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ABSTRACT

Bioactive peptides have been defined as specifiteppr fragments that have a positive
impact on body functions and conditions and maynaitely influence health. The objective of
this paper is to study the enzymatic hydrolysiscpss of soy protein to produce bioactive
peptides. To study the action of Alcalase and Rmeiaon the proteins of soybean, the influence
of the temperature, pH, substrate concentratiomyraa concentration and hydrolysis time on
the soluble protein recovery of the soy-proteins wealuated. The soy protein was hydrolyzed
by two different enzymes. Response surface metbggolRSM) was applied to optimize the
hydrolysis conditions using Alcalase and Protaniée result showed Alcalase 2.4 L has the
stronger hydrolysis capacity. The protein recowens also higher with Alcalase, the soluble
protein recovery by Alcalase was 41.32 + 0.13 %Pgtamex was 33.91 + 0.17 %. The highest
soluble protein recovery for soy protein was oldinvith a [E/S] of 1.5 % (w/w) and 2.0 %
(w/w) for Alcalase and Protamex, respectively. Boy protein the conditions to get the highest
soluble protein recovery were: 86, pH 7, the ratio of soybean: water, 1.0 : 4.5 peattion
time of 180 mins, for both enzymes. The dried hiydate was low to medium molecular weight
bioactive peptides (predominantly < 8.5 kDa for ase and < 20 kDa for Protamex). The
results of amino acid analysis showed that the amitipn of amino acid of soy protein and its
hydrolysates obtained under the optimized conditisias considerably enriched in essential
amino acids and ensure the nutrition and safethidionan consumption.

Keywords:Alcalase, hydrolization, Protamex, process optitra soybean protein.

1. INTRODUCTION

Soybean [Glycine max (L.) Merrill] is one of thedekt cultivated crops of the Far East. For
centuries, the Chinese, Japanese, Koreans, andeasutAsians, have used soybean as a staple
source of dietary protein and oil. Soybean-deribémhctive peptides have many beneficial
properties, including hypolipidemic and hypochatestemic effects, hypotensive effects,
improvements in arterial compliance and endothdliattion [1]. Soy hydrolysate and the soy-
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fermented foods, natto and tempeh, were dephosialbedy deglycosylated and digested with a
variety of endoproteases (pronase, trypsin, Glu rQtepse, plasma proteases and kidney
membrane proteases) to generate oligopeptidesp@ptides were purified and characterized.
They demonstrated a range of biological activittegngiotensin converting enzyme (ACE)
inhibitory, anti-thrombotic, surface tension andi@xidant properties [2]. Soy milk, an aqueous
extract of soybean, and its fermented product hggeat biological properties and are a good
source of bioactive peptides [3]. Marco M. et dl. focused on bioactive peptides identified in
cereals and legumes, from an agronomical and bmicla¢ point of view, including
considerations about requirements for the desigappfopriate clinical trials necessary for the
assessment of their nutraceutical efiactivo.

The main purpose of this research is to investiadavourable conditions such as water,
enzyme/substrate ratio, pH, temperature, hydrolysie to hydrolyze bioactive peptides (< 20
kDa) from soybean by Alcalase and Protamex so t@thighest protein recovery can be
achieved. From that the optimal extraction procedwas chosen. Finally, the hydrolyzed
soybean powder was made by spray drying.

2. MATERIALSAND METHODS
2.1. Materialsand enzyme

The soybean used in this study was cultivated imgd®ai province, Vietham and
purchased at Long Tan Phu co., Ltd, Ho Chi MinlyCitietham. Alcalase® 2.4 Ka bacterial
endoprotease dacillus licheniformiy and Protamex® (EC 3.4.24.28, frdacillus subtili3,
were obtained from Novozymes (Denmark). Alcalase®12optimum conditions operate in a
wide range, temperatures between 55 — 70 °C anfilqui6.5 to 8.5 depending on the specific
substrate conditions. The unit activity of Alcalas®.4 AU-A/g. In the acidic environment of
pH 4.0,Alcalase® 2.4 Lcan be inactivated at 50 °C for 30 minutes and wité18.0, it will be
inactivated when the temperature &5 for 10 minutes [5]Protamex®was active at all pH
values from 5.0 - 11.0 with 100 % activity at 8@ptimal pH for protein stability is determined
to be at 7.0 an@rotamex®works bestt pH from 5.5 to 7.5vhile the optimal temperature for
stability is at 35 — 60 °C with 95 % activity maiiried. Protamex® is inactivated at
temperatures of 85 °C for 10 minuteBroteolytic activity of enzyme preparations was
determined according to Anson [6]. Alcalase anddnex were stored at’€ until used for the
hydrolysis experiment. All chemical reagents wdraralytical grade.

