on microbiological 

milk properties, comparable to those of single-pass UHPH treatments at higher pressures. Considering 

this, appropriate combinations of pressure and number of passes could be selected according to desirable 

functional and sensory milk characteristics or milk-end use. 

UHPH has been shown to affect casein micelles, whey proteins and fat globules in milk, especially at 

pressures higher than 250 MPa. These UHPH-induced changes in milk components might be of interest to 

cheese manufacturers, since protein denaturation and milk fat globule size reduction could increase cheese 

yield due to a higher water holding capacity while positively improving quality features such as texture 

and color. Both physicochemical and technological features of acid coagulated (3) and rennet (4) fresh 

cheeses produced with UHPH-treated whole bovine milk have been recently explored. While yield, 

texture and moisture and protein contents increased in acid-coagulated fresh cheeses made with milk 

subjected to a 300-MPa, single-pass UHPH process, cheese-making properties during rennet cheese 

manufacturing were altered due to poorly fused curd particles which resulted in products with textural 

defects. MPUHPH treatments at pressures lower than 250 MPa (232 MPa/ four passes; 202 MPa/ five 

passes) capable of reducing both spoilage and pathogenic counts in an equal or greater amount than 5.0 

log10.were recently defined (5). Thus, the objective of this work was evaluating the suitability of these 

MPUHPH milk treatments to produce Panela cheeses with desirable physicochemical attributes after 

pressing and throughout refrigerated storage. 

 

Methods and materials 
 

Raw whole milk was obtained from a local producer and kept under refrigeration until used; milk was 

separated (40°C), standardized to 3% fat using a lab-scale milk separator and an ultrasonic milk analyzer 

(Lactoscan LA; Zagora, Bulgaria), thermized at 20°C and UHPH-processed in a 2-stage high pressure 

homogeniser (nG7400:350 Hydrive model, Stansted Fluid Power Ltd., Essex, UK). This equipment uses 

two intensifiers driven by a hydraulic pump and a high-pressure ceramics valve capable of reaching an 

operating pressure up to 300MPa. A second stage homogenization is applied at ten percent the pressure of 

the first stage using a conventional pneumatic valve. In order to prevent temperature build-up, both valves 

were cooled by circulating cool water (4ºC) through an external jacket built around the pipeline after the 

high pressure valve and a tubular-type heat exchanger located after the second valve. Inlet milk 

temperature was re-equilibrated at inlet temperature (±1ºC) at each reinsertion, if necessary. The 

equipment was cleaned after each cycle successively using a phosphate-based detergent, a peracetic acid-

based sanitizer and then rinsing it with water thoroughly. Milk was MPUHPH-processed at 250 MPa and 

210 MPa (4 and 5 passes respectively) according to a complete randomized design with two replicates. 

Panela cheese was made in duplicate from MPUHPH-processed milk following a standard cheese making 

procedure. Milk temperature in the vat was adjusted to 32°C; 0.02% calcium chloride and microbial 

rennet (CHR. Hansen, Mexico, DF, Mexico) were used. One control cheese made of high-temperature, 

short time (72°C, 15 s) pasteurized milk (PM) was prepared on each cheese making day. All cheeses were 

vacuum-packaged and stored at 4°C for 21 days. Cheese composition and yield and whey composition 

were assessed at day 1 while texture profile analysis (hardness, cohesiveness, springiness determined in a 

TAXTPlus texturometer), pH, color (L,a,b parameters determined in a Hunterlab Colorflex system), and 

SEM microstructure were determined before and after 7, 14 and 21 days of refrigerated storage. Syneresis 

was measured as milliliters of whey expelled out of cheese matrix after 21 days. Results were analyzed by 

ANOVA and means were compared using Tukeyôs test (Ŭ=0.05). 
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Results and discussion 
 

Cheese yield and composition data are shown in Table 1. Yield of experimental cheeses was significantly 

higher than that of PM cheeses but no significant differences (Ŭ =0.05) were observed in moisture and 

ashes contents of cheeses made with PM and 250 MPa- MPUHPH milks, while 210 MPa - MPUHPH 

cheeses exhibited lower percentages. Meanwhile, protein content was significantly higher for 

experimental cheeses and pH of cheeses made with 250 MPa- MPUHPH did not differ from those of PM 

cheeses up to 14 days of storage time and changed the least during refrigerated storage (Table 2). Higher 

protein content in cheeses made with high pressure-treated milk has been associated with denatured whey 

protein inclusion into the casein matrix (6). However, cheese structure did not allow an appropriate water 

retention as products with higher initial moisture content also presented the higher syneresis values. 

 

Table 1 Cheese composition, yield and syneresis of MPUHPH and PM cheeses 

Cheese 
Moisture 

(%) 

Ashes    

(%) 

Protein    

(%) 

Yield            

(%) 

Syneresis at 21 

d     (ml) 

250 MPa, 4 passes 55.29±0.66
a
 3.42±0.12

a
 19.37±0.21

a
 11.77±0.55

 a
 101.37±5.58

 a
 

210 MPa, 5 passes 50.56±0.43
b
 2.71±0.08

b
 18.96±0.07

a
 11.20±1.39

 ab
 70.80±3.22

 b
 

HTST 53.38±2.41
ab

 3.34±0.40
ab

 
18.51±0.23 

b
 

9.46±0.49
 b
 71.34±2.66

 b
 

Different lower letters within columns mean significant difference (Ŭ =0.05) 

 

Table 2 pH evolution of MPUHPH and PM cheeses through refrigerated storage 

 Storage time (d) 

 1 7 14 21 

210 MPa, 5 

passes 6.48± 0.05
 aA

 6.52±0.07
 a
 6.18±0.09

 bA
 6.05±0.22

 bA
 

250 MPa, 4 

passes 6.67± 0.04
 aB

 6.56±0.10
 ab

 6.65±0.06
 aB

 6.40±0.07
 bB

 

HTST 6.72± 0.14
 aB

 6.66±0.10
 a
 6.49±0.25

 aAB
 6.17±0.10

 bA
 

Different lower letters between columns mean significant difference (Ŭ =0.05) 

Different capital letters within columns mean significant difference (Ŭ =0.05) 

 

Results on texture and color analyses of MPUHPH and PM cheeses are respectively shown in Tables 3 

and 4.  At day 1, cheeses elaborated with 250 MPa MPUHPH milk were harder, more cohesive and less 

elastic than all other products indicating a denser structure, which correlates well with their higher protein 

content and SEM micrographs in Figure 1. Hardness and springiness significantly changed after 21 days 

of refrigerated storage; firmer PM cheeses were observed, probably caused by syneresis. On the other 

hand, hardness of experimental cheeses decreased, which might be related to higher proteolytic activity by 

microbial enzymes released after UHPH-induced cellular lysis. Cohesiveness of experimental cheeses was 

significantly lower than that of PM cheeses; this crumblier texture could be an indication of a curd not 

correctly fused during the cheese making process, as described in previous reports (4) and might  

contribute to fat losses in whey (Table 5). Meanwhile, no color differences were observed between 

experimental and control cheeses; although luminosity tended to decrease and both a and b parameters 

generally increased during storage, these modifications were not significant, excepting for the 210 MPa 

MPUHPH cheeses and could not be physically observed. MPUHPH treatments did not seem to affect 

color of Panela cheeses when compared to PM cheeses. 
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Table 3 Texture parameters evolution of MPUHPH and PM cheeses throughout refrigerated storage 

 

Hardness 

(kg) at day 

1 

Hardness 

(kg) at day 

21 

Springiness  

at day 1 

Springines

s at day 21 

Cohesivenes

s at day 1 

Cohesivenes

s at day 21 

210 MPa,    

5 passes 

816.87±   

49.09
 aA

 

581.98±  

199.01
 bA

 

0.24±0.01
 

aA
 

0.30±0.01
 

b
 

0.83±0.07 0.74±0.03
A
 

250 MPa,    

4 passes 

1007.15± 

84.08
 aB

 

845.82± 

26.31
 bB

 
0.19±0.01

aB
 0.17±0.02

a
 0.87±0.06 0.72±0.06

A
 

HTST 
830.33± 

131.28
 aAB

 

1254.32± 

129.59
 bC

 

0.46±0.04
 

aC
 

0.27±0.02
 

b
 

0.85±0.01 0.88±0.02
B
 

Different lower letters between columns mean significant difference (Ŭ =0.05) 

Different capital letters within columns mean significant difference (Ŭ =0.05) 

 

Table 4 L, a, b evolution of MPUHPH and PM cheeses throughout refrigerated storage 

 L at day 1 L at day 21 a  at day 1 a at day 21 b at day 1 b at day 21 

210 MPa,    

5 passes 
89.20°1.24

a
 

84.55°1.16
b
 

1.38°0.22
a
 1.93°0.61

b
 15.93°1.45 15.76°0.79 

250 MPa,    

4 passes 
86.37°1.55 84.98°1.26 1.79°0.22 2.27°0.53 15.76°1.10 15.87°0.87 

HTST 87.77°1.06 85.03°0.97 2.03°0.39 2.53°0.52 16.00° 0.94 17.49°1.21 
Different lower letters between columns mean significant difference (Ŭ =0.05) 

 

Table 5 Whey composition of MPUHPH and PM cheeses 

Cheese Protein (%) Fat    (%) 
Ashes    

(%) 

Lactose            

(%) 

250 MPa, 4 passes 0.80±0.04
a
 1.16±0.11

a
 0.60±0.05 3.92±0.04

 a
 

210 MPa, 5 passes 0.85±0.03
a
 1.23±0.10

a
 0.67±0.02 4.11±0.07

b
 

HTST 1.12±0.12
b
 0.06±0.09

b
 0.69±0.07 3.97±0.11

 ab
 

Different lower letters within columns mean significant difference (Ŭ =0.05) 

 

Figure 1. SEM micrographs (3000x) of PM and MPUHPH cheeses after 21 days of refrigerated storage 

 
210 MPa, 5 passes        250 MPa, 4 passes   PM 

 

Even though yield increased of Panela cheese produced by MPUHPH of cheesemilk is promising, process 

need further refinement since fat loss in whey is considerable and both technological and physicochemical 

parameters of unripened cheeses might show a greater improvement when UHPH-assisted pasteurization 

is applied (3) 
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Over the years, there has been increasing interest in natural polymer based films. In the food industry, 

natural polymers can be used as protective coatings extending the shelf life of foods. The functional 

properties of edible films depend on film composition. The ability of hydrophobic substances to retard 

moisture transfer depends on the final distribution in the hydrophilic matrix. The objective of this study 

was to evaluate the effect of different concentration of Pimenta dioica essential oil (EO) on the physical, 

mechanical and water vapor permeability of films based on Aloe vera - gelatin ï glycerol ï Tween 80 (1: 

0.02:  0.004: 0.001 ) containing EO at 4 levels (0, 0.05, 0.1 and 0.15 EO w/v). Results indicated that WVP 

of Aloe vera: gelatin films showed similar values than control and there were not influenced of the amount 

of EO (1.32 E-06 to 1.48 E-06 gm/m
2
sPa). The incorporation of Aloe vera in the composite film gave an 

opaque appearance, which can be attributed to the content of anthraquinones, which are difficult to be 

completely eliminated besides that is reactive to air and light. EO addition into the films makes them less 

flexible and showed higher tensile strength (0.061 to 0.095 KPa) with increasing amount of essential oil. 

These results are explained by the changes induced by plasticizers and interaction of constituents on the 

matrix. 

Keywords: Pimenta dioica oil, edible films, Aloe vera, mechanical properties. 

 

Introduction.  
 

Recently, food biotechnology has focused on the study and development of packaging technologies for the 

preservation of food. Edible films are biodegradable materials used for this purpose. They could be 

carriers of antimicrobial substances such as essential oils (EO) of plant. Plant extracts are important 

sources of terpenes and phenolic compound
1
.  Eugenol is the major component of Pimenta dioica

2
 

essential oil and it has an antioxidant and antimicrobial effect against Listeria monocytogenes
1
. Thus, the 

objective of this study was investigate the effect of the incorporation of four different concentrations  of 

Pimenta dioica L. Merril essential oil  (0, 0.05, 0.1 and 0.15% w/v) on the   physical, mechanical and 

water vapor permeability properties of a material composite based on Aloe vera gel, gelatin and glycerol. 

 

Materials and methods 
 

Materials. Aloe vera gel obtained by the parenquima from fresh Aloe vera leaves, glycerol ACS 

(Productos químicos de Monterrey, S.A de C.V. Fermont Lot: 818333, Monterrey México.), 

polyoxyethylene sorbitan monooleate (Tween 80) (Hycel de México, S.A de C.V. Lot: 263534, D.F. 

México), commercial gelatin from cattle skins and Pimenta dioica L. Merril, cultured in the Totonac 

community of Tacuapan located at north of Puebla. 

 

Film production. Films were prepared by grounding Aloe vera and centrifuged the gel obtained at 1200 

rpm, 0.1% w/v Tween 80 was mixed and centrifuged at 4000 rpm for 40 min. Supernatant was filtered and 

gelatin (2% w/v) and glycerol (0.4% w/v) were added. The mixture was held at 35 °C during 10 min, and 

finally the Pimenta dioica L. Merril EO was added. EO was extracted by hydro distillation using a water 
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vapor pressure at 94 °C. 10 mL of suspension were poured into petri dish and allowed to dry for 24 h at 25 

° C.  

 

Characterization of Films. 

 

Thickness. Film thickness was measured with a micrometer (Kafer model F1000/30, Germany), at five 

random positions around the film. The mean value was used to calculate the water vapor permeability and 

mechanical properties. 

 

Color properties. Color values of the films were measured with Chroma Meter CR-400 (KONICA 

MINOLTA). The Chroma meter color scale was used for measuring color values: L*, the lightness 

variable;  a*, from green to blue, b*, from yellow to red, C*, chroma and °h, hue degrees. 

 

Water vapor permeability (WVP).  The gravimetric modified cup method based on standard method E96-

80 (ASTM, 1989)
3
 was used to determine WVP. Test cups holding films were then inserted into the pre-

equilibrated 0% RH desiccator. Steady state of water vapor transmission rate was achieved within 5 h. 

Each cup was weighed 8 times at 0.5 h intervals. Thee replicates of each film were tested.  The WVP of 

the films was calculated by multiplying the steady state water vapor transmission rate by the average film 

thickness and dividing by the water vapor partial pressure difference across the films. 

 

Mechanical properties. Mechanical properties were determined by a texture analyzer (model TA-XT.plus 

Stable Micro Systems Ltd., United Kingdom) coupled to a Texture Expert software (Version 2004). 

Tensile strength. Standard method D882-97 (ASTM, 1997)
4
 was used to measure tensile properties of 

films. Films were cut into strips with a test dimension of 70 mm by 10 mm and fitted to the tensile grips. 

The initial distance between the grips was 50 mm, and the crosshead speed of 0.5 mm/s. Tensile properties 

as tensile strength (KPa), elongation at break (%), and Young´s modulus (KPa) were calculated from the 

plot of stress (tensile force/initial cross-sectional area) vs. strain (extension as a fraction of original 

length). Five replicates of each film were tested. 

Puncture strength.  Is used to determine the puncture or rupture characteristics of a material. Samples were 

cut in circles of 0.04 m diameter and were placed in cells. In this compressive test, generally the film is 

compressed by a probe P/2 until the material ruptures or until an elongation limit is achieved
 5

. The 

puncture strength was performed according to Gontard et al. (1991)
6
using crosshead speed of 0.5 mm/s. 

 

Statistical analysis. Data were analyzed by one-way analysis of variance (ANOVA) using Statgraphics® 

computer program (Statgraphics Software, Inc., Centurion XV.I, USA). The comparisons between groups 

were performed. Tukey test was used to determine the difference at p<0.05 significance level.  

 

Results and discussion 
 

Table 1 shows the physical characterization of the material, the film thickness decreases with increasing 

the concentration of Pimenta dioica EO. Furthermore, the weight increases directly in proportion to the 

concentration of EO. Film containing 0.15% Pimenta dioica EO showed the highest density, probably due 

to intermolecular rearrangement of the compounds of the matrix incorporating the essential oil, as 

mentioned Rakshit et al. 2005
7
 and Grossmann et al. 2009

8
. 
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Table 1. Physical characterization of Aloe vera ï gelatin based films incorporated with Pimenta dioica L. 

Merril essential oil (EO) 

 

EO 

% w/v 

Thickness  

(µm)  

Weight  

(g) 

Density  

(kg/m
3
) 

0 36 ±1.05 0.0490 ±0.002 1.0673 ±0.001 

0.05 37 ±1.4 0.0525 ±0.007 1.1198 ±0.001 

0.1 34 ±1.25 0.0570 ±0.008 1.3323 ±0.001 

0.15 33 ±1.23 0.0599 ±0.001  1.4141 ±0.001 

 

Color properties of packaging are a matter of prime importance with regard to general appearance and 

consumer acceptance. Changes of rectangular coordinates (L*, a* and b*) are given in Table 2, where can 

be seen that these color properties all have the same tendency and increasing the level of Aloe vera results 

in significant increase in L*, a*, and b* of films (p < 0.05). There is a color difference between them with 

increasing concentration Pimenta dioica oil used. The brightness is similar for each formula, is within the 

range of 29.5 - 31.4 and the chromaticity decreasing behaved, the values a* and b* are in the chromatic 

diagram corresponding to blue-green tones. In general, addittion of Aloe vera at higher levels yielded 

blend films with darker appearance (brown), which can be attributed to the fact that the extracted Aloe 

vera, applied in this study, could contain anthranquinones from the husk, since they are difficult to be 

completely eliminated and, are air and light sensitive, hence the oxidation of phenol occurred. These 

observations are consistent with the  

study reported by Hossein et al., (2012)
9
. 

 

Table 2. Effect of the Pimenta dioica L. Merril EO on color evaluation of Aloe vera-gelatin based films 

 

% w/v EO L*  a* b* C* °h  

0 31.34 ±0.06 0.82 ±0.001 2.06 ±0.008 2.23 66.58 

0.05 30.51 ±0.02 0.10 ±0.004 1.91 ±0.004 1.91 93.03 

0.1 29.43 ±0.01 0.18 ±0.007 1.88 ±0.005 1.89 95.48 

0.15 29.73 ±0.02 0.57 ±0.003 1.70 ±0.004 1.80 72.92 

 

 

One of the main functions of packaging is to protect foods by avoiding or reducing the transfer of 

moisture, forming a barrier to prevent or reduce the contact of foods with the external environment. Table 

3 shows the WPV of the films in the incorporation of the essential oil at four different concentrations, 0, 

0.05, 0.1 and 0.15% w/v. The WVP increases as the concentration of essential oil is greater, because the 

intermolecular structures are open and exposes more OH groups, with the hydrophilic material causing the 

barrier properties to water vapor are weaker. Rakshit et al., (2005)
7
 show WVP increased with increasing 

concentration of garlic oil from 0.1% to 0.4% alginate-based edible films. In the same year, Rakshit et al., 

(2005)
10

 reported the WVP in chitosan-based edible films and the effect it has to incorporate three 

different antimicrobial agents (garlic oil, potassium sorbate and nisin) in four different 

concentrations, and found that as the concentration of agent increases the WVP, same behavior 

presented in this research. 
 

An important property of the materials refers to the ability to retard moisture loss from the food, which 

directly affects the preservation of food. Water vapor transmission generally occurs through the 

hydrophilic portion of the film and depends on the hydrophilicï hydrophobic ratio of the material. WVP 

of the films containing  Pimenta dioica EO, increased slightly from 1.27x10
-6
 to 1.48x10

-6
 g m/m

2
 s Pa, 
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possibly due to EO addition and could contribute to enlarge the intermolecular interactions in the matrix 

structure. 

Table 3. Effect of the Pimenta dioica L. Merril EO on the water vapor permeability of Aloe vera ï gelatin 

based films. 

 

Film 

(EO % w/v) 

Water Vapor permeability 

(WVP) (g m/m
2 
Pa s) (E-06) 

0 1.32 ±0.098 

0.05 1.27 ±0.098 

0.10 1.29 ±0.106 

0.15 1.48 ±0.165 

 

Also is attributed mainly to the presence of terpene-like compounds, not lipids. So, the barrier and 

mechanical behavior of the material depends on the nature of their structure, composition, method of 

transformation between others
11

.  

 

Table 4. Effect of the concentration of Pimenta dioica L. Merril EO on the mechanical properties of Aloe 

vera ï gelatin based films. 

 

 

EO 

% w/v 

Puncture 

strenght 

 (KPa) 

Tensile strength 

(KPa) 

% Elongation at 

break 

Young´s 

modulus 

(KPa) 

0 6.10 ±0.001 0.061 ±0.001 56.6 ±0.003 0.10 ±0.009 

0.05 5.30 ±0.008 0.070 ±0.001 45.1 ±0.001 0.75 ±0.006 

0.1 4.44 ±0.002 0.080 ±0.003 45.5 ±0.001 0.55 ±0.002 

0.15 3.80 ±0.007 0.095 ±0.003 56.0 ±0.001 0.40 ±0.002 

 

The concentration of essential oil of Pimenta dioica L. Merril has an effect on the film characteristics. The 

mechanical test results are shown in Table 4. Tensile strength, elongation, and elastic modulus are 

parameters that relate mechanical properties of films to their chemical structures. Incorporation of EOs 

caused a significant reduction (p < 0.05) in puncture strength of the films. Tensile strength increased in all 

films containing EO. Significant differences were observed in the elastic modulus between films with and 

without EO. On the contrary Grossmann et al., (2009)
8
 observed an increase of Young's modulus with 

increasing concentration of the essential oil of oregano in film based on cassava starch and chitosan. 

The percent elongation of control was 56.6% and increased in all films containing EO, reaching a 

maximum value of 56%, same behavior reported Zivanovic et al., 2005
12

 with edible films based on 

chitosan and incorporating essential oils. (Table 4). The formulation with Aloe vera without oil 

reporting more rigid. In general, addition of the essential oil of Pimenta dioica L. Merril a composite 

material based on Aloe vera makes the material less dense, facilitating movement inside the polymer 

matrix and improves flexibility of the film. 

 

Conclusions 
 

The results suggested that the incorporation of Pimenta dioica L. Merril into film-forming Aloe vera- 

gelatin solution can have a considerable influence on the properties of the obtained Aloe vera gelatin 

composite films.  
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Abstract 
 

The shelf life of Golden delicious apple juice was evaluated in terms of color, total polyphenol content, 

antioxidant capacity and ascorbic acid content. In addition, pH, titratable acidity, viscosity, polyphenol 

oxidase (PPO) activity and pectin methylesterase (PME) activity were also measured to observe the juice 

changes for six weeks. Fresh Golden delicious apple juice was added with 325 ppm and 800 ppm of citric 

acid and ascorbic acid, respectively, to prevent the oxidation reactions. The juice was treated in an 

ultrahigh hydrostatic pressure (HPP) unit at 430 MPa for seven minutes, and stored at room temperature 

(20°C) and in refrigeration (4°C) for the above mentioned period. No significant changes (p<0.05) in 

physicochemical properties or sensory attributes were detected in the treated apple juice, but the PPO 

started recovering its activity during the storage, without causing significant difference (p<0.05) in the 

color of the stored juice. These processing conditions seemed to preserve the physicochemical and sensory 

quality of apple juice, while keeping polyphenols content and antioxidant capacity. Indigenous micro biota 

of the raw juice was also eliminated by the HPP treatment, confirming the feasibility of such technology 

for real industrial applications. 

 

Introduction  
 

The consumers are demanding natural food products, or minimal processed, with high nutritional value, 

prolonged shelf life and excellent taste and flavor. A technology that may be used by food processors to 

face these challenges is HPP. One of the most resistant enzymes to HPP processing is PPO that causes 

browning in fruits and vegetables. The principal color change is due to polymerization of ortho-quinones 

(enzymatic browning), produced during catechol enzymatic oxidation. Some antioxidants such as ascorbic 

acid and polyphenols can prevent and reverse this oxidation in the initial stages. Contradictories results 

have been founded on the literature, were some researches have found an increment of the activity after 

treatments at pressures from 450 to 700 MPa (1, 2), while others (3, 4) observed inactivation at about the 

same conditions. The aim of the present study was to minimize the pressure used to inactivate PPO and 

evaluate the effect of storage temperature in nutritional and quality changes after treatment for 34 days. 

 

Materials and methods 
 

Golden delicious apples were obtained from the local supermarket, and processed in a domestic juice 

extractor. Ascorbic and citric acid (800 mg/L and 325 mg/L respectively) were added to the juice to 

prevent oxidation and color change during enzyme clarification: Zymapect and Glucozyme (ENMEX S.A. 

de C.V., Mexico) for 12 hours at 4°C. The juice was filtered with cheesecloth before HPP treatment. 

Samples of clarified juice (90 mL) were packed in low-density polyethylene bags (Whril-Pak, USA) 

minimizing as possible the air into the bags before sealing. Samples were transferred to the 5 L pressure 

treatment chamber (ACIP 6500/5/12VB; ACB pressure systems, Nantes, France) equipped with 

temperature and pressure regulators. Water was used as the pressure transmitting medium. 
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The DPPH (1,1-diphenyl-2-picryl-hydrazyl; Sigma Aldrich) assay was done according to the method of 

Brand-Williams et al. (5) with some modifications. The stock solution was prepared at 0.1 mM with 

methanol and stored at -20°C until needed. 100 µL of filtered juice in Whatman #1 paper was mixed with 

2.9 mL. After 1 hour in the dark, the absorbance was taken at 515 nm (Visible spectrophotometer, 

Novaspec II, Biochrom Ltd., Cambridge, England). The standard curve was linear between 0.08 and 1.25 

mM trolox (Acros organics) solution. Results are expressed in trolox equivalent antioxidant capacity 

(TEAC) in mM. Additional dilutions were needed if the DPPH value measured was over the linear range 

of the standard curve. 

PPO activity was assayed using aliquots of 0.1 mL of the clarified juice and 2.9 mL of a solution of 0.15 

M cathecol (Sigma) in 0.05 M sodium phosphate buffer (pH 6.5). The reaction was measured at 420 nm 

and 25°C with the spectrophotometer (6). PME activity was assayed using 0.2 mL of clarified juice 

adjusted to pH 7.5, and mixed with 9 mL of 0.5% (w/v) citrus pectin (Sigma) and 0.8 mL of 0.01% (w/v) 

bromothymol blue, both prepared with 0.003 M potassium phosphate buffer (pH 7.5). The reaction was 

spectrophotometrically measured at 620 nm and 25°C (7). The enzymes activity were determined 

measuring the slope of the reaction, and was defined as the change in absorbance per minute per gram of 

the sample. Both readings were done in a visible spectrophotometer, Novaspec II (Biochrom Ltd., 

Cambridge, England). 

Ascorbic acid was determined using the 2,6-dichloroindophenol (DIP; Sigma) method with a modification 

(8). 0.1 mL of clarified juice was filtered with Whatman No. 1 filter paper and mixed with 0.9 mL of 1% 

(w/v) metaphosphoric acid (Fisher). Nine milliliters of 50 µM DIP was added to the acidified sample and 

measured immediately at 515 nm and 20°C (Visible spectrophotometer, Novaspec II, Biochrom Ltd., 

Cambridge, England). The concentration of the ascorbic acid was determined through comparison with the 

absorbance of standard L-ascorbic acid (Sigma) at different concentrations. 

Total phenolics concentration was determined mixing 1 mL of clarified juiced pre-filtered with Whatman 

No. 1 filter paper with 5 mL of 0.2 N Folin-Ciocalteau solution (MP Biomedicals). After 5 minutes, 4 mL 

of 7.5% (w/v) Na2CO3 (Sigma) solution was added and the mixture was allowed to stand 2 hours in the 

dark. The absorbance of the mixture was measured on a spectrophotometer (Visible spectrophotometer, 

Novaspec II, Biochrom Ltd., Cambridge, England) at 765 nm, and correlated with a standard curve using 

different gallic acid concentrations (8). 

Juice color analysis was evaluated in terms of tone (Hue angle) and Saturation (Chroma) using a hand-

hold tristimulus colorimeter (Minolta CM-508d spectrophotometer, Japan).  

Sensory evaluation was conducted by the same four panelists during all the shelf life analysis who where 

experienced in sensory evaluation of foods, but without training. General perception was evaluated by 

using a 5-point hedonic scale test (1=extremely dislike, 9=extremely like). 

A response surface methodology (central composite rotatable design) was used to select the higher 

inactivation parameters: Pressure (430-570 MPa) and time (1-8 min) of PPO, and response can be 

modeled with: 
 

 (1) 
 

where Y is the response calculated by the model; X1 and X2 are the coded pressure and time respectively, 

and b1 and b2 are linear, b12 is interaction and b11 and b22 are quadratics coefficients respectively. Minitab 

16 (Minitab Inc, USA) was used to analyze and optimize this design. Repeated measures design was 

carried in IBM SPSS v20 (IBM, USA) and used to analyze the effect of the storage time (34 days) in 

clarified apple juice processed with the optimum HPP value, over quality parameters on juice stored at 

4°C and 20°C. Minitab 16 was also used to perform a one way ANOVA analysis of these quality 

parameters during shelf life. 
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Results and discussion 
 

High pressure and time effects over the PPO activity are shown in Figure 1. Short time treatments at any 

pressure tested increased the PPO activity, up to 1.6 times the native enzyme activity, whereas at highest 

pressures, it was more difficult to inactivate the PPO. The best conditions to inactivate this enzyme were 

at 430 MPa for 7 min. 

 

a)  
b)  

Figure 1. Effect of HPP at differents holding times in the PPO activity. showed as a surface (a) and contour (b) plot. 

 

Ramaswamy et al. (3) reported a 0.12 log cycles PPO activity reduction in apple juice with one pulse of 

400 MPa. On the other hand, PPO activation increase by 20% was reported by Terefe et al. (1) in 

strawberry HPP treated at 690 MPa. Del Pozo-Insfran et al. (2) reported a 3-fold activation increase of 

grape PPO treated at 400 MPa and 550 MPa respectively. These activity changes are due to different 

denaturing pathways of the enzyme. Secondary structure is mainly stabilized by hydrogen bonds and 

tertiary structure is maintained by hydrophobic and ionic interactions, which are disrupted at high 

pressures. Hence, the activity achieved after HPP treatment is due to active site modification, which can 

be exposed increasing their activity or can be enclosed or denatured resulting in a decrease of the activity. 

From these studies, some useful parameters can be done: at pressures under 450 MPa, PPO can be 

inactivated with long holding times, pressures from 450 to 700 activate it, and pressures above 700 can 

reduce its activity. PPO was partially denatured and completely inactivated during HPP treatments, but 

after 13 days an increase in its activity was noted in both storage temperatures (Figure 2b), recovering 

20% of its capacity to oxidize chatecol, but not significant changes (p>0.05) in total poliphenols was 

observed during the storage time. The PPO active site was partially recovered after two weeks, but was 

unable to react with the poliphenols, probably due to its tertiary structure modification. 

A microbiological study was done after the HPP treatment. No bacteria, fungi or yeast was detected after 

that. Similar results were obtained by Varela-Santos et al. (9), where microbial shelf life was extended for 

more than 35 days. Moreover PME assays did not detect any activity of this enzyme after the HPP 

treatment and shelf life analysis. 

Minimal, but significant changes in pH and color (Hue angle) were observed during the storage time. On 

the other hand, titratable acidity expressed as malic acid equivalents and °Brix did not change significantly 

(p>0.05) in the same time period, as showed in Table 1. Ascorbic acid oxidation was due to oxygen 

permeation across the polyethylene bag affecting directly the TEAC (Figure 2a) independently of storage 

temperature, which decrease at same rate as vitamin C concentration. 
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a) 

 

b) 

 
c) 

 

d) 

 
Figure 2. Changes in trolox equivalent antioxidant capacity (a), polyphenol oxidase residual activity (b), color as 

Chroma (c) and general perception (d; sensory evaluation) during 34 days of storage at 4ÁC (ǅ) and 20ÁC (Ǐ). 

 

Table 1. Variation of pH, Color (Hue), malic acid, °Brix and ascorbic acid during 34 storage days at 4°C and 20°C 

Day 

Storage 

temperature pH 

Malic acid 

equivalent Brix Hue 

Ascorbic acid 

content 

 

1 4°C 3.425 ± 0.007 a
 3.79 ± 0.05 

ab
 12.05 ± 0.07 a 111.46 ± 0.18 

a
 211.75 ± 4.95 

a
 

6 4°C 3.355 ± 0.021 ab
 3.82 ± 0.00 

ab
 11.65 ± 0.07 b 78.63 ± 4.89 

d
 47.13 ± 6.12 

b
 

13 4°C 3.335 ± 0.047 b
 3.72 ± 0.05 

b
 12.05 ± 0.07 a 89.17 ± 9.32 

c
 39.88 ± 0.11 

b
 

20 4°C 3.295 ± 0.021 b
 3.92 ± 0.05 

a
 12.10 ± 0.00 a 100.37 ± 3.74 

ab
 39.75 ± 0.08 

b
 

27 4°C 3.360 ± 0.014 ab
 3.92 ± 0.05 

a
 12.00 ± 0.07 a 94.69 ± 2.32 

bc
 ´0.81 ± 3.19 

c
 

34 4°C 3.355 ± 0.007 ab
 3.92 ± 0.05 

a
 11.98 ± 0.04 a 98.05 ± 0.84 

bc
 1.83 ± 5.85 

c
 

1 20°C 3.425 ± 0.007 
a
 3.79 ± 0.05 

a
 12.05 ± 0.07 a 111.46 ± 0.18 

a
 211.75 ± 4.95 

a
 

6 20°C 3.425 ± 0.035 
a
 3.86 ± 0.05 

a
 11.80 ± 0.28 a 90.62 ± 13.46 

b
 38.49 ± 3.46 

b
 

13 20°C 3.378 ± 0.124 
b
 3.92 ± 0.05 

a
 12.05 ± 0.07 a 86.645 ± 5.26 

b
 39.90 ± 0.19 

b
 

20 20°C 3.240 ± 0.028 
b
 3.92 ± 0.05 

a
 12.10 ± 0.00 a 90.02 ± 4.04 

b
 5.96 ± 5.32 

c
 

27 20°C 3.255 ± 0.007 
b
 4.02 ± 0.19 

a
 11.98 ± 0.04 a 89.41 ± 4.30 

b
 1.83 ± 1.06 

c
 

34 20°C 3.310 ± 0.014 
b
 3.92 ± 0.05 

a
 11.98 ± 0.04 a 91.55 ± 0.94 

b
 ´-0.99 ± 5.58 

c
 

Values that not share a letter in the same column of each storage temperature are significantly different (p<0.05) 
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Changes in color as Chroma (Figure 2c) were significant (p<0.05), but the predominant color was light 

yellow until the end of storage period and no was affected by the storage temperature (p>0.05). Varela-

Santos et al. (9) and Zhang et al. (10) also observed significant color changes during HPP treatments.  

In sensory testing, the general perception (Figure 2d) was that the juice was not affected during shelf life 

analysis, being always preferred the juice stored at 4°C, likely owing to better taste, flavor and aroma 

retention. Moreover, storage temperature had significant effect (p<0.05) during the storage time in pH, 

PPO activity, ascorbic acid content and color expressed as Chroma. 

 

Conclusions 
 

In this study, HPP processing was able to decrease PPO activity to not detectable levels, but a HPP 

resistant fraction was also suggested, which recover its activity during long storage periods. However HPP 

treatment (430 MPa, 7 min) preserved the clarified apple juice with minimal flavor and taste changes if is 

compared with fresh juice, becoming an excellent alternative to produce fruit juices with high antioxidant 

capacity and poliphenols content.. 

 

References 
 

1. Terefe, N.S., Yang, Y.H., Knoerzer, K., Buchow, R., Verstegg, C. (2010) High pressure and thermal 

inactivation kinetics of polyphenol oxidase and peroxidase in strawberry puree. Innovative Food 

Science and Emerging Technologies 11: 52-60. 

2. Del Pozo-Insfran, D., Del Follo-Martinez, A., Talcott, S.T., Brenes, C.H. (2007) Stability of 

copigmented anthocyanins and ascorbic acid in Muscadine grape juice processed by high hydrostatic 

pressure. Journal of Food Science 72 (4) 247-253. 

3. Ramaswamy, H.S., Riahi, E. (2003) High-pressure inactivation kinetics of poliphenoloxidase in apple 

juice. Applied Biotechnology, Food Science and Policy 1(3) 189-197.  

4. Repeanu, G., Loey, A.V., Smout, C., Hendrickx, M. (2005) Effect of pH on thermal and/or pressure 

inactivation of Victoria grape (Vitis vinifera sativa) polyphenol oxidase: A kinetic study. Journal of 

Food Science 70 (5): 301-307. 

5. Brand-Williams, W.; Cuvelier, M.E.; Berset, C. (1995) Use of a free radical method to evaluate 

antioxidant activity. Lebensmittel-Wissenschaft und-Technologie 28 (1): 25-30. 

6. Cano, M.P.; Hernandez, A.; De Ancos, B. (1997) High pressure and temperature effects on enzyme 

inactivation in strawberry and orange products. Journal of Food Science 62 (1): 85-88. 

7. Hagerman, A.E.; Austin, P.J. (1986) Continuous spectrophotometric assay for plant pectin 

methylesterase. Journal of Agricultural and Food Chemistry 34: 440-444. 

8. Hung, C.Y.; Yen, G.C. (2002) Antioxidant activity of phenolic compounds isolated from Mesona 

procumbens Hemsl. Journal of Agricultural and Food Chemistry 50 (10): 2993-2997. 

9. Varela-Santos, E., Ochoa-Martinez, A., Tabilo-Munziga, G., Reyes, J.E., Perez-Won, M., Briones-

Labarca, V., Morales-Castro, J. (2012) Effect of high hydrostatic pressure (HPP) processing on 

physicochemical properties, bioactive compounds and shelf life of pomegranate juice. Innovative 

Food Science and Emerging Technologies 13: 13-22. 

10. Zhang, C., Trierweiler, B., Li, W., Butz, P., Xu, Y., Rüfer, C.E., Ma, Y., Zhao, X. (2011) Comparison 

of thermal, ultraviolet-c, and high pressure treatments on quality parameters of watermelon juice. 

Food Chemistry 126: 254-260. 



 124 



 125 

TOPIC: Emerging Technologies ET-47 

 

Alternative Sources Of Microorganisms Capable Of Producing Biodegrable Polymers: 

Polyhydroxyalkanoates 

 

Villa, I. C.; Gaitán M. A.; Ibarra-Junquera, V.; Aguilar, C.; Escalante-Minakata, P. 
 

Environmental Bioengineering Laboratory, University of Colima. Department of Food Science and 

Technology, School of Chemistry, Universidad Autonoma de Coahuila, Saltillo, Coahuila State, Mexico. 

E-mail: lex_villa@hotmail.com 

 

Polyhydroxyalkanoates known as PHAs are the environmentally friendly polyesters which can be 

accumulated to as much as 90% of cellular dry weight. The PHA are stored intracellularly as reserve 

material in over 300 different microorganism in form of inclusion bodies under conditions of nutrient 

imbalance and/or limitation called stress conditions (7,9,11). The monomeric unit of these polymers is 

a hydroxyacid, in linear form, called (R)-3-Hydroxy-acid. These monomers have a base structure 

(Fig. 1) with the difference that in the C3 alkyl group varies. (14,18). On the basis of their monomer 

composition, the biopolyesters are classified into short chain length (scl-; chain length of the monomers 

ranging from C3 to C5), medium chain length (mcl-; C6 and longer), and large chain length ( lcl- with 

more than 14 carbon atoms and is rare) (2,8,17, 14,). These polymers have similar properties to the 

plastics of petrochemical origin, the properties ranging from rigid to be elastic, with the advantage of 

being totally biodegradable and biocompatible, and therefore it can be produced to renewable resources 

(carbohydrates, oils, alcohols, organic acids, hydrocarbons, etc.) (6,14,19) can be used for food packaging. 

The type and amount of the biopolymer synthesized depend on the bacteria strain and culture conditions 

(2), being carbon source one of the most important variable (1,14,18). Many gram positive and gram-

negative bacteria are known to be able to synthesize PHAs (3) Among the main species with high 

production capacity are Cupriavidus necator, Pseudomonas spp., Alcaligenes latus, Azobacter vinelandii  

and Bacillus megaterium (3,7,9). The biosynthesis of PHAs can be given mainly by three metabolic 

pathways, which dependent on the kind of nutrients and producing microorganism; that is by synthesis 

from carbohydrates, by the ɓ-oxidation of fatty acids and by the novo biosynthesis of fatty acids (2). The 

key enzymes of PHA biosynthesis are the polyester synthases (also designated PHA synthase), which 

catalyze the enantio-selective conversion of (R)-3- hydroxyacyl-CoA substrates to PHAs with the 

concomitant release of CoA (13). PHA synthases comprise a new family of enzymes with unique features, 

particularly considering the functional role in biogenesis of the water-insoluble subcellular structures 

called PHA granules, and the association with a phospholipid monolayer. 

 

 

 

 

 

 

 
 

These enzymes can be divided into four classes on the basis of the organization of the gene locus and the 

structure-function properties of the PHA synthase (polymerase) enzymes (17), where the class II pha 

opero, found in pseudomonas, comprises  two  PHA synthase genes (phaC1 and phaC2) flanking a PHA 

depolymerase gene (phaZ) (17). Solaiman et al. developed the first PCR procedure that specifically 

detects class II pha genes. The primers were designed on the basis of the highly conserved nucleic acid 

sequences in regions of the class II pha loci of varios Pseudomonas. Because of the unusually high 

consensus in the regions, the design of nondegenerate PCR primers (I-179L and I-179R) was possible. 

O CH
2

R O

n

 

n

 

Fig 1. General structure of PHA´s. 
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Then, it is possible to amplify a specific segment of 0.54kb from phaC1 and phaC2 isogenes of the class II 

pha locus (Figure 2). 

 

 
In this work, the microorganisms were isolated from a stressful environment through the use of 

microbiological techniques using culture media nutritive and some selective culture media. Many strains 

were recovered and once they were isolated in pure culture the strains were identified by molecular 

biology techniques and biochemical tests. 

 

Methods and materials 
 

Isolation PHA producing bacteria 

Water samples were taken from the waste water treatment plant of Colima-Villa de Alvarez at nine 

different points of the process. Each samples were treated under two different methods in order to recover, 

as many as possible, potentially useful microorganisms. In the first method, the samples were diluted with 

peptone water, and aliquots of 0.1 ml were plated in three different culture media: nutritive agar, Minimal 

Medium modified (MM) and Pseudomonas Agar and incubated for 24-48h at 37°C. On the other hand 

aliquots of 5 ml were inoculated in Minimal Medium modified (12.8 g Na2HPO4·7H2O, 3g KH2PO4, 0.5g 

NaCl, 1g NH4Cl, 10mL glucose 20% as carbon source, supplemented with 1.3 ml of Micronutrient 

element solution per liter (1mL MgSO4 1M, 0.1mL CaCl2 1M, 0.01mL H3BO4 0.4M, 1µL CoCl2 ·6H2O 

0.03M, 1µL CuSO4·5H2O  0.01M, 1µL MnSO4 0.01M, 1µL ZnCl2 0.01M and 0.2mL Fe(NH4)2 

(SO4)2·6H2O 0.05M). The final pH was adjusted to 7.4 with NaOH 0.1M. The seed cultures were 

incubated at 37°C for 24 h at 150 rpm on a rotary shaker and then were diluted and spread onto selective 

media. The colonies were differentiated by color, elevation, form, and edge appearance and then were 

isolates and purified at the same conditions. 

 

Genomic DNA extraction 

The genomic DNA was isolated, using a physical breakdown method with glass beans as follow: Bacteria 

cells were grown overnight in 45mL of Nutritive broth. Cell were washed with distilled water, centrifuged 

and resupended in 0.2mL of extraction mixture( 2% triton, 1% SDS, 10mM NaCl, 10mM Tris-HCl pH 8) 

EDTA 1mM, adding 0.2 ml of 25:24:1 phenolchloroform:isoamilic alcohol, 0.06g of 0.5 mm glass beads 

and 0.5mL sterile distilled water. Finally, the cells were homogenized by vortex during 1 min at high 

speed for 8 times. The tubes were chilled on ice for 1 min between runs. The upper layer was recovered 

and transferred  to a clean tube and 1 volume of pure chloroform was added, the tube was mixed carefully 

and centrifuged at 11 000 rpm for 5 min. the aqueous phase was saved in a clean tube and 20µg/ml 

RNAase was added and incubated for 1h at 37°C. After 1 volume of 25:24:1 phenolchloroform:isoamilic 

alcohol was added and centrifuged again. The aqueous phase was transferred to a clean tube with 500µL 

of isopropanol and 50µL of amonium acetate (4M) and was carefully mixed and incubated for 15 min at 

room temperature. Supernatan precipitated was centrifugated for 10 min and the DNA was washed with 

70%v v
-1
 ethanol, vacuum-dried and dissolved in 30µL of TE (10mM Tris-HCl, 1mM EDTA pH 7.5)  

 

Amplifying the phaC gene fragment 

To screen the capability of PHA production, a PCR based method developed by Solaiman et al. (2000) 

was applied using 179R/L primers; (1-179L 5 -́ACA GAT CAA CAA GTT CTA CAT CTT CGA C-3´) 

Fig. 2. PCR of class II phaC1 and phaC2 genes. With I-179L(a)/I-179R(a) primer pair then 

resulted in a specific 0.54 kb phaC1 and phaC12 fragment . 
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and (179R; 5-́GGT GTT GTC GTT GTT CCA GTA GAG GAT GTC-3´). PCR was optimized using the 

following components: 0.3µL Taq DNA polymerase (250U), 1 µL (100pM) of each primer, 2µL of 

genomic DNA, 5µL of 10X PCR buffer, 5µL of MgCl2 solution (25mM) 1µL 10mM dNTP´s mix(10mM) 

at a final volume of 50µL. Amplification reactions were carried out in an thermocycler (C-100, Biorad) 

using the following programme: 1 cycle of 94°C for 10 min; 40 cycles of 94°C for 20s, 60 °C for 45s, 

72°C for 1min; and a final incubation step at 72 °C for 5 min and 4°C forever. Electrophoresis on 1.5% 

(w/v) agarose gels (1X TAE) was used for detecting PCR amplification products. The gel was stained with 

ethidium bromide solution and amplified DNA fragments were visualized under UV light and recorded 

with  Gel DocÊ XR+ image digitaliser (Biorad). 

 

Amplifying the 16S rDNA   

The 16S rDNA regions of the PHA-positive bacteria were amplified from genomic DNA using the 

forward primer UBF 5-́AGA GTT TGA TCC TGG CTG AG-3´ and the reversed primer 1492R 5´-GGT 

TAC CTT GTT ACG ACT T-3´, 1500 bp (10). Following the same conditions used to amplify the phaC 

gene fragment. Amplification reactions were carried out in an thermocycler (C-100, Biorad) using the 

following programme: 94°C for 12 min; 35 cycles of 94°C for 1min, 50 °C for 45s, 72°C for 2 min; and a 

final incubation step at 72 °C for 12 min and 4°C forever. PCR products were analyzed by electrophoresis 

with 1.5% agarose gel in TAE buffer, following ethidium bromide staining and Molecular Imager Gel 

DocÊ XR+ System with Image LabÊ Software. 

 

Identification bacterial  

The PCR products for each PHA-positive bacterium was purified by the GenElute PCR Clean-Up Kit 

(Sigma) and quantified and sent for sequencing to Potossiannnnn institute. Microbiologically, the PHA-

positive bacteria were identified by oxidase, catalase, staining, and biochemical tests 

 

Results and discussion 
 

A total of 150 strains were isolated and purified, from the 9 sampling points, with base on its morphology. 

In order to perform the molecular identification, each strain was processed for genomic DNA extraction.  

Then, the search of the phaC gene was performed and only those microorganism that amplify a band with 

a weigh about 540 bp were considered as positive (17), as it is show in microorganism is a potential 

producer of polyhydroxyalkanoates and it has PHA synthase of class II Fig. 3. 

 

The phaC + native microorganism, was obtained the 16S rDNA gene partial sequence, from DNA 

genomic, where we expect to obtained  by splicing the 1500 bp (amplified with UBF y 1492R) as show in 

the Fig. 4 and then it was purified and quantified. 

The quantified was determined in a The Thermo Scientific NanoDrop 2000, obtained concentrations about 

38.6 ng/µl, 39.2 ng/µl and 84.4 ng/µl respectively necessary for the sequencing and have the security of 

bacterial genus belongs. Succeeded in identifying Pseudomonas spp. 
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Additionally was done determination microbiological in order to identify the presumptive 

producer bacterium of polyester, due to possible false-positive and false-negative results 

(contamination, low specificity of the amplification reaction and polymerase inhibitors) was 

plated onto with nutritive agar medium and pseudomona agar; due to the results of testing 

obtained and as a particular they produced a fluorescent green pigment in both medium 

(incubated 37°C/24h), shown in fig 5. 

 

 

 

 

 

 

 
 

 
 

With all information both microbiological and molecular we can suggest that microorganism belongs to 

the genus Pseudomonas spp. that has already reported as a product of this polyesters called 

polyhydroxyalkanoates. (15) 

 

Detecting phaC gene in native bacteria combined with the preliminary characterization by 16s rDNA has 

proved to be an option for the precise selection of native bacteria having potential from accumulating 

PHA´s. 

 TSI 

Catlase Oxidase 
Gram  

staining 
Glc Lac H2S 

Positive Positive Negative Negative Negative Negative 

Fig. 3. PCR amplification of a phaC gene 

fragment using 179L and 179R primers. 
Lane 1, Molecular weight marker (EZ LoadÊ 

100 bp, Bio-rad); 2-8, different native bacteria 

isolated. 

