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Use Of Lactic Bacteria And Resazurin For Monitoring The Cold Chain On Biological
Products
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Instituto de investigaciones Biomédicas, Departamento de bioladéntar y biotecnologia,
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Introduction

During the commercialization of biological products, the terafure 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 ustentd temperature indicat¢f TI)however, these
devices have a limited economic and technical record as only spot temperBtiites.present research
proposes the utilization of lactic bacteriaas a monitor thatctdetbe temperature changes (. When
bacteria feels different temperature, the metabolism ofthe bacteria is activated and then resazurin utilized
this activation (hydrogen in mitochondrial activityd) (to change the color of resazurin and then the
naturalblue 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.
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Fig 1. Resazurinreaction
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, welastococcuslactisssplacB81147 grown in a

medium that contained skim milk, glucose, yeastaex 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 1X18nd 1x10), after, the papers were dehydrated iouan (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 polietilbag 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-thattwan papers

were hydrated and put imetact 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.
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When the optimal conditions were found (concentration of bacteria that rapidly chaegesldh 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 B@me 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, @) 2Bd the tirma 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 3 hrs. with a bacteria concentration of 1%1® hrs with 1x1G and 15 hrs. with

1x10. At 4° C with less than one day for the concentration of 1x1®0 days for the concentration of

1x1, and more than 12 days for the concentration of Ix1x1d (fig. 2 and 3)

LU & &8
t w
I
2
z
£ 4 e & o -

g CONCENTRATION

= UFC/ml

3

——1X10e7

B 1X10e6
§‘ ‘v A 4 @ x x e r i i r o 1X10e5
> —a—1x10e4
1N]
=
o e—a—a % e

5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20
TIME (hours) AT ROOM TEMPERATURE

o
—_
N
w
&~ p

fig. 2. follow-up of the discoloration of rezasurin to room temperature with
different concentrations of L. lactis ssp. lactis
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This figure clear relatehé¢ 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 resaaldan(€ig. 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 whethe concentration of bacteria is between %@ 1x10 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) predorgimepdrting a graamegative
bacterial, not forming spores that cause putrefaction in the product. Thus, in these experiments was shown
microbial load valuebetween 10a 108 UFC/g / g 8) (4). In fig 6 inmilk monitored was and the results

be seen theasnepattern.

Valuesof 10° 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 gychrotrophic 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
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Fig 5. Relation of changes of color of kitvith the microbial growth in chicken breast
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In conclusion.With lactic bacteria and the resazurin. It is possible to detected changes in the temperature
and time to whih the foods were maintained and therefore, they are possible to be used in the monitoring
the cold chain dimg the food commercialization.
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Introduction

Betulinic acid (BA) is aompound from the group of pentacyclictriterpéye lupine,found widely
throughout the plant kingdom (1). Bdisplays wide ranges of biological activities, which includet-
inflammatory, antimalarialantiallergenic, hepatoprotector, hypolipidenaind antiobesity potential by
promoting weight loss. However,the most relevant of the reported activities até/\drgihnd anticancer

(2-5). BA is a promising agent for the treatmentdifferent 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 dy gotuble
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 interfacialnf of surfactant molecules. This system has globule
sizesanging 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 @lnpressure homogenizer. The main objective of this work was to evahgate
influence of composition (emulsifier and oil concentration) and operational variables (pressure and
number of cycles) on the characteristics of BA nanoemulsions made bpreighre homogenization.

Materials and methods

Materials. Betulinic acid was obtained frotmdofine Chemicals Soy phosphatidylcholine (PC) with a
purity >95% was obtained from Avanti Polar Lipids, Inc. (Alabaster, AL). Oils used were:Extra virgin
olive oail (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 prapasparately, 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 MillrQ water. Nanoemulsions contained BA at a concentration of 50 mg#..oil and

agueous 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 ratiator homogenizer (Polytron F2ZILO0) at 1000 rpm for 2

minutes. After that, the coarse emulsiorsvpssed through a higinessure 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 characérization

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 ZetasizetE&90 (Malvern Instruments Inc). Size
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distributions were reported by the polyakssity index (Pdl). The samples were diluted withrilllivater
prior the measurement.

Zeta potential measurementdvieasurement of the surface charge was determined by measuring the zeta
potential of the nhanoemulsionusing the Zetasizer at 25 °C. The nalso@ms were diluted with MiliQ
water.

Determination of entrapmentefficiencyThe entrapmentefficiency of the nanoemulsion was determined
separating the undissolvedBAby centrifugation at 11,000 rpm for 30 min. After centrifugation, the BA
concentratiorin 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 follpetuation:
Ent ¢ Effici ) Betulinic acid in the nancemulsion 100
nirapmen 1IC1enc = =
P y Total betulinic acid used to prepare the nanoemulsion (1)
The BA content was determined by HPLC with UV detection according to the method reported ley Zhao

al. (7).

Nanoemulsion stability. The evaluation of the stability was made byperiodically measuring the globule
size and Pdlfothe nanoemulsionsthat were stored at 25 °C for up to 3 months.

Data analysisThe experiment was conducted in duplicate and each analysis consisted of at least three
measurements. In this study, a 3x3x2 factorial design was employed to investigattudreeof 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
data analyses were performed usimg 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 ph&set,cand 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 Balinic acid nanoemulsions.

Factorial design analysedhe 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 factosl design analyses for olive oil nanoemulsions, for globule size all the main factors
and the interactions presstogcle and pressuemulsifier had effect, however the pressure was the most
significant factor followed by cycles and emulsifier concerdratiFor 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,
presure and the interaction pressurember 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 thatt 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 codaBdsbate 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 dispey but it was not significantly differentfrom the results employing 7.5% PC.

Table2. Characterization aflobule size and size distribution of BA hanoemulsions prepared at different
emulsifier concentrations
PC Concentration (%] Globule size (nm) | Size dstribution (Pdl)
7.5 2132+ 15 0.086 + 0.018
10 194.9+0.9 0.081 + 0.03

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 fronthather (ANOVA, Tukeyp < 0.05).

Effect of different pressures and number of cycles on Betulinic acid hanoemulsiolée expected the

mean globule size to decrease with higher pressure and number of cycles because as pressure was
increased the shear foecand turbulence were also increased. Figure 1 shows the globule size of the
nanoemulsions made with 10 % PC and 5% olive oil prepared at different pressiresmber of cycles.

The increment in the homogenization pressure resulted in a significanaskeéneglobule size for all
pressures employed. After 5 cycles the minimum globule size of 213 nm at 206.8 MPa was ofained.
expectedan effect ofthe number of cycles in the reduction of globules size was observed; at 68.9 and
137.9 MPa increasing theumber 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 mcreasing pressure and number of cycles it was possible to rddbategsize 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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The effect of the pressure and number of cycles on the size distribution of nanoemulsions was evaluated
(Table 3). Tle width of the size distribution was reduced as the pressure increased; however, the effect of
the number of cycles on Pdl did not show a consistent pattern. No significant difference was observed
between the Pdl values of nanoemulsions produced at diff@ressures and cycles.

Table3. Characterization dfize distribution of BA hanoemulsions prepared at different pressures and

cycles
Pressure Cycles
(MPa) 5 10 15
68.9 0.122 + 0.048 0.113+0.02% 0.109 + 0.028
137.9 0.086 + 0.02% 0.071 + 0.03% 0.077 £ 0.018
206.8 0.081 + 0.030 0.072 +0.011 0.077 £ 0.028

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 ratioThe 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 13M%aand 15 cycles. Byncreasing hie oil volume the
number of globules formed increased, causing more glajjataile interactionswhich favored

globule aggregation and in turn increased the mean globulé/¢ien increasing the oil ratio an

apparent oveprocessing occurred when the ruen of cycles was increased to 15 at 206.8 MPa.

As energy

globules were available to coalesce and resulted in increased globule size and dispersion. Hence,
for the 10:90 oilratio, treatments beyond 137.9 MPa and 15 cycles did not produce an

nput was increased

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, horizontariped 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 Pdl compared with the loratio 5:95 at the same conditions (pressure and cycles), which was less
favorable in terms of stability (table 4).

Table 4.Characterization ddize distribution of BA nhanoemulsions prepared at different oil ratios

Pressure MP¢ 10:90 5:95
68.9 0.124+0.033 0.122+ 0.046
137.9 0.095+ 0.036' 0.086+ 0.024
206.8 0.091+ 0.0186 0.081+ 0.03¢

The BA nanoemulsions were prepared with a concentration of 10 % PC and 5 cycles. Means with different letters in tee same lin
are significantly differentrbm each other (ANOVA, Tukey < 0.05).

Influence of oil type on BA nanoemulsionsThe 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
conditionsin 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 changé iiesnilted 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 digtdb of BA nanoemulsions prepared with
different oils.

Qil Globule size (nm) Pdl
Corn 187.6+ 2.7 0.072 + 0.009
Flaxseed 178.5+ 1.7° 0.075 + 0.02%
Palm 181.1+ 2.6 | 0.106 + 0.01%
Coconut 172.2+1.83 |0.082+ 0.02%°
Medium chain oil 162.8 +17% |0.089 + 0.018

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, Tpke9.05).
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Zeta potertial of the emulsionsNegative 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,lfor 5
cycles, at 10% PC and a ratio O/W of 5:95. Zeta potentiakgdor the best conditions weiet 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 oy@ocessing and increase of temperature that may have caused patrtial
hydrdysis 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 gllgbstabilization.

Table 6. Zeta potential values for PC stabilized BA nanoemulsions

Zeta Potential (mV)
Cycles
Olive oil Medium Chain QOil
5 -14.00 £ 1.05 -22.33+1.00
10 -13.00 £ 0.42 -18.77 £ 0.5
15 -14.23 £ 0.35 -48.40 + 0.62

Each valuen 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 concatration 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 %, respectividigrangdas no
significant difference among these two values.

Nanoemulsion stability.Changes during storage were studied measuring the globule size andIR@ in

and medium chaibils at the best homogenizing conditions found previously in this wotl€Td. There

were no significanthangesn 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 workiNanoemulsias showed overall good stability during this time, with no drastic
effects onglobule diameter and size distribution, both are important variablesthat control emulsion
stability.

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

Week Globule size (nm) Pdl
Olive Qil Medium chain oll Olive Qil Medium chain oll
0 194.9+0.9 162.8 +1.7 0.081 +0.033 0.089 + 0.01%
1 193.8+1.5 160.7 +1.2 0.089 + 0.03% 0.080 + 0.008
2 196.7 + 1.8 160.8 + 212 0.093 + 0.038 0.079 +0.021
3 197.0+ 3.8 161.8+1.4 0.080 + 0.01% 0.087 £ 0.012
4 196.8+1.5 162.3+1.1 0.083 +0.012 0.077 £0.011
8 196.9+1.9 163.4+ 2.4 0.085 + 0.029 0.078 £ 0.021
12 198.8+ 4.8 164.0+1.7 0.093 + 0.02% 0.084 + 0.018

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, Tugey0.05).
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Conclusions

Globule size ad 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 prodmag#led 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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Introduccién

Extrusion is beyond doubt one of the most promising alternative pescesthe industry of rtamalized

corn flours(Bazua y otros 1979)n 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 dghu 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 Inyg gabketj 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 indugiRodriguezt al, 1996).

An alternative technological process tthieas become increiagly 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 redJis&nce.
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 (Ruet al, 1999). Because heat is internally generated, the process is easy to
control. Gaytaret al (2011) obtained nixtamalyzed corn fl ou
guality characteristics; the objective of this work is obtaining nixtamelgpen 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, withigs 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 (NMKF034/1:-SCFF2002) and as hard grain (NMKX-046-S-1980).

Corn was processeding the traditional nixtamalization and the continuous ohmic heating system.
Traditional nixtamalization : Corn (1 kg) was added to 2 L of water with Ca(@tp6), cooked to

boiling temperature during 30 min, stepping in the same liquid during 19 h, déydn 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 systemThis equipment (Figure 1) was patented by Morales et al. (2010) and

is divided intwo zones: Transport and heating. It consists of a screw conveyor to transport corn flour,
coupled to a rectangular ohmic heating cell 25, 5 and Bogth, width and height, respectively. At both
sides of the cell are two stainless steel electrodes ctathéo 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 vaiable 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 degragerature (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 Gd003%0), it was fed to the
equipnent and heated until the stipulated temperature (Gayaatinez et al, 2011), material was
dehydrated in a flash dryer, ground in a Pulvex mill, mesh 0.5 and stored in plastic b&gs°4t.2

Processing of corn flours by ohmic heatingCorn grain was fitted 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 gquipment 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 2205 °C and output temperature of 40 °C. It waked in a Pulvex mill, 0.5

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

3 4 ;
&5 e & )
N R . ‘e
o PR
v = = g

| 4 o - SRR
Figure 1. Ohmic heating equipment

Corn flour characterization: Water absorption (WAI) and water solubility (WSI) indices were
determined by the method descripted bydé&rsonet al (1969). To perform Dunnet
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 CampetchAr(@011).

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

by GaytdaMartinezet al. (2000).Experimental design and statistical analysisExperimental design

was a surface response methodologthwhree indpendent variables (Table 1) werfeed moisture
transport speed and material 6s exit temperatur e)
performed a Dunnetés test to evalwuate differences
Minitab 14 program.

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

. level
Variable Minimum Maximum
Feed moisture (%) 50 60
Temperature (°C) 75 85
Transport speed (rpm) 10 20
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Resultsand discusion

Water absorfon 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
(AlmeidaDominguezt al.,1996).

Processing paranet that significantly affected WAI was temperatureQ(p01), as well as interactions

between moistureemperature and temperatdransport speed §0.05). Figure 2 shows that at high

moisture and temperature is when the highest WAI occurred. WAI imsebscause of starch
modification during the thermallkaline processing.

Dunnetdés test indicated that there are-3d5gaii fi can
gel/ g of flour) and TCF (2.23 g of gel/ g of flour) indicating higher valdés/al of OHCF.
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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 isproduced during the cooking process and it is expressed as solids soluble in water
(Bressani et. al., 2001). WSI was significantly affectedd(p5) by temperature as well as the quadratic
effect of moisture and interactions between moistengperature ah temperaturéransport speed.
Samples processed at high moisture presented the highest WSI (Figure 1). OHCF (8.83 %) presented
significantly higher values of WSI (Dunnetdos test
(Campechaneet al, 2011)in washer water (nejayote) is considered (6 %) there are not significant
differences (g0.05) between them. WSI is related with corn hardness, and thermal and alkaline cooking,
which degrades corn bran. Most of the solids are solubilized during washirigrandustrial processing

during agitation and washing (Campechanal, 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 impving textural characteristics of tortillas elaborated with these flours.
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The process variables influencing significantlg@@1) the viscosity profile of OHCF were moisture and
temperature, as well as their quadratic effects.
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Figure 2. Viswsity profile of ohmic heated corn flours.

Dunnet déds test showe &0.08)bstivegnnOHER (892000tcp) dnid TGF€5068 opy, e ( p
reflecting the differences of the heating and milling between both processes. -SBaytiez et al

(2012) repaed that during ohmic heating of corn flours, the mixture -westerlime 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 lagitys 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
stonegrind is used, because of friction between stones.

Conclusions

Continuous ohmic heating allowed obtainimigcorn flour with similar characteristics to those processed

by the traditional nixtamalization technique; so, continuous ohmic heating may beleredsas an
excellent alternative technology to solve those problems associated with polluting effliatatsyaste

and dissipation of processing energy. It has also the advantage of a processing short time and the
contribution of the whole grain nutrits 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 predsomizs 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
contributeto 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 areraports 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 Nlangifera indical) 'Ataulfo’ mangoes at physiological maturity.The fruits
were transferred to the laboratory, washed and immersed in a solution - of4-2hiazolyl)}1H-
benzimidazole (20 mg/l) for 5 min to prevent fungal growth. Tihey are dried and immediately used for

this study.

High hydrostatic pressure treatmeiifie 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 couaprol g
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 introducetbithe treatment chamber to avoid direct contact with the
pressurizing liquid. Pressurized mangoes stored at 25+1 °C aff%%elative humidity (RH) until
senescence.

Ascorbic acid analysis (AAWas analyzed using the technique of Suntornsuk et dt (#¢xas 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 weig(fEW).

Total carotenoids analysis (TG).g of mango pulp were weighed, it was added 7 ml of acetone:petroleum
ether 80:20 (v/v) and 0.5 g of MgG@nd the mixture was homogenized for 1 min. The homogenate was
centrifuged at 15.000 rpm for 30 min at 4 °T®e 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 etherAbsorbance was measuredZ&t8 nmin a spectrophotometer UV/Vis (Jenway model
6705) The quantification was done using a calibration curve as a standarchobteneThe result was
expressed awng b Icarotene per 100 g dry weight (DW) (5).

Extractable phenols analysis (EF5or extraction, 10 g of pulp was homogenized with 96% ethanol and
sonicated in a sonication equipment GBermer model 8891 for 30 miSubsequently the sample was
centrifuged (centrifuged Hermle Labortechnick model Z36HK) at 11500 rpm, 10 °C 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%he 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 § DW (6

Antioxidant capacity or antiradical efficiency (AB)as performed using the method of Sanelereno

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 30mait 4 °© C and 15000 rpm. A solution 25 mg/l of the radical 1,
1-diphenyl2-picrylhydrazyl (DPPH-) was prepared. Were taken 5, 10, 20, 30, 40 amdobS@ntioxidant
extract and these were reacted separately with 3.5 ml of the solution of DPPH-. Absevhameasured

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

Statistical analysisData 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 arid)2@Inere the blocks were

the days of storage; for the analysis of variance using the general linear model (GLM) OFH@ASAS
System for WindowsTM. Version 6.11Jwo replicates were performed and each analysis was done in
triplicate.

Results and disassion

Ascorbic acid (AA)n 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 thexiease when the fruit were senescent. In pressurized fruits,

the AA content was affected significanlyp O 0. 05) by the | evel of press
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 tio¢ aftetabolism

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 higheraim day 5 of storagdt 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 idativX8).0On 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
obseved 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 carotenoldsthe control fruits, TC

increased during the days of storage and the intert@l gb'Ataulfo’ mangoes was developed normally
until the fruit ripened. The HHP and the applicat
In pressurized mangoes at 15 and 30 MPa, TC was greater 18ami20 min, for fruit with 10 mimf
pressurization was oOobserved from day 5 to day 14
carotene/ 100 g DW, respecti vel y)caroteoem@agrD® and o c on
pressurized fruits f aarote2/000 mDW). I treded hangogs ab66 MdaGor mg b
10 and 20 min, the synthesis of TC did not increase during fruit ripeinirgtaulfo’ 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

| ower hydrostatic pressure in O0Ataul fod mangoes,
Extractable phenols (EPT.he effect of HHP oieP is shown in Fig. 1. In ngpressurized 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 chtoemy#iio0 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 affecE P ( P Oreafedntarigdes 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 im &€afed 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 phenolkt 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 althothghresults depended on the pressure and time of

application.
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Figure 1. Changes in ascorbic acid, tot al

carotenoids

mangoes treated with HHP (15, 30 and 60 MPa) for 10 and 20 min, duringrpesthsiorage at 25 ° C.
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Antioxidant capacity or antiradical efficiency (AE 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 pressized 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.ufowith 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 structtal 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 posthaest 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 gaffait 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 hettlag 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)He 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 optimiRiienmango
(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 Hyxpedign
Software (version 5.0.4). The independeatiables were the oven's power (31505) Watts and
dehydration time (8 13) min, while investigated responses were temperature of mango pulp at output
(°C), water activity (Aw) and the parameter of color "a" [3]. To visualize the combined effect® of tw
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 iheervals 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 °C for temperature, 0.3 to 0.5 for Aw and 14 to 16.7 garéimeeter 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 mangeldydration [4].

Materials and methods

Raw material:ripe fruits of mangoNlangifera indica L) Paradise variety (Petacén) 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 microwavesmicrowave oven SHARP B30ES Household Microwave
oven 1200 Watts of output. Hundred grams of pulp were used in each lot.

Measurement of the real power d@he oven:the established method IMPR [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 methodoldgyentral
experimental design composed was conductaaguhe software Desigiaxpert (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: ovgrower 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 {Vatts) X1 317.3 4258 505.2
Dehydration time (min) Xo 8 10 13

The dependent variables assessed were the temperature at the oven exit (°C), water activity (Aw) and the
parameter of color "a".

- Temperature at the oven exit ((CYlango pulp temperature warecorded 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 (Av). 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 Awl, expressing the result as the average of three
repetitions.

- Color Color measurements were made by triplicate using the Color ReaddiODRonica

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 yellowarglFigure 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) thfoustatistical 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 iri¢pend
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 variablesoading 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 vaiables Dependent variables responses

Temperature a Water activity
Color

Oven power Dehydration the oven exit
Run (level) P timey(min) (°C) () * fao*

Xy X Yy i 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

13.0

1164
[Aw: 0.5300]

[Temperatura 120.0]

102 —

Time (minutes)

75 T \ T

317 388 480 5932 603

Power oven (Watts)

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 conditionsTthstémver temperature
found at the ed of the microwave treatment was 70.9 and the higher was 169.9 °C (Table 3). The central
points of the design had an average value 99.4 ° C.

a model prediction of Rwas selected. Statistical analysis showed that the data can be adjusted to a
quadrationodel, with a determination coefficientjRf 0.985.

51



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):

T =1258 — 1.58P — 0.78t + 0.046P% + 0.029612 + 0.215Pt )

Where T is tle final dehydration temperature (°C); 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 resultshaf 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
0.2613. The regression model obtained for water activity was an exponential model of@elenwith an

R° 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:

In(Aw) = —1.67 + 0.74P + 0.26t — 0.012P% —0.005¢2 — 0.098Pt (2)

Where Aw is the water activity of the dehydrated mangis; tBe oven power (Watts) and t is the heating
time (min).This model explains the 95.2% of the total variation experimental.

{ dzNF I OS NBaLkRyasS Fylteara 2F 02t 2N al ¢

In order to evaluate the color on the dehydrated mango in microwave oven, brightnesstqyaravere
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 experimentakudts 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 “anf ®.980. Tk 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:

In(a) = —3.98 + 1.72P + 0.75¢t — 0.147P2 — 0.023¢2 — 0.073Pt (3)
Where "a" is the color parameter; P is the oven power (Watts) and t isatireghiténe (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 (Figlire2rea shaded in figure

3 corresponds to a set of points that meet the desired conditions for carrying out an optimal process of
dehydrationThe optimal dehydration process was carried out to a power of 505.2 Watts during a time of
9 minutes 36 secosdthe run was of high desirability.
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Effect of Dahlia Root Inulin on Growth of Lactobacillus acidophillus
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Abstract

Dahlia is a widespread genus of the Compositae family of Mexican origin. It is perennial with edible
tuberous roots. In prehispanic cultures they were valued for the nutritiousstaskal inside them.

Inulin was extracted from Dahlia roots. Growth on phenol red brotRasfdida 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 mesaof growth ol_actobacillus acidophillugn MRS broth supplemented with 3

% of Dabhlia inulin, then inoculated on MRS agar. dcidophillus was enumerated after anaerobic
incubation at 37 © C for 72 h. Chicory commercial inulin was used as control. dRoseepy was used in
order to detect functional groups corresponding to inulin structure.

Growth ofCandida kefirandCandida tropicalisshowed that inulin extracted from Dalia roots promoted a
similar growth than chicory inulin. A change of color ang gaoduction was observed on phenol red
broth. L. acidophilusrate growth was greate6.78 x 10 ufc/mL) in the presence of Dahlia inulin than
without it (5.77 x 10’ ufc/mL). With regard to chicory inulin a similar growth was observed. Infrarred
analysisshowed 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., chemidalcture and prebiotic effect oh.
acidophilus Furthermore, Dahlia root is a potential source of inulin.

Key words: Dahlia inulin, prebiotid,. acidophillus

Introduction

Inulin is a plamnderived carbohydrate with the benefits of soluble dietaryr.fiieis 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 compesl of linear or branched fructose polymers with chain length & 2inits (degree

of polymerization (DP) isi® 0 ) usually with a terminal-@&bi't of
glycosidic bonds (2).

The two species currently used by the industryptoduce inulin belong t@Compositae Jerusalem
artichoke Helianthus tuberosysand chicory Chicorium intybuy (3). The dahlias are a small but wide
spread genus of the famiyompositaelts roots were valued both for the nutritious inulin stored inside
them and for the antibiotic compounds concentrated in the skin of the tub&red4gchnological use of

inulin is based on its properties as a suggplacer (especially in combination with high intensity
sweeteners), as a fat replacer and texture fiwodiFor fat replacement in lefat dairy products inulin

seems particularly suitable as it may contridByeincreasing faecal biomass and water content of stools,
they improve bowel habits and regularity. Likely due to their specific fermentative pespdéney affect

several functions involved in colonic mucosa protection and repair, which may contribute to reduce the
risk of intestinal diseas€s).

Oliveira and col (6)., showed thah ithe presence of inulin, the concentrations of Streptococcus
thernophilus (4.1+0.1 g/L) and Bifidobacterium lactis (2.6+£0.2 g/L) in thdBto-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 mentionecéyeral 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 @ustry, 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. 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 998° C for 10 min. The resulting extract was concentrated and after subsequent
filtrations, was clarified usingctivated 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 enddof fvecessWnpublished
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 Durlfermentation tube or similar
appliance. Tube No. 1 was inoculated withndida kefirCDBB-L-1244from CINVESTAV-IPN strains
collection. Tube No. 2 was inoculated witBandida tropicalisobtained from thd-acultad de Quimica,
UAEM strains collectionThe ubes were placed in an incubator at 37° C for 72 hours.

2.3 Prebiotic effect of inulin

Inulin extracted from dahlia roots, and commercially available indHii@fit® S=¥SYS The Netherlands)

were added at the rate of 3% (w/td pasteurized MRS brottD{fco BD., NJ USA) Then,pasteurized

MRS was inoculated (1% v/v) separately with acidophilusstrains (La5® Chr-HansenDenmark) and
incubated for 36 h. Serial dilutions were prepafesm brothbacteria mixand viableLactobacilluswere
enumerated byhe pour plate technique using MRS agar (Difco BYl,USA). Plates were incubated at
37° C for 48 h Control sample did not contain any prebioti€ach experiment was carried out in
triplicate. A growth curve test was done in order to show the influehtlee two different sources of
inulin on the growth of. acidophilus

2.4 Infrarred analysis

Extracted dahlia inulin and chicory inulifFrutafit® SENSUS, The Netherlandsyere used. For IR
analysis, sampled.%) were pressed into pellets of KBr (20@). Infrared spectra (400@00 cnil) 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 changmlof from red to yellow was visible in the media

who was inoculated witiCandida kefircoming 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 marxianugspergillussp, Penicillium spThis enzyme degradates inulin

giving as a result molecules of fructose and other sugars such as: sucrose, rafinose, stachyose and inulin
oligosaccharides with (2-1) andb (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 obtentidngbf fructose syrup, which has
gainal importance in food, drink and pharmaceutical industries

3.2 Influence of the inulin on the growth lofacidophilus.

The growth ofL. acidophiluswas evaluated in the presence of inulin at the rate of 3% for the commercial inulin (IC)
and experimentanulin (IE) in MRS agar

2.5E+08

2.0E+08 /
1.5E+08 7 . \ MRS
1.0E+08 /—b =l=IC
5.0E+07 - /// AN < - &
0.0E+00 = : : : ‘Qﬁ_lﬁ

I 5 10 15 20 25

-5.0E+07

Fig 1.- Growth curve of L. acidophilus

The CFU of L acidophilus0, 4, 8, 12, 24 and 36 hours are given in Figdth IC (commercial inulin)

and IE (experimental inulin) produced a significant increase. iacidophilus(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 Minafia (2007) who evaluated a different kinds of FOS, found that the
growth of lactobacillus ahbifidobacterias is proportional to the concentration of the substrate.

6.5 -

5.5 -

4.5 -

3.5

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 thaseandirect 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 intihi®imbf pathogenic

bacteria.

3.3 Chemical structure

57



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 speapp@ared in the same region, for
example OH bands showed in 3370-trand then the CH were found on 1638 trso thatt is
possible to consider it as representative of the compouneddaillin. 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 andcol 2005 (1)FT-IR spectrum for artichoke inulin was essentially identical to
dahlia inulin and chicory inulin showing OH stretch (3353 cm_1) and carbonygsb@v45 cm_1)
characteristic of inulin.

Conclusions

According to these results, we can vetifiat inulinstimulates the growth df. acidophilus considering

the polymer obtained as a prebiotic. The addition of inulin also exerted a clear effbet gmowth 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 deersed the generation time.
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The traditional nixtamalization method to obtain corn tortilla is still used nowaddys. process
generates highibchemical oxygen demand wastewater. An alternative to this traditional process is the
extrugon, 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 viscosityriedlour 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 facdial

design 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 thecasity were the particle size and the interaction moisture
temperature. It was possible to model the viscosity profile with a quadratic model, with an adjustment of
R? = 0.93 for the peak viscosity and R 0.87 for retrograde viscosity. Response sarfacd quadratic

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

Introduction

The nixtamalization is a processed to produce food widely consuniadMexico. It involves cooking

the corn in an excess of water witboto 3% (w/w) of lime [1], followed by a steping, washing and
grinding steps The thermahlkaline process improves the nutritional qualitytied grain andgelatinizes
around of 15% of thetarch in the corn. The main disadvantage of the method i# the¢s excess

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, dintewater. This material is
transported by a screw, and cooked bytelecesistances. The cooked masa exits through a die [2].

The extrusion can include several operatisnshas: mixing, transporting, cookingnd shaping. This
process combines mechanical stress Wiht to facilitatestarch gelatinization [3, 4]; howey, 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 aboutddngree dftarch modificatiojgenerally
attributed to the leding of amylose chains during the cooking process il reportedas a quality

factor in flours[5].

Materials and Methods
Commercial maizevarietyi ma i ¢ graodwaceéd,in2011, waobtained athe supply center of Quéggo.
The corn was ground in a infPulvex 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 watertomoistusef 45%, 53% and 65% according to a 3factorial
experimental design, having as factors: particle size, mojstndgtemperature.
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Extrusion Process

For the cooking of the samplesa singteew extruder of stainless st¢2l2 cm diameter with an LD =

20, developed aBICATA IPN Querdarg). Extrusion was operated 20 rom(Figure 1).
3 / L \ \ Er

A& = ‘lt' .E - \" / ! I X 2 Lisstis
~ ; 8 B 3

Figure 1.Singlescrew extruder, technology ofCICATA -IPN, Qro.
The extruded masa was ground in a Krupscoffee grinder and dried in an air recircaatio@inder

brand), at 50C for 24 hous. Dried samples were sieved trougbsh No. 60 (particle size <250 um).

Viscosity Profile

Viscositywas measted with a Rheometer (Aton Paar, MCR Phisyca model 101, with agitation probe
STD 242D). Sampleswith a weight of 3 £ 0.0001 g, were conditioned to form an aqueous suspension by
adding distilled water #totalweight of 21g. The temperature ramp usedliermeasurement waigitial

time of 1 minute at 50°C, with heating from 50°C to®24t a rate of 6C / min, and theemperature was
maintained at 9ZC for 6 nin, ending with a cooling of SZ to 50T at the same rate [6].

Results and Discussion

The viscosity shows the degree of modification of the starch granules during gelatininagimscosity

profile analysis of nixtamalizedfoods, the initial heating startsaige the viscosity by swellinghe starch
granulesAtthis point the pasting tempertae is determined. The maximum viscosity is generated when

mostof the granules hee reached the maximum swelling; this parametesiaged to the ability of the

starch to retain water, thus affecting the qualitthepr oduct s : Atortillad or fAmas
The maximum viscosity (Table 1) showed sifigant differences (P <0.05) due the effect of partie

size, followed byof the moisture anthe interaction moistureemperature.

The patrticle size determines the availability of tledto reactsvith moistue and calcium ionslso this
parametedefines 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 d
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}=0.05; NS= Non significative (R3.

The retrogradation viscosity is a prediction of how quickly the productagéind it is a numerical value
calculated as thdifference betweefinal viscosityandlow viscosity. Physicallythe retrogradation ithe
realignment of starch fragments. Theretrogradation valuewas significantlydiffezemeen treatmen(®
<0.05)and this difference was dominated by paaticle size, moisture and the interaction of moisture
temperature.
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Vmax = 264.35 + 2899.97P + 265.228H — 109.21T — 57.899TP — 2.6172TH + 1.523T% H2)70.02P* — 0.837H*

VRetro = —23933.15 + 2984. 18P + 267.69H + 534.55T — 44.51TP — 4TH — 2.27T* + 6(Q).85P% + 0.06H?

This latterinteraction determies the degree of starch gelatinization obtained. The necessary temperature
to achieve this redion is from 70C to 80C [7], but the availability of water in the material limits the
gelatnization reaction in the granules. According to the above, depgndm conditions,starch
gelatinization mayoccur in extruded products, dependmgthe relation water / starch and temperature
[8].

Knowing the factors that have the largedffecsone canto discern the quality to bebtainedin an
extrusion procesamaripulating the input parameters tptimize the process. For this optimization a
quadratic model was used Eq. (1).

R=a+bP+cH+dT +¢eTP + fTH + gPH + hT? + iP? + jH? (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= Modelcoefficients

It was decided to setthe particle size for each surface response. Theateingpand moisture content were
varied.

Usingexperimental values arttie method multiple regressiomathematical modelsvere foundfor
maximum viscody and viscogy retrogradation; thesgre 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 varianae Bables 2 and 3.

Vmax, con tamafio de particula de 0.5
TG CON THMBN0 96 DErTCLIA o8 Do mim Vmax, con tamafio de particula de 0.8 mm Vmax, con tamafio de particula de 1.3mm

e o Wigs s " O N 72 7 34 75 16 3 #
o LR " 1 gef

Fig. 2 ResponseSurface®f maximum viscosity using different particle size.

Table 2.Analysis of variance of maximum viscosity

Degrees of Square Sum SquareAverage| F Criticalvalue
freedom F
Regression 9 9684112.611 1076012.51303 33.56| 7.54902E17
Residue 45 1623181.791 36070.70647
Total 54 11307294.41
R°=0.96, Radj= 0.93

Retrogradacién, tamaiio de particula 0.5 mm Retrogradacién, tamaiio de particula 0.8 mm
Retrogradacién, tamafio de particula 1.3 mm

. 8 8 B BB

454647 45,
49505,

Fig. 3.Response surfacesof retrogradationviscosity withdifferent particle size.
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Table3. Analysis of variance of retrogradation viscosity

Degrees of Square Son SquareAverage| F Criticalvalue
freedom F
Regression 9 12030848 1336760.89 38.39| 5.89802E18
Residue 45 1762849.66 39174.4369
Total 54 13793697.6
R®=0.93, Radj= 0.87

According to the adjusted”Roefficient,shown in tables 2 and 3, around 90% efekperimental data fit
the modelin the responses evaluated.These models can predict the quality of materials tha¢ will
obtaired by extrusion.

Conclusions

The maximum viscosity and retrogradation viscosity depend maintlie particle size, which ia factor

that limits the diffusion of water into the granule. In a large patrticle this diffusion is slamgttherefore
gelatinization is carried out only negionswhich have already achieved the hydration.

The interaction of moistureemperature shosd 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, hasingut factors: particle size, moisturertent

and process temperature. Theadjustmentthiisemodels to the maximum viscosity and retrogradation
viscosity is B = 0.93 and 0.8%espectively
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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 thecstaturing 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-gongfile graph. The aim athis 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 macerdte 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 withowtdenga]ing to the stepping

time, reaching a peak at 4 hours in grits with 1% Ca (@HJl up to 8 hours in samples without lime. The

|l i me stepped sampleds viscosity vari edstutlentdest t he 5
did notshowasigi fi cant difference between samples (U= 0
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 iomggardnto 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 procesis 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 intlodification 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 structur echan g aedfamn]the hydratisnoof flourisduetgo u al i t
the conjunction of the steeping time and patrticle size. These features provide cohesiveness, plasticity and
softness to the mass upon rehydration of flour for manipulation and shaping [2].

In nixtamalized flour a gality 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. Howevhe 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
maceratioron the viscosity of corn with and without calcium hydroxide, and without heating.
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Materials and Methods

Samples preparation

Commerci al mai ze variety fmaicenado, produced in
The corn was ground in a m{INixtamatic), 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 forl, 30,
60, minutes and every hour for 10 hours were taken from the solution by usilag@ecoThese 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 242D). Samples with a weight of 3 + 0.0001 g, were conditioned to form an agueous suspension by
adding distilled water to a total weight of 21 g. The temperatamg 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 andDiscussin

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 trditional 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 \aitkd 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 othe 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 rasalighown in Table 1 and Figure 1.

Table 1.Resultsof profile viscosity ofgrits macerated with 1% lime

Name Tpasting Vmax Vmin Vfin Retrogradation
X0 71.08 3176.16 1158.7f 3590.37 2431.66
X0.5 72.36 4313.07° 1401.94° 4603.77 3201.838
X1 72.36 5167.2%¢ 1770.66° 5108.35% 3337.76
X2 72.27°  5863.77¢ 2023.44° 5510.18° 3486.70
X3 7253 6797.29° 2320.66° 6414.17° 4093.57
X4 72.14° 717494 2392.68° 6544.2% 4151.53
X5 72.24° 7262.38  2422.08  6694.252 4272.26
X6 72.2%° 7315.94 2398.47° 6795.8% 4397.34
X7 72.43 714374 2341.76° 6666.48 4324.78
X8 72.49 719548 2325.18° 6759.04 4433.89
X9 72.43 7304.086 2331.4%3° 6812.28 4480.88
X10 7252 7280.78 224737 6758.58 4511.24

Different letters indicate sigiicantly 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 hXx7= 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 igedatithe 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 duetpenation
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 revesibly, 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 reachemxamum 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
MOSC 7199 299862  1313.76  3604.26 2290.56
MO0.5SC 72.4F  3276.97  1385.4%  3921.%° 2535.78
M1SC 73.08  4008.00 149459  4354.36 2859.71
M2SC 7352  4779.0f° 1875.08° 5953.1% 4078.16
M3SC 73.1P  4864.03" 174344 534150 3598.07
M4SC 72.86  4898.54" 175446  5358.67 3604.2F
M5SC 72.86 499535  1916.88  5946.46 402961°
M6SC 72.19 5657.2f  2084.183  6449.906 4365.78°
M7SC 7224 577436 218313  6686.48 4503.33
M8SC 72.6F  5870.38 242258  7323.5% 4901.08
M9SC 70.68  5448.06'  2109.%5° 6075.00 3965.5°
M10SC 70.58' 5197.50 1932.%° 5452.50 3520

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 ¢(6=5 h.
Macerated corn 6 h., X7= Macerated corn 7 h., X8= Macerated corn 8 h., X9= Macerated corn 9 h., X10=
Macerated corn 10 h.
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Figure 1.Trend of maximum viscosity behavior over time
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Changes in maximum viscosity of macerated corn without lime can beiassbto 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

Viscosityof the macerated coia 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, witlicie weflected of in

this property

The seepingtime is asignificant that affectshe viscositpf propertywith and withoutaddition

of calcium hydroxide.

The starch is changeliring the first 6 hours sfeeping with 1% ofcalcium hydroxidesaching

a maximum viscosity of 7D mPa*s but this is not significantly differentdm the viscosity of
macerated fod, 5, 7, 8, 9 and 10 hours of steeping.

The samples soaked water without lime also show increases in viscositglicaing that there

are changes in the starch struetevenwithout the presence of alkali; however, the maximum
valuereacled in these conditions occuabout 8 hheing5000mPa*s

The kinetics of the process in the absence of calcium hydroxide ierstompared with that
found in macerated¢ornwith 1% lime.
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Introd uction

The technologieof modified atmosphere packagifylAP) apply to a wide variety oproducts of
different nature andhave a longhistory inthe conservatiorof certainfoods such asneat products,
vegetables, milk, coffee and snacks, making tiseitable for fresh and minimallyprocessedoods[1].
Thesetechniques are designedrtmintainthe sensory qualitgf these products arektend theishelf life,

which is increasedy two orthree times withrespect to the conservatiamf the product inpassve
atmospher§?].