2.2. Resear ch methods

In this research, soybean protein was hydrolyzedAlyalase and Protamex. Target
functions included the optimal hydrolysis condiBorfor soybean substrate, biological
characteristics of the hydrolyzed products, therele@f hydrolysis, the composition of amino
acids and the ratio of branched amino acids weve/sti in Table 1.

2.3. Analytical methods
The total crude protein (Nx6.25) in raw materialaswdetermined using the Kjeldahl
method (AOAC 2005). The total lipid in the samplaswvdetermined by Soxhlet extraction

(AOAC 2005). The ash content was estimated by oiw@a pre-dried sample in a crucible at
600 °C until a white ash was formed (AOAC 2005)ehotein recovery was calculated as the
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amount of protein present in the hydrolysate redatio the initial amount of protein in the
reaction mixture [7], the peroxide value by titoatj the total soluble protein by Lowry method ;
the degree of hydrolysis by comparing the linkafecwt peptides with the total linkage of
peptides; molecular size by electrophoresis (SD&PA protease activity by Anson method;
amino acids by gas chromatography GC-FID (EZ-FaastroorganismE. coli (QCVN 5518 -
1. 2007),S. aureus(QCVN 4830 -1: 2005)L. monocytogene$QCVN 7700 — 2: 2007),
Salmonella QCVN 4829: 2005).

Table 1.Target functions investigated during soybean pnatgidrolysis by Alcalase and Protamex.

Examined functions Fixed functions Target
functions
Soybean : water | 1.0:3.0; 1.0:3.5; Ratio of E/S: 1 %; pH 7;
1.0:4.0; 1.0:4.5; Temperature 56C; Time 180 mins
1.0:5.0 (w/w)
Ratio of E/S ( both| 0; 0.5; 1.0; 1.5; 2.0 Ratio of soybean : water in the previous
Alcalase and 2.5 (% wiw) experiment;
Protamex) pH 7; Temperature 5%, Time 180 mins

Soluble

pH Ratio of soybean : water in the previous experimeptotein
5.0;5.5; 6.0; 6.5; 70  Ratio of enzyme: substrate in the previous| recovery

experiment (%)

Temperature 50C; Time 180 mins

Temperature 40; 45; 50, 55; 60| Ratio of substrate concentration, E/S, pH in the

(°C) previous experiments, Time 180 mins
Time 60; 90; 120; 150, | Ratio of soybean: water, E/S, pH, temperaturg in
180; 210 (mins) the previous experiments.

2.4. Optimization experiments and statistical analysis

All experiments were repeated three times and #t@ of experiments conducted computer
error and analysis of variance ANOVA a factor (eveer ANOVA) to determine the difference
of the data with the meaning and the standard efrér< 0.05 software Statgraphics Centurion
XV.I aimed to test the reliability of the resultbtained from these experiments. The result was
expressed in the form the mean standard devidkioen, JMP software 9.0 and Modde 5.0 were
used to analyze the data. The experiment was dsbigocording to Plackett-Burman matrix
with 5 factors and 12 experiments. The hydrolysiaditions were optimized using response
surface methodology (RSM) with a completely randmdifactorial design.

3. RESULTS AND DISCUSSION
3.1. Compositions of soybean
From the Table 2, soybean had a protein conteB7af6 % on dry basic. This value was

similar to the results of Ajay K. Dixit et al. [§B6 % protein and 19 % on dry basic). Moisture
content in soybean was about 11.80 % which wasuadedor following experiments.
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Table 1.Nutrient compositions (per 100 g) of raw soybean.

Parameter Calculated on wet basic (%) Calculatedrpivasic (%)
Moisture 11.80 -

Total protein 33.30 37.76
Total lipid 10.27 11.64

3.2. The hydrolysisof Alcalase

3.2.1. Effect of ratio of soybean : water to soduptotein recovery by Alcalase

il
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Figure 1.Effect of soybean : water to soluble protein recp\my Alcalase.