 

Fig. 4. PCR amplified the 16S rDNA. In the 

first line, molecular weight marker (EZ LoadÊ 

1 kb, Bio-rad); 2-4, it the same native bacterial 

that had phaC +. 

Fig. 5. Microbiological identification. Biochemical test and bacterium produced a fluorescent green 

pigment in the medium. 
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Introduction  
 

Ohmic heating is the passage of an alternating electrical current through a food sample that serves as an 

electrical resistance (1). The sample responds by internally generating heat supporting a rapid heating rate, 

and the current from the voltage gradient and the electrical conductivity is associated with the amount of 

heat generated (2). Ohmic heating has the capability to heat multiphase mixtures uniformly (3). The 

temperature of a food is known to have a linear relationship with the electrical conductivity as electric 

field strength increases (4). Higher electric field strengths and lower frequencies resulted in greater 

electrical conductivity with shorter times to reach target temperatures (5). However, in non-homogeneous 

foods, the electrical conductivity (s) of the particles and its relation to the fluid conductivity is pointed as a 

critical parameter to the understanding of the particlesô heating rate under OH. Proper electric conductance 

management is essential to successfully apply OH (6). 

Wang and Sastry (16) found that electrical conductivity can influence the heating rate of a food sample, 

and for starch it increased with temperature, but decreased with degree of starch gelatinization. Li et al. (8) 

found a linear relationship between the electrical conductivity and temperature of starch suspension before 

and after gelatinization. However for integrally processed cereals has not been reported behavior of 

electrical conductivity when processed ohmically. 

The relative viscosity has been used to measure the degree of gelatinization of corn starch, principal 

carbohydrate, when subjected to a thermal process. The evaluation of the rheological properties of foods is 

essential for the design of operations related to processing and to predict their quality. The aim of this 

study was to determine the changes in viscosity of corn flour ohmically processed and assess changes in 

the electrical conductivity. 
 

Materials y methods 
 

Corn: It was used comercial white dent corn (harvest 2011) obtained in the food supply market of 

Queretaro City. All samples were thoroughly threshed and cleaned to remove broken and foreign material, 

milled in a hammer mill (Pulvex-200, Pulvex, S.A. de C.V., México, D. F.), using a 0.8 mm mesh and 

stored in plastic bags. 

Ohmic heating equipment: It was used a nylamide cell (capacity, 100 g) appropriate for high viscosity 

foods (9) connected to a voltage source by two stainless steel electrodes (Figure 1). Temperature was 

measured with a Watlow temperature controller model 981 (Watlow Electric Manufacturing Co., St Louis, 

MO) with a type T sensor. 
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Ohmic heating processing: It was thoroughly mixed milled corn (100 g) with food grade calcium 
hydroxide (El Topo, Monterrey, N.L, México) and water, placed in the ohmic heating cell and 
processed until the mix reached 85 °C. 

 

 

 

 

 

Figure 1. Ohmic heating equipment and 
diagram. 

 

Relative viscosity: It was measured to a starch (3 g): water (24 mL) suspension, using an Anton Paar 

rheometer (Anton Paar, modelo Physica NCR 101) recording pasting temperature (°C), initial and 

maximum viscosity (cP), as well as ȹT (final viscosity ï minimum viscosity). 

Experimental design and statistical analysis: It was used a completely randomized design with factorial 
arrange 3x3x3; independent variables were raw corn moisture (50, 55, 60%), calcium hydroxide 
concentration (0, 0.3, 0.6%) and voltage (70, 80, 90 V). Each sample was processed by duplicate. 
Statistical analysis consisted of ANOVA and Tukey tests (p<0.05). 

 

Results y discussion 
 

Relative viscosity 

According Figure 2, corn flour cooked with ohmic heating did not show a significant effect on pasting 

temperature; however, calcium hydroxide concentration decreased it indicating that it was required less 

energy to swell it. Biliaderis et al. (10) defined gelatinization as a group of three non-equilibrium 

thermodynamic processes, water diffusion within the starch granules, melting promoted by hydration, and 

crystal structure disintegration due to swelling of the starch granule. Pasting temperature indicates the 

beginning of the swelling of the starch granule and it changes just when there is not any starch granule to 

gelatinize.  

 

 

 

 
 
 
 
 
 
 
 
 
. 
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 Figure 2. Relative viscosity of corn processed by ohmic heating 
Peak, minimum and final viscosity diminished when feed moisture increased, as well as retrogradation; 

these effects occur at both processing temperatures. Steeneken (11) has reported that, in a dilute regime, 

the viscosity is governed by the volume fraction of swollen granules; however, in a high starch 

concentration regimen, there are some other factors to be considered, such as concentration of starch, 

temperature, deformability of the granules, and degree of molecular entanglement (12), some of which 

agree with data found in this work. 

Calcium hydroxide increased viscosity (directly) in corn; voltage did not influence viscosity. In general, 

amylose acts as an inhibitor of swelling but amylopectin is likely to swell due to the weakness of the intra- 

and inter-molecular coherence in starch (13).  

 

Electrical conductivity 

Electrical conductivity of ohmically cooked corn flour is shown in Figure 3; this variable was significantly 

increased by calcium hydroxide concentration and decreased by raw corn moisture, whereas voltage did 

not affect it, but the interaction voltage ï moisture did. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
Figure 3. Electrical conductivity of corn processed by ohmic heating. 

 

Electrical conductivity is the capacity of a material to allow passage of the electric current through it. In 

foods containing starch, such as corn, the electrical conductivity varies with the degree of starch 
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gelatinization. When the swelling of starch granules increases, electrical conductivity decreases because of 

the diminished movement of ions in the solution (14). 

The interaction between voltage and humidity showed a linear relation. At low moisture, low 

conductivity; if moisture increase, conductivity increase.  

The heating rate of particles in a fluid depends on: (i) the relative conductivities of the systemôs phases 

and (ii) the relative volume of those phases. Low conductivity solid particles, comparatively to the fluid 

conductivity, tend to lag behind the fluid at low concentrations related to the volume of the fluid. 

However, in conditions where the concentration of the particles is high, those same low conductivity 

particles may heat faster than the surrounding fluid. So, the phenomenon of particle-lagging or particle-

leading depends on the significance of particle resistance to the overall circuit resistance (4). This 

phenomenon occurs because, with the increase of the particlesô concentration, the electric current path 

through the fluid becomes more tortuous, forcing a greater percentage of the current to flow through the 

particles. This can result in higher energy generation rates within the particles and consequently in a 

greater relative particle heating rate (4). This fact indicates that it may be possible to adjust the heating 

pattern of solid fluid systems by adjusting the overall influence of particlesô resistance in the system 

through setting the particles concentration in the fluid. 

The electric conductivity of some systems may also be altered to achieve the ideal OH situation, when the 

conductivity of the particles is equal to the surrounding fluid (16). However, as pointed by Halden et al. 

(17) it is unlikely that the exact same heating rate can be achieved throughout the process, even though the 

thermal difference, in practical terms, may be too small to be significant. In fact, the electric conductivity 

is a function of the structure of the material and often changes by heating (cooking); however in some 

foods, the overall heating effect might be too little to alter the pattern of electrical conductivity (18). 

 

Conclusions 
 

The amount of water added to the raw corn and the calcium hydroxide concentration were the independent 

variables responsible for the changes in viscosity of the flours processed by ohmic heating. Electrical 

conductivity increased as the amount of water added to the raw corn increased. Voltage did not have any 

effect on both, relative viscosity and electrical conductivity. 
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Introduction  
 

SIACON-SIAP (1) reported 20,202,600 ton of corn harvested in 2009, one third of it is used to prepare 

tortilla (2). Actually, two thirds of the Mexican corn tortilla production is from dough (masa); however, its 

production from flour has become increasingly popular in the tortilla industry. Nixtamalized corn flour is 

produced mostly by a nixtamalization process modified for its industrial application (3,4) and by extrusion 

process at lesser degree. Extrusion is an excellent technology to be applied for snack production; extruded 

corn flour presents some disadvantages: as a result of the shear stress and the temperature applied during 

this process, starch dextrinization occurs its quality diminishes. Consequently, the industrial use of 

extrusion for producing instant corn tortillas flour is not widespread (5). The main objective of this 

research was to evaluate the quality characteristics of corn flour processed by a low shear transport system 

related to those of traditionally nixtamalized corn flour. 

 

Materials and methods 
 

Raw corn: A commercial corn Sinaloa brand harvest 2010 was bought at the wholesale food market of 

the city of Querétaro. The properties of the corn were: a flotation index: 8.3 floating grains; weight of 

1000 grains: 390 g; density: 0.84 g/mL; length: 12.3 mm; width: 7.4 mm; thickness: 2.7 mm; protein 

7.5%; fat: 5%; ash: 1.3%; moisture: 10.75%.  

Mechatronic system of low shear transport (LSTS): A low shear transport system (LSTS) was used, 

one that is based on extrusion but which separates the transport stage from the cooking stage (6). The 

system consists of three sections: feeding, transport and cooking (Figure 1). The feeding section consists 

of a hopper (A) that is fed manually, the transport section, which is carried out by a patented vane pump 

(B), and the cooking section, which consists of a laminar cooker without a die (C). The low shear function 

is due to two actions: a) the transport of the material is carried out by a laminar fluid transporter, which 

transports the material with the fluid vectors aligned, thus eliminating turbulence and diminishing the 

shear force; b) the laminar cooker is open (without a die), minimizing the pressure difference between 

entrance and exit and thus without shear at exit. 

The LSTS is coupled with a motor that permits the control of velocity (rpm) from 1 rpm up to 60 rpm, as 

well as the control of temperature from room temperature up to 150 ºC.  
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Figure 1. Low shear stress transport system 

A: feeding stage. B: transport stage. C: laminar cooking stage. D: temperature sensor 

 
Preparation of nixtamal corn flour by low shear transport system: Three kilograms of corn was 

milled in a hammer mill with a 1.3 mm sieve (Pulvex, model 200, MaquinariaparaMoliendas y Mezclas, 

México, D.F.). The raw corn meal was conditioned with a 55 % feed moisture and 0.3 % calcium 

hydroxide (w/w) (El Nevado, Liquid Química, Mexicana, S.A. de C.V.). After conditioning, raw corn 

meal - mix (raw corn meal, calcium hydroxide and water) was processed in the LSTS at different feed 

velocities and temperatures. Once processed, the samples were dehydrated in a homemade flash dryer 

(temperature, 250 °C for 5 s, residence time) (Flash dryer, CINVESTAV-Querétaro). The nixtamal corn 

flour was then stored at 4 °C for later analysis.  

Nixtamal corn flour by the traditional method: Three kilograms of corn was placed in nine liters of 

water at 92 °C that contained 1% calcium hydroxide, for 25 min. It was left in the solution at room 

temperature for 11 hours. The cooked corn, now nixtamal, was washed and milled in a stone mill 

(Fumasa, Fundición y Maquinaria Sánchez S.A. de C.V.). The nixtamal corn flour was dehydrated in a 

homemade flash dryer (temperature, 250 °C for 5 s, residence time) (Flash dryer, CINVESTAV-

Querétaro). The nixtamal corn flour was then stored at 4 °C for later analysis.  

Characterization of nixtamal corn flour: Water absorption indexes (WAI) and water solubility (WSI) 

were determined following the method described by Anderson (7). To perform Dunnetôs test, ISA values 

for ohmic heating and traditional process samples were adjusted by adding to the traditional process 

samples the solid remains left in the decanted water, in accordance to results reported by Campechano(8). 

Dynamic viscosity was determined using a Physica MCR 1001 rheometer, following the method described 

by Gaytán(9). 

Characterization of dough and tortilla: Dough (masa) adhesiveness and cohesiveness were determined 

by a texturometer (Texture Analyzer XT-2), according to the method of Martínez(10). The yield of 

tortillas was calculated according to the methodology of Mauricio (11).The surface color of the nixtamal 

corn flour produced by a low shear transport system was measured using a color spectrophotometer 

(model XS2725, Gretag Macbeth LLC, Switzerland). 

Experiment design and data analysis: A completely randomized experimental design was used. 

Independent variables weretransport speed (5, 7.5, 10, 12.5 and 15 rpm) and temperature (80 and 90 °C). 

The experimental data were analyzed using Minitab® Statistical Software version 14. The means of the 

response variables were compared using Tuckey with a difference significance level of Ŭ=0.05 in the 

treatments.Dunnetôs test was carried out to assess differences between ohmic heating treatments and 

treatments obtained with the traditional process.  

 

Results and discusion 

 
Table 1 shows that temperature is the process variable that most affected the quality characteristics 

evaluated in corn flour, dough and tortilla. Variables affected by temperature were WSI, WAI, dough 
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yield and tortilla yield directly proportional, and Viscosity, ñaò and ñbò (color) indirectly. Transport speed 

affected viscosity and cohesiveness directly, and WAI and ñaò indirectly. 

Table 1. ANOVA 

FACTOR VARIABLE  MS F P R
2
 

Transportspeed WSI 0.5182 3.05 0.384 0.7795 

Temperature  11.1384 65.59 <0.0001  

Transportspeed WAI 0.0192 7.24 0.0007 0.8837 

Temperature  0.3657 138.16 <0.0001  

Transportspeed Viscosity 145232 6.27 0.0016 0.9069 

Temperature  4384514 189.24 <0.0001  

Transportspeed Doughyield 0.0040 4.33 0.0098 0.6662 

Temperature  0.0248 26.58 <0.0001  

Transportspeed Tortilla yield 0.0024 2.10 0.1147 0.7554 

Temperature  0.0134 11.54 0.0026  

Transportspeed Cohesiveness 0.1484 5.18 0.0043 0.5052 

Temperature  0.0495 1.73 0.2019  

Transportspeed Adhesiveness 0.0010 1.74 0.1771 0.2722 

Temperature  0.0007 1.27 0.2724  

Transportspeed L 4.7028 4.55 0.0079 0.4530 

Temperature  0.0185 0.02 0.8947  

Transportspeed a 0.2952 6.67 0.0011 0.6901 

Temperature  0.9881 22.32 0.0001  

Transportspeed b 0.6789 1.74 0.1769 0.4526 

Temperature  4.3766 11.22 0.0029  

The temperature increase results in a higher water absorption capacity and as a consequence, higher dough 

and tortilla yield, a higher leaching of solutes from starch to water, a lower viscosity and color of tortilla 

slightly more yellow and red, as can be observed in Table 2. The transport speed increase results in a less 

water absorption capacity, a higher viscous flour suspension and more cohesive dough (Table 3); it is 

considered that this change is due to a longer residence time in the equipment at 80 or 90 °C. It is also 

observed that tortilla is slightly less red and luminous, due to the same reason. 

Table 2. Response variables related to temperature. 

Variable Temperature (°C) 

80 90 

WSI (%) 8.56     b 9.82    a 

WAI (%) 2.80     b 3.03     a 

Viscosity (cP) 2125.64     a 1334.21     b 

Dough yield (kg flour/kg dough) 2.02     b 2.08    a 

Tortilla yield (kg dough/kg 

tortilla) 

1.59     b 1.63     a 

a 1.31     a 0.94     b 

b 17.45     a 16.66     b 
Means with different letter in the same line are significantly different (P< 0.05). 
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Table 3. Response variables related to transport speed. 

VARIABLE  TRANSPORT SPEED (rpm) 

 5 7.5 10 12.5 15 

WSI (%) 9.09 b 8.87ab 9.16ab 9.11ab 9.82 a 

WAI (%) 3.00 a 2.91a 2.94  a 2.87ab 2.83 b 

Viscosity (cP) 1518.3 c 1799.8 abc 1648.8 

bc 

1893.8 

ab 

1951.3 a 

Dough yield(kg flour/kg 

dough) 

2.09 a 2.02 b 2.06 a 2.02 b 2.07 a 

Tortilla yield(kg dough/kg 

tortilla) 

1.65  a 1.59 a 1.60 a 1.61 a 1.61 a 

Cohesiveness (N) 1.60 a      1.63 a 1.39ab 1.53 a 1.17 b 

a 1.11 a 1.24 a 1.20 a 1.30 a 0.64 b 

b 17.30 a 17.31a 17.13 a 17.04 a 16.32 a 
Means with different letter in the same line are significantly different (P< 0.05). 

Dunnetôs test showed no statistical differences (p<0.05) between traditionally nixtamalized corn flour 

characteristics and those of processed by the low shear transport system, except in viscosity; however, 

there must be considered that corn processed by LSTS is milled before processing and the traditional 

method uses the whole grain. Textural characteristics of dough and tortilla from corn processed by LSTS 

are similar to those prepare from traditionally nixtamalized corn flour indicating that starch does not 

change during this process more than during the traditional one. 

Conclusions 

The characteristics of dough and tortilla from corn processed by LSTS are similar to those prepare from 

traditionally nixtamalized corn flour indicating that starch does not change. 
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Abstract 
 

Axihuitl (Eupatorium aschembornianum Sch.) has been widely used in traditional medicine in Mexico. 

Other strains of Eupatorium have been successfully appling for biological control of phytopathogenic 

fungi and bacteria. The goal of this project is to evaluate and compare the in vitro efficacy of extracts of 

wild and cultivated Axihuitl against phytopathogenic bacteria. The evaluation was made applying 100 µl 

of an Erwinia chrysanthemi 3937 suspension with an optical density of 0.6 at 600 nm uniformly 

distributed on LB agar plates and allowed to dry for 10 min. Filter paper discs of 0.6 cm of diameter were 

then placed in agar plates and 5 ɛl of different concentrations of each extract at (250, 500, 1000 and 1500 

mgml
-1
) were added to them. Hidrolsis halos were measured every 8 h for 48 h. Ampicillin 250 ɛgmL

-1
 

and Tween 80 1% were used as positive and negative controls, respectively. Results showed higher 

antimicrobial efficacy of the wild extract in smaller concentration (from 500 mgml
-1
) and necessary 

incubation time (from 12 h.), so this extract was selected to be applied as treatment for other bacterial 

strains (Pseudomonas syringae, Pseudomonas aeruginosa) where antimicrobial activity was also showed.  

 

KEY WORDS:  Biological control, Eupatorium aschembornianum Sch., Erwinia chrysanthemi. 

Introduction  
Most of the plant illnesses are caused by fungi, insects, bacteria and virus, who colonize different parts of 

the plant, resulting from the decrease in product quality, until the total plant loss [1]. 

 

Ornamental plants are mainly affected by phytopathogenic fungi and bacteria including opportunistic 

species that are even soil saprophytes. The susceptibility of crops to these diseases primarily affect the 

aesthetic qualities of the plant causing great economic losses. Pest and disease control depends in part of 

the application of chemicals: For example, in Morelos, cultivation of tuberose (Polyanthes tuberosa), is a 

major ornamental crop in the region and the main pest of tuberose, the weevil (Scyphophorus 

acupunctatus), represents 60% of the production cost per cycle (1.5 to 2.0 years) on chemical insecticides. 

Normally, this insect is associated with pathogenic bacteria causing soft rot of plant tissue (bulb rot).  

Production of these ornamental plants under greenhouse conditions suffer recurrent diseases of bacterial 

type (Erwinia sp., Pseudomonas sp., etc.). The use of agrochemicals has led to substantial increases in 

production, however, its adverse effects are significantly impacting the sustainability of agriculture. The 

indiscriminate use of these, has caused serious environmental pollution problems [1]. Another important 

aspect is that pathogenic microorganisms have developed resistance to the active ingredient of some 

synthetic fungicides [2]. The practice of monoculture and contamination by the indiscriminate use of 

agrochemicals have reduced biodiversity in agroecosystems, causing instability of the same which is 

manifested among other harmful effects, in an increased incidence of pests and diseases in crops. This and 

public health and safety problems inherent in the production and use of chemicals has led to the search 

and development of alternative pest. Thus arises the interest in the ecological control [3]. 
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One such alternative is the biological control by the use of plant antagonists, if it exists in nature, and a 

wide range of plants that produce a variety of toxic secondary metabolites. One way to exploit this 

antagonism is by preparing extracts or infusions from the leaves, seeds and flowers. 

 

The Axihuitl (Eupatorium aschembornianum Sch.) is a bushy plant from Astereceae family, widely used 

in the town of Tepoztlan, Morelos, Mexico, as a healing plant, easy to acquire, because their production is 

abundant in the rainy season from November to February. There has not currently obtained large scientific 

data about this plant, as the healing properties thereof are not known through scientific clinical research, 

but is believed to possess some antimicrobial activity. For that above, this research was aimed at 

evaluating the antimicrobial activity of extracts of wild and cultivated Axihuitl against phytopathogenic 

bacteria. 

 

Methodology. 
 

Preparation of extracts of cultured and wild Axihuitl. 

 

The lyophilized Axihuitl extracts, cultivated and wild, were provided by the Center for Research and 

Assistance in Technology and Design of the Jalisco State, AC (CIATEJ). Extracts were prepared by 

diluting the freeze-dried in 10% Tween 80 for improved dispensing. Concentrations used for evaluating 

the antimicrobial capacity were 1500 mg mL
-1
, 1000 mg mL

-1
, 500 mg mL

-1 
and 250 mg mL

-1
. 

 

Growth inhibition assay in plant pathogenic bacteria. 

 

Different plant pathogenic bacteria used were grown in different culture medium (Table 1). 

 

Table 1. Bacteria strains used in antimicrobial test and culture médium where they were grown. 
 

Bacteria Culture 

medium 

Erwinia Chrysanthemi LB 

Pseudomona syringae KB 

Pseudomona aeuroginosa Nutritive 

 

Each bacteria was inoculated into the corresponding liquid medium (Table 1) and tracked their cell growth 

to reach its exponential growth phase (0.6 a D.O.600nm). 

 

After reaching an optical density of 0.6, 100 µL of each bacterial suspension were inoculated on 

appropriate agar plates, extending the suspension uniformly on the agar with the aid of a Digalsky rod and 

allowed to dry for 10 min. Filter paper discs of 0.6 cm of diameter were then put in plates and 5 µl of 

diffetent concentrations of extracts were added on these. 

 

250 ɛg/mL ampicillin and 10% Tween 80 were used as positive and negative controls, respectively, for 

inhibition test. All plates were incubated at 30 °C for 48 h and inhibition zones were measured according 

Cavalieri [4 ] with the aid of a vernier. 

 

Results and discussions 
 

Growth inhibition assay in plant pathogenic bacteria. 

 

Cultivated and wild Axihuith extracts were analyzed by the logarithmic method [4], using a strain of 

Erwinia chrysanthemi as a model organism to select the best antibiotic treatment. Inhibition zones were 
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a) b) 

monitored and measured at 12, 18, 24 and 36 h (Fig. 1). Results showed marked differences between 

treatments (Fig. 2) and according to the analysis of variance showed a significant difference between the 

two treatments according to Fisher method (Ŭ = 0.05) at 95% confidence. 

 

 

 

                        
 

Figure 1. Inhibition test of the growth of Erwinia chrysanthemi incubated at 30 °C for 24 hours: a) 

cultivated extract b) wild extract. 

 

 
Figure 2. Evaluation of radial growth inhibition of E. chrysanthemi at different times of incubation with 

different concentrations of extracts a) wild extract b) cultivated extract. 

 

As shown in Figure 2, wild Axihuitl extracts showed a growth inhibitory effect of higher than cultured 

ones, in different concentrations and different incubation times, so that treatment was selected for 

subsequent assays. 

 

a) 

b) 
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Although there are no reports of the effectiveness of Axihuitl to control Erwinia chrysanthemi, Sanabria et 

al. [5] demonstrated that Chomolaena orodata, a shrub belonging to the same family Astereceae, is able to 

inhibit the growth of some Gram negative, consistent with the obtained results. 

 

Having chosen the wild Axihuitl, its ability to control Pseudomonas aeruginosa and Pseudomonas 

syringae was probed. In general, no remarkable difference was observed in the inhibitory effect between 

bacterial strains, showing in all cases a proportional increase in the growth inhibition relation with the 

administered concentration of extract by means of culture as shown in Figure 3. 

 

 

 
Figure 3. Growth Inhibition of different bacteria strains by wild Axihuitl extracts at different incubation 

times: a) 12 h, b) 24 h. 

Some other authors [6,7,8] state that there are a variety of plants belonging to this family that produce 

antimicrobial substances, which explains the effectiveness of the Axihuitl extract to inhibit these bacteria 

strains. 

 

Conclusions 

 

Wild Axihuitl extract showed higher antimicrobial activity against Erwinia chrysanthemi, P. aeruginosa 

and P. syringae at lower concentration and incubation time compared with cultivated Axihuitl extracts. 
 

Awards 

a) 

b) 
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Enzymes are responsible of many sensorial and quality changes in fruits and vegetables. The 

pectinmethylsterase (PE) itôs the responsible of texture deterioration in fruits. The thermal treatments are 

the more employed method in food preservation inhibiting the enzymatic activity. The objective of this 

work was to identify the behavior of pectinmethylsterase (pectin-pectin-hidrolase) in Sweet Granilla 

(Passiflora ligularis) pure after thermal treatments. The thermal inhibition of enzymes with hot water and 

with microwaving at 1200 Watts and 2450 MHz were the treatments applied for 5, 10, 30 and 45 s. The 

enzymatic activity was measured by titration in terms of equivalent milligrams of hydrolyzed ester per 

minute per gram of enzyme (PE U/g): the PE was extracted from fruit pulp with saline and slowly added a 

solution of sodium chloride, sodium hydroxide, purified pectin and Hinton indicator at 7.5 pH. The 

inhibition resulting from each treatment was the differential between the enzyme quantification in natural 

(0.0155 Pe U/g) and treated samples. The lowest activity of pectinmethylsterase (0.0024 Pe U/g) was 

achieved with hot water treatment for 30 s; but treatment for 45 s increased considerably its activity 

(0.0074 Pe U/g) and samples reached 40 oC. Microwave treatments lowered the enzyme activity but not 

greatly (0.0118 Pe U/g with 30 s, 0.0068 with 45 s); longer treatments yielded lower pectinesterase 

activity. 

 

(Keywords: granadilla, pectinmethylsterase, thermal, microwaves) 

 

Introduction  
Pectins contribute to texture composition of fruits and vegetables. Viscosity and turbidity of fruit juices 

are the result of pectins present, released during preparation. Some manufacturing processes inhibit 

enzymes with thermal treatments, up to 80 and 90 
o
C and relaying on pH changes. Also, concentration and 

o
Brix act as protecting barriers for many enzymes [1]. There is evidence that enzymes in vegetables and 

juices subject to thermal treatments might reactivate as a result of poor processing. Residual activity of 

pectinmethylsterases is proof of effectiveness in thermal treatments; it is defined as the number of 

methoxyls released per gram of soluble solids. The enzymeôs inhibition by thermal treatment is a process 

aimed to increase shell life for products which undergo further procedures. The microwave thermal 

treatment is a technique used for pasteurization of juices, meat defrosting and fruit blanching, avoiding 

elution of its components [2]. 

 

The produce selected for this work was Sweet Granilla (Passiflora ligularis), also known as Granada 

China in México, Granadilla in El Salvador and Parcha in Venezuela. The fruit is orange in color with tiny 

spots when ripe. In contrast with the Passiflora edulis variety, the Granadilla shell is very hard around the 

peduncle making it difficult to cut with a knife. The fruitôs pulp is white and tasty, very sweet and not 

acid. Its smell is very sweet, evidence of readiness to eat. The objective was to establish conditions in 

which the activity of pecthynmethilsterase is at its lowest: compare hot water immersion and microwave 

thermal treatments, and evaluate the enzymeôs behavior for different treatment times. 
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Methodology 
 

The entire sweet Granadilla with shell was cooled in icy water, for at least an hour. Then, the pulp was 

extracted, discarding seeds; only the pulp was subject to thermal treatments. Samples of 40g± 5g were 

stored in individual plastic bags. Each treatment was executed three-fold.  

 

The traditional treatment was immersion in hot water at 85 °C during 5, 10, 30 or 45 s [3]. The microwave 

treatment involved the use of a 1200 watts and 2450 MHz oven for the same amount of time [4]. After the 

treatment, the samples were cooled in icy water, for half an hour. The pectinmethylsterase (PE) was 

extracted with saline 0.25 M with a pH lower than 8, the solution rested for an hour [1].  

 

Equivalent milligrams of hydrolyzed ester per minute per gram of enzyme were measured by titration, 

following the technique described next. We added 2 mL of NaCl 1.5M to 10 mL of pectin solution; then 

added a few drops of Hinton indicator and titrate at a pH of 7.5 with NaOH 0.02 N. The resulting solution 

was placed in a water bath at 30 °C. When the solution reached that temperature, the previously extracted 

enzyme was added along with water to reach 20 mL. Slowly added the alkali to the solution until it 

reached a pH of 7.5. The time and volume of the 0.02 N alkali used to reach the pH were registered. It 

took almost 10 min and between 1 and 3 mL of NaOH to yield 7.5 pH, in average for all samples. 

 

The results were expressed in units of pectin-methyl-esterase (PE U/g), comparable to equivalent 

milligrams of hydrolyzed ester per minute per gram of enzyme [5, 6]. 

 

 

 

 

Results and discussion 

 
The lowest pectinmethylsterase activity was achieved at the 30s of hot water immersion treatment. 

However, less and more time with this traditional treatment yielded higher activity of the enzyme. At 45s 

of hot water treatment, the enzymeôs activity increased greatly, as shown in Figure 1. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
These results showed improvement compared with the enzyme activity at room temperature without 

treatment. The inhibition was as high as 84% with 30 s in hot water treatment; and 52% better at 45 s with 

that same treatment although it was the treatmentôs worst result. 
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Figure 1. Traditional Treatment for Sweet Granadilla 
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In terms of the microwave thermal treatment, the results were not as good. Unfortunately, the treatment 

for all time intervals damaged the consistency of the samples. The high content of water in the sweet 

granadilla was consumed by the heat produced with microwaves. 

 

Still, the pectinmethylsterase activity was steadily reduced thru time. The highest inhibition took place at 

45 s of microwave treatment, as shown in Figure 2. Comparably, it was a 56% better compared with the 

PE activity at room temperature. At 50 s, the sample was destroyed.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 
The highest inhibition was achieved at 30 s of hot water treatment. The microwave treatment is not 

recommended due to the fruitôs high content of water and subsequent destruction. 

 

Conclusions 

 
Although the pectinmethylsterase activity steadily diminished with greater microwave treatment time, the 

sweet granadilla texture drastically changed. Besides, the highest inhibition of PE was obtained with hot 

water treatment. Both treatments showed better results for the enzyme compared with fruit without any 

treatment. 
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Abstract  

 

In the pharmaceutical industry, the lipophilization allows to change the hydrophilic/lypophilic balance of 

certain molecules, as the Non-Steroidal Anti-Inflammatory Drugs (NSAIDs), facilitating its vectorization 

to different target organs. A typical example is the esterification of the ketorolac acid function, which 

allows the cutaneous application of the drug, avoiding gastrointestinal lesions caused by the oral 

administration. Such reaction might be carried out by Carica papaya auto-immobilized biocatalysts with 

esterase/lipase activity, obtained from latex and petioles, by a simple washing treatment. The obtained 

biocatalysts: Lyophilized Latex (LL), Treated Lyophilized Latex (TLL), Treated Lyophilized Petioles 

(TLP) and Bagasse from Petioles (BP), were used for the (R,S)-butyl ketorolac (BK) synthesis in different 

reaction solvents at 50°C whose conversion of the reaction was determined by HPLC. Higher BK 

conversions were reached with the latex biocatalysts (26-86% conversion after 48h) in comparison to the 

petiole ones (14-24% conversion after 96h), using isooctane as reaction solvent. Afterwards, (R,S)-octyl 

ketorolac (OK) synthesis was assayed at the best reaction conditions and solely LL (60%) and BP (22%) 

were able to perform the esterification reaction. Interestingly, LL synthesized preferentially short alkyl 

chains esters (BK) over the long ones (OK), meanwhile BP synthesized both esters at similar rates. This 

fact suggests that Carica papaya biocatalysts may have different esterase/lipase activities with different 

selectivities. This work demonstrates that the CP biocatalysts are a potential alternative for supersede the 

chemical catalysts employed currently in the (R,S)-ketorolac esters synthesis. 

 

Keywords: Carica papaya, biocatalyst, esterase/lipase, esters, ketorolac. 

 

Introduction  
 

Carica papaya is a tropical plant from de Caricaceae family, its unripe fruits are rich in latex-producing 

cells called laticifers. This cells are composed of a water miscible and a non-water miscible phase, the first 

contains a wide rank of hydrolytic enzymes (e.g. proteases, chitinases, etc.) and several hydrophilic 

compounds (e.g. sugars, minerals, etc.), while the second one contains highly lipophilic enzymes (mainly 

esterases and lipases) which are strongly attached to a polyisoprenoid matrix [1, 2]. In particular, the 

hydrolytic activity of Carica papaya latex on medium-long chains triglycerides, as well as its properties as 

an auto-immobilized biocatalyst (sn-1,3 selectivity, enantioselectivity, among others) in organic synthesis, 

were formerly attributed to the lipase activity (commonly named as Carica papaya Lipase; CPL) [1, 3-5]. 

Nowadays, it is well known that those properties are due to at least one esterase and one lipase [1, 6]. On 

the other hand, prior studies showed that some hydrolytic activities are distributed at different proportions 

in the plant; for example the protease activity was found mostly in leaves, petioles and stem [7], while the 

lipase activity has been reported in seeds, fruit peels, meristems, leaves and petioles [8, 9]. These results 

strongly suggest that the esterase/lipase activity may also be an alternative source of new biocatalysts for 

the synthesis of esters of pharmaceutical interest.  

mailto:jcmateos@ciatej.net.mx
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In the pharmaceutical industry, the lipophilization of certain molecules such as anti-inflammatory drugs 

(NSAIDs) is very useful. It is documented that changing the hydrophilic/lipophilic balance of NSAIDs 

may help to vectorize the drug into the desired organ. A typical example is the esterification and 

amidation of the acid function of NSAIDs such as ketorolac, which allows the transcutaneous application 

of the drug avoiding the typical gastrointestinal damage caused by this kind of drugs when they are orally 

administered [10]. The synthesis of NSAID esters is generally accomplished by chemical catalysis under 

severe reaction conditions (i.e. high temperatures and pressures, use of strong acids or bases). Such 

reactions may be catalyzed by esterases or lipases in milder reaction conditions, thereby replacing the 

conventional chemical catalysts that may be toxic and unfriendly to the environment. Under the premise 

that Carica papaya latex has been used successfully for hydrolysis and synthesis of some NSAIDs esters 

with similar structure, such as naproxen [4, 11, 12], this work focused in the obtainment of new 

biocatalysts with esterase/lipase activity from different residues of Carica papaya, useful for the synthesis 

of ketorolac esters. 

 

Methods and materials 
 

1. Obtainment of Carica papaya biocatalysts. 

Latex was collected by making four longitudinal incisions along the unripe fruits and lyophilized to obtain 

the ñLyophilized Latexò (LL) biocatalyst. The ñTreated Lyophilized Latexò (TLL) biocatalyst was 

obtained after washing raw latex with distilled water at 4°C in a relation 1:7 (v/v), shaken vigorously, 

centrifuged at 8000 RPM at 4°C for 20 min and finally lyophilized. For the case of petioles, they were 

separated from C. papaya plants and milled with an industrial disks mill (EXMEX) to obtain a liquid 

extract and humid bagasse. The liquid extract from petioles was treated as TLL to obtain the ñTreated 

Lyophilized Petiolesò (TLP) biocatalyst. The remaining humid bagasse was dried in trays at room 

temperature, milled and sieved (mesh #30) to obtain the ñBagasse from Petiolesò (BP) biocatalyst. The 

washing treatment was repeated until no significant protease activity was detected in the supernatant. All 

latex biocatalysts and TLP were delipidated with an anhydrous mix of t-butanol:hexane 50:50 (v/v) at 4°C 

in a relation 1:150 (w/v). 

 

2. Determination of esterase/lipase activity by pH-stat method  

The esterase/lipase activity was determined by titrating during enzymatic hydrolysis the released fatty 

acids from tributyrin (TC4) and trioctanoin (TC8) emulsions with NaOH 0.1N. Assays were performed in 

a pH-stat GP Titrino (Metrohm®) at a constant pH value of 7.0 at 25°C, using a TrisïHCl 2.5mM and 

NaCl 150mM buffer. The spontaneous hydrolysis rate was taken into account for all substrates and 

biocatalyst used in the study. The activity was expressed in international units (U) by milligram of 

biocatalyst. One unit corresponds to 1µmol of fatty acid released by minute at the assay conditions. 

 

3. Chemical synthesis and purification of the ketorolac standards. 

The acid ketorolac was obtained after precipitation of ketorolac tromethamine (55mM) with HCl 1N. 

Butyl ketorolac (BK) and octyl ketorolac (OK) standards were synthesized by chemical means as follows: 

10mM acid ketorolac were mixed with 1.1 equivalent of 1,3-dicyclohexylcarbodiimide (22.6 mg, DCC) 

and 40mM of n-butanol or octanol in anhydrous dichloromethane. 4-dimethylaminopyridine (DMAP) at 

10% mol was used as catalyst. The reaction was maintained at constant magnetic stirring at 25°C for 24h. 

At the end of the reaction, the mixture of reaction was filtered using a 0.45µm nylon filter, washed with 

brine and finally with distilled water. The organic phase was concentrated, and the ester purified by 

column chromatography using hexane:ethyl acetate (90:10, v/v) as mobile phase. 

 

4. Synthesis of ketorolac esters by Carica papaya biocatalysts. 

Acid ketorolac (10mM) and alcohol (40mM) were placed in 1.5mL vials in the presence of 25mg of 

biocatalyst (only for BP 37.5 mg/mL) at 50°C in a final reaction volume of 1mL (using different solvents). 

For BK the solvents used were: iso-octane, hexane, toluene, di-isopropyl ether, t-butanol and 
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dichloromethane. For OK only the best reaction solvent was used. Candida antarctica and Candida 

rugosa lipases were used as positive controls of the reaction. Reactants and products were extracted from 

each vial using ethyl acetate:heptane (1:3, v/v), then evaporated and resuspended in the (HPLC) mobile 

phase for further analysis.  Reactions were monitored each 12h. All assays were performed by triplicate. 

 

5. Determination of synthesis conversion of ketorolac esters. 

All samples were filtered through a 0.45ɛm nylon membrane prior to injection. 30µL of each sample were 

injected into a Chiralpak ® AD-H (250 x 4.6mm) column from Chiral Technologies Europe (Strasbourg, 

France). A HPLC (UV detector VARIAN brand, operating system Galaxie ®) was used for the analysis, 

which was carried at 25°C and at a flow rate of 1mL/min. The mobile phase was hexane:2-propanol: 

trifluoroacetic acid (90:10:0.1, v/v/v). The detection of ketorolac and their esters was performed at 254nm. 

Conversions were estimated with their respective calibration curves (0.2-2.0mM). 

 

Results and discussion 
 

Esterase-lipase activity of Carica papaya biocatalysts. 

In a former work, it was demonstrated that latex and petioles form Carica papaya contained the highest 

esterase-lipase activity [9], hence in this study we focused only on this residues to generate four 

biocatalysts: Lyophilized Latex (LL), Treated Lyophilized Latex (TLL), Treated Lyophilized Petioles 

(TLP) and Baggase from Petioles (BP). The esterase-lipase activity of the four biocatalyst using tributyrin 

(TC4) and trioctanoin (TC8) as substrates is shown in Table 1. In most cases, the activity on both 

substrates did not present significant differences in comparison to a previous report [9], only the activity 

using TLL biocatalyst was 4 to 5 fold lower.  

Interestingly, TLL and TLP biocatalysts were enriched in TC4 hydrolytic activity and LL and BP in TC8 

hydrolytic activity ; remarking that LL and BP showed 6 and 10 fold higher hydrolysis towards TC8 than 

TC4 when compared with TLL and TLP. This result may suggest that different hydrolytic enzymes are 

present in the obtained biocatalyst (probably different lipases and esterases). 

 

Table 1. Esterase-lipase activity in Carica papaya biocatalysts. 
Biocatalysts TC4 activity TC8 activity TC8/TC4

x100
 

LL 4112 330 8 

TLL 12130 196 1.6 

TLP 1177 20 1.7 

BP 43 8.5 20 

Activity is expressed in U/g. TC4: Tributyrin; TC8: Trioctanoin; TC8/TC4: Relation between TC4/TC8 activity by 

100.  

 

Ketorolac esters synthesis with Carica papaya biocatalysts. 

Butyl ketorolac (BK) synthesis was realized in different organic solvents and the maximum conversions 

reached are summarized in Table 2. The most of the biocatalysts reached the maximum conversions when 

iso-octane was used as reaction solvent, similar to other reports for the synthesis of NSAIDs esters [13]. 

Only TLL and Candida rugosa lipase (CRL) reached the highest conversion in hexane (33 and 93%, 

respectively). In the case of Carica papaya biocatalysts, the highest conversion was reached with LL 

(86%) at 48h, this result is promissory because is only 7% smaller than the conversion obtained with 

Candida antarctica lipase B (CALB). Besides, the four biocatalysts were able to perform the synthesis in 

at least one hydrophilic solvent like di-isopropyl ether, dichloromethane and t-butanol, where many 

enzymatic reactions are complex [12]. It is worth noting that this important treat (activity in hydrophilic 

solvents) represents a technological advantage that allows the implementation of a continuous synthesis 

reactor, because ketorolac acid is completely soluble for example in dichloromethane. On the other hand, 

the yield between PL and BP were similar (conversion difference not superior to 10%), this probably 

suggests that in both biocatalysts (PL and BP) the same hydrolase performed the synthesis reaction, 



 156 

nevertheless, further studies are needed in order to confirm this hypothesis. Under the studied conditions, 

Carica papaya biocatalysts yields were similar or higher than those reported for ibuprofen and ketoprofen 

esters synthesis using microbial lipases (15 and 36% conversion) [13]. 

 

Finally, the (R, S) octyl ketorolac (OK) synthesis was assayed with all the Carica papaya biocatalysts in 

iso-octane. Surprisingly, only LL (60%, 48h) and BP (22%, 96h) were able to perform the OK synthesis. 

It is worth noting that these biocatalysts showed a significantly major TC8 hydrolytic activity proportion 

(Table 1). Therefore, these results could suggest that Carica papaya biocatalysts may have different 

esterase/lipase activities with different selectivities. Hence, in this work we demonstrated that Carica 

papaya biocatalysts are a very interesting and economical alternative for the implementation of clean 

processes for ketorolac esters synthesis. 

 

Table 2. Maximal conversion reached for the enzymatic synthesis of (R, S) butyl ketorolac. 

 Conversion (Mole %) 

Solvent LL(48h) TLL(12h) TLP(72h) BP(96h) CALB(4h) CRL(24h) 

Iso-octane 85.7 26.3 14.1 23.9 93 50 

Hexane 47.7 32.8 11.0 19.2 83 93 

Toluene 58.2 32.9 7.1 5.9 81 48 

Di-isopropyl ether 32.8 23.3 6.3 --- 66 --- 

Dichloromethane 4.5 7.8 --- 4.2 52 --- 

t- butanol 5.9 7.8 --- --- 89 --- 

---: Conversion was not detected 
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Introduction  

Sucrose or table sugar is obtained from sugar cane (1). It is a disaccharide formed from glucose 

and fructose, in order to be adsorbed in the small intestine, is needed sucrose hydrolysis. Sucrase 

is the name given to enzymes that catalyze sucrose hydrolysis; among these enzymes are sucrase 

Ŭ-glucosidase, sucrase-isomaltase and ɓ-fructofuranosidase (invertase). These enzymes are 

located in the brush border small intestine. When these enzymes are not secreted sucrose 

intolerance is produced (2). Sucrase deficiency produces an increase of disaccharides in intestine, 

causing diarrhea, nausea, abdominal distention, flatulence, malabsorption syndromes, 

malnutrition, and also can cause infantile hypercalcemia (1, 3). Medical recommendations are 

commonly related to eliminate sucrose intake of the diet (1) or oral administration of these 

enzymes. Invertase, as most of the enzymes, is a fragile molecule sensible to changes in ionic 

strength, temperature and pH (4). Considering pH variations on digestive system, invertase 

stability is needed, which can be achieved through immobilization technology (5). Many 

investigations have been focused on the support for invertase immobilization; among them are 

PVA, polyacrilamide, chitosan and cellulose (6).  In general, immobilization matrices such as 

cellulose improve stability of the bound enzyme (5). In the present study prickly pear peel fiber, 

which is an agricultural waste rich in cellulose (7), and Plantago fiber used normally as a dietary 

fiber supplement (8), were chosen as a carrier of invertase in order to develop an alimentary 

supplement for sucrose intolerance regulation. Properties of enzyme immobilized by adsorption 

and covalent procedures were compared, among them knetic constants, number of enzyme 

recycle, thermal and storage stability, and influence of pH on enzyme activity.  

Materials and Methods  
Plantago psyllium and prickly pear peel where used as supports for invertase immobilization. Commercial 

invertase (E 3.2.1.26, Sigma Co.) was applied.  For covalent immobilization, 0.01 g of both fibers (with 

particle size of 300 µm were oxidized with 0.15 M periodate at 30°C under agitation for 1 h in dark 

conditions (9). Treated fibers were washed 5 times with 2 ml of water and then incubated at 4°C with  2 

ml of invertase solution prepared in acetate buffer, pH 4.5, at 20 ɛg ml
-1
 during different incubation times 

(0, 0.6, 1, 2, and 3 h). After incubation, the fibers were washed 2 times with 22 ml of Tris-HCl buffer (50 

mM, pH 7). These washing wastes and residual enzyme solution were collected to be used for protein 

detection. Enzyme preparations were stored in acetate buffer (50 mM, pH 4.5) at 4°C prior to use. For 

adsorption immobilization, oxidation step was not carried out. The amount of immobilized protein was 

estimated as the difference between the amount of protein applied to the support and the amount of protein 

recovered in the supernatants and washings. The content of protein in solution was determined by 

Bradford method (10) using BSA as standard.  

Invertase activity was measured by dinitrosalicylic acid (DNS) method applied to determine the amount of 

reducing sugars produced in sucrose hydrolysis (11). One international unit (IU) of activity was defined as 

the amount of enzyme required to hydrolyze 1 µmol of sucrose per min at 37°C and pH 4.5. Free and 

immobilized invertase activity evaluation was performed at different pH (1-8) and sucrose concentration 

(0.05-0.35 M), after their pre-treatment at various temperatures (37-70°C), after repeated use of the same 



 160 

preparation, as well as during their storage at 4 °C. The highest value of enzyme activity in each assay was 

considered as 100%. 

 

Results and discussions 

 
Invertase immobilization. Results of monitoring of protein immobilized by different techniques on both 

carriers are presented in the Figure 1. The higher immobilization percentage at 88% on Plantago fiber and 

68% on prickly pear fiber was detected at 1 h and 2 h, respectively, in the case of adsorption process. This 

can be attributed to the capacity of fiber to retain molecules due free hydroxyl groups. As time passes, 

immobilization percentages decreased due to enzyme desorption (12). Mahmoud (13) reported invertase 

immobilization yields around 80% using materials with high cellulose content. Covalently immobilized 

invertase achieved the 85 % of bound protein at 3 h and 1 h for Plantago and prickly pear peel fiber, 

respectively (Fig 1).  

 

 
Fig. 1. Immobilization invertase kinetics on Plantago (left) and prickly pear peel (right) fibers through 

adsorption (Ads) and covalent (Cov) binding.  

 

In Plantago, higher enzymatic activities (3.88 IU/(g of support) and 4.1 IU/(g of support)) were detected 

at 3 h and 1 h, respectively for covalent and adsorption immobilizations. These results are correlated with 

immobilization percentages (Fig 1). On the other hand, in prickly pear peel, higher enzymatic activities 

were detected at 1 h: 3.3 IU/(g of support) for adsorption immobilization and 12.4 IU/(g of support) in 

covalent immobilization.  

 

Kinetic constants. To determine kinetic parameters (Km and Vmax) of enzymatic process, the effect of 

sucrose concentration of free and immobilized invertase activities were studied. Kinetic parameters were 

estimated from Lineweaver-Burk plots (Fig. 2). The apparent parameters Km and Vmax for free invertase 

were 1.002 M y 0.04 M min
-1
, respectively; for invertase immobilized by adsorption on Plantago fiber, the 

kinetic constants were 0.93 M y 0.032 M min
-1
, and 0.45 M y 0.017 M min

-1 
in prickly pear peel fiber, 

respectively. Decrease of Km may be signified an increase of enzyme affinity to substrate in the case of 

immobilization on prickly pear peel fiber. Processes catalyzed by invertase immobilized covalently in 

Plantago fiber and in prickly pear peel fiber were characterized by kinetic parameters: 17.14 M and 0.41 

M min
-1
, as well as 1.99 M and 0.058 M min

-1
, respectively. Km values of covalently bound enzyme were 

higher than for free invertase:  structural changes produced by the immobilization led to decrease of 

enzyme affinity to substrate (4). 

 

Effect of pH on invertase activity. The pH effect on the activity of free and immobilized invertase 

preparations was studied in pH between 1- 8. In both supports, for invertase immobilization by adsorption, 

the pH range with greater activity was extended from 2 to 7 (Fig 3). Thus, the invertase immobilized by 

adsorption displayed a wider range of optimum pH than free and covalently immobilized forms. 

Mahmoud (13) presented similar results for invertase immobilized by adsorption on sawdust, extending 
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higher enzymatic activity in a range of 3.6 ï 5.6. Covalent immobilization of invertase and invertase in 

free form showed greater activity at pH 4.5 and 5, respectively.  

  
 

Fig. 2. Lineweaver ï Burk plots for free enzyme (ö),invertase immobilized on Plantago (Ǐ) and on prickly 

pear peel (ȹ) fibers. Left, - immobilization by adsorption; right,- covalent immobilization. 