The useof vacuum tageneratea modified atmosphere packagimgconjunctionwith osmoticdehydration
involves applying alessthan atmospheripressureduring the filling of products withsolid and liquid
phases, resulting in lzenefigal effectin the process of diffusion kinetics amdfruit quality, preventing
structural change the fruit [3]. Water lossand gain ofsolids whose conditionsare in a state of
equilibrium, increase thenobility of solute sat the beginningf the pra@ess,occurring hydrodynamic
mechanismgHDM), where as thedehydrationat atmospheric pressusge not these movementsiD

Mare given bythe effect of pressure gradienthroughthe combined actiowf capillary pressureand
pressure changds the poref the plant tissu¢4]. Theresponse surfacenethodology(SMR) isa tool to

study theinteractive effectsdbetween variablesofa process, provideggchnical desigrof experiments,
modeling, evaluation and optimaearchdesirableand in turnis able to redce the numberof
experimental runs, with statisticalalid [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 otéss faotors

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 50°Bxother ingredients of
thepreparationliquid  medium  were  acquiredinDrogueriaCosmopolitaS.A.de  CV. citricacid,
potassiumsorbateand calcium chloride (BASF, Mexico). o
(MangiferaindicgvarietyAtaulfowaspurchased in Comercial center in Cuautitlan México in a batchof
23kg. The mango was selectedaccordingtoits maturity, considering the skin color (green to yellow),
firmness and soluble solidspresent.

Liquid medium pre paration

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 thefactorialdgsigposed: (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 usingmangmes (1 x1 cm) andliquid mediumin ratio 1:3 and then packed
to differentpressure conditionsinpolyethylenebagsofpolystypetgethylene(11.1 x 17.5 cm), packed and
stored atthetemperatureaccording factorial design by obtaining ofdiffusionkinetics,by ringtasu
speedatwhichgain solid onmango cubes and lose water. Effectivediffusivityofsolidwas obtained
bythefollowingcalculation basis:

°Bx,—"Bx, Wi =XE—XW
.EIE — .EIW X!' —Xm

Where: SG=solid gain; °BxSoluble solid at t (time); °Bx soluble solid at infinitum; 2Bx=
Initialconcentration of soluble solid; WL = water loss; Xt =moisture at time @xmoisture at infinitum;
X;i= initial moisture (Ferrari et.,al., 2011)
Fromthe straight part ofthe graphtimevsSGand time vsWLthe eféeifiusivity was obtainedwiththe
following equations:

8 -m*xDext
3= FEXP( 412

SG =

) W= e

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 andiuwacof 500 mbar and all
temperaturesstudied?( 5 y 17°C). Activation energy was calculated with de next correlation:

Eail
.I.'I!I.H'EI =In Do — (??)
Where: De= effective diffusivity; Do = effective diffusion frecuency; Ea = Acitvationenergy (KJ/mol); R
= ideal gas constant; T = tenmpture (K).

Results and discussion

Tablel showsthe regression coefficientsandprobability valaes (.05).Showing that thelinear and
quadratic termofvacuuwas the variables factor thaimost influencathe diffusion coefficientof
moistureduringosmotic daydration processahango.Vacuum and guar gumwere the terms that hadthe
greatest influenceon water loss Forthecase of diffusionofmoistureregressioncoefficient (Table 1),
indicatesthattheobtainewefficient@dequatelypredictsthebehavior of factorsirtietaotheresponse.

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 reportedttsr® 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 Diffusion p-value Diffusion p-value
codficient effective of effective of
moisture (De) Solid Dgs
by (Constant) -37.73 0.000 -17.65 0.000
b, (Temperature) -1.41 0.895 -0.61 0.884
b, (Vacuum) 0.11 0.008 6.89 E-02 0.056
b3 (Gum guar) 11.72 0.412 -3.54 0.345
b1y 1.81 EO3 0.993 -2.72 EO4 0.001
by, -9.63 EO5 0.000 -6.97 EO5 0.934
P33 -5.65 0.993 -0.33 0.000
by, 1.28 EO3 0.001 5.16 EO4 0.101
D13 1.30 0.138 0.65 0.000
D23 -1.74 E02 0.000 2.73 EO3 0.790
R’ 0.80 0.85
Fit (F-value) 241 2.45
Fit (p-value) 0.058 0.076 0.056
bi, regression coefficients of l'inear t er ms, bii,
terms.

& Significant (p < 0.05)
® no significant (p> 0.05)

Figure2 (ac) shown the effect of the factors studi€tjure 2(a) sbws that the higher diffusivity is given by

the interaction between the t enTheFigue 2(byshows db@hado€) and
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 belowigut®2(c) shows an area

where the minimal diffusion occursi(to-2 x10® m%s), also was found that concentrations of 0.8% guar gum

and 600mbar vacuum during packaging feé product, so at lower concentrations of guar gum (0.2 t00.4%)

takes the largest moisture diffusiqrl2 a -10 x 10® m%s), Has been recommended to use a higher
concentration of guar gum at 1% w/w dispersion presents difficulties and the viscosity lisgbhefor a Iiguid

medium [7] and it is possible to optimize the response for diffusion coefficients values gre4tet@f m¢/s

Vacio®Temperatura

Guar*Temperaturs

CeffH
[ | « -2 - -
- w0 Valores fjos
10 - -8 Tempsrstura s
- - Vaoic i ]
2- -6
- Guar 0.54
W 4- 2
H - ¢
[ ] = 0

400 500 &00

Figure 2. Effect of process variable on coefficient moisture diffusion

69



Figure3(ac) shown thecontourscorrespondingdte toefficientsafolid diffusionfromtheosmoticsolutionto

the handle.Figu@a) shows theinfluence of temperatureand vacuumosttid diffusion coefficient,
showing thaa temperaturencreasing5°C and vacuumdecreasing below400 mbanisesthe diffusion
coefficientaup® -6x 10°m/s, These resultsarexplained because tieenperaturecausesincreasedkinetic
energy of theliquid mediumand hencethe particles movefasterand prdmatesss transfeprocess
whileguargumreplacestheairporespresent intiitecausingdecreasing the rateofmassexchaitje

The optimization of osmotic process was conducted to maximize the moisture loss and gain solid, the
optimal condition was obtained to a temperature of 5°C, guar gum of 0.18 % and vacuum of 480 mmHg.

-5 ] 5 10 15
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0.4
Walores fijos
Temperaturas 5
Vadio 4060
Guar 0.33

0.2

400 S0 &0

Figure 3. Effect emotic dehydration on coefficient solid diffusion

The activation energis a parameter thatepends on the massd temperatureThe higher activation
energyimplies anincreased sensitivity ttemperatureand requires amall change in temperatufer the
transportof solids intothe membranematerialgive faster.The activation energi@xrease ashe gain of
solids, according toAlakaliet al. [6] The activation energiesbtained in this workwith cooling
temperaturepetween-7 and 17° C, wereof 6,58KJ/molin solid gainand18,767KJ/molin loss water.
Have been reported activation energy in range twf63KJ/molfor diffusion controlled processes, so that
bothactivation energiegereobtainedexperimentallyin this work corresponding wiffusive process

Conclusions
The useof liquid so flow viscosity coverageand thereforewith low concentrations ofjuar gum in
combinationwith packagingat lowvacuumpromotes bettesolidsgain.

The implementatiorof vacuumpromotes the transfesf solids within the handleandwater loss. The
vacuumis directly proportionalin the diffusion rateand likewise ontheactivation energy.
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Introduction

Solid lipid nanoparticlesSLN) are sdid spherical submicron systems used as delivery systads
vectors in different fieldsThe waxes in combination with othergnedients have been applied as
treatment in fresh fruit conservation. Recenthg hanecoatingshave become grdaterest in he food
technology in particular as treatments to increase food -kleeJl]. The growingf consumer
demandbrhigh quality products with better and new properties is an issue very important to the food
research. Theanotechnology an solve these apprdees.One resourcé to userenewablediopolymers,
suchas polysaccharides, proteins, lipids, and compodedsed fromplant and anima [2].It was found
thatthe useof solid lipidsinsteadof liquid oils wasa very attractive idetor achieving contribed release
of certain components the feedSolid lipid nanoparticlesare submicronic dispersions with high surface
area which are composed of acceptable lipis, stalsliandwat¢B]. Oneproblemfoundin coatingsusing
lipids is that when the systewpntact with water it acquirea white colorationon the surface, causing a
poor appearancdhis whitenessnay be dueto a sligitbndensatiof watervaporafterthe fruit has been
cooled, but may also be dtevarious factors related thecomponentsvhich formthe coatind4]

Materials and methods

Beeswax (melting point = 65°C), Candeulydlax (melting point= 85°C) were obtained from
Multiceras®SA deC.V., Pluronie-127 ®(Poloxamer 407, PE27)(BASF, México), Xanthan Guifiood
grade(Drugstores Cosmajiitan®), 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 wasl la&®C above the melting
point by 5 min, the aqueous phase was prepared at the same temperatifanlivateremulsion was
prepared using a Ultradurrax ® T-50 Basic (IKA Labortechnik) with a propeller S25 modeR8®l Three
cycles at10,000/5mimvere enployedto decreaseof particle size. The solid nanoparticles wdi@med
duringthecoolingof the dispersion.

SLN Characterization

The patrticle sizeand the polydispersity index (PDIyere determined using €oulterNaneSizer®
N4Plus.Measurements wereadein triplicate. NL Sare dilutedwith waterMilli -Q ® accordingto the
volumefrequencyhistogram.The determination was performed to angle of 273° at 25°C [5].
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6 was evalwuated for tdzer4 Zgtasizee NanopSereeq Balverd Ltdy Francey a
after appropriate dilution in distiller water MiQ) E . 6 values were normalized
di s per sbbm\). Measurements were naadt 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) (CoatedFG1100 JEOL, Tokyo, Japan). Finally the samples were
observed under a scanning electronic microscope @8M° SEM JEOL, TokyoJapan).

Biological Model

Lemonswere useds a fruit modeto comparehe whitenessleveloped bythe different coatingsThey

were purchasedt a local marketin the municipality @uautitlanizcalli. The fruitwas selectedaking

into accounta diameteof 5 cmand abrightnesgLmin= 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 suspensiospreasl on a
microfilter membrane (200nm) and dried under vacuum at RT. They were placed onto stubs and coated
(Coatef JFG1100 JEOL, Tokyo, Japan) was used to coat with gold (~ 20 nm thickness). Finally the
samples were observed under a (I&00F SEM JEOL, Tokyo, Japan).

Nanocoatings preparation

A solution containing).4%of xanthan gum an@5% of propylene glycol was preparadd mixedwith

the solid lipid nanoparticlesat different concentrations (3@0 and 50%) using a mechanical stirrer
(Eurostampower controlvisc, IKA®WERKE) at 2000 rpm.

Nanocoating application

The coatings usalare summarized in table 1. Theys appliedby immersion(30s) andthen dry the

during 1 minusing anhanddryer (Vidal Sassoon@randVS773MXN1model) with air temperature fo
35°Candspeedf 4 m/s. The lemonwere then evaluatday 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 evalwation was performed by color measurements using a Minolta@@RReadings 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 emjuat
WI = [(100/L)*+ (10k5)]%°
All measurementswere carried outon two sidesoflemonandthree samplesbycoating.
Statistical analysis
The resultswere analyzed using thestatistical softwareMINITAB14Inc.®, ANOVA-andlent test for
mean comparison were pemfioed.

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.Forbeeswax theaize obtainedvas 348hm with a polydispersityindex of 0.272 and

zeta potatial of -59mV . The polydispersity indeindicates the deviatioaf an autocorrelation functioas
amonaedispersed dispersiorof sphereswith the same diameter [7].The difference in potential
characteristichetween thdipids is attributed to the chemicabmpositionof the wax. The zeta potential

allows predictionsboutthe storage stabilitgf the colloidal dispersiorin generaltheaggregationof the
particles isless | i kel y the aelecthicarepglods]. pha resuitscotimed ( hi g h
indicates thasubmicronic nanoparticles with a low dispersion (few microspheres in the batchegsjoand
colloidal physicalstability were obtainedThe Figure 1 shows particle size distition on function of wax

type, for both waxethe distribuion wasnormal

The Figure 2 showshe micrographof NLS; this evidencethe presenceof small spheresof less
thanonemicrometersize, according to the particle size distriboitiminedby light scattering

» i
¢ :
= 10 L
0
Size (d.nm)

— NLS Candelilla wax | —— NLS Candelilla wax 3

= NLS candelillawax 2 —— NLS Beeswax 2

— NLS Beeswax |
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 witlalues > 60 ass@ted with whiter trend in relation

to the plate calibration valueSurthermore,there was notstatistically significantdifferenceinthe function of
candeuba wax concentration. On the other hand,the sampleswith bestomeeda brightnessessthan

38% candeibawax which is associatedith the smaller index ofvhitenesscoatedemonsshownby SLN
preparedvith beeswaxThere was atatistically significant differenci function ofthe SLN proportion,
thisbehaviois evidencedn thevaluesof L *.

Table 1. Color values by lemons coatings with waxes.
Coating L* a* b*

Candeuba(40 %) 68.562 -15.41 44.96
Candeuba(50 %) 64.542 -11.03 49.19
Candeuba (60 %) 68.952 -8.39 41.23
Beeswax (40 %) 37.42 -12.79 17.70
Beeswax (50 %) 4057 -13.75 19.67
Beeswax (60 %) 47.89 -17.25 30.47

Different letters irsamecolumnsreindicativesignificantifference & =0.05)
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Figure 3 shows thebox plotrepresentingthe differences betweenthef es®deubavax and beeswaxat
different concentrations.

1754
150 4
| S— |
’\B// —&
1251
2
~ 100
75 2
50
T T T T T T
[NLS] 40 50 60 40 50 60
Wax Beeswax Candeuba

Figure 3 Comparison based o the type and concentration of wax

It confirmsthatthe beeswakends to decreaghe WI accordingto theconcentration. Thaispersiorof the
resultsis less atconcentrationdbetweend0 and 50%of SLN. In the caseof candelillawax there is no
differene statistically significativeamongthe concentrations but th&l is greater.

Figure 4 showgphotographies of treated, with candewbax (40%) they had ahite appearance (Fig.
4A), whereas with beeswaxlid not showwhiteness(Figure 4C), however, the twaypes ofcoating
showed awhite layer easilyvisible when they were weed apparentlyby a thickcoatingFigure 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 possibléo developwax coatingsfrom SLN. They wereapable to decrease thwhiteness index on
fruit surface.The composition obeeswaxcoatingsgaveless WI. The NL®oncentrationaised in the
formulation and the thick of the coating aleterminants to the WI.
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Abstract

Apple juice is phced 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 thrdfiltration 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
expermentally. The pore size distribution of the membranes was studied through scanning electron
microscopy (SEM) while the particle size distribution was obtaiadiynamic light scattering (DLS).

The experimental pore size and particle size distributionme wempared 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 ingportant t
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 ed@&P% 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) establishgdhe Codex STAN 242005 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 vacuatiofiififilter 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(etieye), 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
Molecula 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). Ajpiee 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 tmd 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 membrac&meprocess 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 flowingugh 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 inputi®r the simulation. The size distributions are described by two paramgtersich is
associated to the width of the distribution gmdwhich is related to the average size as described in
equations 1 and 2 below. The particle size distribution ofuttifdtered juice is characterized by the
parametersd, and . It is worth to mention that the simulations can be performed for both, filtration
systems with a logormal distribution or filtration systems with a Gaussian distribution.

On the other handhe membrane model is defined as a series of parallel planes with a certain pore size
distribution as described by the experimental parambjensdi,. Though the minimum membrane width

is calculated by the program. The minimum number of runs and nidagion 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 pbrameters
andly.

f (X) — ﬁe- b[Log(X)— n”]z (1)

xIn10

Whereb=1/(282) with Sas the standard deviation antbeing the logarithm of the average sizg,, (of
both, pores or particles).

f(x) = [be o™ )

Whereb=1/(2§) with S as the standard deviation apdas the average &z, (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 juicenn@nthituged

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 analyadal S.

Correlation

The experimental pore and particleestistributions 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 systenmhebeetical particle size
distribution of the juice was compared to the experimental particle size distribution.

80



Results

The experimental particle size distribution parameters of the unfiletered yi@ed(.,) and filtered juice
(b: andy) as wellas the experimental parameters of the pore size distribution of the mentirane|(,)
are shown below in table 1.

Table 1. Experimentd) andp of both, the particle size distribution of the juice (filtered
and unfiltered) and the pore size distribatof the membranes.

Filtration System by Mp bg Mo by s

JC vs JCAC 47.630 3.077 10.017 0.73 11.716 0.55

The experimentab andp parameters of the unfiltered juice and the membranes were used as the input for
the simulation program and the theordtipaand b; 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 obsmwevésl othly a

10% error from the comparison pfvalues while the error from the comparison betwegalues is much

more significant.

According to the graphical comparison (figure 1), the theoretical and experimental distributions are
centered in a vengimilar 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 paramdieiThe polidispersity bthe 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 thpredicted 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 experimigrataty; values for the filtration system.

Filtration bf pf Experimental bf pf %Relative  %Relative
system Experimental Calculated Calculated Error b Error u
JC vs JCAC 11.71 0.55 48.357 0.50 312.95 9.04
4 T T T T T
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Figure 2. Comparison between calculated (blue)
experimental particle size distribution) of td€ 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
membrae 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 simulattosuccessful in predicting, a parameter related to

the average patrticle size in the apple juice after filtration. However, there is a significant error in the
prediction of the parametérthat is associated with the broadness of the distribution.bEhiavior 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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Mitigating Effect Of Calcium And Magnesium On Acrylamide Formation In Tortilla Chips
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Since its discovery in heated foods in 2002, the acrylamide (AA) has gaordiwde 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 bgkgroducts. In this study, It was evaluated the effectiveness of calcium
and magnesium, as CaGind MgC}, 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 addirgGf il 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 Caglrespectively. The color and fracture force of tortilla chips, added with,CaCl
were similar to the controlnicontrast, the tortilla chips added with Mg@lere darker and less hard than
control. These findings suggest that the Gagld MgC} can be used as a viable approach for the
mitigation of AA formation in tortilla chip products.

Keywords: Calcium, Magreeum; 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 carbomjchdimods are
processed at high temperatures (4). Maillard type reactions have been shown as one major reaction
pathway (5, 6). Acrylamide is produced by degradatibrasparagine 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
agens 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 roitigagents in model systems and real food
samples (11, 12, 13, 14, 15, 16, 17, 18, 19, 20, 21). Among all possiblerabotrened 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 magnesthioride.

Materials and methods

2.1. Materials

Deuteriumlabeled [2,3,3Hz]acrylamidewere obtained from SigrivAldrich Company (St. Louis, MO,
USA), respectively. Caghnd MgC}.6H,0O were all reagent grade and obtained from Merck (Darmstadt,
Germany) All other chemicals were purchased from Sigilarich 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 Guanajuatticmodcan,México,) and
commercial lime (Ca(OH) (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 nwee was boiled in an aluminum pan for 25min and steeped 16h at room
temperature (22 1°C). 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 finaifdrdéed

using a flash type dryer (CinvestAWG, 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 CaQdr MgCl, to provide fresh masa with adequate consistency to make
tortillas. Fo 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,Gadl 0.38, 0.76 and 1.14 % (w/w) for
MgCl,. The masa was flatten@uato thin disks of 11cm diameter and 1.0nfnickness 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 °C). The elaborated tortillas were cut into circular pieces with an average area df 10cm
Tortilla pieceswere fried for 30s at 190°C 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 ortilla chips was determined using a colorimeter MiniScan XE, model-l45Munter
Associates Laboratory, 11491 Sunset Hill Rd., Reston, Va., U.S.A.) and the CIEL&ABmethod. This
parameter was reported like color total differend?s) (vhich wascalall at ed accor diEmng to
[ (LP+ & tpr K G whereL = brightness or lightness, = greenness/redneds,= yellowness/

bl uenle sagp;, a mpdabsgiute differences of the values between the reference tile (white porcelain)
and sample Jau e E = totgh difference between reference and sample color. The reference values
(calibration) wereL = 92.22,a =-0.82 andb = 0.62.

2.4. Texture determination in tortilla chips

The fracture force of tortilla chips was evaluated in freshly prepsaegbles, using the Texture Analyzer
TA-XT2 (Texture Technologies Corp., N. Y.). The test was carried out using a 2.03 mm diameter
stainlesssteel probe and a platform accessory with a hollow cylindrical base with 33.5 and 10 mm
external and internal diarms, 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 stabler@mopropenamide derivative by gas chromatograpiags
spectrometry (GEMS) using the method described previously (23). The tortilla chips were ground in a
lab mill and powered samples((8g) were weighed, placed in centrifugal tubes, added witt. 20

internal standard solution (0.5mg/mL of deuterilaibeled P,3,3°Hg]acrylamide in acetonitrile), 8mL of
distilled water and 10mL afi-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
treaed with 0.45g of potassium bromide, 2000f sulfuric acid (10% v/v), and 30 of potassium
bromated solution (0.1M). After 1h in the dark a€4the bromination reaction was terminated by adding

of sodium 1M sodium thiosulfate until solutions becamerets, and solutions were extracted with 4mL

of ethyl acetate/hexane (4:1). Organic layers were recovered after centrifugation atf20Q0xmin, and

were dried with sodium sulfate and evaporated to dryness under nitrogen. Each sample was dissolved in
50nL of ethyl acetate, treated with 125 of triethylamine, and analyzed by GKS. The ions monitored

for the identification of the analyte;l#omopropenamide, were J&;NO]" = 70, [C}\;H47§’BrNO]+ = 149,
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and [GH,*'BrNOJ* = 151, usingm/z 149 for quantificabn. The ions monitored for the identification of

the internal standard-tromofH,]propenamide were [£H,H*'Br]*= 110 and [¢?H.H,*'BrNO]" = 153,
usingm/z153 for quantification.

GCi MS analyses were conducted with an Agilent 7890GC system coupledmwhalilent 5975C MSD.

In all experiments, a 3010.25mm i.cB 0.251m HP5MS capillary column was used. Working conditions
were: carrier gas helium (ImL/min at constant flow); injector, 5@ven temperature: from 50 (1min)

to 240 C at 5C/min and then t800 C at 10C/min; transfer line to MSD, 28C; 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 r®i®99,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
St u d etast. ishseveral groups, ongay analysis of variance was used. When signifi€aaalues

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). Tméfisance level igp< 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 angdeylformation (11). Initial pH

value (control) was 7.8. Masa prepared with 0.04, 0.08 and 0.12 M @a€CMgC} 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 produnctglexico, 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 peformed at 190°C for 30s. The acrylamide concentration for tortilla chips without the presence of
salt (control) was estimated as 1024u&g. These levels are-fdld higher thanFDA data on
acrylamide concentration in foods report (24). The presence of eithey @alpgCl, 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% fan@acCl
MgCl,, respectively. Similar results have been regbfte 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 divaléonsnetald

give hightemperature 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 pease of MgC] significantly prevented acrylamide formation in tortilla
chips during frying, a bitter aftertaste was perceived in the Mg&ited products, which was not detected

in tortilla chips prepared with Cagl

Figure 2 shows the effects of diféant concentrations of calcium and magnesium chloride on the color and
fracture force between the samples and the control. Addition of,Ca8llted in tortilla chips not
significantly different from the control sample in terms of color and fracture ftmstead, addition of

MgCl,, all formulations were significantly differerp<0.05) from the control sample. As the Mg(@l the
experimental masa increased from 0.04 to 0.12M, there was a trend of increasing and decreasing color and
fracture force, respégely. It has been suggested in model system that browning is accelerated by the
presence of MgGldue to the increased sugar hydrolysis and to the reduction of water mobility caused by
the salt counteracting the inhibitory effect of water on the reactlon 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 Ca@Ir MgCl, 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 Mgglon sensory mperties 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 190°C for 30s. Tortilla chips without salts (stripedrears)
included for comparison. Bars with different letters in the same panel has significant diff¢flenesp

= 0.05).

Fig. 2. Effect of calcium chloride (crosshatched bars) and magnesium chloride (horizontally striped bars)
on: A) color and B) textutein tortilla chips fried at 190°C for 30s. Tortilla chips withaatts (striped

bars) are included for comparison. Bars with different letters in the same panel has significant differences
(Tukey,p = 0.05).
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Introduction

Oxidative processes in meat lead to quality deterioration (1). Meat has endogenous antioxidants and
prooxidants and living cells have several mechanisms of protection againsivexjfatesses, including
antioxidant enzymes such as superoxide dismutase (SOD), catalase and glutathione peroxidBse (GSH
Catalase and glutathione peroxidase (&@3H are considered the major peroxiéenoving enzymes
located in the cytosol (2). SODOays 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 Iid]) rauscle 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 witlongissimus dorsobtained from 80 pigs fertilis x Berformer with an

initial weight of 85 kg. The animals are randomized based on gender and weight to be assigned to one of 4
treatment providedT1l was a cotrol-negative, T2 was Vitamin (20,000 IU/Kg) T3 was 250HD;

(500 ug/Kg) and T4 was a positiveontrol contained: vitamit(180 1U/Kg), seleniurorganic (0.15

ppm) and astaxanthin (48pm). The pigs were fed for 35 days on site INIFAP Ajuchitlan, Quaece At

day 36 wereslaughteredTIF No. 412, (Km 8.5 Carretera San Jose Chichimequillas Alto, Querétaro,
Querétaro). At 24 hours postmorténe cutting was performed in the TNo. 201 (TIF Apaseo, Narciso
Mendoza # 408 Colonia Centro, Apaseo el Grandgngjuato).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
peformed 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
10,000rpm 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 too2. B, 0L (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 dutathione 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 pL of crude exzfrt. 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 15isteconds
the reaction was monitored every 10 seconds up to a minute. We used the molar extinction coefficient
(6.22 mM* cm?) to calculate the concentration of NADPH. The results were expressed as U/100g of meat
(1.2).

Determination of superoxide dismutase aovity

Was determined using a kit from SigiAldrich 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
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 treattagninteraction, subsequently a multiple
comparison of means by Duncan's test (P O 0.05).

Reallts

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 (31). The analysis of variance show that there is significant difference for all factors
(treatment, day and treatmeddy interaction). This indicates that the dose and source of vitagrtiad
significant effect (P O 0.05) on the catalase enz:
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Fig. 1 Variation in the catalase enzyme activity with respect to storage time pigs cuts supplemented with yitamin D
and 250HDs.

The activity was higher at day 1 (Fig. 1) being theatieg 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
beingthe 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 valuesf 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 datatisbuted 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 wstigblésduring

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 treatmesday interaction). This indicates that the dose and source of vitagriadsignificant
effect({0. 05) on the enzymatic activity of glutathion
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Fig. 2 Variation in the enzymatic activity of glutathione peroxidase (GPX) with respect to storage time pigs cuts
supplemented with vitamin{and 250HDs.

The lower activity of all treaments 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 thepn6(888nd 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, 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 fRimdays, 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 wsa 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).

1050

1000 /’.-’5\

250 .
a0 / ‘%\ éf ssed e Megative control

U/g of emat

850 ’,' ~i == = == = T2 (2000 [U/Kg VITD3)
800 ? = o= T3(500 mgKg25-OHD)
T50 e P 1 sitive control
FO0 T T T T )

o 5 10 15 20 25 30
Time (days)

Fig. 3 Variaton in the enzymatic activity of superoxide dismutase (SOD) with respect to storage time pigs cuts
supplemented with vitaminand 250HDs.
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At day 1 (Fig. 3) all treatments showed the lowest enzyme activity, with the negative control and the
treatment 2showed 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. Sulesdly, 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 ofwhegt, corresponds to what is
described by some authors (2,6) where they report results betwe®2&%8¥g of meat, mainly lberian

pig.

Previous studies have agreed that different types of diets based on corn, sorghum and a mixture of both,
the activityof SOD showed no difference in the effect of diet because this enzyme exists in three forms:
Cu-Zn- SOD, MnSOD and F&OD and probably conclude that none of the compounds present in diets
may have effect on the metals which form part of this enzyme dmelvacthe 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 dorg6).

Conclusions

The correlation of SOD activity of GPX activity was positive (0261), while the catalase activity of SOD
and GPX was negative0ll45 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 negati;endich would

suggest that probably both vitamins @nd its active metabolite ZBH D; 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 commoretihod in different labs to around of world.
Consequently, more research labs work and producenbiecules modified how are the proteins,
peptides and anbodies 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 seghataiugh sequential processes,[1,2]. In
general, for largescale applications, there are three main processes with common commercial application
in separating solutes from aqueous solutions: evaporation, membrane technologies, and freeze
concentration.[3}]. 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 processists 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 minimatydnatter 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 th#rircdboEthe condctivity 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 devic¢l@ig.he components listed in

this section refertdig 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 swolwf 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 devicedpehas a disstyrofoam (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 cryocodcentrate
solutes by centrifugation rather than conventional thawing.
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Freezing temperature oscillation

Freezing was achieved a0 C for 8 h by using an oad e

ultra freeze (ultraslow SANYO, USA) for the | sample \ m—{4]
desired slow freezing. Was transferred to {4 |

refrigerator to 4C (torrey R364P, Mexico) by o: I -

intervals of 15, 30 and 60min.After freezing, 20mL /"\ \/
component 1 containing the frozen sample was — —_— =
placed in a 56nl polypropylene tube (component \_/ 7 i

3) and centrifuged in a Sorvall RC 6+ centrifuge — :

(Thermo Scientific, Germany) to collect eth «—@ freeze at *—E]
concentrated solution. Was repeated this process, -1°°8(;1-f°'

by was changed the temperature of 40-10 C,(

was used a conventional freeze, torrey CMBS U
Mexico). l

Milk whey Centrifuge
Fresh milk whey was prepared by acid coagulation Recover the concentrate permeate | «— | 6000 rpm, 20 min,
with hydrochloric acid (pH 4.6, Sigrealdrich, e

USA). The separated whey was centrifugedtg 1 _cryoconcentration déce used for protein

(11,0009 at 4C for 15 min), and theupernatant was concentration based on the method of frdeysis

. . centrifugation [11]
fitered and stored at &, for this purpose,

commercial pasteurized skim cow's milk was used.

Concentration of solutes measurement

Total soluble solid were measured using an ATAGO refractometer (modellBAIAGO.Japan)with an
accuracy of0.1 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 weperformed in triplicate.

Dialysis

Protein solution were dialyzed against distilled water (simple/water, 1:100) for 2 @ aiséhg dialysis

tubing cellulose membrane (12kDa MWCO, SigAldrich) and with continuous stirring. A change of
distilled water wagnade after the first hour. Later, was cryoconcentrate@@dC 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 waeegregated 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 laboratorysgugléhe device
described in Fig. 1, accelerating the elution of solutes by centrifugation. Fresh milk whey was used as a
model to optimize temperature of freezinfhe samplewas cryoconcentrated from 7.5+0.2 to
55.8+0.3%Brix. Implying that a concentratidactor of 7.5fold was achieved (Fig. 2); recently, was

obtained a result of 6#ld using this device but was used freezing temperature fi@hC and your
freezing time was from 8 h.was observed the behavior in the concentratié@?@tthrough timeusing
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the cryoconcentration device where concentration was increased to 55.8°Brix in a time of 2 hours then
there was no a considerable increase in the concentration (Fig2).

Time (h)
N
Sl
I

[ [ [ [ [ [
0 10 20 30 40 50 60
Total soluble solids (°Brix)

Fig 2-Correspond to onevay ANOVA with °Brix. This analisis revealed no sigodint diference between any time
more than 2 hours at a temperature7@PC freeze.

Freezing Temperature Oscillations

The freezing temperature was oscillated frdid to-70 C, with stages at € (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.

A B

treatment
1

&
L
treatment

| | I | I I
49 50 51 52 5|3 54 55 56 57 49 50 51 52 53 54 55 56 57
Brix Brix

Fig. 3-The part A4 treatment are observed representingshiflation of freezing temperature. 1 treatment on the
sample was exposed to a temperature/@?C for 8 h. 2 treatment on the sample was exposed to a temperature of
70°C for 2 h then exposed to a temperature of 4°C for 15 minutes, this process agsiréfignes. 3 treatment on

the sample was exposed to a temperature@fC for 2 h then exposed to a temperature of 4°C for 30 min, this
process was repeated 4 times. 4 treatment on the sample was exposed to a tempef@t@réoof2 h then exposed

to a temperature of 4°C 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 6fl8°C.to
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Dialysis
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Protein (mg/ml)

Fig. 4- Increment of protein bgtage in the cycle freezimdjalysiscentrifugation. Stage first cryoconcentration.
Stage 2 second cryoconcentration. Stage tBird cryoconcentration.Stage-4ourth cryoconcentration. Stage- 9.
fivethcryoconcentration

This analisis revealed raignificant diference between any times more than 2 hours at a temperafifefreeze

Was realized a recurrent dialysis and was observed that the stage increase of-dialysiisg
centrifugation was increased of protein concentration but aftethfamiage presented no significant
diference between any stage more 4 stages at a temperafipemf
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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 secttomes 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 e$ddicBome
of the advantages reported in the use of biodiesel are:

1 Reduce oil dependence

9 Close the life cycle greenhouse emissions
However, the use of biofuels could present considerable environmental impacts. Thus, the use of biomass
as a feedstock forideenergy 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 biodiversitycargséem 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), hat 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 stescenarioproposedstudyin which cultivation andcattle driving inmodelfarmswere based
on literature dataSought maximize theesources of the arewithout exportingwhich could affect to
environmentalsymbiosisand integratingthe abovefeasibility studiesin the field. This methodology
represents aiterative processwvhich seeks to obtaithe stage ideal whidieads to the determinatiari the
study area

Second step:

ADe t ethetdcatien othe farms

A F a Dimensionaccordir to the load capacityf livestock use

A D e fthie hoeindaries of th&ystem under study

A P e r maieriahbalanceand energy in theystem under studihis includeshe biodieseprocesss to
implementwithin farms For make théalancesf the prodation proces®f biodieselwere used process
simulationprograms

AEqui p meimthebisdieselprodgction procesand analysis economihereof

A De t ethemiassédalancesm farms andhe interactiorenergy between thenfof example theamount
of energyin transporimaterial betweefarmsg

Third Stage
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After obtaining thematerial and energyalanceswas held orbiodieselLCA, which were identifiedn the
critical stagesn the proces$or the environmenand proposes differesblutions thus eachingan overall
analysisof thefarm systemThe final results a proposal thétas the leastnvironmental impact ensure
the viability ofthe same

Results and discussion

Definingstage
To determine the cultive to use, sought one with robust adomgcal requirements (Figure 1) , the
cultive was selected:
Jatrofa due to the following characteristics:
Lifetime of up to 50 years
It grows in poor, sandy soils
Started production from year
38% fat and 18% protein (cattle feed)
Producldwi on cost s
Do not compete with food f
2 tons of oil (triglycerid
Pl ant fibrous
According to agroecological properties of jatropha cultivation, it was determined that an area consistent
are the suburbs of Wadley aMdnegas 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

not being edible (

or
e) per hectare

oo o J>o T T T T Do

Vanegas Wadley
40 hectaresf jatrofacultivation | 25 hectares of jatrofa cultivatior
7 cowsand20 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 corsitem@ per
hectares of cakas 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. Jatrogs&re&dm 1) is introduced into

the reactor (RLO1) 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% conversio (w / w). Subsequently, the reaction mixture (stream 3) is subjected to a first evaporation
step (EVM100). 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 tgetite settling system (DEOO). 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 N&PO4 with this compound. Proposes the use of Na3P0O4, 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 aetiehtinger (I€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-{E\) which aims to remove residual water contained (stiE2),
obtaining a 92% mol purity glycerin at a temperature of 102 ° C (current 8). The same stream is treated in
a heat exchanger (#001) with the aim of reducing their temperature to 35 ° C, suitable temperature for
storing the product.
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Figure 1. Gearal 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 neasdsalgtions 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, withoutonsidering 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 productionsgroégetrodiesel, the biodiesel production
process from vegetable oils plant BIONOR and integrated farming system proposed in this paper.

0.025 W Granjas integrales
) m BIONOR

0.02 Petroquimica
=]
'S 0.015 -
@
=
=
=
2 o001

0.005 +~

0+ : v
Oxido nitroso Metano

Figure 2. Emissions of methane and nitrous oxide for three different biodiesel production systems.
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Figure 3. Charemissions 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. Thetseard 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
absorpion 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 oxidestomsho 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 tompared
diesel production process from oil, in the case of biodiesel production system made by BIONOR
emissions savings amounted to 73%.
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Figure 4. Energy consumption for production of diesel in three different systems. references

Figure 4 shows the energy msumption 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 themhtheith 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 requiredThe 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 aer 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 impoddrihfCentral
American countries.

Tortilla is defined as a flat disc of nixtamalized corn doughj B cm diameter and 2 mm thick,

which is cook over a hot iron (26280 °C). The traditional technology to produce nixtamalized corn
tortilla is very otl; 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 earthenwasilld was the Spanish name of

ntl axcall i o, the Aztec name of this product wi t h
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 Gaytafartinez et al. (1) is the ohmic heating, also called resistive heating of
electro heatind”, which consists in the application of 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 advamates ov
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 fotortillas 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, a2@ flotation indexes. These characteristics qualify the grain as
apt to produce tortilla (NMX¥F034/1:-SCFF2002) and as hard grain (NM&X-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 Caf@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 @eRuhill, 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 MBéielez 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 Bogth, 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 neithexit 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 age ‘anit

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 witmnesh 1.3 mm and mixed with 0.3 % of Ca(@kihd 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 20rpm and heated until 75 or 85 °C; once processed, it was dried in a Flash type dryer
(CINVESTAYV 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: Dduts 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 madHiogilladoras GoénzalesSA de CV.

México) and cooked on a hot iron at 2¢@0 °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 chemiapbsition of corn flour (3,

methods 32.1, 934.01, 942.05 and 920.39) dough vyield (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 cutsing a Texture Analyzer TXT2 (5)

Experimental design and statistical analysis: It was used a surface response methodoldbgesvith

i ndependent variables (Table 1) wer e: feed moi st
second order andMiie cent r al points. I't was also perfor med ¢
OHFs and TNF. Data were analyzed using a Minitab 14 program.

Table 1. Factors and levels of ohmic heating to produce nixtamalized corn flour.

. Nivel
Variable Minim o Maximo
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 diftprnas)

between ohmic heated flours related to dough moisture and dough yield, as well as between them and
traditional ni xtamalized flour (Dunnetdés test); t|
et al. (6) stated that they are appriaped to model tortilla and confer desirable texture properties to them.
Adhesiveness and hardness were highed.(b) in dough elaborated with flours processed by ohmic
heating at 85 AC and were differendseprocessedata adi t i o
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 difficultto 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 hightgxtiral 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 Moisture Adhesiveness Hardness
Yield* (%) (g-F) (g-F)

46.6/807/15° 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 Proces: 2.04+0.00 53.37+0.19 21.70+2.92 175.94+0.37

‘Feed Moisture*Temperature?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 capacftalisorption 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 hegtingess 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 qoflitytilla (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)<005punnet 6
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 thednadl 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. Physicochemicd textural and rheological characteristics of tortilla.
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Tensile

Treatment Weight Yield Moisture strength Cutting force
loss(%) tortilla (%) (0-F) (g-F)

46.6/80°7/15° 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.@ 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+68.32
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+71.9¢€
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+73.2
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+4019 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+22.3¢€

‘Feed Moistures:Temperature Transport speed.
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Abstract

Panelais a nonrripened, rennetoagulated, higimoisture cheese widely consumed in Mexico. Althoug
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, functionadasensory characteristics may be compromised. Ultra high
pressure homogenization (UHPH) is a novel processing technology with potential applications in
cheesemaking and multippass UHPH (MPUHPH) treatments have been proven to enhance microbial
and enzyma inactivation, protein denaturation, and fat globule size reduction in milk. Our group has
previously reported pasteurizatiike MPUHPH conditions to secure microbial safety of whole milk.

The aim of this work was evaluating the suitability of these MPH milk treatments to produdtanela

cheeses with desirable physicochemical attributes after pressing and throughout refrigerated storage. Milk
(3% fat) was MPUHPHbrocessed at 20°C at 250 MPa and 210 MPa (4 and 5 passes respectively) in a
Stansted homogézer 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 ANOW.05). Panela cheeses were prepared
following a standard procedure, vacupackaged 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 datmined 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 cheesesigNifinant 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 MPUHPH cheeses but syneresis and fat losses in whey were
greater. MPUHPH might represent a suitable altern&vivproducing unripened cheese.

Introduction

Despite its welestablished reliability from the food safety standpoint, pasteurization cehegescal

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 mayiwer safe milk without such detrimental changes have been
explored. Among noithermal 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
prindples 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 relevaggsping 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 -pags e PH
(MPUHPH) reatments at lower pressures are considered to have cumulative effects on microbiological
milk properties, comparable to those of singéess UHPH treatments at higher pressures. Considering
this, appropriate combinations of pressure and number of pasddsbe selected according to desirable
functional and sensory milk characteristics or naifid use.