From Fig.1, when the concentration of soybean amigsts was increased from 1: 3 to 1:
4.5 of soybean : water ratio, the recovery solyietein also increased from 17.17 % to
23.61 %. However, when the concentration of thesiutzes increased continuously from a ratio
of 1: 4.5 to 1: 5, the recovery protein had lighldgcrease from 23.61 % to 23.49 %. According
to the analysis of Anova and LSD, at the ratio oB11: 3.5, 1: 4, 1: 4.5, 1. 5, the recovery
performance of dissolved proteins had significastitistical differences (p< 0.05) at the 95%
confidence level. From the above results, the smybeater (1:4.5, w/w) was chosen to get the
highest protein recovery.

3.2.2. Effect of enzyme activity/substrate [E/Sh®process of hydrolysis of soy protein
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=
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Figure 2.Effect of [E/S] to soluble protein recovery by Alase.
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When the E/S ratio increased from 0.5 to 1.5 %, dbleble protein recovery increased
from 21.35 % to 30.95 %, but when this E/S ratioréased from 1.5 % to 2.5 %, the soluble
protein recovery reached equilibrium (Fig. 2). Aaling to the analysis of Anova and LSD, the
soluble protein recovery was difference signifitaat the 95 % confidence level at 0.5 %; 1 %;
1.5 %; 2 %; 2.5 % E/S ratio. From above result,Efe at 1.5 % (w/w) was chosen to get the
highest protein recovery for subsequent experimaffith the same concentration of organic
substance, when increasing the amount of the enayed, the mixture would have more
exposure and enzyme hydrolysis of organic substesswehe products created even more. It
could be explained that when enzyme activationeimsed from 0.5 % to 1.5 %, protein recovery
performance was also proved.

3.2.3. Effect of pH to the process of hydrolysisayf protein

When pH increased from 6 to 7, the soluble protesovery also increased from 22.72 % to
32.40 %. However, when the pH increased from 7, tth® soluble protein recovery decreased
from 32.40 % to 27.60 %. According to the analysfisAnova and LSD, the soluble protein
recovery was of significantly statistical differenat the 95 % confidence level at different pH
values 6; 6.5; 7; 7.5; 8. From Fig. 3, the pH atas the optimal value for protein hydrolysis and
was used for following experiments. pH affects thalrolysis reaction by the process of
ionization or muscle enzymes. This process can thenink causes the substance becomes tight
and difficult than hydrolysis. In addition, the pess of ionization can also make product change
and affect the durability of the enzyme. This pescalso affects amino acid carboxyl groups by
influencing and amine, to change the spatial strecof proteins and affect the ability of
enzyme activity [9].
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Figure 3.Effect of pH to soluble protein recovery by Alcsda

3.2.4. Effect of hydrolysis temperature to the pescof hydrolysis of soy protein

When the temperature increased from 40 to°G5 the soluble protein recovery also
increased from 29.56 % to 37.47 % (Fig. 4). Howevee soluble protein recovery reduced
when the temperature reached®@0 It can be explained that each enzyme only pednigh
activity within a certain temperature range. Higimperature no biochemical reaction velocity
increases but also denature any reversible enzyioelds affect the efficiency of hydrolysis.
According to the analysis of ANOVA and LSD, the ualof soluble protein recovery at these
temperatures represented the significantly stadilstidifferences (P < 0.05) at the 95 %
confidence level. At 55C temperature, the protein retrieval performandéesxed the highest
(37.47 %). Therefore, the hydrolysis temperaturé®mfC was adequated to get the highest
soluble protein recovery and was chosen as theopppte temperature for the following
experiments.
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Figure 4.Effect of temperature to soluble protein recoveryicalase.
3.2.5. Effect of hydrolysis time to the procedsyafrolysis of soy protein

From Fig. 5, at 180 mins, the highest soluble pnatecovery was obtained. Therefore, this
value was chosen for further research.
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Figure 5. Effect of time to soluble protein recovery by Alse.

3.3. Screening theimpact factor and optimizing the hydrolysis by Alcalase
3.3.1. Screening the impact factor by model Plack@turman

From above experiments, some optimal hydrolysiapaters were drawn out, such as:
Soybean: water ratio, 1.0:4.5; the enzyme Alcalasbstrate, 1.5 %; pH: 7; temperature 65
time: 180 mins. The Plackett —-Burman model withvabéive factors in 12 experiments was
conducted to screen the impact factors for thebéelprotein recovery. In Plackett — Burman
model, the adjacent value of impact peak at thé [id) and low (-1) was examined with the
hydrolyzing conditions of 5 impact factors: soybeavater( [4, 5], core 4.5 %; [E/S]I [1, 2],
core 1.5 %; pHJ [6.5; 7.5], core 7; temperatute[50; 60], core 55C; time [ [150; 210], core
180 mins. The soluble protein recovery (%) was tdmget function for all the experiments
(Table 3).
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Table 2.Plackett — Burman model according to 5 impactdiect