 

 

 
Fig. 3. Effect of pH on relative activity of free (F) and immobilized by adsorption (Ads) and covalently 

(Cov) on prickly pear peel (left) and Plantago (right) fibers. 

 

Thermal stability of free and immobilized invertase. Thermal stability of free and immobilized invertase 

were determined by measuring the residual activity of the enzyme exposed to different temperatures (37, 

50 and 70°C) in acetate buffer (50 mM, pH 4.5) for 180 min. The behavior of free and immobilized 

enzyme was similar in all studied cases (Fig. 4 and Fig. 5): invertase preserved its activity between 90 and 

100 % at 37 and 50°C, whereas at 70°C, invertase lost their initial activity after 30 min. The obtained 

results indicated that invertase thermal stability is not affected during immobilization process.  

 

 
Fig. 4. Thermostability of free invertase (L), and invertase immobilized covalently in Plantago (P) and 

prickly pear peel (T) fibers.  
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Fig. 5. Thermostability of free invertase (L), and invertase immobilized by adsorption in Plantago (P) and 

prickly pear peel (T) fibers.  

 

Re-using of immobilized invertase. The activity of immobilized invertase was tested by studying of its 

ability to hydrolyze sucrose in 15 cycles of reuse (Fig 6). Enzyme immobilized by adsorption on prickly 

pear peel fiber lost its activity since the second cycle, whereas invertase immobilized on Plantago fiber 

decreased its activity to 5% in the 15
th
 cycle. Covalently immobilized enzyme maintained 30% and 50% 

of its activity on prickly pear peel fiber and Plantago fiber, respectively, after 15 cycles of its application. 

 
Fig 6. Activity of invertase immobilized in Plantago (P) and prickly pear peel (T) fibers by covalent 

binding (Cov) and adsorption (Ads) at various cycles of its application. 

 

Storage stability. Most of the enzymes are not stable during storage in solution, therefore their activity 

reduced through the time. The storage stabilities of free enzyme and invertase immobilized on Plantago 

and prickly pear peel fiber are showed in Fig 7. Free and immobilized invertase preparations were kept in 

acetate buffer (50 mM, pH 4.5) at 4°C. Free enzyme lost 52% of activity within 30 days. On the other 

hand, invertase immobilized by adsorption lost its activity similarly to the free enzyme (Fig. 7, left). 

Covalently immobilized enzyme lost 6% during the same storage period (Fig. 7, right). Covalent 

immobilization increases storage stability of the enzyme probably due to fixing of its conformation (6). 

 

 
Figure 7. Storage stability of free (L) enzyme and invertase immobilized on Plantago (P) and prickly pear 

peel (T) fibers. Right, - covalent immobilization and left,- immobilization by adsorption. 
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Conclusion 
The obtained results demonstrate various advantage of invertase immobilization on  prickly pear peel and 

Plantago fibers, among them higher storage stability, activity in repeated cycles, in some case higher 

affinity to substrate, as well as wider range of optimum pH. Thus, studied natural fibers are good carriers 

for invertase immobilization that may be applied to design a sucrase deficiency treatment. Moreover, the 

use of prickly pear peel fiber as support is reported for the first time in the present study. 
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Abstract 
Phytases have been one of the focal enzymes for animal nutrition during the past two decades. In this 

work, the use of wheat bran as substrate for phytase production in Solid State Fermentation (SSF) was 

studied. In order to find the best fermentation conditions for phytase production using a laboratory strain 

indentified as Aspergillus niger, three different pretreatments (1: wheat bran without wash and autoclaved, 

2: wheat bran washed and autoclaved, and 3: wheat bran without wash and UV exposed for 2h); and two 

different impregnation media (A (g/L): sucrose 5, MnSO4 0.1, MgSO4 0.5, Fe2(SO4)2 0.1, KCl 0.5, yeast 

extract 2; and B (g/L): glucose 5, starch 5, MnSO4 0.1, MgSO4 0.5, Fe2(SO4)2 0.1, KCl 0.5, CaCl2 0.5, 

NH4NO3 2) were tested. Fermentations (pH 6.5, 60% moisture at 30°C) were carried out for 12 days in 15 

mL tubes containing 2.5 g of solid culture media (SCM). Subsequently, the best pretreatment and 

impregnation media were used to investigate the phytase production in column reactors containing 25 g of 

the formulated SCM, using two strains identified as Aspergillus niger and Aspergillus terreus. The 

fermentations (pH 6.5, 60% moisture at 30°C) were monitored for 8 days. The best fermentation 

conditions found using 15 mL tubes as reactor were: wheat bran without wash and UV exposed for 2h and 

culture media A; reaching a maximum phytase activity of 1.91±0.25 U/gdm (gram of dry matter) at 192h 

of fermentation. The other wheat bran pretreatments as well as culture media B do not present significant 

phytase activity. Maximum phytase activity reached using column reactors were: 4.2±0.71 U/gdm at 96h 

of culture for Aspergillus niger and 0.49±0.005 U/gdm at 96h for Aspergillus terreus. The use of 15 mL 

tubes fermentation system; show to be an easy and practical way to assay different fermentation 

conditions at the same time, obtaining rapid and reliable results. UV sterilization is an excellent process 

for using wheat bran as substrate for phytase production. Moreover the column reactors fermentation 

increased significantly the phytase productivity. The fermentation conditions obtained in this research can 

be used to find the best phytase producing strain for future experiments. 

 

(Keywords: Phytase, Solid State Fermentation, Wheat Bran.) 

 

Introduction  
Phytic acid (myo-inositolhexaphosphate) is a polyanionic chelating factor that form complexes with 

divalent cations of great nutritional importance (Ca
2+

, Mg
2+

, Zn
2+

, Cu
2+

, Fe
2+

 y Mn
2+

) [1-3], as well as 

protein and amino acids [4]. Phytic acid is an energy source and phosphorus store commonly found in 

cereals, legumes and oilseeds [5-7], these raw materials are used for animal feed production. Monogastric 

animals have a low content of phytate degrading enzymes [3-6], therefore their nutrition is altered due to 

the decrease of available nutrients in food. 

Enzymes that hydrolyze phytic acid are called phytases, which are a type of hydrolases from the 

phosphatases family, which posses phosphomonoesterase activity [6], they are capable of hydrolyze 

phytic acid producing orthophosphate releasing myo-inositol and a minor concentration of partial 

hydrolyzed phosphate esters [1, 2, 4, 7-9]. Phytases can be classified in order to their regioselectivity in 3 

(from microbial) and 6 (from plants) phytases, pH optima (alkaline or acid phytases) and catalytic 

mechanisms (histidine acid phosphatases, ß-propeller phytase, cysteine phosphatases or purple acid 

phosphatases) [10, 11]. 
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The industrial demand for phytases with high specific activity and stability under high temperature 

conditions for feed pellet production and under acidic conditions in the stomach of monogastric animals 

continues to stimulate the search for new enzyme sources [12]. Phytases are found naturally in plants and 

microorganisms, particularly fungi. Most of scientific work has been focused on Aspergillus spp. phytases 

due to their biochemical properties found. Aspergillus niger PhyA was the first well characterized and 

commercialized phytase, with two optimal pH at 2.5 and 5.0ï5.5, an optimal temperature at 55ï60°C, and 

high affinity for phytic acid [13]. Aspergillus fumigatus phytase shares a 66% sequence similarity with A. 

niger PhyA phytase, but displays better thermotolerance [14].  

Filamentous fungi require phosphorus to carry out oxidative phosphorylation, where the energy is 

obtained in NADH, FADH2 and ATP form, which is used for metabolic regulation and signal transduction 

pathways [15]. Thus, the use of a culture media containing phytic acid as sole phosphorus source may 

induce phytase production [16]. 

An alternative for phytase production is solid state fermentation (SSF), it offers several advantages over 

submerged fermentation (SmF), as hiperglycosylated proteins, making them more stable, higher yields and 

productivities [16-18]. 

Wheat bran is one of the agroindustrial residues most used in phytase production by SSF, due to their high 

phytic acid concentration (1-2%) compared to other residues [16]. It is important to give an adequate 

pretreatment to the residue in order to be used for phytase production avoiding contamination and 

preventing phytic acid hydrolysis [17]. 

In the present study, Filamentous fungi (164) belonging to CIATEJ collection, isolated from different 

agroindustrial wastes and unconventional environments (mescal, cocoa fermentation, coffee pulp, etc.), 

were grown in a media using phytic acid as sole source of carbon and phosphorus in order to find phytase 

producing candidates. A screening method using 15 mL tubes fermentation system was performed to 

assay different fermentation conditions at the same time, obtaining rapid and reliable results. Three 

different pretreatments for wheat bran and two different impregnation media where studied. Phyatse 

production was studied by solid state fermentation using two laboratory strains Aspergillus niger and 

Aspergillus terreus.  

 

Methods and materials 
Microorganisms and Inoculum Preparation 

Aspergillus niger and Aspergillus terreus selected from the CIATEJ collection, were identified by 

molecular techniques. These strains were cultivated in a medium using wheat bran as substrate, for 5 days 

at 30°C. Spores were collected with 50 mL of sterile distilled water containing 0.01% Tween-80.  

Inductor Substrate-Support Preparation 

Wheat bran was used as substrate-support for solid fermentation, with three different pretreatments: 1; 

wheat bran without wash and autoclaved, 2; wheat bran washed and autoclaved, and 3; wheat bran without 

wash and UV exposed for 2h, in order to study the pretreatment that favored phytase production. 

Impregnation Media 

Two different impregnation media were used; A (g/L): sucrose 5, MnSO4 0.1, MgSO4 0.5, Fe2(SO4)2 0.1, 

KCl 0.5, yeast extract 2; and B (g/L): glucose 5, starch 5, MnSO4 0.1, MgSO4 0.5, Fe2(SO4)2 0.1, KCl 0.5, 

CaCl2 0.5, NH4NO3 2), these media are commonly used for phytase production. 

Solid State Fermentation 

Fermentations were carried out with 2.5 g (15 ml tubes) and 12 g (column reactors) of wheat bran 

moistened with the corresponding impregnation media, cultures were incubated for 12 days at pH 6.5, 

60% moisture and 30°C, an inoculum of  3X10
7
 spores/gdm was used.  

Enzyme Extraction 

Enzyme extraction was carried out adding 5 mL (for 15 mL tubes) or 50 mL (for column reactors) of 

distilled water containing 0.1% (v/v) Tween-80 at the fermented solids. The mixture was shaken at 200 

rpm for 1 h at room temperature. Solid fermented was centrifuged at 5,000rpm for 20 min at 4°C. The 

supernatant was collected and used for enzyme assay. 

Enzyme Assay 
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Phytase activity was assayed according to Harland and Harland. One international unit of phytase was 

defined as the amount of enzyme required for releasing 1 ɛmol of inorganic phosphorus per minute at 

37°C and pH 5. Enzyme yield was expressed as U/gdm. 

 

Results 
 

Effect of wheat bran pretreatments and impregnation media on phytase production  

Three different pretreatments for wheat bran and two impregnation media were tested in order to improve 

phytase production, it was observed that pretreatment 3 (wheat bran without wash and UV exposed for 2 

h) and impregnation media A favored phytase production (Figure 1-A). In these conditions Aspergillus 

niger, known as a phytase producer, reached a maximum phytase activity of 1.91±0.25 U/gdm at 192 h of 

fermentation. The other wheat bran pretreatments as well as culture media B do not present significant 

phytase activity. Although these results were lower than the results found by Gunashree (2008) [2], 

reporting 66 U/gdm in SFF with a collection strain Aspergillus niger CFR335. This might be caused by 

different fermentation conditions, however, the study conducted in 15 mL tubes helped to find factors that 

favor phytase production in a shorter time. 

0

0.5

1

1.5

2

2.5

3

0 48 96 144 192 240 288

P
h

y
ta

s
e
 A

c
ti
v
it
y
 (
U

/g
D

M
)

Fermentation (h)

0

0.5

1

1.5

2

2.5

3

0 48 96 144 192 240 288

P
h

y
ta

s
e
 A

c
ti
v
it
y
 (
U

/g
D

M
)

Fermentation (h)

A) B)

 
Figure 1. Aspergillus niger fermentation using the three different pretreatments: 1 ( ); wheat bran without wash 

and autoclaved, 2 ( ); wheat bran washed and autoclaved, and 3 ( ); wheat bran without wash and UV 

exposed for 2h; and the two impregnation media: A) medium A and B) medium B. 

 

Phytase production in column Reactors 

Solid state fermentation in column reactors is known to be a good fermentative system in order to perform 

studies at laboratory scale [18]. Maximum phytase activity reached using column reactors were: 4.2±0.71 

U/gdm at 96 h of culture for Aspergillus niger and 0.49±0.005 U/gdm at 96 h for Aspergillus terreus 

(Figure 2). Compared to phytase activity obtained in 15 mL tubes, for Aspergillus niger activity was 2-

fold higher and was reached in a shorter time. 
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Figure 2. Phytse production in column reactors by Aspergillus niger ( ) and Aspergillus terreus ( ) using 

wheat bran as substrate-support and impregnation media A. 
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Conclusion 
The use of 15 mL tubes fermentation system; show to be an easy and practical way to assay different 

fermentation conditions at the same time, obtaining rapid and reliable results. UV sterilization is an 

excellent process for using wheat bran as substrate for phytase production. Moreover the column reactors 

fermentation increased significantly the phytase productivity. The fermentation conditions obtained in this 

research can be used to find the best phytase producing strain for future experiments. 
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Introduction  
 

Enzyme use is growing-up in different areas (food, pharmaceutical, etc.), specifically, proteases are one of 

the most important groups, having around of 25 % of total sales in enzyme business. In 1998 proteases 

represented 60% of world market with near of 1.5 billion dollars (Briones y Cortés, 2008). Beef meat and 

fish processing are one of the most important areas of use for proteases, being papain and bromelain the 

most useful in this field. Karatasina is a proteolytic enzyme contained in Bromelia karatas juice, and was 

discovered, described and studied for the first time ever by enzymology group of the Biotic Products 

Center (CEPROBI-IPN). This protease is an enzymatic complex formed by 8 isozymes with proteolytic 

activity, and with isoelectric points in the ranging from 3.4 to 10.4 (Briones et al., 2001). Karatasina 

recovery from B. karatas juice has been reported. In those works used separation strategies like: 

ammonium sulfate precipitation, two-phase extraction, chromatography, etc., being a common factor the 

low values of purification factor achieved (Zuñiga, 2010).  

Bruno et al (2003), obtained hieronimy I, protease extracted from fruits of Bromelia hieronymi. 

Purification consisted of fractionating with acetone and cation exchange chromatography on CM-

sepharose. The homogeneity of the enzyme was confirmed by isoelectric focusing and SDS-PAGE, 

resulting in a pI > 9.3 and molecular weight of 24 kDa, with a proteolytic activity of 90 % over that 

obtained initially before purify. Bruno et al (2003), using a similar strategy, obtained a different protease 

(MW = 23.4kDa) from the juice of B. hieronymi. They used anion exchange chromatography on Q-

sepharose, followed by cation exchange chromatography on SP-sepharose but with anion exchange 

chromatography on SP-sepharose, they called hieronimy II.  

Zuñiga (2010) apply the ammonium sulfate precipitation at different concentrations in combination with 

biphasic aqueous extraction (PEG-ammonium sulfate at different concentrations ratios) to purify 

karatasina from B. katarasa juice, obtaining a purification factor of 2.54 for better separation conditions. 

 

Materials and methods 
 

Experiment design 

Experiment design was a factorial 3
2
, two factors (pH and Ionic strength) and three levels for each factor, 

being a total of 9 combinations and a total of 18 experiments with repetitions.  

Extract conditioning 

Extracted juice from B. hemisphaerica was diluted with deionized water (ratio 1:6). Aliquots   (100 mL) 

were taken and adjusted to proposed conditions pH (3.5, 5.5 and 9) and ionic strength (without NaCl, 200 

and 50 mM of NaCl). 

Total protein quantification  
Total protein was determined by Bradford method. 0.5 mL of sample were taken and placed in a test tube 

with 1.5 mL of Bradford reagent. Mixture was stirred during one minute and allowed to incubate at room 

temperature for 15 minutes. Absorbances reading were performed at a 595 nm and data were correlated 

with a BSA standard curve (concentration between 0.1 to 1.0 mg-mL
-1
).  

Proteolytic activity quantification 
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Protease production was quantified by assessing proteolytic activity of the enzyme using Kunitz-Lowry 

method and a mathematical model that related optical density as a function of tyrosine concentration. 

Mathematical model used was: Y = 0.009X ï 0.026 (R
2
 = 0.995).  

Ultrafiltration Experiments  

Ultrafiltration test were conducted in a dead end cell (Amicon 8200) with volume of 180 mL. Regenerated 

cellulose membrane (31.67 cm
2
) was used. 70 mL of juice conditioned to the pH and ionic strength 

evaluated were placed into the cell and ultrafiltration was performed at a transmembrane pressure of 12 

psi for a time of 3 hours. After ultrafiltration, volumes of retentate and permeate were measured and taken 

a sample of 5 mL of each one to quantify selectivity (Y) and purification factor (P). 

Permeate flux determination 

As show in Figure 1, flux measurements were made using an analytical balance with SW32 data 

acquisition board and Win Wedge 32 program. This program export weight data to an Excel spreadsheet 

where data are converted to permeate flux. Experiments were carried out without stirring, at 25 °C and 

transmembrane pressure of 12 psi applied with compressed nitrogen. 

 
Figure 1.- Dead end ultrafiltration system 

Membrane characterization 

In order to evaluate losses of flux permeate due to clogging, as well as if membrane is able to recover its 

original flux to reuse it, was necessary characterizer the membranes. Once armed ultrafiltration system, 

cell was filled with deionized water and flux permeate was evaluated at 8 psi of pressure membrane during 

5 minutes. Water flux permeate measurements were made at 12, 16 and 20 psi. 

Loss permeate flux determination 

Once ultrafiltration finalize, membrane was removed from cell and putted into a crystallizing dish with 50 

mL of deionized water and stirred during 10 minutes. After this the membrane was drained, placed back in 

the ultrafiltration cell and filled with deionized water. Flux permeates was measured at membrane 

pressures of: 8, 12, 16 and 20 psi and compared with those obtained in the membrane characterization.    

Membrane enzymatic washes 

After determine loss permeate flux, membrane was placed in crystallizer dish with 400 mL of 10 % of 

Tergazyme (enzymatic soap) and stirred with heating (45 °C) during 10 minutes. After this membrane was 

placed back into ultrafiltration cell and passed the 400 mL of the enzymatic soap at 8 psi of membrane 

pressure, repeating this step three times (always at 43 °C ± 2).Finally passed 500 mL of deionized water at 

8 psi to remove residues of enzyme solution.  

Data analyses 

Ultrafiltration process analysis can be assessed using parameters such as selectivity and purification factor 

(Van Reis and Zydney, 2007). Selectivity (Y) is a dimensionless value defined by:  
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where S1 and S2 are separation coefficients observed for contaminant proteins and hemispherycin 

respectively, and CS and Cf are specific concentration in filtrate and feed respectively. 

Purification factor (P) for hemispherycin in retentate is defined as:  

( )
( )

( )
( )

i1

F1

i2

F2

VC

VC
VC

VC

P=  

where V is work volume, C1 and C2 are concentration of contaminant proteins and hemispherycin 

respectively, and susxcripts I and F correspond to beginning and ending respectively. 

 

Results and discussion 
 

Selectivity (Y), purification factor (P) and permeate flux at steady state (JSS) obtained at evaluated 

conditions. In these we can see that under the conditions tested, there is no significant effect of pH and 

ionic strength on the Y values, that is, separation capacity according to the proteolytic activity remains 

constant. This could be because hemispherycin is an enzymatic complex, composed of five proteolytic 

isoenzymes, whose isoelectric points are within a range from 3 to 9, being evaluated conditions favorable 

to any of the isoenzymes, keeping the proteolytic capacity ratio between the retentate and the permeate 

with the amount of contaminant solutes (mainly sugars and other proteins).  

Otherwise, it can be observed a significant effect from pH and ionic strength over purification factor (P) 

and the steady-state flux (JSS). With respect to P values, presence of NaCl generally has a negative effect, 

obtaining the best values of P in absence of NaCl for all pH values tested. On the other hand, increase of 

ionic strength generally affects positively the JSS values. 

Table 1.- Selectivity values (Y) Purification factor (P) and permeate flux (JSS) obtained in the 

ultrafiltration of the extract of B. hemisphaerica to partially purify the hemispherycin at different 

conditions of pH and ionic strength. 

pH   Ionic strength [mM NaCl] 

0 50 200 

3.5 

Ɋ[--] 0.981 0.998 1.001 

P[times] 1.560 1.024 0.948 

Jss[L-m
-2

-hr
-1

] 3.123 5.131 5.482 

5.45 

Ɋ[--] 0.989 0.994 1.000 

P[times] 1.356 1.227 0.975 

Jss[L-m
-2

-hr
-1

] 5.002 4.194 6.779 

9 

Ɋ[--] 0.998 1.003 0.998 

P[times] 1.092 0.851 1.140 

Jss[L-m
-2

-hr
-1

] 6.318 6.563 6.866 

 
Table 2 shows results of process resistances: Mechanics (RM), Total (RT) of polarization layer (RP) and 

adsorbed protein (RA). As can be observe, amount of adsorbed protein is minimal because RA and RM 

values have a same magnitude order, indicating a very low affinity between membrane and proteins, 

which brings benefits to the process, because protein lost is minimum. In general there is no significant 

effect of pH and ionic strength in behavior of the resistances. 
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Table 2. - Values of process resistance: Mechanical (RM), Total (RT), polarization (RP) and adsorption 

(RA) obtained in the ultrafiltration of the extract of B. hemisphaerica to partially purify of hemispherycin 

at different conditions of pH and ionic strength. 

      Ionic Strength [mM NaCl] 

pH     0 50 200 

3.5 RM  1.35E+08  2.41E+08  2.41E+08  

RT  2.78E+10  3.20E+10  1.03E+11  

RA  1.47E+08  2.48E+08  2.60E+08  

RP  2.75E+10  3.15E+10  1.03E+11  

5.45 RM  2.81E+08  2.41E+08  2.41E+08  

RT  5.30E+10  2.33E+10  3.12E+10  

RA  3.46E+08  2.64E+08  2.72E+08  

RP  5.24E+10  2.28E+10  3.07E+10  

9 RM  2.81E+08  2.41E+08 2.41E+08 

RT  1.71E+10  1.60E+10 2.17E+10 

RA  3.01E+08  2.49E+08 2.60E+08 

RP  1.65E+10  1.55E+10 2.12E+10 

 

Conclusions 
 

Changes in pH and ionic strength within the range evaluated do not have a significant effect on selectivity 

and resistances calculated, however, it has a significant effect on the purification factor. Otherwise, 

purification factor values increase with decreasing concentration of NaCl, while the permeate flux 

increases with increasing concentration of NaCl. 
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Abstract 
 

Phytases have been one of the focal enzymes for animal nutrition and human health during the past two 

decades. In order to study typical agroindustrial residues used in animal feed as potential inducers for 

phytase production in Solid State Fermentation (SSF), a methodology to quantify phytic acid in solids was 

implemented. The agroindustrial residues used for this study were: agave bagasse, sugarcane bagasse, 

coffe husk, corn husk, cottonseed meal, wheat straw and wheat bran. Bartlett (1959) technique for phytic 

acid extraction and Haug-Lantzsch (1983) for phytic acid quantification were implemented. Three 

different acids were assayed for phytic acid extraction (3% HCl, 5% H2SO4 and 10% trichloroacetic acid) 

using 1:20 (w/v) ratio for 1 h at   30°C. The acid showing the best extraction results was used for further 

studies to improve the phytic acid extraction conditions. Three acid concentrations (0.2M, 0.6M and 1M); 

temperatures (25°C, 50°C, and 100°C) and weigh/volume ratios (1:5, 1:10 and 1:20) were tested. Solid 

state fermentations were carried out for 8 days, pH 6.5, 60% moisture and 30°C, using polyurethane as 

inert support and a laboratory strain indentified as Aspergillus niger. Only, three agroindustrial residues 

(corn husk, cottonseed meal and wheat bran) showed a considerable phytic acid content (approximately 

0.5%) using 3% HCl for extraction. The best conditions for extracting phytic acid were: 0.2M of HCl, 

25°C and 1:20 ratio for the three agroindustrial residues, finding 0.57 %, 0.45 % and 0.67 % of phytic acid 

for corn husk, cottonseed meal and wheat bran, respectively. The three extracts obtained were assayed as 

inducers for phytase production in SSF. The maximum phytase activity reached was 0.39±0.09 U/gDM 

(grams of dry matter) at 24 h of fermentation using a wheat bran extract as inducer, followed by corn husk 

extract with 0.35±0.01 U/gDM at 24 h of fermentation; cottonseed meal extract used as SSF inducer, does 

not present significant phytase activity. It was possible to implement a quantification methodology for 

phytic acid in agroindustrial residues and the extracts obtained proved their potential as inducers in 

phytase production. 

 

(Keywords: Phytic Acid, Agroindustrial Residues, Phytase) 
 

Introduction  
 

Phytic acid (PA) (myo-inositol hexa-phosphoric acid, IP6) is the most abundant phosphorus storage form 

in seeds, legumes and cereals, it may account for more than 60-90% of the total phosphorus (P) [1]. In 

these plants, phytate is approximately between 1% and 2% of the total plant weight. In terms of location, 

phytic acid in legumes and seeds is uniformly distributed in the cotyledon and associated to protein 

structures [2]. In cereals is found predominantly in the external aleurone layer. 

Phytate chelates mineral cations as well as proteins and amino acids, is therefore considered to be an 

antinutritional factor [3]. Animal food is elaborated using cereals, seeds and legumes as row material, 

therefore monogastric or single stomach species cannot utilize P in phytic acid because they do not 

possess sufficient levels of phytic acid-degrading enzymes in their digestive tract. Traditionally, the 

limited bioavailability of plant phosphate was compensated by adding inorganic feed phosphates in animal 
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rations. This led to increasing phosphate contamination known as eutrophication. To solve this problem 

phytic acid-degrading enzymes are added, known as phytases.  

Phytases are hydrolases from phosphatases family with phosphomonoesterase activity [4], capable of 

hydrolyze phytic acid producing orthophosphate, partial hydrolyzed phosphate esters and releasing myo-

inositol [5-10]. Phytases can be classified in order to their regioselectivity in 3 (from microbial) and 6 

(from plants) phytases [10]. Microbial phytases are used for commercial applications, obtained generally 

from fungus due to their biochemical properties. Fungal phytases can be produced by solid state 

fermentation (SSF) due to its potential compared to submerged fermentation (SmF), obtaining less 

contamination, cheaper process, using agroindustrial residues as substrate-support [11]. 

Researches has been focused in phytase production from agroindustrial residues rich in phytic acid, but 

phytic acid extracts from row material have not been used as inducers. 

Analytical determination of phytate levels in feed raw materials is considered ñprimitiveò, since most 

methods for photometrical determination of phytate are based on indirect measurements (inositol 

phosphate) or establishment of stoichiometric ratio between phytate and some cations easy to determine 

with a direct tool. Several methods have been published for phytate quantification. Most of them (Bartlett, 

1959) with acidic extraction carried out with HCl, H2SO4, or trichloroacetic acid with different 

concentrations and extraction times, followed by precipitation with Fe
3+

 [12]. Unprecipitated ferric ions 

are determined by spectrophotometry. The difference between initial and remaining ferric ion 

concentration is then used to calculate phytate concentration. Acid extraction is preferable, because raw 

materials such as wheat might contain high levels of endogenous phytase, which could degrade phytate if 

allowed. A well-known photometrical phytate method is the protocol developed by Haug and Lantzsch 

that uses 2,2ǋ-bipyridine as a complexing chromogenic agent to quantify ferric ions [13]. 
In the present study phytic acid extracts were obtained from agroindustrial residues: agave bagasse (AB), 

sugarcane bagasse (SB), coffe husk (CFH), corn husk (CH), cottonseed meal (CM), wheat straw (WS) and 

wheat bran (WB). The Haug-Lantzsch modified method was used for quantification. Subsequently phytic 

acid extracts were tested as inducers for phytase production by solid state fermentation. 

 

Methods and materials 
 

Phytic acid extraction 

Agave bagasse, sugarcane bagasse, coffe husk, corn husk, cottonseed meal, wheat straw and wheat bran, 

were ground and sieved on 40 net. Phytic acid extraction was performed according to Bartlett (1959) [12]: 

20 mL of diluted acid (3% HCl, 5% H2SO4 and 10% trichloroacetic acid) were added to one gram of raw 

material (dry) and incubated for 1 h at 30°C and 200 rpm. Supernatant was recovered by centrifugation 

(4000 rpm, 15 min) and used for phytic acid quantification. 

The acid showing the best extraction results was used for further studies to improve the phytic acid 

extraction conditions. Three concentrations (0.2M, 0.6M and 1M); temperatures (25°C, 50°C, and 100°C) 

and weigh/volume ratios (1:5, 1:10 and 1:20) were tested. 

Phytic acid quantification 

Phytic acid quantification was implemented according to Haug-Lantzsch (1983) with modifications [13]. 

0.5 mL of sample (supernatant for the extraction process) were added to 1 mL of ferric solution (0.2 g of 

ferric ammonium sulfate dissolved in 100 mL of concentrated HCL graduated with water to 1000 mL). 

The mixture was heated to boiling for 30 min and then cooled with ice for 10 min. 0.5 mL of the solution 

were added to 1 mL 2,2ô-bipyridine solution (1g 2,2-bipyridine plus 1 mL of thioglycolic acid and 

graduated with water to 100 mL). Absorbance of the mixture was read at 519 nm. The same procedure 

was applied to construct a calibration curve using phytic acid (0-1 g/L) as standard. 

Solid State Fermentation 

Aspergillus niger, a strain indentified by molecular techniques in our laboratory, was cultivated in a 

medium using wheat bran as substrate for 5 days at 30°C. Spores were collected with 50 mL of sterile 

distilled water containing 0.01% Tween-80. Polyurethane was used as inert support, 0.8 g were moistened 

with 0.12 mL of impregnation media: phytic acid extract, mineral salt solution ((g/L): sucrose 5, MnSO4 
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0.1, MgSO4 0.5, Fe2(SO4)2 0.1, KCl 0.5, yeast extract 2) and inoculum (3X10
7
 spores/gDM). Fermentation 

was carried out in column reactors for 8 days, pH 6.5, 60% moisture and 30°C. 

Enzyme extraction 

Enzyme extraction from 1.4 g of fermented solids was carried out by adding 3.6 mL of distilled water, 

containing 0.1% (v/v) Tween-80, and shaken at 200 rpm for 1 h at room temperature. Fermented solid was 

then centrifuged at 5,000rpm for 20 min at 4°C. The supernatant was collected and used for enzyme assay. 

Enzyme Assay 

Phytase activity was assayed according to Harland and Harland. One international unit of phytase was 

defined as the amount of enzyme required for releasing 1 ɛmol of inorganic phosphorus per minute at 

37°C temperature and pH 5. Enzyme yield was expressed as U/gDM (gram dry matter). 

 

Results 
Phytic acid content 

Corn husk, cottonseed meal and wheat bran showed a considerable phytic acid content (approximately 

0.5%), while in the rest of agroindustrial residues tested, phytic acid was undetectable. The best phytic 

acid extraction was reached with 3% of HCl. In the other hand, when H2SO4 and trichloroacetic acid were 

used, low phytic acid extraction was achieved. This result differs from those of Hatzack (2008) [1], that 

found thrichloroacetic acid as the best acid for phytic acid extraction. Further studies to improve phytic 

acid extraction were carried out. The best conditions for extracting phytic acid were: 0.2M of HCl, 25°C 

and 1:20 ratio (residue:acid) for the three agroindustrial residues tested, finding 0.57% (567 mg PA/gM), 

0.45% (447 mg PA/gM) and 0.67% (665 mg PA/gM) of phytic acid for corn husk, cottonseed meal and 

wheat bran, respectively. Phytic acid extraction reached in wheat bran was 10-fold greater than that 

reported previously (58.39 mg PA/gM) by Hatzack (2008) [1]. Proposed modifications to Bartlett (1959) 

[12] technique were promising for phytic acid extraction in solid agroindustrial residues, finding higher 

phytic acid extraction. 
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Figure 1. Ratio (residue/acid) (w/v) for phytic acid extraction in agroindustrial residues. Extractions were carried out 

with 0.2M of HCl at 25°C, for 1 hour at 200rpm. Where      is 1:20 ratio;      is 1:10 ratio;      is 1:5 ratio. 

 

Phytase production in SSF 

Three phytic acid extracts (corn husk, cottonseed meal and wheat bran) were assayed as inducers for 

phytase production in SSF using polyurethane as inert support. The maximum phytase activity reached 

was 0.39±0.09 U/gDM at 24 h of fermentation using a wheat bran extract as inducer, followed by corn 

husk extract with 0.35±0.01 U/gDM at 24 h of fermentation. Cottonseed meal extract used as SSF inducer, 

does not induce a significant phytase activity. Phytase production reached was 6-fold higher than the 

obtained for Ríos (2008) [14] (0.06 U/gDM) in SSF with a collection strain of Aspergillus ficuum DSM 

932, this might be due to fermentation conditions (mineral media) used by the author, 20 g of glucose as 

carbon source, which is reported to repress phytase production [15]. However the phytase activity in this 

study was lower compared to phytase activity reported by Gunashree (2008), for a collection strain of 

Aspergillus niger CFR335 (66 U/gDM) [6]. The higher activity is probably due to the different phytase 

activity technique used for quantification, besides the authors improved the conditions for phytase 

production. Phytic acid extracts proved their potential as inducers for phytase production in SSF. 
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Figure 2. Effect of phytic acid extracts on phytase production by Aspergillus niger in SSF. Where , phytic acid; 

, cottonseed meal; , corn husk; and , wheat bran. 

 

Conclusion 

 
It was possible to improve a phytic acid extraction and quantification methodology to be used in 

agroindustrial residues. The extracts obtained proved their potential as inducers in phytase production by 

SSF using polyurethane as inert support. 
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Introduction  
Lipases (EC 3.1.1.3) catalyze the hydrolysis of triglycerides to fatty acids and glycerol, and under certain 

conditionscatalyze other chemical reactions different than hydrolysis, as esterification, interesterification, 

alcoholysis, acidolysis and aminolysis [1]. These enzymes are widely distributed in nature, and can be 

obtained from microorganisms, plants and animals [2]. In recent years, the interest in these enzymes has 

been increasing due to its numerous catalytic properties. This has caused to become them to essential 

catalysts for different applications, such as in the food industry, for textile, detersive, trash, medical, 

cosmetic, environmental treatments and design of biosensors [3]. Discovery of new microorganisms 

producing lipases and the search for the precise conditions for their production is very important for any of 

the above applications. This paper aims to select, characterize and produce lipase from Aspergillusniger 

by submerged fermentation. 

 

Materials and methods 
 

The microorganisms used for this study were 12', HSF 14', 7A1 and 17.1 of Aspergillusniger strainsfrom a 

microbial strain collection (U. A. deC.). 

Determination of lipase activity in plate 

To select fungi strains, the method of triglyceride hydrolysis in presence of Rhodamine B dye was 

employed[4]. Plates were preparedwithrhodamine B (0.01% w/v), potatodextrose agar (15 g/L), gum 

arabic (1g/L)and olive oil (3% w/v). The plates were inoculated and incubated at 25°C for 7 days. The 

lipase production was evidenced by the formation of a fluorescent orange halo when the plates were 

irradiated with UV light at 350 nm. 

Lipase production by submerged fermentation 

A medium used for submerged fermentation contained (g/L): 12 NaH2PO4, KH2PO4 2, MgSO4.7 H2O 0.3, 

CaCl2 0.25,sucrose (2%) as carbon source, and2 % of olive oil (in suspension with Span 80), as inductor 

and carbon source. The initial pH was adjusted to 6. The inoculum was applied at 1 x 10
6
 spores/ml,and 

the culture was grown at 25 °C and 120 rpm for 60 hours. 

Collection and concentration of the crude enzyme 

Fungal cultures were vacuum filtered and then centrifuged at 12 000 rpm for 5 min. The obtained 

supernatants were considered as crude lipaseextracts and were stored at 4 °C. Forenzyme concentration 

Amicon ® Ultra tubes-4 with 50 and 30 kDa membranes were used, considering thatthe enzyme 

molecular weight is approximately 35 kDa. The tubes were centrifuged at 3000 rpm for 15 min in a 

refrigerated centrifuge at 4ºC. Enzymatic activity was evaluated in all obtained fractions. 

Characterization of lipase obtained by Aspergillusnigersubmerged fermentation 

Lipase activity was determined using the method of hydrolysis of p-nitrophenyl propionate applied as 

enzyme substrate [1]. To define pH effect on enzyme activity, the reaction was carried out in different 

buffers: 0.05 M sodium acetate for pH 5, 0.05 M sodium phosphate for 6 and7, as well as 0.05 M sodium 

carbonate for pH 8, 9 and 10. The effect of temperature on lipase activity was studied by performing the 

enzymatic reaction at different temperatures from 20 to 70 ° C. 
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The influence of pH on the stability of the enzyme was studied by exposure of the lipase to the previously 

obtained optimum pH at 37 ° C for 4 h, while the influence of temperature on the stability of the lipase 

was performed by incubating the enzyme at the optimum temperature for 4 h. Every hour lipase activity 

was measured and the residual activity was determined. 
 

Results and discussion 
Figure 1 presents evidence of results obtained for lipase-producing capacity evaluation by four 

Aspergillusnigerstrains. Fluorescence was observed in all strains after 48 h of incubation. This is a 

qualitative quick method to demonstrate enzyme production. Some authors suggest that the fluorescence is 

due to the formation of a complex between the cationic rhodaminedye and uranyl ion of fatty acids [5]. 

The fluorescent halos were more evident for the strains identified as 12 'and HSF 14'. 

 
Figure 1.Fungal growth on potato dextrose agar/rhodamine Bmedium,supplemented witholive oil as inductor and 

carbon source. Orange fluorescent halos revealed by UV light irradiation were detected in all strains and were more 

intense in the case of strains identified as HSF 14 'and 12'. 

Lipase production by the Aspergillus niger  strain for submerged fermentation  

Four strains of Aspergillusniger (12´, HSF 14´, 7A1, 17.1)were evaluated on their ability to produce the 

enzyme lipase for submerged fermentation.The highest levels of lipase activity were observed at different 

times for different strains: for strain 17.1 after 24 h of incubation had 14.54 IU/ml, for strains 12' and HSF 

14' at after 48 h obtained 16.26 IU/ml and 16.83 IU / ml, respectively, andfor strain 7A1 reached 14.83 

IU/ml after 36 h of growth (Figure 2). 

 
Figure 2. Production of lipase from four A.niger strains in submerged fermentation using sucrose as source 

carbon and olive oil as inducer at 25 °C and 120 rpm for 60 hours  



 183 

Lipase activity levels detected in submerged fermentation assay on present study were significantly 

superior than reported by other authors for several strains of A. niger[2, 6, 7]. The higher level of enzyme 

activity could be explained by considering the simple modifications performed with medium composition: 

an extra source of carbon (sucrose) was applied, as well as the inductor (olive oil) was introduced in 

suspension with Span 80, which allowed a better homogeneity of the system. 

Therefore, it can be concluded that the 4 strains of A. niger can be considered as excellent lipases 

producersunder conditions of submerged fermentation. However, for the purposes of this study only the 

strain with highest level of enzymatic activity (strainHSF 14') was selected for its followed 

characterization. 

Lipase characterization  
Partial purification of enzyme was carried out by means of ultrafiltration assisted by centrifugation. The 

enzymatic activity was detected only in fraction corresponded to protein with molecular weight higher 

than 30kDa, but less than 50 kDa. It is according with reports indicating that molecular weight of lipase 

from different Aspergillus strains is near 35 kDa [1, 3].   

A summary of the purification procedure was shown in Table 1. The detected lipase in the supernatant 

fraction of the 50 kDamembrane,was purified 1.61-fold with 63.79% recovery; and the detected lipase in 

the precipitate fraction of the 30 kDa membrane, was purified 2.09-fold and 76.73% recovery. 

 

Table 1.Purification of a lipase from Aspergillusniger 

 

Figure 3 (a) presents the results of pH effect on lipase activity. The highest enzyme activity was detected 
at pH 7-8. Thus, the optimum pH for lipase of studied A. niger is similar to the reported for lipase from 

Aspergillusfumigatus [8,9], Aeromonasand Bacillussp [10]. 

Figure 3 (b) demonstrates that the greatest lipase activity is in a range between 50 and 70 ° C. This means 

that the enzyme is thermostable since it supports high temperatures. The optimum temperature (60 ° C) 

was similar to reported for lipase from A.niger[11, 12]. 

 
Figure 3. Influence of the pH (a) and temperature (b) on the activity of lipase produced by AspergillusnigerHSF 14'. 

 

Step Total protein 

(mg/ml) 

Total activity 

(UI/ml) 

Specificactivity 

(UI/mg) 

Purification 

factor (fold) 

Yield(%) 

Crudeenzyme 0.02888 33.09 0.21 1 100 

Supernatant of 50 

kDa 

0.01613 21.11 0.34 1.619047619 63.79570867 

Precipitate of 30 

kDa 

0.00995 25.39 0.44 2.095238095 76.73012995 
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Figure 4 (a), shows the profile for stability of the lipase in function of optimal pH. We appreciate that the 

activity decreases to 50% approximately in 4 hours. The profile for stability in function of optimum 

temperature is observed in Figure 4 (b). We can see that the activity decreases to 58% approximately in 4 

hours. Both the profile of stability against the pH of lipase of A. niger as the temperature were very similar 

to those reported for other lipases of fungal origin[12]. 

 

 

 

 

 

 

 

 

 

Figure 4. Stability of lipase of A. nigerHSF 14' (a) at optimum pH and (b) at optimum temperature. 

 

Conclusions 
 

All Aspergillusnigerstrains previously isolated from the semi-desert of Coahuila, Mexico, were able to 

produce lipase in plate with medium, as well as in submerged fermentation. Due to highest enzyme 

activity, the strain ofAspergillusniger, HSF 14, was selected as good lipase producer. The molecular 

weight of enzyme is in the range from 30 to 50 kDa, the optimum pH is in the range from 7 to 8, and the 

optimum temperature is 60°C approximately. The optimum pH and temperature doesn´t affect the enzyme 

stability.The strain Aspergillusniger HSF 14 may be consider as new source of thermostable enzyme. 
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Introduction  

Bovine b-lactoglobulin (b-lg) is the major whey protein, composing up to 50% of whey proteins and 12% 

of whole cow milk proteins (1,2). Each b-lg monomer consists of 162 amino acids with a mass of 

approximately 18.3 kDa. The secondary structure of b-lg is composed of eight up and down antiparallel b-

strands that form a calyx (3) followed by a three-turn a-helix and ending with a b-strand (4). Although its 

biological function is uncertain (5-9), b-lg has been the subject of numerous studies because of its 

abundance, ease of purification and ability to bind small hydrophobic ligands, such as fatty acids, retinol 

and peptides (7,10-12). 

Many studies have attempted to establish the ligand-binding site of b-lg (7), and despite remaining 

uncertainty, two potential binding sites have been postulated for small hydrophobic molecules: one inside 

the calyx and the other at the outer surface of the protein between the a-helix and the b-barrel (3,13). 

Recent studies have shown that in addition to binding small polar and non-polar ligands, b-lactoglobulin 

can also bind to Kluyveromyceslactisb-galactosidase (KLb-gal), increasing its activity (14,15). It has 

recently been reported that the interaction between these proteins is likely to occur through lysine e-amino 

groups of b-lg, and studies using molecular docking of the monomer and succinic anhydride as a model 

ligand for the protein showed that the interactions between b-lg and KLb-gal may occur specifically 

through Lys
138 

(15). 

The oligomeric association and dissociation behavior of b-lg has been widely studied through different 

experimental techniques. Bovine b-lgoligomeric states change as a function of pH, a phenomenon known 

as Tandford transitions (16). At room temperature and pH values below 4.0 and above 5.2, the protein 

consists predominantly of monomers and dimers. At approximately pH 4.7, larger oligomeric structures, 

such as octamers, are formed (1). At approximately pH 6.8, which is the pH of cowôs milk, b-lg exists as a 

dimer (16). 

It has been determined that the interactions of b-lg with hydrophobic molecules occurs through the 

internal calyx of the protein (17,18); however, this mechanism cannot explain interactions with a large 

protein, such as KLb-gal, suggesting that the interactions should occur through an exposed region of the 

protein. Few studies have reported this type of interaction, and there is limited information regarding the 

possible interaction sites or mechanisms. Under most experimental conditions, bovine b-lg exists as a 

dimer; therefore, this work aimed to compare the probable interaction sites of the dimer with the 

interaction site previously reported for the monomer (15). The molecular docking of the b-lactoglobulin 

dimer with lactose and succinic anhydride was performed to determine the probable binding site of the b-

lactoglobulin dimer with K. lactisb-galactosidase. 

 

Methods and Materials 
Three-Dimensional Modeling 

A three-dimensional (3D) bovine ɓ-lactoglobulin dimer model was built with PyMOL software 

(DeLanoScientific, 2009) using the X-ray diffraction coordinates of a bovine ɓ-lactoglobulin triclinic 
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crystal grown at pH 6.5 and at 1.8 Å resolution in the Protein Data Bank (PDB) database (PDB ID: 1BEB) 

(7). 

 

Molecular Docking 

Blind docking was performed to estimate the binding energies between all of the ɓ-lg dimer amino acid 

residues and lactose or succinic anhydride using AutoDock 3.05 software (The Scripps Research Institute, 

2006). The runs were submitted at 25ºC and clustered at a range of RMSD of 5 Å. The 3D models for 

lactose and succinic anhydride were constructed at the Dundee PRODRG2 Server site 

(http://davapc1.bioch.dundee.ac.uk/programs/prodrg/) 

 

Results and Discussion 

A 3D model of the b-lg dimer was built to study the exposure and the possible steric hindrance of the 

different lysines in the molecule during interactions with lactose, succinic anhydride and/or another 

protein (Figure 1). Potential b-lg binding sites for small hydrophobic molecules have been studied and 

have been shown to be located in highly hydrophobic regions of the monomer (17-20). The binding site 

may vary as the dimer is formed, but it is always located in the same region of the protein, as shown in 

Figure 1,whereas the binding site of small charged molecules appears to be nonspecific (7,21). Lysine e-

amino groups are some of the most exposed and reactive residues in b-lg, with Lys
47

 and Lys
138

 being the 

most exposed (22). It has also been reported that the lactolation of b-lg occurs through lysine, specifically 

Lys
47

 (23,24). 

 

 
Figure 1.The dimer of bovine b-lactoglobulin showing potential hydrophobic binding sites (calyx and outer surface) 

and reactive lysines. 

 

Although the function of b-lg has not been well established, its probable function as a transporter protein 

has led to many studies focused on determining the binding sites of b-lg for different ligands. Most ligand-

protein interaction studies have been performed under conditions involving the dimeric state of b-lg; 

however, the techniques for determining the ligand-binding sites require the digestion of b-lg and, 

therefore, the loss of the dimer. Because the interactions in many studies occur under conditions in which 

the dimer is formed and because of the difficulty in determining binding sites without hydrolyzing the 

protein, the blind docking of the b-lg dimer with lactose and succinic anhydride was performed to 

compare the probable binding site of the dimer with those reported for the monomer and hydrolysates.  

The docking results for lactose and the b-lg dimer (Figure 2) showed that Lys
138

 and Lys
141

 were the 

amino acids with the most favorable interaction energy at pH 7.0 (FDE=-3.30 kcal mol
-1
) and thus the 

most probable residues to interact with lactose. Because a high variation in binding sites has been found, it 

was recently proposed that ligand exchange among different sites of b-lg might occur in solution and that 

http://davapc1.bioch.dundee.ac.uk/programs/prodrg/
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Lys
138

 and Lys
141

 are involved in such phenomena (18). Our results agree with this finding, but it is 

remarkable that the molecular docking showed that among all of the amino acids involved in the 

interactions, Lys
138

 and Lys
141

 had the same docking energy, but they corresponded to different monomers 

(Figure 2). This result suggests that the dimeric state of b-lg is important for the interaction because both 

residues are required. This result may also explain the variation in binding sites found by other authors 

when hydrolysates are used because upon hydrolysis, the ligand may remain in either monomer. 

 

 
Figure 2.Molecular docking of lactose and the dimer of b-lactoglobulin showing the interaction of lactose with 

Lys
141

 of one b-lactoglobulin monomer (left) and Lys
138

 of the other b-lactoglobulin monomer (right). 

 

Léonil et al. (23) reported for the first time a binding site for the lactolation of b-lg. Binding occurring 

only through lysines suggests the importance of b-lge-amino groups in reactions in which a nucleophilic 

attack must occur between an amino group and an electrophile, such as lactose. As shown in Figure 2, in 

addition to binding to Lys
138

 and Lys
141

, lactose forms hydrogen bonds with other nearby exposed amino 

acids of both monomers. This binding may strengthen the interaction by approaching and stabilizing 

lactose in a claw-like structure so that nucleophilic attack can occur. The stabilization of lactose can 

explain experimental evidence of the strong and stable interactions found between b-lg and larger 

proteins, such as KLb-gal, in which b-lge-amino groups of exposed regions of the protein are involved 

(14,15). 

 
Figure 3. Molecular docking of succinic anhydride (SA) and the dimer of b-lactoglobulin showing the interaction of 

lactose with Lys
141

 of one b-lactoglobulin monomer (left) and Lys
138

 of the other b-lactoglobulin monomer (right). 