UHPH has been shown to affect casein micelles, whey proteins and fat globules in milk, especially at
pressures higher than 250 MPa. These UktRidced chages 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 textu
and color. Both physicochemical and technological features of acid coagulated (3) and rennet (4) fresh
cheeses produced with UHRHated whole bovine milk have been recently explored. While yield,
texture and moisture and protein contents increaseatithcoagulated fresh cheeses made with milk
subjected to a 30MPa, singlepass UHPH process, cheermaking properties during rennet cheese
manufacturing were altered due to poorly fused curd particles which resulted in products with textural
defects. MPHIPH 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
logio.were recently defined (5). Thuthe objective of this work wasvaluating the suitability of these
MPUHPH milk treatments to produdeanelacheeses with desirable physicochemical attributes after
pressing and throughout refrigerated storage.

Methods and materials

Raw whole milk was obtained from a local produced &mpt under refrigeration until used; milk was
separated (40°C), standardized to 3% fat using-adake milk separator and an ultrasonic milk analyzer
(Lactoscan LA; Zagora, Bulgaria), thermized at 20°C and WpgRidessed in a-&age high pressure
homayeniser (G7400:350 Hydrive modeBtansted Fluid Power Ltd., Essex, UK). This equipment uses
two intensifiers driven by a hydraulic pump and a higbssure ceramics valve capable of reaching an
operating pressure up to 300MPa. A second stage homogeniizatéipplied at ten percent the pressure of

the first stage using a conventional pneumatic valve. In order to prevent temperatutg pbbdth valves

were cooled by circulating cool water (4°C) through an external jacket built around the pipelitieeafter

high pressure valve and a tubutgpe heat exchanger located after the second valve. Inlet milk
temperature was +equilibrated at inlet temperature (£1°C) at each reinsertiomecessary.The
equipment was cleaned after each cycle successively agphosphatbased detergent, a peracetic acid

based sanitizer and then rinsing it with water thorouglifk was MPUHPHprocessed at 250 MPa and

210 MPa (4 and 5 passes respectively) according to a complete randomized design with two replicates.
Panelacheese was made in duplicate from MPUHptdcessed 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 contresehmade of higtemperature,

short time (72°C, 15 s) pasteurized milk (PM) was prepared on each cheese making day. All cheeses were
vacuumpackaged and stored at 4°C for 21 days. Cheese composition and yield and whey composition
were assessed at day 1 lehexture profile analysis (hardness, cohesiveness, springiness determined in a
TAXTPIus 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 daysgdrated storage. Syneresis

was measured as milliliters of whey expelled out of cheese matrix after 21 days. Results were analyzed by
ANOVA and means were coUn@@)yed using Tukeyds test
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Results and discussion

Cheese yield and composition dat@ shown in Table 1. Yield of experimental cheeses was significantly
higher than that of PM cheeses but no significant differefides.05) were observed in moisture and
ashes contents of cheeses made with PM and 250 MPEHPH milks, while 210 MPa MPUHPH
cheeses exhibited lower percentages. Meanwhile, protein content was significantly higher for
experimental cheeses and pH of cheeses made with 250NUR#HPH did not differ from those of PM
cheeses up to 14 days of storage time and changed theudgagtréfrigerated storage (Table 2). Higher
protein content in cheeses made with high prestseaged 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 presinatddgher syneresis values.

Table 1 Cheese composition, yield and syneresis of MPUHPH and PM cheeses
Moisture Ashes Protein Yield Syneresiat 21
(%) (%) (%) (%) d (ml)
250 MPa, 4 passe 55.29+0.66 3.42+0.12 19.37+0.2% 11.77+0.55 101.37+5.58

210 MPa, 5 passe 50.56+0.43 2.71+0.08 18.96+0.07 11.20+1.39" 70.80+3.27
o 18.5%10.23

Cheese

HTST 53.38+2.41° 3.34+0.4 9.46+0.49  71.34+2.66

Different lower letters within columns mean significant differeride.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" 6.52+0.07 6.18+0.09" 6.05+0.224
250 MPa4
passes 6.67+ 0.04° 6.56+0.10° 6.65+0.06° 6.40+0.07°°
HTST 6.72+ 0.14° 6.66+0.1C0" 6.49+0.25"° 6.17+0.10"

Different lower letters between columns mean significant diﬁergﬂe@.@S)
Different capital letters within columns mean signifitdifference (=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 indting 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 causgtkimsis. On the other

hand, hardness of experimental cheeses decreased, which might be related to higher proteolytic activity by
microbial enzymes released after UHRiduced cellular lysis. Cohesiveness of experimental cheeses was
significantly lower tha 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 differemees observed between
experimental and control cheeses; although luminosity tended to decrease aadcabhothparameters
generally increased during storage, these modifications were not significant, excepting for the 210 MPa
MPUHPH cheeses and could rtmg¢ physically observed. MPUHPH treatments did not seem to affect
color of Panelacheeses when compared to PM cheeses.



Table 3 Texture parameters evolution of MPUHPH and PM cheeses throughout refrigerated storage
Hardness Hardness

(ko) atday (kg) at day Springiness Springines| Cohesivenes Cohesivenes

atdayl satday2l satdayl satday?21

1 21
210 MPa,  816.87% 581.98+ | 0.24+0.01 0.30+0.01
5 passes  49.09* 199.01°A aA b 0.83+0.07 0.74+0.03

nga'\gsjs’ 1:%51351 %5?;?381 0.19+0.0f% 0.17+0.02| 0.87+0.06 0.72+0.06

830.33+ 1254.32+ 0.46%0.04 O.27bi0.02
a

HTST 1312648 129 5gC 0.85+0.01 0.88+0.02

Different lower letters between columns mean significant differe:las@.@S)
Different capital letters within columnsean significant differencéj=0.05)

Table 4L, a, bevolution of MPUHPH and PM cheeses throughout refrigerated storage
Latdayl Latday2l aatdayl aatday2l batdayl batday?2l

210 MPa, 89.201.24 84.551.16 b
5 passes a b 1.380.22 1.93061° 15.931.45 15.760.79

250 MPa,
4 passes 86.371.55 84.981.26 1.790.22 227053 15.761.10 15.870.87

HTST 87.771.06 85.030.97 2.030.39 2.530.52 16.00 0.94 17.491.21

Different lower letters between columns mean significant differede®.05)

Table 5 Whey composition of MPUHPH and PM cheeses

Cheese Protein(%) Fat (%) A(%/g)es La(OC/EC))SE

250 MPa, 4 passe 0.80+0.04* 1.16:0.11*° 0.60t005  3.92+0.042
210 MPa, 5 passe 0.85+0.3* 1.23:0.10* 0.6#0.02  4.11+0.07
HTST 1.12+0.1% 0.06:009 0.62007 3.970.11%

Different lower letters within columns mean significant differerideq.05)

Figure 1. SEM micrograpb\s (3000x) of PM and MPUHPH cheeses after 21 d

ays of refrigerated storage
e @hacs (LY 4

210 MPa, 5 passes 250MPa, 4 passes PM

Even though yield increased Bénelacheese produced by MPUHPH of cheesemilk is promisingepsoc

need further refinement since fat loss in whey is considerable and both technological and physicochemical
parameters of unripened cheeses might show a greater improvement wherakiitRétl pasteurization

is applied (3)
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Effect Of Pimenta dioical. Merril Essential Oil On Physical, Mechanical And Water Vapor
Permeability of Aloe vera Gelatin- Glycerol Films

FloresMartinez, N.L}, HernandeRangel, A!, BernardineNicanor, A, PérezPérez, C. I
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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
propeties 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 concentratdbPimenta dioicaessential oil (EO) on the physical,
mechanical and water vapor permeability of films basedloa vera- gelatini glyceroli 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). Resultsdritiat®&'V/P

of Aloe vera: gelatirfilms showed similar values than control and there were not influenced of the amount
of EO (1.32 E06 to 1.48 ED6 gm/nisPa). The incorporation @floe verain the composite film gave an
opague appearance, which can beatted 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 increasmgt of essential oil.

These results are explained by the changes induced by plasticizers and interaction of constituents on the
matrix.

Keywords:Pimenta dioicail, edible films,Aloe vera mechanical properties.

Introduction.

Recently, food biotechotogy 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 Blant. extracts are important
sources of terpenes and phenolic compbun&ugenol is the major component Bimenta dioica
essential oil and it has an antioxidant and antimicrobial effect adastistia monocytogenésThus, the
objective of this studyvas investigate the effect of the incorporation of four different concentrations of
Pimenta dioicalL. Merril essential oil (0, 0.05, 0.1 and 0.15% wi/v) on the physical, mechanical and
water vapor permeability properties of a material composite bas&bbemweragel, gelatin and glycerol.

Materials and methods

Materials. Aloe veragel obtained by the parenquima from freAloe veraleaves, glycerol ACS
(Productos quimicos de Monterrey, S.A de C.V. Fermont Lot: 818333, Monterrey México.),
polyoxyethylee sorbitan monooleate (Tween 80) (Hycel de México, S.A de C.V. Lot: 263534, D.F.
México), commercial gelatin from cattle skins aRdnenta dioicalL. Merril, cultured in the Totonac
community of Tacuapan located at north of Puebla.

Film production. Filmswere prepared by groundimgoe veraand 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% wi/v) and glycerol (0.4% w/v) were added. The mixture was h8kl ‘& during 10 min, and

finally the Pimenta dioicaL. Merril EO was added. EO was extracted by hydro distillation using a water
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vapor pressure at 94 °CO mL of suspension were poured into petri dish and allowed to dry for 24 h at 25
°C.

Characteriztion 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 propertes. Color values of the films were measured with Chroma MetedGDR(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, hueeateg

Water vapor permeability (WVP)The gravimetric modified cup method based on stanaetthod E96

80 (ASTM, 1989° was used to determine WVPest cups holding films were then inserted into the pre
equilibrated 0% RHlesiccator. Steady state of wat@por 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 theféiwverage
thickness and dividing by the water vapor partial pressure difference across the films.

Mechanical properties. Mechanical properties were determined by a texture analyzer (m&depini&

Stable Micro Systems Ltd., United Kingdom) coupled to a Trexixpert software (Version 2004).

Tensile strength. Standard method D882(ASTM, 1997) 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 disance 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 forcefinitial cresectional area) vsstrain (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 plagedsills. In this compressive test, generally the film is
compressed by a probe P/2 until the material ruptures or until an elongation limit is achigthed
puncture strength was performed according to Gortiaatl (1991 fusing crosshead speed of 0.5fs.

Statistical analysis. Data were analyzed by-wag analysis of variance (ANOVA) using Statgraphics®
computer program (Statgraphics Software, Inc., Centurion XV.l, USA). The comparisons between groups
were performed. Tukey test was used to determhiaalifference gp<0.05 significance level.

Results and discussion

Table 1 shows the physical characterization of the material, the film thickness decreases with increasing
the concentration oPimenta dioicaEO. Furthermore, the weight increases diyem proportion to the
concentration of EO. Film containing 0.13menta dioicaEO showed the highest density, probably due

to intermolecular rearrangement of the compounds of the matrix incorporating the essential oil, as
mentioned Rakshgt al.2005 and Grossmanet al.2009.
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Table 1.Physical characterization #loe verai gelatin based films incorporated witimenta dioica..

Merril essential oil (EO)

EO Thickness Weight Density

% wiv (um) (9) (kg/n)
0 36 +1.05 0.0490 +0.007 1.0673 +0.0Q
0.05 37+1.4 0.0525 +0.007 1.1198 +0.00]
0.1 34 £1.25 0.0570 +0.00§ 1.3323 +0.001
0.15 33+1.23 0.0599 +0.00] 1.4141 +0.001

Color properties of packaging are a matter of prime importance with regard to general appearance and
consumer acceptance. &iges 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 thAlleyeleoéresults

in significant increase in L*, a*, and b* of films (p < 0.05). Tdés a color difference between them with
increasing concentratidhimenta dioiceoil 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 bhkggeen tones. In general, addittion Albe veraat higher levels yielded

blend films with darker appearance (brown), which can be attributed to the fact that the exXtlaeted

vera, applied in this study, could contain anttgaimones 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)

Table 2.Effect o the Pimenta dioica.. Merril EO on color evaluation diloe veragelatin 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 exteinahment. 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% wi/v. The WVP increases as the concentration of essential oil is greater, because the
intermolecular structuresre open and exposes more OH groups, with the hydrophilic material causing the
barrier properties to water vapor are weakRakshitet al, (2005J show WVP increased with increasing
concentration of garlic oil from 0.1% to 0.4% alginhtesed edible fihs. In the same year, Raksaital,
(2005)° reported the WVP in chitosdmased edibldiims andthe effect ithasto incorporatethree
different antimicrobial agents(garlic oil, potassium sorbate andisin) in four different
concentrationsand found lhat as the concentration of agent increasesWwW®, same behavior
presented ithis 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 vap@nsmission generally occurs through the
hydrophilic portion of the film and depends on the hydrophiligdrophobic ratio of the material. WVP

of the films containingPimenta dioicaEO, increased slightly from 1.27x1@o 1.48x1¢ g m/nf s Pa,
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possilty due to EO addition and could contribute to enlarge the intermolecular interactions in the matrix
structure.

Table 3.Effect of thePimenta dioica.. Merril EO on the water vapor permeability Aloe veral gelatin

based films.

Film Water Vapr permeability

(EO % wiv) (WVP) (g m/nfPa s) (E06)
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 terpidee compounds, not lipids. So, the barrier and
mechanical behavior of the material degron the nature of their structure, composition, method of
transformation between othéts

Table 4.Effect of the concentration &fimenta dioicd.. Merril EO on the mechanical propertiesAlbe
verai gelatin based films.

Puncture Tensile strength| % Elongation atf  Young's
EO strenght (KPa) break modulus
% wiv (KPa) (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 oilBimenta dioica.. Merril has an effect on the film characteristics. The
mechanical test results are shown in TableTdnsile strength, elongation, and elastic modulus are
parametes 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 werleserved in the elastic modulus between films with and
without EOQ.On the contrary Grossmas al, (2009§ observedan increasef Young's modulusvith
increasing concentratiaof the essential obf oregano in filmbased 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 Zivanowt al, 20052 with edible filmsbasedon
chitosanand incorporatingessential oils(Table 4. The famulation with Aloe verawithout oil
reporting more rigid. In general, addition of the essential oiPioienta dioicaL. Merril a composite
material based ohloe veramakes the material less dense, facilitating movement inside the polymer
matrix and impoves flexibility of the film.

Conclusions
The results suggested that the incorporatioPiofienta dioicalL. Merril into film-forming Aloe vera

gelatin solution can have a considerable influence on the properties of the oBtmieederagelatin
composie 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 acichtmmt. 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 p@0 papth&f 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°Cfpr 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 significantedifir(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 waslso 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 ad excellent taste and flavor. A technology that may be used by food processors to
face these challenges is HRPne of the most resistant enzymes to HPP processing is PPO that causes
browning in fruits and vegetables. The principal color change is dpelymerization of orthejuinones
(enzymatic browning), produced during catechol enzymatic oxidation. Some antioxidants such as ascorbic
acid and polyphenols can prevent and reverse this oxidation in the initial sTag#sadictories results

have been fawded 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 conditionsThe aim of the present study was to miizienthe 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 processedmestic 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°The juice was filtered with cheesecloth before HPP treatment.
Samples of clarified juice (90 mL) were packed in ddensity polyethylene bags (Whilak, USA)
minimizing as possible the air into the bags before sealing. Samples were transferred tgtiessbile
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.



The DPPH (1,diphenyt2-picryl-hydrazyl; Sigma Aldrich) assay wasmaccording to the method of
BrandWilliams et al.(5) with some modifications. The stock solution was prepared at 0.1 mM with
methanol and stored &0°C until needed. 100 uL of filtered juice in Whatman #1 paper was mixed with
2.9 mL. After 1 hour inhe dark, the absorbance was taken at 515 nm (Visible spectrophotometer,
Novaspec Il, 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 equivaléoxidemt 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 cathect (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 pd&igma) 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 otian, and was defined as the change in absorbance per minute per gram of
the sample. Both readings were done in a visible spectrophotometer, Novaspec Il (Biochrom Ltd.,
Cambridge, England).

Ascorbic acid was determined using the-@i¢hloroindophenol (CP; 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 uM DIP was added to the acidified sample and
measured imediately at 515 nm and 20°C (Visible spectrophotometer, Novaspec Il, Biochrom Ltd.,
Cambridge, England). The concentration of the ascorbic acid was determined through comparison with the
absorbance of standarddscorbic acid (Sigma) at different concatibns.

Total phenolics concentration was determined mixing 1 mL of clarified juicetilfgred with Whatman

No. 1 filter paper with 5 mL of 0.2 N Foh@iocalteau solution (MP Biomedicals). After 5 minutes, 4 mL

of 7.5% (w/v) NaCGO; (Sigma) solution waadded 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 Il, Biochrom Ltd., Cambridge, England) at 765 nm, and correlated with a standarditigve u
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 CN808d spectrophotometer, Japan).

Sensory evaluation was conductgdtbe 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 5point hedonic scale test (1=extremely dislike, 9=extremely like).

A respase surface methodology (central composite rotatable design) was used to select the higher
inactivation parameters: Pressure (&30 MPa) and time (8 min) of PPO, and response can be
modeled with:

Y = bg + by Xy + baXz + by Xy Xz + byy X7 + boaX3 1)

where Y is the response calculated by the motiehnd X are the coded pressure and time respectively,
and h and b are linear, b is interaction and and b, are quadratics coefficients respectively. Minitab

16 (Minitab Inc, USA) was used to analyze and optimize this design. Repeated meesigresves

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 tdiggen 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 activitypup6 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.
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Figure 1. Effect of HPP at differents holding times iea BPO activity. showed as a surface (a) and contour (b) plc

Ramaswamyet 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 byetakfd) in
strawberry HPP treated at 690 MPa. Del Pmedranet al (2) reported a-Rold 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. Secondamycture 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 modificationamvhich c
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, pressuremt 450 to 700 activate it, and pressures above 700 can
reduce its activity. PPO was patrtially denatured and completely inactivated during HPP treatments, but
after 13 days an increase in its activity was noted in both storage temperatures (Figureoingec

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, pably 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 Var8lantoset al (9), where microbial shelf life was extexttifor

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 handijtratable 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 BfCT(Figure 2a) independently of storage
temperature, which decrease at same rate as vitamin C concentration.
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Table 1. Variation of pH, Color (Hue), malic acid, °Brix and ascorbic acid during 34 storage days at 4°C and -

Storage Malic acd Ascorbic acid

Day temperature pH equivalent Brix Hue content
1 4°C 3.425+0.007a 3.79+0.05® 12.05+0.07% 11146+016@ 211.75+4.9:°
6 4°C 3.355+0.021ab 3.82+0.00% 11.65+0.07° 7863 +48c¢ 47.13+6.12°
13 4°C 3.335+0.047b 3.72+0.05° 12.06+0.072 8917+93;¢ 39.88+0.11°
20 4°C 3.295+0.021p  3.92+0.05* 12.10+0.0(* 10037+3.7¢.% 39.75+0.0¢"
27 4°C 3.360+0.014ap 3.92+0.05% 12.00+0.07% gg4g9+232 081+3.19°
34 4°C 3.355+0.007a 3.92+0.05% 11.98+0.04% 9go5+084> 1.83+585°

20°C 3.425+0.007* 3.79+0.05* 12.05+0.07% 11146+01¢2 211.75+4.95%
6 20°C 3.425+0.03:® 3.86+0.05% 11.80+0.26% gpg2+134¢P 3849+3.4€°
13 20°C 3.378+£0.124° 3.92+005% 12.05+007 * ggeEa5+52¢P 39.90+0.1¢”
20 20°C 3.240 £0.02¢® 3.92+0.05* 12.10+0.0C? 9002 +404> 596+532°
27 20°C 3.255+0.007° 4.02+0.19% 11.98+0.0<2 8041+43c® 1.83%1.06°
34 20°C 3.310+0.014" 392+0.05% 11.98+0.0<% 9155+094" -0.99+558°

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
Santoset al (9) and Zhangt al (10) also observed significant color changes during HPP treatments.

In sensory testing, the general perception (Figuren2d) 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 storaige ghhe

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 activitygdong 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
cgpacity and poliphenols content..
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Polyhydroxyalkanoate«known asPHAs are the environmentally friendly polyesters which can be
accumulated to as much as 90% of cellular dry weight. The PHAtaredintracellulaty as reserve
materialin over 300 different microorganism in form of inclusion bodies under conditiomstoient
imbalanceand/or limitationcalledstress condition§7,9,11) The monomeric unit of these polymers is

a hydroxyacid, in linear form, call§&R)-3-Hydroxy-acid. These monomers have a base structure
(Fig. 1) with the difference that in the C3 alkyl group var{®4,18. On the basis of their monomer
composition, the biopolyesters are classified into short chain lengthdlsain length of tb monomers
ranging from C3 to C5), medium chain length (im€&6 and longer), and large chain length ¢ leith

more than 14 carbon atoms and is ra®,07,14). Thesepolymers havesimilar properties tahe
plastics ofpetrochemical originthe propdies ranging fronrigid to be elastic with the advantagef
being totallybiodegradablend biocompatible, and therefore it can be produce@rewableresources
(carbohydrates, oils, alcohols, organic acids, hydrocarbons(&1)19) can be usedrfiood 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 varidhlet,(1§. Many gram positive and gram
negative bacteria are known to belealbo synthesize PHAs (3\mong the mainspecies with high
production capacityare Cupriavidusnecator Pseudomonaspp, Alcaligenedatus, Azobacter vinelandii

and Bacillusmegaterium(3,7,9). The biosynthesisf PHAs can be givermainly by three metabdic
pathways, whictdependent omhe kind of nutrients angroducing microorganisjthat is by gnthesis
from carbohydratedyy the b-oxidation offatty acids andy the novo biosynthesis of fatty acidy.(The

key enzymes of PHA biosynthesis are the psigr synthases (also designated PHA synthase), which
catalyze the enantiselective conversion ofRf-3- hydroxyacytCoA substrates to PHAs with the
concomitant release of CoA (13). PHA synthases comprise a new family of enzymes with unique features,
paricularly considering the functional role in biogenesis of the wiasoluble subcellular structures
called PHA granules, and the association with a phospholipid monolayer.

O/?\FCHﬂ)K

Fig 1. General structuref PHA's.

@)
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These enzymes can be divided into four classes on the basis of theatigarof the gene locus and the
structurefunction properties of the PHA synthase (polymerase) enzymes (17), where the ghas I
opero, found in pseudomonas, comprises two PHA synthase géra¢€xlandphaC3 flanking a PHA
depolymerase genelfad (17). Solaiman et al. developed the first PCR procedure that specifically
detects class Ipbha genes. The primers were designed on the basis of the highly conserved nucleic acid
sequences in regions of the clasglha loci of varios PseudomonasBecause othe unusually high
consensus in the regions, the design of nondegenerate PCR prité@d @Gnd 1179R) was possible.
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Then, it is possible to amplify a specific segment of 0.54kb fshaClandphaC2isogenes of the class Il
phalocus (Figure 2).

0.54kb ( ) 0.54 kb
I-179La I-179Ra 1-179La I-179Ra

phaC1 phaz phaC2

Fig. 2. PCR of class Il phaC1 and phaC2 geneWith I-179L(a)/F179R(a) primer pair ther
resulted in a specific 0.54 lghaClandphaCl2fragment .

In this work, the microorganismeere isolatedfrom a stressful environmenthrough the useof
microbiological techniquessingculture medianutritive and some selective culture medvéany strains
were recovered andnce they werasolatedin pure culturethe strainswere identifiedby molecular
biology techniqueand biochemical tests

Methods and materials

IsolationPHA producing bacteria

Water samples were taken from the waste water treatment plant of Golismale Alvarez at nine
different points of the process. Each samples were treated under two different methodstarecdeer,

as manyas possible, potentially useful microorganisms. In the first method, the samples were diluted with
peptone water, and aliquots oflnl were plated in three different culture media: nutritive dgamimal

Medium modified (MM) and Pseudomonas Agar and incubated fet8pdat 37°C. On the other hand
aliquots of 5 ml were inoculated in Minimal Medium modifid®.8g NaHPQ,-7H,0, 3g KH,PQ,, 0.5g

NaCl, 1g NHCI, 10mL glucose 20% as carbon soursepplemented with 1.3 ml d¥licronutrient
element solution per liter (ImL MgQQM, 0.1mL CaCJ 1M, 0.01mL HBO, 0.4M, 1uL CoC} -6H,0

0.03M, 1pL CuS@5H,O0 0.01M, 1pL MnSD, 0.01M, 1pL ZnC} 0.01M and 0.2mL Fe(NH,),
(50y)2:6H,O 0.05M. The final pH was adjusted to 7.4 with NaOH 0.1Whe 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 canies 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 follova Bacteri
cells were grown overnight in 45mL Bliutritive broth. Cell were washed with distilled water, centrifuged

and resupended in 0.2mL of extraction mixture( 2% triton, 1% SDS, 10mM NaCl, 10m#JlrisH 8)

EDTA 1mM, adding 0.2 ml of 25:24:1 phenolchlorofoisnamilic 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
andtransferred 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 20ug/mi
RNAase was added and incubated for 1h at 37°C. Aftedumeof 25:24:1 phenolchloroform:isoamilic
alcohol was added and centrifuged again. The agueous phase was transferred to a clean tube with 500pL
of isopropanol and 50pL aimonium acetate (4M) and was carefully mixed and incubated for 15 min at
room tempeature. Supernatan precipitated was centrifugated for 10 min and the DNA was washed with
70%v V' ethanol, vacuurdried and dissolved in 30uL of TE (10mM T#£Cl, 1mM EDTA pH 7.5)

Amplifying the phaCgene fragment

To screen the capability of PHA produstj a PCR based method developed by Solaiman et al. (2000)
was applied using 179R/L primers-1¥9L 5-ACA GAT CAA CAA GTT CTA CAT CTT CGA G3)
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and (179R; 5GGT GTT GTC GTT GTT CCA GTA GAG GAT GT@’). PCR was optimized using the
following components: @uL Tag DNA polymerase (250U), 1 uL (100pM) of each primer, 2uL of
genomic DNA, 5uL of 10X PCR buffer, 5uL of Mgg&$olution (25mM) 1uL 10mM dNTP s mix(10mM)

at a final volume of 50uL. Amplification reactions were carried out in an thermocycl20@CBirad)

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 detecPCR amplification products. The gel was stained with
ethidium bromide solution and amplified DNA fragments were visualized under UV light and recorded
wi t h Gel DocE XR+ image digitaliser (Biorad).

Amplifying the 16S rDNA

The 16S rDNA regions of thPHA-positive bacteria wer@amplified from genomic DNA using the
forward primer UBF 5AGA GTT TGA TCC TGG CTG AG3” and the reversed primer 1492RGGT

TAC CTT GTT ACG ACT T3, 1500 bp (10). Following the same conditions used to amplify the phaC
gene fagment. Amplification reactions were carried out in an thermocycle&tO@; 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 forelZ2R products were analyzed by electrophoresis
with 1.5% agarose gel in TAE buffer, following ethidium bromide staining and Molecular Imager Gel
DocE XR+ System with Image LabE Software.

Identification bacterial

The PCR productfor each PHApositive baterium was purified by the GenElute PCR Cledp Kit
(Sigma) and quantified and sent for sequentin@otossiannnnn institut®icrobiologically, thePHA-
positive bacteria were identified loxidase catalasgstaining and biochemical tests

Results anddiscussion

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 phathgewnas 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 Il 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 s determined in a The Thermo Scientific NanoDrop 2000, obtained concentrations about
38.6 ng/ul, 39.2 ng/ul and 84.4 ng/ul respectively necessary fosefjgencing and have the security of
bacterial genubelongs. Succeeded in identifyiRgeudomonas spp



LR A AL
LR ARt

1000 bp

Fig. 4 PCR amplified the 16S rDNA. In the Fig. 3. PCR amplification of a phaC gene

first line, molecular weight markeE(Z L o i fragment using 179L and 179R pimers.

1 kb, Biorad); 24, it the same native bacterii Lane 1, Molecular weight markeEZ L o

that had phaC +. 100 bp, Bierad); 28, different native bacteric
isolated.

Additionally was done determination microbiological in order to identify the presumptive
producer bacterium of polyesiedue to possible falsepositive andfalsenegative results
(contamination low specificity of the amplification reaction and polymerase inhibjtoras

plated onto with nutritive agar medium and pseudomona agar; due to the results of testing
obtainedand as a particular they produced a fluorescent green pigment in both medium
(incubated 37°C/24h), shown in fig 5

TSI
) Gram
Catlase| Oxidase o Glc Lac H,S
staining
Positive| Positive| Negative| Negative| Negative| Negative

Fig. 5. Microbiological identification. Biochemical test and bacterium produced a fluorescent g
pigment in the medium.

With all information bothmicrobiologicaland molecular we can suggest th@troorganism belongw
the genusPseudomonasspp that has already reported as a product of this polyesters called
polyhydroxyalkanoates. (15)

DetectingphaCgene in native bacteria combined with the preliminary characterization by 16s rDNA has

provedto be an option for the precise selection of native bacteria having potential from accumulating
PHA's.
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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 heatisg@p@pid 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 foos 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 tempersi(5). However, in nehomogeneous

foods, the electrical conductivity (s) of the particles and its relation to the fluid conductivity is pointed as a
critical parameter to the understanding otdncet he pa
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 starchaj@atihizet al. (8)

found a linear relationship between the electrical conductivity and temperature of starch suspension before
and after gelatinizationHowever for integrally processed cereals has not been reported behavior of
electrical conductivity wln processed ohmically.

The relative viscosity has been used to measure the degree of gelatinization of corn starch, principal
carbohydratewhen subjected to a thermal process. The evaluation of the rheological properties of foods is
essential for the dam 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 usd 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 (Pulve00, Pulvex, S.A. de C.V., México, B.), using a 0.8 mm mesh and
stored in plastic bags.

Ohmic heating equipmentt was used a nylamide cell (capacity, 100 g) appropriate for high viscosity
foods Q) 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 (EI Topo, Monterrey, M, México) and water, placed in the ohmic heating cell and
processed until the mix reached 85 °C.

|

Figure 10hmic 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 g& (final viscosityi minimum viscosity).

Experimental design and statistical analysis: It was used a completely randomizet wigsifactorial
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 Tidsty (3<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 weed rEpsi
energy to swell it. Biliaderis et al. (10) defined gelatinization as a group of threeguadibrium
thermodynamic processes, water diffusion within the starch granules, melting promoted by hydration, and
crystal structure disintegration due teedling 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 processgdhmic 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 d@hvolume 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 entanglemenor{i)pfswvhich
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 weakrfesmakt
and intermolecular 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 kgorawnoisture, whereas voltage did
not affect it, but the interaction voltagemoisture did.
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Figure 3. Electrical conductivity of corn processed by ohmic heating.

Electrical conductivity is the capacity of a material t@allpassage 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 decreaseobecause
the diminished movement of ions in the solutidd)(

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 depgnd o n : (i) the relative conduct
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 voltirtiee dluid.

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 tsgtjclg or particle

leading depends on the significanck particle resistance to the overall circuit resistance (4). This
phenomenon occurs because, with the increase of
through the fluid becomes more tortuous, forcing a greater percentage of the cufi@mtthrough 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 fludsy st ems by adjusting the overall influe
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
conductivty of the particles is equal to the surrounding fluid (16). However, as pointed by Halden et al.
(17) itis unlikely that the exact same heating rate can be achieved throughout the process, even though the
thermal difference, in practical terms, may be $amll 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 electrichlativity (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 increaed 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 yap 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 sshaatioprextruded

corn flourpresents 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 inaht 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/mength: 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 separatesahsptrt 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 patentednwane pu
(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 ftuivectors 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 thazermits 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 °C.
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Figure 1. Low shear stress transport system
A: feeding stage. B: transport stage. C: laminar cooking stage. Petatare 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 condigdnwith a 55 % feed moisture and 0.3 % calcium
hydroxide (w/w) (ElI Nevado, Liquid Quimica, 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
velocitiesand temperatures. Once processed, the samples were dehydrated in a homemade flash dryer
(temperature, 250 °C for 5 s, residence time) (Flash dryer, CINVESQ®&&fétaro). 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 washediliad im a stone mill
(Fumasa, Fundicién y Maquinaria Sanchez 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 ttstored 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

for ohmic heating lad 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 rheomoditaring the method described

by Gaytan(9).

Characterization of dough and tortilla: Dough (masa) adhesiveness and cohesiveness were determined
by a texturometer (Texture Analyzer ), according to the method of Martinez(10). The yield of
tortillas wascalculated 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 vésidine means of the

response variables were compared wusing Tuckey wi"
treat ments. Dunnet ds test was carried out to asse

treatments obtained with the tradital 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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yieldandtot | | a yield directly proportional, and Viscos

affected viscosity and cohesiveness directly, and
Table 1. ANOVA

FACTOR VARIABLE MS F P R?
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 0.4326
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 lomgsidence 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 (%) 856 b 9.82 a
WAI (%) 280 b 3.03 a
Viscosity (cP) 2125.64 ¢1334.21 b
Dough yield (kg flour/kg dough 202 b 208 a
Tortilla yield (kg dough/kg 159 b 163 a
tortilla)
a 131 a 094 b
b 1745 a 1666 b

Means withdifferent letter in the samiine are significantly different®< 0.05.



Table 3. Response variables related to transport speed.

VARIABLE TRANSPORT SPEED (rpm)
5 7.5 10 12.5 15
WSI (%) 9.09b 8.87ab 9.16ab  9.11ab 9.82 a
WAL (%) 3.00a 209la 294 a 287ab 2.83Db
Viscosity (cP) 1518.3c 1799.8abc 1648.8 1893.8 1951.3a
bc ab

Dough yield(kg flour/kg 2.09 a 2.02b 2.06 a 2.02b 2.07 a
dough)

Tortilla yield(kg dough/kg 1.65 a 1.59a 1.60 a 1.61la 161la
tortilla)

Cohesiveness (N) 1.60a 163a 1.39ab 1.53 a 1.17b
a l1lla 1.24 a 1.20 a 1.30 a 0.64b
b 17.30 a 17.31a 17.13a 17.04a 16.32a

Means with dfferent letter in the samkne are significantly differentR< 0.05.
Dunnet 6s test showed <0Ob) bstweant tiadiirially miatdmalided tofnefloue n c e s
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 wheograin. 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 aschembornianuBch.) ha been widely used in traditional medicine in Mexico.
Other strains oEupatoriumhave been successfully appling for biological control of phytopathogenic
fungi and bacteria. The goal of this project is to evaluate and comparewuiti® efficacy of extacts of

wild and cultivated Axihuitl against phytopathogenic bacteria. The evaluation was made applying 100 pl
of an Erwinia chrysanthemi3937 suspension with an optical density of 0.6 at 600 umiformly
distributed on LB agar plates and allowed to dmylf® min. Filter paper discs of 0.6 cm of diameter were
then placed in agar plates andl%®f different concentrations of each extract at (250, 500, 1000 and 1500
mgm) were added to them. Hi drolsis halos were mea
and Tween 80 1% were used as positive and negative controls, respectivelys Rleswied higher
antimicrobial efficacy of the wild extract in smaller concentration (from 500 Mgm@hd necessary
incubation time (from 12 h.), so this extract was selected to be applied as treatment for other bacterial
strains Pseudomonas syringae, Rs®monas aerugino¥avhere antimicrobial activity was also showed.

KEY WORDS: Biological control,Eupatorium aschembornianum Sch., Erwinia chrysanthemi
Introduction

Most of the plant ilinesses are causedfbygi, insects, bacteria and virus, who colendifferent 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
specieghat areeven soil saprophyte3he susceptibility ofcrops to these diseases primarily affect the
aesthetic qualities of the plant causing great economic Id3essandlisease control depends in part of

the application of chemicals: For examgle Morelos,cultivation of tuberoseRplyanthes tuberogais a

major ornamental cropn the region and the main pest of tuberotee weevil Scyphophorus
acupunctatul represerg 60% ofthe production cost per cycle (1.5 to 2.0 years) on chemical insecticides.
Normally, this insect is assodied with pathogenic bacteria causing softafgplant tissue (bulb rot).

Production of these ornamental plants under greenhouse conditions suffer recurrent diseases of bacterial
type Erwinia sp, Pseudomonasp, €tc.). The use of agrochemicals has bedsubstantial increases in
production, however, its adverse effects are significantly impacting the sustainability of agriduiwire.
indiscriminate use of these, has caused serious environmental pollution probleArsofhgr important

aspect is that gthogenic 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, causialgjlitgsof the same which is
manifestecamong other harmful effectim an increased incidence of pests and diseases in Gtupsand

public health and safety problems inherent in the production and use of chemicals has led to the search
and developmerdf alternative pesiThus arises the interest in the ecological control [3].
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One such alternative is the biological controlthg use oplant antagonistsf it exists in nature, and a
wide range of plants that produce a variefytoxic secondary metalites One way to exploit this
antagonism is by preparing extracts or infusions from the leaves, seeds and flowers.

The Axihuitl (Eupatorium aschembornianu8ch.)is a bushy planfrom Astereceae family, widely used

in the town of Tepoztlan, Morelos, Miew, as a healing plant, easy to acquire, because their production is
abundant in the rainy season from November to Febrliagre has not currenthybtained large scientific
data about this plant, as the healing properties thereof are not known thearghis clinical research,

but is believed to possess some antimicrobial actity: that above,his 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 (CIAEEacts were prepared by
diluting the freezalried in 10% Tween 80 for improved dispensing. Concentrations used for evaluating
the antimicrobial capacity were 1500 mg #1000 mg mL, 500 mg mL*and 250 mg mtL.

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 bacteriavas inoculated into the corresponding liquid medium (Table 1) and tracked their cell growth
to reach its exponential growth phase (0.6 a £s6).

After reaching an optical density of 0.6, 1 of each baterial suspensiowere inoculated on
appropriate agar platesxtending the suspension uniformly on the agar with the aid of a Digalsky rod and
allowed to dry for 10 minFilter paper discof 0.6 cm ofdiameterwere then put in plates and 5 @il
diffetent concentrations of extracts were added on these.

250 eg/mL ampicillin and 10% Tween 80 were used as positive and negative controls, respectively, for
inhibition test.All plates were incubated at 3€ for 48 h andnhibition zones were measured accorgli
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 chrysanthemas a mod| organism to select the best antibiotic treatmimhiibition zones were
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monitored and measured at 12, 28, 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 methdd 0.05) at 95% confidence.

a) b)

Figure 1. hhibitiontestof the growth ofErwinia chrysanthenincubated at 30 °C for 24 houi)
cultivatedextract b) wild extract.

Wild Extract.
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'E 2
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S 1 l
= W 250 mg/mL
g 08 T 500 mg/ml
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Figure 2. Evaluation of radial growth inhibition Bf chrysanthemiat different times of incubation with
different concentrations of extracts a) wild extract b) cultivatdcact.

As shown in Figure 2, wild Axihuitl extracts showed a growth inhibitory effect of higher than cultured

ones, in different concentraans and differentincubation times, so that treatment was selected for
subsequent assays.
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Although there are no reports of the effectiveness of Axitmitbntrol Erwinia chrysanthemiSanabria et
al. [5] demonstrated th&homolaena orodataa shrub blenging to the same family Astereceae, is able to
inhibit the growth of some Gram negative, consistent with the obtained results.

Having chosen thewvild Axihuitl, its ability to control Pseudomonas aeruginossand Pseudomonas
syringaewas probedIn generh no remarkable difference wabservedn the inhibitory effect between
bacterial strains, showing in all cases a proportional increase in the growth inhibition refighiaghe
administered concentration of extract by means of culture as shown ie Bigur
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Figure 3. Growth Inhibition oflifferent bacteria strains bwild Axihuitl extracs 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 thigHatniyoduce
antimicrobial substanceswhich explains the effectiveness of the Axihuitl extract to inhiii#se bacteria
strains.

