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In this study, soybeans during different germination stages were described and compared
with regard to morphology, water content, protein, amino acids, and isoflavones. The
optimal conditions for the hydrolysis of proteins obtained from germinated soybeans were
determined using the response surface methodology. Gel filtration chromatography was
used to separate germinated soybean protein hydrolysates after ultrafiltration, whereas
2,2-Diphenyl-1-picrylhydrazyl (DPPH), ABTS®*, and FRAP assays were used to assess
the antioxidant activity of different fractions. Findings of this study revealed that protein
and isoflavone contents were high in soybean at 24 h following germination (the bud
was about 0.5-1cm). The proteins from germinated soybeans were hydrolyzed and
separated into five fractions (G1-G5) and evaluated in terms of their molecular weight
and antioxidant activity. Interestingly, the antioxidant activity was found to be higher in
germinated soybean protein hydrolysates than in other soybean protein hydrolysates
derived from soybean meal protein. This suggests that germination can effectively
improve the utilization rate of soybean proteins. The antioxidant activity of G3 was best
among G1-Gb5. The results obtained in this study demonstrate that germination for 24 h
when the bud length is about 0.5-1 cm can be applied as a special pretreatment of plant
seeds in the development of germinated foods. These findings can be used to identify
the structure of the potential antioxidative hydrolysates for their possible exploitation in
functional foods.

Keywords: antioxidative activity, germinated soybean, isolation, purification, protein hydrolysates

INTRODUCTION

Soybean (Glycine max L.), one of the most important food crops in the world, is known for its high-
quality plant-derived oils, high crude protein content (40%), fats (20%), and carbohydrates (35%)
(1-3). Over the past two decades, bioactive food protein hydrolysates and peptides have gained
great research interest due to their physiological functions, such as antioxidant (4, 5), antibacterial
(5), anticancer (6), antidiabetic (7), and antihypertensive properties (4, 8, 9). Besides, they play an
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FIGURE 4 | 3D response surface plots and 2D contour of the interactive effects on the degree of hydrolysis. Dosages of proteinase and enzymolysis time (A,B), the
ratio of material to liquid and enzymolysis time (C,D), and the ratio for material and liquid (E,F).
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TABLE 2 | The amino acid content in soybean with different germination time (in dry matter, g/100 g).