Code Soybean : E/S pH Temperaturg Time Soluble protein
water recovery (%)
+———t 5 1 6.5 50 210 25.236
+H——— 5 2 6.5 50 150 26.316
+++—— 5 2 7.5 50 150 28.909
S 4 1 75 50 150 26.964
——t—+ 4 1 7.5 50 210 25.020
—+——+ 4 2 6.5 50 210 28.044
S 4 2 6.5 60 210 36.687
et 5 1 6.5 60 150 31.069
U 5 2 7.5 60 210 34.527
——t— 4 1 6.5 60 150 31.934
+—+++ 5 1 7.5 60 210 27.180
—+++— 4 2 7.5 60 150 36.903

Table 3.Impact factors of the examined functions in PléickeBurman model by Alcalase.

Impact factors Impact value Reliability
Temperature 6.18 0.0008*
E/S 3.92 0.0078*
pH 0.04 0.0909
Time -0.88 0.4114
Soybean: water -2.01 0.9730

From matrix Plackett — Burman, the protein recoveyged from 25.02 % to 36.90 %
respectively. Among mentioned impact factors, terapee had the strongest impact to the
soluble protein recovery (6.18) and followed by #& (3.92) (Table 4). Other factors (time,
soybean: water and pH) had not much influence ¢osthiuble protein recovery. From above
results, two most influence factors (E/S and tempee) were optimized with the soluble
protein recovery as the target function accordmBEM - CCC model on Modde 5.0.

3.3.2. Optimizing the hydrolysis by the experimigoignning matrix
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Figure 1.Effect of Alcalase concentration and temperatunéng) hydrolysis to the soluble protein
recovery in 3-dimension view.

Experiment was conducted in the same two factoreyree (X) and hydrolysis
temperature (¥. After that, the rule of these impacts to theubt# protein recovery (Y%) was
drawn out. From this basic, the optimal value facle factor was chosen. Numbers of
experiments were?3= 9, in which only one experiment in core. Theecexperiment was
performed in triplicate to verify the significanoéthese ratios in the regression equation. From
these experiments, the regression equation foreegjgrg the correlation between enzyme
concentration and temperature for the hydrolysis @&termined as:

Y = 40.62+1.33% + 1.46% — 1.63%* — 3.11%° — 1.56XX,, (¥ = 0.773, R= 0.977).

The regression equation was expressed on 3 dinmatsigis and response surface. From
calculation, the soluble protein recovery was estéd at 40.93 %. However, in three
replications the soluble protein recovery was 413213 % and the degree of hydrolysis by
Alcalase was 35.73 + 0.55 %.

3.4. Determination of the protein hydrolysis by Protamex

Similar to the process of determining alltéas affecting the hydrolysis by Alcalase such as
the effect of soybean: water, the effect of E/S difect of pH, the effect of hydrolysis
temperature and the effect of hydrolysis titnethe process of hydrolysis of soy protein by
enzyme Protamex to get the highest protein recowerng the soybean: water (1:4.5, w/w), E/S
at 2 % (w/w), pH 7, temperature 85, 180 minsfespectively.

3.5. Screening theimpact factor and optimizing the hydrolysis by Protamex

3.5.1. Screening the impact factor by model Plack&urman

From the above experiments, screening the impaotsfdy model Plackett Burman was
conducted in the same way as one by enzyme Alcalbsee. By examining the hydrolysis
conditions of 5 impact factors such as soybeanemiat4; 5], core 4.5 %; E/$] [1; 2], core
1.5 %; pHO [6.5; 7.5], core 7; temperatut@[50; 60], core 558C; time O [150; 210], core 180
mins. Soluble protein recovery (%) was the targetfion for all the experiments. The results
was shown in Table 5.
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Table 4.Impact factors of the examined functions in PlaéckeBurman model by Protamex.

Impact factors Impact value Reliability
Temperature 6.17 0.0008*
E/S 4.87 0.0028*
Soybean: water -1.86 0.1124
pH 1.20 0.2751
Time -0.25 0.8085

From matrix Plackett — Burman, the protein recovemged from 19.66 % to 32.36 %,
respectively. Among these impact factors, tempeeahas the strongest impact to the soluble
protein recovery (6.17) and E/S (4.87). Time, saybwater and pH had not much influence to
the soluble protein recovery. From above resuilt® factors (E/S and temperature) were
optimized for the soluble protein recovery as tamgét function, according to RSM - CCC
model on Modde 5.0.