 

To determine the region in which nucleophilic attack would occur in the b-lg dimer, succinic anhydride 

(SA) was used as a stronger electrophile for docking studies. Similar to lactose, Lys
138

 and Lys
141

 were the 
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amino acids with the most favorable interaction energy at pH 7.0 (FDE=-3.11 kcal mol
-1
) and thus the 

most probable residues to interact with SA (Figure 3) via the same mechanism proposed for lactose, in 

which the ligand is stabilized by a claw-like structure forming hydrogen bonds with nearby amino acids. 

Our results suggest that in addition to being a highly electrophilic region, Lys
138

 of one b-lg monomer and 

Lys
141

 of the other monomer may be specific binding sites for electrophilic molecules. 
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Introduction  
Kluyveromyceslactis ɓ-galactosidase(KLb-gal) is by far the most important commercial lactase used in 

the dairy industry. Several reports have established that the presence of some proteins in the reaction 

medium may affect the activity of ɓ-gal (1, 2). Jiménez-Guzmán et al. (3) studied the effect of whey 

proteins in ɓ-gal activity and demonstrated that the activity of Kluyveromyceslactis ɓ-gal increased when 

it was measured in the presence of either ɓ-lactoglobulin (ɓ-lg) or bovine serum albumin; this finding is 

particularly interesting since these proteins are available in milk and whey, which are the natural reaction 

media for this enzyme in dairy processing. 

Recent studies have demonstrated that b-lactoglobulin (b-lg), the major whey protein in cow milk, 

enhaces lactase activity up to 230% by binding to KLb-gal through lysine e-amino groups probably 

involving Lysine
138

 of b-lg(3, 4). It is well known that b-lg monomers can associate to form different 

oligomeric structures and then dissociate into the monomers as a function of pH by the phenomenon 

known as Trandford Transitions (5). It has been found by different experimental techniques that at room 

temperature and pH values below 4.0 and above 5.2 the protein consists predominantly of monomers and 

dimers. Larger oligomeric structures as octamers are formed at around pH 4.7 (6). At pH 6.8, which is 

cowôs milk pH, b-lg exists as a dimer (5). It has been recently reported that b-lg dimmer can interact with 

electrophilic molecules such as lactose and succinic anhydride and that the dimer formation of b-

lactoglobulin is necessary to strengthen these interactions due to the participation of Lysine
138

 of one of b-

lg monomers and Lys
141

 of the other. Since b-lg interactions with KLb-gal occur through e-amino groups, 

it is very likely that the region of b-lg dimmer involved in the interaction with electrophilic molecules may 

be the same involved in the interaction with KLb-gal. 

Although there is few information on KLb-gal structure, in 2005 Tello-Solis et al. (7) found by circular 

dichroism that KLb-gal is mainly a b-type protein consisting of 22% turns, 14% parallel b-sheet, 25% 

antiparallel b-sheet, 34% unordered structure and only 5% a-helix, they also showed that there is a 

structure-activity relationship as a function of pH. 

This work aimed to study the effect of pH on the interaction of b-lactoglobulin with 

Kluyveromyceslactisb-galactosidase and its effect on enzymatic activity since both, structure-activity 

relationship of KLb-gal and dimer formation of b-lg are pH dependent. 

 

Methods and Materials 
 

Enzyme Activity Measurement 

The source of KLb-gal was a commercial enzyme preparation, Maxilact LX-5000, (Gist Brocades, Delft, 

The Netherlands). All reactions were carried out at 37°C by dilution of 1:400 of Maxilact LX-5000 into 

0.05 M phosphate buffer at pH values of 6.0, 6.5, 7.0, 7.5, 8.0 and 8.5. A solution of 0.034 M ortho-nitro-

phenyl-b-D-galactoside (ONPG) (Sigma Chemical Co. St. Louis MO, USA) was used as substrate, and 
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enzyme activity was measured spectrophotometrically at 410 nm on the basis of ortho-nitro-phenol (ONP) 

release after mixing 0.2 mL of ONPG solution with 0.1 mL of enzyme solution in 2.7 mL of phosphate 

buffer at each pH value. The hydrolysis rate (vo) for each pH value was calculated from the linear portion 

of data of ONP production versus time. One enzyme unit (U) was defined as the amount of enzyme that 

hydrolyses 1 mmol of substrate (ONPG) in 1 min at 37°C and the corresponding pH (6.0, 6.5, 7.0, 7.5, 8.0 

or 8.5). Specific activity was calculated dividing the enzyme units by the protein concentration of the 

sample determined according to Lowry, Rosegrough, Farr, & Randall (8). 

KLb-Gal activity of Maxilact LX-5000 was also measured in the presence of 0.3 mg/mL of native b-lg, at 

different pH (6.0, 6.5, 7.0, 7.5, 8.0 and 8.5).  

 

Protein-Enzyme Interaction 

Affinity chromatography was used to determine b-lg interaction with KLb-gal using aEupergit (Röhm 

GmbH & Co. Darmstadt, Germany) support with immobilized b-lg at pH 6.0, 6.5, 7.0, 7.5, 8.0 and 8.5. 

Immobilization was performed following the instructions of the producer. Controls without ligand were 

prepared at each pH by blocking the active oxyrane groups of the support with glycine. After 

immobilization, the amount of immobilized protein was calculated through the difference between the 

protein in solution before and after interacting with the support the efficiency of immobilization was 

0.640, 0.634, 0.687, 0.712 0.699 and 0.705 mmol/gsupport at pH 6.0, 6.5, 7.0, 7.5, 8.0 and 8.5, respectively.   

Maxilact LX-5000was used as the KLb-gal sample. Samples were prepared to have a concentration 

according to a molar ratio of 0.05 molb-gal/molimmobilizedb-lg for each pH. Immobilized ligands and the 

controls were allowed to interact with b-gal by directly adding 0.1 g of support with immobilized ligands 

to 3 mL of KLb-gal sample and shaking for 1 h, then the supernatant was separated from the support by 

centrifugation, and its specific activity was measured using ONPG as a substrate. 

 

Statistical Analyses. 

Each experiment was performed three times. Data were analyzed by means of a variance test (ANOVA); 

in some cases, a Tukey test was performed. All statistical analyses were carried out using the statistical 

analysis software Statistica 5.0 (Stat Soft, Tulsa OK, USA), with p < 0.05 used as a threshold of statistical 

significance. 

 

Results and Discussion 
 

Figure 1 shows the variation of ONPG hydrolysis rate (vo) by KLb-gal as a function of pH. It was 

observed that lactase activity is low at around pH 6.0 and 8.5 consistent with that reported by Tello et al. 

(7) and Kim, Lim, & Kim (9). The maximum vo was found at pH 7.5, and activity variation found at 

different pH values from 6.0 to 8.5 is consistent with that reported by Tello et al. (7) who found an 

important increase in lactase activity when pH changed from 6.5 to 7.0 and suggested that pH changes 

cause small modifications in KLb-gal secondary structure and that the increase in enzyme activity is 

mostly caused by small local changes in structure such as the charges in some residues. Furthermore, 

when pH increases from 7.0 to 7.5 (Figure 1) hydrolysis rate reaches its maximum, suggesting that this 

change in pH may cause an important modification on KLb-gal secondary structure and thus a 

considerable increase in lactase activity.  
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Figure 1. Effect of pH on ONPG hydrolysis rate (vo) by KLb-gal and on the effect of b-lg on KLb-gal activity 

 

When lactase activity was measured in the presence of 0.3 mg/mL b-lg at different pH values (Figure 1) 

an increase in vo was observed at pH between 6.5 ï 8.0 (Ŭ < 0.0002), confirming that the presence of b-lg 

enhances lactase activity as reported by Jiménez-Guzmán et al. (3) and Del Moral et al. (4). At pH values 

of 6.0 and 8.5 b-lg did not activate KLb-gal (Ŭ > 0.05) showing that the activation effect is dependent on 

pH. Optimum pH, at which the maximum activity was reached, shifted from 7.5 to 7.0 in the presence of 

b-lg. 

Some reports establish the activating effect of some whey proteins such as b-lg or bovine serum albumin 

on KLb-gal activity (3, 10). Jiménez-Guzman et al (3) suggested that this effect could be related to the 

ability of the protein to bind to the enzyme. It is very likely that as pH changes, charges in the residues of 

b-lg are modified, changing the proteinôs ability to bind to the enzyme. In order to study the effect of pH 

on the interaction of b-lg with KLb-gal, affinity chromatography was performed at different pH values 

immobilizing ɓ-lg on Eupergit, and allowing the immobilized protein to interact with a solution of 

Maxilact LX5000 at different pH values. A control for each pH was used in which no protein was 

immobilized, but the reactive groups of the resin were blocked with glycine.  

 

 
Figure 2.Effect of pH on the interaction between ɓ-lg and KLb-gal determined by affinity chromatography. 
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The specific activity of the control was not significantly different from that of the initial lactase solution at 

any of the pH values tested (Ŭ > 0.05 for all cases) meaning that lactase was not specifically bound to the 

support without protein (Figure 2). When the same solution of lactase (Maxilact LX5000), containing 

eight proteins visible by electrophoresis, was mixed with the support containing ɓ-lg as ligand, it was 

observed that at pH 6.0 and 8.5 the specific activity of the supernatant remained the same as that of the 

control (Ŭ= 0.9794 and 0.5430 for pH 6.0 and 8.5 respectively) demonstrating that at these pH values, 

there is no specific interaction between ɓ-lg and KLb-gal. At pH between 6.5 and 8.0 the specific activity 

of the enzyme solution that interacted with immobilized ɓ-lg changed significantly with respect to the 

control (support without ligand, Ŭ<0.00033 in all cases), reaching a maximum diminution of 70% at pH 

7.0 showing a specific interaction between ɓ-lg and KLb-gal, which decreased as pH increased further 

more. This suggests that KLb-gal bound specifically to ɓ-lg and that the interaction was favored at pH 7.0. 

At pHs below or above 7.0, the interaction gradually decreased until it was not observable at pH 6.0 or 

8.5. When comparing the changes on the activation caused by pH with the changes on the interactions 

between ɓ-lg and KLb-gal (Figure 3), a direct correlation was observed: as the interaction between ɓ-lg 

and KLb-gal is stronger the activation increases.  

 

 
Figure 3.Relationship between the activating effect of ɓ-lg and its interaction with KLb-gal. 

 

Tello et al (7) established that small changes in KLb-gal structure may cause significant changes in 

enzymeôs activity. Mbuyi-Kalala, Schnek, &Léonis (11) reported that b-galactosidase activity is 

influenced by some ionizable groups, prototropic groups and by conformational changes. Jurado, 

Camacho, &Luzón (12) reported that the effect of pH on lactase activity is usually described by a kinetic 

model which involves the dissociation of one or two protons in b-gal. Although KLb-gal has its most 

stable conformation at pH 7.0 (7) this is not the conformational state at which it reaches the highest 

activity which is at pH 7.5 (Figure 1) and in which conformational changes caused by pH variation may 

leave the active site more accessible to the substrate, increasing enzyme activity. The interaction between 

KLb-gal and b-lg could cause a structural change on the enzyme leading to the exposure of the active site 

and thus a more active conformation. 

 

Many studies have attempted to establish the ligand-binding site of b-lg (13) and despite of remaining 

uncertain, two potential binding sites have been postulated for hydrophobic and small molecules: one 

inside the calyx and the other at the outer surface of the protein between the a-helix and the b-barrel (14, 

15). Jiménez-Guzmán et al., (3) and Del Moral-Ramírez, et al. (4)showed that besides binding small, polar 

and non-polar ligands, b-lactoglobulin can also bind to Kluyveromyceslactisb-galactosidase increasing its 
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activity and that the interaction between these proteins is very likely to occur through lysine e-amino 

groups of b-lg, more specifically Lys
138

.  

Sawyer, Kontopidis, & Wu (16) reported that lysine, tyrosine and tryptophan residues show a variable 

reactivity that is dependent on the media, and that Cysteine
121

 (Cys
121

) has a free thiol group with a 

reactivity that is dependent on pH and structural changes that take place at pH values from 6 to 8. 

 

It has also been reported that the quaternary structure of b-lg undergoes structural changes when pH is 

modified (6). At pH 6.0 and 8.5 at which no activation or interaction with KLb-gal was observed, ɓ-lg 

exists as a monomer, while between 6.5 and 8.0 where both interaction and activation were observed, it 

exists as a dimer, showing that the dimeric state of ɓ-lg is essential for both the interaction and the 

activation of the enzyme.  

 

In buffer solution, as pH approximates 7.5 the most active conformation of KLb-gal is reached (Figure 1); 

however, in the presence of the b-lg dimer the interaction between both proteins could help to reach an 

even more active conformation of KLb-gal, shifting the optimum pH from 7.5 in the absence of b-lg to 7.0 

in the presence of the protein and achieving a rate of hydrolysis significantly higher (Ŭ = 0.00018) than the 

one obtained in the optimum pH in the absence of b-lg (142% activation with respect to optimum pH in 

buffer solution), suggesting that at this pH b-lg promotes the KLb-gal conformational state in which the 

active site is more accessible to the substrate. 
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Introduction  
Among several microbial lactases, Kluyveromyceslactisɓ-galactosidase (KLɓ-gal) is by far the most 

important commercial lactase used in the dairy industry (1-3). KLb-gal is mainly a b-type protein 

consisting of 22% turns, 14% parallel b-sheet, 25% antiparallel b-sheet, 34% unordered structure and only 

5% a-helix (4). Enzymatic hydrolysis of lactose glycosidic bond by b-galactosidase takes place via 

general acid catalysis that requires two critical residues: a nucleophile and a proton donor, which in most 

b-galactosidases is the same amino acid residue, glutamic acid (5). Kluyveromyceslactisɓ-galactosidase 

has two glutamic acids (Glu
482

 and Glu
551

) as the proton donor and the nucleophile at the same time in the 

enzymatic reaction (5). 

Several reports have established that the presence of some proteins in the reaction medium may affect the 

activity of KLɓ-gal. Jiménez-Guzmán et al. (6) studied the effect of whey proteins in KLɓ-gal activity and 

demonstrated that the activity of this lactase increased when it was measured in the presence of either ɓ-

lactoglobulin (ɓ-lg) or bovine serum albumin; this finding is particularly interesting since these proteins 

are available in milk and whey, which are the natural reaction media for this enzyme in dairy processing. 

Affinity chromatography assays demonstrated that KLɓ-gal bound specifically to b-lg, resulting in 

enzyme activation (6). Several reports have established that the most reactive groups of ɓ-lg are lysine Ů-

amino groups (6-8) and that blocking these groups with either lactose (lactolation) or succinic anhydride 

results in the loss of the binding capacity of the protein to the enzyme and therefore its activating effect (6-

8).Since the interactions of b-lg with KLb-gal occur through e-amino groups, it is very likely that the 

region of b-lg involved in the interaction with electrophilic molecules may be the same involved in the 

interaction with KLb-gal via electrophilic groups such as the side-carboxyl groups of the enzyme.  

The aim of this work was to determine the role of the side-carboxyl groups of Kluyveromyceslactisɓ-

galactosidase on both the interaction with ɓ-lg and the activating effect. 

 

Methods and Materials 
 

Kluyveromyceslactisb-galactosidase three-dimensional modeling 

Kluyveromyceslactisb-galactosidase three-dimensional (3D) model was built by homology modeling with 

Modeller v9.2 software (9-12). The template corresponded to X-ray diffraction coordinates of E.colib-

galactosidase A chains (PDB ID: 1JZ7 and 1JZ8) (13) at 1.5 Å (E=9x10
-125

 and E=3x10
-124

 respectively) 

with a 48% of homology. The best model had a DOPE of -103795.781 kJ/mol. 

Molecular docking 

Blind docking was performed to estimate the binding energies between all KLb-gal amino acid residues 

and lactose or lysine using AutoDock 3.05 software (The Scripps Research Institute, 2006). The runs were 

submitted at 25ºC and were clustered at a range of RMSD of 2 Å. The 3D models for lactose and lysine 

were drawn at The Dundee PRODRG2 Server site (http://davapc1.bioch.dundee.ac.uk/programs/prodrg/). 

Kluyveromyceslactisb-galactosidase esterification  
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Methyl alcohol blocks gradually and specifically the side-chain carboxyl groups of KLb-gal. Maxilact LX 

5000 containing 461.92 mgprotein/mL was used as source of KLb-gal. An alcoholic solution of methyl 

alcohol (Sigma Chemical Co., St. Louis, MO, USA) containing 1% protein and 0.05 N hydrochloric acid 

(Sigma Chemical Co., St. Louis, MO, USA) was prepared. The mixture was left under vigorous agitation 

for two hours at room temperature according to Fraenkel-Conrat&Olcott(14). Samples of KLb-gal ester 

derivatives were taken at the beginning of reaction (E0), after 1 hour (E1) and two hours (E2) of reaction; 

they were centrifuged for 5 minutes and diluted with deionized, distilled water and cold dialized against 

HCl for 4 hours.  In order to determine the degree of esterification, a general method to quantify carboxyl 

groups of proteins employing the formation of a colored hydroxamate-ferric ion complex was used 

according to Halpin& Richardson (15). Absorbance of the hydroxamate-ferricioncomplex was measured 

spectrophotometically at 475 nm within 30 min. An equimolar concentration of KLb-gal served as blank. 

L-Glutamic acid g-monoethyl ester (Sigma Chemical Co., St. Louis, MO, USA) was used to prepare a 

standard curve for molar absorption of the ferric ion-hydroxamate complex, using the foregoing 

procedure. The blank contained an equimolar amount of L-glutamic acid (Sigma Chemical Co., St. Louis, 

MO, USA) treated in the same manner as the corresponding ester. 

Enzyme activity measurement 

Maxilact LX-5000 was used as source of KLb-gal (Gist Brocades, Delft, The Netherlands). All reactions 

were carried out at 37°C by dilution of 1:10000 of Maxilact LX-5000 or ester derivatives (E0, E1 and E2) 

into 0.05 M phosphate buffer at pH 7.0. A solution of 0.034 M ortho-nitro-phenyl-b-D-galactoside 

(ONPG) (Sigma Chemical Co. St. Louis MO, USA) was used as substrate, and enzyme activity was 

measured spectrophotometrically at 410 nm on the basis of ortho-nitro-phenol (ONP) release. The 

hydrolysis rate (vo) was calculated from the linear portion of data of ONP production versus time. One 

enzyme unit (U) was defined as the amount of enzyme that hydrolyses 1 mmol of substrate (ONPG) in 1 

min at 37°C and pH 7.0. Specific activity was calculated dividing the enzyme units by the protein 

concentration of the sample determined according to Bradford (16). 

In order to evaluate the activating effect of b-lg, activity was determined in the presence of 0.3 mg/mL 

b-lg. 

Protein-enzyme interaction 

Affinity chromatography was used to determine b-lg interaction with KLb-gal using anEupergit (Röhm 

GmbH & Co. Darmstadt, Germany) support with immobilized b-lg at pH 7.0. Immobilization was 

performed following the instructions of the producer. Controls for each derivative without ligand were 

prepared by blocking the active oxyrane groups of the support with glycine. After immobilization, the 

amount of immobilized protein was calculated through the difference between the protein in solution 

before and after interacting with the support, the efficiency of immobilization was 1.6568 mmolb-lg/gsupport 

at pH 7.0. 

 

Derivatives E0 and E1 were used as the KLb-gal samples, prepared to have a concentration according to a 

molar ratio of 0.05 molb-gal/molimmobilizedb-lg. Immobilized ligand and the controls were allowed to interact 

with b-gal by directly adding 0.1 g of support with immobilized ligands to 1.5 mL of KLb-gal samples and 

shaking for 30 min, then the supernatant was separated from the support by centrifugation and its activity 

was measured using ONPG as substrate. 

Statistical Analyses. 

Each experiment was performed three times. Data were analyzed by means of a variance test (ANOVA); 

in some cases, a Tukey test was performed. All statistical analyses were carried out using the statistical 

analysis software Statistica 5.0 (Stat Soft, Tulsa OK, USA), with p < 0.05 used as a threshold of statistical 

significance. 

 

Results and Discussion 
Recent studies have demonstrated that b-lactoglobulin (b-lg), the major whey protein in cow milk, 

enhances lactase activity up to 230% by binding to KLb-gal through lysine e-amino groups, probably 
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involving Lysine
138

 of b-lg(6-8) and suggesting that the interaction mechanism might be via the 

nucleophilic attack of Lys
138

 of b-lg to an electrophile group in KLb-gal.   

In order to study how KLb-gal would interact with nucleophiles such as lactose, lysine and/or other 

protein, a 3D model of KLb-gal was built using the X-ray diffraction coordinates of E.colib-galactosidase 

A chains (PDB ID: 1JZ7 and 1JZ8) as template (13).  

Blind docking of KLb-gal with lactose showed that the amino acids with the most favorable interaction 

energy at pH 7.0 were Glu
482

 and Glu
551

 (FDE= -4.82 kcal/mol) which are consistent with the catalytic 

sites reported for KLb-gal (5). 

Since Lys
138

 of ɓ-lg has been suggested to be the amino acid most likely responsible for the interaction 

between KLb-gal and ɓ-lg, blind docking of KLb-gal with lysine was performed, and 250 possible 

binding sites were displayed. It has been reported that at pH 7.0, which is the pH at which our studies were 

performed, KLb-gal exists as a dimmer (4), because of this, a 3D model of the KLb-gal dimer was built in 

order to select the possible amino acids interacting with lysine (Figure 1). The selection criteria for the 

possible interaction site of KLb-gal with lysine were based on the most favorable binding energy as well 

as on the exclusion of those amino acids located at the dimer interface and those of the catalytic site, 

which due to steric hindrance, or the loss of enzyme activity would clearly not be available to interact with 

another protein. With these selecting criteria, Glu
592

 was found to be the most probable interaction site 

with lysine (FDE= -4.55 kcal/mol).  

 

 
Figure 1.Probable interaction site of lysine with KLb-gal dimer. Glu

592
 (pale spheres at the top) is far from the 

catalytic site (dark spheres at the bottom) and is highly exposed. 

 

It is well known that carboxyl groups of proteins can be chemically modified through gradual 

esterification with alcohols of low molecular weight by adding low concentrations of hydrogen ions (0.02 

to 0.1 M) to catalyze the reaction in mild conditions (15, 17). Kluyveromyceslactisb-galactosidase has 157 

esterificable groups per monomer (156 combined glutamic acid and aspartic acid residues and 1 carboxyl 

end group). In order to determine the role of side-carboxyl groups of KLb-gal in the interaction with ɓ-lg, 

KLb-gal carboxyl groups were blocked by gradual esterification for 1 (E1) or 2 (E2) hours. A sample was 

taken immediately after mixing all reagents (E0) in order to discard the effect of the reagents in lactase 

activity.  

Esterification was followed according to Halpin& Richardson (15) to determine the degree of side-

carboxyl groups blocked in the different esterified derivatives. After 1 and 2 hours of reaction, 3.9% and 

16.5% of carboxyl groups of KLb-gal were esterified respectively. It is very likely that after 1 hour, the 

first side-chain carboxyl groups to be esterified were those most reactive and exposed, thus the most 

probable to interact with b-lg. According to the results of the blind docking, such exposed and thus 

reactive side-carboxyl group in KLb-gal, could be Glu
592

 (Figure 1).  

Activity of KLb-gal ester derivatives obtained at 1 and 2 hours of esterification (E1 and E2) was measured 

to ensure that the enzyme was still active after the esterification process. It was observed that activity 
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significantly decreased after 1 hour of reaction (Ŭ=0.007) and completely disappeared after 2 hours; 

because of this, E2 was excluded of all further experiments. As reported by (5), Kluyveromyceslactisɓ-

galactosidase has Glu
482

 and Glu
551

 at its catalytic site, it is very likely that after 2 hours of esterification 

these residues were esterified and thus activity was lost.  

Jiménez-Guzmán et al. (6) demonstrated that the activating effect of ɓ-lg could be due to the interaction of 

ɓ-lg with KLɓ-gal. In order to study the effect of KLb-gal side-carboxyl groups in the interaction with ɓ-

lg, the capacity of KLb-gal ester derivative (E1) to bind to immobilized ɓ-lg was compared with that of 

unesterified KLb-gal (E0) through affinity chromatography. 

Interaction tests were performed immobilizing ɓ-lg on Eupergit, and allowing the esterified derivatives 

(E0 and E1) to interact with the immobilized ligand. In order to discard unspecific interactions, a control 

for each derivative (CE0 or CE1) was used in which no ɓ-lg was immobilized, but the reactive oxyran 

groups of the resin were blocked with glycine.  

Specific activity relates the activity ratio to the amount of protein present in a given sample, and therefore 

helps to establish the proportion of enzyme among other contaminating proteins; when the interaction with 

the ligand is unspecific any of the proteins may be bound to the support, but their proportions in the 

eluting mixture would not change; on the other hand, if there were a specific interaction between one 

protein (in this case KLɓ-gal) and the ligand, its proportion in the eluting mixture would decrease. Results 

showed that the specific activity of the control was not significantly different from that of the initial KLɓ-

gal solution (Ŭ = 0.1483 and 0.2841 for CE0 and CE1 respectively) meaning that KLɓ-gal was not 

specifically bound to the support without protein (Figure 2). When E0 was allowed to interact with the 

immobilized ɓ-lg, lactase activity of the supernatant significantly decreased (Ŭ = 0.03) with respect to the 

control, suggesting that while the carboxyl groups of KLɓ-gal are not esterified, there is still a specific 

interaction between KLɓ-gal and ɓ-lg. On the other hand, when E1 (containing the esterified KLɓ-gal) 

was allowed to interact with immobilized ɓ-lg specific activity of the supernatant remained the same as in 

the control (Figure 2, Ŭ = 0.061), suggesting that when the carboxyl groups of KLɓ-gal were blocked by 

the esterification, its ability to bind to ɓ-lg was lost.   

 

 
Figure 2. Specific activity of KLb-gal in esterified derivatives (E0 and E1) after affinity chromatography with 

immobilized b-lg. Initial refers to the specific activity in the solution before affinity chromatography; control refers 

to the specific activity obtained when no ligand was immobilized in the support; b-lg refers to the specific activity 

obtained after affinity chromatography with immobilized b-lg. 

 

In order to evaluate the effect of KLɓ-gal esterification in its activation by ɓ-lg, lactase activity of the 

esterified derivatives (E0 and E1) was determined in the presence of 0.3 mg/mL ɓ-lg (Figure 3). Results 

showed that when KLɓ-gal is not esterified (E0), the presence of ɓ-lg in the reaction media induces a 

significant activation of the enzyme (18.75%, Ŭ=0.0254) which is in accordance with Jiménez-Guzmán et 

al (6) and Del Moral-Ram²rez et al (8) who had reported an important activation of this enzyme by ɓ-lg. 

On the other hand, when KLɓ-gal was esterified (E1), the presence of ɓ-lg did not induce any significant 
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activation of the enzyme (Ŭ=0.4808), suggesting that the availability of carboxyl groups of KLɓ-gal is 

essential for the activation. 

 

 
Figure 3.Effect of ɓ-lg on the activity of esterified (E1) and non-esterified (E0) derivatives of KLb-gal. 

 

When comparing the changes on the activation caused by esterification of KLɓ-gal with the changes on 

the interactions between ɓ-lg and KLb-gal a direct correlation was observed: as long as ɓ-lg may interact 

with KLb-gal its activating effect is observable.Tello-Solis et al. (4) established that small changes in 

KLb-gal structure may cause significant changes in enzymeôs activity; these changes may be induced by 

different factors, such as pH or an interaction with another protein. Our results suggest that the interaction 

with b-lg promotes a conformational change of KLb-gal leading to a state in which the active site is more 

accessible to the substrate and thus, activity is enhanced. 
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Introduction  
Diabetes mellitus, or simply diabetes, is a group of metabolic diseases in which a person has high blood 

sugar, either because the body does not produce enough insulin, or because cells do not respond to the 

insulin that is produced. The cause of diabetes continues to be unknown, although both genetic and 

environmental reasons, such as obesity and deficiency of exercise,appear to be considered
1
. It has now 

become an epidemic with a worldwide incidence of 5% in the general population. The number of adults 

with diabetes in the world will rise from 135 million in 1995 to 300 million in the year 2025
2
. The greater 

part of the increase is likely to occur in developing countries
1
, where there are many patients in the 

community with undiagnosed diabetes. Diabetes is being projected as main killer in the next 25 years
2
.  

One therapeutic approach for treating diabetes is to decrease postprandial hyperglycemia. This can be 

achieved by delaying the absorption of glucose through the inhibition of carbohydrate hydrolyzing 

enzymes (Ŭ ï amylase and Ŭ ï glucosidase) in the digestive tract
3
. The Ŭ-glucosidase inhibitors can retard 

the liberation of glucose from dietary complex carbohydrates and delay glucose absorption, resulting in 

reduced postprandial plasma glucose levels and suppress postprandial hyperglycemia
4
. The Ŭ-amylase and 

glucosidase inhibitors are drug-design targets in development of compounds for the treatment of diabetes, 

obesity and hyperlipaemia
5
. These inhibitors decrease the action of Ŭ-amylase leading to a reduction of 

starch hydrolysis that shows beneficial effects on glycemic index
3
. 

Plants have always been an important source of drugs and many of the currently available drugs have been 

derived directly or indirectly from them. Ethno-botanical reports indicate about 1200 plants in the world 

with anti-diabetic potential, of which more than three hundred have been reported in the literature
1
. 

The purpose of this study is to evaluate the presence of amylase inhibitors in Mexican medicinal plant 

extracts to possible elaboration of dietary supplement as alternative treatments for diabetes.Plants 

selection was performed after analysis of data that reported the presence of amylase inhibitors in the plants 

of other countries, as well as empirical data that reported traditional use plants to control of diabetes in 

Mexico. 

Material s& Methods 
Chemicals 

The Ŭ ï amylase (EC 3.2.1.1) was purchased from MP biomedical, dinitrosalicylic acid from Sigma ï 

Aldrich, other reagent were analytical grade from Baker Co.. 

Plant material and extract preparation 

The Bidensodorata, Equisetum laevigatum, Cnidoscoluschayamansa, Guazumaulmifolia, 

Odontotrichumsinauntum, Opuntia, Celbaacuminata, Hintonialatiflora, Agave lechuguilla, Tecomastans, 

Eupatorium aschemborniaum plants were bought in naturist store (Saltillo, Coahuila, Mex.). Previous to 

extraction the biological material was dried at 37° C for one week to constant weight, once dried they are 

crushed (particle size 1 cm) by dynamic maceration. The extraction was carried out at room temperature 

(25°C approximately) for one period of 5 husing a stirring speed of 400 rpm. The ethanol (70%) was 

applied to biological material at a ratio 10:1 (v/w). Finally the solvent was evaporated until the samples 

were completely dried and could be sprayed again
6
. 

 

Tel:844-4110200
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Ŭ-amylaseInhibition Assay 

An enzyme solution was prepared with 39.56 U (1.72mg) per test in a volume of 20 ml of cold deionized 

water. The reaction mixture contained: 0.5 ml of starch (1%), previously heated to boiling in 20 mM PBS, 

pH 6.9 , for 15 minutes; 0.5 ml of extract prepared at 2000 µg/ ml (o water in the case of control 1 and 2). 

The hydrolysis was initiated with 0.5 ml enzyme solution (o water in blank assay o control 2) addition. 

The mixture was incubated at 20 ° C for 3 min. The reaction was by addition of 0.5 ml of DNS-reagentat 

96 mM(3,5-dinitrosalicylic acid and potassium sodium tartrate in 2 MNaOH). The mixture was boiled in a 

water bath for 15 min and then cooled in an ice bath for 5 min. Finally it was diluted with 4 ml of 

deionized water and absorbance was read at 540 nm
6
. The percentage of inhibition of Ŭ-amylase was 

calculated from absorbance data according the equation:  % Activity = (B-D) / (A-C) * 100 

Wherein: 

B = absorbance in the presence of the sample 

D = absorbance in the blank assay (without enzyme) 

A = Absorbance in control 1assay (without inhibitor) 

C = absorbance in control 2 assay (without inhibitor and enzyme) 

The method for evaluation of enzymatic activity inhibition was standardized using acarbose as synthetic 

drug considered as control. 

 

Results and Discussion 
The acarbose - synthetic drug, applied to standardize the analytical technique, was characterized by IC50 

(concentration applied to decrease Ŭ-amylase activity at 50%) nearly to 1000 ppm. The concentration 

twice higher than detected for acarbose (purified pharmacological preparation) was selected to carry out 

the assays with plant extracts. 
 

Figure 1 presents the results of Ŭ-amylase inhibition by studied ethanolicextracts. Extracts from Equisetum 

laevigatum, Guazumaulmifolia, Celbaacuminata, Odontotrichumsinauntum, Agave lechuguilla inhibited the enzyme 

at 5-10%. It may be caused by low concentration of inhibitors in obtained complex mixture. With extracts from 

Bidensodorata,Tecomastans,Opuntiathe inhibition was at 13-21%, while with extracts from Eupatorium 

aschemborniaumand Cnidoscoluschayamansa the inhibition was nearly to 30-35%. The higher inhibitory effect was 

observed in the case of extract fromHintonialatiflora: in the presence of 2000 ppm the Ŭ-amylase activity was 

decreased at 67%. 
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Figure 1.  The inhibitory activity of extracts from Bidensodorata, Equisetum laevigatum, 

Cnidoscoluschayamansa, Guazumaulmifolia, Odontotrichumsinauntum, Opuntia, Celbaacuminata, 

Hintonialatiflora, Agave lechuguilla, Tecomastans, Eupatorium aschemborniaumdetected on Ŭ-amylase.  

 

The inhibitory effect of Hintonialatiflora(known in Mexico as quinaamarilla) was higher than detected in 

the presence of 1000 ppm of acarbose ï synthetic drug. To establish better characterization of plants 

extracts further analysis is needed. 

In Type 2 diabetes, hyperglycemia is a condition characterized by abnormal postprandial increase of blood 

glucose level
3
. Many natural resources have been investigated for the suppression of glucose production 

from carbohydrates in the glucose absorption from the intestine to try reducing postprandial 

hyperglycemia. The inhibition of carbohydrate absorption with plant extracts based on Ŭ ï amylase 

inhibitor offers a prospective therapeutic approach for the management of type diabetes mellitus 2. 

Previously Jayasari showed the antidiabetic activity of C. pictus: four different extracts were studied to 

find possible mechanisms of its antidiabetic action
3
. In the present study it was demonstrated that Mexican 

plants have a great potential for further research, especially with Hintonialatiflora, Eupatorium 

aschemborniau, Cnidoscoluschayamans, Opuntia, and Tecomastans. More studies are required to 

characterize the mode of action of this plant extracts on Ŭ ï amylase enzyme. 
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Introduction  
Coriander (Coriandrum sativum) is one cultivated species that joins the group of medicinal herbs, 

aromatic and seasoning of higher consumption, is also known for being bug spray at field-level and 

storage 
(6)

. Parsley (Petroselinum sativum) is a herbaceous plant that is used as a medicinal herb and is 

distributed worldwide and is grown for use as a condiment, contains flavonoids, compounds that provide 

antioxidant and diuretic properties 
(3)

. Both plants are basic condiments in Mexican cuisine, used in 

different dishes which gives flavor to enrich its color, aroma and flavor, along with the therapeutic 

qualities that meet to bring benefits to the human body 
(5)

. In these plants, during storage, handling or 

processing may cause physical damage to the tissue, causing aerobic darkening of the food this is a 

enzymatic browning reaction caused by polyphenoloxidase or peroxidase enzyme 
(1)

.  

 

In the loss of fruit quality plays an important role the balance between reactive oxygen species (ROS) and 

the antioxidant system, within the ROS superoxide radicals are located (O2-.), singlet oxygen (O2), 

hydroxyl radicals (.OH) and hydrogen peroxide (H2O2). Although production of ROS is a normal process, 

this can be increased not only during ripening and senescence of the tissues, but also for stress-causing 

agents such as heavy metals, radiation, alteration of the atmosphere, extremes temperature and the attack 

by microorganisms 
(2)

. With respect to peroxidase catalyzes the oxidation of phenols typical of the cells to 

quinones, which are highly reactive with proteins, nucleic acids, flavonoids and other quinones; in 

addition these reactions generate brown colors, reduce the sensory properties of texture, color and flavor, 

decreasing the nutritional quality of the food 
(4).

 

 

Catalase (CAT) is an enzyme that catalyzes the decomposition of hydrogen peroxide (H202) into oxygen 

and water. Hydrogen peroxide is a waste product of cellular metabolism of many living organisms, but 

given its toxicity should quickly become less dangerous compounds. The peroxidase (PER) is an enzyme 

that catalyzes the oxidation of a wide range of organic and inorganic substrates 
(9)

. 

 

In this paper we evaluate, crude plant extracts of coriander and parsley, to evaluate the role of CAT and 

PER. 

 

Objectives 
Determine the activity of catalase and peroxidase in herbs such as coriander (Coriandrum sativum) and 

Parsley (Petroselium sativum), divided into leaf, stem and combination of both. 

 

Materials and methods 
 

Raw material. The material was obtained from a local market in the city of Mexico City, Mexico. Fresh 

product was used for coriander (Coriandrum sativum) and Parsley (Petroselinum sativum). 

 

Sample preparation. Coriander and parsley were washed with water, then took off the dark and yellow 

leaves, and dark or dry stems. Then disinfected with a microbicide containing bio-distilled water, animal 

gelatin and ionized silver at 0.35%. Using 8 drops in one liter of water for a period of 10 minutes. 
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Consecutively leaves and stem are separated, weighing them. 50 g of each sample are ground, and is 

added a solution of 5% NaCl, allowed to stand 48 hours, then filtered with satin fabric and stored in amber 

vial at 4 ° C. 

 

Determination of peroxidase activity (Mahely y Chance, 1954 The determination of peroxidase was 

performed in duplicate for each sample. The substrate was prepared by diluting 1 ml of hydrogen peroxide 

(H2O2) at 30% in 100 ml of water. To use 1 mL of the above solution to make 100 ml with 0.01 M 

phosphate buffer, pH 6.0, the dye was 1% o-dianisina in methyl alcohol. For process 0.05 ml of dye 

solution were added to 6.0 ml of substrate. 2.9 ml were transferred to the cell and a control is performed. 

At zero time was added 0.1 ml of diluted enzyme. Subsequently the enzyme was introduced to the cell 

with the pipette tip under the surface. It was stirred and measured the absorbance of oxidized o-dianisina 

varying amounts of peroxide in the presence of the enzyme. Under these conditions the molar absorbance 

of the period was equal to the factor of 11.3 at 460 nm. 

 
 

Determination of catalase (Mahely y Chance, 1954). The catalytic activity of catalase is independent of 

pH between the limits 3 to 9. This is because the enzyme is constituted by subunits and rapidly loses 

activity at 35° C. This spectrophotometric method is used where the decomposition of H2O2 is measured at 

240 nm. The determination of catalase is done in duplicate for each sample. Hydrogen peroxide was used 

as substrate in 0.059 M phosphate buffer pH 7.5, 0.05M. Using 1 ml of this solution with 1.8 ml of 

phosphate buffer pH 7.5, 0.05 M and 0.2 ml of extract. The reaction temperature was 25 ° C and prepared 

for setting a blank at zero absorbance at 240 nm. Subsequently the enzyme solution is added, 

homogenized and stirred. Reading is taken every minute (5 min). The unit of catalase is the rate of 

decomposition of 1ɛmol of hydrogen peroxide of between 10-70 seconds at 25 ° C. 

 
 

43.6 = molar absorption coefficient for H2O2 at 240 nm in a cell with 1 cm light path. 

 

Results and discussion 
 

Determination of peroxidase. The peroxidase is an enzyme not very easy to inactivate, since it presents 

greater stability in comparison with other oxidative enzymes. The peroxidase activity is given in units per 

ml of enzyme extract for five minutes. In Figure 1 are shown the results obtained for the sample of 

parsley, which shows that the stem is 41% lower with respect to the leaves. 
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Figure 1. Peroxidase activity in parsley. 

Conditions: hydrogen peroxide at 30% in water. Reaction temperature at 25 ° C.  

NaCl extract at 5%. 

 

Figure 2 shows the enzymatic activity of peroxidase in coriander samples, showing that there is a great 

difference between the leaf and the stem, which is 5 times greater the leaf than the stem. There was an 

increase from the enzyme extract. 

 

 
Figure 2. Coriander peroxidase activity 

Conditions: hydrogen peroxide at 30% in water. Reaction temperature at 25 ° C.  

UPER Units of peroxidase in ml of extract 
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Peroxidases are widely distributed among higher plants, part of its importance is that they catalyze the 

oxidation of several electron donors phenols in the presence of hydrogen peroxide, generating free radicals 

which react together and produce dimers. Some of the physiological functions in the plants of peroxidases 

are participating in the biosynthesis of ethylene, defense against infection, in wound healing and in the cell 

wall lignification 
(7)

. 
 

Determination of Catalase. For the determination of catalase, with respect to the sample of parsley, no catalase 

activity occurred. However activity was obtained in coriander. In Figure 3, results are shown of this plant, 

which shows that the activity was constant in stem and leaf shows an increase relative to the amount of 

extract. 

 

 
Figure 3. Coriander peroxidase activity 

Conditions: Hydrogen Peroxide at 30% in pH 7.0 phosphate buffer, 0.05 M.  

Reaction temperature 25 ° C UCAT, units of catalase in ml of extract. 

 

Conclusions 
 

The PER are distributed in the leaves of the plants, that is why they gave greater activity and catalyzing 

the oxidation of various electron donors phenols in the presence of hydrogen peroxide. The functions 

which have the PER in plants is its participation in ethylene biosynthesis, defense against infections, 

wound healing 
(8)

. 

 

It can be observed a deterioration of the plants when cut, it may be that CAT is more effective in 

degrading the H2O2 than the PER and this acts on the degradation of peroxides that generate enzymatic 

browning. CAT generally has low affinity for the H2O2 when comparing with PER. 
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Introduction  
Globally it is more consumed wheat that any other grains and it is used to prepare bread, tortillas, 

crackers, pastries and pasta. (5). 

A physiological disorder known commonly as yellow berry exists in the wheat.   (12) were one of the first 

researchers to define ñyellow berryò  as the appearance of wheat grains in a light yellow, opaque, soft and 

starchy. The yellow berry could be covering the whole grain or a small fraction.  Other researcher, (16) 

established that it is an important physiological disorder in wheat, which causes the production of grains 

without color. The problem of yellow berry in wheat has been subject of investigations in some agronomic 

aspect for many years. Researchers have sought to identify environmental factors and planting of wheat 

that affect this physiological disorder. Roberts and Freeman (12), discussed that the yellow berry is due to 

inheritable and climatic conditions ( mainly rain), this increase the presence of this physiological disorder. 

In subsequent studies (13, 6, 14), showed that soil conditions and in principle of nitrogen availability, 

determine the presence of yellow berry in the wheat grain. (1), found that this physiological disorder is not 

hereditary, but is due to climatic factors such as humidity, air and sun on the grain when the it is still in the 

straw. But also It found that the yellow berry in wheat is not hereditary. This author observed that the 

yellow berry not only is lack of nitrogen but also for an excessive application of potassium.  For many 

years it has been observed that the starchy in wheat is associated with a shortage of nitrates in the soil (4). 

The content of vitreous grains in hard and crystalline wheats is an important factor, of quality as cooking 

pasta, grinding and baking. The decrease of the protein content of  grain for yellow berry, affect the 

quality of baking, pasta and milling of baking and durum wheat. (4).  Great efforts have been made in 

recent decades in understanding the biosynthesis of starch cereals that have presented a clearer image of 

the enzymes that are directly related to the synthesis of these complex molecules. There are 2 classes of 

enzymes called SSs synthases in plants: starch synthase essential for the synthesis of amylose bound 

starch synthases the granule, and starch synthases responsible for the synthesis of amylopectin, 

requirements debranching activity on starch synthesis is very clear, the mechanism.  by which the 

debranching enzymes involved in starch synthesis is not yet fully defined. (11).   The objective of this 

research was to evaluate  the enzymes: debranching, synthase of starch 11A and 11B, besides synthase of 

starch 111, during the development  of wheat seeded with and without yellow berry in  bread wheat 

(tarachi cultivar)  

 

Materials and Method 

One sample was obtained from commercial bread wheat (tarachi cultivar) with  60% of yellow berry.  

This wheat sample manually separated for two samples: wheat with yellow berry and wheat without 

yellow berry. These samples were seeded with 50, 150 and 250 kg / ha of N, in four blocks and for 

triplicate, in the school field of agriculture of the University of Sonora. Km 16.5, road to Kino Bay. 
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Sampling grains 

Sampling began after 8, 14. 21. 28 and 35 days after anthesis. In each sampling 10 spikes were cut at least 

of each of the blocks, for a total of 24 samples. 

 

Oligonucleotide Synthesis 

The enzymes tested were: Debranching enzyme (DE), starch synthase III (SSIII).  branching 

enzymes (BE) IIA and IIB, besides 18S III as control,  genes whose mRNA were obtained from 

the NCBI Sequence Viewer  v2.0. (www.ncbi.nlm.nih.gob/blast).  (Table 1). Of these genes were 

synthesized oligonucleotides which were used for the Primer 3 program 

(http://frodo.wi.mit.edu/cgi-bin/primer 3).   

  

Obtaining RNA 
 The spikes were taken frozen at least 3 per treatment were extracted by one of a deep freezer, placed in a 

small cooler with ice to which they are detached wheat grains formation (approximately 30), were 

withdrawn from wheat husks with sterile tweezers to leave the endosperm tubes were placed in sterile, 

DNAse and RNAse free from which RNA was extracted using the following technique: 50 mg of sample 

was brought to a column of Lyser pearls Roche Magna equipment were added 200 ul of tissue lysis buffer 

Was added 40 ul of proteinase K, the samples are placed in the equipment Lyser Magna stirred at 6000 

rpm for 5 min, incubated for 2:30 hrs at 55 ° C. Then was added 200 ul of binding buffer, vortex mixing in 

10 seconds and incubated 10 min at 70 ° C, then 100 ul of isopropanol added, mixed by vortexing for 10 

sec, the supernatant was placed in a column extraction, centrifuged at 8000g x 1 min. The column was 

removed and placed in another fresh tube precipitate was discarded and the liquid is again added 500 ul of 

wash buffer, centrifuged at 8000g for 1 min, the column was removed, the liquid was discarded 

centrifuged at 13.000 g for 1 min and placed in a tube column 1.5 mL sterile, free of DNase and RNase, 

was added 60 ul of elution buffer, preheated in the center of the column. RNA was quantified at 260nm. 

 

Preparation of cDNA 

From the mRNA obtained from the endosperm of wheat samples, cDNA was obtained. With the reagents 

and the quantities in Table 2. 

 

Real time RT-PCR 

Reaction was performed RT-PCR to measure quantitative gene expression of enzymes, the equipment 

used was a Light Cycler ®, Brand Model 480 System from Roche., Which used the control gene and 

oligonucleotide and cDNA their preparation described in previous paragraph. 

The RT-PCR assays were performed at 55 ° C. To carry out the retotranscription for 30 min, then at 95 ° 

C to activate the polymerase for 5 min followed by 45 cycles that started at 90 ° C for denaturation for 30 

sec, 65 ° C for 30 sec and alignment after at 72 ° C for 10 min extension. 

 

Experiment Design and Statistical Analysis 

For the purpose of obtain cp real time PCR was used software that is included in ligth cycler 

equipment. A completely randomized experimental design was utilized with three factors (Nitrogen, 

development time and type of wheat) to data generated from this research was performed an analysis of 

variance (ANOVA) with a significance level of 0.05%. To see differences between specific means was 

used Tukey test. For statistical analysis, we used the SAS 9.0 statistical software (15).  
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 Table 1.  Enzyme genes                                                       

         
             Table 2. Component, quantity  and final concentration of reaction                                                                                                                                                                                                                                                             

                superscript III, for real time PCR.. 

                     a  Fusion high resolution                              

 
                                                                                                                                                                                                                   

                                                                                                               
* Used as a control gene, synthesized by Hurkman, William J. et al., 2003 
 
Results and Discussion 

In figure 1, is the expression levels of the DE. It is observed that begins to increase its level of expression 

from 14 days of development after anthesis (AA), showing maximum values at 21 days AA. Expression 

was higher in samples of  wheat seeded with yellow berry (WSYB)  with 3 levels of nitrogen and some 

authors (2,3).  DE mention that catalyzes the hydrolysis of Ŭ 1-6 glycosidic bonds which are important for 

maintaining the crystallinity of the starch granule. On the days of high level expression of the DE in a 

study by (2) in hexaploid wheat where the highest expression were also obtained at 21 days, starting at 15 

days increased development AA. 
In figure 2,  found the values of enzyme SS 111, where can see that the maximum values occur at 21 days 

AA, increasing its level at 14 days, of samples of wheat seeded without yellow berry (WSWYB) with 150 

and 250N and to 28 and 35 still are expressed in WSYB sample 50N. One of the models proposed for the 

operation of this enzyme by (7) that the SAIII can interview to produce longer chains that extend between 

clusters and may involve the introduction of the ramifications before they can proceed extension.  
Figures 3 and 4 are graphically the results of the BE IIA and IIB, in the first days of sampling is very 

little expression could detect the higher amounts are between 14 and 21 days AA, but the enzyme BE 

11A, at 35 days continues to show levels of expression. Higher values are given in the WSWYB with 

different levels of nitrogen at 14 days shows a higher expression level in the WSWYB 50N, at 21 days 

were more treatments showed a good level of expression. These enzymes play an important role in the 

structure of amylopectin, due to catalyze the hydrolysis of one link Ŭ 1-4 - and forms a bond glucan Ŭ 1-6 

glycosidic on carbon 6 of a fraction of a glucan glycosidic Ŭ 1-4, to form a branch.  These results may be 

due to the amount of enzyme that is expressed in WSYB is sufficient to give the branches necessary for 

this type of wheat starch compared with WSWYB, which also transfers the BE IIA longer chains than IIB  

during extension.   (9). 10 and 17 found that the lack of this enzyme affects the fine structure of 

amylopectin. In figure 5,  observed   the agarose gels, showing the presence of the enzymes studied, 

corresponding to sampling 3. 