Amino acid Germination time
Oh 12h 24h 36h 48h 60 h 72h

Asx 3.52 +0.07° 4.41 +£0.01% 4.80 +0.212 3.96 + 0.81% 4.69 + 0.05° 4.46 + 0.58% 3.78 + 0.60%°
Thré 1.52 4 0.04° 1.52 & 0.02° 1.57 +£0.17° 1.83 + 0.39%° 1.49 + 0.10° 1.68 4 0.27% 2,13 +0.292
Ser 1.91 & 0.04° 2.09 + 0.04% 2.25 + 0.08% 2.14 +0.072 2.21 + 0.09° 2.28 +0.102 2.24 +0.242
Glx 5.74 +0.14° 7.04 +0.10° 7.41 + 0.06% 7.33 +£0.28% 7.26 + 0.07° 7.28 + 0.06° 7.66 +0.182
Gly 1.56 & 0.03° 1.68 4 0.022 1.70 4+ 0.002 1.70 & 0.00% 1.70 +£0.012 1.68 4+ 0.012 1.71 £0.032
Ala 1.59 4 0.04° 1.78 + 0.02° 1.84 4 0.00%° 1.84 + 0.002 1.86 & 0.012 1.87 4+ 0.022 1.86 4+ 0.042
Val¥ 1.62 4+ 0.03° 1.80 + 0.02° 1.84 4 0.02% 1.85 + 0.00° 1.85 + 0.01%0 1.85 + 0.01%° 1.86 + 0.032
Met& 0.28 + 0.022 0.23 +0.01° 0.27 +0.012 0.28 +0.012 0.28 + 0.012 0.27 + 0.00? 0.28 + 0.022
lle® 1.60 + 0.04° 1.76 4+ 0.022 1.76 4+ 0.022 1.77 £ 0.012 1.76 & 0.002 1.77 £0.012 1.78 +£0.032
Leut 2.65 + 0.06° 3.10 + 0.03? 3.12 £ 0.012 3.10 + 0.022 3.11 +£0.022 3.11 4 0.022 3.14 + 0.06?
Tyr 1.13 4 0.02% 1.11 4 0.00% 1.12 4+ 0.05% 1.06 4 0.04° 1.09 £ 0.012° 1.12 4 0.05% 1.17 £0.012
Phe¥ 1.90 + 0.04° 2.10 + 0.022 2.09 + 0.002 2.08 +0.022 2.08 + 0.022 2,09 +0.012 2,10 + 0.042
Lys® 2.26 + 0.06° 2.73 +0.02° 2.65 + 0.02% 2.60 + 0.01° 2.65 + 0.02%0 2.66 + 0.03% 2.63 + 0.04°
His 1.31 4 0.062 1.08 + 0.00° 1.07 & 0.00° 1.07 4 0.00° 1.07 £ 0.01° 1.08 & 0.01° 1.09 4 0.03°
Arg 2.75 +0.07¢ 3.06 + 0.012° 3.04 + 0.04°%%° 2.96 + 0.02° 2.98 + 0.00°° 3.09 + 0.07% 3.16 +0.072
Pro 5.49 + 0.16° 2,07 +0.04° 2.04 + 0.03° 2.01 + 0.07° 2,07 + 0.00° 2.02 + 0.06° 1.94 4+ 0.16°
TAA 36.82 + 0.90° 37.55 + 0.07% 38.56 + 0.33% 37.57 + 0.05% 38.15 + 0.16% 38.31 + 0.46% 38.53 + 0.94%
NEAA 25.94 + 0.622 24.33 + 0.05° 25.28 + 0.23% 24,06 + 0.47° 24,93 + 0.23% 24,88 + 0,643 24,60 + 1.00%
EAA 10.88 + 0.27° 13.23 +0.12P 13.28 + 0.10P 13.50 + 0.4220 13.22 + 0.07° 13.43 + 0.18% 13.92 + 0.062
EAA/NEAA 0.42 + 0.00° 0.54 + 0.012 0.53 + 0.00? 0.56 + 0.03? 0.53 +0.012 0.54 + 0.022 0.57 +0.03
EAA/TAA 0.30 + 0.00° 0.35 + 0.00° 0.34 + 0.00° 0.36 + 0.012 0.35 + 0.00? 0.35 + 0.012 0.36 + 0.012

&EAA: Essential amino acid: NEAA: Non essential amino acid; TAA: Total amino acid. Differences were analyzed by the Duncan test. Groups without the same superscript letters were

statistically different (P < 0.05).

time, and the Y-axis was the Ig value of relative molecular mass
(Ig Mw) of the above standards.

Determination of Antioxidative Activity
ABTS** Free Radical Scavenging Ability

The ABTS®" radical scavenging assay was performed following
the protocol previously described (31). ABTS®** (100.0 mg) and
potassium persulfate (17.2mg) were accurately measured, and
the volume was adjusted to 50.0 ml with distilled water. After
shaking, the ABTS®" stock solution was placed in the dark at
room temperature for 24h. A certain volume of ABTS®* stock
solution was taken and diluted 40-50 times with 95% ethanol.
After 30 min at room temperature, the absorbance was (0.70 £
0.02) at 734 nm. At this stage, the mixture was used as ABTS*"
working solution. Samples of different concentrations, 0.5-20.0
mg/ml, were mixed with ABTS®* working solution, respectively,
and the mixtures were kept in the dark. The blanks and control
samples were set. These mixtures were allowed to stand at 37°C
for 5min, and the absorbance was measured at 734 nm. GSH
(0.5-20.0 mg/ml) was used as the positive control. The formula
for calculating the free radical scavenging activity was as follows:

Aplank — Asample

p (scuvenging rate %) = (
Abplank

) x 100%

DPPH Free Radical Scavenging Ability

DPPH (2.5 mg) was weighed and added into anhydrous ethanol
and allowed to fully dissolve in the dark and ultrasonic
environment. Next, anhydrous ethanol was used to make a
volume of 50.0 ml with a concentration of 50.0 pg/ml. Samples
(100 pl) of different concentrations (0.5-20.0 mg/ml and 100
ul DPPH working solution) were mixed and protected from
light, and blanks and control sample were set. These mixtures
were allowed to stand at room temperature for 30 min, and the
absorbance was measured at 517 nm (32). GSH (0.5-20.0 mg/ml)
was used as the positive control. The result can be calculated
as follows:

Asample — Acontrol

P (scavenging rate %) = <1 - > x 100%

Ablank

Total Antioxidant Activity

The Total Antioxidant Capacity Kit (FRAP) (Nanjing Jiancheng
Biological Engineering Research Institute, China) was used to
determine the total antioxidant activity. A calibration standard
curve of Trolox was used to calculate the total antioxidant
activity with a unit of the concentration of FeSO4 standard
solution (mM).

Statistical Analysis
Each experimental procedure was performed three times, and
data were expressed as the mean 4 SD. Statistical analyses were
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TABLE 3 | Molecular weight of several soybean protein hydrolysates.

Samples  Peak Retention Range of molecular  Content
time (min) weight (Da) (%)
NSPH 1 14.713 3239.34-14860.62 5.12
2 17.115 943.67-3239.34 15.47
3 18.063 425.41-943.68 30.29
4 19.548 134.27-425.41 45.15
5 21.47 82.10-134.27 3.98
GSPH 1 13.94 3664.73-8766.13 2.28
2 18.45 411.94-3664.73 31.18
3 20.09 129.74-411.94 59.55
4 21.54 81.71-129.74 5.56
5 22.77 32.76-59.61 1.44
UGSPH 1 18.556 412.38-2803.56 20.77
2 20.109 130.16-412.38 66.84
3 21.553 76.74-130.16 9.46
4 22.665 29.02-63.20 2.93

conducted by one-way analysis of variance using IBM SPSS
20 (SPSS Inc., Chicago, USA). Duncan’s test was employed to
analyze the significance for multiple groups. The P-value < 0.05
was considered statistically significant.

RESULTS AND DISCUSSIONS

Changes in Nutrient Composition

Figure 3 shows variations in the nutritional status of soybeans
during germination. Soybeans, after 12h soaking in water,
attained favorable internal environmental conditions for later
germination. The protein content of non-germinated soybean
was 35.43%, which was reduced during germination and early
growth of the seedlings as a result of the high activity of proteases
(33). The content of soybean protein showed an upward trend
during germination; however, the soybean protein content
remained statistically stable until 24h following germination
(Figure 3B). At 24 h following germination, there was an increase
(6.32%) in soybean protein content compared to Oh, and
then a decrease (2.89%) was observed at 60h compared to
24h. Tt has been reported that soybean germination for 18h
activates endogenous proteases involved in the cleavage of
storage soybean proteins and the production of bioactive peptides
with antioxidant and anti-inflammatory activities (34, 35). In the
beginning of seed germination, endogenous proteases stored in
protein may be activated. During the enzymatic hydrolysis, these
endogenous proteases can cooperate with exogenous protease
to improve the efficiency of enzymatic hydrolysis. As a result,
germination had positive enhancement effects on bioactive
compounds in beans (36).

Amino acid composition of soybean at different germination
states (all in dry matter) and their significant markers are
presented in Table 2. Cys and Trp cannot be determined by acid
hydrolysis and therefore were not included in the analysis. Asn
and Gln were converted to Asp and Glu after the hydrolysis,
respectively. Therefore, the Asx and Glx presented in Table 2