3.5.2 Optimizing the hydrolysis by the experimeplahning matrix

Experiment was conducted in the same way as thmiaptg the hydrolysis by Alcalase.
After that, the experimental planning matrix of tfextors: enzyme/substrate and temperature
was conducted. And the regression equation to espthe correlation between enzyme
concentration and temperature to hydrolysis was:

Y =33.81+ 0.6% + 0.93% — 1.38%% — 2.41%% — 1.27%X,(Q? =0.865, B = 0.979).

Soluble protein recovery (%,
25 L v %)

IE-‘Q‘S‘}‘S‘A‘E:‘S‘SIG‘5‘7‘5‘8‘5‘9‘60
Temperature (°C)

Figure 7.Effect of Protamex concentration and temperaturénd hydrolysis to the soluble protein

recovery in 3-dimension view.

From the regression equation, the hydrolysis degrag affected by the E/S (Xand
hydrolysis temperature ¢X Optimal results of the regression equation basve in Fig. 7, were
as follow: E/S: 2.13 % (w/w); hydrolysis temperatu55.46°C; hydrolysis time: 180 mins;
soybean: water: 1.0/ 4.5 (w/w); pH: 7. From theicedgtcalculation, the soluble protein recovery
was estimated at 33.92 %. However, the solubleproecovery value was 33.91 £ 0.17 % after
three replications. The degree of hydrolysis byt&nex was 15.33 + 0.68 %.

3.6. Quality of protein powder
3.6.1. Molecular size of hydrolyzed soybean propewder
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Molecular weight patterns of hydrolysates obtaibhgdhe sequential hydrolysis of Alcalase
and Protamex determined by SDS gel electrophonesie shown in Figur8.

A Standard scale B Standard scale
Thang

= s A: Soy protein after Protam hydrolyzation

i B: Soy protein after Alcalase hydrolyzation
31

24
17

12
8.5
3.5

Figure 8.The result analysis of electrophoresis of hydratgs by the hydrolysis of Alcalase and
Protamex.

The electrophoretic patterns showed that the hydabés by Alcalase were composed of
many peptides with molecular weights below 8.5 kDize electrophoretic pattern also indicated
that the hydrolysates by Protamex comprised peptidenigher molecular weight (< 20 kDa).
Hydrolysates obtained with Alcalase and Protamexthe other hand, showed a broad range of
medium-size and low molecular weight polypeptiddsese short peptides after entering human
body will be easily metabolized as functional fga@]. Several researchs also demonstrated the
functional health effect of bioactive peptides. Rukt al. [11] proved that Alcalase can produce
many bioactive peptides with anti-oxidation prope$ong EK. et al. [12] demonstrated that
bioactive peptides originated from soybean proteime strong ability for cancer treatment. Y
Nakashima et al. [13] proved that some short peptidan lower the blood pressure. Low
molecular weight peptides were also studied foir thetioxidative effects in different in vitro
oxidative systems. Medium bioactive peptides (makec size 2-5 kDa) were suitable for
functional food and bioactive peptides in size KB were appropriated for sportman or patient
[14].

3.6.2. ldentification and quantification of aminciéin protein powder

The amino acid compositions of soybean protein mowdiere analyzed by gas
chromatography (GC/FID) and presented in Table 6.

From the Table 6, the essential amino acids (Velj),Ule, Thr, Met, Phe, Lys) from
soybean protein powder have the high percentag@, @3regarding to Alcalase and 38.8 %
regarding to Protamex. So the hydrolyzed proteinvg®y by Protamex and Alcalase is
appropriated as supplementation for patients [B¥gnched chain amino acids (BCAA)
originated from Alcalase includes: leucine 0.960&/1g, isoleucine 0.44 g/100 g, valine
0.46 g/100 g equivalent to leucine: isoleucineinaht 2:1:1. lwasawa et al. 1991 examined the
branched chain amino acids of leucine: isoleuchaéne at ratio 0.5:1:1, 1:1:1, 2:1:1 and 4:1:1.
They found that the optimal ratio for the branclodhin amino acid of leucine: isoleucine:
valine was 1:1:1 and 2:1:1 [16]. Leucine, isoleacind valine were also investigated for
prevention of liver cancer and food nutrition foatient [17]. Bioactive peptide can be
considered as a good food source for enteral tabdirig [18]. The ratio of branched chain
amino acids (leucine : isoleucine : valine) in Hyelrolyzed protein powder by Alcalase is 2: 1:
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1, by Protamex is 4 :1:1. Moreover branched claanino acids are the substrates that can be
utilized in some peripheral or wounds tissue asexgy source. Specific nutrients are found in
the so-called “immune-enhancing diets” includes BCAither individually or in combination
with other nutrients [19]. BCAA may improve mentatate in patients with hepatic
encephalopathy and a higher proportion of BCAAssangable for hepatic failure and hepatic
encephalopathy patients [20].