 

Enzyme                                Genes 

   SS llA         Sense 5ô-TGGTTTCGATGGCACTGATA-3ô             

                   Antisense 5ô-GGGCATTCCACTGACATCTT-3ô 

  

   SS llB         Sense 5ô-CTTAGACTCGGACGCTGGAC-3ô      

                 Antisense 5ô-GTATTTGGGGGAGGTTTCGT-3ô 

      

    DE              Sense  5ô-AGTTACAGAGCGTTCAGA-3ô 

                  Antisense 5ô-AAGAAGCGATGACCAGTT-3ô               

 

 SS111          Sense  5ô-GGGAAGTGGATGCAAGTGAT-3ô 

                Antisense 5ô-ACAAGTCGCAGCTCAGGATT-3ô 
 

18S*              Sense  5ô -TTCATATCACGTGCTGCATGG-3ô 

                 Antisense 5ôAGACGACTTCGGTGAGACG-3ô 

       Quantity (µL)            Final concentration            
The reaction mixture 2X     12.5        1 X 

Template of RNA     5  

Primer Sense (10uM)    0.5      0.2 uM 
Primer Antisense(10uM)    0.5          0.2 uM 

RT-PlatinoTaq mixture     0.5  

FHRa mixture    5  
H2O PCR Grade    1 F    

Final concentration 

        12.5 

          5  

          0.5 
          0.5 

          0.5      

          5 
          1   

          25 

            1X 

 

          0.2 uM 
          0.2 uM 
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Figure 1. Relative expression of  debranching enzyme of wheat         .      Figure 2.Relative expression of synthase of starch 111 of wheat 

seeded with and without yellow berry at different days after anthesis         seeded with and without yellow berry  at different days after anthesis                                                                                                                                        

                                                                                                                                                                                                         
Figure 3.Relative expression of synthase of starch IIA enzyme of wheat     Figure 4 Relative expression of synthase of starch IIB enzyme of wheat                                                                                                                                         
seeded with and without yellow berry  at different days after anthesis         seeded with and without yellow berry at different days after anthesis  

 
 
 

                                                                
                                                                                  Figure 5.  Agarose gel electrophoresis of the enzymes  

                                                                                  studied corresponding to three sampling 
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Conclusions 
According to the results obtained in the DE, SS III, and BE IIA and IIB,  starch wheat with yellow berry 

sample presents a higher crystallinity, amylopectin is the component which would be most affected and 

more specifically the fine structure of amylopectin, respectively.  Results agree with those presented in the 

characterization of starch in article (8). The crystallinity is higher in starch with yellow berry. 

 

References 

1. Bolley, H.L.  1913.  Wheat: Soil, Troubles and Deterioration; Causes of Soil Sickness in Wheat  

Lands; Possible Methods of Control; Cropping Methods with Wheat.  N. Dak. Agr. Exp. Sta. Bul. 

107, 96  pp.,45.  

2. Boryana S. Stamova, Debbie Laudencia-Chingcuanco, and Diane M. Beckles. 2009. Transcriptomic 

Analysis of Starch     Biosynthesis in the Developing Grain of Hexaploid Wheat.  International Jounal 

of Plant genomics. Pp.1-23 

3. Colleoni, C., Dauvillee, D., Mouille, G., Buleon, A. et al.,Genetic and Biochemical Evidence for the 

Involvement    Ofalpha-1,4  Glucanotransferases in Amylopectin Synthesis.  Plant Physiol. 1999, 120, 

993ï1003.       

4. 4 Dholakia, B. B.. 2001.  Molecular Approaches to Decipher Quantitative Traits Governing Grain   

Quality in Wheat. Thesis of Doctor of Philosophy. In Chemistry (Biochemistry) .  Universidad  of 

Pune, India. Pp 86-87 

5. García Vieyra, P,, 2007.  Se Realizó el Primer Informe Sobre la Calidad del Trigo en México.  Revista 

Pan.  . 8-1 

6. 6  Jones, J.S. and Mitchel, G.A.  1926.  The Cause and Control of Yellow Berry in Turkey Wheat   

Grown Under Dry Farming Conditions.  J. Agron. Res. 33:281-292. 

7. James, M.G., Denyer, K., Myers, A.  2003.  Starch Synthesis in the Cereal Endosperm.  Current 

Opinion  in Plant Biology. 6:215-222. 

8. Guadalupe A. López-Ahumada, Benjamín Ramírez-Wong, Patricia I. Torres-Chávez, Luis A. Bello-

Pérez, Juan de Dios  Figueroa-Cárdenas, José A. Garzón-Tiznado, Carlos A. Gomez-Aldapa. 2010. 

Physicochemical Characteristics of Starch from Bread Wheat (Triticum aestivum) with ñYellow 

Berry.  Starch-Stärke, 62:517-523. 

9. Morell, Matthew K, Blennow, Andreas, Kosar-Hashemi, Behjat and Samuel, Michael, S.  1997.   

Differential Expression and Properties of Starch Branching Enzyme Isoforms in developing Wheat 

Endosperm.  Plant Phisiology 113: 201-208. 

10. Nakamura, Y.  2002.  Toward a Better Understanding of the Metabolic System  for  amylopectin 

Biosynthesis in Plants Rice Endosperm as a Model Tissue.  Plant Cell Phisiolgy.  43: 719-726. 

11. Regina, A., Bird A.R., Li, A., Rahaman S., Mann, G., Chanliaud, E., Berbezy P., Topping, D., Morell, 

M.K.  2007.  Bioengineering Cereal Carbohydrate to Improve Human Health. Cereal Foods World. 

Volumen: 182-190.  

12. Roberts, H.F., and Freeman, G.F.  1908.  The Yellow Berry Problem in Kansas Hard Winter  Wheats.  

Kans. Agr. Exp. Sta. Bull. Pp.1-135. 

13. Roberts, H.F. 1919.  Yellow Berry in Hard Winter Wheat.  Journal of Agicultural Research.  XV111 

(3). Pp. 156-169.  

14. Robinson, F.F., Cudney, D. y Lehman, W.F.  1977.  Yellow berry of Wheat Linked to Protein   

Content.  California Agric. 31(3):16-18  

15. SAS Institute Inc.  2002.  SAS Users Guide Statistics Versión 8.0. 

16. Sharp, F. . 1927. Wheat and Flour studies.1X. Density of wheat as influenced by  freezing, stage 

development and moisture content. Cereal Chem. 4: 14-46. 

17. Seo, BS., Kim S., Scott, MP., Singletary GW., Wong, KS., James MG., Myers, AM.  2002. 

Functionals Interactions Between Heterologously Expressed Starch Branching Enzymes of Maize and 

the Glycogen Synthases  of Brewer´s Yeast.  Plant Physiol.  128: 1189-1199. 



 220 

 



 221 

TOPIC: Functional Foods FF-2 

 

Assessment Of Antioxidant Activity Of Hydrolysates As Obtained In Amaranth Stubble 

 
Arce, V.M.B.,  Esquivel, R. M. E, Hernández,  P. E.,  Soria, H. G.; Soriano-Santos J. 

 

Departamento de Biotecnología, Universidad Autónoma Metropolitana-Iztapalapa, Av. San Rafael 

Atlixco No. 186. Col. Vicentina. México, D.F., C.P. 09340, México. E-mail: 

mariabelem_212@yahoo.com.mx 

Summary  
Amaranth (Amaranthus hypochondriacus L.) is one of the oldest crops in Mexico, and is mainly 

consumed as a cereal grain as well as a vegetable. However, once the grain is harvested, the plant residue, 

known as stubble, becomes a waste product, which is usually an ecological issue.  It may partially be used 

as a fuel, substrate for preparing compost or used as animal forage. Thus, this research focused on 

studying the optimization of acid hydrolysis experimental conditions as obtained in amaranth stubble 

(AS), its chemical composition and its antioxidant activity. Proximal chemical analysis, total dietary fiber, 

cellulose, hemicelluloses and lignin as obtained in AS were performed according to A.O.A.C. and TAPPI 

methods, respectively. Insoluble fiber was isolated and subjected to a chemical hydrolysis using 2.5, 5 and 

7.5% (p/v) H2SO4 at 121°C during 30, 60, 90, 120 and 150 min. The hydrolyzates were neutralized, then 

underwent an extraction with ethyl acetate and, finally, two phases were obtained: an aqueous one (PA) 

and an organic one (PO). Both of them were assessed to get the total polyphenol concentration with the 

Folin-Ciocalteu method. Eventually, the optimal hydrolyzates were analyzed for antioxidant activity, 

expressed as IC50 DPPH inhibition (DPPHÅ). AS dietary fiber was made up of 30Ñ0.5%  cellulose, 

18.4±0.35% hemicelluloses and 9.5±0.5% lignin. Statistical analysis showed that the different hydrolysis 

conditions influenced significantly on the reducing sugars content, which was released from acid cleavage 

of hemicelluloses (xilooligosaccharides) and cellulose (glucose), respectively. The highest antioxidants 

concentration was obtained at 5% H2SO4 during 90 min at 121°C. Statistical analysis showed that the 

different content of the PA was 44.165±8.38%; and PO was 15.49±0.65 mg GAeq./g of total polyphenols.  

IC50 of the PA was 0.97±1.5 mg eq AG/g ; and PO was 0.039 mg eq AG/g. Amaranth stubble might be 

used as a source of xilooligosaccharides, which might in turn be utilized as prebiotic or as carbon source 

into a further fermentation to obtain xilitol. Additionally, lignin might also be a source of antioxidant 

compounds to obtain nutraceuticals. 
 

Introduction    
 

The amaranth plant is classified as a pseudo-cereal given that it yields cereal-like grains.  It was one of the 

main pre-Hispanic crops.  Its presence in Mexico dates to 4000 BC which makes it one of the oldest 

Mesoamerican crops.  Throughout history amaranth leaves have been consumed as vegetables and its 

seeds as cereal (7).  At an industrial level enriched cereals, flour, concentrates, starches, oils and colorants 

are all obtained from amaranth derivatives.  These serve as base products for other food and beverage 

industries to produce amaranth products as well as raw materials for industrial sectors (chemical, 

cosmetic, pharmaceutical etc).  Amaranth is one of the richest sources of protein, minerals and natural 

vitamins (A,B,C,B1,B2,B3) in the vegetable kingdom.  It also contains folic acid, niacin, calcium, iron 

and phosphorus as well as being one of the foods with a very high presence of amino acids such as lysine.  

A study completed in 1975 by the National Academy of Sciences in the United States to identify under-

exploited crops with great potential, indicated that amaranth is one of 36 crops with the greatest potential 

in the world.   The aforesaid academy described it as óthe best food of vegetable origin for human 

consumption.ô 

 

It belongs to the Dicotyledons class, Caryophyllales order and Amaranthaceae family (2), comprises more 

than 60 genera and approximately 800 species of herbaceous annual and perennial plants.  There are three 
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Amaranthus genes that produce large inflorescence, A. hypochondriacus and A. cruentus which are 

principally cultivated in Mexico and Guatemala respectively and A. caudatus which is cultivated mainly 

in Peru (7). 

 

In Mexico, yields of 1.1 to 6 tons of grain per hectare and 3.8 to 4.1 tons of leaves per hectare have been 

reported equating to 271,100 tons of agro-industrial residues each harvest cycle of the amaranth grain.  

The cultivation period of amaranth is from 150 to 180 days allowing 2 cultivation periods per year which 

results in the annual production of approximately 542,200 tons of residues called óamaranth stubbleô.  The 

current use of amaranth stubble is very limited; growers leave it in the field as a vegetable fertilizer and in 

some cases it is used as animal fodder (8).  However, in the majority of cases it is burnt causing  

significant contamination.  Amaranth stubble is considered a lignocelulosic material.  It consists mainly of 

cellulose, hemicelluose and lignin meaning that it could be a source of dietary fiber, antioxidant 

compounds and xilooligosaccharides.   

 

Fiber has been studied for centuries and through the years the health benefits of a diet high in fiber have 

become known.  Antioxidants are used as conservatives of various food products to prevent their 

deterioration.  In fact, food requires phenolic components which generally have elevated antioxidant 

activity resulting in positive effects on the preservation of food quality and human health.  For these 

reasons they are generally recommended to be included in oneôs diet (1).  Today, the use of natural 

antioxidants is common not only for their reductive properties but also, being natural they are appreciated 

by the consumerôs organism (6).  The effects of the xilooligosaccharides on health are mainly related to 

their action on the gastro-intestinal flora acting as a source of carbon for the bifido-bacterias, promoting 

their growth.  These properties allow the oligosaccharides to satisfy the requirements for the prebiotic 

components of foods and to be used as active ingredients of biofunctional foods (5, 9).   

 

Methods and Materials   
 

The stubble was obtained from growers of A. hypochondriacus L. amaranth in the Tulyehualco zone of 

Mexico City in November 2010.  The enzymes used were:  Ŭ-amilasa (EC 3.2.1.1), Type  XII-A of 

Bacillus licheniformis, Pepsin A; (EC 3.4.23.1) 1:10000 extracted from the mucous membrane of the 

stomach  , pancreatin extracted from a porcine pancreas, amyloglucosidase of Aspergillus niger solution 

(Sigma®).  Folin-Ciocalteau reagent, prepared with sodium molybdate was used, sodium tungstate, 

concentrated chloridic acid, phosphoric acid (85%) and distilled water, sodium sulphate (150g).  Radical 

2,2-difenol-1-picrilhidrazil (DPPH) of Sigma-Aldrich was also used.  All the reagents were of analytic 

grade.    

  

Obtention of insoluble dietary fiber (IDF). 

 

1 gram of fat-free flour was mixed with 25ml of sodium phosphate buffer 0.1M, pH 6.  100 µL of 

Termamyl was added and then incubated for 15 minutes in a wáter bath.  200ml of distilled water was 

added and the pH was adjusted to 1.5 with HCl 4M.  100mg of Pepsin was added and then incubated at 40 

ºC for 1 hour.  The pH was adjusted to 6.8 with NaOH 4M.  100mg of pancreatin was added then 

incubated at 40ºC with constant agitation for 1 hour.  The pH was adjusted to 4.5 HCL 4M.  35 µL of 

amyloglucosidase was added and incubated at 60 ºC for 30 minutes.  The mixture was centrifuged at 

5000rpm for 15 minutes at 4ºC.  The supernatant is discarded and the resisdues are washed with 10ml of 

distilled water (twice), 20ml of ethanol (twice), and 10ml of acetone.  It is dried on a stove at 105ºC.  The 

resultant IDF underwent proximal chemical analysis in accordance with the official methodologies of the 

A.O.A.C. (2000).  The chemical analysis was carried out in accordance with the official methodologies of 

TAPPI (Technical Association of the Pulp and Paper Industry). 
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Hidrolysis acid 

 

A sample of amaranth IDF was placed in test tubes and mixed with sulphuric acid 2.5, 5 and 7.5 % (v/v) 

in a relation 1:16 (p/v).  It was taken to isothermic conditions of 112ºC with pressure of 15lb/pg for 

30,60,90,120 and 150 minutes to obtain phenolic compounds.  The resultant amaranth hydrolysates were 

neutralized with NaOH 4M.  It was centrifuged at 5000 rpm for 10 minutes.  The residues were discarded 

and the supernatant kept at 4ºC.  The extraction was carried out in accordance with the description by 

Conde 2009.  The solvent is recuperated with a rotary evaporator Yamato RE200.  Polar (PA) and non-

polar phases (PO) are obtained with both phases maintained at 4ºC until their use.  

 

Quantification of total polyphenols and evaluation of antioxidant activity 

 

Quantification of total polyphenols was determined by Spectrophotometry based on the method of Folin-

Ciocalteu.  For the evaluation of antioxidant activity the radical inhibitor method 2,2-difenol-1-

picrilhidrazil (DPPH) was used in accordance with the description by Huang et al, 2005 (4), using a 

standard curve of galic acid. 

 

Results and Discussion 
 

In Table 1 the proximal chemical analysis of amaranth IDF is shown.  The results are expressed in humid 

base  (HB) and dry base (DB).  A factor of 6.25 was used for the conversion of total nitrogen in raw 

protein. 
 

Table 1. Proximal Chemical Análisis of amaranth IDF  

Análisis Stubble 

 HB DB 

 

Humidity 4.1±0.12 - 

Proteín 13.5±0.25 14.1±0.26 

Ethereal Extract 4.3±0.18 4.4±0.2 

Fiber 8.4±0.59 8.5±0.59 

Ash 9,7±0.18 10.2±0.19 

NFE 60.0 62.8 

HB= Humid Base, DB= Dry Base, * NFE= Nitrogen free extract, calculated by difference of 100 

In Table 2 the chemical analysis of amaranth IDF is shown.  It was determined in the Department of 

Cellulose and Paper ñIng. Karl August²n Grellmannò, of the engineering division of the óCentro 

Universitario de Ciencias Exactas e Ingenierías (CUCEI) of the University of Guadalajara.  The analysis is 

expressed in dry base.  The Ŭ-cellulose was determined from holocellulose. 

 

Table 2. Chemical Análisis of amaranth IDF 

Analysis Amaranth IDF  

(g/100g) 

Corn Cob*  

(g/100g)  

Ash  1.95±0.08 1.5 
EXTRACTABL  

Benzene ethanol 7.6±0.3 ND 

Ethanol 4.5±0.09 2 

Water  11.1±0.48 2.6 

 Material free of extracts   

Lignin 21.2±0.5 16.3 

Holocellulose  85±0.54 73 

Ŭ-Celullose**  64.4 64.8 

Pentosans   21.1±0.42 28.7 
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               *Cordoba et al.,2010 
               ** Ŭ-Celulosa was determined from celluolose 

In the results obtained we can observe that amaranth IDF has a significantly higher content of extractables, 

lignins and holocellulose than corn cobs and similar contents of ash and cellulose.  For their high content 

of cellulose corn cobs are used in the energy industry as a raw material for the obtention of 

biocombustibles.  Therefore, amaranth IDF could be of study interest for this sector.  On the other hand a 

significant quantity of pentosans were found in the IDF indicating that xilo- oligosaccharides included in 

the holocellulose could be obtained and used as prebiotics.  

 

Figure 1 shows the response area of the aqueous phase and figure 2 shows the organic phase of the 

hydrolysates of amaranth IDF.  In general the theoretical and experimental results show an optimal 

hydrolysis acid at 90 minutes using 5% of H2SO4,  obtaining a maximum of  15.49±0.65 mgEAG/g for the 

hydrolysates of the organic stage and 44.16±8.38 mg EAG/g for those of the aqueous phase of 

quantification of total polyphenols.   
 

Figure 1.  Graph of the optimization of hydrolysis acid . Aqueous Phase.  
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Total polyphenols = 44,165 + 2,142*time + 4,509*sulfuric acid - 22,7952*time^2 + 0,547*time*sulfuric acid - 23,3837* sulfuric acid^2 

 

Figure 2. Graph of the optimization of hydrolysis acid. Organic Phase.  
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Total Polyphenols = 18,2928 - 1,29729*time + 1,5103*sulfuric acid - 12,0629*time^2 + 0,0737333*time*sulfuric acid - 7,75637*sulfuric acid^2 

Upon comparison of the polyphenols present in fruits such as mango and pineapple, which are sources of 

natural antioxidants (2.66 y 1.74 mg EAG/g respectively, 10), it is seen that those found in amaranth IDF 

are above these levels.  The phenolic compounds obtained were liberated from the lignin matrix which 

indicates that amaranth stubble represents an important source of natural antioxidants presenting an 

obtention alternative of these compounds for the food industry.  

 

The PA and PO of amaranth IDF hydrolysates do not present a proportional relation in the content of 

polyphenols and antioxidant activity as shown in Figure 3.  This could be attributed to the great variety of 
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compounds present in each of the vegetative parts.  On the other hand, comparing the PO  of the organic 

stage with the extracts of Hiedra it is seen that there is a similar content of polyphenols (3).  However, 

their IC50  are completely different.  Having a lesser IC50  in PO, clearly seen in the graph, does not 

necessarily correlate to a low level of antioxidant activity. The phenolic compounds liberated from the 

lignocellulosic matrix by means of hydrolysis acid are capable of reducing the radical DPPH to low 

concentrations in comparison with molasses used in animal fodder.  Consequently it can be presumed that 

they have a potent antioxidant activity. 

 

Figure 3. Value of IC50 of the radical DPPH for different extracts. 
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Conclusions 
 

Owing to the discoveries in the present work we can infer that Amaranthus hypochondriacus L. stubble 

represents a source of oligosaccharide that could have prebiotic activity and antioxidant compounds 

applicable to the food industry.  The work also presents a simple and practical method for the extraction of 

these.  For these very reasons it is proposed to take advantage of the agricultural residues generated by the 

harvest of amaranth and to promote the cultivation of amaranth to allow for more options in its 

commercial use. 
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Introduction  
Mexico is a country with an important herbal tradition;unfortunately most of the plants used for this 

purpose are poorly studied and undervalued as a potential source of new drugs.Compoundslike fructanes 

and saponins have been reported in different Agave genus, fructanes have shown capacity of lowering the 

blood levels of glucose and cholesterol in mice [1], biological activity of different plant saponins have 

been reported as molluscicidal [2, 3], hypoglycemic[4], antimicrobial [5], cytotoxic [6-14].On the other 

hand, phenolic compounds have been extensively reported as natural antioxidants present in a great 

variety of plants and more recently they have been studied in Agave species in order to evaluate their 

antioxidant capacity [15, 16].In this work we evaluate the antioxidant activity as well as the phenolic 

compounds, reducing sugars and saponin content of an aqueous extract obtained from the leaves of Agave 

atrovirens in order to suggest it as a possible nutraceutic extract. 

 

Methods and Materials 
Agave atrovirensextrac.The aqueous extract from Agave atrovirens leaves was kindly provided by the 

company Nutracéuticos de Agave S. P.R de R.L as a clear light brown liquid with 2 º Bx, posteriorlywas 

concentrated using a single effect evaporator until it has 20 ºBx, and evaluated for the content of saponins, 

phenolic compounds, reducing sugars and antioxidant activity using the ABTS and DPPH methods. 

Physicochemical assays. Total phenols content was estimated using the Folin-Ciocalteu colorimetric 

method[17] and results were expressed as mg of gallic acid equivalent per mL of extract. Saponins were 

analyzed according to Hernández S.R et al[18] and expressed as mg of Quillaja saponin equivalents per 

mL of extract. Reducing sugars were evaluated with the Dinitrosalicylic acid method [19] and expressed 

as mg of Glucose equivalents per mL of extract. The antioxidant activity was evaluated trough the free 

radical DPPH scavenging capacityaccording to Fukumoto and Mazza[20] and the Radical Cation 

ABTS
Å+

Scavenging Activityaccording to Re et al[21] and expressed as percentage of 

DPPH·discoloration[22] and Trolox-equivalent antioxidant capacity (TEAC) respectively. Finally, a 

partial identification of sugars was done by thin layer chromatography (TLC) and HPLC comparing the 

sample against the appropriate standards. 

 

Results and discussion 
After concentration until 20ºBx, a dark brown liquid was obtained; the results of the physicochemical 

determinations and antioxidant evaluation are shown in table 1 and 2 respectively. According with these 

resultsreducing monosaccharides are present in a considerable amount in the extract and this could be a 

consequence of the hydrolysis of polymeric carbohydrate chains due to the thermal process. Fructose 

seems to be the principal sugar present in the extract (see Figure 1), this is logical because fructanes are 

the most abundant water soluble carbohydrate in Agave species [23] and as we suppose before, fructose 

may be produced by the hydrolysis of fructanes type compounds.  The other compounds evaluated are 

present in less quantities specially phenolic compounds but according to Ben Hammissa et al; [15] exist a 

significant correlation between phenolic compounds obtained from Agave Americana leaves and 

antioxidant activity, and as we can see in table 2, the Agave atrovirens extract has a bigger activity than 

the synthetic antioxidants used as controls in both assays.  

On the other hand, there are no similar reports in Agave species for comparing the saponin content 

obtained in this work. Saponins amounts varying from 0.17 to 16.926 mg/g of Agave lechuguilla  were 
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obtained by Hernández S.R et al; [18] evaluating different conditions of extraction, unfortunately a direct 

comparison is not possible with the results obtained in this work because our results are not expressed in 

dry basis. 

 

Table 1. Physicochemical determinations in the Agave atrovirens extract 

Assay  Results 

Appearance  

Brix grades 

pH 

Phenols 

Dark Brown liquid 

20 ºBx 

6.03 units 

0.423 ± 0.006 mg of Gallic acid equivalents/mL 

Reducing sugars 339.27 ± 2.23 mg of Glucose equivalents/mL 

Saponins 59.82 ± 7.02 mg of Quillaja Saponin equivalents/mL 

 

Table 2. Antioxidant activity of Agave atrovirens extract 

 Sample 
ARA

b

  TEAC
c

 

BHT (500 µM) 55.83 ± 3.85 ND 

Gallic acid (500 µM) 98.46 ± 0.54 ND 

E1 (15.63 µM)
a

 
ND 139.83 ± 12.14 

E2 (31.25 µM)
a

 
ND 257.40 ± 9.15 

E3 (62.50 µM)
a

 
49.42 ± 1.91 373.94 ± 20.22 

E4 (125.0 µM)
a

 
66.45 ± 3.78 ND 

E5 (250.0 µM)
a

 
75.13 ±3.86 ND 

a
Agave extract concentration expressed as µM equivalent of Gallic acid 

b
 ARA = Antiradical activity expressed as % of DPPH* decoloration 

c
 TEAC= Trolox Equivalent Antioxidant Capacity expressed as µM Trolox equivalents 

ND= Not determined 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 1. TLC and HPLC Chromatograms of the Agave atrovirens extract. (HPLC conditions: Movil phase: 

ACN:H2O (75:25), Flux: 0.8 mL/min, Injection volume: 5 µL, Column temperature: 35°C, Run time: 10 min.TLC 

Unknownpeak 

Agave extractsample 

Fructose 

SampleFructoseGlucose 
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conditions: Silica 60, plates Movil phase: Butanol:Aceticacid:Water [2:1:1], Revealing agent 2% H2SO4 v/v in 

Ethanol.) 

 

Conclusion 
 

The antioxidant activity observed in this study and the reported biological properties like antimutagenic, 

anti-inflamatory, antimicrobial, and hypocholesterolemic activities for phenolic compounds and saponins 

may contribute to increase the evidence for the beneficial effects of Agave extract and after a purification 

process could support its use as an antioxidant in different industries. 
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Introduction  
The mayonnaise is considered a product for all social strata of different countries and is one of the most 

popular sauces. It is an oil in water emulsion, which contains as basic ingredients vegetable oil (70-80%), 

egg yolk, vinegar, lemon juice, and additives such as salt, spices, stabilizers, thickeners, etc.. (1,2,3). 

However, its high content of cholesterol is one of the egg yolkôs major problem. According to recent 

studies high cholesterol has been linked as one of the main causes of death from cardiovascular disease 

(4). It is for this reason that consumers are interested in low cholesterol foods (5). The use of chitosan as 

an alternative emulsifier in the preparation of mayonnaise has the advantage of decreasing the cholesterol 

content. In previous studies, chitosan has shown good properties as emulsifier (6,7,8). Chitosan is derived 

from the deacetylation of chitin, a natural polysaccharide and is also the second most abundant polymer 

after cellulose. Chitin is the major component in crustaceanôs shells such as shrimp and crab (9) and for 

this reason, crustacean shells, which are waste products from the food industry, are commercially 

employed for the production of chitosan with different degrees of deacetylation and molecular weight 

(9,10). Considering these aspects, the development of a low cholesterol mayonnaise with chitosan as an 

emulsifying agent, proves to be a good alternative.  

 

Materials and methods 
Chitin and chitosan were obtained from shrimp shells following the protocol of our laboratory (11). The 

molecular weight of chitosan was determined by intrinsic viscosity and the degree of deacetylation was 

obtained by potentiometric titration (12).  

Subsequently a traditional mayonnaise was developed  and served as a control, soybean oil  was used  as 

well as egg yolk, vinegar, water, salt, sugar and lemon drops (13) using a blender  Braun MR 430 CA 

model. To prepare the low in cholesterol mayonnaise the chitosan was incorporated into the formulation 

of mayonnaise previously disolved in vinegar at a  2.5% w / w concentration and  was replaced by 30%  of 

egg yolk. 

Once the mayonnaises were prepared they were stored in sterile glass containers for further analysis, 

which consisted in the determination of physical, chemical, microbiological and stability parameters. 

These tests were performed in triplicate obtaining an average, standard deviation and coefficient of 

variation. 

The emulsion stability was determined by droplet size of the mayonnaise prepared recently and after 

accelerated aging for 2 days at 40 ° C (14), using a ZEIZZ Axioskop 40 microscope fitted with a 

Evolution VE cooled Media Cybernetics camera and an image analyzer Qcapture Pro 6.0 The 40X 

objective was used.  

Creaming stability was also determined by measuring the cremated volume at the top (VC) and its relation 

to the total sample volume (VT) after accelerated aging conditions (50 ° C for 48 h) and centrifugation at 

1100 g for 3.5 h.  Additionally, by visual observation for 30 days, it was determined whether there was 

phase separation in the mayonnaise.  

Percentage of fat was evaluated by the Gerber method, the moisture by a digital thermobalance OHAUS  

MB45, the protein percentage was determinated using the Sorensen Walker Method and the peroxide 

index (IP) according to the AOAC method 41.1.16 (15), accelerating the oxidation of the sample to 40 ° C 

for 7 days (16). The water activity (Aw) was obtained using a water activity meter Testo 650, the pH was 
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measured with a potentiometer HORIZON  5997-20 ECOLOGY CO, and the acidity was considered as 

total acidity and acetic acid was determined by titration using the AOAC method 935.57 (15). 

The viscosity of the mayonnaise was determined using a Brookfield Viscometer RVDV-II + PRO with 

needle S06. Because the mayonnaise has a thixotropic rheological behavior (17), a speed of 1 rpm for 5 

minutes was applied to assess the decrease of viscosity with respect to time. The test was conducted at 25 

° C one day after both mayonnaises were prepared.   

Microbiological determinations were performed for molds and yeasts, mesophilic aerobes, total coliforms 

and E. coli, using microbiological kits 3M Petrifilm Plate. 

 

Results and discussion 
Whereas the degree of deacetylation of commercial chitosan is from 70 to 90% (12) it can be said that 

chitosan obtained has a high degree of deacetylation, with a value of 83.88% and this is very convenient 

because it takes less time to neutralize the negative charges on the surface of an emulsion droplet, 

generating a more stable emulsion (18). The molecular weight of chitosan was 90,297 kDa and it is 

considered low (19). This result is beneficial in this research, since a chitosan with low molecular weight 

exhibits a better emulsifying activity (20). 

Figure 1 shows micrographs of the droplets of mayonnaises, both once prepared and after aging. The 

droplet size of the mayonnaises was found to be highly dispersed, thus, there was carried out 10 

measurements of droplet diameter of the mayonnaises and then an average was calculated, the results are 

shown in Table 1. The freshly prepared mayonnaise type got a smaller diameter than the control 

mayonnaise with significant difference (p <0.0001), and this effect was attributed to the increased surface 

activity of the continuous phase caused by the addition of chitosan (21). There was an increase in the 

average droplet diameter of aged mayonnaise relative to that of freshly prepared mayonnaise, this increase 

is because, mayonnaise is a highly concentrated emulsion of oil, and for this reason, tends to have 

coalescence of oil droplets, which occurs after the droplets have contact for a long period of time (13).  

 

 a)  b) 

 c) 
 d) 

Figure 1 Micrographs (40X), a) Freshly made mayonnaise control  , b) Aged mayonnaise  control, 

c) Freshly made mayonnaise type, d) Aging mayonnaise type. 
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Table 1 Average diameter drop of mayonnaise-type control and freshly preparedand aged 

Mayonnaise Droplet diameter (ɛm) 

Control 5.0477 

Aged control 13.5987 

Type 4.4610 

Aged Type 8.6430 

 
Creaming degree of control mayonnaise was 13.59% and that of the mayonnaise type has a lower value 

(11.25%) with a coefficient of variation of 1.60% and 2.58%, respectively. These results indicate that 

there is less coalescence of oil droplets in the mayonnaise type, which is consistent with the results of 

particle size, resulting from the addition of chitosan and the relatively thick and electrically charged 

interfacial bilayer produced by this biopolymer, since such interfacial film around the oil droplets 

regulates interaction between the droplets, preventing the oil drops could coalece (22). There was no phase 

separation in any of the mayonnaises after 30 days. 

 

Table 2 presents the results of fat, moisture, protein, IP, Aw, pH and acidity of mayonnaise. The 

percentage of fat in the mayonnaise type is only slightly less than the percentage of fat in the mayonnaise 

control; this occurs because, in the formulation of the mayonnaise type, a lower percentage of egg yolk is 

added. Mayonnaise control presented a lower percentage of moisture that the mayonnaise type. The 

percentage of protein was lower in the mayonnaise type than that of mayonnaise control, due the first one 

possess minor amount of egg yolk. The I.P. of the mayonnaise type was higher than that of mayonnaise 

control because oxidation takes place on the surface of the drops, therefore a smaller drop, as in the 

mayonnaise type, provides a high rate of oxidation because surface area that is exposed to the aqueous 

phase is bigger (16). Aw of the mayonnaise type was lower than that of mayonnaise control, and both 

values were higher that the value of Aw that require microorganisms which may develop in the 

mayonnaise, which are molds and yeasts, with Aw values of 0.80 and 0.88, respectively (23). The pH of 

the mayonnaise type was lower than that of mayonnaise control. This lower value of pH in the 

mayonnaise type is beneficial, since in this condition, most of the bacteria do not develop because they 

grow at pH close to neutrality (23). The mayonnaise type presented a higher value of percentage of acidity 

(0.5%). This higher percentage of acidity may be due to the addition of chitosan, being cationic when 

dissolved in the aqueous acid solution, the concentration of active ions H+ is higher, thus increasing the 

acidity of mayonnaise (24). These results are consistent with the results of pH, since having a higher 

percentage of total acidity the pH is lower, which is also the result of the addition of chitosan. 

 
Table 2 Chemical and physical properties of the control mayonnaise and low-cholesterol mayonnaise type 

Mayonnaise Fat (%) Moisture(%) Protein 

(%) 

IP(meqperoxide 

/kgsample) 

Aw pH Acidity 

(%) 

Control 81 12.06 1.71 1.19 0.9206 4.1 0.41 

Type 78 14.52 1.13 2 0.9196 3.93 0.50 
 

Figure 2 shows the decrease of the viscosity of both mayonnaises with respect to time describing a 

thixotropic behavior. The mayonnaise type showed higher viscosity values than mayonnaise control 

during the test time. The higher apparent viscosity of the mayonnaise type is due to the addition of 

chitosan in the formulation, because the addition of chitosan increases the viscosity of the continuous 

phase and therefore the stability of the emulsion (21). 

Microbiological determinations showed no presence of molds and yeasts, or mesophilic aerobes or total 

coliforms and E. coli was negative in both mayonnaises. These results show that the sanitary quality of 
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raw materials employed in developing the mayonnaises was good, as there was adequate and hygienic 

processing handling and packaging of mayonnaise. 

 

 
Figure 2 Apparent viscosity versus time at 1 rpm of control mayonnaise and mayonnaise type. 

 

Conclusions 
The low molecular weight and high degree of deacetylation of chitosan worked well for the development 

of a more stable emulsion. The droplet size obtained in the mayonnaise type is smaller and less likely to 

coalesce. The mayonnaise type has less fat and protein and because the antimicrobial properties of 

chitosan, the product is maintained in a sanitary good condition. 
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Introduction  

Squash flowers (SF) are highly appreciated as a traditional food ingredient in Mexican cuisine. SF color 

ranges are from dark yellow to light orange, andhas been associated with the presence of natural 

antioxidants such as carotenoid compounds[1,2,3].Epidemiological studies have also shown a strong and 

consistent protective effect of vegetable consumption against the risk of several age-related diseases this 

effect is attributed to the antioxidant vitamins and other phytochemicals [4,5]. 

SF have a limited shelf life due to their high moisture content, causing important postharvest losses 

attributed to chemical and microbial deterioration. Therefore, a feasible way of increasing SF shelf life is 

by developing reduced moisture products. However, even though air drying is the most widely used 

technique for fruit and vegetable dehydration, it may have detrimental effects on both nutritional and 

sensory quality of heat-sensitive components, including antioxidants. The aim of the study was to assess 

the effect of drying temperature on pigments and antioxidant activity of SF. 

 

Methods and materials 
Sampling and flowers characteristics 

In order to choose the squash flowers (Cucurbitapepo) for this study, flowers var.GreyZuchinni with 

significantly specific characteristics, that is, flesh color (yellows and oranges), along with size (8-10 cm) 

and weight (3-5 g) were selected. 100 male flowers were cultivated and harvested in a farm in San Andres 

Cholula, Puebla, Mexico. All flowers were to the laboratory the same day right after the picking. All 

flowers were delivered to the laboratory on the same dayright after picking.  

Dryning process 

Samples were subjectedto convectivedrying at temperatures of 70, 80 and 90°C and resulting drying 

curves were mathematically described with Page's model in order to estimate the required drying time 

420, 330 and 240 min, respectively, to achieve a final free moisture fraction of 0.05. 

Analytical Assays 

Samplesoffresh (F) and dried (D) SF were crushed in a coffee grinder for 2 min, to avoid heating of the 

flowers. Powdered plant samples were extracted by acetone to analyzetheir pigments (total carotenoids, 

chlorophyll a and chlorophyllb).  

Determination of Pigments 

The concentration of chlorophyll a, chlorophyll b and total carotenoids was determined quantitatively by 

its absorbance at 662, 645 and 470 nm, respectively.Each component (mg/L) was calculated as described 

by Lichtenthaler and Wellburn (1985)[6].They were calculated as follows (1): 

Chlorophyll a 11.75Abs660-2.35Abs645 

Chlorophyll b 18.61Abs645- 3.96 Abs662 

Total carotenoids 1/227 1000 Abs470- 2.27 Cla-81.4Clb 

 

Determinations of Total Antioxidant Activity  
The antioxidant activity of themethalonic extracts, on the basis of the scavenging activity of the 2,2-Di(4-

tert-octylphenyl)-1-picrylhydrazyl (DPPH) free radical, was determined by the method described by 
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Mongkolsilpet al., 2004 [7]. An aliquot of 500ɛl of each extract solution was mixed with 2ml of 0.1mM 

methanolic DPPH radical to give final concentrations of 2-9 mg extract/ml DPPH. By using Jenway 

spectrophotometer at 515 nm, the reduction of DPPH radical was measured with continuous monitoring of 

the decrease of absorption every minute up to 30 min. 

Similarlythe ABTS (2,2ôazinobis- 3-ethylbenzothiazoline-6-sulfonic acid diammonium salt) radical was 

generated with manganese dioxide.Then, 1.8 ml of the ABTS
+
 solution was added to 150µl of sample 

(dilutedas required) and vortexed for 10 s. The decolourisationcaused by reduction of the cation by 

antioxidants fromthe sample was measured at 734 nm at exactly 6 min after initialmixing.  

BHT (butylatedhydroxytoluene, mg/ml) and 2.5mM Trolox(6-hydroxy-2,5,7,8tetramethychroman-2-

carboxylic acid) were used as standard antioxidants.  

All determinations were carried out in triplicate at each separate concentration of the standard and 

samples. The antioxidant potential results are expressed as IC50 values, which were calculated from the 

linear regression of the percent inhibition versus extracts concentrations. 

 

Statistical analysis 

The effect of air-drying temperature on pigments contents and IC50 of antioxidant activitywas estimated 

using Statistix 8.1. The results were analyzed by an analysis of variance (ANOVA), with a 

significancelevel of Ŭ = 0.05 and a confidence interval of 95% (p < 0.05). In addition, the multiple range 

test (MRT) included in the statisticalprogram was used to demonstrate the existence of homogeneous 

groups within each of the parameters. 

 

Results and Discussion 
 

Variations of the moisture content with the drying time t for varying values of the drying parameters 

(mainly, the temperature T and the relative humidity ) were studied. Figure 1 shows a typical 

characteristic dying curve (moisture content compared with time) of flowers samples during drying 

operation at different temperatures (70, 80 and 90°C)to achieve a final free moisture fraction of 0.05. 
 

 

Figure 1Drying curves in squash flowers at 3 different temperatures described with Page's model in order 

to estimate the required drying time. 

The coloring genus Curcubita flowers are mainly due the high content of carotenoid compounds, 

particularly of ɓ-carotene[8].While the chlorophyll contentsare found in low 
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concentrations,resulting inthe yellow colorationcharacteristicofthistypeofflowers. In this study 

carotenoid, chlorophyll a and chlorophyllbcontents in dried products were in the ranges of 0.91-1.70 

mg/100 g, 0.0019-0.004 mg/100g and 0.001-0.0032 mg/100 g dry product, respectively. A higher 

retention of these compounds was obtained with drying at 70°C (p < 0.05) (Fig 

2A).Carotenoidcompoundsare relatively stableduringdrying processes, however fortemperatures of 

80°Corhighertend to degrade[9]. This effect ofdrying temperatureonthetotal 

carotenoidcontentoftheflowerswas observedin the treatments of 80and90 °C (Fig 2B). 

A) B) 

 

Figure 2 Mean values of pigment contents in squash flowers during dying processing at 3 different 

temperatures.  A) Chlorophyll concentration.  B) Total carotenoids concentration. 

 

Antioxidant activity (expressed as the amount ofsample neededto reduce by50% the free radical 

scavenging capacity) ranged from 4-4.7 mg dry product for both ABTS and DPPHmethods, observing the 

highest residual antioxidant activity at 90°C (p < 0.05).  

DPPH and ABTSscavenging activities of squash flowers may be explained by the presence of flavonoid 

andphenylpropanoid glycosides-compounds known as potential hydrogen donors and radical 

scavengers[10]. 

 

 

Figure 3 IC 50values of squash flowers extracts. A) DPPH radical method and B) ABTS radical method. 

A) B)

) 
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These results may be related to those reported by Jacobetal. (2010) [11] who mentioned that the thermal 

processes can affect the antioxidant activity of vegetable products depending on the time duration  instead  

of temperature of the  drying process (Fig 3A and 3B). 

This study has confirmed that the drying process may be used to conserved squash flowers with increased 

shelf-life and wider marketability, increasing their consumer appeal by stressing the potential health 

benefits associated with antioxidant-rich foods. 
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Introduction  
Currently there are reports that demonstrate the use of medicinal plants in the treatment and prevention of 

various diseases (1). It is also known that our ancestors used herbs in order to alleviate ailments and cure 

diseases, to strengthen the body's defenses, to control the physiology and emotions of consumers (2). 

These facts have been arranged that, today, plants have become the basis of research. This is due, in large 

part, to the presence of bioactive compounds in the stem and the aerial parts of plants.The most ubiquitous 

in the plantae kingdom and numerous bioactive compounds are polyphenols, same to be essential to their 

physiology, contributed in the morphology, growth, and reproduction of plants (3). Polyphenols are 

compounds responsible for providing the antioxidant activity (4) and thereby, are involved in the 

prevention of diseases such as cancer and cardiovascular diseases (5). 

 

Plants are a potential source from antioxidants natural, however, the antioxidants of aqueous extracts of 

plants have not been studied extensively (6), is for this reason that, in the present investigation, it was 

evaluated the antioxidant capacity and phenolic content of aqueous extracts of the plant known as ripe 

banana (Hamelia patens).It is believed that Hamelia patens is native to United States of America (7). 

However, it has had a good develop in large part of the Mexican Republic (8). Ripe plantain is also known 

as mazamora (7), coralillo, or herb santa, cimarron, and belongs to the Rubiaceae genus. It is a shrub to 3-

6 m tall, it has leaves opposite on the stem which are 5-15 cm long (9). Their flowers are dark yellow, 

orange or red, while the fruit of H. patens is red, turning to black in maturity (7).H. patens have 

antihemorrhagic and healing qualities. In addition, anti-inflammatory and analgesic properties are 

attributed to him (10), also has qualities anti-pyretic, antimicrobial and anti-fungical. Also used against 

cancer, diarrhea, dysentery, jaundice, malaria, and wounds, among others (11), also it is used as antibiotic 

for the treatment of infectious processes, especially in rural areas, where preparations obtained from plants 

(12) are applied. 

 

The family Rubiaceae is a primary source of natural, medicinal and hallucinogenic products. Studies 

fromquimiotaxonomiaof alkaloids, reported three structural types of alkaloids in this plant: quinolinics, 

isoquinolinics and indolics (13). The leaves of H. patens contain saponins, steroids, and tannins. The 

flower contains flavonoids such as apigenin and narirutin (10). Likewise, it was identified stigmasterol, 

ursolic acid, aricin, oxindol, rotundic acid and catechin (14), also found: ephedrine, rosmaric acid and the 

flavones: petunidin, malvidin, and narirutin; the alkaloids, oxindolicspalmirin and rumberin, maruquin, 

isomaruquin and alkaloid A, isopteropodin, pteropodin, speciofilin and alkaloids indolicstetrahidroalstonin 

and aricin (15). 

 

Materials and methods 

 

Preparation of the samples. The leaves of H. patens were collected in city Valles, S.L.P., were 

subsequently performed aqueous extracts through an infusion accumulate in proportion 1:50 w/v, 
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using freshly cut leaves and distilled water at a constant temperature of 95 ± 2°C, for periods of 

3, 5, 8, 10, 12, 15 and 30 minutes corresponding to the times of infusion. Finally, the extracts 

were leaked using whatman filter paper N ° 2. 

Evaluation of antioxidant activity. The antioxidant activity was evaluated with the 

methodology described by Brand-Williams et al. (1995) (16), through inhibition of the stable 

radical DPPH. To do so, 3 mL of the methanol solution DPPH 6.1x10
-5
M with 100 ɛL of the 

aqueous extract, the absorbance was measured at 5 seconds for 30 minutes, at 515 nm. The 

antioxidant activity was expressed in ïD.O.
-3
 /min/mgm.f. it was established from the 

determination of the equation proposed by Manzocco et al. (1998) (17). 

Inhibition of free radicals (RL).  The percentage inhibition of RL was determined taking the 

initial  (DPPH) and the final absorbance (DPPH-extract complex study) respectively. 
Quantification of total polyphenols. The polyphenols content was assessed in accordance with the 

methodology of Folin-Ciocalteau (18). To quantify the polyphenols from diluted aqueous extract in water 

deionized in proportion 1: 10, then mixed 1 mL of the above dilution with 5 mL of Folin-Ciocalteau 

reagent at 10%, and they were left to stand for 8 minutes. Then it was added 4 mL of solution of Na2CO3 

to 7.5%, followed by homogenization, finally the solution incubate for 2 hours at 25°C. Past this time we 

read the absorbance of the solution to 740 nm. The results were expressed as equivalent of Gallic acid 

(GAE/L). 

Statistical analysis. The data obtained were expressed as the mean ± standard deviation. 

Determinations were made in triplicate, calculations and graphs of the data were processed using 

the software KaleidaGraph. 

 

Results and discussion 

 
The formation of difenilhidracina is an important feature in the development of antioxidant activity (19), 

and is the result of the ability of the plant extract to discolor the DPPH radical solution from purple to 

yellow. A high antioxidant activity measured by kinetic through radical DPPH is due to the presence of 

phenolic compounds (6). Which have proved to possess antioxidant properties (20). In table 1 are 

observed the phenolic content and antioxidant activity the percentage inhibition of RL the aqueous 

extracts of H. patens with respect to the time of infusion. 

 

Table 1. Content phenolic, antioxidant activity and percentage of inhibition from  

freeradical of extracts of H. patens in respect to the infusion times. 

 

Infusion 

time  

Polyphenols                     

(mg GAE/L)  

Antioxidant Activity                

(D.O. 
-3

/min/mgm.f.) 

% Radical 

inhibition  

3 259.11 + 2.43 8.57 +  0.41 92.91 +  0.11 

5 304.54 + 2.95 10.29 +  0.11 93.60 +  0.26 

8 391.87 + 1.93 12.48 +  0.54 94.01 +  0.01 

10 407.33 + 4.83 14.73 +  0.94 94.44 +  0.27 

12 476.61 + 1.47 19.43 +  0.46 96.59 +  0.19 

15 427.63 + 1.93 18.21 +  0.14 95.45 +  0.14 

30 294.23 + 1.93 10.96 +  0.59 93.77 +  0.17 

GAE: Gallic acid equivalent 
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The polyphenols release was increased as the time infusion pass from 3 to 12 minutes long, being at this 

time when the higher content of phenolic compounds was obtained (476.61 mg GAE/L). Likewise, it was 

observed that after 12 minutes of infusion the content of polyphenols exhibited a marked decline. This 

behavior is attributed to antioxidant/prooxidante activity of phenolic compounds, which depends on 

extrinsic factors such as the temperature, behavior chelating, pH, the structure, the number and the 

position of the substituents (21). So in this case, assume that the time of exposure to a high temperature 

resulted in the oxidation of phenols and this stopped their antioxidant action. 