Conclusions
Wild Axihuitl extract showed higher antimicrobial activity agaifstinia chrysanthemiP. aeruginosa
andP. syringaeat lower mncentration and incubation timempared witlcultivated Axihuitlextracts.
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Enzymes are responsible of many sensorial and quality changes in fruits and vegetables. The
pectinmethyl sterase (PE) itdéds the responsible of
the more employed method in food preservatidnbiting the enzymatic activity. The objective of this

work was to identify the behavior of pectinmethylsterase (pge&atinhidrolase) in Sweet Granilla
(Passiflora ligularis) pure after thermal treatments. The thermal inhibition of enzymes with dioamgt

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 wasacted 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 quantificaiitarai

(0.0155 Pe Ulg) 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 oCrdviave 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 cotribute to texture composition of fruits and vegetables. Viscosity and turbidity ofjuicets

are the result of pectinpresent, released during preparation. Some manufacturing processes inhibit
enzymes with thermal treatments, up to 80 anténd réaying on pH changes. Also, concentration and

°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 processitgal Resivity of
pectinmethylsteraseis proof of effectiveness in thermal treatments; it is defined as the number of
met hoxyls released per gram of soluble solids. Th
aimed to increase shell life for products whichdergo 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 (Passiflararig), 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
pedunclema ki ng it di fficult to cut with a knife. The
acid. Its smell is very sweet, evidence of readiness to eat. The objective was to establish conditions in
which the activity of pcthynmethilsterases at itslowest: compare hot water immersion and microwave
thermal treatments, and evaluate the enzymeds beh
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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 executedftidee

The traditional treatment was immersion in hot water at 85 °C during 301,45 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 salin®.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 getiiion; 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 withatgr 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 averadjestomples.

The results were expressed in units of pectathylesterase (PE U/g), comparable to equivalent
milligrams of hydrolyzed ester per minute per gram of enzyme [5, 6].

VmLof 0.02NNaOHconsumed 3.13 1min

PEU/g =

VmLenzymesolution® Totaltitrationtime (min)

Results and discussion

The lowest ectinmethylstrase activitywas achieved at the 80of hot water immersion treatment.
However, less and more time with this traditional treatment yielded hégitiity of the enzyme. At 45
of hot water treatment

t he e n zZFigumeld s
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Figure 1. Traditional Treatment for Sweet Granadilla

activity i

These results showed improvement compared withetfiyme activityat 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
treat mentds

that same treatment althought
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wor st
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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 vas consumed by the heat produced with microwaves.

Still, the pectinmethylsterase activityas 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 compatteel with
PE activity at room temperature. At 50 s, the sample was destroyed.
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Figure 2. Microwave treatment for sweet granadilla

The highest inhibition was achieved at 30 s of hot water treatment. The microwave treatment is not
recommended due to the fruitddestrudibdngh content of wa

Conclusions

Although thepectinmethylsterasactivity 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. &h treatments showed better results for the enzyme compared with fruit without any
treatment.
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Abstract

In the pharmaceutical industry, the lipophilization allowshange the hydrophilic/lypophilic balance of
certain molecules, as the N&teroidal Antiinflammatory 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 ouChyica papayaauteimmobilized biocatalysts with
esterase/lipase activity, obtained from latex andbfest, 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 forRj$}futyl ketorolac (BK) synthesis in different
reaction solvents at 50°C whose conversion of the reaction was determined by HPLC. Higher BK
conversions were reached with the latex biocatalyst8626 conversion after 48h) in comparison to the
petiole ones (1£24% conversion after 96h), using isoo&aas reaction solvent. Afterward&,$)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 thdtarica papayabiocatalysts may have different esterase/lipase activities with different
selectivities. This work demonstrates that tBP biocatalysts are a potential alternative for supersede the
chemical catalysts employed currently in tReS}ketorolac esters synthesis.

Keywords:Carica papayabiocatalyst, esterase/lipase, esters, ketorolac
Introduction

Carica papayas a trojical plant from deCaricaceaefamily, its unripe fruits are rich in latggroducing

cells called laticifers. This cells are composed of a water miscible andwatenmiscible phase, the first
contains a wide rank of hydrolytic enzymesg( proteases, hitinases, etc.)and several hydrophilic
compounds€.g sugars, minerals, etc.), while the second one contains highly lipophilic enzymes (mainly
esterases and lipases) which are strongly attached to a polyisoprenoid[ia&jixIn particular,the
hydrolytic activity ofCarica papaydatex on mediuriong chains triglycerides, as well asgt®perties as

an auteimmobilized biocatalystg+1,3 selectivity, enantioselectivity, among others) in organic synthesis,
were formerly attributed to the lipase activity (commonly nameGaa&ca papayd.ipase; CPL)1, 3-5].
Nowadays, it is well known that those properties are due to at least one esterase and dte Gip&3e

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 afid] steile the

lipase activity has been reported in seeds, fruit peels, meristems, leaves and [Bet@l&hese results
strongly suggest that the esterase/lipase activity may also &éeamative source of new biocatalysts for

the synthesis of esters of pharmaceutical interest.
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In the pharmaceutical industry, the lipophilization of certain molecules such asflamimatory drugs
(NSAIDs) is very useful. It is documented that chaggihe 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 thedrug avoiding the typical gastrointestinal damage caused by this kind of drugs when they are orally
administered10]. The synthesis of NSAID esters is generally accomplished by chemical catalysis under
severe reaction conditions.€. 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 enembndnder the premise

that Carica papaydatex has been used successfully for hydrolysis and synthesis of some NSAIDs esters
with similar structure, such as naproxgh 11, 12] this work focused in the obtainnienf new
biocatalysts with esterase/lipase activity from different residu€anta papayauseful for the synthesis

of ketorolac esters.

Methods and materials

1. Obtainment of Carica papaya biocatalysts.

Latex was collected by making four longitudinatisions along the unripe fruits and lyophilized to obtain

the #dALyophilized Latexo (LL) bi ocatalyst. The #A7
obtained after washing raw latex with distilled water at 4°C in a relation 1:7 (v/v), shaken vigprousl
centrifuged at 8000 RPM at 4°C for 20 min and finally lyophilized. For the case of petioles, they were
separated fronC. papayaplants and milled with an industrial disks mill (EXMEX) to obtain a liquid

extract and humid bagasse. The liquid extract fmmt i ol es was treated as TLL
Lyophilized Petioleso (TLP) bi ocatalyst. The rem
temperatur e, milled and sieved (mesh #30) to obt e
washirg treatment was repeated until no significant protease activity was detected in the supernatant. All

latex biocatalysts and TLP were delipidated with an anhydrous ntikudggnol:hexane 50:50 (v/v) at 4°C

in a relation 1:150 (w/v).

2. Determination of estase/lipase activity by pidtat 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 pHstat GPTitrino (Metrohm®) at a constant pH value of 7.0 at 25°C, using d HiG$ 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 interdatioita (U) by milligram of
biocatalyst. One unit corresponds to 1umol 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 ketortdomethamine (55mM) with HCI 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 ofdig§/clohexylcarbodiimide (22.6 mg, DCC)

and 40mM ofn-butarol or octanol in anhydrous dichloromethanedihethylaminopyridine (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 usthhg5um 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 Cariepgya 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: {gotane, hexane, toluene,-idopropyl ether,t-butanol and
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dichloromethane. For OK only the best reaction solvent was @&udida antarcticaand Candida
rugosalipases were used as positive controls of the reaction. Reactants and products were #griracted
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 conversiorketorolac esters.

All samples were filtered through a Og4B nylon membrane prior to injection. 30uL of each sample were
injected into a Chiralpak ® A (250 x 4.6mm) column from Chiral Technologies Europe (Strasbourg,
France). A HPLC (UV detector VARIANrand, 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 hgxapair2ol:
trifluoroacetic acid (90:10:0.1, v/v/v). The detection of ketorolac and their esters was pdrétratinm.
Conversions were estimated with their respective calibration curve2.(v).

Results and discussion

Esterasdipase activity of Carica papaya biocatalysts.

In a formerwork, it was demonstratethat latex and petioles forr@arica papayacontained the highest
esterasdipase 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 estdipase activity of the four biocatalyst using tributyrin
(TC4) and trioctanoin (TC8) as substrates is showiTdble 1 In most cases, the activity on both
substrates did not present significant differerinesomparison to a previous rep®{, 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 activty ; 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 amdseste

Table 1 Esterasdipase activity in Carica papaya biocatalysts.

Biocatalysts TC4 activity TC8 activity TC8/TC4M™®
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: TrioctanoirC8/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 summarizedTable 2 The meat of the biocatalysts reached the maximum conversions when
iso-octane was used as reaction solvent, similar to other reports for the synthesis of NSAIO43sters
Only TLL and Candida rugosdipase (CRL) reached the highest conversion in hexane (33 and 93%,
respectively). In the case @arica papayabiocatalysts, the highest conversion was reached with LL
(86%) at 48h, thigesult is promissory because is only 7% smaller than the conversion obtained with
Candida antarcticdipase B (CALB). Besides, the four biocatalysts were able to perform the synthesis in
at least one hydrophilic solvent like-idopropyl ether, dichloromeane andt-butanol, where many
enzymatic reactions are complg2]. 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 ctetgdy 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 syabesrs
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nevertheless, further studies are needed in order to confirm this hypothesis. Under the studied conditions,
Carica papayabiocatalysts yields were similar or higher than those reported for ibuprofen and ketoprofen
esters synthesis using microdighses (15 and 36% conversigh}].

Finally, the R, S octyl ketorolac (OK) synthesis was assayed with allGhdca papayabiocatalysts in
iso-octane. Surprisingly, only LL (60%, 48h) aB&® (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 @atica papayabiocatalysts may have défent
esterase/lipase activities with different selectivities. Hence, in this work we demonstrat&hribat
papayabiocatalysts 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.
Converson (Mole %

Solvent LL(48h) TLL(12h) TLP(72h) BP(96h) CALB(4h) CRL(24h)
Iso-octare 85.7 26.3 14.1 23.9 93 50
Hexane 47.7 32.8 11.0 19.2 83 93
Toluene 582 32.9 7.1 5.9 81 48
Di-isopropy! ether 32.8 23.3 6.3 66
Dichloromehare 4,5 7.8 4.2 52
t- butanol 5.9 7.8 89

---: Conversion was not detected
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Introduction

Sucroseor tabk sugar is obtained from sugar egii). L 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; #msegenzymes are sucrase
Uglucosidase, sucrases o ma | t afsuetofuranosidased (invertase). These enzymes are
located in the brush border small intestine. When these enzymes are not secreted sucrose
intolerance is produced \2Sucrase deficiency pduces arncrease ofliseccharides inntestine,
causing diarrhea nausea, abdominal distention, flatulence, malabsorption syndromes,
malnutrition, and also can cause infantile hypercalcgied). Medical recommendations are
commonly related teeliminaie sucrose intake of the di€t) or oral administration of these
enzymeslnvertase, as most of the enzymissa fragile molecule sensible thanges inonic
strengh, temperature and pk#). Considering pH variations on digestive system, invertase
stablity is needed, which can be achieved througimobilization technology (5). Many
investigations have been focused on sheport for invertase immobilization; among them are
PVA, polyacrilamide, chitosan and cellulose (6). In general, immobilizationiaaatsuch 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), &mhtagofiber usednormally as a dietary

fiber supplement (8), were chosen as a earof invertasan 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 storagtability, and influence of pH on enzyme activity.

Materials and Methods

Plantago psylliumand prickly pear peel where used as supports for invertase immaobilization. Commercial
invertase (E 3.2.1.26, Sigma Cwas applied. For covalent immobilization0.01 g of both fibers (with
particle size of 300 um were oxidid with 0.15 M periodate at 30°C under agitation for 1 h in dark
conditions (9). Treated fibers were wasltetimes with 2 ml of water and themcubated at 4°C with2

ml of invertase solutin prepared in acetate buffer, pH 4.52@eg mi* during different incubation times

(0, 0.6, 1, 2, and 3)hAfter incubation, the fibers were washed 2 times &2hml of TrisHCI buffer (50

mM, pH 7). These washing wastesid residual enzyme solution were collected to be used for protein
detecton. Enzyme preparations were stored in acdiaféer (50 mM, pH 4.5) a#i°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 protgiie@po the support and the amount of protein
recovered in the supernatants and washifige content of protein in solution was determined by
Bradford method (10) using BSA as standard.

Invertase activity was measured by dinitrosalicylic acid (DNS) ate#ipplied to determine the amount of
reducing sugars produced in sucrose hydrolysis (11).i@eational unit (IU) of activity was defined as

the amount of enzyme required to hydrolyzerol of sucrose per min at 37°C and pH.4%ee and
immobilizedinvertase activity evaluation was performed at different pi8)(and sucrose concentration
(0.050.35 M), after their préreatment at various temperatures-{@rC), after repeated use of the same



preparation, as well as during their storage at 4 °C hidieest value of enzyme activity in each assay was
considered as 100%.

Results anddiscussions

Invertase immobilization Results of monitoring of protein immobilized by different techniques on both
carriers are presented in the Figure 1. The higher iliination percentage at 88% @tantagofiber 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 .ghsutisie passes,
immobilization percentages decreasdueto enzyme desorptioril@). Mahmoud (13) reported invertase
immobilization yields around 80% using materials with high cellulose content. Covalently immobilized
invertase achieved the 85 % of bound protei3 & and 1 h folPlantagoand prickly pear peel fiber,
respectively (Fig 1).
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Fig. 1. Immobilization invertase kinetics dPlantago(left) and prickly pear peel (righf)bers through
adsorption (Ads) and covalent (Cov) binding.

In Plantagq higherenzymatic activities (3.88 1U/(g of support) and 4.1 1U/(g of suppargye detected

at3 hand 1 h, respectively for covalent and adsorption immobilizatibinese results are correlated with
immobilization percentages (Fig Xpn the other hand, iprickly 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 parameter& {and Vo) of enzymatic proess, the effect of
sucrose concentration of free and immobilized invertase activities were studied. Kinetic parameters were
estimatedfrom LineweaverBurk plots (Fig. 2) The apparenparameters,, and V. for free invertase
were 1.002 M y 0.04 M mih respectively; foinvertasémmobilized by adsorptionroPlantagofiber, the
kinetic constants were 0.93 M y 0.032 M mjrand 0.45 M y 0.017 M mihin prickly pear peefiber,
respectively Decrease of i may be signified amcreaseof enzyme affinity ® substratan the case of
immobilization on prickly pear pediber. Processes catalyzed bywértase immobilized covalently in
Plantagofiber and inprickly pear peefiber were characterized by kinetic parameters: 17.14 MOadl

M min™, as well as B9 M and0.058 M mir', respectivelyK, values of covalently bound enzyme were
higher than for free invertase: structural changes producdwy the immobilizationled to decrease of
enzyme affinity to substratd).

Effect of pH on invertase activityThe pH effect on the activity of free and immobilized invertase
preparations was studied in pH betweeB.1in both supportgor invertase immobilization by adsorption,
the pH range with greater actiyitvas extended from 2 to 7 (Fig. I'hus, the invertasenmobilized by
adsorption displaad a wider range of optimum plthan free and covalefy immobilized forms.
Mahmoud (13)presented similar resulfsr invertase immobilied by adsorption on sawdystxtending

16C



higher enzymatic activity in a range of 3.65.6. Covalent immobilization of invertase and invertase in
free form showed greater activity at pH 4.5 anceSpectively
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Fig. 2 Lineweaveii Burk plots forfreeenzyme( &invertase immobilized oRlantago( T ) ompricily
pear [pfibeeslLeft(- gmmobilizationby adsorption right,- covalent immobilization
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Fig. 3 Effect of pH on relative activity of free (F) and immobilized by adsorption (Ads) and covalently
(Cov) on prickly pear peel (left) aRlantago(right) fibers

Thermal gability of free and immobilized invertas@ hermal 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 (5%M, pH 4.5) for 180min. The behavior of free and immobilized
enzyme was similar in all studied cases (Fig. 4 and Fig. 5): inventaserved its activity be®en 90 and

100 % at 37 and 50°Qyhereas 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.
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Fig. 4 Thermostability of free invertase (L), and invertase immobilized covalentBiantago(P) and
prickly pear peel (T) fibers.
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Fig. 5 Thermastability of free invertase (L), and invertase immobilized by adsorpti®aintago(P) and
prickly pear peel (T) fibers.

Reusing of immobilized invertaseThe activityof immobilized invertase was tested sydying of its
ability to hydrolyze sucrosi 15 cycles of reuse (Fig 6). Enzyme immobilized by adsorption on prickly
pear peel fiber lost its activity since the second cycle, whereas invertase immobiliRéhtagofiber
decreased its activity to 5% in the™&ycle. Covalently immobilized egme maintained 30% and 50%
of its activity on prickly pear peel fiber aflantagofiber, respectively, after 15 cycles of its application.

120 o
100 <
80
60 A
L
20

Relative activity (%)

0

Numberof cycles
Fig 6. Activity of invertase immobilized irPlantago (P) and prickly pear peel (T) fibers by covalent
binding (Coy 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 througlthe time. The storage stabilitie$ free enzymeandinvertaseimmobilized on Plantago

and prickl pear peel fiber are showed in FigFfee and immobilized invertapeeparationsvere kept in
acetate buffer (56nM, pH 4.5) & 4°C. Free enzyme lost 52%f activity within 30 days. On the other
hand, invertase immobilized by satption lost its activitysimilarly to the free enzymdFig. 7, left)
Covalently mmobilized enzyme lost 6% during the same storage pdiagl 7, right) Covalent
immobilization increasestorage stability of the enzynpeobably due to fixing of its adormation(6).
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Figure 7 Storage stability of free (Lgnzymeandinvertasemmobilizedon Plantago(P) and prickly pear
peel (Tfibers Right, - covalent immobilization and leftimmobilization by adsorption.
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Conclusion

The obtained results demstrate various advantage of invertase immobilization on prickly pear peel and
Plantagofibers, 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, studiiral 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 dedhies. |
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 adaigpratory strain
indentified asAspergillus nigerthreedifferent 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): sucroseMnSQ, 0.1, MgSQ 0.5, Fe(S0y), 0.1,KCI 0.5, yeast
extract 2;and B (g/L): glucose 5, starch BInSQ, 0.1, MgSQ 0.5, Fe(SQy), 0.1, KCI 0.5, CaGl 0.5,
NH4NO; 2) were tested. FermentationsH 6.5, 60% moisture at 30°@)ere carried outor 12 days in 15
mL tubes containing 2.5 g of solidulture 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 Aspergillus nigerand Aspergillus terres. The
fermentations fH 6.5, 60% moisture at 30°C) were monitored &rdays. 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 actieft§.91+0.25 U/gdm (gram of dry matter) at 192h
of fermentation. The other wheat bran pretreatments as well as culture nealiaoB present significant
phytase activity. Maximum phytase activity reached using column reactors wei@.74.2J/gdm at 96h
of culturefor Aspergillus nigerand0.49t0.005 U/gdm at 96h faAspergillus terreusThe 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 religggalts. 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 reaearch ¢
be used to find the best phytase producing strain for future experiments.

(Keywords: Phytase, Solid State Fermentation, Wheat Bran.)

Introduction

Phytic acid (myeinositolhexaphosphate) is a polyanionic chelating factor that form complexes with
divalent cations of great nutritional importance {GCavig?*, zr**, C#*, F€* y Mn*") [1-3], as well as
protein and amino acidg]. Phytic acid is an energy source and phosphorus store commonly found in
cereals, legumes and oilsed8s/], these raw materials are used fomaal feed production. Monogastric
animals have a low content of phytate degrading enzy8i8k therefore their nutrition is altered due to
the decrease of available nutrients in food.

Enzymes that hydrolyze phygtiacid are called phytases, which are a type of hydrolases from the
phosphatases family, which posses phosphomonoesterase d@&jyithey are capable of hydrolyze
phytic acid producing orthophosphate releasing 4mgsitol and a minor conceation of partial
hydrolyzed phosphate estéis 2, 4, 79]. Phytases can be classified in order to their regioselectivity in 3
(from microbial) and 6 (from plants) phytases, pH optima (alkaline or acid phytasdsgatalytic
mechanisms (histidine acid phosphataseproeller phytase, cysteine phosphatases or purple acid
phosphatase$)0, 11]
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The industrial demand for phytases with high specific activity and stability undar teimperature
conditions for feed pellet production and under acidic conditions in the stomach of monayzstets
continues to stimulate the search for new enzyme so[k2gsPhytases are found naturally in plants and
microorganisms, @rticularly fungi. Most of scientific work has been focuseddspergillusspp. phytases

due to their biochemical properties foukspergillus nigerPhyA was the first well characterized and
commercialized phytase, with two optimal pH at 2.5 and%%)an optimal temperature ati5&°C, and

high affinity for phytic acid13]. Aspergillus fumigatuphytase shares a 66% sequence similarity #ith

niger PhyA phytase, but displays better thermotolerghdg

Filamentous fungi require phosphorus to carry out oxidative phosphorylation, where the energy is
obtained in NADH FADH, 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 producti¢h6].

An alternative for phytase production is solid state fermentation (8SHjers several advantages over
submerged fermentation (SmF), as hiperglycosylated proteins, making them more stable, higher yields and
productivities [1618].

Wheat bran is one of the agroindustrial residues most used in phytase production by SStHheiukigh

phytic acid concentration {2%) compared to other residufi$]. 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 hydrolysj&7].

In the present study, Filamentous fungi (164) belonging to CIATEJ collection, isolated from different
agroindustrial wastes and unconventional environments (mescal, cocoa fermgotiten 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 methaihg 15 mL tubes fermentation system was performed to
assay different fermentation cdtidns at the same time, obtaining rapid and reliable reslilsee
different pretreatments for wheat bran and two different impregnation media where studied. Phyatse
production was studied by solid state fermentation using two laboratory stsesgilus niger and
Aspergillus terreus

Methods and materials

Microorganisms and Inoculum Preparation

Aspergillus nigerand Aspergillus terreusselected from the CIATEJ collection, were identified by
molecular techniques. These strains were cultivated indiumeusing wheat bran as substrate, for 5 days

at 30°C. Spores were collected with mL of sterile distilled water containing 0.01% Tw«3h

Inductor Substrat&Support Preparation

Wheat bran was used as substmatpport for solid fermentation, with #e different pretreatments;

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 usé@d(g/L): sucrose 5MnSQ, 0.1, MgSQ 0.5, Fe(SQy), 0.1,

KCI 0.5, yeast extract Znd B (g/L): glucose 5, starchl@nSQ, 0.1, MgSQ 0.5, Fe,(SQy), 0.1, KCI 0.5,

CaCl 0.5, NH,NO; 2), these media are commonly usedghbytase 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 correspondigpregnation media, cultures were incubated12 days apH 6.5,

60% moisture ad 30°G an inoculum 0f3X10’ 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) Twed&0 at the fermented solids. The mixture wsasken at 200

rpm for 1 h at room temperature. Solid fermented was centrifuged at 5,08@r@® 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 iotednanit of phytase was
defined as the amount of enzyme required for releasiagndl 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 pipriadection

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 favoretiypase production (Figure-A). In these conditiong\spergillus

niger, known as a phytase producezached 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 mddiad presensignificant

phytase activity. Although these results were lower than the results found by Gunashree[4R008)
reporting 66 U/gdmn SFF with acollection strainAspergillus nigerfCFR33%. 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.
A s
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Figure 1. Aspergillus nigeffermentation using the three different pretreatits: 1 (- ); wheat bran without wash
and autoclaved, Z -+ ); wheat bran washed and autoclaved, an(~* ); wheat bran without wash and UV
exposed for 2hand thewo impregnation mediad) 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 scdl&8]. Maximum phytase activity reached using column reactors were0 4P

U/gdm at 96 h of culturéor Aspergillus nigerand 0.49t0.005 U/gdm at 96 h foAspergillus terreus
(Figure 2). Compared to phytase activity obtained5 mL tubes, foAspergillus nigeractivity was 2

fold higher and was reached in a shorter time.
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Figure 2. Phytse production in column reactday Aspergillus niger( =*= ) and Aspergillus terreug ) using
wheat bran as substradepport and impregnatianedia A.



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 wditebran 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 foefytaranents.
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Introduction

Enzyme use is growingp in different areas (food, pharmaceutical, etc.)ci§pelly, 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 processingra one of the most important areas of use for proteases, being papain and bromelain the
most useful in this fieldKaratasinais a proteolytic enzyme containedBnomelia karataguice, and was
discovered, described and studied for the first time eveerizymology group of the Biotic Products
Center (CEPROBIPN). 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 (Bri@tesl, 2001).Karatasina
recovery fromB. karatasjuice has been reported. In those works used separation strategies like:
ammonium sulfate precipitation, twahase extraction, chromatography, etc., being a common factor the
low values of purification factor achieved (Zufiiga, 2010).

Bruno etal (2003), obtainedhieronimy | protease extracted from fruits @romelia hieronymi.
Purification consisted of fractionating with acetone and cation exchange chromatography-on CM
sepharose. The homogeneity of the enzyme was confirmed by isoelectrilmdgoansl SDSPAGE,
resulting in a pl > 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 jiee of B. hieronymi.They used anion exchange chromatography en Q
sepharose, followed by cation exchange chromatography ese@farose but with anion exchange
chromatography on Sgepharose, they calléderonimy Il

Zudiga (2010) apply the ammonium sl precipitation at different concentrations in combination with
biphasic aqueous extraction (PE@monium sulfate at different concentrations ratios) to purify
karatasinafrom B. katarasguice, obtaining a purification factor of 2.54 for better sepanationditions.

Materials and methods

Experiment design

Experiment design was a factorid| 8vo factors (pH and lonic 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 NacCl).

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. Absorbasaeading were performed at a 595 nm and data were correlated
with a BSA standard curve (concentration between 0.1 to 1-Gi.

Proteolytic activity quantification
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Protease production was quantified by assessing proteolytic activity of the enzyige<usitzLowry

method and a mathematical model that related optical density as a function of tyrosine concentration.
Mathematical model used was: Y = 0.000X.026 (R = 0.995).

Ultrafiltration Experiments

Ultrafiltration test were conducted in a deami €ell (Amicon 8200) with volume of 180 mL. Regenerated
cellulose membrane (31.67 &mvas 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 1
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 selectiwty &énd purification factorR).

Permeate flux determination

As show in Figure 1, flux meassments 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 stirringCaarzb
transmembrane pressure of 12 psi applied with compressed nitrogen.

Celda de

i ultrafiltraciéon
Nitrogeno B Procesamiento de datos

comprimido con programas
Windwedge 32 y
Sigma Plot 2001 v7
Permeado

g’—\L ----- JE Adquisicion de datos

Ralansa con tarjeta SW32

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 mede 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 dosaned 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 detemine 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 mthefenzymatic 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 assess#tg parameters such as selectivity and purification factor
(Van Reis and Zydney, 2007). Selectivi¥)(is a dimensionless value defined by:

Y:i and Sx:aCfO
82 g S =
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where $ and $ are separation coefficients observeddontaminant proteins and hemispherycin
respectively, and € and G are specific concentration in filtrate and feed respectively.
Purification factor P) for hemispherycin in retentate is defined as:

where V is work volume, Cand G are concentration of contaminant proteins and hemispherycin
respectively, and susxcripts | and F correspond to beginning and ending respectively.

Resultsand discussion

Selectivity (Y), purification factor (P) and permeate flux at steady stajg @htained at evaluated
conditions. In these we can see that under the conditions tested, there is no significant effect of pH and
ionic strength on th& values, that is, separation capacity according to the proteolytic activity remains
constant. This couldebbecause 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 betiveartentate 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 steadgtate flux (dg). With repect to P values, presence of NaCl generally has a negative effect,
obtaining the best values of P in absence of NaCl for all pH védsesd. On the other hand, increase of
ionic strength generally affects positively thgvhalues.

Table 1: Selectivty values (Y) Purification factor (P) and permeate fluxsdJobtained in the
ultrafiltration of the extract ofB. hemisphaericao partially purify the hemispherycin at different
conditions of pH and ionic strength.

pH lonic strengtfmM NacCl]
0 50 200

aF] 0.981 | 0.998 | 1.001

3.5 | P[timeg 1.560 | 1.024 | 0.948
Jss[l-m*-hr'] | 3.123 | 5.131 | 5.482
aF] 0.989 | 0.994 | 1.000

5.45| P[timeg 1.356 | 1.227 | 0.975
Jss[l-m“-hr'] | 5.002 | 4.194 | 6.779
af 0.998 | 1.003 | 0.998

9 | P[timed 1.092 | 0.851 | 1.140
JssL-m“-hr'] | 6.318 | 6.563 | 6.866

Table 2 shows results of process resistances: Mechanj¢s {®al [Rr) of polarization layer (B and
adsorbed protein (. As can be observe, amount of adsorbed protein is minimal becausedRR,

values have a same nmmde 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.- Valuesof process resistance: Mechanical,JRTotal (R;), polarization (R) and adsorption
(Ra) obtained in the ultrafiltration of the extract Bf hemisphaeric#éo partially purify of hemispherycin
at different conditions of pH and ionic strength.
lonic StrengtimM NacCl]

Conclusions

pH

0

50

200

3.5

Rwm

1.35E+08

2.41E+08

2.41E+08

Rr

2.78E+10

3.20E+10

1.03E+11

Ra

1.47E+08

2.48E+08

2.60E+08

Re

2.75E+10

3.15E+10

1.03E+11

5.45

Rwm

2.81E+08

2.41E+08

2.41E+08

Rr

5.30E+10

2.33E40

3.12E+10

Ra

3.46E+08

2.64E+08

2.72E+08

Re

5.24E+10

2.28E+10

3.07E+10

Rw

2.81E+08

2.41E+08

2.41E+08

Rr

1.71E+10

1.60E+10

2.17E+10

Ra

3.01E+08

2.49E+08

2.60E+08

Re

1.65E+10

1.55E+10

2.12E+10

Changes in pH annic 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 concémtraif 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 FermentatiorH}S& 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) technioyte for p

acid extraction andHauglLantzsch (1983) for phytic acid quantification were implementBatee

different acids were assayed for phytic acid extraction (3% HCI, 53®@tHand 10% trichloroacetic acid)

using 1:20 (w/v) ratio for 1 h at 30°C. The aslibwing 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) wereStdisted

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 indentifiedAgpergillus niger Only, three agroindustrial residues

(corn husk, cottonseed meal and wha@in) showed a considerable phytic acid content (approximately
0.5%) using 3% HCI for extraction. The best conditions for extracting phytic acid were: 0.2M of HCI,
25°C and 1:20 ratio for the three agroindustrial residues, finding 0.57 %, 0.45 % andd&f.pRyic 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 fermation 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 qudittificaethodology 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) (myednositol hexaphosphoric acid, IP6) is the most abundant phosphorus storage form

in seeds, legumes and cereals, it may account for more th@@%6®f the total phosphorus (B)]. 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
structureg2]. 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 usingreals, 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 addgrading 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 aciddegrading enzymes are added, known as phytases

Phytases are hydrolases from phosphatases family with phosphomonoesterase[4ictizéyable 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) phytaseld.0]. Microbial phytases are used for commercial applications, obtained generally
from fungus due to their biochemical properties. Fungal phytases can be produced bsgtatelid
fermentation (SSF) due to its potential compared to submerged fermentation (SmF), obtaining less
contamination, cheaper process, using agroindustrial residues as stdngtpate{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 usedlasers.

Anal ytical determination of phytate |l evels in fe
methods for photometrical determination of phytate are based on indirect measurements (inositol
phosphate) or establishment of stoichiometaito between phytate and some cations easy to determine
with a direct tool. Several methods have been published for phytate quantification. Most dBaintbet, (

1959) with acidic extraction carried out with HCI,,30y, or trichloroacetic acid with diffrent
concentrations and extraction times, followed by precipitation wiffi [E&]. Unprecipitated ferric ions

are determined by spectrophotometry. The difference between initial and remaining ferric ion
concentration is then used to calculate phytate concentration. Acid extriacficeferable, because raw
materials such as wheat might contain high levels of endogenous phytase, which could degrade phytate if
allowed. A weltknown photometrical phytate method is the protocol developed by Haug and Lantzsch
thatu s e s-bipgridi@eNyjs a complexing chromogenic agent to quantify ferric[i®B]s

In the present study phytic acid extracts were obtained from agroindustrial resigiares:bagasse (AB),
sugarcane bagasse (SB), coffe husk (CFH), cosk f@H), cottonseed meal (CM), wheat straw (WS) and
wheat bran (WB). ie HaugLantzsch modified method was used for quantificat®unbsequently 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 Bartlefl 21959)

20 mL ofdiluted acid (3% HCI, 5% 80, and10% trichloroacetic acid) were addedaioe gram of raw
material (dry) and incubatefdr 1 h at 30°C and 200 rpr@upernatant was recovered by centrifugation
(4000 rpm, 15 min) and used for phytic acid quantification.

The acid showing the best extractimesults 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 guantification

Phytic acid quantification was implemented according to Hiaagtzsch (1983) with modificatiorid 3].

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 i®d 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
wer e added -bipyridife salution @g 2:Mipyridine plus 1 mL of thioglycolic ad¢ 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 aeidgfll) as standard.

Solid State Fermentation

Aspergillus niger a strain indentifiedoy molecular techniques in our laboratory, was cultivated in a
medium using wheat bran as substrate for 5 days at 30°C. Spores were collecte@ mithof sterile
distilled water containing 0.01% Twe@&d. Polyurethane was used as inert support, 0.8 g meistened

with 0.12 mL ofimpregnation medigphytic acid extract, mineral salt solutiof@/L): sucrose 5MnSQO,
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0.1, MgSQ 0.5, Fe(SQy), 0.1, KCI 0.5, yeast extract 2) and inoculum (3X4Pores/gDM). Fermentation

was carried out in column reactors &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) TweeB0, and shaken at 200 rpm for 1 h at room temperature. Fermelideaas

then centrifuged at 5,000rpior 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 emag required for releasing emol of inorganic phosphorus per minute at

37°C temperature and pH 5. Enzyme vyield was expressed as U/gDM (gram dry matter).

Results

Phytic acid content

Corn husk, cottonseed meal and wheat bran showed a considerable phlytordaent (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 HCI. In the other hand, whk®@ytdnd trichloroacetic acid were

used, low phytic acigxtraction was achieved. This result differs from those of Hatzack (20D8hat

found thrichloroacetic acid as the best acid for phytic acid extrackurther studies to improve phytic

acid extraction were carried out. The best conditions for extracting phytic acid were: 0.2M of HCI, 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 viakl Ipeater than that
reported previously (58.39 mg PA/gM) by Hatzack (20[a8) Proposed modifications to Bartl¢fit959)

[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) forhytic acid extractionn agroindustrial residueg&xtractions were carried out
with 0.2M of HCl at 23C, for 1 hour at 200rpm. Wheygy  is 1:20 ratie;  is 1:10 rgtio;  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 bixtract 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 reachedfeldshigher than the
obtained 6r Rios (2008)14] (0.06 U/gDM) in SSF with a collection strain Aspergillus ficuunDSM

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 repressaseyproductiofil5]. However the phytase activity in this

study was lower compared to phytase activity reported by Gunashree (2008)cdbedion strain of
Aspergillus nigerCFR335(66 U/gDM) [6]. The higher activity is probably due to the diffint 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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Conclusion

It was possible to improve a phytic acid extraction and quantification methodology to be used in
agroindustrial resiues. 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 untder certa
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, plantddamnimals [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, detetrish, 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. Thimper aims to select, characterize and produce lipaseAspergillusniger

by submerged fermentation.

Materials and methods

The microorganisms used for this study were 12', HSF 14', 7A1 and 1&spefgillusnigesstrainsfrom a
microbial strain colledon (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% wi/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): 12MNapHKHPO, 2, MgSQ.7 H,O 0.3,

CaCl, 0.25,sucrose (2%) as carbon source, and2 % of olive oil (in suspension with Span 80), as inductor
and carbon source. The initigHpvas adjusted to 6. The inoculum was applied at 1%sf6res/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 fam.5The obtained
supernatants were considered as crude lipaseextracts and were stored at 4 °C. Forenzyme concentration
Amicon ® Ultra tubest with 50 and 30 kDa membranes were used, considering thatthe enzyme
molecular weight is approximately 35 kDa. Thiébds were centrifuged at 3000 rpm for 15 min in a
refrigerated centrifuge at 4°C. Enzymatic activity was evaluated in all obtained fractions.

Characterization of lipase obtained byAspergillusnigesubmerged fermentation

Lipase activity was determined usitige method of hydrolysis gf-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®@8 & 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 esgosthe 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 measurednd the residual activity was determined.

Results and discussion

Figure 1 presents evidence of results obtained for lpesgucing capacity evaluation by four
Aspergillusnigestrains. Fluorescence was observed in all strains after 48 h of incubatisnisTéi
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 evidemtthe strains identified as 12 'and HSF 14"

o ——

Figure 1.Fungal growth on potato dextrose agar/rhnodamine Bmedium,supplemented witholive oil as inductor and
carbon source. Orange fluorescent halos revealed by UV light irradiation were detected in alastfairere more

intense in the case of strains identified as HSF 14 'and 12'.

Lipase production by theAspergillusniger strain for submerged fermentation

Four strains ofAspergillusniger(12”, HSF 14", 7A1, 17.1)were evaluated on their ability to predhe
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 |U/ml, for strains 12' and HSF
14" at after 48 h obtained 16.R8/ml and 16.83 IU / ml, respectively, andfor strain 7A1 reached 14.83
IU/ml after 36 h of growth (Figure 2).
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Figure 2. Production of lipase from foArnigerstrains in submerged fermentation using sucrose as source
carbon and olive oil as inducer at Z5 and 120 rpm for 60 hours
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Lipase activity levels detected in submerged fermentation assay on present study were significantly
superior than reported by other authors for several straidsmifjef2, 6, 7]. The higher level of enzyme
activity could beexplained 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 system.

Therefore, it can be concluded that the 4 strain®\.ohiger 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 actyi (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 corresjeal 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 differentAspergillusstrains is near 35 kDa [1, 3].

A summary of the purification procedure wdswn in Table 1. Thedetected lipase in the supernatant
fraction of the 50 kDamembrane,was purified ¥éltl with 63.79% recovery; and the detected lipase in

the precipitate fraction of the 30 kDa membrane, was purifiedfdl@%nd 76.73% recovery.

Tale 1Purification of a lipase fromAspergillusniger

Step Total protein| Total activity | Specificactivity Purification Yield(%)
(mg/ml) (Ul/ml) (Ul/mg) factor (fold)
Crudeenzyme 0.02888 33.09 0.21 1 100
Supernatant of 50  0.01613 21.11 0.34 1.619047619 | 63.79570867
kDa
Precipitate of 30 0.00995 25.39 0.44 2.095238095 | 76.73012995
kDa

Figure 3 (a) presents the results of pH effect on lipase activity. The highest enzyme activity was detected
at pH 78. Thus, the optimum pH for lipase of studikdnigeris sinilar to the reported for lipase from
Aspergillusfumigatufd,9], AeromonaandBacillussp [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 t@mperatures. The optimum temperature (60 ° C)

was similar to reported for lipase frofnige11, 12].
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Figure 3. Influence of the pH (a) and temperature (b) on the activity of lipase produsspédrgillusnigeHSF 14".
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Figure 4 (a), shows the prdilfor 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 activitpghecte 58% approximately in 4
hours. Both the profile of stability against the pH of lipas@.afigeras the temperature were very similar

to those reported for other lipases of fungal origin[12].
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Figure 4. Stability of lipase d&. nigeHSF 4' (a) at optimum pH and (b) at optimum temperature.
Conclusions

All Aspergillusnigestrains previously isolated from the semaisert of Coahuila, Mexico, were able to
produce lipase in plate with medium, as well as in submerged fermentation. Due dst leghyme
activity, the strain dkspergillusniger,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 approximgtéfhe optimum pH and temperature doesn’t affect the enzyme
stability. The strairAspergillusnigeHSF 14 may be consider as new source of thermostable enzyme.

References

1. Coca J.,Hernandez O., Berrio R.,Martinez S., Diaz E., Dustet J.C. @@@iLiccion ycaracterizacion
de las lipasas d&spergillus nigeyAspergillus fumigatusBiotecno.Aplicada, 8 (4): 21820

2. Schmid R.D., Verger R. (1998). Lipases: Interfacial enzymes with attractive applications.
AngewChemint Ed., 37: 16683.

3. Sharma R., Chisti Y., &erjee U.C. (2001) Production, purification, characterization, and
applications of lipase®&iotechnol. Adv 19: 627662.

4. Savitha J., Srividya S. Jagat R., Payal P., Priyanki S., Rashmi G.W, Roshini K.T., Shantala Y.M
(2007) Identification of potential figal strains for the production of inducible, extracellular and
alkalophilic lipase. African J. of Biotech. 6(5): 5688.

5. Kouker G., Jaeger KL..(1987) Specific and sensitive plate assay for bacterial lipases. Appl.
Enviromen. Microbiol., 53 (1): 21213.