3.6.3. Physical-chemical characteristics of theroyyzed protein powder

Table 6.The amino acid composition of soybean protein pvydrolyzed by Alcalase and Protamex

(g/100g).
Amino acid Content by enzyme Content by enzyme Protamex
Alcalase(g/100g) (9/1009)

Glycine 0.55 0.68
Valine 0.46 0.34
Leucine 0.96 1.15
Isoleucine 0.44 0.31
Threonine 0.44 0.49
Serine 1.44 1.05
Proline 0.85 1.00
Aspartic acid 1.44 1.62
Methionine 0.09 0.16
Trans-4-Hydroxyproline 0.06 0.07
Acid glutamic 1.89 2.00
Phenylalanine 0.88 0.82
Lysine 1.06 1.29
Histidine 0.60 0.62
Tyrosine 0.24 0.20
Cystine (C-C) 0.05 0.05
Glycine 0.55 0.68
Valine 0.46 0.34

Table 7.Physical-chemical characteristics of the hydratiypeotein powder by Alcalase and Protamex.

Testing parameter By Alcalase By Protamex
Lipid 2.25 % 3.67%
Carbohydrate 68.80 % 69.20 %
Moisture 3.90 % 3.22%
Protein 22.50 % 22.90 %
Peroxide Not detected Not detected
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From the Table 7, the hydrolyzed protein powder lmad moisture content (3.90 % by
Alcalase and 3.22 % for Protamex) so that was ifteadtorage. According to TCVN 5-2/2010,
moisture in protein powder should be below 5 %.d.ipontent 2.25 % and 3.67 % was quite
low. Comparing to TCVN 5-2:2010/BYT lipid conterficuld be 1.5 to 2.6 %. Peroxide was in
limit 10 meqg/kg so it can prevent oxidation. As Hrealyzed result from the hydrolyzed protein
powder, the protein contents were 22.50 % and 220@nd these ratios were quite high.
Moreover, molecular size of protein powder hydrelydby Alcalase was below 8.5 kDa so that
is suitable for metabolism in patient meal [21].

3.6.4. Microorganism in the hydrolyzed protein pewd

The hydrolyzed protein powder was suitable to stath@f Vietnam TCVN 5-2/2010/BYT.
Moreover, the pleasant taste was evaluated onytholyzed protein powder which was quite
different from product investigated by Heidi Geikeff et al. [22].

Table 8.Microorganism in the hydrolyzed protein powderAlgalase and Protamex.

Microorganism Detection limit Result by Alcalase | Result by Protamex Unit
E. coli 10 cfu/g 2 2 cfulg

S. aureus 100 cfu/g Not detected Not detected cfulg

L. monocytogenes 100 cfu/g Not detected Not detected cfulg
Salmonella Not detected Not detected Not detected cfulg

4. CONCLUDING REMARKS

The results of amino acid analysis showed thatctiraposition of amino acid of soy
protein and its hydrolysates obtained under theropéd conditions was considerably enriched
in essential amino acids. The electrophoresis eégddoy Alcalase showed the short bioactive
peptide 8.5 kDa and peptide < 20 kDa for Protarmiée ratio of branched chain amino acids in
the hydrolyzed protein powder by Alcalase was leeigsoleucine:valine by ratio 2:1:1, and by
Protamex was 4:1:1. The highest soluble proteiowery for soy protein was obtained with a
[E/S] of 1.5 % (w/w) and 2.0 % (w/w) for Alcalasech Protamex and the soluble protein
recovery hydrolyzed was 41.32 + 0.13 % by Alcala88,91 + 0.17 % by Protamex,
respectively. For both enzymes, the optimizatiormfymatic hydrolysis of soybean to get the
highest soluble protein recovery and the bioactikatein fragments were at %5 pH 7, the
ratio of soybean: water, 1.0:4.5 and reaction &80 mins.
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