 

With respect to the antioxidant activity described to aqueous extracts of H. patens, we showed that the 

highest value of D.O. was obtained at 12 minutes of infusion and was 19.43 + 0.46 -D.O.
- 3

/min/mgm.f. The 

antioxidant effect found in the aqueous extracts of H. patens may be attributed to the presence of tannins 

and catechins in the leaves of this plant (10 and 14), characterized by having a high antioxidant activity 

(22). 

 

In earlier studies, was evaluated the antioxidant activity of green tea and the tea, describing antioxidant 

activity of 5.6 and 1.9 D.O.
-3
/min/mgm.s., respectively (17). In contrast, the antioxidant activity observed 

from the aqueous extracts of H. patens turned out to be much higher with respect to that reported for the 

green and black teas which you can infer that by drinking an infusion of H. patens permit better 

antioxidant benefits. 

 

The linear analysis between the antioxidant activity of aqueous extracts of H. patens, measured in kinetic 

form with the radical DPPH depending on the content of polyphenols, obtained a value of r=0. 948 

(Figure 1), which indicates that there was a significant relationship between both parameters, i.e., the total 

phenols content presented an important relationship with the capacity to act of antioxidant agents released 

at different times. This behavior matches with the reported for aqueous extracts of plants (22). On the 

other hand, from the phenolic compounds present in plants, flavonoids are the majority antioxidant 

component (4), and because of this, there is a positive correlation between phenolic content and 

antioxidant activity. 

 

8

10

12

14

16

18

20

250 300 350 400 450 500

H. patens

y = -4.2004 + 0.048448x   R= 0.94879 

A
ct

iv
id

a
d

 a
n

tio
xi

d
a

n
te

 (
D

.O
. 

-3
/m

in
/m

g
 m

.f
.)

Polifenoles (mg EAG/L)
 

 

Figure 1. Correlation between antioxidant activity 

phenolic content of extracts of H. patens. 

 

In terms of the percentage inhibition of radical free, the observed range was 92.91 to 96.59%, 

indicating that there was stability during the analysis period. The capacity of inhibition of radical free, he 

was accomplished by donating an electron from the antioxidant molecule to free radical molecule, 
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allowing the stabilization of the radical, with the consequent conversion of the antioxidant in a non-toxic 

molecule. 

 

Recent studies indicate that tea and infusions made from plantsis the second most consumed 

beverage in the world, surpassed only by the water (23). Known as catechins, the flavonoids exert 

protective effects against diseases such as diabetes mellitus, cancer, heart disease, viral infections, ulcers 

and inflammation, in addition to its antioxidant, antimicrobial actions, and hemoprotectora (24). 

Therefore, it is important consume a diet rich in antioxidant compounds, which contribute to improving 

the quality of life of human beings, this fact has led researchers to establish a dose equivalent to 23 

mg/day (25) of flavonoid intake, also ensures that the main source of flavonoids is contained in beverages 

such as tea and infusions. With this study we showed that H. patents is an important source of 

antioxidants. 
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In troduction 
Many plants are appreciated for human beings as they show beneficial effects on health, such as Buddleja 

cordata Humb. Bonpl. & Kunth (Buddlejaceae), Ibervillea sonorae Greene (Cucurbitaceae) and Prosopis 

laevigata Humb. & Bonpl. Ex Willd M. C. Johnst (Fabaceae). Those species are commonly used by 

Mexican folk to counteract diseases that affect significant amounts of people, so B. cordata is used as 

remedy against stomach and skin infections, dysentery, affections related to antiinflamatory, antitumoral, 

antiseptic and diuretic activities (Rodríguez-Zaragoza y col., 1999); while the I. sonorae uses comprise 

skin diseases, stomach ulcers and diabetes mellitus (Hernández-Galicia y col., 2007); and P. laevigata is 

applied to treat dysentery, eye diseases, and to act as purgative, emetic and antibacterial agent (Almanza y 

Mova, 1986). From those plants, mainly from leaves, diverse ethnopharmacological and phytochemical 

studies have revealed the presence of bioactive compounds, and in some cases the specific biological 

activity have been elucidated, being that compounds identified as phenolic or phenylpropanoid 

compounds. The phenolic compounds are secondary metabolites produced by plants in response to stress 

conditions such as attack from pathogens, herbivores or insects, wounding, UV light, exposition to heavy 

metals, among others. The ability of phenols to counteract several stress conditions is related to its great 

reactivity, thus a phenolic compound can show a wide range of biological activities, of which can 

highlight the antioxidant, cytotoxic, antimicrobial, antiviral, antitumoral, antiinflamatory, analgesic, 

pesticide, among others. Certainly, the antioxidant activity is distinctive for health since several metabolic 

cellular processes produce free radicals that cause oxidative stress which if are not scavenged by own 

antioxidant machinery, serious damages to biomolecules can be triggered (Vermerris y Nicholson, 2006). 

Then, the exogenous acquisition of phenols possessing an antioxidant capability can significantly 

contribute to reduce oxidative cellular stress, and it is hope that their incorporation to foods will contribute 

substantially to develop them as functional. Moreover, to accomplish it, the development of sustainable 

technologies for providing a continuous and controllable biosource of phenols must be carried out in order 

to not undermine the natural resources, such as in vitro cultures. In vitro or tissue culture comprises 

several techniques based on the totipotent capability of the vegetal cells, making possible develop cultures 

of cells, tissue, organs or complete plants growing under environmental and nutritional conditions 

controlled. So, through in vitro cultures is possible to exert a relative control under secondary metabolite 

production (Georgiev y col., 2009). The aim of this work was to determine the total phenol content (TPC) 

and the antioxidant activity of in vitro cultures from Buddleja cordata, Ibervillea sonorae and Prosopis 

laevigata. 

 

Methods and materials 
Establishment of cellular lines: Callus cultures of B. cordata, I. sonorae and P. laevigata were provided 

by The Universidad Autonoma Metropolitana, Campus Iztapalapa (UAM-I), being every cellular line 

propagated according to previous reports (Estrada-Zúñiga y col. 2009, 2012; Buendía-González y col. 

2010) through 8 subculture cycles, being the two latter used to determine the growth index (GI), total 

phenol content (TPC) and antioxidant activity.  
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Extraction and quantification of phenolic compounds: Biomass from callus of B. cordata, I. sonorae and 

P. laevigata was lyophilized and weighted, followed of extraction with MeOH (50 mL per 100 mg of 

biomass) boiling for 1 h, filtration and concentration (10 mL). After, TPC was assessed by Folín-

Ciocalteau method (Aslan y col., 2007) whose results were expresses as equivalent mg of galic acid per 

gram of extract (mg GAE g
-1
).  

Determination of the antioxidant activity: Concentrated extracts were evaporated to deliver complete 

dryness then several concentrations were prepared in MeOH (0-3 mg mL
-1
) to determine the amount of 

extract needed to inhibit the initial concentration of free radical (EC50); ABTS and DPPH assays were 

carried out to evaluate the antioxidant activity (Re y col., 1999; Sánchez-Moreno y col. 1998). All the 

results were done by triplicate and statistically analyzed with NCSS software at 5 % of significance level. 

 

Results and discussion 
The TPC and antioxidant activity were significantly different between species, and also TPC was 

associated to antioxidant activity.  The highest TPC (202.7 mg EAG g
-1
) was in B. cordata, followed of I. 

sonorae and P. laevigata (57.1 and 46.8 mg EAG g
-1
, respectively) (Fig 1a), as well as EC50 

corresponding to 62.5 and 59.5 µg mL
-1
 for B. cordata, 855.7 and 573.3 µg mL

-1
 for I. sonorae, and 824.3 

and 366.7 µg mL
-1
 for P. laevigata, DPPH and ABTS assay, respectively (Fig 1b). The TPC values 

determined for callus from B. cordata and I. sonorae were similar to those reported for leaves of close 

species belonging to Buddlejaceae (28.2-236.7 mg GAE g
-1
) (Sawadogo y col., 2006) and Cucurbitaceae 

(49.7-157.6 mg GAE g
-1
) (Local Food-Nutraceuticals Consortium, 2005) families, respectively, whereas 

that TPC value for P. laevigata callus was lower to that reported in leaves of Fabaceae species (221.9 mg 

GAE g
-1
) (Local Food-Nutraceuticals Consortium, 2005). Tecoma stans (Bignoniaceae) is close to 

Buddlejaceae species, and as well as B. cordata, T. stans is commonly used in folk medicine Mexican 

whose curative property is also related to phenolic compounds. However, T. stans phytochemical 

constitution in fields is highly varied, so in vitro cultures has been developed (López-Laredo y col., 2009). 

Whilst, extracts of cell cultures of Lavandula vera and Rosa damascene, other species used extensively in 

folk medicine, have been tested as sources of phenolic antioxidants for use in foods (Kovatcheva-

Apostolova y col., 2008). Certainly, the highest TPC determined for B. cordata callus (202.7 mg EAG g
-1
) 

was significantly superior to those reported for callus of T. stans (45.40-97.03 mg GAE g
-1
) (López-

Laredo y col., 2009), L. vera (85.6 mg GAE g
-1
) and R. damascena (7.9 mg GAE g

-1
) (Kovatcheva-

Apostolova y col., 2008). On the other hand, lower amounts of extract (µg mL
-1
) capable to inhibit at 50 % 

the initial concentration of free radical, means that extracts possess a high antioxidant activity. The EC50 

results observed from all species are similar to those values reported from leaves of the corresponding 

close species (16.33-785.67 µg mL
-1
) (Sawadogo y col., 2006; Chew y col., 2011). Moreover, several 

works comprising a variety of phenol producer species such as Blepharis linearifolia, Dicliptera 

verticillata, Dyschoriste perrottetii, Hygrophila auriculata, Lepidagathis anobrya, Nelsonia anescens, and 

Justicia spicigera report a TPC association with antioxidant activity (Sawadogo y col., 2006), relation that 

also is observed in the present work. Phenolic compounds possess a great reactivity, so they can exert a 

variety of beneficial effects on human health, among the antioxidant activity is highlighted. Phenolics may 

prevent oxidative stress occurring under a disease state and through their antioxidant activity they exert 

protective effect by selectively inhibiting or stimulating key protein in the cell signaling cascades, which 

in turn can mark the point of no return in the cell death process (Soobrattee y col., 2005). So, B. cordata 

cellular line cultures can represent a potential biosource to produce phenols which if are added to foods 

may exert benefits to health. More research advances over phenol production increase in these in vitro 

systems must be developed, and also those produced phenols must be proved as food additives.  
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a) 

 

b) 

Fig 1. Total Phenol Content (a) and antioxidant activity (b) from callus extracts of B. cordata, I. sonorae and P. 

laevigata. Means (± SD) followed by the same letter are non-signicantly different at the 5% level.  TPC, EC50 

regarding  ABTS and   DPPH assay.  
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Introduction  
 

In recent years, worldwide consumption and production of tropical exotic fruits has increased, because of 

their attractive sensory properties their nutritional quality. Mangiferaindica is one of the most important 

tropical fruits with a global production exceeding 27 million Tonnes per year (1). Mexico ranks fourth in 

world production and second in exports of this fruit. Ataulfo, Tommy Atkins and Kent mango varieties are 

the most widely consumed (2). The Mexican variety Ataulfo has proven to be a success in international 

markets because it has unique sensory features: firm consistency, plump and sweet drupe, low acidity and 

intense aroma (3).Fruit changes during ripening can induce changes in the chemical composition that can 

be nutritionally beneficial. Exotic fruits exhibit an important content of DF (4), juice from mango is the 

main industrial product and the industrial by-products represent 35 to 60% of the total fruit weight 

(5).Furthermore, Ataulfo and Tommy Atkins varieties have highly fibrous pomace generated as a by-

product of juice preparation and to the best of our knowledge, has not been characterized and could be 

potentially incorporated into food products as inexpensive, non-caloric bulking agents. 

The aim of this work was to evaluate changes in chemical composition and DF content in two mango 

cultivars (Mexican Ataulfoand Tommy Atkins) at two stages of ripening and their by-products obtained 

during their processing. 

 

Materials and Methods 

 

2.1. Sample preparation 

 

Mango fruits from two varieties (Ataulfoand Tommy Atkins) were purchased from ñCinco de Mayoò 

orchard near Tepic, Nayarit, Mexico. A proportion of the fruits used in this study were in mature-green 

stage (MGS) and another portion was used when the concentration of soluble solids was 16 °Brix, which 

is considered consumption stage (CS). Mango was peeledand dried at 65 °C. The dried pieces were 

homogenized (IKA
®
 Works Inc, Model M20-S3, Wilmington, NC) and passed through a 0.05 mm mesh, 

then stored in plastic containers at -20°C for further analyses. The samples obtained henceforth are 

referred to as Ataulfo-MGS and Tommy-MGS and Ataulfo-CS and Tommy-CS. 

 

Preparationof by-products  

 

The by-products (fiber and peels) were purchased from Ataulfoand Tommy Atkins fruitsfromMexifrutas 

S.A. de C.V. mango processingplant, during the manufacturing of juice concentrate. Samples were freeze-

dried, milled (IKA® 80 Works Inc, Model M20-S3, Wilmington, NC) and passed through a 0.05 mm 

mesh,then were stored in plastic containers at -20°C for further analyses. The samples obtainedhenceforth 

are referred to as Ataulfo-F and Tommy-F (F, Fiber); Ataulfo-P and Tommy-P (P, Peel). 
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2.2 Proximate composition and dietary fibre. 

Ash, protein and fat were analysed according to AOAC methods 923.03, 920.87 and 920.85, respectively 

(6).Total soluble carbohydrates were assessed by the Anthrone method (7).Total starch was determined 

by the method of Goñi et al.(8). Glucose was determined using the glucose oxidase/peroxidase 

(GOD/PAD) assay. Dietary fibre analysis.Samples were analysed by the AOAC method modified by 

Mañas et al.(9). Samples were treated enzymatically, followed by centrifugation, instead of filtration to 

separate the soluble and insoluble fractions obtained after enzymatic hydrolysis. Supernatants were 

quantitatively collected; pellets were washed and transferred into dialysis tubes (12000ï14000 MWCO, 

Dialysis Tubing Visking, Medicell International Ltd., London, UK). The dialysates (soluble dietary fibre, 

SDF) were hydrolysed with concentrated sulphuric acid. Residues obtained after the enzymatic hydrolysis 

(insoluble dietary fibre, IDF) were dried and hydrolysed with sulphuric acid. Non-starch 

polysaccharides(NSP) from SDF and IDF were determined spectrophotometrically at 520 nm by the 

Englyst and Cummings method (10) and glucose was used as a standard. Residues were dried and 

gravimetrically quantified as Klason lignin (KL). 

2.3. Statistical analysis 

Differences between means were analyzed by ANOVA using SAS statistical software v. 9.0. Statistically 

significant differences (p<0.05) were evaluated using the LSD multiple comparison procedure. 

 

Results and discussion 
 

Changes in proximate composition in two mango varieties 

Proximate composition in tropical fruits like mango, changes depending of the crop origin, variety and 

maturity stage (11).Proximate composition of our samples is depicted in Table 1. According to the 

ripeness stage, the protein content was significantly different (pÒ 0.05) between samples. Other authors 

have reported protein contents of 5.42 g/100g in Peruano mango variety (12), without any further 

reference of the maturity state. Protein content was higher in the consumption stage than on the mature-

green stage. This might occur because an increase in the synthesis of cell wall enzymes that may function 

collectively and synergistically to impact significant texture and protein changes in fruits occurs during 

the ripening stage (13). 

 

Table 1. 

Changesin the proximate composition Ataulfo and Tommy varieties in their consumption stage 

(CS) and mature-green-stage (MGS) of mango pulps (g/100g dry base, except moisture)
a
 

Component Ataulfo-MGS Ataulfo-CS Tommy-MGS Tommy-CS 

Moisture 80.17±2.10c 84.86±1.3b 86.40±1.50a 85.40±0.60bc 

Protein
b
 5.33±0.02b 6.40±0.04a 4.04±0.05d 5.55±0.03c 

Ash 2.09±0.13b 2.57 ±0.20a 1.56±0.19c 1.48±0.05c 

Fat 

SC
c
 

Total starch 

1.14±0.10a 

36.76±6.60c 

16.24±0.72a 

1.02±0.08ab 

48.47±4.03ab 

Nd 

0.92±0.48b 

48.85±2.60a 

8.53±0.37b 

1.02±0.00ab 

48.85±2.60a 

Nd 

a
Values are given as mean (n Ó3). The values with different letters are significantly different (p¢ 

0.05) by LSD test. 
c
SC; Soluble carbohydrates. 

d
Nd; not determined. 

 

Ash content in both varieties and ripeness stage had a significant effect (pÒ 0.05) between samples. The 

main minerals identified in mango are calcium, potassium, magnesium, phosphorus and nitrogen.In 

general ash is incremented with the ripeness stage (14). However, the behaviour in Ataulfo variety in 

regard to ash content was contrasting and it will be considered for further research on physiology studies 

for this variety. The studied varieties did not show a significant (pÓ 0.05) difference in lipid content. 
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However the variations could occur during maturing when there is formation of volatile compounds from 

lipids (14)such as terpenes, esters and alcohols (11). Soluble carbohydrates increased in Ataulfo-CS, 

which can occur when starch in green-mature-stages is hydrolysed to simple sugars during ripening. 

Additionally, both pH values and enzyme activity increase as a result of ripening which is a consequence 

of polysaccharides hydrolysis, thereby increasing the soluble sugars content (15). 

 

Proximate composition of mango by-products 

Usually, mango fruit in consumption stage is employed to prepare juice concentrate. Fibre and fruit peel 

are recovered as by-products and may have a different chemical composition even if they originate from 

the same variety. Some nutrients may vary in unripe as compared to ripe fruit, while others remain 

unchanged. The proximate composition in Ataulfo and Tommy Atkins by-products (fibre and peel) are 

shown in Table 2. Protein content in Ataulfo-F and Tommy-F were similar than that of Ataulfo-CS and 

Tommy-CS (Table 1), although these were higher than in Ataulfo-P and Tommy-P. Theprotein in peel of 

different mango varieties has been studied, and similar values to those reported herein have been found as 

those by Ajila et al.(16)(3.6 g/100g, dry base)and Hassan et al.(17)(4.6 g/100g, dry base). 

 

Table 2. 
Proximate composition in Ataulfoand Tommy Atkins mango varieties by-product (g /100g dry base) 

Component Ataulfo-F Tommy-F Ataulfo-P Tommy-P 

Protein 5.10±0.7a 4.98±0.07a   3.27±0.05c 4.30±0.45b 

Ash  2.23±0.04c 1.87±0.09d  3.18±0.11b 3.90±0.05a 

Fat 

SC
b 

Total starch 

0.57±0.01d 

72.17±1.15a 

  8.23±0.74b 

1.70±0.19c 

65.39±1.26b 

6.38±0.73c 

2.08±0.20ab 

56.52±1.44c 

10.69±0.29a 

2.35±0.13a 

56.65±1.64c 

7.76±0.27b 

Values are given as mean (nÓ 3). The values with different letters are significantly different (p ¢ 

0.05) by LSD test. 
b
SC=Soluble carbohydrates. F=Fibre, P=Peel. 

 

Ash content in Ataulfo-F and Tommy-F were similar than their corresponding pulps in the maturity stage. 

Peels in two reported varieties have shown higher mineral and fat content. Similar values in mango peel 

were reported elsewhere (17). Fat content obtained in our by-products was lower than Citrus sinensispeel 

(22.2 g/100g, dry base) (18).Soluble sugars were higher in our by-products, which could be attributed to 

that industrial process employ fruits that are in their optimal ripening stage.Total starch (TS) content in 

fibre and peel of Ataulfo was higher than in its counterpart of Tommy. In general, TS content in the by-

products was low and it is remain from the starch present in the pulp that is not hydrolysed to simple 

sugars during ripening. The higher TS content in peel may be attribute to starch granules which are 

encapsulated in the cell wall and released during peel grinding. 

 

Dietary fibre content 

Dietary fibre (DF) values in samples are shown in Table 3. The total dietary fibre (TDF) content was 

greater (p<0.05) in Tommy Atkins peel than Ataulfopeel and the rest of studied samples. However, Ataulfo-

F was higher (p¢ 0.05) than Tommy-F. These values were smaller than those from different varieties 

reported in Mangiferaindica L peels (5).Dietary fibre is constituted mainly by non-starch polysaccharides 

such as cellulose, hemicelluloses, xylanes, galacturonic acid and cell wall components in the peel are 

constituted by these structural carbohydrates (13). 
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Table 3. 

Total dietaryfibre (TDF), soluble dietary fibre (SDF), insoluble dietary fibre (IDF), total sugars (TS), 

Klason Lignin (KL) and percentage (%) SDF/TDF(g /100g dry base)inAtaulfo and Tommy Atkins 

varietiesa. 

Sample TDF
b
 SDF 

IDF 
SDF/TDF 

TS KL 

Ataulfo-MGS
c 17.66±0.59e    7.59± 1.21c   7.60±0.12bc 0.10±0.01e 42.9 

Tommy-MGS 10.87±1.27g    3.87±0.78f   6.49±1.38c 0.50±0.12e 35.6 

Ataulfo-CS
d
 15.27±1.05f    9.19±0.41b   8.32±0.31b 0.14±0.01e 60.1 

Tommy-CS 11.62±0.40g  10.24±0.38a   6.50±0.82c 0.09±0.00e 88.1 

Ataulfo-F
e
 24.59±0.21c    6.22±0.05d 10.22±0.80a 7.39±1.59c 25.2 

Tommy-F  22.50±1.23d    4.91±0.47ef 11.01±0.09a    6.57±0.30d 21.8 

Ataulfo-P
f
 23.64±0.91b  11.15±1.28a   8.48±0.94b 8.05±1.70b 40.3 

Tommy-P 38.71±4.8a  12.11±0.40a 11.43±0.41a 15.17±1.60a 31.2 

aValues are given as means (n = 3). Values with different letters are significantly different (p¢ 0.05) by 

LSD test. 
b
TDF; As the sum of SDF+IDF. 

c
MGS=Mature Green-Stage. 

d
CS; Consumption stage. 

e
F; Fibre. 

f
P; Peel. 

 

The soluble dietary fibre (SDF) in the mango peel from studied samples. SDF in Tommy Atkins and 

Ataulfoatconsumption stage, was higher (p¢ 0.05) than MGS and the fibre by-product obtained.A higher 

content in SDF in CS could be explained by the different contents of structural and non-structural 

polysaccharides in the pulp and peels in MGS tropical fruits (13).During maturation these compounds 

changed due to a series of enzymatic de-esterification and de-polymerization reactions that tropical fruits 

carry out during ripening (15). These reactions could promote an increase in soluble pectic 

polysaccharides and the concomitant increase in soluble fibre.SDF content in this study was similar than 

that reported in Mangiferapajang fruit pulp (9.05 g/100g, dry basis) (19) and Mangiferapajangfruit peels 

(33.4 g/100g, dry basis) (17).IDF is constituted mainly by cellulose, hemicellulose, galacturonic acid and 

lignins.KL content was higher in by-products (peel and fibre) than samples in consumption stage and 

mature-green stage. This could be because during mango pulping the sections attached to the seed usually 

contain the components that comprise the KL. However, in Mangiferapajang fruit pulp and peel (17,19) 

KL values were higher than what we obtained our varieties. Ligninsare an indigestible constituent of plant 

foods. Nutrition experts recommend that at least one third of the daily dietary fibre intake should come 

from SDF (20).In this sense DF from tropical fruits has proved to be an excellent source of SDF. The 

samples Ataulfo-CS and Tommy-CS had a content of FS that exceeds this recommendation (Table 3). 

However, the proportion of SDF in Ataulfo-GMS and Ataulfo-P is elevated too, thus in most samples the 

SDF/TDF ratio was close to recommended levels. Only the fibre by-product was lower than the other 

samples, but if we compare against the SDF from cereals the values obtained in fibres were higher. 

 

Conclusions 

 
TDF content in studied mango by-products was higher than fruits in MGS and CS. However, peels in 

Ataulfo and Tommy Atkins varieties had similar values in SDF to that of fruits in CS. The ratio SDF/TDF 

was higher, in all studied samples, from the 1:3 ratio recommended by nutrition experts. Finally, our 

results emphasize the features of DF in the Ataulfo variety, and suggest the potential use of their by-

products in foods. 
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Introduction  
 

This study was carried out in order to reduce the environmental impact generated by the waste obtained 

from agroindustry, giving an added value.Some of these wastes may be used as input during elaboration of 

different products. Most of agro-residues are rich in fiber, minerals and antioxidant compounds, whose 

functional properties help to prevent various chronic diseases as obesity, diabetes and hyperlipidemiaand 

improve human health. Functional properties of food or food-ingredient depend on their chemical 

composition and physicochemical properties (5, 8). These properties are generally determined in vitro and 

serve to give an idea of their behavior in vivo, since in this medium undergo a complex physiological 

environment and mechanisms that could modify them. The principal physicochemical properties that are 

evaluated are: pH, particle size, water-holding capacity (WHC), swelling capacity (SC), cationic exchange 

capacity (CEC), oil-holding capacity (OHC) and organic molecule adsorption capacity (OMAC). 

Studies on the chemical composition of edible part of cladodes and fruits of Opuntiaficus-indica showed 

that these parts have high nutritional value, mainly due to their mineral, protein, dietary fiber and 

phytochemicals contents (2, 7, 9, 18). The wastes generated by the consumption of prickly pear are the 

shell and spines, which represent 45% of the fresh weight of the prickly pear (17). Moreover, the sotol 

pineapple has carbohydrates such as fructose and cellulose, the last being the most abundant component 

(4).  However, in commercial fermentation process, cellulose fibers are not completely hydrolyzed, 

leaving large amount of fiber as residues known as bagasse. These wastes are deposit in the environment, 

so they represent a potential contaminant. For all these reasons, we decided to chemically and functionally 

characterize for the wastes of the sotol industry and prickly pear peels (red and green) of the region of 

Coahuila, as there is great interest by know the nutritional quality of these residues. All with the purpose 

of obtaining quality ingredients to be incorporated into functional foods and thereby increase the added 

value of these by-products. 

 

Methods and materials 

 
Material and Sample preparation.Two prickly pear varieties of Opuntiaficus-indica sp., red and green, 

purchase in the food supply center in the city of Saltillo, Coah.,Méx. The pricky pear samples were peeled 

in the normal way for human consumption. Spines, epidermis and glochids were manually removed. 

While residues of sotol were provided by the Sotolera Torrecillas, Durango. All samples were dry at 65 °C 

and ground. Then, samples were sieved and recovered the particles in range from 425 to 75 µm. The 

samples were stored in dark at room temperature until analysis. 

Proximal Composition.Proximate analysis samples were analyzed using AOAC methods (1): fat 

(Method 985.15) and ash (Method 923.03). Total soluble carbohydrates was analyzing by the Antrona 

method (10), reductor soluble carbohydrates with DNS method (16) and total dietary fiber with a 

gravimetric-enzymatic method using TDF-KIT (MEGZYME, ®).  

Macro and Microelements.For this analysis we used an atomic absorption spectrophotometer (VARIAN-

AA240FS). We quantified the sodium, potassium, magnesium and calcium as macroelements; as well as 

manganese, cooper, iron and zinc as microelements. 

Functional and physiological properties. 
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Water-holding capacity (WHC).  Thirty milliliters of distilled water was added to 500 mg of dry powdered 

samples in a 50 mL centrifuge tube. The sample was stirred and left at room temperature for 18 h. After 

centrifugation at 3000g for 20 min, supernatant was discarded and residue was weight. (11). Results were 

expresses as g of water/ g dry sample. 

 

Swelling capacity (SC). The dry powdered sample (500 mg) was weighed in a 10 mL measuring cylinder 

(0.1 mL graduations) and 10 mL distilled water was added. Measured the volume (mL) occupied by the 

sample. Then, it was stirred gently to eliminate trapped air bubbles and left on a level surface at room 

temperature overnight (24 h) to allow sample to settle (13). The volume (mL) occupied by sample was 

measured and SC and expressed as mL of water/ g of dry sample. 

 

Oil-holding capacity (OHC). Ten milliliters of commercial virgin olive oil (0.5°) was added to 500 mg of 

dry powdered samples in a 50 mL centrifuge tube. The sample was stirred and left at room temperature for 

18 h. After centrifugation at 3000 g for 20 min, supernatant was discarded and residue was weight (P1) 

(11). Results were expressed as g of olive oil/ g dry sample. 

 

Organic molecule adsorption capacity (OMAC).In centrifuge tubes of 50 ml were weighed 500 mg of 

each sample, were added 10 ml of commercial sunflower oil and shaken by hand for 10 min, then allowed 

to stand for 24 hours at room temperature, elapsed time sample was centrifuged at 3000 g for 10 min,  

supernatant was removed immediately and pellet was weighed (g) (11). Results were expressed as mL/ g 

dry sample. 

 

Cation exchange capacity (CEC). In centrifuge tubes of 50 ml were placed 2 g of each sample in an 

excess of 2N hydrochloric acid (20 mL) for 24 h at room temperature; hydrochloric acid was removed by 

filtration and was added a saturated solution of chloride sodium to the sample and washed with distilled 

water. H
+
 ions captured by the sample were determined by titration, reporting the result in milliequivalents 

of H
 +
 / g sample. 

 

pH. One hundred mL of deionized, boiled and cold water was added to 10 g of sample. Mixed for 30 

minutes and discarded the supernatant. Sample was allowed to stand for 10 min and pH was measured 

using a potentiometer (Thermo Orion 420) (NMX -F-317-S-1978). 

Statistical analysis.All determinations were made in triplicate under a randomized complete block design, 

when needed mean comparisons were performed using the Tukey Range Test (P < 0.05). Differences 

between means at the 5 % level were considered significant. 

 

Results and discussion 
 

It was decided to work with a particle range from 75 to 425 microns, since particles smaller than 50 

microns may cause lumps in food and particles larger than 500 microns would be difficult to chew. 

Proximal Composition.The prickly pear peels presented high moisture content (around 90 %) and a low 

content of total dietary fiber (red: 14.03 % and green: 33.13% dry base) compared with bagasse of sotol 

(moisture: 9.65% and TDF: 77.88% dry base). All studied wastes had low amounts of fat (< 2.33% dry 

base). The high content of total dietary fiber of bagasse of sotol is due to the high content of cellulose not 

hydrolyzed during fermentation (Table 1). Total dietary ýber of bagasse of sotol was higher than that from 

passion fruit seeds (64.8 g/100 g dry base), apple pomace (51.1 g/100 g dry base) (3, 5) and similar to the 

grape co-products (74.5 g/ 100 g dry base) (14).  
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Table 1.Proximal composition of studied wastes (g/ 100 g dry sample) (Mean ± SD). 
Waste Ash Fat Total soluble 

carbohydrates 

Total reductor 

carbohydrates 

Total dietary 

fiber  

BS 11.85 ± 0.5 c 1.07 ± 0.14 b 14.51 ± 2.1 c 6.00 ± 0.05 b 77.88 ± 2.4 a 

GPPP 18.10 ± 0.08 a 1.21 ± 0.15 b 28.4 ± 10.2 b 27.74 ± 2.9 a 33.13 ± 1.7 b 

RPPP 13.29 ± 0.17 b 2.33 ± 0.18 a 60.35 ± 6.8 a 31.78 ± 0.46 a 14.03 ± 1.0 c 

             * Means with the same letter are not different according to Tukey test, p = 0.05. 

             BS: bagasse of sotol, GPPP: green prickly pear peels, RPPP: red prickly pear peels. 

 

However, available carbohydrates content in red and green prickly pear peels is higher than that found in 

sotol bagasse. These results suggest that such kind of materialscontainnutrients thatcan still beused by 

human body and /or beneficial bacteria. 

Macro and Microelements.The waste with significant more mineral amount was has sotol bagasse 

(Table 2). The green and red prickly pear peels are rich in potassium and calcium and low in sodium (12), 

but the sodium amount was higher than that reported for the same residue (12). 
 

Table 2.Mineral composition of studied wastes (mg/100 g dry sample) (Mean ± SD). 

Waste Na K Ca Mg Fe Mn Zn Cu  

BS 704.4 ± 

38.5    a 

64.9 ± 

2.48     c 

1519.1 ± 

61.07    a 

266.64 ± 

25.97    a 

7.65 ± 

1.14   a 

4.74 ± 

0.0    b 

5.01 ± 

0.36   a 

45.97 ± 

2.08   a 

GPPP 21.28 ± 

3.9      b 

3071 ± 

120.9   a 

1158.3 ± 

43.21   b 

288.72 ± 

16.74   a 

4.1 ± 

0.36   c 

23.04 ± 

0.81  a 

0.91 ± 

0.1     b 

0.48 ± 

0.0    b 

RPPP 36.04 ± 

0.84    b 

1895.4 ± 

7.05     b 

717.96 ± 

9.4      c 

134.35 ± 

30.0     b 

5.8 ± 

1.43    b 

1.63 ± 

0.3     c 

0.57 ± 

0.19   b 

0.22 ± 

0.0     b 

               * Means with the same letter are not different according to Tukey test, p = 0.05. 

               BS: bagasse of sotol, GPPP: green prickly pear peels, RPPP: red prickly pear peels. 

 

Functional and physiological properties 

Sotol bagasse showed the highest pH value (5.95), followed by red prickly pear peels (5.26) and green 

prickly pear peels (4.58). Functional properties of plant fiber depend on particle size, extraction 

conditions, structure of plant polysaccharides and vegetal source. The highest swelling capacity was 

observed in green prickly pear peels (4.58 ml/ g dry sample) (Table 3), this capacity is higher than that 

reported for commercial fibers such as apple (3.1 ml/ g dry sample) and oat (2.4 ml / g dry sample) but 

lower than other dietary fiber such okara (9.44 ml/ g dry sample) (15) or wheat (7.1 ml/ g dry sample) 

(19). This capacity is related to production of satiety after eating. The water holding capacity for green 

(7.03 ml/ g dry sample) and red (7.48 ml/ g dry sample) prickly pear peels was higher than that reported 

for wastes like pomegranate juice bagasse (4.9 ml/ g dry sample) but lower than that reported for chia 

/(15.41 ml/ g dry sample) (20). Moreover, oil holding capacity observed in this study was lower than that 

reported for pomegranate juice bagasse (5.9 ml/ g dry sample) but highest than that reported for okara 

(0.27 ml/ g dry sample) (15). The highest organic molecule adsorption capacity (4.4 ml/ g dry sample) was 

observed with red prickly pear peels, which was higher that than mentioned for chia (1.09 ml/ g dry 

sample) (20), wheathusk (1.98 ml/ g dry sample) and corn husk (1.6 ml/ g dry sample) (20).This trait has 

been associated with decreased blood cholesterol. 
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Table 3.Functional properties of studied wastes (Mean ± SD). 
Waste SC (ml/g) WHC (ml/g) OHC (ml/g) OMAC (ml/g)  CEC (meq H

+
/g) 

BS 2.1 ± 0.51 b 4.4 ± 0.26 b 3.32 ± 0.17 a 2.97 ± 0.33 b 8.3 ± 0.26 a 

GPPP 4.58 ± 0.34 a 7.03 ± 0.07 a 1.68 ± 0.17 c 1.4 ± 0.02  c 6.74 ± 0.12 b 

RPPP 3.99 ± 0.0 a 7.48 ± 0.7 a 2.21 ± 0.36 b 4.4 ± 0.7 a 6.66 ± 0.37 b 

(WHC)Water-holding capacity, (SC)Swelling capacity, (OHC) Oil-holding capacity, (OMAC) Organic molecule 

adsorption capacity and (CEC) Cation exchange capacity. 

 

The highest cation exchanging capacity was observed in sotol bagasse (8.3 meq H
+
/ g dry sample) and this 

amount was similar to that reported for apple fiber (8.9 meq H
+
/ g dry sample). This capacity may be the 

mechanism to explain bile acid sequestration by hydrophobic interactions and / or ionic that is involved in 

calcium and aluminum ions (8). The fiber containing uronic acids or phenolic acids may increase fecal 

excretion of bile acids which may have a hypocholesterolemic effect (8) and thereby decreasing fat 

absorption by the human organism. 

 

The results of this study indicated that green and red prickly pear peels may be considered a potential 

ingredient in food products, increasing their content of total dietary ýber and improving their 

technological properties. The addition of ýbers to food products is of great interest not only as a means of 

improving functionality of food products, but also as a means to create functional foods with health 

beneýts. 
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Introduction  
 

Obesity is one of the main risk factorsto develop diabetes type 2, cardiovascular diseases, hypertension, 

dyslipidemia and certain types of cancer (1). Diabetes is the most serious metabolic disorder characterized 

by high levels of blood glucose. One way to treat diabetes is delaying absorption of glucose in the blood, 

which can be achieved by reducing food absorption of glucose into the blood, or by inhibiting the enzyme 

a-glycosidase (a-D-glucosidglucohydrolase) (2). The prickly pear is used as food in the Mexican diet 

since pre-columbin times, but also has been used to treat diseases like diabetes, gastritis and 

hypercholesterolemia. The composition of the prickly pear is essentially carbohydrates, with a 

considerable proportion of fiber of these carbohydrates (5-15%) (3). However,prickly pear mucilage 

containing complex carbohydrate is composed of a large capacity to absorb water. It might be considered 

as a potential source of hydrocolloids (4). The health benefits provided by the consumption of prickly 

pear, or of the fruit (pear) open new perspectives in their use as an ingredient for functional product 

design, they can be directed in a future for people with obesity, diabetes or hypercholesterolemia. 

 

Materials and methods 
 

Two types of ice creams were manufactured: ice cream added with raw prickly pear, and ice cream added 

with steamed prickly pear (Table 1). All the treatments were subject to compositional analysis, according 

to AOAC methods. The color of the ice cream samples were analyzed with a colorimeter measuring the L, 

a, and b components. The rheological characteristics of the ice creams were measured by two different 

tests: 1) Stresssweepsteposcillatingtodeterminethelinearregionviscoseice cream(LVR)and 

2)lowtemperaturescanningphasedconstant strainamplitude, to obtain the parametersG '(storage 

modulusorelastic) and G'' (loss modulus). Finally,the sensory evaluationof the ice creams was carried out 

using 60 non-trainedjudges. The flavor was measured by the panel using a non-structured (hedonic) scale 

of 9 cm.  

 

Table 1. Ingredients used in the formulation of ice creams 

Ingredient 

Control 

Ice 

cream 

Ice cream with raw 

prickly pear  

Ice cream with steamed 

prickly pear  

1% 2% 3% 1% 2% 3% 

Milk fat (%) 2 2 2 2 2 2 2 

Milk solids (%) 15.910 14.910 13.910 12.910 14.910 13.910 12.910 

Emulsifier (%) 0.144 0.144 0.144 0.144 0.144 0.144 0.144 

Stabilizing additives (%) 0.144 0.144 0.144 0.144 0.144 0.144 0.144 

Maltodextrin (%) 6 6 6 6 6 6 6 

Sucrose (%) 1 1 1 1 1 1 1 

Glucose (%) 3.723 3.723 3.723 3.723 3.723 3.723 3.723 

Aspartame (%) 0.020 0.020 0.020 0.020 0.020 0.020 0.020 

Acesulfame-K (%) 0.013 0.013 0.013 0.013 0.013 0.013 0.013 

Solids from  

Prickly pear (%) 

0 1 2 3 1 2 3 

Water (%) 70.860 70.860 70.860 70.860 70.860 70.860 70.860 
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Results and discussion 
 

According to the values presented in the table above, there was no significant difference between 

treatments with raw and steamed prickly pear.In reference to the rheological characteristics of the ice 

creams, it was observed that when prickly pear is added into the ice cream formula, there is an increase in 

the viscoelastic properties of the ice cream (figure 1).  The elastic (G´) and viscous (G´´) modulus 

increased with the amount of prickly pear, probably by the effect of mucilage provided by the prickly 

pear. The prickly pear was added in two different was, as a raw vegetable and prickly pear with a 

blanching treatment in hot water. When the prickly pear is added in low concentration (1 and 2%) into the 

ice cream formula, the viscoelastic properties of the ice cream with raw or steamed prickly pear is the 

same. But, when the prickly pear is added in three percent, the ice cream added with steamed prickly pear 

had higher viscoelastic properties that the ice cream manufactured with raw prickly pear. Probably, 

because during the treatment of blanching the polisaccharides of mucilage are hydrolyzed. 

 

The change in the color of the ice cream by the addition of prickly pear is shown in the Figure 2. An 

analysisof variancefor the parametersL(lightness), a (color space between redand green) andb(spaceof 

colorbetween blueand yellow), concluding that the addition ofsolidcactussignificantly altered thecolor of 

the samples, especially thebrightness;which are lessbrightwith increasingconcentrationof prickly pear. 

Likewise,thevalues of the parameter awere negativebecause thegreen colorof the samples, and the samples 

with the higher values of the parameter awere the ice cream added with raw prickly pear.  

 

In reference to the energy contributionofeach ice cream formulated, the ice creams were formulated with 

low fat and sugar content. The ice cream with prickly pear had in average 117 kilo calories per 100 grams 

of product, whereas commercial full fat ice creams have 196 kilo calories per 100 grams of product.  

 

Table 2. Compositional analysis of ice creams 

  Ice Cream Treatments 

Components 
Raw Prickly Pear Steamed Prickly Pear 

% % 

Humidity  91.87 ± 0.66
a
 91.21 ± 0.106

 a
 

Ashes 0.87 ± 0.05
 a
 0.95 ± 0.116

 a
 

Fat 0.10 ± 0.04
 a
 0.21 ± 0.071

 a
 

Protein 1.21 ± 0.08
 a
 0.94 ± 0.261

 a
 

Fiber 0.60 ± 0.02
 a
 0.59 ± 0.066

 a
 

Carbohydrates 5.35 ± 0.71
 a
 6.10 ± 0.378

 a
 

 

± Standard deviation; 
a,b 

Mean values in the same row with different superscripts, presents statistical 

difference (Tukey test) 
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Figure 1. Changes in viscoelastic parameters of ice creams with steamed and raw prickly pear. 

Treatments with the same letters are not significantly different (P >0.05). 

 

 

Figure 2. Results of the change in color by addition of prickly pear into the ice cream formula. 
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Figure 3. Results of the sensory evaluation for flavor in ice cream;
a,b

treatments with the same letter are not 

significantly different (P> 0.05). 

 

In the sensory analysis were assessed the 6 different types of ice creams added with prickly pear at 

different concentrations. Clearly it could be noted (figure 3) that judges preferred the ice cream with lower 

amount of prickly pear (raw or steamed). The prickly pear produced a fresh flavor, but with a typical 

flavor of a green vegetable.  

 

Conclusion 
 

In conclusion low-fat ice cream added with solids of prickly pear could be a healthier option than regular 

ice-creams, but also this ingredient is an excellent option as fat replacer in low fat foods. 
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Introduction  
 

Amelanchier denticulata or  "membrillo cimarrón" is also known as duraznillo, mandronillo, quince,  

granjenillo, manzanita and acebuche, in Spanish. In Mexican indigenous languages is called tlaxisqui, 

tlaxistle, tiomiscatli, tlaxioqui, clasisle, tlachistle, claldurazno yagalán. In English is known as southern 

false serviceberry, big bend serviceberry, and Mexican serviceberry (1). For practical purposes of this 

paper, we use the name  of wild Mexican serviceberry. This species grows in three main geographical 

areas of Mexico: Northeast Guanajuato, central and southern Querétaro and southern Hidalgo. Most of the 

wild Mexican serviceberry is localized in geographical semiarid areas. Production comprising 19.64%, 

45.23%, 35.11% of the three areas of production cited previously, cording to data obtained from 

herbarium collections incorporated to REMIB of CONABIO (1). The species forms a Mexican 

phylogenetic resource with a wide agrifood potential. Information about their physicochemical, nutritional 

and nutraceutical is scarce. The fruit of this species is similar in size and shape to saskatoon berry 

(Amelanchier alnifolia) which in recent years has drawn attention for its high content of phenolic 

compounds and antioxidant capacity (2,3). 

 

Evidence continues to emerge suggesting that antioxidant-rich, commonly consumed fruits are beneficial 

to health due to their capacity to prevent chronic diseases. The beneficial effect of fruits is attributed to 

antioxidant compounds such as phenolics, betalains, vitamin C, among other non-nutrients (4). However, 

there is a lack of information for underutilised fruits, either wild or domesticated. We have been making 

efforts to contribute in the knowledge of the nutritional and functional properties and the commercial 

potential of Mexican unexploited species (5,6). The aim of this work was to evaluate the effect of stage of 

wild Mexican serviceberry phenolics and antioxidant capacity (TEAC and ORAC). In addition, the 

characterization and quantification of phenolic acids, flavanols, and flavonols by high performance liquid 

chromatography-diode array detection (HPLC-DAD) were also carried out 

 

Materials and methods 
 

Wild serviceberry fruit was harvested in La Valenciana, Guanajuato Mexico. During the production 

season, any tree may bear fruits corresponding to unripe stage 1 (pink) unripe stage 2 (pink to grey-white), 

ripe (full grey-white) and overripe (light brown), they were harvested in July-August 2011. Fruit bulks 

corresponding to each maturity stage were combined to generate samples for wild quince. Immediately 

after, samples were freeze-dried and stored at -20 ºC until its analysis. 

 

Total Soluble phenols (TSP):. 100 mg of dry sample was weighed, 10 mL of dilute methanol (30%) was 

added. The mixture was stirred for 10 minutes. Then it was centrifuged for 10 minutes and the supernatant 

was filtered. An aliquot of 125 µL of supernatant was placed in a test tube, was added 500 µL water and 

125 µL of Folin Ciocalteu's reagent was mixed and allowed to stand in the dark for 6 minutes. 

Subsequently, 1.25mL of Na2CO3 (7%) was added and 1 mL of deionized water, it was mixed and allowed 
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to stand in the dark for 90 minutes, after which the readings were performed in absorbance at a 

wavelength of 750 nm in 6405 spectrophotometer UV / Vis, JEANWAY(7) 

Condensed tannins (CT): Fruit samples (200 mg) were extracted within 1 day after grinding with 10 mL 

of methanol in capped, rotating test tubes for 20 min, and centrifuged. Five milliliters of reagent A (1:1, 

v/v, of 1% vanillin in methanol fresh daily and 8% HCl in methanol) were added to 1-mL aliquots of the 

sample. Five milliliters of 4% concentrated HCl in methanol were added to a second 1-mL aliquot (the 

blank); both were incubated for 20 min at 30 °C. After incubation the sample was spectrophotometrically 

measured (k = 500 nm) (Jenway 6405 UVïvis, Staffordshire, UK) and the absorbance of the blank was 

subtracted from the absorbance with vanillin (8). Concentration of condensed tannins was reported as mg 

(+) catechin equivalents/kg, fresh weight (+CE/kg, FW) after comparing with a (+) catechin standard 

curve. 

Total anthocyanins (TA): Briefly, a fruit sample was added with 24 mL of acidified ethanol (etanol/HCl, 

1N, 85:15), adjusted to pH 1.0 and agitated for 45 min. Then the sample was centrifuged (3000 rpm) and 

the supernatant recovered and added wotj acidified ethanol up to 50 mL. Absorbance (Jenway 6405 UVï

vis, Staffordshire, UK) was recorded at 535 nm (9). TA were calculated and reported as cyanidin 3-

glicoside equivalents (C3GE) as follows:  C = (A/Ů)(vol/1000) (MW) (1/sample weight) (10x10
6
) 

 

Where 

C = Total anthocyanins (mg C3GE/kg) 

A = Sample absorbance  

Ů = Molar absortivity of the cyanidin-3-glicoside (25965 cm-1 M-1) 

vol = Total volume of anthocyanin extract 

MW = Molecular weight of cyaniding-3-glucoside (449 Da). 

 

Simple phenols by HPLC: A 15 cm _ 4.6 mm i.d., 5 lm particle size Zorbax octadecylsilane (ODS-C18) 

reversed-phase column was utilised. Linear gradient elution was carried out by using solvent A (acetic 

acid/water, 2:98, v/v), and solvent B (acetic acid/acetonitrile/water, 2:30:68, v/v/v). During the analysis, 

the solvent gradient was programmed from 10% to 100% B in A in 30 min with a flow rate of 1.5 ml/min 

(10). The identification and quantification of the peaks were carried out from the retention times, the 

spectra derived from DAD in comparison with those from authentic standards, and by spiking with 

standards of the suspected compounds. Gallic, protocatechuic, 4-hydroxybenzoic, vanillic, chlorogenic, 

caffeic, syringic, coumaric, ferulic, benzoic and salicylic acids, as well as (+)-catechin, vanillin, 

epicatechin (EC), and epigallocatechin gallate (EGCg) were detected at 280 nm; on the other hand, ellagic 

acid, quercetin, and rutin were detected at 360 nm. 

Determination of antioxidant capacities: ABTS (7 mM) radical cation (ABTS_+) solution was 

produced by reacting ABTS with 2.45 mM potassium persulphate and allowing the mixture to stand in the 

dark at room temperature for 12ï16 h before use. The ABTS_+ radical was diluted with potassium 

phosphate-buffered saline (PBS) to give an absorbance of about 0.700 ± 0.020 at 734 nm. For measuring 

antioxidant capacity 10 µL of sample was mixed with 990 µL of radical solution. Absorbance was 

monitored at 734 nm for 6 min. (11). Results were expressed in terms of µmol Trolox equivalent per g of 

sample, FW (µmol TE/g, FW). The oxygen radical absorbance capacity assay (ORAC) measures the 

ability of antioxidant compounds in test materials to inhibit the decline of fluorescein fluorescence that is 

induced by a peroxyl radical generator, AAPH (12). The final results (ORAC values) were calculated 

using the differences between blank and sample areas under the quenching curves of fluorescein, and were 

expressed as  micromoles of Trolox equivalents (TE) per g of sample, fresh weight FW (lmol TE/kg, FW).  