6. Rifaat H.M., E}Mahalawy E.M., Hassan A.E., Donia S.A (2010) Production, optimization and partial
purification of lipase from FusariumoxysporudmAppl. Sci. Envirom.Saniti5,(1): 3953.

7. Kantak J.B., Bagade A.V., Mahajan S.A., Pawar S.P, Shouche 2080)(Isolation, identification
and optimization of a new extracellular lipase producing strain Rhizopusp.
Appl.Biochem.Biotech., 164:96978.

184



10.

11.

12.

Shangguan dl., Liu Y-Q.,Wang FW., Zhao J., Fan 4Q., Li S-X. (2011) Expression and
Characterization ofa Novel Lipase fromAspergillusfumigatuswith High Specific Activity.
ApplBiochem.Biotech., 165:94962.

Charoenpanich J., Suktanarag S., Toobucha N. (2011) Production of a thermostable lipase by
Aeromonasp. EBB1 isolated from marine sludge in Angsildhailand ScienceAsia 37 (2011): 105
114.

Mukesh D.J., Rejitha R., Devika S., Balakumaran M.D., Kalaichelvan P.T (2012) Production,
optimization and purification of lipase froBacillus sp. MPTK 912 isolated from oil mill effluent.
Advan.Appl. Sci. Res., @):930938

Adham N.Z., Ahmed E.M. (200%xtracellular lipase oAspergillusnigeNRRL3; production,partial
purification and propertiesndian J Microbiol., 49:7i783.

Falony G., Coca J., Dustet Mendoza J.C., Martinez J.L (2006) Production of Extrad¢efiate from
Aspergillus nigeby SolidState Fermentatiofr-ood Technol. Biotechnol., 42): 235 240.

18t



18¢€



TOPIC: Food Enzymology FE-22

Study On Thelnteraction Site Of dxLactoglobulin Dimer And El ectrophilic Molecules
Del MoratRamirez, E:", DominguezRamirez, J. |2, GarciaGaribay, J. M and Jiménefuzman, J.

'Departamento de Ciencias de la Alimentacldniversidad Autbnoma Metropolitana, Lerma. Av.
Hidalgo Poniente No. 46 Col. La Estacién, C. P. 52006, Lerma de Villada, Edo. De México, México.
’Departamento de Ciencias de la Salud, Universidad Auténoma Metropolitana, Lerma. Av. Hidalgo
Poniente No. 46 Col. La Estacion, C. P. 52006, Lerma de Villada, Edo. De México, México.
"E-mail: e.moral@correo.ler.uam.mx

Introduction

Bovineb-lactoglobulin b-lg) is the major whey protein, composing up to 50% of whey proteins and 12%
of whole cow milk proteins (1,2). Eadi+lg monomer consists of 162 amino acids with a mass of
approximately 18.3 kDa. The secondary structutle-lgfis composé of eight up and down antiparalle
strands that form a calyx (3) followed by a thtem a-helix and ending with a-strand (4). Although its
biological function is uncertain {8), b-Ig has been the subject of numerous studies because of its
abundanceease of purification and ability to bind small hydrophobic ligands, such as fatty acids, retinol
and peptides (7,102).

Many studies have attempted to establish the ligmnding site ofb-lg (7), and despite remaining
uncertainty, two potential bindinsites have been postulated for small hydrophobic molecules: one inside
the calyx and the other at the outer surface of the protein betweenhislex and theb-barrel (3,13).
Recent studies have shown that in addition to binding small polar angoteorigands,b-lactoglobulin

can also bind tKluyveromyceslactisgalactosidase (Ki-gal), increasing its activity (14,15). It has
recently been reported that the interaction between these proteins is likely to occur throughdgsime
groups ofb-Ig, and studies using molecular docking of the monomer and succinic anhydride as a model
ligand for the protein showed that the interactions betveén and Klb-gal may occur specifically
through Lys 3 15).

The oligomeric association and dissociation belragid-Ig has been widely studied through different
experimental technigues. Bovibelgoligomeric states change as a function of pH, a phenomenon known
as Tandford transitions (16).t Aoom 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 form@)l@t appr oxi mately pH 6. 8 p-lgexisisasta i s
dimer (16).

It has been determined that the iatdions ofb-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 Kh-gal, suggesting that the interactions should occur through an expaged 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, idyiegists as a
dimer; therefore, this work ail to compare the probable interaction sites of the dimer with the
interaction site previously reported for the monomer (15). The molecular docking loflabglobulin

dimer with lactose and succinic anhydride was performed to determine the probdbig bite of theb-
lactoglobulin dimer withK. lactid-galactosidase.

Methods and Materials
ThreeDimensional Modeling
A threedi mensi onal -cdB9bulinbdmer madel was built with PyMOL software

t

(DeLanoScientific, 2009) using the-pdy diffract i on coor di n-adtoglebulirotficine b o v i

n



crystal grown at pH 6.5 and at 1.8 A resolution in the Protein Data Bank (PDB) database (PDB ID: 1BEB)
(7).

Molecular Docking

Blind docking was performed to estimate the binding energies betweerf all tlhdémerbamino acid
residues and lactose or succinic anhydride using AutoDock 3.05 software (The Scripps Research Institute,
2006). The runs were submitted at 25°C and clustered at a range of RMSD of 5 A. The 3D models for
lactose and succinic hydride were constructed at the Dundee PRODRG2 Server site
(http://davapcl.bioch.dundee.ac.uk/programs/prydrg/

Results and Discussion

A 3D model of theb-Ig dimer was built to study the eagure and the possible steric hindrance of the
different lysines in the molecule during interactions with lactose, succinic anhydride and/or another
protein (Figure 1). Potentidd-Ig binding sites for small hydrophobic molecules have been studied and
havebeen shown to be located in highly hydrophobic regions of the mondm&0), 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 chargeceoudes appears to be nonspecific J.,,2ysinee-

amino groups are some of the most exposed and reactive resitiules with Lys*’ and Lys® being the

most exposed2@). It has also been reported that the lactolatioln-lof occurs through lysine, specifically

Lys*’ (23,24.

J jOuter

/ surfatp\\\

Figure 1.The dimer dfovineb-lactoglobulin showmg potential hydrophobic binding sites (calyx and outer surface)
and reactive lysines.

Although the function ob-lg has not been well established, its probable function as a transporter protein
has led to many studies focusmuldetermining the binding siteslodlg for different ligands. Most ligand

protein interaction studies have been performed under conditions involving the dimeric didtg of
however, the techniques for determining the lighimtling sites require theéigestion ofb-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 dodkg 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 g dimer (Figure 2) showed that L\fsand Lys** were the

amino acids with the most favorable interaction energy at pH 7.0 (FD@=kcal mof) and thus the

most probable residues to interact with lactose. Because a high variation in binding sites has been found, it
was recently proposetidt ligand exchange among different siteb-4d might occur in solution and that
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Lys™® and Lys** 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, Ly5® &nd Lys* had the same docking energy, but they corresponded to different monomers
(Figure 2). This result suggests that the dimeric stakelgfis important for the interaction because both
residues are required. This result may also explain the ieariat binding sites found by other authors
when hydrolysates are used because upon hydrolysis, the ligand may remain in either monomer.

" 4

LACTOSE l

~

«,\
L\ |
141
Lys . !
L 4 L

Figure 2Molecular docking of lactose and the dimebefctoglobulin showing the interaction of lactose with
Lys** of oneb-lactoglobulin monomeréft) and Lys*® of the otheib-lactoglobulin monomerright).

Léonil et al. (23) reported for the first time a binding site for the lactolatidmtigf Binding occurring

only through lysines suggests the importancb-tife-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® and Lys*, lactose forms hydrogen bonds with other nearby expaseao

acids of both monomers. This binding may strengthen the interaction by approaching and stabilizing
lactose in a clavlike structure so that nucleophilic attack can occur. The stabilization of lactose can
explain experimental evidence of the strongl atable interactions found betwebAg and larger
proteins, such as Ki-gal, in whichb-lge-amino groups of exposed regions of the protein are involved
(14,15).

Figure 3. Molecular docking of succinic anhydride (SA) and the dimbrlaétoglobulin showing the interaction of
lactose withLys™** of oneb-lactoglobulin monomeréft) and Lys$* of the otheib-lactoglobulin monomerright).

To determine the region in which nucleophilic attack would occur irbtlgedimer, succinic anhydride
(SA) was used as a stronger electrophile for oaktudies. Similar to lactose, L'yand Lys** were the
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amino acids with the most favorable interaction energy at pH 7.0 (FDB=kcal mof) and thus the
most probable residues to interact with SA (Figure 3) via the same mechanism proposedsier ilacto
which the ligand is stabilized by a cldike structure forming hydrogen bonds with nearby amino acids.
Our results suggest that in addition to being a highly electrophilic regioh? Bf®neb-lg monomer and
Lys*** of the other monomer may be specific binding sites for electrophilic molecules.
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Introduction

Kl uy v er o mygalacwdidaséKt b-gal) ishby far the most important commercial lactase used in
the dairy industry. Several reports have established that the presence of some proteins in the reaction
medi um may af f e qal (1t2h divneasStuzmaniet &. (3pstudied the effect of whey

pr ot e igalsctivitynandbdemonstrated that the activitykidyveromyceslacti§-gal increased when

it was measured i nl acdteo golrigdmubbviceeser(mifalbuming thisefimdj iH
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 thddctoglobulin b-lg), the major whey protein in cow milk,
enhaces lactase activity up to 230% by binding tdo4ghal through lysinee-amino groups probably
involving Lysineé?® of b-lg(3, 4). It is well known thab-lg monomers can associate to form different
oligomeric structures and then dissociate into the memnsras a function of pH by the phenomenon
known as Trandford Transitions (5). It has been found by different experimental techniquésdabat a
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)4At pH 6.8, which is

c owb s nbilg ekistsmda dimer (5). It has been recently reportedtltgatiimmer can interact with
electrophilic molecules such as lactose and succinic anhydride and that the dimer formdiion of
lactoglobulin is necessary to strengthen these interactions thee participation of Lysiné® of one ofb-

lg monomers and Ly$' of the other. Since-lg interactions with Kb-gal occur througte-amino groups,

it is very likely that the region di-lg dimmer involved in the interaction with electrophilic moleculey ma

be the same involved in the interaction withikgal.

Although there is few information on Kl-gal structure, in 2005 TeHl8olis et al. (7) found by circular
dichroism that Klb-gal is mainly ab-type protein consisting of 22% turns, 14% paradiedheet 25%
antiparallelb-sheet, 34% unordered structure and only &Melix, they also showed that there is a
structureactivity relationship as a function of pH.

This work aimed to study the effect of pH on the interaction kbfactoglobulin with
Kluyveromycslactid-galactosidase and its effect on enzymatic activity since both, stracttiviy
relationship of Klb-gal and dimer formation dif-lg are pH dependent.

Methods and Materials

Enzyme Activity Measurement

The source of Kh-gal was a commercial enme preparation, Maxilact L5000, (Gist Brocades, Delft,

The Netherlands). All reactions were carried out at 37°C by dilution of 1:400 of MaxilaBO0¥ 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 Odd®b-Mitro-
phenytb-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 basiafitro-phenol(ONP)

release after mixing 0.2 mL of ONPG solution with 0.1 mL of emzysolution in 2.7 mL of phosphate

buffer at each pH value. The hydrolysis ratg 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 Inmol 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, &&tiaf8).

KLb-Gal activity of Maxilact LX5000 was also measured in the presence of 0.3 mg/mL of baliyet

different pH (6.0, 6.5, 7.0, 7.5, 8.0 and 8.5).

ProteinEnzyme Interaction

Affinity chromatography was used to determimdg interaction with Kib-gal usng aEupergit (R6hm
GmbH & Co. Darmstadt, Germany) support with immobilieldy 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 blockingethactive 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 immobilizatie

0.640, 0.634, 0.687, 0.712 0.699 and 0.#0®Il/g,pporat pH 6.0, 6.5, 7.0, 7.5, 8.0 and 8.5, respectively.
Maxilact LX-5000was used as the Kigal sample. Samples were prepared to have a concentration
according to a molar ratio of 0.05 m@l/MOlmmobiizearig fOr €ach pH. Immobilized ligafs and the
controls were allowed to interact withgal by directly adding 0.1 g of support with immobilized ligands

to 3 mL ofKLb-gal sample and shaking for 1 h, then the supernatant was separated from the support by
centrifugation, and its specific adgtly 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 gothteusiatistical
analysis software Statistica 5.0 (Stat Soft, Tulsa OK, USA), pwtl0.05 used as a threshold of statistical
significance.

Results and Discussion

Figure 1 shows the variation of ONPG hydrolysis ratg 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, was found at pH 7.5, and activity variation found at
different pH valies 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 Kl-gal secondary structure and that therease 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 caa an important modification on Kkgal secondary structure and thus a
considerable increase in lactase activity.
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Figure 1. Effect of pH on ONPG hydrolysis ratg) by KLb-gal and on the effect di-lg on KLb-gal activity

When lactase activity was measured in the presence of 0.3Lnglghat different pH values (Figure 1)

an increase in, was observed at pH between8 . 0 (U < 0. 0002), colHlgi r mi ng
enhances lactase activity as reported by Jiménheznan et al. (3) and Del Moral et al. (4). At pH values

of 6.0 and 8.%-Ig did not activate Kb-g a | (U > 0.05) showing that the ;
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 efffcsome whey proteins such ladg or bovine serum albumin

on KLb-gal activity (3, 10). Jiméne@uzman 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, ciratbegesidues of

bl g are modi fied, changing the proteinés ability
on the interaction ob-lg with KLb-gal, affinity chromatography was performed at different pH values
i mmo bi I-lg eni Bupgegit,band 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.

B Original

B Control

BEh-lg

(%]

Specific Activity (U/mg, oreinl

6,0 6,5 7,0 7,5 3,0 3,5
pH

Figure2 . Ef fect of pH on -lgdneKLh-galtdeternasined by affmity cheomatagraphy b
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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 val all eases)imeaninhgahat lactase was ribt spesificdllyobound to the
support without protein (Figure 2). When the same solution of lactase (Maxilact LX5000), containing

ei ght proteins visible by electrop-lgasligasd iswas was mi
observed that at pH 6.0 and 8.5 the specific activity of the supernatant remained the same as that of the
control (U= 0.9794 and 0.5430 for pH 6.0 and 8.5
there is no specific interactiorelt w e-kg and KLb-gal. At pH between 6.5 and 8.0 the specific activity

of the enzyme soluti on t-lgahangedrsigndicaatly with despect to the i mmo |
control (support without l i gand, Urution 6f @0%3aBpHi n  a | |
7.0 showing a specildanaKLi-galt whichadecreasednas pHeincreased rfurthier

more. This suggests that Kig a | bound s-lgandihdt theidractipn wasfavdred at pH 7.0.

At pHs below or above 7.@he 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

b et welgand Kib-gal (Figure 3), a direct correlation was observed: asthet er act i 4gn bet we
and KLb-gal is stronger the activation increases.

- —& - Increase on KLB-gal activity
300 - (%) - 80
—&— Decrease on Specific Activity

(o L 70
|‘L,1-| )]

250 - N
! A} - a0

200 ! \
i \ - 50
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Interaction (%)

L 30
‘ N 4 -
100 s,

Increase of Activity (%)

P Fo20

50 4 s
P C 10

0 T T T T -0

6,0 6,5 7,0 7,5 3,0 3,5
pH

Figure 3. Relationshi p blgandits mteractioh withighegali vati ng ef f e

Tello et al (7) established that small changes irbdgal structure may cause sificant changes in
enzymeds a c-Kalala,i $chnek, &Mdéomnisy (11) reported thhtgalactosidase activity is
influenced by some ionizable groups, prototropic groups and by conformational changes. Jurado,
Camacho, &Luzén (12) reported that the effecpH on lactase activity is usually described by a kinetic
model which involves the dissociation of one or two protonb-gal. Although Klb-gal has its most

stable conformation at pH 7.0 (7) this is not the conformational state at which it reacheghts

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 andb-Ig could cause a structl 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 liganding site ofb-lg (13) and despite of remaining
uncertain, two potential binding sites have bgmstulated for hydrophobic and small molecules: one
inside the calyx and the other at the outer surface of the protein betweehélie and théb-barrel (14,
15).JiménezGuzman et al., (3) and Del MofBRlamirez, et ali4)showed that besides bindiagall, polar
and nonrpolar ligandsp-lactoglobulin can also bind tdluyveromyceslactisgalactosidase increasing its
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activity and that the interaction between these proteins is very likely to occur througheysimao

138

groups otb-lg, more specificallyLys .

Sawyer, Kontopidis, & Wu (16) reported that lysine, tyrosine and tryptophan residues show a variable

reactivity that is dependent on the media, and that Cystéif@ys'*) has a free thiol group with a
reactivity that is dependent on pH andistural changes that take place at pH values from 6 to 8.

It has also been reported that the quaternary structusdgofindergoes structural changes when pH is
modified (6). At pH 6.0 and 8.5 at which no activation or interaction wittg§La | was édgbser ved
exists as a monomer, while between 6.5 and 8.0 where both interaction and activation were observed, it
existsas a di mer , showi ng -l§is @dsentialHoe both ithen enteracton and e e
activation of the enzyme.

In buffer solution, as pH approximates 7.5 the most active conformationlefjilis reached (Figure 1);
however, in the presena# the b-lg dimer the interaction between both proteins could help to reach an
even more active conformation of Ktgal, shifting the optimum pH from 7.5 in the absenck-tgf to 7.0 3
in the presence of the protein and achieving a rate of hydrolysi§ signijant | y hi gher (U
one obtained in the optimum pH in the absencbk-lgf (142% activation with respect to optimum pH in
buffer solution), suggesting that at this pHg promotes the Kh-gal conformational state in which the
active siteds more accessible to the substrate.
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Introduction
Among several microbial lactaseK]Juyveromyceslactisgalactosidase (Ki-gal) is by far the most
important commercial lactase used in the dairy industr@)(IKLb-gal is mainly ab-type protein
consisting of 22% turns, 14% paraltkekheet, 25% antiparallblsheet, 34% unordered structure and only
5% a-hdix (4). Enzymatic hydrolysis of lactose glycosidic bond lingalactosidase 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, gutaeid (5).Kluyveromyceslactisgalactosidase
has two glutamic acids (Gff and GIF*) 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 iotitve needium may affect the
activity of KLb-gal. JiménezxGuzman et al. (6) studied the effect of whey proteins ib-g&l activity and
demonstrated that the activity of this lactase increased when it was measured in the presencé-of either
lactoglobulin p-Ig) 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 thathighl bound specifically tob-lg, resulting in
enzyme activation (6). Several reports have established that the most reactive gfeupg ofar e- | y si ne
amino groups () 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 @f-lg with KLb-gal occur throughe-amino groups, it is very likely that the
region ofb-lg involved in the interactiomvith electrophilic molecules may be the same involved in the
interaction with Klb-gal via electrophilic groups such as the sideboxyl groups of the enzyme.
The aim of this work was to determine the role of the-sat®oxyl groups oKluyveromyceslab-
galactosidase on both the interaction viitly and the activating effect.

Methods and Materials

Kluyveromyceslactiggalactosidase thredimensional modeling

Kluyveromyceslactisgalactosidase thredgimensional (3D) model was built by homology madglwith
Modeller v9.2 software (@2). The template corresponded teray diffraction coordinates dE.colib-
galactosidase A chains (PDB ID: 1JZ7 and 1JZ8) (13) at 1.5 A (E28ka0d E=3x10* respectively)

with a 48% of homology. The best model hdd@PE 0f-103795.781 kJ/mol.

Molecular docking

Blind docking was performed to estimate the binding energies between algallamino acid residues

and lactose or lysine using AutoDock 3.05 software (The Scripps Research Institute, 2006). The runs were
submitted at 25°C and were clustered at a range of RMSD of 2 A. The 3D models for lactose and lysine
were drawn at The Dundee PRODRG2 Server bitp:{/davapd biochdundeeacuk/programgprodrd).
Kluyveromyceslactiggalactosidase estergfation
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Methyl alcohol blocks gradually and specifically the sith@in carboxyl groups of Ki-gal. Maxilact LX

5000 containing 461.92 mg.i{mL was used as source of Kigal. An alcoholic solution of methyl
alcohol (Sigma Chemical Co., St. Louis, MOSA) 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 Frae@Gkalrat&Olcott(14). Samples of Ki-gal ester
derivatives were taken at the beginning of reaction (EO), 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
HCI for 4 hours. In order to determinestdegree of esterification, a general method to quantify carboxyl
groups of proteins employing the formation of a colored hydroxafeatie ion complex was used
according to Halpin& Richardson (15). Absorbance of the hydroxafeaieioncomplex was meased
spectrophotometically at 475 nm within 30 min. An equimolar concentration lofgél served as blank.
L-Glutamic acidg-monoethyl ester (Sigma Chemical Co., St. Louis, MO, USA) was used to prepare a
standard curve for molar absorption of the ferric-lgdroxamate complex, using the foregoing
procedure. The blank contained an equimolar amountgdfitamic acid (Sigma Chemical Co., St. Louis,
MO, USA) treated in the same manner as the corresponding ester.

Enzyme activity measurement

Maxilact LX-5000 wasused as source of Kl-gal (Gist Brocades, Delft, The Netherlands). All reactions
were carried out at 37°C by dilution of 1:10000 of MaxilactR00O0 or ester derivatives (EO, E1 and E2)
into 0.05 M phosphate buffer at pH 7.0. A solution of 0.034oitho-nitro-phenytb-D-galadoside
(ONPG) (Sigma Chemical Co. St. Louis MO, USA) was used as substrate, and enzyme activity was
measured spectrophotometrically at 410 nm on the basirtlod-nitro-phenol (ONP) release. The
hydrolysis rate\;) was calculated from the linear portioh data of ONP production versus time. One
enzyme unit (U) was defined as the amount of enzyme that hydrolysesl|lof 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 effecthoflg, activity was determined in the presence of 0.3 mg/mL

b 1g.

Proteinrenzyme interaction

Affinity chromatography was used to determimdg interaction with Klb-gal using anEupergit (R6hm
GmbH & Co. Darmstadt, Germany) support with immobilizedg at pH 7.0. Immobiliation 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 calatéd through the difference between the protein in solution
before and after interacting with the support, the efficiency of immobilization was 1n®86I8y/Jsupport

at pH 7.0.

Derivatives EO and E1 were used as thdéd¥jal samples, prepared to have a concentration according to a
molar ratio of 0.05 M@lya/MOlimmobiizew-g- 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 mKld§-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 Analyss.

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 Softlsa OK, USA), withp < 0.05 used as a threshold of statistical
significance.

Results and Discussion

Recent studies have demonstrated thdactoglobulin b-lg), the major whey protein in cow milk,
enhances lactase activity up to 230% by binding td4ghl through lysinee-amino groups, probably
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involving Lysiné®® of b-lg(6-8) and suggesting that

the interaction mechanism might be via the

nucleophilic attack of LyS® of b-lg to an electrophile group in Ki-gal.

In order to study how Kh-gal would interact with nu

cleophiles such as lactose, lysine and/or other

protein, a 3D model of Kih-gal was built using the Xay diffraction coordinatesf 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 Gfif and GIG** (FDE=-4.82 kcal/mol) which are coissent with the catalytic

sites reported for Kh-gal (5).

Since Lys®* o f -lg bas been suggested to be the amino acid most likely responsible for the interaction

between Klb-g a |
binding sites were displayed. It has been reported that
performed, Klb-gal exists as a dimmer (4), because of

4gn wind fdocking of Klb-gal with lysine was performed, and 250 possibl

at pH 7.0, which is the pH at which our studies were
this, a 3D model of theglLdimer was built in

order to select the possible amino aditeracting with lysine (Figure 1). The selection criteria for the

possible interaction site of Ki-gal with lysine were bas
as on the exclusion of those amino acids located at

ed on the most favorable binding energy as well
the dimer interface andfttioseaialytic 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, *&lwas
with lysine (FDE=4.55 kcal/mol).

found to be the most probable interaction site
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Figure 1.Probable interaction site of lysine withb<gal dim
catalytic site dark spheres at the bo

er. GIG* (pale spheres at the foig far from the
ttpend is highly exposed.

It is well known that carboxyl groups of proteins can be chemically modified through gradual
esterification with alcohols oblv molecular weight by adding low concentrations of hydrogen ions (0.02

to 0.1 M) to catalyze the reaction in mild conditions (1

5, Kijyveromyceslactisgalactosidase has 157

esterificable groups per monomer (156 combined glutamic acid and aspattiesidues and 1 carboxyl

end group). In order to determine the role of sideboxyl groups of Kh-g a |

KLb-gal carboxyl groups were blocked by gradual est

in the Hpteract
erification for 1 (E1) or 2 (E2) hours. A sample was

taken immediatelafter mixing all reagents (EO) 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 deivest After 1 and 2 hours of reaction, 3.9% and
16.5% of carboxyl groups of Ki-gal were esterified respectively. It is very likely that after 1 hour, the
first sidechain carboxyl groups to be esterified were those most reactive and exposed, thus the most
probable to interact withb-Ig. According to the results of the blind dockjrguch exposed and thus
reactive sidecarboxyl group in Kb-gal, could be GRY? (Figure 1).

Activity of KL b-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 ther

iBsation process. It was observed that activity
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significantly decreased after 1 hour of reactidkQ.007) and completely disappeared after 2 hours;
because of this, E2 was excluded of all further experiments. As reported BuiBleromyceslactts
galactosidase has Gfiand GIG™ at its catalytic site, it is very likely that after 2 hours of esterification
these residues were esterified and thus activity was lost.

JiménezGuzman et al. (6) demonstrated that the activating effdeigtould bedue to the interaction of

b-lg with KLb-gal. In order to study the effect of Ktgal sidecarboxyl groups in the interaction wifi

lg, the capacity of Kh-gal ester derivative (E1) to bind to immobilizedg was compared with that of
unesterified Klb-gal (EO) through affinity chromatography.

Interaction tests were performed immobilizibdg on Eupergit, and allowing the esterified derivatives
(EO and E1) to interact with the immobilized ligand. In order to discard unspecific interactions, a control
for each derivative (CEO or CE1) was used in whichbAg 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
hdps 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 othendhaif there were a specific interaction between one
protein (in this case Ki-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 initoal KL

gal solution { = 0.1483 and 0.2841 for CEO and CE1 respebtjvmeaning that Kh-gal was not
specifically bound to the support without protein (Figure 2). When EO was allowed to interact with the
immobilizedb-lg, lactase activity of the supernatant significantly decreaded0d(03) with respect to the
control, siggesting that while the carboxyl groups of fik§jal are not esterified, there is still a specific
interaction between Ki-gal andb-lg. On the other hand, when E1 (containing the esterifiel-¢dl)

was allowed to interact with immobilizédlg specific ativity of the supernatant remained the same as in

the control (Figure 2= 0.061), suggesting that when the carboxyl groups di-&l were blocked by

the esterificati4gmwaslostts ability to bind to b

B Buffer

—18.?59{—[
Bh-g

=
[=]

=]

=

Vo (pmolmL-1minl)
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ED El

Figure 2. Specific activity of Kh-gal in esterified derivatives (EO and E1) after affinity chromatography with
immobilizedb-Ig. Initial refers to the specific activity in the solution before affinity chromatography; control refers
to the specific activity obtained when no ligand was immohillizethe support; g refers to the specific activity
obtained after affinity chromatography with immobiliZedg.

I n order to eval-galt eegther ieffif ccactti -mnfactakalLabiivityof treec t i v a't
esterified derivatives (EOdn E1) was deter mi ned i #g (Righre3).Reseltsence
showed thagalwhies Kab est er i f-igédhe (e&lop medib maucepa e s e n
significant activation of the enzwthdenéreGdzmanet, U=

al (6) and Del MoraRa m2 r ez et al (8) who had reportegd an i

m
On the ot her -gmdndvaswheesnt ekl Bf i e-lg diq nBtinduce anyhsignifipante s e n ¢ e
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activation of the enzym¢ U=0. 4808) , suggesting that tHhaisavail a
essential for the activation.

14 - .
O Initial

Control

B Final

08

06

Specific activity (U/mgy g um)

EO El
Fi gur e 3 -lgiom theeactivity af dsterffied (E1) and nesterified (EO) derivatives of Ki-gal.

When comparing the changes onthe acvat i on caused bgal wihdhe ehangdsiorc at i on

the interaclgandKlb-gblet awednr &ct corr el atlgnapintavacts ob s e
with KLb-gal its activating effect is observable.TeBolis et al. (4) establishethat small changes in
KLb-g a | structure may cause significant changes in

different factors, such as pH or an interaction with another protein. Our results suggest that the interaction
with b-lg promotes a@nformational change of Ki-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 mellitusor simplydiabetesis a group of metabolic diseases in which a person hasluigt
sugar, either because the body does not pedmoughinsulin, or because cells do not respond to the
insulin that is producedThe cause of diabetes continues to be unknown, although both genetic and
environmental reasons, such as obesity and deficiency of exercise,appear to be chnkitkasatbw
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 202 greater
part of the increase is likely to occur irwloping countri€s where there are many patients in the
community with undiagnosed diabetes. Diabetes is being projected as main killer in the next’25 years
One therapeutic approach for treating diabetes is to decrease postprandial hyperglycandan Ha
achieved by delaying the absorption of glucose through the inhibition of carbohydrate hydrolyzing
enzy meamy |Uas & glueasidaselin the digestive tract T 4glecosldase inhibitors can retard
the liberation of glucose from dietary cplax carbohydrates and delay glucose absorption, resulting in
reduced postprandial plasma glucose levels and suppress postprandial hyperlycemiaraylasé and
glucosidase inhibitors are dragsign targets in development of compounds for the treamfieiabetes,
obesity and hyperlipaemia These i nhi bit or samylasecleadirg soea reduttmn ch ct i o r
starch hydrolysis that shows beneficial effects on glycemic fndex
Plants have always been an important source of drugs and manycofrivgly available drugs have been
derived directly or indirectly from them. Ethibmtanical reports indicate about 1200 plants in the world
with antidiabetic potential, of which more than three hundred have been reported in the literature
The purposef 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 Biainétes.
selection was performed after analysis of data that reportgt@ébience 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
T h ei dhylase (EC 3.2.1.1) was purchased from MP biomedigaitrasalicylic acid from Sigmd
Aldrich, other reagent were analytical grade from Baker Co..
Plant material and extract preparation
The Bidensodorata, Equisetum laevigatum, Cnidoscoluschayamansa, Guazumaulmifolia,
Odontotrichumsinauntum, Opuntia, Celbaadnata, Hintonialatiflora, Agave lechuguilla, Tecomastans,
Eupatorium aschemborniaupiants were bought in naturist store (Saltillo, Coahuila, Mex.). Previous to
extractionthe biological material was dried at 37° C for one week to constant weight, nedehdy 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 m@tl0:1 (v/w). Finally the solvent was evaporated until the samples
were completely dried and could be sprayed &gain
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U-amylaselnhibition 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 minute<.5 ml of extract prepared at 2000 pg/ 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 wasltgion of 0.5 ml of DNSeagentat
96 mM(3,5dinitrosalicylic 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 watemand absorbance was read at 540.nm The percent aganylasdwas nhi bi
calculated from absorbance data according the equation: % ActivigD¥ (BA-C) * 100
Wherein:
B = absorbance in the presence of the sample
D = absorbance in the blanksay (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 considexd as control.

Resultsand Discussion

The acarbose synthetic drug, applied to standardize the analytical technique, was charadigrigzxD
(concentration amypabeiaetidity dat 50%) rearly © 4@ ppril The concentration
twice higher than detected for acarbose (purified pharmacological preparation) was selected to carry out
the assays with plant extracts.

Figure 1 p esent s t h eemylase snhibitiors by sthidiedJethanolicextracExtracts from Equisetum
laevigatum Guazumaulmifolia, Celbaacuminata, Odontotrichumsinauntum, Agave lechugiliéted the enzyme

at 510%. It may be caused by low concentratidrnintibitors in obtained complex mixture. With extracts from
Bidensodorata, Tecomastans,Oputita inhibition was at 121%, while with extracts fromEupatorium
aschemborniauand Cnidoscoluschayamanghe inhibition was nearly to 385%. The higher inhibity effect was

observed in the case of extract fidmtonialatiflora: in the presenecamylasefactiitpwa8 pp m
decreased at 67%.
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Figure 1. The inhibitory activity of extracts fromBidensodorata, Equisetum laevigatum,
Cnidoscoluschayamansa, Guazumaulmifolia, Odontotrichumsinauntum, Opuntia, Celbaacumingta,
Hintonialatiflora, Agave lechuguilla, Tecomastans, Eupatorium aschembordiauin e ¢ t-angllase. n U

The inhibitory effect oHintonialatiflora(known in Mexico as quinaamarilla) was higher than detected in

the presence of 1000 ppm of acarbossynthetic dug. 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 levél Many natural resources have been investigliethe suppression of glucose production

from carbohydrates ni the glucose absorption from the intestine to try reducing postprandial
hyperglycemi a. The inhibition of car bohayylaseat e ab
inhibitor offers a prospective therapeutic approach for the management of typeegiatadtitus 2.

Previously Jayasari showed the antidiabetic activit opictus four different extracts were studied to

find possible mechanisms of its antidiabetic actitmthe present study it was demonstrated that Mexican

plants have a great poteit for further research, especially witHintonialatiflora, Eupatorium
aschemborniau, Cnidoscoluschayamans, Opuntiag Tecomastans More studies are required to
characterize the mode ofiamylaseenagyme.of t hi s pl ant ext
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Introduction

Coriander Coriandrum sativum is one cultivated species that joins the group of medicinal herbs,
aromatic and seasowjnof higher consumption, is also known for being bug spray at-léekl and
storage®. Parsley Petroselinum sativuris a herbaceous plant that is used as a medicinal herb and is
distributed worldwide and is grown for use as a condiment, contairenfias, compounds that provide
antioxidant and diuretic propertié8. 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 meetot bring benefits to the human bof 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 peroxiuasae®.

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 locatefl, €nglet oxygen (9,

hydroxyl radicals (.OH) and hydrogg@eroxide (HO,). Although production of ROS is a normal process,

this can be increased not only during ripening and senescence of the tissues, but also-faustngss
agents such as heavy metals, radiation, alteration of the atmosphere, extremestuesrged the attack

by microorganism&. With respect to peroxidase catalyzes the oxidation of phenols typical of the cells to
qguinones, which are highly reactive with proteins, nucleic acids, flavonoids and other quinones; in
addition these reactiongenerate brown colors, reduce the sensory properties of texture, color and flavor,
decreasing the nutritional quality of the fd8d

Catalase (CAT) is an enzyme that catalyzes the decomposition of hydrogen pere@ijién{bl oxygen

and water. Hydrogeperoxide 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 inorgarsitates®.

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 corfaodenqrum sativumand
Parsley Petroselum sativunp, 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 coriand€driandrum sativumand ParsleyRetroselinum 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 containidgstiled water, animal
gelatin and ionized silvert&.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% NacCl, allowed to stand 48 hours, then filtered with satinaiath stored in amber
vial at4 ° C.

Determination of peroxidase activity (Mahely y Chance, 195Zhe determination of peroxidase was
performed in duplicate for each sample. The substrate was prepared by diluting 1 ml of hydrogen peroxide
(H20,) at 30% n 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%ianmisina in methyl alcohol. For process 0.05 ml of dye
solution were added to 6.0 ml of substrate. 2.9 ml were transferred tdithadca 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 oxidinesina

varying amounts operoxide 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.

M4ED nm

minuto

Unidades mg =

11.3 mM mg enzima %de la mezcla de la reaccidn

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 decompositigdy, o rheasured at

240 nm. The determination of catalase is done in dupliwa 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 sdting 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 1lgmol o f-70lsgcahdsb2p @ per oxi de of be:

Aﬂ
Unidades _ W x 1000

mg

43.6 mg mmiﬂsa%mimezcia de reaccion

43.6 = molar absorption coefficient for® 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 compeon 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.
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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 .

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 fens and leaf shows an increase relative to the amount of
extract.
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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 itarpcipation in ethylene biosynthesis, defense against infections,
wound healind®.

It can be observed a deterioration of the plants when cut, it may be that CAT is more effective in
degrading the kD, than the PER and this acts on the degradation moixjukes that generate enzymatic
browning. CAT generally has low affinity for the®, 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 pas@).

A physiological disorder known commonly as yellow berry exists in the wwh@2) were one of the first
researchers t o dsalfeiappeararice of Whieab grainb ia a light yellow, opaque, soft and
starchy. The yellow berry could lm®vering the whole grain or a small fractio@ther researcher, (16)
establishedhatit 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 téfydemtironmental factors and planting of wheat

that affect thigphysiological disorderRoberts and Freeman {(l18iscussed that the yellow berry is due to
inheritable and climatic conditions ( mainly rain), this increase the presence of this physialisgicter.

In subsequent studies (13, 6,)14howed that soil conditions and in principle of nitrogen availability,
determine the presence of yellow berry in the wheat gfBinfound that this physiological disorder is not
hereditary, but is due toiniatic factors such as humidity, air and sun on the grain when the it is still in the
straw. But alsdt found that the yellow berry in wheat is not hereditary. This author obséma¢dhe

yellow berry not only is lack of nitrogen but also for an exaessipplication of potassiumFor many

years it has been observed that the starchy in wheat is associated with a shortage of nitratak(4) the so
The content of vitreous grains in hard and crystalline wheats is an important factor, of quality ag cooki
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 wh@gt. Great efforts have been made in
recent decades in understanding the biosyntlodstarch 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 synthesissefbauytb
starch synthases the granulend starch synthases responsible for the synthesis of amylopectin,
requirementsdebranching activity on starch synthesis is very clear, the mechanism. by which the
debranching enzymes involved in starch synthesmisyet fully defined.(11). The objective of this
research was to evaluate the enzyndebranching, 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. Theseanples 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 Sonkra.16.5, road to Kino Bay.
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Sampling grains
Sampling began after 8, 14. 21. 28 and 35 days aftersasitire 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 Il (SSIII). branching
enzymes (BE) IIA and 1B, besides 1884ds control, genes whose mRNA were obtained from

the NCBI Sequence Viewer v2.0. (www.ncbi.nim.nih.gob/blast). (Table 1). Of these genes were
synthesized oligonucleotideghich were used for the Primer 3 program
(http://frodo.wi.mit.edu/cgbin/primer3).

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 ti 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 20Gukdysis 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 rain70 ° 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 bgaiithiadded 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 buffgateheated in the center of the colurRINA 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 wagperfamed RFPCR 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 CX6r 10 min extension.