include Asp+Asn and Gln+Glu, respectively. The total amino
acid content in germinated soybean increased with an increase
in germination time. A total of 34 proteins related to amino
acid metabolism have been reported to be involved in the
process of soybean germination (27). The highest essential amino
acids (EAA)/total amino acids (TAA) ratio was 0.36 at 36 h of
germination, and EAA/non-essential amino acid (NEAA) ratio
was 0.56. The glutamic acid content was highest followed by
proline and aspartic acid. Germination in darkness has been
reported as a useful method to increase the number of amino
acids and thus the nutritional status of soybean products, which
is congruent with our findings (37). These results show that
soybean germination is associated with an increase in threonine
(40.13%), aspartic acid (36.36%), and glutamic acid (33.45%), and
a decrease in proline (64.66%) and histidine (18.32%), as well as
the least change in the content of methionine, compared to non-
germinated soybeans. Mostafa et al. (38) reported an increasing
trend in different amino acid components with germination
compared with the contents of the same amino acids in dry seeds.
A decrease in proline content is in line with the observation of
Yang et al. (39).

Isoflavones are a large and very distinctive subgroup of
flavonoids that are commonly found in soybeans (40), and
they have a significant correlation with the germination of
soybeans, which has not been thoroughly studied yet. Vermont
et al. observed an increase of 16.2% in soybean isoflavones
following 18 h of germination (16). Genistin accounted for the
largest proportion (40-60%) of soybean isoflavones during 0-
36 h, followed by genistein and daidzein (Figure 3C). During
soybean germination, the contents of genistein and daidzein were
significantly increased. Sharma (41) reported an increasing trend
of isoflavones in chickpea (Cicer arietinum) during germination,
which is consistent with our findings. The observed decrease
in the content of isoflavones could be due to the conversion of
one type of isoflavones into other types of isoflavones. Terrence
(42) reported that soybean primary leaf tissues underwent a
programmed shift from isoflavonoid to flavonoid metabolism 3
days after germination. After 36 h, genistein became the highest
soybean isoflavone component. An increase in total isoflavones
in small-seeded soybeans after 7 days of germination under light
conditions has been reported (19). Lee et al. (43) found the
contents of phenols and flavonoids dramatically increase in black
soybeans germinated for 5 days and may contribute to enhancing
antioxidant activity. For the elimination of protease inhibitors,
18 h of germination is recommended (16).

In conclusion, germinated beans are better materials to
prepare health products than non-germinated beans. In addition,
the improvement of bioactive compounds of soybeans depends
on the timing of germination. Soybeans were germinated for 24 h,
the bud length was about 0.5-1cm, and the seeds’ protein and
isoflavone contents were at their peak. At this stage, germinated
soybeans are suitable for the hydrolysis of protein.

The Results of RSM

The effects of three variables, namely, the enzymolysis time
(X1), dosages of proteinase (X3), and the ratio of material to
liquid (X3), were studied to optimize the hydrolysis conditions
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FIGURE 5 | Elution profile and molecular weight of the fraction isolated from UGSPH. (A) The germinated soybean peptide was isolated using gel filtration
chromatography on Sephadex G-15. (B) G1, fraction 1; (C) G2, fraction 2; (D) G3, fraction 3; (E) G4, fraction 4; and (F) G5, fraction 5.

using Box-Behnken design and DH as an indicator. The results
of the analysis for hydrolysis are presented in Table 1. By
comparing the F-value of each factor, it can be concluded that
the dosage of proteinase is the most influential factor for DH,
followed by the material-liquid ratio and enzymolysis time. A
three-dimensional response surface diagram and a contour plot
(Figure 4) were plotted based on changes in any two independent
variables, which shows the influence of two-factor interaction
on the DH of GSPH. As shown in Figure 4, the DH of GSPH
gradually increased with an increase in the quantity of proteinase.
Figures 4A,E show that the slope of the response surface along
the axis of dosages of proteinase was steep, indicating its more
influence on the DH of GSPH compared to enzymolysis time
and the material-liquid ratio. Figure 4C showed that the slope
of the response surface along the axis of the material-liquid
ratio was steep, indicating its significant influence on the DH
of GSPH.

Based on data analysis using design-export 8.0.6 software,
the maximum predictive value of the DH of GSPH was 57.46%
when the enzymolysis time was 4.98 h, the dosage of proteinase
was 2.95%, and the ratio of material to liquid was 1:11.87. The
optimal values of the selected parameters were further subjected
to a verification test. The DH of GSPH in this study was (56.49
=+ 0.25)%, which was not significantly different from the value
of DH 57.46% predicted by the model. There was an increase in
the DH following optimization, and the value reached 56.49%.
The model established in this study could accurately and reliably
predict the DH of GSPH.