All data were reported as means ± standard deviations (n = 3). Statistical analysis was performed using the 

JMP.5.0.1 software. Differences among means were tested for significance Tukeyôs test, using a level of 

significance of 0.05. 
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Results y discussion 
 

Total soluble phenols (TSP) increased as wild Mexican serviceberry ripening (Table 1). TSP showed by 

overripe wild serviceberry similar to those reported by Bakowska-Barczak and Kolodziejczyk for 

saskatoon berry (2008) (801mgGAE/100G, FW)(13) . In contrast, condensed tannins (CT) decreased with 

serviceberry development. Comparing anthocyanin levels detected in saskatoon berry (251-179 mg/100g, 

FW) (14) with those of wild ripe and overripe fruit is not a good source of anthocyanins (2.66-5.71 

mg/100g, FW). Also the TA content of wild Mexican serviceberry is lower than those reported for 

blueberry (Vacciniumcorymbosum), cranberry which has 120 and 32 mgEC3G/100 g fresh weigh,  

respectively. (15) 

In spite of the lower content of TA and CT, ripe and overripe Mexican serviceberry is excellent TSP 

sources compared to fruits commonly consumed.  

 

Table 1. Total soluble phenols, condensed tannins, and total anthocyanins of wild Mexican serviceberry in 

four maturity sages
a
 

 

Maturity Stage Total soluble phenols Condensed tannins Anthocyanins 

1 239 + 12.7 d 131 + 1.99 c 4.43 + 0.109 b 

2 292 + 11.1 c 160 + 11.1 a 5.18 + 0.374 a 

3 445 + 3.91b 149 + 5.86 ab 2.66 + 0.124 c 

4 809 + 15.5 a 137 + 8.87 bc 5.71 + 0.309 a 
aMeans in the same row with a common letter are not significantly different (p < 0.05).  Total soluble phenols expressed as mg equivalents of 

gallic acid /100g. Condensed tannins expressed as mg equivalents of (+) Catechin/ 100g. Anthocyaninins expressed as  mg equivalents of  
cyaniding 3- glicoside/100g 
 

Simple phenolics detected by HPLC are shown in Table 2. As it can be seen, coumaric acid was not 

detected in the cultivated fruit. Benzoic, caffeic, chlorogenic, coumaric, gallic, siringic and vanillic acids 

were identified together with flavanols catechin, epicatechin (EC), epigallocatechin gallate (EGCg), and 

flavonol rutin. Of these compound caffeic, chlorogenic, coumaric siringic, and rutin were found to be the 

predominant ones; they comprised in edible serviceberry from 59.3% (cultivated overripe fruit) to 76.9% 

(wild ripe fruit) of the sum of simple phenolics. Levels of chlorogenic acid (CHA) detected in ripe 

serviceberry were similar to those reported in different cultivars of Saskatoon berry (16); however, some 

saskatoon cultivars show higher CHA levels (676.8 to 1297 mg/kg, FW) compared to those reported here. 

Also, the sum of flavanols catechin and EC of ripe serviceberry were two to fivefold lower compared to 

those reported for Saskatoon (~1100-3000 mg/kg, FW) (12). However, serviceberry showed EGCg which 

has not been reported for Saskatoon.  
 

Table 2.  Profile of phenolic compounds by HPLC (mg/100g FW). Part a) 
 Means in the same row with a common letter are not significantly different (p<0.05) 

Table 2.  Profile of phenolic compounds by HPLC (mg/100g FW). Part b) 

Means in the same row with a common letter are not significantly different (p<0.05) 

Maturity 

stage 

Rutin  Chlorogenic 

acid 

Gallic acid Vanillic 

acid 

Siringic acid Catechin 

1 31.1+ 0.29ª 34.6+2.24a 0.504+ 0.018b 12.1+0.614a 21.7 + 0.92 a 3.52 + 0.228 b 

2 30.4+2 a 29.6+1.03ab 0.475+0.022b 11.2+0.95a 20.8 + 1.51 a 4.46 + 0.416 b 

3 30.7+1.6ª 26.7+1b 0.418+0.023b 12.2+0.87a 18.5 + 0.576 a 3.44 + 0.269 b 

4 31.8+2.2 a 40.7+2.5a 0.955+0.092a 9.49+0.84a 31.4 + 1.54 a 6.23 + 0.2 a 

Maturity 

stage 

EGCG Epicatechin Benzoic acid Caffeic acid Cumaric acid 

1 3.29 + 0.288 a 14.7 + 0.774 a 8 + 0.4 a 36 + 1.28 a 53.3 + 3a 

2 2.73 + 0.228 ab 13.3 + 0.655 b 7.24 + 0.635 ab 28.4 + 1.57 b 19.5 + 1.87b 

3 1.78 + 0.138 b 11 + 0.066 b 5.72 + 0.347bc 23 + 1.07 b 16 + 0.927 b 

4 3.32 + 0.29 a 11.6 + 0.615 b 4.39 + 0.156 c ----------------- ---------------- 
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The TEAC and ORAC values of serviceberry fruit decreased as the fruit ripened; also, a higher TEAC 

values for wild and cultivated fruits than ORAC values were observed in all maturity stages (Figure 1). 

This is not all surprising, since flavanols have consistently shown lower antioxidant efficiency in terms of 

H-donating capacity, comparing with flavonols when evaluated in in vitro systems (11). These results are 

consistent with rutin concentration in wild samples, which represents one, to three-folds the concentration 

of the sum of flavanols catechin, EC, and EGCg. Also, it was observed a higher correlation between rutin 

and TEAC (r2 = 0.99442, p<0.0001). 

 

When compared on a fresh weight basis, the TEAC values of A. alnifolia (148 µmol/g)  to TEAC values 

reported here for edible wild serviceberry (298ï175 µmol/g) (Fig. 1), it is obvious that serviceberry is by 

far a better source of antioxidant compounds. When compared wild serviceberry ORAC levels (122ï34 

µmol/g) with those reported for Saskatoon berry (124 µmol Trolox/g berry) (16), serviceberry showed 

similar ORAC values assuming that report of those authors is on fresh weight basis. It is pertinent to point 

out that unripe fruit shows the highest bioactive compounds, as well as, the highest antioxidant activities. 

Unfortunately, the astringency and low sweetness make the fruit, at this maturity stage, unsuitable for 

consumption. 
 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 1. Antioxidant capacities of wild Mexican serviceberry in four maturity stage. 

 

 

Conclusions 
 

A.denticulata is an important source of phenolic compounds (809 mgEAG/100gmf), total phenol content 

is very similar to A. alnifolia (801mgEAG/100gmf. 

The antioxidant capacity determined by the ORAC (122 ɛmolET/gmf) and  TEAC assay (298 

ɛmolET/1gmf) are very similar to those of the delay saskatoon (124 ɛmolET/100gmf) for the former and 

2 times the of default in the case of saskatoon TEAC method (148 ɛmolET/g FW). 

The Mexican serviceberry is a good source of antioxidants and could be considered as a functional food. 
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Some biopolymers have a wide application in food industry as additives, due to they present gelling, 

emulsifying and thickening properties; within the biopolymers that were used are Sodium Alginate (SA), 

Propylene Glycol Alginate (PGA) and Tragacanth Gum (TG). There are several studies to establish 

physical behavior of biopolymers, viscoelasticity is one of them, which help to determine mechanical 

properties of biopolymes. It presents viscous and elastic propertie, they are represented with several 

mathematic models. Many factors influence the selection of rheological models for the correct behavior 

description of biopolymers. The aim of this work was to determine gels viscoelasticity obtained with 

complex mixtures of SA, PGA and TG. It was used a mix design-simplex centroid, in which were 

obtained 10 combinations: 3 simplex, 6 binary and 1 ternary. Rheological determinations were performed 

in a Paar Physica Rheometer Model LS100, using paralled plates with PP 20 geometry. It was found that 

M1, M4 and M8 presented a behavior of macromolecular dissolution, according to rheograms of 

frequency scanning. M2, M3, M5, M6, M7, M9 and M10 presented a behavior of a strong gel according to 

frequency sweep. The gels were represented through the Burgers model equation with a Kelvin-Voigt 

element obtaining its dynamic parameters, emphasizing that instantaneous compliance (J0) was used to 

obtain rigidity index of gels. According the rigidity index obtained from each mixture, it was determined 

the best mixture with p>0.95. The best mixture to obtain the best rigidity index values was AS 0.6061% 

with APG 0.3939%. 

 

Keywords: Viscoelasticity, Biopolymers, Gels, Mixtures 

 

Introduction 
 

A wide application of biopolymers not only in the pharmaceutical industry, but also in the food industry 

like additives, since they are approve their gelling properties, emulsifiers and thickeners, among others. 

Among the most notable are sodium alginate (SA), propylene glycol alginate (PGA) and tragacanth gum 

(TG), (3). 

 

The sodium alginate is a polysaccharide obtained from some "brown algae", among which there are 

Laminaria hyperborean, Laminaria digitata, Laminaria saccharina and Laminaria Cloustoni. Alginate is 

composed by two types of monosaccharides, guluronic acid and mannuronic acid. The algae synthesized 

to alginate as a biopolymer of mannuronic acid, which it is subsequently modified in to mannuronic 

transforming guluronic units by enzymatic epimerization (1). The final product contains zones formed by 

guluronic acid (G), zones formed by mannuronic acid (M), and guluronic acid and zones with alternating 

mannuronic acid. The relative content of each of these blocks depends the types of algae and the 

conditions of growth. While the block formed by acid, alternating guluronic and mannuronic acid always 

represented around 33.33%  (1). The alginate is a derivative of propylene glycol alginate. It is obtained by 

esterification to propylene oxide with alginic acid partly neutralized. It has the characteristic soluble 

around pH 2. It is form soft gels with the addition of polyvalent cations such as calcium pH below 4. 

There are less sensitive to the action of the calcium than the rest of alginates and it has emulsifying power. 

The most common use is as stabilizing beer foam. It is important to mention that currently efficiency of 

biopolymers as microencapsulated agents not determined by each one, actually there are used to increase 
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efficiency mixtures as microencapsulated agent (1). The efficiency of the mixture depends upon the nature 

of the components, concentrations and proportions of each. The most important characteristic of alginate 

is its ability to form gels in the presence of divalent ions (calcium, magnesium) without heating. The 

molecular weight is related to the chain length and viscosity conditions. When the molecular weight is 

higher, the larger the chain length and thus higher viscosity (1). 

 

Tragacanth gum is an exudate; it is obtained from some species as Astragalus. The gum is composed of a 

mixture of polysaccharides, one fraction is called tragacántin (arabinogalactan), it is soluble on water, 

which it is obtained by dissolving a hydrosol, in the same way, the second fraction is called basorin 

(tragacanthic acid), it is not soluble on water, its component in the gum which gives the ability to swell in 

aqueous medium, which represents 60-70% of the total molecule (2). It is soluble in cold water, stable to 

heat and low pH values (below 2). Tragacanth gum has a molecular weight around 840,000 Daltons, 

which it provides a high viscosity. A tragacanth property is the ability to produce high viscosity solutions 

at concentrations of 1% (w / v). It has highly viscous gel when in concentrations of 2-4% (w / v), (7). 

 

To establish the physical behavior of biopolymers, we can study its viscoelasticity, which helps us to 

determinate the mechanical properties of biopolymers, which it has viscous and elastic properties, which it 

is themselves represented with various mathematical models (6). 

 

The viscoelastic materials in small deformations, almost near-equilibrium presents a linear relationship 

between stress and strain, it is being in the zone known as linear viscoelasticity. While strains are 

increasing, this relationship let it be linear and it reaches the area known nonlinear viscoelasticity. The low 

strains characterized by a rheometer ensure linear viscoelastic regime, so that the same response is 

strongly linked with their molecular structure, which it represents a characterization. The development of 

the mathematical theory of linear viscoelasticity is based on the response (strain) at any time is directly 

proportional to its driving force (stress). Thus, if the deformation and strain rate are infinitesimal and the 

stress-strain relationship, time dependent, can be described by differential equations with constant 

coefficients, so as determined linear viscoelastic behavior. Since the rheological behavior of viscoelastic 

materials is difficult to visualize, mathematical models are used for representing. In such models usually 

represent the behavior of a Newtonian fluid and solid Hooke (6). 

 

Objetive 

 

The objective of this study was determined the viscoelasticity and rigidity index of the gels obtained with 

complex mixtures of SA, PGA and TG for subsequent mathematical modeling. 

 

Methods and materials 
 

For the development of work using a mix design- simplex centroid, which it was obtained 10 

combinations: 3 singles, 6 binary and 1 ternary. 

 

It was prepared gels of PGA (Cargill, Incorporated, USA), TG (Pharmacy Paris, Mexico) and SA (Cargill, 

Incorporated, USA) as follows: the dispersions were prepared in 100 mL of distilled water, and then 

depending on the components of the gel followed different ways (3) . Later the samples were taken to 

analyze a Rheometer model LS 100 (Paar Physica, Germany), using parallel plate geometry PP 20. The 

samples were placed in the rheometer, after it conducted a study of viscoelasticity, the parameters were 

obtained according to the Burgers equation with Kelvin-Voigt element: h, J0, J1 y l (6). 
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The Rheometer determined an amplitude sweep in which it was observed the linear viscoelastic zone, then 

with this data is did a frequency sweep in which there are obtained the values of G 'and G'', later it 

obtained curves of Creep and dynamic parameters obtained according to the Burgers equation with a 

Kelvin-Voigt element (6). 

 

Results and discussion 
 

Each of the mixtures that were obtained showed different linear viscoelastic zones between them. 

Subsequently frequency sweeps were conducted with each of these zones and its components were 

obtained viscous (G ') and elastic (G''). From these graphs, it obtained the behavior of the gels of mixtures.  

M1, M4 and M8 presented to behavior of macromolecular solutions. While M2, M3, M5, M6, M7, M9 

and M10 mixtures showed strong gel behaviors; all this was based on the behavior G´and G'' (6). 

 

 

Also Creep curves were obtained for each of the gels, M1, M4 and M8 mixtures when left to push an 

strain not exhibit any recovery. While to M2, M3, M5, M6, M7, M9 and M10 mixtures when the strain 

failed to push to them, it was obtained almost 100% recovery. Gels were characterized by Burgers 

mathematical model with a Kelvin-Voigt element getting their dynamic parameters, noting that the 

Instantaneous Compliance (J0) was used to obtain the index of rigidity of the gels. 

 

 

Table 1. Rheological parameters according to the Burgers equation with Kelvin-Voigt element. 

 

No 

Mezcla 

Torque h J0 J1 l 

 mNm Pas Pa
-1
 Pa

-1
 S 

1 0.008 7.06X10
1
±6.30X10

-1
 2.40X10

-2
±2.00X10

-3
 2.70X10

-1
±2.00X10

-3
 9.83X10

1
±8.80X10

-1
 

2 0.0183 7.62X10
5
±3.74X10

1
 1.00X10

-3
±5.55X10

-8
 6.00X10

-4
±3.25X10

-8
 1.83X10

1
±8.90X10

-4
 

3 0.0113 1.57 X10
5
±1.40X10

1
 1.12X10

-2
±1.00X10

-6
 8.047X10

-4
±7.17X10

-8
 3.80X10

1
± 3.38X10

-3
 

4 0.002 5.67 X10
-1
±1.63 1.45X10

1
±4.18 1.00X10

-6
±2.87X10

-6
 2.34X10

-2
±6.76X10

-2
 

5 0.0016 2.77X10
5
±1.40X10

1
 1.34X10

-3
±6.79X10

-8
 1.01X10

-3
±5.10X10

-8
 2.10X10

1
±1.06X10

-3
 

6 0.002 4.22 X10
5
±5.39 5.55X10

-4
±7.09X10

-9
 3.01X10

-4
±3.83X10

-9
 4.69X10

1
±5.98X10

-4
 

7 0.0058 1.86X10
5
±4.57X10

1 
4.47X10

-3
±1.09X10

-6
 1.00X10

-6
±2.45X10

-10
 2.17X10

2
±5.32X10

-2
 

8 0.008 1.28X10
1
±6.85X10

-1
 1.79X10-1±9.57X10-3 1.00X10

-6
±5.30X10

8
 2.34X10

-2
±1.26X10

-3
 

9 0.0079 3.21X10
4
±4.54X10

1
 2.70X10

-2
±3.82X10

-5
 1.99X10

-2
±2.80X10

-5
 2.03X10

1
±2.86X10

-2
 

10 0.0016 2.51X10
5
±8.21 1.02X10

-3
±3.30X10

-8
 4.52X10

-4
±1.48X10

-8
 3.05X10

1
±9.95X10

-4
 

 

Table 1 shows the values of retardation times obtained which had a range of 0.0234 - 98.3 s. Also 

obtained the mixture showed higher viscosity was number 2 with 7.62X10
5
 Pas, while the mixture who 

had lower viscosity was number 8 with 12.8 Pas. The values which were obtained showed that the mixture 

number 4 presented a higher value of J0 than others and it was 14.5 Pa
-1
. In other hand the mixture 6 had a 
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lower value than others, which decreased by 99.9% compared to the higher value of J0. Moreover 4, 7 and 

8 mixtures showed the lowest values of J1 with 1x10-6 Pa
-1
, and the mixture 1 showed the highest value it 

is 0.270 Pa
-1
. 

 

Subsequently it was obtained the values rigidity were expressed as the reciprocal of J0 obtained from each 

mixture, it was determined the best mixture with a confidence level of 95%, and possible antagonism 

between the components of the mixtures (4) 

 

Conclusions 
 

M1, M4 and M8 had macromolecular solution behavior, according the frequency sweep graphs; M2, M3, 

M5, M6, M7, M9 and M10 had a 1%, they had a strong gel behavior, based on the frequency graphs and 

Creep curves. All gels ware characterized by the model of the Burgers equation with Kelvin-Voigt 

element getting their dynamic parameters (5). The best mix for higher rigidity index values is SA 0.6061% 

and 0.3939% PGA. 
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Introduction  
Hypertension is universally underdiagnosed and/or inadequately treated resulting in extensive target-organ 

damage and premature death. About one billion people are now suffering from hypertension and it is 

expected to increase 60% worldwide by 2025 (1). Thus the ability to inhibit the angiotensin converting 

enzyme (ACE) activity has been usually used for detection of therapeutic agents against chronic diseases 

such as hypertension (2). Recently, various studies on ACE-inhibitory peptides presents in natural proteins 

such as milk, egg, ýsh, soybean, spinach, and many other sources have been reported (3). The dipeptide 

Val-Tyr (VY) is one of the biopeptides tested in vivo that has hypotensive effect in humans and it easily 

can be absorbed into the human circulatory blood system (1). 

On the other hand, amarantin, an 11S globulin, is the most predominant seed storage protein of amaranth, 

its amino acid composition is close to the optimum amino acid balance required in the human diet, and has 

remarkable heat stability and emulsifying properties (4).  A His-tagged version of the amarantin acidic-

subunit was expressed, purified and characterized in E. coli. Moreover, this acidic-subunit was further 

modified by inserting four Val-Tyr (VY) antihypertensive biopeptides in tandem, after that it was named 

bioamarantin, from which increases in the ACE-inhibitory activity of the recombinant protein expressed in 

E. coli was demonstrated (5).  

Recently, the use of plant cell suspensions (PCS) has received considerable attention for the production of 

recombinant proteins, due to they have the benefits of systems that use animal or microbial cell cultures, 

and whole plants. Cell suspension of various plants species including Arabidopsis, rice, soybean, tomato 

and tobacco have been established (6). 

The aim of the present study was to express the bioamarantin, in a tobacco NT1 cell suspension. The 

chimeric protein was partially purified and its in vitro ACE-inhibitory activity was evaluated. 

 

Materials and methods 
Nicotiana tabacum NT1 cells were gently donated by PhD J. Castillo-Reyna. The calli were maintained on 

NT1 solid medium containing 4.3 g l
-1
 MS salts, 30 g l

-1
 sucrose, 0.5 g l

-1
 MES, 1 mg l

-1
 thiamine HCl, 0.1 

g l
-1
 myoinositol, 0.18 g l

-1
 KH2PO4 and 2.2 g l

-1
 2,4-D. Cell suspension cultures were maintained in an 

orbital shaker (150 RPM) at 26 
o
C in the dark. Subcultures were done every 7 d by diluting 2 ml of cell 

suspension in 48 ml of fresh medium (7). 

Cell growth kinetics were established from cell cultures by cell counting. To evaluate parameters of 

growth efficiency, specific growth rate (ɛ) and doubling time (dt) were calculated with the following 

formulas: ɛ = (ln x ï ln x0)/t and dt = ln 2/ɛ, respectively; where x0, was the initial cell density; x, was the 

cell density at time t (8). Viability kinetics were determined with the number of viable cells by dye 

exclusion (9). Viability percentages were obtained with the following formula: Viability % = (Number of 

viable cells/Number of total cells) X 100. 

For the transformation of NT1 cells and selection of transgenic cell lines, Agrobacterium strain EHA105 

(containing either the vector pCAMBIA1304 (GenBank accession: AF234300), or pBioamaKDEL) 

inoculum were co-cultured with 4 ml of 11-days-old NT1 cell culture (containing 200 µM acetosyringone) 

in a Petri dish sealed with parafilm. The cells were incubated on an orbital shaker (100 RPM) at 28 
o
C, in 
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the dark for 72 h. Then, the cell suspension was plated on solid NT1 supplemented with 100 mg l
-1
 

timentin and 15 mg l
-1
 hygromycin (NTTH medium), and incubated at 26 °C in the dark for 5 weeks (7). 

The hygromycin-resistant calli were transferred to suspension NTTH liquid medium to ensure the 

elimination of escapes, and cultures were maintained as described by (10). 

For the histochemical glucuronidase assay, a small amount of cells (30 mg) were sampled from putative 

transformed cultures and subjected to histochemical glucuronidase (GUS) assay according to (11).  

The DNA was extracted and subjected to PCR analysis to detect the presence of the gusA gene with a 

predicted fragment size of 982-bp, or the bioamarantin cDNA with a predicted fragment size of 648-bp 

(12). For gusA detection, Plasmid pCAMBIA1304 was used as positive control and DNA from N. 

tabacum NT1 Wild type (WT) callus as negative control. For bioamarantin detection, Plasmid 

pBioamaKDEL was used as positive control and DNA from N. tabacum NT1 WT callus as negative 

control. The amplified fragments were separated by electrophoresis on 1% (w/v) agarose gels, stained 

with ethidium bromide and fluorescence visualized under ultraviolet light, images were captured in a 

Molecular Imager ChemiDocÊ XRS+ System (Bio-Rad). 

Total soluble protein (TSP) from transgenic tobacco callus was extracted as described by (13) with 

modifications. Recombinant bioamarantin expressed in transgenic tobacco cell lines, was 

immunochemically detected by Western blot analysis according to (14). The inmunodetection was done 

with polyclonal rabbit antibodies (0.5:30000 dilution) against bioamarantin, and as a secondary antibody 

anti-rabbit IgG (H+L) conjugated to horseradish peroxidase (HRP) (Invitrogen
TM

) was added. Color 

development was initiated with the addition diaminobenzidine (DAB) and TBS, and the process was 

terminated by rinsing the blot with water. 

Protein extracts of transgenic and non-transformed callus, were hydrolyzed according to (15) and the 

antihypertensive potential of the hydrolysates was determined in vitro according to (16). In order to 

determinate the IC50 of the hydrolysates, data were adjusted to a nonlinear regression model using Hillôs 

equation using the software Graphpad Prism 5
Ê

. The IC50 were also calculated for proteins hydrolysates 

of non-transformed cells as control, data were subjected to analysis of variance and treatment means were 

compared using the Fisherôs least significant difference test (P Ò 0.05) using STATGRAPHICS Plus 5.1 

software. 
 

Results 
Cell counting was used as a measure of cell growth during batch culture. As shown in Fig. 1, a typical 

sigmoidal behavior of cell growth was observed, reaching the highest value at day 11 of culture. From the 

kinetic obtained, the values of specific growth rate (ɛ) and doubling time (dt) were calculated obtaining 

the following results: ɛ= 0.27 d
-1
 and dt = 2.53 d. Fig. 1, also shows the viability kinetics obtained by dye 

exclusion; initial values of approximately 95% viability were observed on the first 3 d of culture and the 

viability was maintained on acceptable values close to 76% until day 11 of culture. After 12 d, a 

significant decrease in viability was shown. Due to this, the day 11 was selected as the ideal time to 

attempt the transformation experiments. The behavior observed on the growth and viability Kinects is 

typical for batch cell cultures, and this can be explained due to the following: according the cell number 

increases, toxic extracellular products are accumulated affecting cell growth and division, besides another 

factors such as low carbon dioxide from the bioreactor, the accumulated stress of agitation, and decreased 

available oxygen, which could decrease the number of viable cells. 

NT1 cells co-cultured with Agrobacterium, harboring pCAMBIA1304 or pBioamarKDEL constructs, 

developed into different colonies after 4 weeks of plating on selective medium (Fig. 2a). each callus 

formed in each plate were considered independent transformation events and they were maintained 

separately on selective medium. The transformation method used in this work has been previously shown 

to be effective for PCS cultures and to allows a fast establishment of the transgenic cell culture in 

comparison with other methods (6). 

For pCAMBIA1304, histological analysis detected stable GUS expression in all putative transformed calli 

(Fig. 2b); meanwhile, GUS staining was not detected in tissues of non-transformed calli (Fig. 2c). Some of 

the GUS-positive calli were subjected to PCR analysis, and the integration of the vector was confirmed by 
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the amplification of a 982-bp fragment (gusA) (Fig. 3a). For pBioamarKDEL, the identity of 

transformants was confirmed by the amplification of the expected fragment (648-bp) in all the clones 

analyzed (Fig. 3b). The accumulation of bioamarantin in calli of transformed cell lines was detected by 

protein gel blot analysis (Fig. 4). Nevertheless, when the immunological detection was performed, only 

two of the clones tested were positive for the bioamarantin (Fig. 4, lanes 4 and 5), showing that this 

protein was stably expressed in some of the transgenic calli. The results showed in this work, open the 

possibility for the further massive production of the recombinant bioamarantin by using a bioreactor based 

in the use of PCS. 

The IC50 value obtained for the protein hydrolysates of transformed cells was 3.5 ɛg mL
-1
, corresponding 

to nearly 10 times higher than the protein extracts of WT cells which IC50 obtained was 29.0 ɛg mL
-1
, 

showing significant differences between them (PÒ 0.05). The calculated IC50 value (3.5 ɛg mL
-1
) of 

transgenic tobacco cells, is far satisfactory, suggesting a higher antihypertensive potential compared with 

those reported in some food sources such as chickpea protein hydrolysates (3) with a IC50 of 190 ɛg mL
-1
. 

Also, best values were obtained compared to the IC50 of 64 ɛg mL
-1
 obtained in hydrolysates of 

bioamarantin expressed in E. coli (5). 

 

Fig. 1 Comparison of cell growth and viability kinetics. 

Each point is the average of three replicates. Error bars 

indicate standard deviation  
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Fig. 2 Genetic transformation of tobacco 

NT1 cells. (a) Putative transformed calli 

formed from cells co-cultivated after 4 

weeks of cultivation. (b) Stable gusA 

expression in transgenic callus. (c) Wild 

type callus as a negative control of gusA 

expression. Bars = 1 cm in a, and 0.1 cm in 

b and c. 

W
T 
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Fig. 3 DNA amplification of gusA gene (a), and 

BioamarKDEL cDNA (b), in transformed tobacco cell 

cultures. (a) Lanes 1 through 3, independent transformed 

tobacco calli. (b) Lanes 2 through 7, independent 

transformed tobacco cells; lanes 1 and 8: empty. WT = 

Wild type calli used as negative control. M = Molecular 

weight marker (1 kb DNA ladder). C+ = positive controls 

of pCAMBIA1304 (a) and pBioamarKDEL (b) 

Fig. 4 Western blot analysis of total protein extract from 

transgenic calli. Lanes 2 through 7: protein extracts of 

transformed cells with pBioamarKDEL; WT: Protein 

extract from wild type cells used as negative control; M: 

Protein molecular weight marker; lane 7: empty; C+: 

positive control of bioamarantin expressed in E. coli. The 

arrow indicates recombinant bioamarantin. Each lane 

contains 20 µg of protein. 
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Introduction  
 

Colon cancer is the fifth leading cause of death in Mexico. Globally, according to the International 

Agency for Research on Cancer in 2008, 609,051 deaths were reported, occupying this disease the third 

place in deaths. Advances in early detection have been largely responsible for the reduction of mortality 

and morbidity in this sort of condition, but studies have shown that diet and oxidative stress are important 

factors in its aetiology. Numerous epidemiological studies in humans and laboratory animal experiments 

have directly implicated the dietary fat as a component linked to an increased risk of developing certain 

types of cancer, especially breast, colon and rectum, prostate and ovary(1). Also, the generation of 

reactive oxygen species (ROS's) and free radicals (FR) is unavoidable in aerobic metabolism, these 

oxidizing species cause cumulative damage to proteins, lipids and DNA, which are critical molecules to 

the function of the body. However, this has its own defence mechanisms to deal with the action of 

oxidizing species. In certain situations the antioxidant defences may be overwhelmed by excessive 

generation of reactive oxygen species. This imbalance between oxidant and antioxidant species is known 

as oxidative stress, which is associated with numerous diseases and with the normal ageing process(2). 

Our body is exposed to a variety of ROE's and FR that can be generated from endogenous species, related 

to oxygen metabolism and the various reactions of defence of our immune system, or exogenous sources, 

such as smoking, air pollution, UV radiation, ozone and certain medicine drugs(2). It is therefore common 

to relate the damage caused by the various reactive species to the pathophysiology of several diseases such 

as cancer and diabetes, among other pathologies(3). 

 

Food Technology has shown that within proteins are obtainable substances capable of decreasing or 

counteracting the free radicals, among these substances are bioactive peptides, which are inactive within 

the protein, but when they are released after hydrolysis, exert beneficial effects on the body(4) which 

makes them an alternative to counteract the aforementioned conditions. Most research on bioactive 

peptides with antioxidant and anticancer activity has been conducted in animal protein, but its origin 

makes them expensive on the market. Good, low-cost sources of protein are the legumes. Fava bean is an 

important source of protein, especially for low-income sectors of the country. Its importance lies in the 

protein content, which is higher in comparison with other sources such as corn and beans. The protein in 

Vicia faba represents about 24-32%. The major proteins of the bean are globulins, which consist of two 

fractions: legumin and vicilin; these storage proteins are found in the protein bodies in a proportion of 

approximately 60%. Because of this reason, the peptides obtained from Vicia faba could serve as 

adjuvants to prevent the formation of free radicals generated by lipid peroxidation and to counteract 

diseases like cancer. This research aims to contribute to physical and technological knowledge of Vicia 

faba, besides to characterize and evaluate bioactive peptides through in vivo and in vitro assays. 

 

Materials and methods 
 

The protein concentrate and hydrolysates were obtained by the method of Pedroche et al. (5), and they 

were hydrolysed with trypsin for 0.5 h. In order to perform biological evaluation, doses of 10, 20 and 30 
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mg/kg were tested. For the model, male ICR mice were used weighing 25-30g, fed with normal and 

hyperlipidemic diets plus protein hydrolysate, intragastrically for 4 weeks; the AOM was administered 

intraperitoneally (10 mg/kg) in order to induce pre-carcinogenic lesions, 10 days after the treatment 

started, 2 times a week for 15 days, recording the weight each eight days. After treatment, the animals 

were sacrificed and colon was removed and washed, and opened longitudinally to be subsequently fixed 

with 10% formalin, keeping it for 24 h at 4 ° C and then stained with 0.2% methylene blue. Observation of 

aberrant crypt foci (ACF) was performed on a microscope (10X), considering the criteria mentioned by 

McLelland and Bird (6). 

 

Results 
 

Aberrant crypt foci (ACF) in mice fed with normolipidemic diet and protein hydrolysates from 

Vicia faba 

 

As observed in Figure 1, the ACF in the normolipidemic control group are very few crypts (12 crypts). 

Considering this number as a baseline, since it depends on the susceptibility of the strain. By contrast, it is 

noted that in the AOM-treated group this number increased 7-fold compared with the control group, 

finding an ACF number of 70.5. 

 

As well, in the groups treated with different doses of protein hydrolysates the number of ACF decreased 

significantly (p <0.05) compared to AOM-treated group, from 23 to 46. 

 

 
Figure 1. Aberrant crypt foci in mice fed with normolipidemic and protein hydrolysates from Vicia faba at different doses.  

Values are the result of averaging data from 6 mice ± SE analysed by Three way-ANOVA. Comparisons between groups were 

performed by Student-Newman-Keuls (SNK) test. 

 

For hyperlipidemic mice (Figure 2), it is possible to observe that the control group of AOM had a greater 

number of ACF respect to the control group of normolipidemic mice. 

 

By administering a hypercholesterolemic diet, there was an increase in the development of the ACF and 

this effect is further increased by administering the AOM to 77.5 crypts. As well, there was significant 

difference between the group treated with AOM and the group treated with 10 mg/kg dose where the 



 283 

incidence of ACF is much lower, being reduced about 5 times, allowing us to consider that this dose is 

effective in preventing the formation of ACF in the initial stage of carcinogenesis. 

 

On the other hand, at a dose of 20 mg/kg no significant difference respect to the group of AOM was 

observed; however, this dose decreased the number of foci as well as the dose of 30 mg/kg, which showed 

significant difference (p < 0.05) with respect to the group of AOM, by decreasing the number of crypts to 

62. 

 

 
Figure 2. Aberrant crypt foci in mice fed with hyperlipidemic and protein hydrolysates from Vicia faba at different doses.  Values 

are the result of averaging data from 6 mice ± SE analysed by Three way-ANOVA. Comparisons between groups were 

performed by Student-Newman-Keuls (SNK) test. 

 
The AOM model for colon carcinogenesis is used to study the stages of initiation and promotion in mice. 

The AOM is an intermediate of the colon carcinogenic agent DHM (1,2-dimethylhydrazine) and is 

metabolized by cytochrome P-450. It has been shown that by administering the specific colon 

carcinogenic agent AOM, there is an increase in the amount and the activities of reactive nitrogen species 

and the activity of COX-2 in the colon mucosa(7). 

The oxidation of NO to superoxide, peroxynitrite and nitrogen species such as NO3, NO2 and N2O3, leads 

to the formation of carcinogenic nitrogen compounds. Reactive nitrogen species and peroxynitrite are 

cytotoxic and can cause damage to DNA; these are generated by macrophages in inflammatory bowel 

disease which is a factor for developing colon cancer. Thus, studies have shown that increasing the 

activity of reactive nitrogen species increases colon carcinogenesis(8). 

 

As mentioned above, the hydrolyzate at a dose of 10 mg/kg showed the greatest extent of reduction in the 

incidence of ACF; thereby, it can be considered to have anti-carcinogenic activity. This activity can be 

attributed to hydrophobic amino acids of the protein and peptides which act as antioxidants and decrease 

the reactive oxygen species as well as the activity of COX-2 and, therefore, the incidence of cancer. 

Several studies have shown that soy protein isolate alters the overall expression of colonic genes, 

enhancing somatostatin, which is a known antiproliferative agent for colon cancer cells and also can 

inhibit tumorigenesis(9). Moreover, Hakkak (10) showed that the composition of soy proteins decreases 

the incidence of colon tumors induced by azoxymethane in rats, this anticancer activity may be attributed 

to bioactive peptides derived from soy protein, this hypothesis has been supported by models in vivo and 
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in vitro where it has been demonstrated that the hydrophobic amino acids of soy protein may have 

anticancer activity. 

 

Lunasin is a chemopreventive peptide obtained from the 2s fraction of soy albumin. It contains 43 amino 

acids with 9 aspartic acid residues(11) . The mechanism of its anticarcinogenic activity is by serving as 

chemical suppressor in mouse mammary cells. In studies by Hakkak (10) in male Sprague-Dawley rats, 

treated with AOM at a dose of 15 mg/kg, once per week for 15 days, they found that rats fed with soy 

protein isolate, decreased the incidence of developing colonic tumors in relation to the control group 

treated with casein where the decrease was 31 to 10% in the proximal colon. Similar results were found in 

the distal part of the colon where the incidence of tumors was less than 31 to 10%. 

 

The results obtained in the present work showed that protein hydrolysates from Vicia faba have good 

functional properties, showing antioxidant activity and even good prospects for the prevention of colon 

cancer, especially when the diet is based on foods with high contents of fat, carbohydrates and cholesterol. 
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Introduction  
 

The main target site of oxidation processes induced by free radicals are polyunsaturated fatty acids 

(PUFA), so that high levels of oxidized lipids and reduced antioxidants inblood contribute to endothelial 

damage and dyslipidaemia. The combination of a number of cardiovascular risk factors and the 

association of different diseases such as diabetes mellitus, hypertension, obesity, hyperlipidaemia and 

atherosclerosis comprise the metabolic syndrome
1
. Dyslipidaemia is characteristic of this syndrome in 

which there is an increase of triglycerides (TG), decreased high density lipoprotein and increased low 

density lipoprotein. 

 

Since reactive oxygen species (ROS) and free radicals (RL) are constantly and unavoidablyproduced 

during metabolic processes, the cell has developed a complex defence system to limit exposure to these 

agents and transform them to less toxic products through antioxidants. The cell protection against oxygen-

derived free radicals comprises capturing aggressive intermediates,prevention of their formation, 

inhibition of their spread, and the repair of damages. Furthermore, antioxidants play an important role in 

the prevention of many diseases like cardiovascular problems, tumours, chronic degenerative diseases and 

even the aging process
2
. 

 

In recent years, research on functional food components has become one of the most explored. The 

functional components, such as phenolic compounds, flavonoids and terpenes having bioactive properties, 

are obtained from several natural sources. Other functional components are bioactive peptides which are 

defined as amino acid sequences of small length, from two to fifteen residues;being inactive inside the 

precursor protein, these sequences can be released upon hydrolysis of proteins by the action of 

gastrointestinal enzymes such as pepsin, trypsin and chymotrypsin, which allow obtaining these peptides 

in order to produce numerous beneficial effects on human organism
3
. 

 

Legumes such as fava beans (Viciafaba) have high protein content (24-32%); thereby, bioactive peptides 

with biological activity for the body may be obtained and act as functional foods. The aim of this study 

was to evaluate the hypolipidemicactivity of protein hydrolysates of Viciafaba. 

 

Materials and methods 
 

Fava bean seeds were purchased on the local market and the testa and cotyledon were manually separated, 

then, these portions were ground to powder and sieved to obtain a uniform particle size. The flour thus 

prepared was used for obtaining the protein concentrate, using the method of Pedrocheet al. (2002)
4
, 

whereas for hydrolysates, trypsin and chymotrypsin for 0.5, 1,1.5, 2, 2.5 and 3 h were used. The extent of 

hydrolysis was determined by the method of Kim et al. (1990)
5
 and by electrophoresis (SDS-PAGE). 

Finally, antioxidant activity was measured by the method of DPPH and ABTS. In order to perform 

biological evaluation, the hydrolysate with the highest antioxidant activity by the both methods (trypsin 

0.5h) was chosen. For the model, maleICR micewere used weighing 25-30g, fed with normal and 
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hyperlipidemic diets plus protein hydrolysate,intragastrically for 4 weeks. The hydrolysates were 

administered at a dose of 30 mg/kg. At the end of the administration period, blood samples were taken by 

retro-orbital puncture and subsequently centrifuged at 10000 rpm for 15 min. Serum was obtained and 

glucose, cholesterol, triglycerides, HDL and alkaline phosphatase activity were determined using an 

automated method (AutoanalyzerSelectraII Vitalab, Wiener Lab.); afterwards, the livers were extracted 

and analysed. 

 

Results and Discussion 
 
The bean flour used reported a protein content of 26.08 g/100 g sample (Table 1), which gave a yield of 22.48 g of 

lyophilized protein concentrate with a protein content of 74.25 g/100 g sample, obtaining a recovery efficiency of 60 

%. Macarulla and Medina, (2001)
6
, reported similar values obtaining 25.5 g/100 g sample for fava bean seed while 

for the isolate it was 77.3 g/100 g sample, so that they obtained a similar relationship to the values obtained here. 

The protein concentrate was obtained by alkaline dissolution and subsequent isoelectric precipitation, being the most 

common method to obtain protein isolate in the food industry. Among its advantages are its inexpensiveness and the 

modest equipment it requires, which makethis option advantageous compared to other processes such as separation 

of proteins by ultrafiltration with membranes (Sanchez-Vioqueet al., 1999)
7
. 

 

Table 1.Proximate chemical composition of flour and concentrate (g/100g sample) 

Component Flour * Concentrate * 

Moisture 7.45±0.210 4.88±0.0.07 

Ash 3.82±0.011 3.40±0.05 

Protein (N*6.25) 26.08±0.714 74.25±0.09 

Lipids 2.33±0.05 1.57±0.03 

Fibre 5.32±0.04 4.14±0.08 

Carbohydrates** 55.03±0.01 11.76±0.02 

*  Values are the result of averaging three independent determinations ± SD. 

** Determined by difference. 
 

As can be observed, the moisture content of the seed was greater than in the protein concentrate, since 

values of 7.45 and 4.88% were respectively obtained. These values are similar to those from other studies 

with fava bean (Macarulla and Medina, 2001) with values of 10.9 and 3.2% for flour and concentrate, 

respectively. 

 

Enzymatic hydrolysis and extent of hydrolysis (EH) 

 

The hydrolysis of the protein concentrate was individually performed with three digestive enzymes: 

trypsin, chymotrypsin and pancreatin, with times of 0.5-3h. Trypsin had higher proteolytic effect 

compared with chymotrypsin and pancreatin, and remained constant after 2.5 h (Figure 1). Due to this 

hydrolysis, the molecular properties of the proteins change, resulting in the decrease of molecular weight, 

increase of electrical charge, and release of hydrophobic groups (Caessens, 1999)
8
. 

 

Trypsin is a specific enzyme that breaks the carboxyl side of lysine or arginine if they are not linked to 

proline. The proportion of these amino acids in the protein of the bean is approximately 13%; thereby, 

since trypsin acts over a greater proportion of amino acids and cleavage sites,the extent of hydrolysis is 

high. With chymotrypsin, hydrolysis peaks 1.5 h after the start of the process, and then stabilize. 

Chymotrypsin is a specific enzyme that breaks the carboxyl end of aromatic amino acids and methionine 
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if they are not linked to proline, the proportion of these amino acids in the protein bean is 7.2%, which is 

why there is a lower hydrolysis extent.The enzymatic hydrolysis is related to the degree of hydrolysis, 

which is the essential property of a hydrolyzate and is defined as the percentage of broken peptide bonds 

in relation to the original protein (Benitez, 2008)
9
. 

 

 
 

Figure1.Extent of hydrolysis of the protein concentrate and hydrolysatesobtained with trypsin, chymotrypsin and pancreatin. 

Values are the result of averaging three independent determinations ± SE analyzed by Two way-ANOVA. Comparisons between 

groups were performed by Student-Newman-Keuls (SNK) test. 

 

Antioxidant activity ( DPPHÅ) 

The antioxidant activity (% inhibition), which corresponds to the amount of DPPHÅ radical neutralized by 

peptides with antioxidant activity was greatest for the hydrolysate obtained with trypsin (54.38%) at 0.5 h. 

The results were compared with vitamin E, which has the highest antioxidant activity (92%) compared 

with the samples studied. The antioxidant activity with chymotrypsin showed 19-31% inhibition, and 

showed significant difference compared with trypsin. This antioxidant activity may be attributed to the 

amino acid composition, the specificity of the cleavage sites of this enzyme to obtain bioactive peptides, 

as well as to the sequence, size and configuration of the peptides (Chen et al., 1996)
10

. 

 

Antioxidant activity  (ABTSÅ+ method) 

The antioxidant activity of trypsin hydrolysates by the method of radical ABTSÅ+ was 0.13 to 0.27 

mMTrolox equivalents/mg protein, and the 0.5 h hydrolysate showed the highest activity. Also,the 

concentrate showed antioxidant activity (0.1917 mMTrolox equivalents / mg protein) compared to the 

hydrolysates and vitamin E reference. Given the trypsin hydrolysate showedthe greatest inhibition (3%), 

the radical ABTSÅ+ was blocked to a greater extent when compared with chymotrypsin. 

 

 
 

Figure2.Antioxidant activity by DPPHÅ (A) andABTSÅ+ (B) for protein concentrate and hydrolysates of Viciafaba.Values are the 

result of averaging three independent determinations ± SE. 

A B

A 
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Biologic evaluation 

 

Table 2 summarises the effect of protein hydrolysates (30 mg/kg body weight) in the evaluation in vivo on 

lipid profile: cholesterol (total-col), triglycerides (TG), high density lipoprotein (HDL), low density 

lipoprotein (LDL), atherogenic index (AI), and the activity of the enzyme alkaline phosphatase (ALP). As 

can be observed, in the control group that received normal diet for 40 days, a total-col serum concentration 

of 29.83 mmol/L was obtained, whereas in the group receiving the hypercholesterolemic diet during the 

same time, the values rose significantly to 67.16 mmol/L,i.e. an increase of 2.25 times. This confirms the 

effectiveness of the diet that was used in this experimental model. A number of studies suggest that soy 

protein may reduce cholesterol levels in blood in experimental animals andhumans (Potter, 1995). It has 

been reported that soy protein hydrolysate has a strong effect on the reduction of serum levels of 

cholesterol as compared to intact soy proteins in rats (Sugano, 1990)
11

. 

 

Table 2.Effect of hydrolysate of Viciafaba on lipidic profile  

Group Total 

cholesterol 

(mmol/L)  

Triglycerides 

(mmol/L)  

HDL  

(mmol/L)  

LDL  

(mmol/L)  

AI  ALP 

(U/L)  

N 29.83±1.92 0.83±0.04 11.4±0.32 16.74±1.35 1.33±0.16 214.66±18.2 

N30 27±0.96 1.88±0.09 14.7±0.37 13.74±1.89 4.25±0.59 315.83±30.1 

H 67.16±2.61 0.6±0.05 10.71±0.71 57.35±1.12 6.58±1.32 423±22.91 

H30 60.33±2.32 0.7±0.08 11.65±0.73 52.51±1.83 4.22±0.57 364.5±12.72 

N=(Normal diet); N30=(Normal diet +hydrolysate30 mg/kg); H=(Hyperlipidemic diet); H30=(Hyperlypidemic diet 

+hydrolysate30 mg/kg). Values are the result of averaging data from 6 mice ± SE, analyzed byOne way-ANOVAl. Comparisons 

between groups were performed by Student-Newman-Keuls (SNK) test. 

 

On the other hand, the hypocholesterolemic effect has also been reported in a peptide fragment derived 

from soy: Leu-Pro-Tyr-Pro-Arg, which was found to decrease serum cholesterol levels in mice after oral 

administration at 50 mg/kg dose, where values were 25.4% and 30.6% total cholesterol and LDL-

cholesterol, respectively (Yoshikawa, 2000)
12

. 

 

Regarding triglycerides, when comparing the control and hyperlipidemic groups, significant difference (p 

< 0.05) was observed and the values ranged from 0.83 to 0.6 mmol/L, respectively, which meant a 

reduction of 1.38 times, and the dose of 30 mg/kg decreases TG levels compared to the group N. In 2001, 

Macarulla reported a decrease in TG levels of hypercholesterolemicWistar rats fed with seeds and protein 

isolate of Viciafaba in comparison with the control group fed with casein; TG values obtained ranged 

between 0.73 and 1.21 mmol/L, respectively. 

 

By doing a comparison between the control groups of both models, the level of HDL is similar; as well, 

there was significant difference (p < 0.05) compared to the group administered with 30 mg/kg in both 

models, in both cases there was a significant increase. Likewise, thehypercholesterolemic diet compared 

to N, increased serum levels of LDL from 16.74 to 57.35 mmol/L. However, the dose of 30 mg/kg 

decreased LDL levels in mice treated with both diets, which suggests that the bioactive peptides can help 

to reduce the occurrence of cardiovascular diseases. 
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The relationship between total cholesterol and HDL gives the atherogenic index (AI); significant 

difference (p < 0.05) was observed against the AI of the control group in both normolipidemic and 

hyperlipidemic mice where the values ranged from 1.33 to 6.58, respectively. 

The obtained data show that there was an increase in alkaline phosphatase activity in mice fed with 

hypercholesterolemic diet, which was from 214.66 to 423.5 U/L compared to normolipidemic group. This 

behaviour may occur due to the increase in the lipid concentration,which increases metabolic activity of 

liver, thereby, the enzyme activity increases to counterbalance the metabolism of the organism, as has 

been shown in several studies when there is damage in the liver. Recently, it has been reported an 

increase in ALP in rats when there exist obstructive cholestasis induced by dysfunction of the bile ducts, 

and this can be due to deconjugation of bile salts by microorganisms which may lead to the formation of 

gallstones obstructing the biliary ducts, which explains the slight increase in the ALP (Accatinoet al., 

1996, Marteau and Rambaud, 1993)
13,14

. 

 

The results obtained in the present work allow observing that the protein hydrolysates from Viciafaba 

have important functional properties, showing hypolipidemic activity that makes them helpful against 

coronary diseases. 
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Introduction  

  
Prebiotics are non-digestible nutritional ingredients with beneficial effects due to their capacity to 

stimulate the growth and/or activity of probiotic bacteria in the colon, improving the health of the host. 