Experiment Design and Statistical Analysis

For the purpose obbtain cp real time PCR was usedsoftware thatis includedin ligth cycler
equipment A completely randomized experimental design was utilized with three fagtdrsgen,
development time and type of whetd)data generateflom thisresearchwas 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 tisedSAS 9.0 statistical software {15
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Table 1. Enzyme genes

Enzyme Genes

Ss 11 A TGGTTTCOATEEACEGATAS 6 Table 2.Component, quantity and final concentratiomezfction

Anti s e n-6@GCATACCACTGACATCTT3 6 superscript lll, for real time PCR.. _ _
Quantity (uL)  Final concentration
2.5 1

Ss 11 B -CTTAGACTCGECAGGCEFGEAG3 6 $2ﬁ] f?;ﬁe“gpé?\iﬁme 2X :
. A p
Ant i s eGTIATETGEGGGAGGTTTCGT3 6 Primer Sense (10uM) 05 0.2 UM
J Primer Antisense(10uM) 0.5 0.2uM
DE ' -AGTTACAGAGEHA TCABGA-3 (25 0 RT-PlatinoTag mixture 05
Ant i s AAGAAGESATGACCAGTT-3 6 FHR? mixture 5
H,O PCR Grade 1
SS111 -GGGAAGTGGATGGAAGTGATS 0 Final concentration 25
Ant i s ACAASTCBEGAGCTCAGGATT3 6 @ Fusionhigh resoluion
18S* Sens &TCABAICACGTGCTGCATGGS 6

Anti sense 580AGACGAGTOTC

* Used as a control gene, synthesizeddhykman, 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 leveéss$ierpr

from 14 days of development after anthesis (AA), showing maximum vatugk 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 therhgdl y s i-Gglyandidic Bonds which are important for
maintaining the crystallinity of the starch granulin 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 2hrdiagsas15

days increased development AA

In figure 2, found the valuesf enzyme SS 111, where can see that the maximum wadoas 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 SAIll can interview to produce longer chains that extend between
clusters and may involve the introduction of thmifications before they can proceed extension

Figures 3 and 4are graphically the results of the BE IIA and 1B, 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 vataegiven 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 expressi@seTénzymes play an important role in the
structure of amyl opectin, dued-aodcdioalmpza -bloerdhygd
glycosidic on carbon 6 of -4atoform alwaneh®hese redultsanaydpé u c a n
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 |IB
during extension. (9). 10 and 17 found that khek of this enzyme affects the fine structure of
amylopectin. Infigure 5, observed the agarose gels, showing the presence of the enzymes studied,
corresponding to sampling 3.
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Figure 5. Agarosé gel electrophoresis of the enzymes
studied corresponding to three sampling
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Conclusions

According to the results obtained in the DE, SS lll, and BE IlA and 1IB, starch wheat with yellow berry
sample presents a higher crystallinity, amylopectin is the component whict ®uhost affected and

more specifically the fine structure of amylopectin, respectively. Results agree with those presented in the
characterization of starch in article (8he crystallinityis higherin starch with yellow berry.
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TOPIC: Functional Foods FFR2
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Summary
Amaranth Amaranthus hypochondriacus.) is one of the oldest crops in Mexico, and is mainly
consumed as a @l 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 asabmorage. 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,
cdlulose, 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) HSQ, at 121°C during 30, 60, 90, 12Md 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 concentratien with
Folin-Ciocalteu method. Eventually, the optimal hydrolyzates were analyzed for antioxidant activity,
expressed as gDPPH inhibition (DPPHA). AS dietary fibel
18.4+0.35% hemicelluloses and 9.5+0.5% lignin. Stadkamalysis 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 am$ioxida
concentration was obtained at 5%S€)y, 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.
ICso of the PA was 0.97+1.5 mg eq AG/g ; and PGWaD39 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 antiixida
compounds to obtain nutraceuticals

Introduction

The amaranth plant is classified as a psezeteal given that it yields cerdide grains. It was one of the

main preHispanic crops. Its presence in Mexico dates to 4000 BC which makes it ¢he 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 batives. 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|snaindraatural

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 byé 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 worl d. The aforesai d actabtkenmngn fodlrmanr i bed
consumption. 6

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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Amaranthis genes that produce large inflorescence hypochondriacusand A. cruentuswhich are
principally cultivated in Mexico and Guatemala respectively andafidatuswhich is cultivated mainly
in Peru (7).

In Mexico, yields of 1.1 to 6 tons of grain per fegetand 3.8 to 4.1 tons of leaves per hectare have been
reported equating to 271,100 tons of agustrial residues each harvest cycle of the amaranth grain.

The cultivation period of amaranth is from 150 to 180 days allowing 2 cultivation periodegrenlyich
results in the annual production of approximately
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 asimaal 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 sourceetndifiber, 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 producevdant pheir
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 recommentded be i ncluded in onebds diet (1
antioxidants is common not only for their reductive properties but also, being natural they are appreciated
by the consumerés organism (6). T h enaidyfrdlagedtbs o f t

their action on the gastiatestinal flora acting as a source of carbon for the bifidcterias, promoting
their growth. These properties allow the oligosaccharides to satisfy the requirements for the prebiotic
components of foods artd be used as active ingredients of biofunctional foods (5, 9).

Methods and Materials

The stubble was obtained from growersfofhypochondriacu&. amaranth in the Tulyehualco zone of
Mexico City in November 2010. The enzymes used wedamilasa (EC 3.2.1.1), Type XN of

Bacillus licheniformis, Pepsin A; (EC 3.4.23.1) 1:10000 extracted frommibeous membrane of the
stomach , pancreatin extracted from a porcine pancreas, amyloglucosidase of Aspergillus niger solution
(Sigma®). Foln-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 SigmaAldrich was also used. IAthe reagents were of analytic
grade.

Obtention of insoluble dietary fiber (IDF).

1 gram of fatfree flour was mixed with 25ml of sodium phosphate buffer 0.1M, pH 6. 100 pL of
Termamyl was added and then incubated for 15 minutes in a water 2@@ml of distilled water was

added and the pH was adjusted to 1.5 with HCI 4M. 100mg of Pepsin was added and then incubated at 40
°C for 1 hour. The pH was adjusted to 6.8 with NaOH 4M. 100mg of pancreatin was added then
incubated at 40°C with constaagitation for 1 hour. The pH was adjusted to 4.5 HCL 4M. 35 pL of
amyloglucosidase was added and incubated at 60 °C for 30 minutes. The mixture was centrifuged at
5000rpm for 15 minutes at 4°C. The supernatant is discarded and the resisdues arevitvadbed of

distilled water (twice), 20ml of ethanol (twice), and 10ml of acetone. It is dried on a stove at 105°C. The
resultant IDF underwent proximal chemical analysis in accordance with the official methodologies of the
A.O.A.C. (2000). The chemitanalysis 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/¥)5 % (v

in a relation 1:16 (p/v). It was taken to isothermic conditions of 112°C with pressure of 15Ib/pg for
30,60,90,120 and 150 minutes to obtain phenolic compounds. The resultant amaranth hydrolysates were
neutralized with NaOH 4M. It was centrifugeds®00 rpm for 10 minutes. The residues were discarded

and the supernatant kept at 4°C. 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 4°C until their use.

Quantification of total polyphenols and evaluation of antioxidant activity
Quantification of total polyphenols was determined by Spectrophotometry based on the mé&tblaa of
Ciocalteu. For the evaluation of antioxidant activity the radical inhibitor methodlif2/2ol1-

picrilhidrazil (DPPH) was used in accordance with the description by Hatag 2005 (4), using a
standard curve of galic acid.

Results and Discussin

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 Analisis é amaranth IDF

Andlisis Stubble
HB DB
Humidity 4.1+0.12 -
Protein 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 9,740.18 10.2+0.19
NFE 60.0 62.8

HB= Humid Base, DB= Dry Base, * NFE= Nitrogen free extract, a&ted by difference of 100

In Table 2 the chemical analysis of amaranth IDF is shown. It was determined in the Department of
Cellulose and Papefi| ng . Kar | August 2n Grell manno, of t he
Universitario de Ciencias Exactagngenierias (CUCEI) of the University of Guadalajara. The analysis is
expressed in dry base. T@eellulose was determined from holocellulose.

Table 2. Chemical Analisis of amaranth IDF

Analysis Amaranth IDF Corn Cob*
(g/1009) (9/1009)
Ash 1.95+0.08 1.5
FRACTL - Benzene ethanol 7.6+0.3 ND
Ethanol 4.5+0.09 2
Water 11.1+0.48 2.6
Materialfree of extracts
Lignin 21.2+0.5 16.3
Holocellulose 85+0.54 73
U-Celullose* 64.4 64.8
Pentosans 21.1+0.42 28.7
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*Cordoba et al.,2010
** JCelulosa was determined from celluolose

In the results obtained we can obsdhat 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 materithefoobtention 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 dlilgosaccharides included in

the holocellulose couldebobtained 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 9éninutes using 5% of }¥$0,, obtaining a maximum of 15.49+0.65 mgEAG/q 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 hytlrsis acid .Aqueous Phase

Time:-1=30 min,-0.5=60min, 0=90min,
0.5=120min, 1=150 min.
H,SOy: -1=2.%, 0=5%, 1=7.5%

Sulfuric acid

Total Polvnhenols maean

Time min

Total polyphenols 24,165 + 2,142*ime + 4,509*sulfuric acid22,7952*time”2 + 0,547*time*sulfuric acid23,3837* sulfuric acid"2
Figure 2. Graph of the optimization of hydrolysis a€)iganic Phase
Time:-1=30 min,-0.5=60min, 0=90min,

0.5=120min, 1=150 min.
H,SOy: -1=2.%, 0=5%, 1=7.5%

H>SOy: -1=2.%, 0=5%, 1=7.5%

Sulfuric acid

Total Polyphenols mgeq

Time min

Total Polyfhenols =18,2928- 1,29729*time + 1,5103*sulfuric acid12,0629*time”2 + 0,0737333*time*sulfuric acid?,75637*sulfuric acid"2

Upon comparison of the polyphenols present in fruits such as mango and pineapple, which are sources of
natural antioxidants2(66 y 1.74 mg EAG/g respectively, 1@ is seen thathose 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 matioaldants 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 3s @buld 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 IG, are completely different. Having a lesd€g, 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 dfydrolysisacid 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 Ig, of the radical DPPH for differemxtracts.
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Conclusions

Owing to the discoveries in the present work we can inferAh@ranthus hypochondriacis stubble
represents a source of oligosaccharide that could have prebiotic activity and antioxidant cempound
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 promdtes cultivation of amaranth to allow for more options in its
commercial use.
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Nutraceutic Potential Of The Agave atrovirensAqueous Extract
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Tecnolégico de Monterrey Campus Querétaro; 500 Epigmenio Gonzalez St, Querétaro México
E-mail: A01168843@itesm.mx

Introduction

Mexico is a country with an important herbal tradition;unfortunately mogsh@fplants 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 glucosand cholesterol in micgl], biological activity of different plant saponins have

been reported as molluscicida, 3], hypoglycemif4], antimicrobial[5], cytotoXc [6-14].0n 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 ordeudte etair
antioxidant capacityl5, 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 theAgaves of
atrovirensin order to suggest it as a possible nutraceutic extract.

Methods and Materials

Agave atrovirensxtrac.The aqueous extract fromgave atrovirendeaves was kindly provided by the
company Nutracéuticos de Agave S. P.R de R.L as a cleabtigivh liquid with 2 © Bx, posteriorlywas
concentrated using a single effect evaporator until it has 20 °Bx, and evaluated for the content of saponins,
phenolic compounds, reducing sugars and antioxidant activity using the ABTS and DPPH methods.
Physicochenical assays.Total phenols content was estimated using the Failotalteu colorimetric
method17] and results were expressed as mg of gallic acid equivalent per mL of eX&ponhins were
analyzed according to Hernandez S.R Et8)land expressed as mg of Quillaja saponin equivalpet

mL of extract. Reducing sugars were evaluated with the Dinitrosalicylic acid midi®jand 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 [2&}zand the Radical Cation
ABTSY Scavenging Actiityaccording to Re et 4gR1] and expressed as percentage of
DPPH-discoloratiof22] and Troloxequivalent antioxidant capacity (TEAC) respectively. Finally, a
partial identification of sugars was done by thin layer chromatography (ah&€HPLC comparing the
sample against the appropriate standards.

Results and discussion

After concentration until 20°Bx, a dark brown liquid was obtained; the results of the physicochemical
determinations and antioxidant evaluation are shown in tabhel 2 aespectively. 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 b¢he principal sugar present in the extract (see Figure 1), this is logical because fructanes are
the most abundant water soluble carbohydrate in Agave sg28iesnd as we suppose before, fructose

may be produced by the hydrolys fructanes type compounds. The other compounds evaluated are
present in less quantities specially phenolic compounds but according to Ben Hammigd®beexikt a
significant correlation between phenolic compounds obtained fAgave Americanaleaves and
antioxidant activity, and as we can see in tablth@ Agave atrovirengxtract 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 amouwgsying from 0.17 to 16.926 mg/g éfgave lechuguillawere
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obtained by Herndndez S.R et [al8] evaluatingdifferent 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 Dark Brown liquid
Brix grades 20 °Bx
pH 6.03 units
Phenols 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/r

Table2. Antioxidant activity ofAgave atrovirengxtract

b c
Sample ARA TEAC
BHT (500 uM) 55.83 + 3.85 ND
Gallic acid (500 M) 98.46 £ 0.54 ND
a
E1l (15.63 uM) ND 139.83+12.14
a
E2 (31.25 uM) ND 257.40 £ 9.15
a
E3 (62.50 uM) 49.42 +1.91 373.94 + 20.22
a

E4(125.0 uM) 66.45 + 3.78 ND
a

E5 (250.0 pM) 75.13 +3.86 ND

®Agave extract concentration expressed as UM equivalent of Gallic acid

® ARA = Antiradical activity expressed as % of DPPH* decoloration

° TEAC= Trolox Equivalent Antioxidant Capacity expressegsisTrolox equivalents
ND= Not determined

mau

—— Unknownpeak

20000

25000

Agave extractsampli

20000

SampleFructoseGlucose

Fructose

10000

000 &

o z a & E

Figure 1 TLC and HPLC Chromatograms of the Agaa®ovirens extract. (HPLC conditions: Movil phase:
ACN:H,0 (75:25), Flux: 0.8 mL/min, Injection volume: 5 L, Column temperature: 35°C, Run timenirlOLC
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conditions: Silica 60, plates Movil phase: Butanol:Aceticacid:Water [2:1:1], Blawg agent2% H,SO, v/v in
Ethanol.)

Conclusion

The antioxidant activity observed in this study and the reported biological properties like antimutagenic,
antrinflamatory, 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 antioxidadiffierent 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 vegetabl@08i)(70

egg yolk, vinegar, lemon juice, and additives such as salt, spices, stabilizers, thickeners, etc.. (1,2,3).
However, its high content of <cholesterol i's one
studies high cholesterol has been linked as orteeofnain 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 dedreasiotgsterol

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. Chitinisth maj or component in crustaceandés shel
this reason, crustacean shells, which are waste products from the food industry, are commercially
employed for the production of chitosan with different degrees of deacetylatibmalecular 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 shello¥atg 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 sengecontrol, 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 mayonnase 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 physiadiemical, 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 reakrmtfieran
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 Hiloe 640X
objective was used.

Creaming stability was also determinggdmeasuring 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 detednitether 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 5Z9/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 RVDFRO with

needle S06. Becausket 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% qd2)bee 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 ematlsi(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 theogiets of mayonnaises, both once prepared and after dgjiag.

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 calculatdts #re resu
shown in Table 1The 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 #udition of chitosan (21There wasan 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 reasorp teads
coalescence of oil dropletshich occurs after the droplets have contact for a long period of time (13).

b)
=4
? -
C) . :; ) d)

Figure 1Micrographg40X),a)Freshly made mayonnaise controlb) Aged mayonnaisecontrol
c) Freshly madenaymnaisetype d) Aging mayonnaisdype.
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Table 1Average diameteadrop of mayonnaiseype control andreshly preparedand aged

Mayonnaise/ Dr opl et di
Control 5.0477

Aged control 13.5987
Type 4.4610

Aged Type 8.6430

Creaming degree of controlayonnaise 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 sterangith 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 bgeen 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 mayofmhaise.
percentage of fat ithe 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 ofuraothat the mayonnaise tygée
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 dPthe mayonnaise type was higher than that of mayonnaise
control becaus 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 agueous
phase is bigger (16Aw of the mayonnaise type was lower th&attof 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, respectivaliagg38). of

the mayonnaise type wa®wer than that of mayonnaise contrbhis 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 (23Jhe mayonnaise type presented a higher vdlpe@entage 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 mayonnaise2@).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 2Chemical and physical propertiebthecontrol mayonnaise and legholesteroimayonnaise type

Mayonnaise Fat(%) | Moisturg%) | Protein | IP(MeGeroxide Aw pH Acidity
(%) /kQsamplg (%)
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 nmaises 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 theormulation, 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 andE. 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.

3,00E+05
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- y=0,315x2- 218,4x+ 25030
(=9 -
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Figure2 Apparent viscosityersus timet 1 rpmof control mayonnaisand 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 tyommaise 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.

Acknowledgment. To the Academic program PAPBIPE203211 for the facilities provided to carry out
this work and financial support.
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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 severalater diseases this

effect is attributed to the antioxidant vitamins aider 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 redced 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 heaensitive components, including antioxidants. &@hme of the study was to assess

the effect of drying temperature on pigments and antioxidant activity of SF.

Methods andmaterials

Sampling and flowers characteristics

In order to choose the squash flowe@udurbitapepd for this study, flowers var.Greyi¢hinni with
significantly specific characteristics, that is, flesh color (yellows and oranges), along with-s2x&it§

and weight (&b g) were selected. 100 male flowers were cultivated and harvested in a farm in San Andres
Cholula, Puebla, Mexico. Alflowers 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 amy rdstitig

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 werashed 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,
chlorophylla and chlorophyth).

Determination of Pigments

The concentration of chloroph a, chlorophyll b and total carotenoids was determined quantitatively by

its absorbance at 662, 645 and 470 nm, respectively.Each component (mg/L) was calsulastibed

by Lichtenthaler and Wellburn (1985)[6].They were calculated as follows (1):

Chlorophyll a 11.75Abgy2.35AbS s

Chlorophyll b 18.61Ahgs 3.95 AbSse

Total carotenoids 1/227 1000 Ahs 2.27 Ch-81.4Cb

Determinations of Total Antioxidant Activity
The antioxidant activity of themethalonic extracts, on the basis of the scayagvity of the 2,2Di(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 50€l of each extract solution was mixed with 2ml of 0.1mM
methanolic DPPH radical to give final concentrations € ghg 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.
Similarlyt he AB@iglbe(zathizdireézsllfonic bdidsdiammonium salt) radical was
generated with manganese dioxide.Then, 1.8 ml of the ARB®&ition was added to 150l 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 Trolok{@roxy-2,5,7,8etramethychromag-

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@gal@es, which wer calculated from the
linear regression of the percent inhibition versus extracts concentrations.

Statistical analysis

The effect of akdrying temperature on pigments contents and IC50 of antioxidant activitywas estimated

using Statistix 8.1. The resulteere analyzed by an analysisf variance (ANOVA), with a

significancel evel of U

0.

05 #raddition, the multiplé rdngen ¢ e

test (MRT) included in the statisticalprogram was used to demonstrate the existence gérremue

groups within each of the parameters.

Results and Discussion

Variations of the moisture content with the drying tim@r varying values of the drying parameters
(mainly, the temperaturd 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 temperatur@®( 80 and 90°C)to achieve a final free moisture fraction &.0.0

®70°C-1

+80°C-1

490°C-1

500

05 R
05 ALY
YRR
03 XX %
SO\ W
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Figure 1Drying curves in squash floweas 3 different temperatures described with Page's model in order

to estimate the required drying time.

The coloring genusCurcubita flowers are mainly due the high content of carotenoid compounds,
particularly  of b-carotenf8].While the  chlorophyll

contentsare

found

in

low
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concentrations,resulting inthe yellow colorationcharacteristicofthistypeofflowers. In this study
carotenoid, chlorophylh and chlorophylbcontents in dried products were in the ranges of-0.2Q
mg/100 g, 0.001:9.004 mg/100g and 0.0610032 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 péoaemres of
80°Corhighertend to degrade[9]. This effect ofdrying temperatureonthetotal
carotenoidcontentoftheflowerswas observedin the treatments of 80and90 °C (Fig 2B).
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Figure 2 Mean values of pigment contents in squash flowers during dying piogess3 different
temperatures. AChlorophyll concentration. B) Total carotenoids concentration.

Antioxidant activity (expressed as the amount ofsample neededto reduce by50% the free radical
scavenging capacity) ranged frord& mg dry product for b ABTS and DPPHmethods, observing the
highest residual antioxidant activity at 90°C (p < 0.05).

DPPH and ABTSscavenging activities sgfuash flowersnay be explained by the presence of flavonoid
andphenylpropanoid glycosidesmpounds known as potentiahydrogen donors and radical
scavengers[10].
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Figure 31C sovalues of squash flowers extracts. A) DPPH radical method and B) ABTS radical method.



These resultsnay be related tthose reported byacobetal(2010)[11] who mentioned thahe thermal
processegan affect thantioxidantactivity of vegetable producidependingnthetime duration instead
of temperature of the drying process (Fig 3A and 3B).

This study has confirmed that tHeying processnay be used to conserved squash flowers vitteased
shelflife and wider marketability, increasing their consumer appeal by stressingotéetial health
benefits associated with antioxidarth foods
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Introduction

Currently there are reports that demonstrate the use of medilzintd p thetreatment 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).
Thes 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 bioa&cttempounds 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, pmnegent investigation, it was
evaluated the antioxidant capacity and phenolic content of agueous extracts of the plant known as ripe
banana llamelia patenkslt is believed thaHamelia patends native to United States of America (7).
However, it has had 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 @& &mlong (9). Their flowers are dark yellow,
orange or red, while the fruit dfl. patensis red, turning to black in maturity (A. patenshave
antihemorrhagic and healing qualities. In addition, -arflammatory and analgesic properties are
attributed to hin (10), also has qualities afyretic, antimicrobial and artungical. 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, especialiyrial areas, where preparations obtained from plants
(12) are applied.

The family Rubiaceae is a primary source of natural, medicinal and hallucinogenic products. Studies
fromguimiotaxonomiaof alkaloids, reported three structural types of alkaloidssirplant: quinolinics,
isoquinolinics and indolics (13). The leaves Hf patenscontain saponins, steroids, and tannins. The
flower contains flavonoids such as apigenin and narirutin (10). Likewise, it was identified stigmasterol,
ursolic acid, aricin, xindol, 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, specidfilith alkaloids indolicstetrahidroalstonin

and aricin (15).

Materials and methods

Preparation of the samples The leaves oH. patenswere collected in city Valles, S.L.P., were
subsequently performed aqueous extracts through an infusion accumulateoirtiqunal:50 wi/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 RL °

Evaluation of antioxidant activity. The antioxidant activity was evaluated with the
methodology described by Brawdilliams et al. (1995) (16), through inhibition of the stable
radical DPPH. To do so, 3 mL of the methanol solution DPPH 6 M1@ith 100 e L of t h
agueous extract, the absorbance was measured at 5 seconds for 30 minutes, at 515 nm. The
antioxidant activity was expressed inD.O.* /min/mgn; it was established from the
determination of the equation proposed by Manzet@. (1998) (17.

Inhibition of free radicals (RL). The percentage inhibition of RL was determined taking the
initial (DPPH) and the final absorbance (DREXtract complex study) respectively.

Quantification of total polyphenols. The polyphenols content was assesse@doordance with the
methodology of FolirCiocalteau (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 -Exticalteau

reagent at 10%, and they weret lef stand for 8 minutes. Then it was added 4 mL of solution ¢€Qa

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 expressevaesnegf Gallic acid
(GAEIL).

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 antioxidantctivity 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 inhibitiRh tfie aqueous
extracts oH. patenswith respect to the time of infusion.

Table 1.Content phenolic, antioxidant activity and percentage of inhibition from
freeradical of extracts d¢f. patendn respect to the infusion times.

Infusion Polyphenols Antioxidant Activity % Radical
time (mg GAE/L) (D.O. 3 min/mgm ) 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 poyphenols 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 contemobfphenols 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 ofthe 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 extrakts petens we showed that the
highest value of D.O. was obtained at 12 minutes of infusion and was#0.48-D.0O. 3/min/mgnf_The
antioxidant effect found in the aqueous extractsl opatensmay be attributed to the presence of tannins
and catechins irhe 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.GImin/mg,s, respectiely (17). In contrast, the antioxidant activity observed

from the aqueous extracts idf patensturned 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 peterit bet
antioxidant benefits.

The linear analysis between the antioxidant activity of aqueous extradtgpatens measured in kinetic

form with the radical DPPH depending on the content of polyphenols, obtained a value of r=0. 948
(Figure 1), which indicats 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 reportedadneous 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 activy.
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Figure 1. Correlation between antioxidant activity
phenolic content of extracts b 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 analysisoge 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 isiaxinon
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 diabetéitus) 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 improvin
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 studg showed that H. patents is an important source of
antioxidants.
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Introduction

Many plants are appreciated for human beings as they show beneficial effects on healthBsddtegs
cordataHumb. Bonpl. & Kunth (Buddlejaceadpervillea sonoraeGreene (Cucurbitaceae) aRdosopis
laevigataHumb. & Bonpl. Ex Willd M. C.Johnst (Fabaceae). Those species are commonly used by
Mexican folk to counteract diseases that affect significant amounts of peoie,ceodatais used as
remedy against stomach and skin infections, dysentery, affections related to antiinflamatoryoeaiti
antiseptic and diuretic activities (Rodrigtiéaragoza y col., 1999); while tHe sonoraeuses comprise

skin diseases, stomach ulcers and diabetes mellitus (Herr@adlea y col., 2007); an®. laevigatais

applied to treat dysentery, eye dises, 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 caseasfithdisjogical

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 pathogensbhileres 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 activitieghich 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 producesé 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 gapailitsignificantly
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 mviding a continuous and controllable biosource of phenols must be carried out in order
to not undermine the natural resources, suclnastro cultures.In vitro or tissue culture comprises
several techniques based on the totipotent capability of thetalagells, making possible develop cultures

of cells, tissue, organs or complete plants growing under environmental and nutritional conditions
controlled. So, through 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 dh vitro cultures fromBuddleja cordatalbervillea sonoraeand Prosopis
laevigata

Methods and materials

Establishment focellular lines: Callus cultures oB. cordata I. sonoraeandP. laevigatawere provided

by The Universidad Autonoma Metropolitana, Campus Iztapalapa @Alkeing every cellular line
propagated according to previous reports (Esté@daga y col. 20092012; Buendidsonzalez y col.

2010) through 8 subculture cycles, being the two latter used to determine the growth index (Gl), total
phenol content (TPC) and antioxidant activity.



Extraction and quantification of phenolic compounBfomass from callusfoB. cordata I. sonoraeand

P. laevigatawas 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 Folin
Ciocalteau method (Aslan y coR007) whose results were expresses as equivalent mg of galic acid per
gram of extract (mg GAEY).

Determination of the antioxidant activityConcentrated extracts were evaporated to deliver complete
dryness then several concentrations were preparece®@HM(03 mg mL?") to determine the amount of
extract needed to inhibit the initial concentration of free radicakEBBTS and DPPH assays were
carried out to evaluate the antioxidant activity (Re y col., 1999; Safdbemo y col. 1998). All the
resuts 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 actiyit The highest TPC (202.7 mg EAG)gvas inB. cordata followed ofl.

sonorae and P. laevigata (57.1 and 46.8mg EAG ', respectively) Kig 1a), as well as EG
corresponding to 62.5 and 59.5 pg Trfior B. cordata 855.7 and 573.3 pg miLfor I. sonome, and 824.3

and 366.7 pg mt for P. laevigata,DPPH and ABTS assay, respectiveRig( 1b). The TPC values
determined for callus frorB. cordataandl. sonoraewere similar to those reported for leaves of close
species belonging to Buddlejaceae (28387 mg GAE ¢) (Sawadogo y col., 2006) and Cucurbitaceae
(49.7-157.6 mg GAE 9) (Local FoodNutraceuticals Consortium, 2005) families, respectively, whereas
that TPC value foP. laevigatacallus was lower to that reported in leaves of Fabaceae spe2ie8 (Ag

GAE ¢%) (Local FoodNutraceuticals Consortium, 2005Jecoma stangBignoniaceae) is close to
Buddlejaceae species, and as welBagsordata T. stansis commonly used in folk medicine Mexican
whose curative property is also related to phenotimmounds. HoweverT. stansphytochemical
constitution in fields is highly varied, $0 vitro cultures has been developed (Léhezedo y col., 2009).

Whilst, extracts of cell cultures afavandula veraandRosa damascenether species used extensivety i

folk medicine, have been tested as sources of phenolic antioxidants for use in foods (Kovatcheva
Apostolova y col., 2008). Certainly, the highest TPC determineB.foordatacallus (202.7 mg EAG )

was significantly superior to those reported forluslof T. stans(45.4097.03 mg GAE @) (L6pez

Laredo y col., 2009)L. vera (85.6 mg GAE @) andR. damascen#7.9 mg GAE ¢) (Kovatcheva
Apostolova y col., 2008). On the other hand, lower amounts of extract (jiyeapable to inhibit at 50 %

the initial concentration of free radical, means that extracts possess a high antioxidant activitysgThe EC
results observed from all species are similar to those values reported from leaves of the corresponding
close species (16.385.67 ug mr') (Sawadogo y @., 2006; Chew y col., 2011). Moreover, several
works comprising a variety of phenol producer species suclBleggharis linearifolia, Dicliptera
verticillata, Dyschoriste perrottetii, Hygrophila auriculata, Lepidagathis anobrya, Nelsonia anescehs,
Judicia spicigerareport 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 healimong 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 cefladilgg cascades, which

in turn can mark the point of no return in the cell death process (Soobrattee y col., 2085)@data

cellular line cultures can represent a potential biosource to produce phenols which if are added to foods
may exert benefitso health. More research advances over phenol production increase imnthése

systems must be developed, and also those produced phenols must be proved as food additives.
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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 quaMgangiferaindicais one of the mosimportant

tropical fruits with a global production exceeding 27 million Tonnes per ¢aMexico ranks fourth in

world production and second in exports of this frataulfo, Tommy AtkinandKentmango varieties are

the most widely consume@)( The Mexican varietyAtaulfo has proven to be a success in international
markes because it has unique sensory features: firm consistency, plump and sweet drupe, low acidity and
intense aroma3j.Fruit changes during ripening can induce changes ighbmicalcomposition that can

be nutritionally beneficial. Exotic fruits exhibit an important content of(BF juice from mangois the

main industrial product and the industrial-fmoducts represent 35 to 60% of the total fruit weight
(5).Furthermore Ataulfo anrd Tommy Atkinsvarieties 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 inexpensivecatoric bulking agets.

The aim of this work was to evaluate changeshamical composition anBF content in two mango
cultivars (MexicanAtaulfoand Tommy Atkinsat two stages of ripening and their-jisoducts obtained

during their processing.

Materials and M ethods

2.1.Sample preparation

Mango fruits from two varietiesAtaulfoand Tommy Atkins wer e pur chased from @
orchard near Tepic, Nayarit, Mexico. A proportion of the fruits used in this study were in ‘gedane

stage (MGS) and another portion wagd 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 M2653, Wilmington, NC) and passed through a 0.05 mm mesh,

then stored in plastic containers -20°C for further analyses. The samples obtained henceforth are
referred to aé&taulfoMGS andTommyMGS andAtaulfo-CS andTommyCS.

Preparationof by-products

The byproducts (fiber and peels) were purchased fAtiaulfoand Tommy AtkingruitsfromMexifrutas

S.A. de C.V. mango processingplant, during the manufacturing of juice concentrate. Samples were freeze
dried, milled (IKA® 80 Works Inc, Model M2653, Wilmington, NC) and passed through a 0.05 mm
mesh,then were sted in plastic containers é20°C for further analyses. The samples obtainedhenceforth
are referred to astaulfoF andTommyF (F, Fiber);Ataulfo-P andTommyP (P, Peel).
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2.2 Proximate composition and dietary fibre.

Ash, protein and fat were analyseztarding to AOAC methods 923.03, 920.87 and 920.85, respectively
(6).Total soluble carbohydratesere assessed by the Anthrone methddrétal starchwas determined

by the methodof Gofii et al.(8) Glucose was determined using the glucose oxidase/pesexida
(GOD/PAD) assayDietary fibre analysisSamples were analysed by the AOAC method modified by
Manfas et a(9). Samples were treated enzymatically, followed by centrifugation, instead of filtration to
separate the soluble and insoluble fractions obtaaféel enzymatic hydrolysis. Supernatants were
qguantitatively collected; pellets were washed and transferred into dialysis tubesi {4000 MWCO,
Dialysis Tubing Visking, Medicell International Ltd., London, UK). The dialysates (soluble dietary fibre,
SDR were hydrolysed with concentrated sulphuric acid. Residues obtained after the enzymatic hydrolysis
(insoluble dietary fibre, IDF) were dried and hydrolysed with sulphuric adldn-starch
polysaccharidgdlSP) from SDF and IDF were determined spectrophetdcally at 520 nm by the
Englyst and Cummings method(Q) 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 atistical software v. 9.0. Statistically
significant differences (p<0.05) were evaluated using the LSD multiple comparison procedure.

Results anddiscussion

Changes in proximate composition in two mango varieties

Proximate composition in tropical freitike mango, changes depending of the crop origin, variety and
maturity stage X1).Proximate composition of our samples is depicted in Table 1. According to the

ri peness stage, the protein content wasraghorgni fi ca
have reported protein contents of 5.42 g/100gParuano 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 are@se 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 compositiétaulfo and Tomny varieties in their consumption staq
(CS) and maturgreenstage (MGS) of mango pulps (9/100g dry base, except mofsture)

Component AtaulfoMGS AtaulfoCS TommyMGS TommyCS
Moisture 80.17+2.10c 84.86+1.3b 86.40+1.50a 85.40+0.60bc
Proteir? 5.330.02b 6.40t0.04a 4.04+0.05d 5.550.03c
Ash 2.09+0.13b 2.57 £0.20a 1.56+0.19c 1.48+0.05c
Fat 1.14+0.10a 1.02+0.08ab 0.92+0.48b 1.02+0.00ab
sSC 36.76+6.60c 48.47+4.03ab 48.85+2.60a 48.85+2.60a
Total starch  16.24+0.72a Nd 8.5310.37b Nd
%/alues are givenas megnn O3) . The values with dif f¢e

0.05) by LSD test:SC; Soluble carbohydrate%Nd; not determined.

Ash content in both varieties and ripeness stage
main mnerals identified in mango are calcium, potassium, magnesium, phosphorus and nitrogen.In
general ash is incremented with the ripeness stage (14). However, the behavitaulfimvariety in

regard to ash content was contrasting and it will be considerddrther research on physiology studies

for this variety. The studied varieties did not
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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 alcoHd3 Soluble carbohydrates increasedAtaulfo-CS,

which can occur when starch in grematurestages is hydrolysed to simple sugars during ripening.
Additionally, both pH values and enzyme activity increasa sessult of ripening which is a consequence

of polysaccharides hydrolysis, thereby increasing the soluble sugars content (15).

Proximate composition of mango kyroducts

Usually, mango fruit in consumption stage is employed to prepare juice concerityegeartd fruit peel

are recovered as kproducts 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 compasitiin Ataulfo and Tommy Atkindy-products (fibre and peel) are

shown in Table 2. Protein content AdaulfoF andTommyF were similar than that o&taulfoCS and
TommyCS (Table 1), although these were higher thaAtaulfoP andTommyP. Theprotein irpeel of

different mango varieties has been studied, and similar values to those reported herein have been found as
those by Ajila et a[16)3.6 g/100g, dry base)and Hassan et al.(17)(4.6 g/100g, dry base)

Table 2.

Proximate composition iAtaulfoandTonmy Atkinamango varieties bproduct (g /100g dry base)
Component AtaulfoF TommyF Ataulfo-P TommyP
Protein 5.1t0.7a 4.98t0.07a 3.2740.05¢c 4.300.45b
Ash 2.230.04c 1.87#0.09d 3.18t0.11b 3.9t0.05a

Fat 0.5#0.01d 1.7G:0.19c 2.08t0.20ab 2.35t0.13a
sc 72.17+1.15a 65.39+1.26b 56.52+1.44c 56.65+1.64c
Total starch 8.23+0.74b 6.38+0.73c 10.69+0.29a 7.761£0.27b
Val ues are given as mean (nO 3). The vat

0.05) by LSD test'SC=Soluble carbohydtas. F=Fibre, P=Peel.

Ash content inAtaulfoF andTommyF 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 elsewhe(g7). Fat content obtained in our4pyoducts was lower tha@itrus sinensigeel

(22.2 g/100g, dry base) (18pluble sugars were higher in our-ioducts, which could be attributed to

that industrial process employ fruits that are in their optimal nyestagéelotal starch (TS) content in

fibre and peel ofAtaulfowas higher than in its counterpart Tdmmy 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 dung 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 diebmey(fiDF) content was
greater (p<0.05) imfommy Atkinpeel thamAtaulfgoeel and the rest of studied samples. HoweMaylfo

F was higher (p 0.05) thanTommyF. These values were smaller than those from different varieties
reported inMangiferaindicaL peels (5).Dietary fibre is constituted mainly by reiarch 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 dietanfibre (TDF), soluble dietary fibre (SDF), insoluble dietary fibre (IDF), total sugars (
Klason Lignin (KL) and percentage (%) SDF/TDF(g /100g dry basgulfo and Tommy Atkins
varieties.

IDF
b
Sample TDF SDF TS KL SDF/TDF
AtaulfoMGS® 17.66t0.59%e 7.5% 1.21c 7.60t0.12bc 0.10t0.01e 42.9
TommyMGS 10.8#1.27g 3.8#0.78f 6.49+1.38c 0.50t0.12e 35.6
AtaulfoC<S 15.2°#1.05f 9.19+0.41b 8.32:0.31b 0.14+0.01e 60.1
TommyCS 11.62:0.40g 10.24:0.38a 6.50t0.82c 0.09+0.00e 88.1
Ataulfo-F® 24.5%0.21c 6.22+0.05d 10.22+0.80a 7.3%1.59c 25.2
TommyF 22.5(:1.23d 4910.47ef  11.010.09a 6.57#0.30d 21.8
Ataulfo-P 23.64t0.91b 11.15:1.28a 8.48t0.94b 8.05t1.70b 40.3
TommyP 38.714.8a 12.1#0.40a 11.430.41a 15.1%1.60a 31.2

a/alues are given as means (n = 3). Values with different letters are significantly diffaréh0%p by
!_SD test"TDF; As the sum of SDF+IDEMGS=Mature Gree{Stage.“'CS; Consumption stag#:; Fibre.
P; Peel.

The soluble dietary fibre (SDF) in theamgo peel from studied samples. SDFTommy Atkinsand
Ataulfaatconsumption stage, was highe¢ 005) than MGS and the fibre 4pyoduct obtained.A higher
content in SDF in CS could be explained by the different contents of structural arsruaaral
polysaccharides in the pulp and peels in MGS tropical fruits (13).During maturation these compounds
changed due to a series of enzymatiegterification and dpolymerization reactions that tropical fruits
carry out during ripening (15). These reactionsuld promote an increase in soluble pectic
polysaccharides and the concomitant increase in soluble fibre.SDF content in this study was similar than
that reported ilMangiferapajangfruit pulp (9.05 g/100g, dry basis) (19) akthngiferapajandruit peels

(33.4 g/100g, dry basis1{).IDF is constituted mainly by cellulose, hemicellulose, galacturonic acid and
lignins.KL content was higher in gyroducts (peel and fibre) than samples in consumption stage and
maturegreen stage. This could be because duringgmgulping the sections attached to the seed usually
contain the components that comprise the KL. Howevek¥dngiferapajangfruit pulp and peelX7,19

KL values were higher than what we obtained our varieties. Ligninsare an indigestible constiplemt of
foods. Nutrition experts recommend that at least one third of the daily dietary fibre intake should come
from SDF (D).In this sense DF from tropical fruits has proved to be an excellent source of SDF. The
samplesAtaulfoCS andTommyCS had a contérof FS that exceeds this recommendation (Table 3).
However, the proportion of SDF itaulfoGMS andAtaulfo-P is elevated too, thus in most samples the
SDF/TDF ratio was close to recommended levels. Only the fibgerduct was lower than the other
sampes, but if we compare against the SDF from cereals the values obtained in fibres were higher.

Conclusions

TDF content in studied mango 4pyoducts was higher than fruits in MGS and CS. However, peels in
Ataulfoand Tommy Atkinsarieties had similar vaks 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 Ataulfo variety, and suggest the potential use of thgir
products in foods.

254



References

10.

11.

12.

13.

14.
15.

16.

17.

18.

19.

FAO, Food and Agriculture Organization of the united Nations, FAOSTAT agricultural data .(2008)

Available: http://faostat.fao.org

SIAP, Servicio de Informaciébn Agroalimentaria y Pesquera,

http://www.siap.org

data (20XQkilable:

IMPI, Instituto Mexicano de la propiedad industrial (2010). Mango Ataulfo del Soconusco Chiapas
dataAvailablehttp://www.impi.gob.mx/wb/IMPIl/declaracion_general_de_proteccion_de la_mango
Arranz, S., Saur&alixto, F., Shaha, S. and Kroon, P(®009). High Contents of Nonextractable

Polyphenols in Fruits Suggest That Polyphenol Contents of Plant Foods Have Been Underesdtimated.

Agric Food Chemb7, 7298 7303.

Larrauri, J.A., Ruperez, P., Borroto, B. and SaDadixto, F. (1996). Mango Peels asNew Tropical
Fibre: Preparation and CharacterizatibebensmWiss. u-Techno] 29, 729733.
AOAC. (1990) Official Methods of Analysis, {5%d.; Association of Official Analytical Chemists:

Washington, DC.

Loewus, F.A. (1952). Improvement in anthromethod for determination of carbohydratésal

Chem24:219

Gondi, I., GarciaAlonso, A. and Saurgalixto, F. (1997). A starch hydrolysis procedure to estimate

glycemic indexNutr Researchl7, 423437.