Analysis of Separation Components by

Ultrafiltration

Molecular Weight Distribution

The results showed that the molecular weight of 97.73% fractions
of GSPH was below 3 kDa (Table3). The GSPH fractions
that passed through the 3 kDa ultrafiltration membrane were
collected. After ultrafiltration, the GSPH fractions were freeze-
dried and collected for further separation. The molecular weights
of NSPH (derived from soybean meal protein after oil extraction)
and UGSPH are shown in Table 3. It was found that the range
of molecular weight of NSPH was broad (82.10-14,860.62 Da)
while the molecular weight range of GSPH prepared by the
above process was relatively narrow (32.76-8,766.13 Da). By
measuring the molecular weight, we found that the molecular
weight of GSPH was lower than NSPH, with most of them
weighing <3 kDa (97.73%). Furthermore, the proportion of
GSPH with a molecular weight ranging from 120 to 400 Da was
about 60%, which was higher than that of NSPH (about 45%),
which indicates that enzymatic hydrolysis as a part of the above-
mentioned protocol was better than that of the protocol used to
prepare NSPH, and GSPH generated after enzymatic hydrolysis
had a more narrow molecular weight distribution.

Comparative Analysis of the Antioxidant Activity

in vitro

In vitro antioxidant activities of NSPH, GSPH, and UGSPH
were determined using the ferric ion reduction method (FRAP),
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ABTS®T cation scavenging assay, and DPPH free radical
scavenging assay. GSH was used as a positive control. As shown
in Figure 2, the antioxidant capacity of GSPH and GSH increased
with an increase in concentration. At the same concentration of
samples, the total antioxidant capacity of NSPH was significantly
lower than the total antioxidant capacity of GSPH, which
only increased slightly after ultrafiltration. Carciochi et al. also
noticed (44) that the germination process significantly increased
the antioxidant activity of quinoa seeds, reaching a greater
than the 2-fold increase at 72h of process in comparison to
raw quinoa for the three tested methods. Vernaza et al. (35)
observed the highest antioxidant activity in a combination
of 72h of germination and 1h of Alcalase when compared
to the ungerminated and non-hydrolyzed Brazilian soybean
flours. Germination can lead to the production of bioactive
compounds with potent antioxidant properties. It can modify the
concentrations of bioactive compounds of the Brazilian soybean
cultivar BRS 133 by increasing lunasin, isoflavone aglycones,
and soy saponins (45). However, Shohag et al. (46) reported
that hydrophilic antioxidant capacity in soybean and mung bean
seeds decreased with germination time (2-10 days). The result
may be due to the decrease in phenolic substance content due
to the activation of hydrolase and polyphenol oxidase activities
during germination (47). The difference may be related to the
time of germination. Concentrations with scavenging rates above
70% were selected for discussion. In the ABTS®T free radical
scavenging experiment (an electron transfer-based assay), the
scavenging rate only showed a slight change in GSPH before and
after ultrafiltration. When the concentration was 20.00 mg/ml,
the scavenging rate of GSPH reached 89.76%, the same as that
of GSH, while the scavenging rate of NSPH was almost zero
at the same concentration. As shown in Figure 2C, among the
three soybean protein hydrolysates (GSPH, NSPH, and UGSPH),
UGSPH had the strongest DPPH radical scavenging ability, and
its scavenging rate increased gradually with an increase in mass
concentration. When the concentration of NSPH was 20.00
mg/ml, its scavenging rate was 45.28%. While the scavenging
rate of GSPH was 77.67% at 20.00 mg/ml, the scavenging rate
of UGSPH was 83.02% at 10 mg/ml. However, the concentration
is much higher than what is used in many studies. Different
materials and methods of hydrolysis may cause this result. In
conclusion, the antioxidant activity of UGSPH was much higher
than that of NSPH and GSPH as evidenced from these in vitro
trials. Therefore, we selected UGSPH for further investigation.