They are fermented by probiotics, which are living microorganisms that are beneficial for the host and 

increase the balance of the intestinal flora. Among the most common probiotics are those from the genuses 

Lactobacillus, Streptococcus and Bifidobacterium. Agave fructans are non-digestible, fermentable 

carbohydrates that are considered to be prebiotics because of their structure
1
. The extraction of fructans is 

an option for agave producers in Oaxaca. The current production of agave is 130,240 tons, of which only 

27% is harvested, leaving raw material available for use. The object of this study was to evaluate the 

kinetics of four strains of Lactobacilli (Lactobacillus acidophilus, L. casei, L. paracasei y L. rhamnosus) 

using the fructans from Agave angustifolia as the carbon source. 

 

Materials and methods 

The fructans used were obtained from Agave angustifolia Haw., 8 years of age, from Tolapan, Tlacolula, 

Oaxaca. Four strains of Lactobacillus were used: (a) L. acidophilus LA-2 25302; (b) L. casei LCC-1 

53103; (c) L. paracasei LPC-1 393; and (d) L. rhamnosus LR 4356.  These strains were proven to be 

probiotics following the method reported by Gibson and Wang
2
.
 
The experiment was established with a 

4x5x2 factorial arrangement. The study factors were the following: (1) four strains of Lactobacillus; (2) 

five different sources of carbon: long-chain A. angustifolia fructans (A), short-chain (B), totals (C), and 

two inulin types from chicory, Raftiline (RN) and Raftilose (RS); (3) agave fructans were obtained using 

two methods: the conventional method (C), utilizating an ethanol-water solution and spray drying (100-

80°C), and removal with water (H) clarified with active carbon and convection drying at 50°C. Silica gel 

plates were used for thin layer chromatography, and a developer for sugars was used to visualize the 

separation of compounds. 10 µL of each sample was applied to the silica gel plate using the standards of 

glucose, fructose, sucrose, 1-kestosa, 1,1-kestotetraose, 1,1,1-kestopentaose. The determination of direct 

sugars, totals, and fructose was done with colorimetric methods
3
. To obtain the growth kinetics, 1% of 

each source of carbon was used and dissolved with the MRS (Man-Rogosa-Sharpe) medium; the growth 

medium and carbon source were sterilized in a Market Forge-Sterilmatic autoclave; previously, 1% of the 

bacteria was inoculated and incubated at 37ºC in anaerobic conditions, measuring growth with optic 

density of 600 nm at different times: t=0, 2, 4, 6, 9,12, 15, 18, 24 and 30 hours. 

 

Results and Discussion 

Identification of fructooligosaccharides 

Figure 1 shows the profile of one TLC of the A. angustifolia fructans that were used. It can be observed 

that in (AC) there was greater intensity in the stain at the base of the chromatograph, similar to the inulin 

syrup standard with an approximate DP of 20, than in the sample (AH), in which the presence of short 

chain fructans can also be observed or lower grade polymerization (DP) with greater fructose and glucose 
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intensity.  This fact can be associated with greater hydrolysis in (AH), due to the method of extraction that 

was used and the convection drying, compared with (AC). 

 

 
Figure 1. TLC of conventional chain fructans (AC) and water (AH), conventional short chain fructans(BC)  and 

water (BH), conventional total fructans (TC) and water (TH). Standards: F= fructose, G = glucose, S = sucrose, 1-

kestose (DP3), 1.1 kestotetraose (DP4) and 1,1,1, kestopentaose (DP5) and chicory inulin 

 

Table 1. Content of sugar in the dry A. angustifolia fructans 

 
 

Fructans 
 

Total 
carbohydrates 

mg/g 

 
Reducing 

sugars 
mg/g 

 
Fructose 

mg/g 

AC 878.16 79.72 385 

AH 726.21 135.25 280 

BC 579.86 124.75 275 

BH 511.01 90.79 310 

TC 892.52 82.67 585 

 
It can be observed that the production of free sugars was due to the hydrolysis of the short chain fructans 

during extraction (Table1). Moreover, the velocity of fructose formation during hydrolysis depends on the 

length of the chain in the fructose transformation 

 

Growth kinetics 

 
The growth curves were elaborated in agreement with the type of fructan evaluated for each lactobacillus, 

charting for each bacteria the number of generations (n), the velocity of multiplication of the number of 

generations for each unit of time (R), the duplication time (Td), the rate of specific growth (µ), and the 

coefficient of determination r
2.
.  Figure 2 shows the growth kinetics of the four strains of Lactobacillus in 

long chain A. angustifolia fructans extracted by conventional form and spray dried in a temperature of 

100-80 ºC (AC) and fructans extracted in water (AH). In this figure we can observe that each strain of 

Lactobacillus behaved differently with this substrate. L. rhamnosus had a shorter lag phase, with a greater 

specific growth rate ( =0.3256 h
-1
) and a lesser duplication time (2.1288 h) than the other Lactobacillus 
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Figure 2. Growth kinetics of L. acidophilus (L.a); L. casei (L.c); L. paracasei (L.pc) and L. rhamnosus (L.r) 

using as a carbon source (AC and AH) respectively 
 

Using the high DP fructans extracted in water (AH), the growth kinetics of the four strains of 

Lactobacillus can be observed, in which L. acidophilus had an exponential phase with a coefficient of 

determination of r
2
=0.9752, which indicates that 97.52% of the growth variation of the lactobacilli was 

due to the linear relationship that exists between the incubation time and the source of carbon, which we 

can see was most efficient in L. acidophilus. With respect to L. casei, a r
2
= 0.9520 was found, slightly less 

than that of L. acidophilus but very similar to that of L. paracasei and L. rhamnosus, which had a similar 

coefficient of determination. 

 

Another substrate used for the growth kinectics was (BC). In Figure 3 it can be observed that greatest 

growth was obtained with the L. acidophilus, which can be related in this type of fructans to the greater 

presence of short DP fructans
4
.  The respective table shows the results that were obtained from the growth 

curves for each lactobacillus, using (BC) as a substrate. The lowest velocity of multiplication is 0.1400, 

corresponding to L. paracasei, a bacteria with a duplication time of 7.1411 hours and a coefficient of 

determination from the exponential phase of r
2
=0.8895, which is reflected in the growth curve, specifically 

in =0.0970 h
-1
. 

 

Figure 3 also demonstrates the behavior of the lactobacilli using (BH) as a substrate. The lag phase 

between L. acidophilus and L. casei was similar, in contrast with L. rhamnosus, which had a shorter lag 

phase than previous samples.  In the case of L. paracasei, a longer lag phase was obtained than with the L. 

rhamnosus. In comparing the substrates (BC) and (BH) (Figure 3), the greatest growth of the bacteria was 

with (BC). Substrate (BH) did not have the greatest yield in terms of growth of lactobacilli, most likely 

due to the deficiency of the drying method and perhaps a caramelization of the sugars, which were then 

unusable. 
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Figure 3. Lactobacillus growth curve L. acidophilus (La), Lactobacillus casei (Lc), Lactobacillus paracasei (L.pc) 

and Lactobacillus rhamnosus (Lr). fructans using low degree of polymerization (BC) and (BH). 

 

Comparing the small fructans extracted through the two methods (conventional and in water) that were 

utilized as a carbon source for each strain of Lactobacillus, the greatest bacterial growth was obtained 

when substrate (BC) was added to the cultivation medium. Substrate (BH) did not yield the greatest 

growth in lactobacilli, probably due to the deficiency in the extraction method. 

  
The behavior of the growth kinetics of the lactobacilli in the chicory inulin was very similar to that of the 

agave fructans. The results show that the specific growth rate and the duplication time for each strain of 

lactobacillus was similar, and also that L. acidophilus had the greatest growth in this substrate with a 

Td=3.3202 h and =0.2087 h
-1. 

However, L. casei had lesser growth and its exponential phase had a 

Td=6.0916 h and =0.1137 h
-1
. An exponential phase of  = 0.0879 h

-1
 was obtained for L. paracasei 

and a duplication time of 7.8789 h. Makras 
5
 evaluated the growth of L. paracasei subsp. paracasei 

8700:2 in Raftiline and Raftilose synergy 1 (inulin-type chicory fructans enriched with oligofructose), and 

growth was rapid and very similar between both prebiotics (  h
-1 

; r
2 
= 0.99). Another reference 

that was utilized as a comparison with the agave fructans was Raftilose (RS), which has a DP of 8-10. L 

acidophilus fermented this substrate better than the other strains of Lactobacillus, with a slightly better 

fermentation than the small agave fructans (BC and BH). 

 

Conclusions 

The extraction method and drying had a significant effect on the short chain fructans. From the growth 

kinetics, we can observe that duplication depends on the capacity of each lactobacillus. A greater content 

of short chain fructans increases the growth of the strains of lactobacilli. 
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Introduction  
 

Lactoferrin, a no hematic iron-binding glycoprotein belonging to the family of transferrins, wich 

molecular weight is approximately 80 kDa, is a protein with immunomodulatory and antimicrobial 

capabilities,  manly, which makes their study has become a fundamental part of biotechnology in recent 

years. Some mammal species produce lactoferrin. Its expression is given by phagocytes of mammalian 

cell, some mucous secretions such as saliva, tears, semen and vaginal fluids, and a small part is 

synthesized by mature neutrophils, this is known as lactoferrin serum (5). 

In normal milk, its concentration is low, but increases in response to inflammatory processes. 

Some functions have been attributed to lactoferrin, these features are due to the structure of this protein 

has; its two regions known as N and C terminal lobes, in turn formed by the domains N1, N2, and C1, C2, 

respectively. In each domain C2 and N2, there is a place where lactoferrin, in the presence of carbonate 

ion is capable of chelating ions Fe
+2

 (8). The capability that we have considered most important is its 

ability to modulate the host immune response; such capacity has been tested in vivo and in vitro. Recent 

studies have been demonstrated in healthy human volunteers that bovine Lf reinforces the immune system 

and antioxidant status. Coupled with the immunomodulatory activity,  the antimicrobial effects of Lf have 

been studied and demonstrated in vivo; across the parenteral administration in several experimental 

animals, above all mice, several studies in vitro have indicated that the structure of Lf plays an important 

role in the antimicrobial activity, for example, the interaction with viruses and bacterial toxins, through 

glycosylation sites of the protein, making it being exposed on its outer surface and maintain contact with 

these microorganisms. Antibacterial activity. Lactoferrin has direct activity with LPS of the bacteria and 

prevents the interaction between the endotoxin LPS binding protein (LBP) and CD14. In addition, this 

recognition that lactoferrin has with LPS, triggers a signaling cascade that results in the release pro-

inflammatory mediators such as cytokines and chemokines, and small molecules, such as lipid mediators 

and reactive oxygen species. Furthermore, when lactoferrin was administered by oral via in 

Staphylococcus aureus infected models, there is a change in the host response by increasing the levels of 

TNF-a and decreased IL-5 and IL-1.  Antiviral activity. Lactoferrin has activity against a broad spectrum 

of DNA and RNA virus, its major contribution to this antiviral defense involves binding to the cell 

membrane glycosaminoglycans (3). Antifungal activity.Candida albicans is one of the most commonly 

agents that causes vaginal infections. Their adhesion to the vaginal epithelium can be prevented by the 

action of lactoferrin due to their ability to sequester iron, in addition, lactoferrin has the ability to induce 

apoptosis in this yeast (4). Antiparasitic activity. The study of the mechanisms by which lactoferrin has 

shown antiparasitic activity is complex; Lactoferrin exerts activity against Entamoebahistolytica, 

Trichomonasfaetus, Trypanosomacruzi, Trypanozomabrucei, Plasmoduim falciparum, Toxoplasma gondii 

and Eimeriastiedai (5.6). The process by which such activity is exerted is not clear, however, it is believed 

that these antimicrobial properties are related to a direct action on microbes or activation of the immune 

response. The important role of lactoferrin in the host, has attracted the interest to produce a recombinant 

protein, which will be more biocompatible that the synthetic protein; expression systems of recombinant 
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proteins based in yeast have demonstrated to be an efficient and economically viable source eukaryotic 

proteins. Yeasts provide a suitable environment for protein folding, besides which are capable to secret to 

the culture medium without need to lysing the cells. Its growth and handling is very simple due to its 

unicellular nature, although their eukaryotic organization allows them expression and maturation 

processes typical of animal cells (1). Pichia pastoris is a facultative methylotrophic yeast belonging to the 

group of ascomycetes, reproduced by budding and whose endowment genome homothallic remains, 

haploid, unless it is subjected to conditions of nitrogen limitation (5), also it has certain properties that 

justify the success of their increased use as eukaryotic expression system of heterologous proteins, as well 

as their high level of transcription, and the fact that native proteins are secreted into the extracellular 

medium, which makes the process recovery and purification of proteins easier (2). Pichia pastoris has 

been used as expression system in approximately 600 recombinant proteins (7), Jiang et al, in 2007, were 

able to express and produce 1200 mg / L of recombinant human lactoferrin in KM71-H strain of Pichia 

pastoris; Yong et al in 2006 expressed in this yeast, yak lactoferrin, where they obtained 40 mg / L. The 

background expression and production of lactoferrin in Pichia pastoris, have attracted our interest in 

expressing recombinant bovine lactoferrin in this system in order to use it as an alternative to the overuse 

of antibiotics, a situation that has led to the emergence of new microbial strains resistant to commonly 

used drugs, consumption of lactoferrin also mean strengthening the immune system in healthy people. 

 

Material and methods 
 

KM71-H and X33 strains of the methylotrophic yeast Pichia pastoris as used as expression model.Growth 

curve was performed to determine incubation time to prepare electro-competent yeast cells; the yeast were 

incubated in YPD liquid culture media (yeast extract, peptone, dextrose) in shaking at 30° C. Every 30 

minutes the optical density was measure until to get the best absorbancy. Electro-competent cells were 

preparated with sorbitol and water method and yeast transformation was achieved by electroporation with 

the empty vector pJ911:74382 and expression vector containing synthetic lactoferrin pJ911ptPp_V2 of 

6266 bp. After three days to incubation, we obtained transformed yeast clones, which were selected with 

G418. To assess lactoferrin expression, clones were induced with 0.5% methanol in intervals of 24 hours, 

during 72 hours in liquid culture medium. Protein extracts were recovered by precipitation of culture 

media and were analyzed by SDS-PAGE to search the best clones in order to express lactoferrin. 

Subsequently by western blot using anti-bLF HRP.  

 

Results and discussion 
 

There was demonstrated the presence of recombinant bovine lactoferrin (rbLf) in the culture media due to 

externalization fusion peptide 5ô of lactoferrin synthetic gene. Expression and purification of rbLf will 

allow apply in food and feed industry, mainly as an alternative of use of antibiotic and as a nutraceutical 

supplement to improve the body's immune response.  
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PICTURE 1.Plasmid map pJ911:74382- synthetic lactoferrin_optPp_V2 Transformed cells containing the 

plasmid with the gene coding for the expression of bovine lactoferrin, which was inserted by 

electroporation. 

 

 
 

PICTURE 2.a) KM71-H Transformed cells.b) X33 Transformed cells. The best 8 transformant cells were 

selected with G418 for each strain.  
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PICTURE 3.Proteins expression in SDS-PAGE 12%. a) KM71-H strain. 1. Positive control of 

commercial lactoferrin. 2. C1 3. C2 4.C3 5.C4 6.C6  7. C7 8.C8 9.Empty vector. The best expression of 

this strain were detected in C3. b) X33 strain. 1. Positive control of commercial lactoferrin. 2. C2. 3. 

Empty vector. 3. C34.C45.C56. C6 7. C7.  Arrows indicate the presence of recombinant bovine 

.lactoferrin.  
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Introduction  
 

Dietary fiber (DF), is one of the most recognized functional ingredient because of their healthy properties 

in individuals.
1
A common strategy to increase their comsuption is throughout the addition or 

supplementation in foods with DF sources. The development andresearch of natural DF sources are being 

grown nowadays. The steam of Agave tequilana Weber plant exhibits an average of carbohydrates of 250 

g/kg mostly fructans, and is usually  used to obtain tequila. However, it is also used to obtain fructose 

syrup and agave fructans.
2
 The last one is considered soluble DF like inuline type. Ground agave fiber is a 

by product obtained during extraction process and is consider as insoluble DF. Jamaica (Hibiscus 

sabdariffa L) is prepared generally as a beverage where the calyces are decoctedand the water obtained is 

extensively consumed because of the freshness sensation that is conveyed. The whole calyces are rich in 

DF and polyphenols.
3
 Agave fructans (soluble DF), ground agave fiber (insoluble DF) and whole jamaica 

calyces, were used to elaborate muffins. The objective of this study was to evaluate the nutritional 

characterization of wheat-muffins susbtituted by this natural ingredients 

 

Materials and methods 
 

Ingredients preparation and muffins formulation 

Agave fructans and ground agave fiber were obtained by Biogaves de la Costa S.A. de CV and were 

mixed in 1:3 proportion, similar to that recommended by international dietary guidelines.
4
This ingredient 

is referred henceforth as agave dietary fiber (ADF). Besides, whole jamaica calyces (JC) were adquired in 

Huajicori Nayarit by local producers, they were washed, dried in an oven at 60ºC, milled and sieved. The 

chemical composition of ADF and JC is shown in Table 1. The rest of the ingredients were purchased in a 

local supermarket. The muffins were prepared following a housemade formulation. Wheat from the 

original formulation were substituted in 30 % and 50 % by the ADF and a mixture of ADF and JC (1:1 

w/w). 

 

Table 1. Chemical composition in agave dietary fiber (ADF) and jamaica calyces (JC) (g/100g dry base) 

 ADF
a 

JC
a 

Total dietary fiber
b 

82.03 49.89 
    Insoluble dietary fiber

b 
59.20 ± 1.89 41.86 ± 1.30 

    Soluble dietary fiber 22.83 ± 1.22  8.03 ± 0.35 
Soluble carbohydrates 3.36 ± 0.09  5.50 ± 0.02 
Protein 4.7 ± 0.41 12.92 ± 0.24 
Fat  0.67 ± 1.7 0.89 ± 0.02 
Ash 1.37 ± 1.7 3.50 ± 0.20 
Extractable polyphenols 0.24 ± 0.08 2.06 ± 0.06 
Hydrolysable tannins nd

b 
0.63 ± 0.05 

Condensed tannins nd 1.85 ± 1.00 
aValues are the mean ± DS (n Ó 3); bnot detected 
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Sensory evaluation of the muffins 

Two sensory tests were carried out, a pair comparison test to determine the maximun level of substitution 

of these ingredients in which the judges did not find differences between samples and a hedonic in the 

selected formulations.  

Chemical composition analyses  

Moisture, ash, protein and fat were analyzed according AOAC methods.
5
 Extractable polyphenols by 

Montreu
6
 method were evaluated in muffins.  

Starch digestibility in muffins 

Available and total starch were determined by Holm et al
7
and Goñi et al

8
methods. Also starch digestibility 

were evaluated  by Holm et al
9 
method. 

Dietary fiber determination as Indigestible faction in muffins 

A physiologic procedure that does not consider the use of thermo stable Ŭ-amylase was carried out to 

determine the indigestible fraction as described Saura Calixto et al.
10

 Samples were incubated with 

digestive enzymes to simulate digestion in the small intestine. 

Statistical analyses 

One way ANOVA and LSD media comparison (p>0.05) were used to find differences between samples 

and in the pair comparison sensory test was used chi-square. All data was performed using the SAS 

system V 9.0. 

 

Results and discussion 
Sensory evaluation 

In the paired comparision test, the judges did not detect discernible differences (p>0.05) on taste between 

muffins substituted with 30 or 50% by ADF and ADF-JC. Thus, we proceed to use the higher percentage 

of substitution (50%) of wheat from the original formula. Afterwards, an hedonic test was carried out 

where all samples were evaluated. Jamaica muffins were acepted with a similar score than control muffin, 

the highest score was reached by ADF muffins, however none statisfactory differences were observed, the 

lowest score was reached by ADF-JC muffins. This is remarkable because in the comments judges 

referred that the acid taste in jamaica calyces muffins as a different and a good taste. 
Table 2. Hedonic test in muffins substituted with agave dietary fiber (ADF)  

jamaica calyces (JC) and ADF-JC.
a 

 Level of acceptance 

Control muffin (CM) 7.4 ±2.7
a
 

Jamaica calyces muffin (JCM) 7.1 ±2.3
a
 

Agave dietary fiber muffin (ADFM) 8.1 ± 2.4
a
 

Agave dietary fiber-jamaica calyces muffin (ADF-

JCM) 
4.6 ± 3.9

b
 

a Data are the mean of 36 evaluations ± ES. Data with different letter are  

statistically different (p<0.05). 

 

Chemical composition 

The chemical compositon in the elaborated muffins is shown in Table 3. Ash content incresed with the 

addition of JC and ADF, because this ingredients have made an important contribution in the samples. 

Moisture was similar in the control muffin, JCM and other studied samples, showing that moisture was 

not affect by the agave ADF and JC added in the formulation. Usually, the addition of DF ingredients 

have the tendency to dry the products to which are added. Protein content was not statistically different 

(p>0.05) between studied samples, this means that the substitution with ADF and JC did not decrease the 

protein content. Only minor differences between fat content were found between samples. Total 

carbohydrates were the main component in muffins, were highlight their increase when ADF was added, 

this might be due to the mainly fructans component in the samples besides the simple carbohydrates that 

agave fructans contains
3
. The extractable polyphenols content was higher in the samples added with JC, 

this could be consider as a added value from a nutritional point of view. It is important to stress that DF is 
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consider as a carrier of antioxidants that may improve the antioxidant status
1
 in foods and jamaica calyces 

has been demonstrated that posses healthy properties besides their polyphenol content.
3
 

 

Table 3. Chemical composition in control (CM), jamaica calyces (JCM), agave dietary fiber (ADFM) and 

agave dietary fiber with jamaica calyces (ADF-JCM) muffins (g/100 g fresh base)
a 

Component CM JCM ADFM ADF-JCM 

Ash 1.24±0.56
b
 2.77±0.50

a
 2.36±0.02

a
 2.23±0.06

a
 

Moisture 20.46±0.72
 ab

 22.41±0.21
 a
 18.66±0.86

 b
 21.91±0.63

 a
 

Fat 19.43±0.62
a
 21.44±0.20

a
 18.49±0.43

a
 18.70±0.88

a
 

Protein
b
 11.04±0.91

 a
 10.78 ±0.74

 a
 9.87±0.76

 a
 11.19±0.12

 a
 

TC
c
 42.13±0.94

a
 41.51±0.35

a
 49.86±0.58

b
 45.18±0.39

ab
 

Extractable 

polyphenols
d
 

0.28±0.02ª 1.19±0.01
b
 0.56±0.02

c
 1.04±0.01

d
 

aValues are given as mean (nÓ 3). The values with different letters are significantly different at (pÒ0.05).bFactor 6.25.  cTC: total 

carbohydrates. dmg GAE/100 g dry base. 

Starch digestibility in muffins 

The addition of DF sources decreased the starch content in the samples. The available starch , total starch 

content and starch digestibility in the studied samples are shown in Table 4. Regular muffin contains high 

amounts of digestible starch fractions present data for muffins suggest it as an alternative for products 

with reduced digestible starch contents. This reduced starch content improved their healthy properties. 

Table 4. Total starch (TS) available starch (AS) (g/100 g fresh base) and starch digestibility (SD) in 

control (CM), jamaica calyces (JCM), agave dietary fiber (ADFM) and agave dietary fiber with jamaica 

calyces (ADF-JCM) muffins  

Formulation TS AS 
SD (%, min) 

0 5 15 30 60 

MC 45.1±0.7
a
 41.8±0.7

a
 3.2±1.4

a
 19.7±0.3

a 
64.5±1.8

ab
 66.8±1.7

a
 86.1±0.5

a
 

MJC 41.5±1.1
ab

 38.5±1.1
ab

 8.0±2.5
a 

13.5±2.2
a 

69.3±1.2
ab

 70.8±0.8
ab

 86.2±1.3
a
 

MADF 33.8±0.4
b
 31.2±0.4

b
 7.2±2.7

a 
11.4±1.4

a 
67.2±0.9

b
 69.5±2.0

a
 78.4±1.7

b
 

MADF-JC 33.1±2.5
b
 30.0±2.5

b
 2.4±0.8

a 
7.2±1.4

b 
59.5±1.3

a
 66.8±2.3

ab
 73.3±1.1

b
 

Values are given as mean (n Ó 3). The values with different letters are significantly different at (pÒ0.05).  

Dietary fiber determination as Indigestible faction in muffins 

The indigestible fraction in the muffins is shown in the Table 5. It is important to stress that in samples 

added with ADF the soluble indigestible fraction increased two fold regard the other samples.Scientific 

evidence that the primary characteristics of DF assigned to non-starch polysaccharides and lignin 

(resistance to digestion and absorption in the small intestine and fermentation in the large intestine) can be 

extended to other indigestible food constituents. As a whole, it has been defined as food indigestible 

fraction. 

 

Table 5. Indigestible soluble fraction (ISF), indigestible insoluble fraction (IIF) and total indigestible 

fraction in control (CM), jamaica calyces (JCM), agave dietary fiber (ADFM) and agave dietary fiber with 

jamaica calyces (ADF-JCM) muffins (g/100 g dry base)
a 

Formulation  ISF IIF TIF 
1
 

CM 4.91±0.42
c
 24.46±3.47

a
 29.14±3.08 

JCM 3.36±0.15
d
 24.23±0.35

a
 27.83±0.46 

ADFM 9.31±0.30
a
 17.77±1.18

b
 27.08±1.34 

ADF-JCM 7.72±0.30
b
 17.31±2.70

b
 25.03±2.39 

aValues are given as mean (n Ó 3). The values with different letters are significantly different at (pÒ0.05). 1 Total insoluble 

fraction is the sum of ISF and IIF. 

 



 304 

Conclusions 

 
The substitution of DF from natural ingredients such as Agave tequilana and Hibiscus sabdariffa calyces 

in the studied samples makes possible to obtain a bakery product which besides have an acceptable 

sensory properties, reduced starch content, contains extractable polyphenols and mainly a soluble dietary 

fiber source with the concomminat healthy properties. 
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Introduction  
 

C. illinoinensis is a nut native of North America, that grown in southern and central USA and northern 

Mexico, known as pecan (1). Pecans are one of the most consumed nuts around the world that in the last 

years have gained scientific interest due to its high phytochemical content (2) as well as potential positive 

health effect on their consumers, especially in avoiding chronic degenerative disease such as cataracts, 

Parkinson and different types of cancer (3-6).  

Polyphenolic compounds are widely distributed in the plant kingdom and help to prevent chronic 

degenerative diseases due to their antioxidant properties (7,8). Recently the FDA suggested that eating 

about 42 g a day of certain nuts like pecans, could help to prevent cardiovascular diseases (9). There are 

around 8000 phenolic compounds that can be classified in two major groups: flavonoids and non-

flavonoids, the first group shares a common skeleton, consisting in a 2 aromatic rings and one oxygen 

heterocyclic, while non-flavonoids present a phenolic group in their structure (10). Both types of phenolic 

compounds can form complex structures known as condensed (flavonoids) or hydrolizable (non-

flavonoids) tannins (11). Their abundance in plant, function and biological activity depends on their 

structure, and its variability is very influenced by external conditions (soil nutriments, water availability, 

pathogen attack, etc) (12). Some authors highlight that tannins showed higher antioxidant capacity, 

compared to their monomeric units (13).  

Chihuahua is one of the major pecan producers in Mexico, with an annual production of 79 ton per year 

(14). Actually the pecan industry calculates that 50% of the total weigh of pecans is lost in the worthless 

shell. It would be interesting to explore the use of the shells as a source of antioxidants with diverse 

applications. The aim of this study was to quantified total phenols (TP), flavonoids (FC) and tannins (CT) 

in C. illinoinensis kernels and shells growth in Chihuahua, and determinate, monomeric and polymeric 

tannin fractions in both parts of the nut (kernel and shell). Finally, identify by high performance liquid 

chromatography (HPLC) important polyphenols like catechin, epicatechin and ellagic acid currently 

suggested as alternative cancer treatments. These results provide a new view on the benefits of consuming 

Chihuahuaôs pecan nut (C. illinoinensis), and suggest a new use of an industrial byproduct that is now a 

waste product. 

 

Methods and materials 
 

Sample preparation. Pecan nuts were donated by three producers from different regions of the state of 

Chihuahua, México: Flores Magón, Delicias and Jiménez. The nuts were manually cracked and the 

kernels were separated and storage at 4 °C until analysis. The kernels were defatted by blending with 

hexane (1:10, w/v) 3 times for 3 min. The defatted powder and shell (4.5 g previously grounded) were 

extracted for phenolic compounds. Extraction consisted in sonicated the sample with 80% acetone (45ml) 

in ultrasound equipment for 30 min at room temperature. After that, the extract was centrifugated for 10 

min at 3000 g at 4ºC. The pellet was re-extracted, and the solvent removed under vacuum. The 

polyphenolic extracts were lyophilized and storage at -80°C in freeze vacuum plastic bags. 
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Determination of total phenolic content (TP). Was determinate by Folin-Ciocalteu technique, according to 

reference (3). Results were expressed as milligrams of gallic acid equivalents per gram of sample (mg 

GAE/gr sample) 

Determination of total flavonoid content (FC). This was carried out by adapted technique from Zhishen 

(15). Results were expressed as milligrams of catechin equivalents per gram of sample (mg CE/gr 

sample). 

Determination of condensed tannins (CT). Determinate by the vanillin assay according to the method of 

Chavan (3) Results were expressed in milligrams of catechin equivalents per gram of sample (mg CE/gr 

sample). 

Fractionation of crude extracts. Separation of crude extracts in mono and polymeric fractions was carried 

out by a chromatographic column packed with sephadex LH-20. Monomeric phenolic compounds were 

eluted form the column using ethanol 95%. Polymeric compounds (tannins) were washed from the column 

with acetone 50% (v/v). 

Identification of phenolic compounds by HPLC. Phenolic compounds were analyzed using a C18 column in 

a HPLC system. Formic acid 1% in water (A) and acetonitrile 5% in methanol (B) were used as mobile 

phase, at a 1mL/min rate. The detection was monitored at 280 and 320 nm. The retention times were 

compared with commercial standards. 

Antioxidant activity. The antioxidant activity of kernels and shells (both crude extract and its fractions) 

were determinated by three different colorimetric techniques. DPPH and ABTS as radical scavenging 

techniques and FRAP as ferric reducing antioxidant power: according to the methodologies proposed by 

de la Rosa (3) and Álvarez-Parrilla (16). Results were reported as ɛmol of trolox equivalents per gram of 

sample (ɛmol TE/g sample). 

 

Results and discussion 
 

No difference in phenolic compounds were observed between kernels from the three regions. The amount 

of the three types of polyphenolic compounds in crude extracts from shell was dependent on the growing 

area (Table 1). Jiménez showed the highest levels for the three quantified compounds, followed by 

Delicias and Flores Magón. These values are consistent with those found by de la Rosa in 2011, and 

Villarreal in 2007 for Chihuahua and New Mexico, respectively. The minor differences between our 

results and those reported previously can be explained due to differences in the extraction method used by 

the first reference and the climatic condition in second. It is well known that external factors and genetics 

influence the abundance, structure and type of polyphenolic compounds in plants (12,6). 

 
Sample TP (mgGAE/g shell) FC (mgCE/g shell) CT (mgCE/g shell) 

Flores Magón  24.73 ± 1.58 c 16.27 ± 0.34 a 282.29 ± 19.14 c 

Delicias 34.50 ± 1.87 b 19.62 ± 1.53 a 426.32 ± 29.86 b 

Jiménez 54.29 ± 0.93 a 32.86 ± 1.9 b 700.17± 93.10 a 

Kernel 9.5 ± 0.9 3.4 ± 0.3 30.3 ± 3.09 

 

Table 1. Quantification of three different type of polyphenolic compounds in kernel (average between 

regions) and shell crude extracts of Mexican C. illinoinensis.  

The same behavior was observed in antioxidant activity, the shell from Jimenez showed the highest 

antioxidant capacity measured by all the techniques followed by Delicias and Flores Magón. In general 

terms, phenolic quantification and antioxidant activity was 5-20 folds higher in shells compared to 

kernels. Kernels didnôt show differences on phenolic compounds and antioxidant activity between areas. 
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Table 2. Antioxidant activity in kernel and shell crude extracts of Mexican C. illinoinensis. 

A positive correlation was established between the three types of phenolic compounds in shell and the 

three techniques for antioxidant activity (Fig 1). 

               

 
          

Figure1. Correlation between shell antioxidant capacity measured by DPPH, ABTS and FRAP and total 

phenolic content (a), flavonoid content (b) and condensed tannins (c).  

Based on these results, we suggest an extra value for shell that represents an important source of 

antioxidant compounds with possible applications in agricultural and/or nutraceutic industry (7).  

Ellagic acid, catequin and epicatequin were identified by HPLC (retention times of 10.7, 7.5 and 8.1 min 

respectively). They were only identified in the monomeric fraction of shell and kernel (Fig 2). None of 

these compounds were identified in polymeric fraction. It is difficult to found free phenolic compound in 

nature, theyôre easy conjugated with polysaccharides and proteins, and theyôre difficult to isolated without 

going through various methods of isolation and purification (17,18).  

Sample DPPH  (ɛmolTE/g shell) ABTS (ɛmolTE/g shell) FRAP (ɛmolTE/g shell) 

Flores Magón 336.39 ± 28.71 c 640.76 ± 66.30 c 475.92 ± 25.44 c 

Delicias 476.90 ± 47.23 b 922.50 ± 91.91 b 644.04 ± 93.26 b 

Jiménez 

Kernel 

837.08 ± 77.06 a 

93.5 ± 9.8 

1385.22 ± 138.43 a 

143.3 ± 13.5 

965.11 ± 54.58 a 

101.54 ± 4.9 

c 

b a 
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Figure 2. HPLC chromatograms with UV detection at 280 nm of monomeric fraction in shell (a) and 

kernel (b).  

The antioxidant capacity was measured in monomeric and polymeric fractions of C. illinoinensis shell and 

kernel. In shell, monomeric fraction showed more antioxidant activity than polymeric by both techniques. 

In the case of kernel, polymeric fraction had the highest antioxidant activity, studied by DPPH method 

(Table 3). This is in agreement with some authors that explain that the high antioxidant activity in kernels 

could be because theyôre protecting polyunsaturated fats against oxidation (19).  

 Method Monomeric 

ɛmol TE/g sample 

Polymeric 

ɛmol TE/g sample 

Shell ABTSÅ 54.81 ± 23.4
a
 35.11 ± 1.22

b
 

 DPPHÅ 172.79 ± 2.0
a
 83.89 ± 10.19

a
 

Kernel ABTSÅ 18049.72 ± 1577.5
b
 63.81 ± 1.1

a
 

 DPPHÅ 3778.76 ± 700.5
a
 60911.60 ± 5006.9

b
 

Table 3. Antioxidant capacity of kernel and shell fractions.  
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Introduction  
 

The growing interest in natural bioactive compounds as aids in disease prevention has increased 

considerably in recent years. Bioactive compounds from fruits and vegetables are preferred over synthetic, 

due to safety. During processing of Mango fruit, peel of the fruit is the main product is not considered 

important for commercial purposes; it is discarded and becomes a source of contamination. However, it 

was reported that the shells contain bioactive compounds such as Mangiferin and Lupeol, with antioxidant 

properties, so that might be considered as aimportant source of these compounds with bioactivity. 

The extraction is an important step in the bioactives compounds isolation. Severals extraction techniques 

can be applied for obtaining these compounds. The extraction by conventional methods has demostrateto 

be productive, however some of them have a minimum impact on the environment.The unconventional 

methods, emerging interest to assess its efficiency compared to conventional methods in order to obtain a 

higher productivity extraction of bioactive substances. 

Whereas the state of Nayarit is one of the leading producers of Mango, which has great economic 

importance, with the interests of research methods for efficient and favorable for the extraction of 

bioactive substances, raising overall objective is to optimize extraction of Mangiferin and Lupeol in the 

peel of mango (Mangiferaindica L.) variety Ataulfo high hydrostatic pressure (HHP) with three different 

pressure levels (150, 200 and 250 MPa) and three times (10, 15 and 20 min ), in order to generate 

technical and scientific information is established as a starting point for application at industrial level. 

 

Materials and methods 
 

Raw Material.Mango fruits were taken from the community on 5 de Mayo, Tepic, Nayarit, an area noted 

for high production of this fruit, the fruit is cut by handinan index of physiological maturity and 

consumption, based on visual quality and advice from the locals, were transported in cardboard boxes, the 

nunderwent a facelift and selection. Obtaining the pulp and the shells to be frozen at -80°C, followed by 

lyophilizationat -50°C and 0.12 mb arusingalyophilizer FreeZone4.5 and spray, this to avoid loss of 

bioactive compounds of interest. 

 

Extraction with  high hydrostatic pressure. For extraction of Mangiferin and Lupeolas extraction 

solvents ethanol- watermixture (8:2) tohexane to Mangiferin and Lupeol, in a ratio 1:10 (g sample: solvent 

ml) were used. Vacuum packedin high- density polyethylene bags using a computer model Multivac 

C100. Then the high hydrostatic pressure as a method of extraction we applied. The application of high 

hydrostatic pressure was carried out on a computer model CIP42260 isostatic pressure (Avure Autoclave 

Systems, EriPA USA) equipped with apressurizing chamber 101.6mm internal diameter and 584.2 mm in 

length, which operates ata up to 300MP aprovided with a compressor Sullair brand with a top speed of 

125psiair. Aratio of5:1 (water: anti-corrosive lubricant) as pressurizing fluid at 25°C, with pressures of 

150, 200 and 250MP a and 10 times, 15 and 20 min was used in this research. 
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Quantification. Once the extraction method employed was generated two products, the solid absent of 

bioactive compounds of interest andt he extract, which was vacuum filtered with Whatman No. 1 filter 

paper and concentrated using a Buchi Rotavapor brand, model R-205, at a temperature of 40°C. The 

extract obtained was analyzed quantitatively by Biospectrophotometer CARY 50 to a wave length of 254 

nm. Using external standards for identification and quantification (Sigma-Aldrich 95%). 

Analysis of results. In the statistical analysis used a factorial design 3
2
 with anŬ= 0.05, making a 

comparison of means (LSD) with the statistical program SAS (Statistical Analyst System, version 9.0 for 

Windows) as response variables having the Mangiferin and Lupeol concentration on the AtaulfoMango 

peel variety. Performing in triplicate. 

Optimizationof extraction. There sponse surface methodology using a second degree polynomial model, 

setting the optimal process model with the statistical package STATGRAPHICS5.1 PLUS was used. 

 

Results and discussion 
 

In recent yearôs extraction techniques to reduce environmental impact have been developed. In these cases 

it is necessary to employ higher pressures to facilitate recovery of the compounds of interest; therefore, 

work is being directed toward techniques HHP [1]. Asassessed by HH Pextraction for obtaining 

Mangiferin and Lupeol with three levels of pressure and time, the results obtained are shownintable 1. 

The results obtained show that the HHP is efficient for obtaining bioactive compounds,because the 

pressure attains the solvent diffusion through the cell walland washing of the cellular contents related to 

solventextraction[2]. 

Considering that the isostatic principle states that pressure is instantaneously and uniformly transmitted 

through the sample is obtained to increase the solubility of the materials and the mass transferrate [3]. 

Separating compounds based on their solubility by immiscible liquids. 

The high pressure treatment can increase the mass transferrate; improve solvent penetration into the cells 

by disrupting cell walls and hydrophobic bonds in the cell membrane which may lead to a high-

permeability [4]. HHP can also cause deprotonation of charged groups and hydrophobic bonds, resulting 

inconformational changes and denaturationof proteins, achieving high availability of the phenolic 

compounds for the extraction to equilibrium [5]. Based on the the oryofphase behavior, the solubility of 

these compounds increased with the increase of pressure [6]. 

The variance analyses shown asignificant difference between the pressure and timefor the extraction of 

compounds with bioactivity, so the next step is heoptimize the extraction process. 

 

Table 1. Extraction of Mangiferin and Lupeol by HHP. 

Pressure 

(MPa) 
Time 
(min) 

Average concentration (mg/gr sample on dry basis) ± standard deviation 

Lupeol Mangiferin  

 

250 

10 0.1587  ±  0.15
aa

 13.9514  ± 2.72
ab

 

15  0.3233  ±  0.27
ab

  19.9280  ± 1.69
aa

 

20  0.2580  ±  0.22
ab

   20.7042 ± 3.54
aa

  

 

200 

10  0.1077  ±  0.13
aa

  20.4727 ± 3.37
ab

 

15 0.4736  ±  0.24
ab

 22.8579 ± 4.15
aa

 

20 0.8205  ±  0.21
ab

 15.7568 ± 2.18
aa

 

 

150 

10  0.3318  ±  0.23
ba

  6.1556  ±  2.56
bb

 

15 0.3070   ±  0.12
bb

 16.4260  ± 1.96
ba

 

20 0.9076  ±  0.19
bb

 13.8112 ±  2.76
ba

 

(Means with unequal letter are significantly different with a P value <0.05 where the first letter 

corresponds to pressure and the second time). 

 
Optimization of  HHP extraction process. 
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The response surface methodology is a set of mathematical and statistical techniques used to model and 

analyze problems in which the variable of interest is influenced by others, the objective is to optimize the 

variable of interest. This is done to determine optimum operating conditions [7]. 

The optimizationto minimizecosts,maximize profits andreduce the use ofingredients [8]. 

Theresponse surfacesare representedmathematically byregression functions(Figure 1and 2).However,how 

you arefunctionsmay be unknownor verycomplex, it is necessary approximated bysimpleempirical 

functionssuchas polynomialsof secondorder,which describesthe response variables. 

 

Adjustingthe modelwith r
2
=0.85 andr

2
=0.83 forMangiferin andLupeolrespectively, the coefficients for the 

prediction of Mangiferin and Lupeol were determinatethe concentrationratiosshownin Table 2. 

. 

Table 2. Regression coefficients for the prediction of Mangiferin and 

Lupeol. 

  Mangiferin  Lupeol  

Intercept -110.8093385 -1.97434324 

Pressure (P) 0.799468223 0.018249811 

Time (T) 6.018028534 0.06621557 

P*T -0.000902724 -0.000476473 

P
2
 -0.00181323 -3.44765E-05 

T
2
 -0.18381323 0.002511488 

 

This study analyzed two response variables, so you got two polynomial models, which are presented in 

equations 1 and 2 forMangiferin and Lupeol respectively. 

 

Mangiferin concentration = (-110.809)+(0.799468)(P)+ (6.01803)(T)-(0.00181323)(P
2
)-

(0.000902724)(P)(T) (0.183813)(T
2
)                                                            Equation 1 

Lupeol concentration = (-1.97434)+(0.0182498)(P)+ (0.0662156) (T)ï(0.0000344765)(P
2
)-

(0.000476473)(P)(T)+ (0.00251149) (T
2
)                                                           Equation 2 

 

 

The equations 1 and 2 permit to predict the MangiferinandLupeolconcentrationsin the HHP extraction 

process, at different conditions of time and pressure.The response surface analysis permit to obtain the 

optimal values for Mangiferin and Lupeol and the effect of the analyzed factors in the extraction process 

mediated by HHP (Fig. 1 and Fig. 2). Finally, it was possible to obtain the optimal conditions (Table 3) to 

maximize the obtaining of bioactive compounds of interest in this study. 

 

 

Figure 1. Estimated response surface for 

obtaining Mangiferin by HHP. 

Figure 2. Estimated response surface for 

obtaining Lupeol by HHP. 
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Factor Low High Lupeol 

optimal 

Mangiferin 

optimal 

Pressure (MPa) 150 250 150 217 

Time (min) 10 20 20 16 

 
The use ofHHPcan be consideredas afavorable methodfor obtainingthe fruitMangiferin andLupeol 

fromMango. 
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Introduction  
Natural antioxidants in food and in the bodies of some vascular plants have attracted considerable interest 

because of their potential therapeutic value.  

In recent years, much of the human population,has faced chronic diseases associated with age, such as 

cardiovascular, neuro degenerative, type II  diabetes, as well as several types of cancer, common in elderly, 

however incurrently it is observed that at earlier ages these diseases predominate. The bioactive 

compounds, due to their antioxidant activity, exert some beneficial effects on human health, particularly 

on these diseases. 

Several studies have indicated that the mango has a high antioxidant potential, for diversity of bioactive 

compounds that are present in its bark, leaves, pulp and peel; these compounds with functional and 

technological properties, have gained great importance in the markets food, pharmaceutical and cosmetic. 

There are conventional methods used most frequently in the extraction of bioactive compounds and that 

turn out to be productive; as maceration and heating, however has emerged the interest for the study of 

new methods of extraction,such assonication, microwave, non-conventionalmethods, this in orderto 

checkits efficiencyoverconventional methods, with the vision to expanding its use in industry, since the 

interest is to find methods that allow greater productivity. 

So that intended by this project is evaluate four extraction methods for two important compounds found in 

bark and leaves of mango: mangiferin and lupeol in two varieties of  the state of Nayarit: ataulfoand 

criollo, in order to determine the extraction method of more efficient to obtain the compounds of interest. 

 

Methods andmaterials 
Raw material 

Was usedas raw materialleaves andbark ofmangovarieties ataulfo and criollo, samples were taken from 

theMunicipality ofSantiagoIxcuintla, community Puerta de Mangos. Samples were collectedmanually, 

choosing thelarger leavesandgreen, the bark was takenfrom the trunkand branchesof the tree. Were 

transportedin cardboard boxesstored in the laboratory of food engineering of the technological Institute of 

Tepic; later performed them a wash and a selection based that do not submit physical and microbiological 

damage. 

Preparation of raw material 

Samplesofleaves andbarkchoppedof the two varietiesofmango, were subjected tofreeze-80
0
C, 

subsequentlylyophilizationto -50
0
Cand 0.12mbarusing aFreezone 4.5lyophilizermodel7750020, in order to 

avoid the loss of the compounds of interest.Subsequently ahomogenizationof the dried samples, using a 

Homogenizer brand Braun commercial. Finally, powdered samples were stored in jars, to avoid 

contamination. 

Extraction of  bioactive compounds 
The extractionof bioactive compoundswascarried out bytwoconventional methods,maceration andheating, 

andtwonon-conventional, sonication andmicrowave. Thesolventsusedwereethanol-water (8:2)for 

extractionofmangiferinand hexane tolupeol. 
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Maceration 

Was conductedcoldmaceration, 10 g ofsample iscontactedwiththesolvent in anErlenmeyerflask, in 

agitation for24 hours, in order to increasethesolubilityofthematerial andthemasstransfer rate
(1)

, 

sothattheseparationwill be based onthesolubilityofthe compounds. 

Heating 

Was carried out continuous in a soxhelt extraction. In a ball 250 ml flaskwere placed200 mlofsolventandin 

extraction chamber10g sample.The extraction was carriedout in atimeof8 hours
(2)

. 

Sonication 
We used aBransonsonicatormodel1510, by applying a constantfrequencyof42 kHzto10 gofsample into 

contactwith the solvent,this for30minat room temperature,in order to remove searched compound of the 

plant material. The solid and liquid particles vibrate and are accelerated by ultrasonic action; as a result 

the solute passes quickly from the solid phase to the solvent 
(1)

. 

Microwave  

This method was applied for 10 sec, using a homemade microwave 600 watts of power, 10 g of the sample 

in contact with the solvent, causing of irradiation of microwave,movement  in  molecules by ions 

migration and rotation of dipoles which contribute to rapid transfer of energy to the solvent and  plant 

material 
(1)

. 

Concentrationof the extract 
Once employed the extraction method were generated two products, absent solid of the bioactive 

compounds of interest and the extract, which was filtered and concentrated using a Buchirotavapor, model 

R-205, at a temperature of 40 °C to 150 rpm. 

Qualitative determination ofbioactive compounds 

The qualitative determination the presence of mangiferin and lupeol in the extract from the leaves and 

bark of mango, obtained from different extraction methodswas performed on thin layer chromatography 

(TLC) using silica gel plates 60 F254, as eluent phase: ethyl acetate, methanol and water (8:2:1) to 

mangiferin and a developer 2,2-diphenyl-1-picrylhydrazyl  DPPH; for lupeol as eluent phase: hexane and 

ethyl acetate (9:1) and as developer anisaldehyde, using mangiferin and lupeol (Sigma-Aldrich,95%) as 

standard 
(3)

. 

Statistical Analysis 

Was carried out 4x2x2 a factorial design(extraction methods, variety and source), and analysis of results 

was performed by comparison of means (LSD) with Ŭ = 0.05, using the SAS statistical program 

(Statistical Analyst System, version 9.0 for Windows), taking as response variables the amount of extract 

obtained from the bark and leaves of mango varieties ataulfo and Criollo. Determinations were performed 

in duplicate. 

 

Results and discussion 
Extraction of mangiferin by conventional and non-conventional methods in leaf and bark of mango, 

the varieties of ataulfo and criollo. 

The extractions were carried out by the four methods proposed using as solvent a mixture of ethanol- 

water (8: 2), obtaining the following results shown in the following table (Table 1). 

Table 1. Extract obtained inleaf andbarkof varieties ataulfoand criollo, by fourdifferent extractionmethods, 

using as solventethanol-water (8:2). 

 

  

SOURCE 

 

VARIETY  

EXTRACTION ME THODS 

Maceration Heating Sonication Microwave 

obtained extractg/ 10gsample 

LEAF Ataulfo 2.2±0.14 
aaa

 3.35±0.07 
aab

 3.5±0.14 
aab

 2.25±0.07  
aaa

 

Criollo 2.1±0.28 
aba

 2.75±0.21
abb

 2.65±0.07 
abb

 1.8±0.14 
aba

 

BARK Ataulfo 1.7±0.14 
baa

 1.8±0.14 
bab

 1.9±0.28 
bab

 1.75±0.07 
baa

 

Criollo 1.7±0.28 
bba

 1.95±0.07
bbb

 1.8±0.14 
bbb

 1.75±0.0 
bba

 