Mafas, E. and Saw@alixto, F. (1995). Dietary fite analysis: methodological error sourceéar J

ClinNutr49(3), S1585162

Englyst, H.N., and Cummings, J.H. (1988). Improved method for the measurement of dietary fibre as

nonstarch polysaccharide in plant foadi$\ssoc Off Anal Cheridl, 808814.

Thararathan, H.M., Yashoda, R.N. and Prabha T2006). MangqMangiferaindica L.)

of F & AniOwvesview.Food Research Ir22, 95 123.

AnThe Ki

Jain, N., Krishnamurthy, G.V. and Lal, G.C. (1959). Naatile organic acids in unripe pickling

mangoes and gald mango slices by paper chromatograptoad Sci3, 115 118.

Ali, Z.M., Chin, L.H. and Lazan, A. (2004). A comparative study on wall degrading enzymes, pectin
modifications and softening during ripening of selected tropical filgigt Scj 167, 317327.

Knee,M. (2011). Fruit quality its biological basis.Availabhvw.0010/homepage/ForAuthors.html
Yashoda, H.M., Prabha, T.N., and Tharanathan, R007).Mango ripening Role of cabohydrases

in tissue softeningzood Chem102, 691698.

Ajila, C., Aalami, K., LeelavathC. and Rao, P.(2010).Mango peel powder: A potential source of
antioxidant and dietary fiber in macaroni preparatiomayv FoodSciEmerg Ted, 219 224.

Hassan, F.A., Ismail, A., Hamid, A.A., Azlan, A. and-geraji, S.H. (2011). laracterization of
fibre-rich powder and antioxidant capacity dangiferapajangk. fruit peels.Food Chem126, 283

288.

Chau, C. and Huang, Y. (2003). Comparison of the chemical composition and physicochemical

properties of different fibers prepared frdne peel of Citrus sinensis L. Cv. LiuchedgAgric Food

Chembl, 26152618.
Al-Sheraji, S.D., Ismail, A., Manap, M.Y., Mustafa, S.,

Yusof,

R.M.

and Hassan,

A.F.(2011).Functional properties and characterization of dietary fiber from MangiferaPajangKort.

Fruit pulp.J Agric Food Chens9, 39363985.

20. FAO/WHO, Food and agricultural organization of the united nations/world health organization

(2007). Rome: FAO/WHO Codex Alimentarius Commission, p. 40.

25t

ng



25¢€



TOPIC: Functional Foods FF13

Chemical CompositionAnd Physicochemical PropertieOf Agroindustrial Wastes
Mora, Y.N., Meléndez, N.P., Contreras, J.C., Aguilar, C.N., Rodriguez, R.*

*Group of Bioprocesses and Molecular Biology. Department of Food Science and Technology
(D.ILA.).School of ChemistryUniversidad Autonoma de Coahuila, Saltillo, 25280, Mexi€amail: *:
rrth961@hotmail.com
Introduction

This study was carried out iorder to reduce the environmental impact generated by the waste obtained
from agroindustrygiving an addedvalueSome ofthese wastsmay beused asnput during elaborationf
different products. Mosbf agroresidies are rich in fiber, minerals and antioxidant compounds, whose
functional properties helf prevent various chronic diseases as obesity, diabetes and hyperlipidemiaand
improve human health. Functional properties of food or foedgredient depend omheir chemical
composition and physicochemical properties (5, 8). These properties are generally determtnzdnd

serve to give an idea of their behavinrvivo, sincein this medium undergo a complex physiological
environment and mechanisms that could modify thEne principal physicochemical propertigst are
evaluated areoH, particle size, watdnolding capacity (WHC), swelling capacity (SC), cationic exchange
cgpacity (CEC), oHholding capacity (OHC) and organic molecule adsorption capacity (OMAC).

Studies on the chemical composition of edible part of cladodes and frisuaitiaficusindica showed

that these parts have high nutritional value, mainly due é@r thineral, protein, dietary fiber and
phytochemicalTonents(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
pineapplehas carbohydrates such as fructose and cellullbsdastbeing the most abundant component

(4). However, in commercial fermentation process, cellulose fibers areongbletely hydrolyzed,
leavinglargeamount of fiber asesidues known as bagasse. Shwastes argeposit in the environment

so they represent a potential contaminant. For all these reasons, we decided to chemically and functionally
characterize for the wastes thie 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 bproducts.

Methods andmaterials

Material and Sample preparationTwo prickly pear varieties oDpuntiaficusindica sp., red and green,
purchase in théood supply center in the city of Saltillo, Coah.,Méx. The pricky pear samples were peeled
in the normal way for human consungoti Spines, epidermis and glochids were manually removed.
While residues of sotol were provided by the Sotolera Torrecllagango All samples were dry at 65 °C

and groundThen samples were sieved and recovered the particles in range from 425 to. 7hem
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 anbiyziregAntrona
method (0), reductor soluble carbohydrates with DNS method (16) and total dietary fiber with a
gravimetricenzymatic method using TBIKIT (MEGZYME, ®).

Macro and MicroelementsFor this analysis wasedan 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.



Waterholding capacity (WHC) Thirty milliliters of distilled watemas 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(d&jgResults were
expressess g of water/ g dry sample.

Swelling capacity (SC)rhe 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 stirregently 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 camcity (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, supernatead discarded and residue was weighj (P

(11). Results were expressed as g of olive oil/ g dry sample.

Organic molecule adsorption capacity (OMAIG)centrifuge tubes of 50 ml were weighed 500 mg of
each sample, were added 10 ml of commercial sunfloiand 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 weighetiljgRésults were expressed as mL/ g

dry sanple.

Cation exchange capacity (CEQh 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 solutiortdbride 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 gooitGample. Mixed for 30

minutes and discarded the supernatant. Sample was allowed to stand for 10 min and pH was measured
using a potentiomet€m hermo Orion 420)NMX -F-317-S-1978).

Statistical analysisAll determinations were made in triplicate undeaadomized 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 anddiscussion

It was decided to work with a particlenge 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 CompositionThe prickly pear peels presented high moisture content (around 90 %) amd a lo
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 afjsse of sotol is due to the high content of cellulose not
hydrolyzed during fermentation (Table 1). Total diet@ogr 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 ceproducts (74.5 g/ 100 g dry base) (14).
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Table LProximal composition of studied was{gg 100 g dry sample) (Mean + SD).

Waste | Ash Fat Total soluble | Total reductor | Total dietary
carbohydrates | carbohydrates | fiber
BS 11.85+ 0.5 1.07+0.14 |1451+21c 6.00 £ 0.0% 77.88 £ 2.4a

GPPP |18.10+0.0& |1.21+0.1% | 28.4+10.2D 27.74+ 2.9a 33131
RPPP ]13.29%+0.1h | 2.33+0.18 | 60.35+ 6.8 31.78+0.46 | 14.03+1.Cc

* Means with the same letter are not different according to Tukey test, p = 0.05.
BS: bagasse of sotol, GPPP: green prickly peats, RPPP: red prickly pear peels.

However, available carbohydrates contented and green prickly pear peels is higiranthat found in

sotol bagasselThese resultsuggestthat suchkind of materialscontainnutrients thatcan still beused by
human lody and /or benefial bacteria

Macro and MicroelementsThe 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 sodiunamount wa highe thanthatreported for the same residue (12).

Table 2Mineral compositiorof studied waste@ng/100 g dry sampldMean + SD).

Waste | Na K Ca Mg Fe Mn Zn Cu

BS 704.4 x| 649 +|1519.1 £| 266.64 £| 7.65 £|4.74 x| 501 +| 4597 &
385 a | 248 c |61.07 a|2597 a|114 a |[0.0 b [0.36 a |2.08 a
GPPP | 21.28 +| 3071 +| 1158.3 +| 288.72 +| 4.1 +|23.04+( 091 +|0.48 =
39 b |1209 a [4321b |16.74a |036 c |[0.8la |01 b |00 b
RPPP | 36.04 +| 18954 +| 717.96 +| 134.35 £/ 58 +|1.63 +| 057 +|0.22 %
084 b |705 b |94 ¢ |300 b |143 b|03 ¢ |019b |00 b
* Means with the same letter are not different according to Tukey test, p = 0.05.

BS: bagasse of sotol, GPPP: green prickly pealsp&PPP: 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 oitlgasize, 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 fdrs 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. Ther Wwalding 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 drysample) (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 highesganic molecule adsgtion capacity (4.4nl/ g dry samplewas
observed with red prickly pear peels, which was higher et mentioned for chia (1.08l/ g dry

samplé (20), wheathusk1.98ml/ g dry sampland corn husk (1.61/ g dry samplg(20).This trait has

been asswated with decreased blood cholesterol.



Table 3. Functional properties of studied wasfstean + SD).

Waste SC (ml/g) WHC (ml/g) OHC (ml/g) OMAC (ml/g) | CEC (meq H'/g)
BS 2.1+ 0.51b 4.4+ 0.26b 3.32+0.17a 2.97+0.33b 8.3+0.26a
GPPP 458+ 0.34a | 7.03£0.07a 1.68+ 0.17c 1.4+0.02¢c 6.74 £ 0.1
RPPP 3.99+ 0.0a 7.48+0.7a 2.21+0.36b 4.4+0.7a 6.66 £ 0.3

(WHCWaterholding capacity,(SC)Swellingcapacity, (OHC) Oil-holding capacity,(OMAC) Organic molecule

adsorption capacitgnd(CEC) Cation exchange capacity.

The highest cation exchanging capacity was observed in sotol bagasse (8.3 mégytséample) and this
amount was similar to that reported for apple fiber (8.9 méayHry sample). This capacity may be the

mechanim 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 hypocholettanic 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 digta y ber
addi ti

technol ogi cal
improving functionality of food products, but also as a means to create functional foods with health

beneyt s.
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TOPIC: Functional Foods FF15

Rheological And Sensory Properties Of Ice Cream Lown Fat And Carbohydrates Added
With Different Concentrations Of Prickly Pear (Opuntia spp.)

Hicks, L.,Villalobos, S.GutiérrezMéndez N.*

*ngutierrezZ@uach.mx
Introduction

Obesity is one of the main risk factorsto develop diabetes type 2, cardiovalisalses, 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 acgaved 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 precolumbin times, but also has been used to treat disddsesdiabetes, gastritis and
hypercholesterolemia. The composition of the prickly pear is essentially carbohydrates, with a
considerable proportion of fiber of these carbohydrate$5¢6) (3). However,prickly pear mucilage
containing complex carbohydraiecomposed 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 ingfedi@ntctional 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 measuying the

a, andb components. The rheological characteristicshef ice creams were measured by two different
tests: 1) Stresssweepsteposcillatingtodeterminethelinearregionviscoseice cream(LVR)and
2)lowtemperaturescanningphasedconstant strainamplitude, to obtain the parametersG ‘(storage
modulusorelastic) and G" (l®snodulus). Finally,the sensory evaluationof the ice creams was carried out
using 60 nortrainedjudges. The flavor was measured by the panel using-stnuatured (hedonic) scale

of 9 cm.

Table 1. Ingredients used in the formulation of ice creams

Control Ice cream with raw Ice cream with steamed
Ingredient Ice prickly pear prickly pear

cream 1% 2% 3% 1% 2% 3%
Milk fat (%) 2 2 2 2 2 2 2
Milk solids (%) 15.910 14910 13,910 12910 14910 13.910 12.910
Emulsifier (%) 0.144  0.144 0.144 0.144 0.144 o0.14 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
AcesulimeK (%) 0.013 0.013 0.013 0.013 0.013 0.013 0.013
Solids from 0 1 2 3 1 2 3
Prickly pear (%)
Water (%) 70.860 70.860 70.860 70.860 70.860 70.860 70.860
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Results anddiscussion

According to the valuegresented in the table above, there was no significant difference between
treatments with raw and steamed prickly peareference to the rheological characteristics of the ice
creams, it was observed that when prickly pear deddnto 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 prick
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 propertieshaf 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 peablyProba
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 parametdlightness),a (color space between redand green) tdspaceof
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 parametavere negativebecause thegreen colorof the samples, and the samples
with the higher values of the parameterere the ice cream added with raw prickly pear.

In reference to the energy contributionofeach ice cream fornayltte 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

Raw Prickly Pear Steamed Prickly Pear

Components
% %
Humidity 91.87 + 0.66" 91.21 + (.106%
Ashes 0.87 + 0.05° 0.95 + 0116°
Fat 0.10 + 0.04% 021 = 00712
Protein 1.21 + 0.08% 0.94 £+ 02677
Fiber 0.60 + 0.02° 059 * 0.066°
Carbohydrates 535 + 0.71% 6.10 £ 0378

+ Standard deviatior®® Mean values in the same row with different superscripts, presents stat
difference (Tukey test)
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Figure 1. Changes in viscoelastiarameters of ice creams with steamed and raw prickly pear.

Treatments with the same letters are not significantly different (P >0.05).

RAW
PRICKLY PEAR
CONTROL J 66
a:-14.27
L:109.04 b:18.20
a:-42.25
b: 18.20
L:88.76
a:-9.56
b:23.99

STEAMED
PRICKLYPEAR

Figure 2. Results of the change in color by addition of prickly pear into the ice cream fo

47
a:-13.07
b:22.76
L:74.06 L:72.28
a:-7.77 a:-7.44
b:21.80 b:26.01
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Hedonic scale
o B MW = [=p] -] 02 o

it i

Steamed Steamed  Steamed
prlckl}_ prlckl}_ prlckl) prickly prickly prickly
pear 1% pear 2% pear 3% pear 1% pear 2%  pear 3%

Figure 3. Rsults of the sensory evaluation for flavor in ice cré&neatments 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 concentrigons. 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 lowfat 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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Influence of Maturity Stage On PhytochemicalContents And Antioxidant Capacity Of
Wild Mexican Serviceberry (Amelanchierdenticulat (Kunth) Jones)

RamirezChimal, ¢., HerreraHernandez, M. G*, GuzmarMaldonado, S. B, NafiezColin, C. £. and
HernandezaVlartinez, M. A?

! Polytechnic University of GuanajuatdNational Institute for Forestry, Agriculture and Livesto6ks
Km CelayaSan Miguel Allende, Celaya, Gto. C3F8110. Email: lupis_herrera@msn.com

Introduction

Amelanchier denticulatar "membrillo cimarrén” is also known as duraznillo, mandronillo, quince,
granjenillo, manzanita and acebuche, in Spanish. In Mexican indigenous languaghsdiglaxisqui,
tlaxistle, tiomiscatli, tlaxioqui, clasisle, tlachistle, claldurazno yagdlariEnglish is known as southern

false serviceberry, big bend serviceberry, and Mexican serviceberry (1). For practical purposes of this
paper, we use the name wild Mexican seviceberry This species grows in three main geographical
areas of Mexico: Northeast Guanajuato, central and southern Querétaro and southern Hidalgo. Most of the
wild Mexican serviceberrys localized in geographical semiarid areas. Production compriSirgg%,

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). Theeciesforms a Mexican
phylogenetiaesourcawvith a wide agrifood potentialnformationabout 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 ahantioxidant capacity (2,3).

Evidence continues to emerge suggesting that antioxiddmtcommonly consumed fruits are beneficial

to health due to their capacity to prevent chronic diseases. The beneficial effect of fruits is attributed to
antioxidantcompounds such as phenolics, betalains, vitamin C, among otheutr@nts (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 &unctional 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
characteration and quantification of phenolic acids, flavanols, and flavonols by high performance liquid
chromatographyliode array detection (HPL-zDAD) were also carried out

Materials and methods

Wild serviceberry fruit was harvested in La Valenciana, Guat@jdexico. During the production
season, any tree may bear fruits corresponding to unripe stage 1 (pink) unripe stage 2 (pirkhdeayey

ripe (full greywhite) and overripe (light brown), they were harvested in-Awlgust 2011. Fruit bulks
corresponohg to each maturity stage were combined to generate samples for wild quince. Immediately
after, samples were freedeied and stored a0 °C until its analysis.

Total Soluble phenols (TSP):100 mgof dry sample was weighe@l0 mL of dilute methanol (8%) was
added.The mixturewas stirred forlO minutesThen it wascentrifuged forlO minutesandthe supernatant
was filtered An aliquotof 125 uL of supernatant was placedantest tubewasadded500 pL waterand
125 pL of Folin Ciocaltets reagentwas mixed and allowed to standn the dark for 6 minutes
Subsequentlyl.25mLof Na,CO; (7%) was added artdmL of deionizedwater, it was mixedand allowed



to standin the dark for 90 minutes after whichthe readingswere performedin absorbance ah
wavdengthof 750 nmin 6405spectrophotometadV / 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 millilitexagent A (1:1,

viv, of 1% vanillin in methanol fresh daily and 8% HCI in methanol) were addedhtb 4dliquots of the
sample. Five milliliters of 4% concentrated HCI in methanol were added to a secobdiliguot (the

blank); both were incubated for 20in at 30 °C. After incubation the sample was spectrophotometrically
measured (k = 500 nm) (Jenway 64051WM, Staffordshire, UK) and the absorbance of the blank was
subtracted from the absorbance with vanillin (8). Concentration of condensed tanniepevted 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/HCI,
1N, 85:15), adjusted to pH 1ldhd 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 (Jenwayi6405 UV
vis, Staffordshire, UK) was recorded at 535 nm (9). TA were calculated and repsrdnidin 3
glicoside equivalents (C3GE) as foll ows$): cC = (Al

Where

C = Total anthocyanins (mg C3GE/kg)

A = Sample absorbance

U = Mol ar abs or-Bglisoside (25965fcritMie cyani di n
vol = Total volme of anthocyanin extract

MW = Molecular weight of cyaniding-glucoside (449 Da).

Simple phenols by HPLC A 15 cm _ 4.6 mm i.d., 5 Im particle size Zorbax octadecylsilane (OD
reverseephase column was utilised. Linear gradient elution was caotg¢dy 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 idenfication 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, protocatecHuwlr@xybenzoic, vanillic, chlorogenic,

caffeic, syringic, coumaric, ferulic, benzoic and salicylic acids, as well asafeghin, vanillin,
epicatechin (EC), and epigallocatechin gallate (EGCg) were detected at 280 nm; on the other hand, ellagic
acid, quercetinand 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 fdr2i 16 h before use. The ABTS_+ radical was diluted with potassium
phosphatéuffered saline (PBS) to give an absorbance of about 0.700 + 0.020 at 734 nm. For measuring
antioxidant capacity 10 yL of sample was mixed with 990 uL of radical solution. Absmbaas
monitored at 734 nm for 6 min. (11). Results were expressed in terms of umol Trolox equivalent per g of
sample, FW (umol TE/g, FW). The oxygen radical absorbance capacity assay (ORAC) measures the
ability of antioxidant compounds in test materi@snhibit 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 fluorseoeia, an
expressed as micromoles of Trolox equivalents (TE) per g of sample, fresh weight FW (Imol TE/kg, FW).
All data were reported as means + standard deviations (n = 3). Statistical analysis was performed using the
JMP.5.0.1 software. Differencesamomgg ans wer e tested for significanc
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 thesreported byBakowskaBarczak and Kolodziejczyk for
saskatoon berry (2008301mgGAE/100G, FW)(13) . In contrast, condensed tannins (CT) decreased with
serviceberry development. Comparing anthocyanin levels detected in saskatoon bei¥9(2%3/100g,

FW) (14) with those of wild ripe and overripe fruit is not a good source of anthocyanins5(2166
mg/100g, FW). Also the TA content of wild Mexican serviceberry is lower than those reported for
blueberry Yacciniumcorymbosuyn cranberry which has 120 and® 3ngeC3G/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, anddatabcyanins of wild Mexican serviceberry in
four maturity sagés

Maturity Stage Total soluble phenols Condensed tannins Anthocyanins
1 239+ 12.7d 131+1.99c 4.43+0.109b
2 292+ 11.1c 160+ 11.1a 5.18+0.374a
3 445+ 3.91b 149+ 5.86ab 2.66+0.124c
4 809+ 15.5a 137+ 8.87bc 5.71+ 0.309a

#Means in the same row with a common letter are not significantly different (p < OT@%l soluble phenols expressed as mg equivalents of

gallic acid /100g. Condensed tannins expressed as migakmis of (+) Catechin/ 100gAnthocyaninins expressed amg 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, caffaiblorogenic, 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 rutinfovere 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 thoseported 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 fivefodd compared to

those reported for Saskatoon (~143WD0 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 FRart a)
Means in the same row with a common letter are not significantly different (p<0.05)

Maturity Rutin Chlorogenic Gallic acid Vanillic Siringic acid Catechin
stage acid acid
1 31.1+0.29% 34.6t2.24a  0.504+0.01& 12.1+0.614 21.7+0.92a 3.52+0.228b
2 30.42a 29.6t1.03b 0.475:0.022 11.2+0.9%  20.8+1.51a 4.46+0.416b
3 30.A#1.68 26.7+1b 0.418:0.023 12.2+087a 18.5+0.576a 3.44+0.269b
4 31.8t2.2a 40.7+2.5a 0.955+0.092 9.49%0.84a 31.4+154a 6.23+0.2a
Table 2. Profile of phenolic compounds by HPLC (mg/100g FRArt b)
M aturity EGCG Epicatechin Benzoic acid Caffeic acid Cumaric acid
stage
1 3.29+ 0.288a 14.7+0.774a 8+0.4a 36+ 1.28a 53.3+ 3a
2 2.73+0.228ab 13.3+0.655b 7.24+0.635ab 28.4+1.57b 19.5+1.8%
3 1.78+0.138b 11+ 0.066b 5.72+ 0.34c 23+1.07b 16+ 0.927b
4 3.32+0.29a 11.6+0.615b 4.39+0.156C crmemememeememen e

Means in the same row with a common letter are not significantly different (p<0.05)



The TEAC and ORAC values of serviceberry fruit @ased 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 efficiencysrofterm
H-donating capacity, comparing with flavonols when evaluated witro systems (11). These results are
consistent with rutin concentration in wild samples, which represents one, tddldie¢he concentration

of the sum of flavanols catechin, E&hd 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 valués athifolia (148 umol/g) to TEAC values
reported here for edible wild serviceberry (P985 pmol/g) (Fig. 1), it is obvious that serviceberry is by

far a better source of antioxidant compounds. When compared wild serviceberry ORAC leviekgl (122
umol/g) with those reported for Saskatoon berry (124 umol Trolox/g bet6)) gerviceberry 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 estness make the fruit, at this maturity stage, unsuitable for
consumption.
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Conclusions

A.denticulata is an important source of phenolic compounds &AG/100gmf), total phenol content

is very similar to A. alnifolia (801mgEAG/100gmf.

The antioxidant capacity determined by the ORAC (¥280lET/gmf) and TEAC assay (298
emolET/1gmf) are very similar to those of the delay saskatoon {&®4ET/100gmf) fo the former and

2 times the of default in the case of saskatoon TEAC methoc(hdEET/g FW).

The Mexican serviceberry is a good source of antioxidants and could be considered as a functional food.
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Lineal Viscoelasticity Of Gels Containing Complex MixturesOf Biopolymers And Its
Mathematical Modeling
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Some biopolymers have a wide application in food industry as additives, due to they present gelling,
emulsifying and thickening properties; withtime 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 wasdetermine gels viscoelasticity obtained with
complex mixtures of SA, PGA and TG. It was used a mix desigplex centroid, in which were
obtained 10 combinations: 3 simplex, 6 binary and 1 ternary. Rheological determinations were performed
in a Paar Rysica 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 scanningi2, M3, M5, M6, M7, M9 and M10 presented a behaviiba strong gel according to
frequency sweep. The gels were represented through the Burgers model equation with -&dfgtlvin
element obtaining its dynamic parameters, emphasizing that instantaneous compljawes (ked to

obtain rigidity index of gelsAccording 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
I ntroduction

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 soni 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 sacchararalLaminaria Goustoni 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 eyinatic 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 typgaeo&rad 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 oc& 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 algindte 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 mixures 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 i¢celcium, 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 okddifrom some species Astragalus The gum is composed of a
mixture of polysaccharides, one fraction is called tragacantin (arabinogalactan), it is soluble on water,
which it is obtained by dissolving a hydrosol, in the same way, the second fractidieds bzgsorin
(tragacanthic acid), it is not soluble on water, its component in the gum which gives the ability to swell in
aqueous medium, which represents7696 of the total molecule (2). It is soluble in cold water, stable to
heat and low pH uaes (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 wheomntentrations of-2% (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 thenselves represented with various mathematical models (6).

The viscoelastic materials in small deformations, almost-egaitibrium presents a linear relationship
between stress and strain, it is being in the zone known as linear viscoelasticity. Vdiile ate
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 molecal 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 amghatate are infinitesimal and the
stressstrain 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 $ 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 indee gkls obtained with
complex mixtures of SA, PGA and TG for subsequent mathematical modeling.

Methods andmaterials

For the development of work using a mix desigimplex centroid, which it was obtained 10
combinations: 3 singles, 6 binary and 1 &yn

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 followldterent 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 paraneters wer
obtained according to the Burgers equation with KeWaigt elementh, &, vy | (6)

ret 0

a a-t@0 t
J=f(t)=J, +J, 8- expgi%+7
¢  Clmw= T
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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 whl@Gesénd G", ater it

obtained curves of Creep and dynamic parameters obtained according to the Burgers equation with a
Kelvin-Voigt element (6).

Results anddiscussion
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 macromolacstdutions. 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 exhibiany 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 Kelvvoigt element getting their dynamic parametensting that the
Instantaneous Compliance)(Was used to obtain the index of rigidity of the gels.

Table 1. Rheological parameters according to the Burgers equation with-Kelgihelement.

No | Torque h Jo J1 I
Mezcla
mNm Pas Pa’ Pa’ S

1 0.008 | 7.06X10+6.30X10" | 2.40X10°+2.00X10° 2.70X10'+2.00X10° 9.83X10+8.80X10"
2 0.0183 | 7.62X10+3.74X10 | 1.00X10%5.55X10° 6.00X10"+3.25X10° 1.83X10+8.90X10"
3 0.0113 | 1.57 X10+1.40X10 | 1.12X10°+1.00X10° | 8.047X10°+7.17X10° | 3.80X10=* 3.38X10°
4 0.002 5.67 X10'+1.63 1.45X10+4.18 1.00X10°+2.87X10° | 2.34X10°+6.76X10°
5 0.0016 | 2.77X10+#1.40X10 | 1.34X10%6.79X10° 1.01X10°+5.10X10° 2.10X10+1.06X10°
6 0.002 4.22 X10+5.39 5.55X10%7.09X10° 3.01X10%3.83X10° 4.69X10+5.98X10"
7 0.008 | 1.86X10+4.57X10 | 4.47X10%1.09X10° 1.00X10°42.45X10° | 2.17X10+5.32X10°
8 0.008 | 1.28X10+6.85X10" | 1.79X101+9.57X163 | 1.00X10°+5.30X10 2.34X10°+1.26X10°
9 0.0079 | 3.21X10%+4.54X10 | 2.70X10°+3.82X10° 1.99X10°2.80X10° 2.03X10+2.86X10°
10 0.0016 2.51X10+8.21 1.02X10°+3.30X10° 4.52X10%+1.48X10° 3.05X10+9.95X10"

Table 1 shows the values retardation times obtained which had a range of 0.0288.3 s. Also
obtained the mixture showed higher viscosity was number 2 with 7.62%€) while the mixture who
had lower viscosity was number 8 with 12.8 Pas. The salhé&h were obtained showed that the mixture
number 4 presented a higher valuehan others and it was 14.5P#n other hand the mixture 6 had a
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lower value than others, which decreased by 99.9% compared to the higher valhdovédver 4, 7and
8 mixtures showed the lowest valugs), with 1x106 P&’, and the mixture 1 showed the highest value it
is 0.270 Pa.

Subsequently it was obtained the values rigidieye expressed as the reciprocal gftxained from each
mixture, it was detrmined 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 MO 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-\Kegjtin
element getting their dynamic parameters (5). The best mix for higher rigidéy values is SA 0.6061%

and 0.3939% PGA.

Acknowledgements

The authors acknowledge the technical support of Miguel Marquez and Scholarship No 9980 awarded by
CONACYT to ALAP.

References

1. Cubero, N; Monferrer, A; Monferrer, C.A; Villalta, J. (2002). 'ifhdbs Alimentarios". Mundi Prensa
Libros. pp. 126.

2. Mohamadni a, Z; Mohammad, R-. graf¢ pddy8c8lpnitrile: islinthasgs,a c ant h
characterization andl8.ydrol ysiso. Vol 15. pp 173

3. Nussinovitch, A. ( ahd Middo) Gel BaaP ol ymend Maemtoal s and .
Springer Science. New York. pp-25.

4. Osada, Y; R. Khokhlov, A. (2002).Po | y me r Gel s and Networ kso. Mar c
28-100.

5. Panouillé, M; LarretaGarde, V. (2009)i Ge|l at i on behavgooat ef miget at € 80
Hydrocolloids. Vol 23. pp 1074.080.

6. Steffe, J. (1996) . iRheol ogi c a'l"Ed¥antFreenths Prés  F o o d
USA. pp 294 348

7. Whistler, R; BeMiller, J. (1992). "Industrial Gums. Polysaccharides and Tleeivdlves". Academic
Press, IncSan Diego, California. pp 33887, 311318.

27¢



TOPIC: Functional Foods FF23

Expression Of The AcidicSubunit Of Amarantin, Carrying The Antihypertensive
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Introduction

Hypertension is universally underdiagnosed and/or inadequately treated resulting irvexsegstorgan

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 usuallsed for detection of therapeutic agents against chronic diseases
such as hypertension (2). Recently, various studies oniAQiEitory peptides presents in natural proteins
such as mil k, egg, ysh, soybean, sep (3n @he Hipeptiden d ma n
Val-Tyr (VY) is one of the biopeptides testadvivo 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 preaitinseed 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). Atatiged version of the amarantin acidic
subunitwas expressed, purified and characterizeé.ircoli. Moreover, this acidisubunit was further
modified by inserting four Varlyr (VY) antihypertensive biopeptides in tandem, after that it was named
bioamarantin, from which increases in the AfDEibitory activity of the recombinant protein expressed in

E. coliwas 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 systemssthanimal 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 aadd@t cell suspension. The
chimeric protein was partially purified and itsvitro ACE-inhibitory activity was evaluated.

Materials and methods

Nicotiana tabacuniNT1 cells were gently donated by PhD J. Casfiyna. The calli were maintained on

NT1 sdid medium containing 4.3 §'IMS salts, 30 g1 sucrose, 0.5 g'IMES, 1 mg t thiamine HCI, 0.1

g I myoinositol, 0.18 gt KH,PQ, and 2.2 gt 2,4-D. Cell suspension cultures were maintained in an
orbital shaker (150 RPM) at 2€ in the dark. Socultures 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 (¢g) and
formul asilny) /=t (alnnd xd t ctively; Where & Ivas the initalsqll 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 %umper of

viable cells/Number of total cells) X 100.

For the transformation of NT1 cells and selection of transgenic cell hggebacteriumstrain EHA105
(containing either the vector pCAMBIA1304 (GenBank accession: AF234300), or pBioamaKDEL)
inoculum were coecultured with 4 ml of 14daysold NT1 cell culture (containing 200 pM acetosyringone)

in a Petri dish sealed with parafilm. The cells were incubated on an orbital shaker (100 RPR@,dh28



the dark for 72 h. Then, the cell suspension was plategolid NT1 supplemented with 100 mg |
timentin and 15 mg’i hygromycin (NTTH medium), and incubated at 26 °C in the dark for 5 weeks (7).
The hygromycimresistant calli were transferred to suspension NTTH liquid medium to ensure the
elimination of esapes, 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 presencgusftbene with a
predicted fragment size of 9&, or the bioamarantin cDNA with a predicted fragment size ofo48

(12). For gusA detection, Plasmid pCAMBIA1304 was used positive control and DNA fron\.

tabacum NT1 Wild type (WT) callus as negative control. For bioamarantin detection, Plasmid
pBioamaKDEL was used as positive control and DNA frimtabacumNT1 WT callus as negative
control. The amplified fragments weseparated by electrophoresis on 1% (w/v) agarose gels, stained
with ethidium bromide and fluorescence visualized under ultraviolet light, images were captured in a
Mol ecul ar I mager ChemRdpcE XRS+ System (Bio

Total soluble protein (TSP) from transgertibbacco 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
antirabbit 1gG (H+L) conjugated to horseradish peroxidase (HRP) (Invitf8yemas added. Color
development was initiated with the addition diaminobenzidine (DABJ TBS, and the process was
terminated by rinsing the blot with water.

Protein extracts of transgenic and ftmamsformed callus, were hydrolyzed according to (15) and the
antihypertensive potential of the hydrolysates was determimedtro according ¢ (16). In order to
determinate the lgof t he hydr ol ysates, data were adjusted |
equation using theoftware Graphpad PrisnT 5The 1G, were also calculated for proteins hydrolysates

of nontransformed cells as control, data were subjected to analysis of variance and treatment means were
compared using the FisherP@ (.e®@%)t wsigmg PHSTSATGRAIRH
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 obtainedthe valueso f speci fic growth rate (e€) and doubl
the foll owi ng'andeds=u2l58 & Fig. E also 8hovis The wdability kinetics obtained by dye
exclusion; initial value®f approximately 95% viabily were observed on the first 3 d of culture and the
viability was maintained on acceptable valu#dese 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 audated 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 cecultured 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 theyaimaemed
separately ogelective 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 plCAMBIA1304, histological analysis detected stable GUS expression in all putative transformed calli
(Fig. 2b); meanwhile, GUS staining was not detected in tissues d@farmsformed calli (Fig. 2c). Some of

the GUSpositive calli were subjected to PCR arsddy and the integration of the vector was confirmed by
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the amplification of a 98Pp fragment usA) (Fig. 3a). For pBioamarKDEL, the identity of
transformants was confirmed by the amplification of the expected fragmenbp4Ball 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 bioamargkig. 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.

ThelGoval ue obtained for the protein hy,dorespogdngt es o
to nearly 10 times higher than the protein extracts of WT cells whighol® t ai ned wa's 29. 0
showing significant differeces between then{ P O .O0Thé d&lpulated IgGval ue (3) & &g mL
transgenic tobacco cells, is far satisfactory, suggesting a higher antihypertensive potential compared with
those reported in some food sources such as chickpea protein hydrolysafigis 43C,0 f 19 0% ¢ g mL
Also, best values were obtained compared to thg ¢Cf 6 4 ‘eoltainedLin hydrolysates of

bioamarantin expressed i coli (5). . |
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Fig. 1 Comparison of cell growth and viability kinetics
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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 Casrcin 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 miiebxxidative 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 caner, especially breast, colon and rectum, prostate and (@yaidso, the generation of

reactive oxgen 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 mistharto 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, wdh is associated with numerous diseases and with the normal ageing (@ocess

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 smokingiir pollution, UV radiation, ozone and certain medicine di2jgdt 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 pathol&yies

Food Technology has shown that within proteins are obtainable substances capable of decreasing or
counteacting 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 tf bhith

makes them an alternative to counteract the aforementioned conditions. Most resednidactive
peptides with antioxidant and anticancer activity has been conducted in animal protein, but its origin
makes them expensive on the market. Good;do®t sources of protein are the legumes. Fava bean is an
important source of protein, espdlyigor 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 fabarepresents about 22R%. The major proteins of the bean are globulivisich 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 obtainedVigian faba could serve as
adjuvants to prevent the formai of free radicals generated by lipid peroxidation and to counteract
diseases like cancer. This research aims to contribute to physical and technological knowlddge of

faba besides to characterize and evaluate bioactive peptides thnovgh andin vitro assays.

Materials and methods

The protein concentrate and hydrolysates were obtained by the method of Pedrock®),earal. 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 weighiB§g2fed with normal and
hyperlipidemic diets plus proteinytirolysate, intragastrically for 4 weekdhe AOM was administered
intraperitoneally (10 mg/kg) in order to induce qoeecinogenic lesions, 10 days after the treatment
started, 2 times a week for 15 days, recording the weight each eight days. Afteerite#itie 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 germed on a microscope (10X), considering the criteria mentioned by
McLelland and Bird6).

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 AOMreated group this number increasefbldl compared with the control group,
finding an ACF number of 70.5.

As well, in tre groups treated with different doses of protein hydrolysates the number of ACF decreased
significantly (p <0.05) compared to ACMeated group, from 23 to 46.

80

70

60
B Normo+agua

50 H Normo+hid30mg/Kg

§ 20 i Normo+AOM-+agua

 Normo+AOM+hid10mg/Kg

30 ¥ Normo+AOM+hid20mg/Kg

20 - i Normo+AOM+hid30mg/Kg

10 +

0 .
Hidrolizados

Figure 1. Aberrant crypt foci in mice fed with normolipidemic and protein hydrolysates ficimféba at different doses.
Values are the result of averaging data from 6 mice + SE analysed by Thréd\N@d4A. Comparisons between groups were
performed by StudefflewmanKeuls (SNK) test.

For hyperlipidemic mice (Figure 2), it is possible to obeehat 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 adisiering 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

282



incidence of ACF is much lower, being reduced about 5 times, allowing us to consider tlatséhis
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 foellasswhe 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.
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Figure 2. Aberrant crypt foci in mice fed with hyperlipidemic and protein hydrolysatesvienfale at different doses. Values
are the result of averaging data from 6 mice + SE analysed by ThreBN@YA. Comparisons between groups were
performed by StudeflewmanKeuls (SNK) test.

The AOM model for colon carcinogenesis is used to study the sthgr@gation and promotion in mice.

The AOM is an intermediate of the colon carcinogenic agent DHMdiin2thylhydrazine) and is
metabolized by cytochrome-450. It has been shown that by administering the specific colon
carcinogenic agent AOM, there is acrease in the amount and the activities of reactive nitrogen species
and the activity of COX in the colon mucogd).

The oxidation of NO to superoxide, peroxynitrite and nitrogen species suchzadl®and NOs, 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. ,Toiuslies have shown that increasing the
activity of reactive nitrogen species increases colon carcinogé)esis

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 havecartingenic 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 @Q@Xd, therefore, the incidence of cancer.

Several stugs 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 tumorigenesi®). Moreover, HakkaK10) showed that the composition of soy proteins decreases

the incidence of colon tumors induced by azoxymethane in r@srticancer activity may be attributed

to bioactive peptides derived from soy protein, this hypothesis has been supported byirmadelksnd
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in vitro where it has been demonstrated that the hydrophobic amino acids of soy protein may have
anticancer aavity.

Lunasin is a chemopreventive peptide obtained from the 2s fraction of soy albumin. It contains 43 amino
acids with 9 aspartic acid resid(&l . The mechanism of its anticarcinogenic activity is by serving as
chemical suppressor in mouse mammary cells. In studies by HékBalh male Spragu®awley 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 wih 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 hydrolysate¥itia 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 targetie 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 cardidaasrisk factors and the
association of different diseases such as diabetes mellitus, hypertension, obesity, hyperlipidaemia and
atherosclerosis comprise the metabolic syndfomgslipidaemia is characteristic of this syndrome in
which there is an incese 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 plerrdefence 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 procéss

In recent years, resedr 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 componentsaatéesbipeptides 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 suab pepsin, trypsin and chymotrypsin, which allow obtaining these peptides

in order to produce numerous beneficial effects on human organism

Legumes such as fava bea¥&{afabg have high protein content (B2%); 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 hydrolysaté4daméfaba

Materials and methods

Fava bean seeds were purchased on the local marketeatedtidn 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 Redabq20027,

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 Kétal (1990F and by electrophoresis (SEFAGE).

Finally, antioxidant activity was measured by the metdbdPPH 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, malelCR micewere used weighi8g25ed with normal and
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hyperlipidemic diet 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 fonid5Serum was obtained and
glucose, cholesterol, triglycerides, HDL and alkaline phosphatase activity were determined using an
automated method (AutoanalyzerSelectrall Vitalab, Wiener Lab.); afterwards, the livers were extracted
and analysed.

Results andDiscussion

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
%. Macarula and Medina, (2001)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 thebtalned here.

The protein concentrate was olid 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 ridggous compared to other processes such as separation

of proteins by ultrafiltration with membranes (Sanchéaqueet al, 1999.

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 determinatfains
** Determined by difference

As can be observed, the moisture content of the seed was greater than in the protein concentrate, since
valuesof 7.45 and 4.88% were respectively obtained. These vateesmilar to those from other studies

with fava bean (Macarulla and Medina, 2p@iith valuesof 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 pareatin, with times of 08h. 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 dedreadecular weight,
increase of electrical charge, and release of hydrophobic groups (Caessefis, 1999)

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 a&cid 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, andtdbéize.
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 &xt.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)
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Figurel.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 ‘APMONa#y Comparisons between
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Antioxidant activity (DP P M A

The antioxidant activity (% inhibition), which co
peptides with antioxidant activity was greatest for the hydrolysate obtaitie 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 showe1%9inhibition, and

showed significant difrence 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 peiiteset al, 1996°.

Antioxidant activity ABTSA+ met hod)

The antioxidant activity of trypsin hydrolysates
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 ABT$+ was blocked to a greater extent wiowmpared with chymotrypsin.
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Biologic ewaluation

Table 2 summarises the effect of protein hydrolysates (30 mg/kg body weight) in the evahudtiomn

lipid profile: cholesterol (totatol), triglycerides (TG), high density lipoprotein (HDL), low density
lipoprotein (LDL), atherogenic indefAl), and the activity of the enzyme alkaline phosphatase (ALP). As
can be observed, in the control group that received normal diet for 40 days;caltetalum concentration

of 29.83 mmol/L was obtained, whereas in the group receiving the hyperctatsie 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 exmariad model A number of studies suggest that soy
protein may reduceholesterol levels in blood in experimental animals andhumans (Potter, 1995). It has
been reported thasoy protein hydrolysatéas a strong effect on the reduction of serum levels of
cholesterol as compared to intact soy proteins in rats (Sugano;*1990)

Table 2.Effect of hydrolysate ofViciafaba on lipidic profile
Group Total Triglycerides HDL LDL

cholesterol (mmol/L) (mmol/L) (mmol/L)
mmol/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.F  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); Ki39perlypidemic diet
+hydrolysate30 mg/kg). Values are the result of averaging data from &8iEeanalyzed byOne waNOVAI. Comparisons
between groups were performed by StuddetvmanKeuls (SNK) test.

On the other hand, the hypocholesterolemic éfias also been reported in a peptide fragment derived
from soy: LeuPro-Tyr-Pro-Arg, which was found to decrease serum cholesterol levels in mice after oral
administration at 50 mg/kg dose, where valwese 25.4% and 30.6% total cholesterol and LDL
cholesterol, respectively (Yoshikawa, 2080)

Regarding triglycerides, when comparing the control and hyperlipidemic groups, significant difference (p

< 0.05) was observed and the valtasged from 0.88 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 ofViciafabain comparison with the control group fed with casein; TG vahieained 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 withk§Omggdth

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 baigtts, 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 (Al); significant
difference (p < 0.05) was observed againstthef the control group in both normolipidemic and
hyperlipidemic mice where the valuemged 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 dievhich 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 netabbthe 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 tieconjugation 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 (Aetcakino

1996, Marteau and Rambaud, 1983)

The results obtained in thegsent work allow observing that the protein hydrolysates fvciafaba
have important functional properties, showing hypolipidemic activity that makes them helpful against
coronary diseases.
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Introduction

Prebiotics are nosdigestible nuttional ingredientswith beneficial effects due to their capacity to
stimulatethe growth andbr activity of probiotic bacteria in the colon, impiog the health of the host
They are fermented by probiotics, which dikéng microorganismsthat are beneficial for the host and
increase the balance of the intestinal flgxmong the most common probiotics are those from the gsnus
Lactobacillus, Streptococcusnd Bifidobacterium. Agave fructans are netligestible fermentable
carbohydrates that aoensidered to be prebiotics because of their structline extraction of fructans is
an optionfor agave producers in Oaxadde current productionf agaveis 130,240 tons, of whicbnly
27% is harvested, leaving raw material availableuse The objectof this study was to evaluate the
kinetics of fourstrains ofLactobacilli (Lactobacillus acidophilus, L. casei, L. paracasei y L. rhamnosus)
using the fructans frorAgave angustila as the carbon source.

Materials and methods

The fructans used were obtained fréngave angustifoliddaw., 8 years of age, from Tolapan, Tlacolula,
Oaxaca.Four strains ofLactobacilluswere usedi{a) L. acidophilusLA-2 25302;(b) L. caseiLCC-1

53103 (c) L. paracaseiLPC-1 393 and(d) L. rhamnosud.R 4356. These strains were proven to be
probiotics following the method reported by Gibson and WaFue experiment was established with a
4x5x2 factorial arrangement. The study factors were the faligw(l) four strains of.actobacillus (2)

five different sources of carbon: lowhain A. angustifoliafructans (A), shorthain (B), totals (C), and

two inulin types from chicory, Raftiline (RN) and Raftilose (RS); (3) agave fructans were obtained using
two methodsthe conventional method (Q)tilizating an ethanelvater solution and spray drying (200
80°C),andremoval with water (H) clarified with active carbon and convection drying at Si€a gel

plates were used fahin layer chromatographyand a developer for sugars was used to visualize the
separation of compound$0 pL of each smple was applied to the silica gel plate using the standards of
glucose, fructose, sucrosekdstosa, 1kestotetraose, 1,:Kestopentaosérhe determination oflirect
sugars, totals, and fructose was done with colorimetric methbdsobtain thegrowth kinetics, 1% of

each source of carbon was used andotiied withthe MRS (MarRogosaSharpe) medium; the growth
medium and carbon source were sterilized in akigtaForgeSterilmatic autoclave; previously, 1% of the
bacteria was inoculated and incubated at 37°C in anaerobic conditions, measuring growth with optic
density of 600 nnat different timest=0, 2, 4, 6, 9,12, 15, 18, 24d30 haurs.

Results and Discgsion

Identification of fructooligosaccharides

Figure 1 shows the profile of one TLC of thfe angustifoliafructans that were used. It can be observed

that in (AC) there was greater intensity in the stain at the base ofhtbmatograph, similar to thaulin

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 vgtbater hydrolysis in (AH), due to the method of extraction that
was used and the convection drying, compared with (AC).

s ¢—F, G
- s

W ¢&——DP3
W <«—DP4
W ¢—o»P5

o ) ¢ (52 O O @ ¢ Inulina
AC AH BC BH TC TH
Carhon source
Figure 1. TLC of conventional chain fructans (AC) aveler (AH), conventional short chain fructans(BC) and
water (BH), conventiaal 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 d#. angustifoliafructans

Fructans Total Reducing Fructose
carbohydrates sugars mg/g
mg/g 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 hydrolysisharttehain fructans
during extractior{Tablel) Moreover,the velocity of fructose formation during hydrolysiepends on the
length of the chain in the fructose transformation

Growth kinetics

Thegrowth curves were elaborated in agreement with the effructan evaluated for each lactobacillus,
chartingfor each bacteria the number of generations (n), the velocity of multiplication of the number of
generations for each unit of time (R), the duplicatiome (Td), the rate of specific growtfu), andthe
coefficient of determinatiorf. Figure 2 shows the growth kinetics of the four strainkaaftobacillusin

long chainA. angustifoliafructans extracted by conventional form and spray dried in a temperature of
10080 °C (AC)and fructans extracted iwater (AH).In this figure we can observe that each strain of
Lactobacillushehaved differently with this substrate. rhamnosu$ad a shorter lag phase, with a greater

specific growth raté# =0.3256 i) and a lesser duplication tini2.128 h)than the othekactobacillus
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Growthkinetics using AC
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Figure 2. Growth kinetics df. acidophilug(L.a); L. casei(L.c); L. paracase{L.pc) andL. rhamnosugL.r)
using as a carbon source (AC and AH) respectively

Using the high DP fructans extracted ireter (AH), the growth kinetics of thefour strains of
Lactobacilluscan be observedn which L. acidophilushad an exponential phase with a coefficient of
determination of?=0.9752 which indicates that 97.52% of the growth variation of the lactobacilli was
due to thdinear relationship that exists between the incubation time and the source of carbon, which we
can see was most efficientlin acidophilus With respect td_. casej a = 0.9520was foundslightly less

than that ofL. acidophilusbut very similar to thiaof L. paracaseandL. rhamnosuswhich 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 acidophilus which can be relatei this type of fructans to the greater
presence of short DP fructdnsThe 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 td.. paracasei a bacteria with a duplication time of 7.1411 hours and a coefficient of
determination from the exponential phase’s0r8895, which is reflected in the growth curve, specifically

in & =0.0970 H.

Figure 3 also deonstrates the behavior of the lactobacilli using (BH) as a substrate. The lag phase
betweenL. acidophilusandL. caseiwas similar, in contrast with. rhamnosuswhich had a shorter lag

phase than previous samples. In the case péracaseia longeldag phase was obtained than with the
rhamnosusln 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 b the deficiency of the drying method and perhaps a caramelization of the sugars, which were then
unusable.

29¢



2 Growth kinetics using BC
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Figure 3. Lactobacillus growth cure acidophilug(La), Lactobacillus casejLc), Lactobacillus paracas€L.pc)
andLactobacillus rhamnosud.r). 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 strainattobacillus the greatest bacterial grdwwas 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 lactobacillthe 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 acidophilushad the greatest growth in this substraith a

Td=3.3202 h andt =0.2087 R However,L. caseihad lesser growth and its exponential phase had a

Td=6.0916 h an& =0.1137 . An exponential phase ¢ = 0.0879 H was obtained fot.. paracasei
and a duplicatin time of 7.8789 hMakras® evaluated the growth df. paracaseisubsp.paracasei
8700:2in Raftiline and Raftilose synergy 1 (inuliype chicory fructans enriched with oligofructose), and

growth was rapid and very similar between both prebigécs 0-55 h'; r?= 0.99). Another reference
that was utilized as a comparison with the agave fructans was Ratftilose (RS), which has alDPLof 8
acidophilusfermented this substrate better than the other straihaaibbacillus with a slightly better
fermentation than the small agave fructans (BC and BH).

Conclusions

The extraction method and drying had a significant etia¢he short chain fructansrom the growth
kinetics, we cambservethatduplication depends on the capacity of each lactbach greater content
of short chain fructans increas® growth of the strains of lactobacilli.
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Introduction

Lactoferrin, a no hematic irebinding glycopotein 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 lactofgrum (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 tiahlobes, in turn form by the domains NIN2, 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 ‘E€8). The capability that we have considered most important is its
ability to modulate the host immune response; such capacity has beerirtestecandin vitro. Recent

studies have been demonstrated in healthy human volunteers that bovine Lf reinforces the immune system
and antioxidant status. Coupled with the immunomodujadotivity, 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 amimporta
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. Antibacteriakisity. 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 resths lielease pfo
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 aurelsfected models, theris a change in the host response by increasing the levels of
TNF-a and decreased 4k 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 acti@andida albicanss 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 abilidut® in
apoptosis in this yeast (4). Antiparasitic activity. The study of the mechanisms by which lactoferrin has
shown antiparasitic activity is complex; Lactoferrin exerts actiatyainst Entamoebahistolytica,
Trichomonasfaetus, Trypanosomacruzi, Trypantaarucei, Plasmoduim falciparum, Toxoplasma gondii

and Eimeriastiedaf5.6). 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 activétenmnohune
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



proteins based in yeast havarimstrated 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 handlingry simple due to its
unicellular nature, although their eukaryotic organization allows them expression and maturation
processes typical of animal cells (P)chia pastoriss a facultative methylotrophic yeast belonging to the
group of ascomyceteseproduced 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 siybtseralogous 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 easieicfRy. pastorishas

been used asxpression 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 intIgfain ofPichia

pastoris Yonget alin 2006 expressed in this yeast, yak lagtoh, where they obtained 40 mg / L. The
background expression and production of lactoferrifPichia 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 thmethylotrophic yeadichia pastorisas used as expression model.Growth
curve was performed to determine incubation time to prepare eteatipetent yeast cells; the yeast were
incubated in YPD liquid culture media (yeast extract, peptone, dextroseakimgtat 30° C. Every 30
minutes the optical density was measure until to get the best absorbancy.-&legiaient cells were
preparated with sorbitol and water method and yeast transformation was achieved by electroporation with
the empty vector pJ9114382 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% ohéethatervals of 24 hours,

during 72 hours in liquid culture medium. Protein extracts were recovered by precipitation of culture
media and were analyzed by SPBGE to search the best clones in order to express lactoferrin.
Subsequently by western blating antibLF HRP.

Results and discussion

There was demonstrated the presence of recombinant bovine lactoferrin (rbLf) in the culture media due to
externalization fusion peptide 56 of | actoferri
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 pJ911:7438%nthetic lactoferrin_optPp_V2 Transformed cells contaittieg
plasmid with the gene coding for the expression of bovine lactoferrin, which was inserted by
electroporation.

PICTURE 2.a) KM71-H Transformed cellb) X33 Transformed cells. The best 8 transformant cells were
selected with G418 for each strain.



a) b)

PICTURE 3.Proteins expression in SEHPAGE 12%. a) KM74H strain. 1. Positive control of
commercial lactoferrin2. C13. C24.C35.C46.C6 7. C78.C89.Empty vector. The best expression of
this strain were detected in CBB) X33 strain. 1. Positive cordl of commercial lactoferrin2. C2. 3.
Empty vector.3. C3#.C45.C56. C6 7. C7. Arrows indicate the presence of recombinant bovine
Jactoferrin.
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Introduction

Dietary fiber (DF), is one of the most recognized functional ingredient because of their healthgigsroper

in individuals'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 steamAfave tequilana Webgaantexhibits 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 fructah3he last one is considered soluble DF like inuline type. Ground agave fier is

by product obtained during extraction process and is consider as insoluble DF. Jatiaimeug
sabdariffal) is prepared generally as a beverage where the calyces are decoctedand the water obtained is
extensively consumed because of the freshnesats@mshat is conveyed. The whole calyces are rich in

DF and polyphenol$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 wheanuffins 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 1:3proportion, similar to that recommended by international dietary guidéfités ingredient

is referred henceforth as agave dietary fiber (ADF). Besides, whole jamaica calyces (JC) were adquired in
Huajicori Nayarit by local producers, they were washeigddin an oven at 60°C, 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
wiw).

Table 1.Chemical composition in agave dietary fiber (ADF) and jamaica calyces (JC) (g/100g dry base)

ADF? Jc

Total dietary fibet 82.03 49.89

Insolubk dietary fibet 59.20+1.89 41.86 +1.30

Soluble dietary fiber 2283+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 polyphens 0.24 £0.08 2.06 £ 0.06
Hydrolysable tannins nd® 0.63 + 0.05
Condensed tannins nd 1.85+1.00

a/alues are the mean + DS@ 3npt 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 aihetienic
selected formulations.

Chemical composition analyses

Moisture, ash, protein and fat were analyzed according AOAC methBxisactable polyphenols by
Montrelf method were evaluated in muffins.

Starch digestibility in muffins

Available and totastarch were determined by Hokhal'and Gofiiet aPmethods. Also starch digestibility
were evaluated by Holet af method.

Dietary fiber determination as Indigestible faction in muffins

A physiologic procedure that does not consider the use of theabte Etkamylase was carried out to
determine the indigestible fraction as described Saura Calixto '&tSamples were incubated with
digestive enzymes to simulate digestion in the small intestine.

Statistical analyses

One way ANOVA and LSD media compans@>0.05) were used to find differences between samples
and in the pair comparison sensory test was usedqeidire. All data was performed using the SAS
system V 9.0.

Results and discussion

Sensory evaluation

In the paired comparision test, the judgas bt detect discernible differences (p>0.05) on taste between
muffins substituted with 30 or 50% by ADF and ADE. Thus, we proceed to use the higher percentage

of substitution (50%) of wheat from the original formula. Afterwards, an hedonic test wasd gaut

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 ADE mudfins. 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 ARFE?

Level of acceptance

Control muffin (CM) 7.4+27F
Jamaica calyces muffin (JCM) 7.1+2.3
Agave dietary fiber muffin (ADFM) 8.1+24
JAgﬁ/lv)e dietary fibejamaica calyces muffin (ADF 46+39

2Data are the mean of 36 evaluations + ES. Data afferent 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 impoméibutmn 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 dryelproducts 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 foutwiedie 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 contahsThe etractable 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 antioxidéng & foods and jamaica calyces
has been demonstrated that posses healthy properties besides their polyphend| content.

Table 3.Chemical composition in control (CM), jamaica calyces (JCM), agave dietary fiber (ADFM) and
agave dietary fiber with jamaiacalyces (ADRICM) muffins (g/100 g fresh baSe)

Component CM JCM ADFM ADF-JCM
Ash 1.24+0.56° 2.770.5C¢° 2.36+0.02 2.23+0.06
Moisture 20.46+0.72° 22.41+0.22 18.66+0.86  21.91+0.63
Fat 19.43+0.62 21.44+0.20 18.49+0.48  18.70+0.88
Proteirf 11.04+0.9F 10.78 +0.74 9.87+0.76 11.19+0.12
TC® 42.13+0.94 41.51+0.38 49.86+0.58  45.18+0.39
Extractable 0.28:0.022 1.19:0.07° 056002  1.04:0.01°
polyphenol§

A/alues are given as me@nn O The yalues with different letters are sigrdgiittly different a{ p O 0°Fa&t6r)6.25 °TC: total
carbohydratesimg 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 diggbility 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 starcintonfroved their healthy properties.

Table 4. Total starch (TS) available starch (A/100 g fresh basegnd starch digestibility (SD) in

control (CM), jamaica calyces (JCM), agave dietary fiber (ADFM) and agave dietary fiber with jamaica
calyces (ADFICM) muffins

\ati SD (%, min)
Formulation TS AS 0 5 15 30 60
MC 45.1+0.7 41.80.7 3.2+1.4 19.7+0.3 64.5+1.8° 66.8+1.7 86.1+0.5

MJC 41.51.1° 3851.1° 8.0+2.% 135+2.2 69.3+1.2° 70.8+0.8° 86.2+1.3
MADF 33.80.4° 312004 7.2+2F 11.4+1.4 67.2+0.9 695+2.6  78.4+1.7
MADF-JC 33.1+2.58 30.0t2.5% 2.4+0.8 7.2+1.4 595+1.3 66.8+2.3° 73.3+1.7

Values are given as meé@mO  JHe values with different letters are significantly differentat O0 . 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 testaoch polysaccharides and lignin
(resistance to digestion and absorption in the smalitineeand 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) #otdl indigestible
fraction incontrol (CM), jamaica calyces (JCM), agave dietary fiber (ADFM) and agave dietary fiber with
jamaica calyces (ADBCM) muffins (g/100 g dry base)

Formulation ISF IIF TIF?!

CM 4.91+0.43 24.46+3.47 29.14+3.08
JCM 3.36+0.5° 24.23+0.38 27.83:0.46
ADFM 9.31+0.36 17.77+1.18 27.08:1.34
ADF-JCM 7.72+0.36 17.31+2.76 25.03:2.39

A/alues are given as medgn O  3The. values with different letters are significantly differen{ a0 O 0 ® Do%al) insoluble
fraction is the sum of ISF and IIF.
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Conclusions

The substitution of DF from natural ingredients sucligave tequilanandHibiscus sabdariffacalyces

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.

References

1. SauraCalixto F. (2010). Dietary Fiber as a Carrier of Dietary Antioxidants: An Essential
Physiological Function. J Agric Food Chem 59(1)48

2. Lopez MG, MancillaMargalli NA, MendozaDiaz G. (2003).Molecular structures of fructans from
AgavetequilanaWeber var. azul. J Agric Food Chem 51: 7888310.

3. SayageAyerdi SG, Arranz S, Serrano J, Goii |. (200Djetary Fiber Content and Associated
Antioxidant Compounds in Roselle Flower (Hibiscus sabdariffa L.) Beverage. J Agric Food Chem
55(19):78867890.

4. Block G. (1991).Dietary guidelines and the results of food consumption surveys. Am J ClinNutr 53(1
Suppl): 356S357S.

5. AOAC. (1990).Official Methods of Analysis, 15 ed. Washington, DC. Association of Official
Analytical Chemists

6. Montreau FR. (1972).Sur le dosage des composésphénoliquestotauxdans les vins par la
méthodeFolirCiocalteau. Connaissance de la vigneet du Vin 24:-394.

7. Holm, J., Bjorck, ., Drews, A., Asp, N. G.(1986) A Rapid Method for the Analysis of Starch. Starch
Starke38, 224226.

8. Goni, I., GarcieDiz, L., Mafas, E., Saw@alixto, F.(1996) Analysis of resistant starch: a method for
foods and food products. Food Cheb6, 445449.

9. Holm, J., Bjorck, 1., Asp, N. G., Sjoberg, L. B., Lundquist, 1.(1985)Starch availability in aftcbin
vivo after flaking, stearcooking and popping of wheak.Cereal Scj3, 193206.

304



TOPIC: Functional Foods FF38

Identification Of Polyphenolic Compounds And Evaluation Of Antioxidant Activity In
Crude Extracts And Their Fractions of Mexican PecanNut (Carya illinoinensig

A. A. VazquezFlores G. MercadeMercado, EAlvarezParrilla, L. A. de la RoseCarrillo.

YUniversidad Auténoma de Ciudad Juarez, Instituto de Ciencias Biomédicas. Ciudad Juarez 32310,
Chihuahua MéxicoE-mail: Idelaros@uacj.mx

Introduction

C. illinoinensisis 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 inést 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 cance6j3

Polyphenolic compounds amidely 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 cardiovasadaesl (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 noiilavonoids pesent 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 depentiio
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 explotke 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. illinoinensiskernels and shells growth in Chihuahua, and determinate, moncametipolymeric

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 cancerttremts. These results provide a new view on the benefits of consuming
Chi huahua 6 €. ilipe@nenaidy and suggesf a new use of an industrial byproduct that is now a
waste product.

Methods and materials

Sample preparatianPecan nuts were dondtéy three producers from different regions of the state of
Chihuahua, México: Flores Magon, Delicias and Jiménez. The nuts were manually cracked and the
kernels were separated and storage &€ 4intil 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 tempemtifter that, the extract was centrifugated for 10

min at 3000 g at 4°C. The pellet waserdracted, and the solvent removed under vacuum. The
polyphenolic extracts were lyophilized and storag&@tC in freeze vacuum plastic bags.
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Determination of ttal phenolic content (TPWas determinate by Fol@iocalteu 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 (FQjhis 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 (CDgterminate 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 extract&eparation of crude extracts in mono and polymeric fractions was carried
out by a chromatographic column packeithwsephadex LF20. 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 HPIRhenolic compounds were analyzesing a G 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 antioxigamter: according to the methodologies proposed by

de la Rosa (3) andivarezParrilla (16). Results were reportedsasol of trolox equivalents per gram of
sample ¢mol 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 extramts $hell was dependent on the growing

area (Table 1). Jiménez showed the highest levels for the three quantified compounds, followed by
Delicias and Flores Magén. These values are consistent with those found by de la Rosa in 2011, and
Villarreal in 2007 &r 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 wellvknthat 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 Magén 24,73+ 1.58 16.27 £ 0.34 282.29 £ 19.14
Delicias 3450+ 1.87 19.62 + 1.53 426.32 +29.86
Jiménez 54.29 + 0.9% 32.86+1.9 700.17+ 93.16
Kernel 9.5+0.9 3.4+03 30.3+3.09

Table 1. Quantification of three different type of polyphenolic compounds in kernel (average between
region3 and shell crude extracts of Mexic@nillinoinensis

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 Magon. In general
terms, phenolic quantification and antioxidant activity wa205folds higher in shells compared to
kernel s. Kernels didnét show dxidart &ctivity hetwean areas. phen o
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Sample DPPH (emol " ABTS (emol T FRAP (emol T

Flores Magoén 336.39 +28.7% 640.76 + 66.30 475.92 + 25.44
Delicias 476.90 + 47.28 922.50 + 91.9% 644.04 + 93.26
Jiménez 837.08 + 77.06 1385.22 + 138.48 965.11 + 54.58
Kernel 93.5+9.8 143.3+13.5 101.54 + 4.9

Table 2. Antioxidant activity in kernel and shell crude extracts of Mexicailli@oinensis
A positive correlation was established between the three types of phenolic compounds in shell and the
three techiques for antioxidant activity=g 1).
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Figurel. Correlation between shell antioxidant capacity measured by DPPH, ABTS and FRARaAnd tot
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 nutaoelistry (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 kéfigeR), None of

these compounds were identifien polymeric fraction. It is difficult to found free phenolic compound in
nature, theyOdre easy conjugated with polysacchari
going through various methods of isolation and purification (17,18).



‘“ Epicatechin

| - Catechin

I Epicatechin mUA -

i - Ellagic acid
N o . | °

| \ Ellagic acid | Y/ \/

"
| ‘\ | |
! | . ' I,
.‘v." l\ ‘ ‘\ I ‘/ fl 7”" i ) “‘ \‘

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 fracti@ndlmfoinensisshell and

kernel. In shi®, 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 3J). This is in agreement with some authors that explanhthe high antioxidant activity in kernels

could be because theydre protecting polyunsaturat

Method Monomeric Polymeric
emol TE/g sample emol TE/g sample
Shell ABTSA 5481+234 35.11 + 1.22
DPPHA 17279+ 2.6 83.89 + 10.19
Kernel ABTSA 18049.72 + 1577% 63.81+1.1
DPPHA 377876 +7005 60911.60 + 5006

Table 3. Antioxidant capacity of kernel arghell fractions.
Acknowledgments Financial support from CONACYT (CB011:164167) and PROMEP (Red Uso de
Subproductos) is gratefully acknowledged. A.A.V.F. Thanks CONACYT for a master in science scholarship.

Referentes

1. Ortiz-Quezada, A.G., LombardiniL., CisneroZevallos, L. Antioxidants in pecan nut cultivars
[Carya illinoinensis (WangenhK. Koch]. Nuts & seeds in health and disease prevention. 2011. 10.
1045.

2. Yang, J.; Hai, R.; Halim, L. Antioxidant and antiproliferative activities of commableaut seeds.
LWT-Food Science and Techonology. 2008. 43. 1

3. dela Rosa, A.; Alvarez, E.; Shahidi, F. Phenolic compounds and antioxidant activity of kernels and
shells of Mexican pecan (C. illinoinensis). Journal of agricultural and Food Chemistty. 5801152
162.

4. Haddad, E. Health effects of a pec&afya illinoinensis(Wangenh.) K. Koch] nut rich diet. Nuts &
seeds in health and disease prevention. 2801897

5. Trox, J.; Vadivel, V.; Vetter, W.; Stuetz, W.; Kammerer, D.; Carle, R.; ScherbaunGola, U.;
Nohr, D.; Biesalski, H. Catechin and epicatechin in testa and their association with bioactive
compounds in kernels of cashew nihécardium occidentale.). Food Chemistry. 2011. 128 1094
1099.

6. Villarreal-Lozoya, J.; Lombardini L.; Coisner@evallos, L. Phytochemical constituents and
antioxidant capacity of different pecan [Carya illinoinensis (Wangenh.) K. Koch] cultivars. Food
Chemistry. 2006. 102. 12411249.

7. Ignant, I.; Volf, I.; Popa, V. A critical review of methods for characterizatibrpayphenolic
compounds in fruits and vegetables. Food Chemistry. 2011. 12618331

8. Carlsen, M.; Halvorsen, B.; Blomhoff, R. Antioxidants in nuts and seeds. Nuts & seeds in health and
disease prevention. 2011. 10-G.

30¢



10.

11.

12.

13.

14.
15.
16.
17.
18.
19.

20.

FDA, Qualified Health Claims: &tter of Enforcement Discretieduts and Coronary Heart Disease
2003: Washington D.C.

de la Rosa, L.; AlvareParilla, E.; y GonzaleAguilar, G. Fruit and Vegetables Phytochemicals.
Chemistry, Nutritional Value and Stabilit¥ra Edicion. WileyBlackwell. USA. 2010. 367 pgs

Stalikas, C. Extraction, separation, and detection methods for phenolic acids and flavonoids. Journal
of separation science. 2007. 30. 33295.

André, C.; Oufir, M.; Hoffmann, M.; Hausman, J.; Rogéz, H.; Larondelle, Y.; Evers, fluebpe of
environment and genotype on polyphenol compounds and in vitro antioxidant capacity of native
Andean potatoesSplanum tuberosuin.). Journal of Food Composition and Analysis. 2009. 22:- 517
524.

Yokosawa, T.; Chen, C.; Dong, E.;| Tanaka, T.; N@aG.; Nishioka, I. 1998. Study on the
inhibitory effect of tannins and flavonoids against the-Dighenyt2-pycrilhydrazil radical.
Biochemical pharmacology. 1998. 56. 22222,

Web Page. http://www.siap.sagarpa.gob.mx. Agroalimentary information eerStatistical year
production from Chihuahua state. illinioensis2009. Visited 02/16/10. Last actualization 2008.

Zhishen, J., Mengcheng, T. and Jianming, W. The determination of flavonoid contents in mulberry
and their scavenging effects on superexiddicals. Food Chemistry. 19883t 555559.

AlvarezParrilla, E., Legarreta, P., Saenz, L., Rodi@mrcia, J., Gonzalexguilar, G. Daily
consumption of Apple, pear, and orange juice differently affects plasma lipids and antioxidant
capacity of smokingnd norsmoking adults. 2010. 4. 3&B80.

Amersham biosciences. Gel filtration, principles and methbds.USA. 2002. 124p.

Escribano, M.; Santos, C. 2006. Polyphenols extraction from foods. Chapter 1.

Pinheiro, A.; Aragao, A.; Fett, R.; Block, J. Rlodic compounds and antioxidant activity of pecan
[Carya illinoinensis (Wangenh.) C. Koch] kernel cake extracts. Grasas y aceites. 2009-48(.458
Nadtochiy, S. and Redman, E. Mediterranean diet and cardioprotection: The role of nitrite,
polyunsaturateéhtty acids, and polyphenols. Nutrition. 2011. 27.-733.



31C



TOPIC: Functional Foods FF41

Optimization Of The Extraction Of Mangiferin And Lupeol High Hydrostatic Pressure In
Shells Mango Mangiferaindical.) Variety Ataulfo

'Ruiz-Montafiez, G.?Navarro-Ocafia, AlCalder6rSantoyo, M.>Velazquez, GRagazzeSanchez, JA.

!Integral Laboratory of Food Research. Technological Institute of Tepic2595 Technological Av C.P.
63175, Tepic, Nay.Tel +52 311 2119400 ext. ZBMiiversidad NacionalAuténonde México.Facultad
de Quimica, circuito interior, Ciudad Universitaria, Col. Copilco, Coyoacan. C.P. 04510 Delegacion
Coyoacén?CICATA Querétaro. Cerro Blanco # 141. Col. Cimatario Hills, Santiago de Querétaro,
Querétaro México C.P. 76090 Tel +55 442 P294 Ext 81002E-mail: arturoragazzo@hotmaill.com

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 pretarssthihetic,

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 canthioactive 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. Sevesdsogxtechniques

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 assesiticiency 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 eesch 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 mangoNlangiferaindical.) variety Ataulfohigh 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 indegtial |

Materials and methods

Raw Material. Mangofruits were taken from theommunity on 5 de Mayd,epic, Nayarit, an area noted
for high production ofthis fruit, the fruit is cutby handinan index ofphysiological maturity and
consumption, based on vauwgualityand advice fronthe localswere transporteth cardboard boxes, the
nunderwent facelift andselection.Obtainingthe pulp andhe shells tde frozenat -80°C, followed by
lyophilizationat -50°C and 0.12mb arusingalyophilizerFreeZone4.5 andpray, this to avoid losef
bioactive compoundsf interest.

Extraction with high hydrostatic pressure. For extraction ofMangiferin and Lupeolas extraction
solventsethanol watermixture(8:2) tohexane tdMangiferin and_upeol, in a ratio 1:10 (g sanglsolvent
ml) were used. Vacuum packedin higiensity polyethylendags usinga computermodel Multivac
C100.Thenthe highhydrostatic pressuras a method oéxtraction we appliedThe application ohigh
hydrostatic pressuras carried oubn a compter model CIP42260isostaticpressurgAvure Autoclave
SystemsEriPA USA) equipped with apressurizieamberl01.6mm internal diametend584.2mmin
length,which operates atap to 300MPaprovided with a compress&ullair brandwith a top speeaf
125psiair. Aratio of5:1 (water: antiorrosivelubricant) as pressurizinfjuid at 25°C,with pressures of
150, 200 and 250MR and10times, 15 and 2éhin was used in this research.

311



Quantification. Oncethe extraction methodmployedwas generatetivo prodiwcts, the solid abserdf

bioactive compoundsf interest andhe extractwhich wasvacuumfiltered with Whatman No. filter

paperand concentratedsing a Buchi Rotavaporbrand, model R05, at a temperature c40°C. The

extract obtainedvas analyzedjuantitatively by Biospectrophotomete€LARY 50 to a wavelengthof 254
nm. Usingexternal standardsr identification and quantificatiorSfgmaAldrich 95%).

Analysis of results. In the statistical analysissed afactorial design3® wi t h anU= 0.
comparison of means (LSD) with the statistical prog&#hs (StatisticalAnalyst System, versio®.0 for
Windows) as response variablésvingthe Mangiferin and_upeol concentration on th&taulfoMango
peelvariety. Performingn triplicate.

Optimizationof extraction. Theresponse surfaceethodologyusing asecond degrepolynomial model,
setting the optimal processodelwith the statistical packadeTATGRAPHICS5.1PLUS was used.

Resultsand discussion

| n r e c eerttadion techrrigGeso reducesnvironmental impact havmeendevelopedin thesecases
it is necessary to empladyigher pressure® facilitate recoveryf the compounds dhterest; therefore,
work is being directedoward techniquedHHP [1]. Asassessedy HH Pextractionfor obtaining
Mangiferin and_upeolwith three level®f pressure and time, the results obtained are shownintable 1.
The resultsobtained show that thelHP is efficient for obtaining bioactive compounds,becausige
pressuraattainsthe solventdiffusion throughthe cell walland washing dhe cellular contentselatedto
solventextraction[2].

Considering that thésostaticprinciple states that pressuig instantaneously andniformly transmitted
throughthe samplds obtainedto increase thaolubility of the materials anthe mass transferratg3].
Separatingompounddased on thesolubility by immiscible liquids.

The high pressure treatmeoan increase thmass transferrate; improve solvgmnetratiorinto the cells
by disrupting cell walls and hydrophobicbondsin the cell membranavhich may lead toa high
permeability[4]. HHP can also causéeprotonatiorof charged groupandhydrophobicbonds, resulting
inconformational changes andenaturationof proteins, achieving high availability the phenolic
compounddor the extractiorto equilibrium[5]. Based on the theryofphase behaviothe solubility of
these compoundacreased with the increasépressure [6].

The variance analyses shown asignificant differdretsveen the pressusnd timefor the extractionof
compounds witlbioactivity, so the next step is heoptimize éxéraction process.

Table 1. Extraction of Mangiferin and Lupeol by HHP.

Pressure Time Average concentration (mg/gr sample on dry basis) + standard dition
(MPa) (min) Lupeol Mangiferin
10 0.1587 + 0.1% 13.9514 +2.7%
250 15 0.3233 + 0.2% 19.9280 + 1.6%
20 0.2580 + 0.2% 20.7042 + 3.5%
10 0.1077 + 0.1% 20.4727 + 3.3%
200 15 0.4736 + 0.2% 22.8579 + 4.1%
20 0.805 + 0.2 15.7568 + 2.18'
10 0.3318 + 0.2% 6.1556 + 2.58
150 15 0.3070 + 0.1% 16.4260 + 1.9%
20 0.9076 + 0.19 13.8112 + 2.7%

(Means with unequal letter are significantly different with a P value <0.05 where thetfenst le
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 imibeel 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 wuse ofingredients [8].
Theresponse surfacesare representduemadtically byregression functions(Figure land 2).However,how

you arefunctionsmay be unknownor verycomplex, it is necessary approximated bysimpleempirical
functionssuchas polynomialsof secondorder,which describesthe response variables.

Adjustingthe modelith r’=0.85 and=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 -110.809338¢ -1.97434324
Pressure (P) 0.79946822: 0.018249811
Time (T) 6.01802853¢ 0.06621557
P*T -0.00090272¢ -0.00047647:
p? -0.0018132¢ -3.44765E05
T2 -0.1838132¢ 0.00251148¢

This study analyzedwo response vaables, so you got twpolynomial models, which are presenied
equations Bnd 2 forMangiferin antlupeolrespectively.

Mangiferin concentration = (-110.809)+(0.799468)(P)+ (6.01803){[0.00181323)(B-
(0.000902724)(P)(T) (0.183813RT Equation 1
Lupeol concentration = (-1.97434)+(0.0182498)(P)+ (0.0662156) i({).0000344765)®-
(0.000476473)(P)(T)+ (0.00251149YT Equation 2

The egations 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 effecthef 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.

Concentracion de
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Manguiferina
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Figure 1. Edmated response surface for Figure 2. Estimated response surface for
obtaining Mangiferin by HHP. obtainingLupeolby HHP.
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Table 3. Optimal valuefor the extraction of Lupeol and Mangiferin.

Factor Low High Lupeol Mangiferin
optimal optimal
Pressure (MP4 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 antioxidant food andin the bodief somevascular planthave attracted consideralitegerest
because of thepotential therapeutic value.

In recent years, much of the human population,has fakeshic diseaseassociated with age, such as
cardiovasculameurodegenerativetypell diabetes, as well as several types of cancer, common in elderly,
however incurrentlyit is observed thatat earlier ageghese diseasepredominate. The bioactive
compounds, due ttheir antioxidant activity, exert some beneficial effemtsshuma health, particularly

on these diseases.

Several studiebave indicated thahe mangdias a highantioxidant potentialfor diversity of bioactive
compoundsthat are presenin its bark, leaves, pulp and peel; these compounds faithtional and
technol@ical properties, havegained great importande the marketfood, 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 heatingehemhas emerged the interest for the study of
new methods of extraction,such assonication, microwave;cooventionalmethods, this in orderto
checkits efficiencyoverconventional methods, with the vision to expanding its use in industry, since the
intereg is to find methods that allow greater productivity.

So that intended by this project is evaluate four extraction mefbotlso important compound®und in

bark and leavesf mango: mangiferirand lupeol in two varietiesof the stateof Nayarit: ataudbband

criollo, in order to determine the extraction metlodchoreefficientto obtainthe compoundsf interest.

Methods andmaterials

Raw material

Was usedas raw materialleaves andbark ofmangovarieties ataulfo and seoildes were taken from
theMunicipality ofSantiagolxcuintla, 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 foddesmgng 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 subjefreeze80°C,
subsequentlyophilizatiorto -50°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 commercidinally, powdered samples were stored in jars, to avoid
contamination.

Extraction of bioactive compounds

The extractionof bioactive compoundswascarried out bytwoconventional methods,maceration andheating,
andtwonorconventional, sonication andmicrowaveThesolventsusedwereethawahter (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 increasethesolubilityofthen@teandthemasstransfer rdte

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 extractias sarriedout in atimeof8 hofts

Sonication

We used aBransonsonicatormodell510, by applying a constantfrequencyof42 kHzto1l0 gofsample into
contactwith the solvent,this for30minat room temperature,in order to remove searched compound of the
plant materia 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 séRent

Microwave

This method was applied for 10 sec, using a homemade microwave 600 watts oflfogvef the sample
in contact with the solvent, causing of irradiation of microwave,movement
migration and rotation of dipoles which contribute to rapid transfer of energy to the solvent and plant

material®.

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

in molecules by ions

(TLC) ugng silica gel plates 60 .k, as eluent phase: ethyl acetate, methanol and water (8:2:1) to
mangiferin and a developer 2i#henytl-picrylnydrazyl DPPH; for lupeol as eluent phase: hexane and

ethyl acetate (9:1) and as developer anisaldehyde, usingiferam and lupeol (Sigm&ldrich,95%) as

standard®.

Statistical Analysis

Was carried out 4x2x2 a factorial design(extraction methods, variety and source), and analysis of results
of me a tatsstical frogran
(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

was perfor med

in duplicate.

Resultsand discussion

Extraction of mangiferin by conventional and norrconventional methods in leaf and bark of mango,

by compari son

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 atanticcriollo, by fourdifferent extractionmethods,

using as solventethanwalater @:2).

EXTRACTION ME THODS
SOURCE | VARIETY Maceration Heating | Sonication | Microwave
obtained extractg/ 10gsample
LEAF Ataulfo 2.2+0.14%% 3.35+0.07°% 3.5+0.14%%® 2.25+0.07 %%
Criollo 2.1+0.28%™2 2.75+0.2F° 2.65+0.07° 1.8+0.14%2
BARK Ataulfo 1.7+0.14°% 1.8+0.14 1.9+0.28"% 1.75+0.07°%
Criollo 1.7+0.282 1.95+0.07™® 1.8+0.14°" 1.75+0.0°™
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