Analysis of Components Separated by Gel

Filtration Chromatography

Molecular Weight Distribution

The GSPH fraction, which showed the strongest antioxidant
activity after ultrafiltration (i.e., UGSPH), was separated by
GFC. As shown in Figure 5A, five components, named G1-G5
according to the elution order, were separated. The components
were collected and freeze-dried for in vitro molecular weight
determination and antioxidant activity analysis. The molecular
weight distribution of the five components obtained by GFC
was determined (Figures 5B-F). Previous studies have shown

TABLE 4 | Molecular weight of fractions of ultrafiltration germinated soybean
protein hydrolysates.

Fractions Peak Retention Range of molecular Content
time (min) weight (Da) (%)
G1 1 18.00 638.46-2734.94 22.93
2 18.76 365.28-638.46 26.43
3 19.78 135.12-365.28 41.05
4 21.61 73.76-135.12 9.60
G2 1 18.82 336.79-1659.03 36.13
2 19.90 129.82-336.79 48.13
3 21.60 70.38-129.82 13.78
4 22.93 31.86-59.93 1.96
G3 1 18.65 394.51-890.97 5.84
2 20.25 123.93-394.51 80.49
3 21.57 74.31-123.93 8.95
4 22.73 33.38-62.31 4.72
G4 1 19.53 285.85-642.86 3.54
2 20.25 113.12-285.85 80.30
3 22.70 29.72-89.80 16.16
G5 1 20.35 87.37-361.07 94.82
2 23.10 43.83-60.59 5.18

that antioxidant peptides generally have 2-9 amino acids and
have a molecular weight mainly in the range of 400-1,000 Da
(48). As shown in Table 4, the molecular weights of both G3
and G4 were <1 kDa and the molecular weight distribution
was relatively narrow (about 85.00% of peptides were <1 kDa),
while the molecular weight of G5 was relatively small (94.82% of
peptides were in 87.37-361.07 Da).

Comparative Analysis of the Antioxidant Activity in
vitro

The antioxidant activities of the five isolated components were
analyzed and compared in vitro (Figure 6). G3 had the strongest
total antioxidant capacity, which reached 8.22mM when the
concentration was 20.00 mg/ml, which was higher than the total
antioxidant capacity of GSH. In addition, the total antioxidant
capacity values of G4 and G5 (1.12 and 1.38 mM) were higher
than that of G1 and G2 (0.37 and 0.20mM). This result
indicated that the low molecular weight peptides possessed
a better radical scavenging ability than the high molecular
weight peptides, which corroborated the findings obtained in
the germinated foxtail millet (Setaria italica) proteins (49). The
total antioxidant activity of white quinoa and black quinoa
germinated for 24 h was 8.49 and 10.82 mM, respectively (50).
Concentrations with scavenging rates above 70% were selected
for discussion. In the range of 5.00-20.00 mg/ml of GIl-
G5, the ABTS®**t free radical scavenging rate of G3 was the
highest, falling in the range of 79.56 (5.00 mg/ml) to 90.03%
(20.00 mg/ml), reaching the level of the scavenging rate of
GSH. In the DPPH free radical scavenging experiment, the
scavenging ability of G3 proved to be the highest compared
to all components. When the mass concentration values were
0.50 and 1.00 mg/ml, the scavenging rate reached 88.99 and
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FIGURE 6 | Antioxidative capacities of the fractions isolated from UGSPH. ABTS** scavenging ability (A), DPPH scavenging ability (B), and total antioxidant ability (C).

97.16%, respectively, higher than that of the positive control
group. It was also higher than the reported DPPH free radical
scavenging rate (35.83%) of the hydrolysate obtained from
pepsin-hydrolyzed tuna skeleton (the pepsin concentration was
1.30 mg/ml) (51). Notably, buckwheat germinated for 72h
possesses the highest free radical scavenging activity against
DPPH (24.50 mM) and ABTS®T (46.01 mM). In contrast, the
buckwheat germinated for only 24 h had free radical scavenging
capacities of 6.70 and 19.88 mM against DPPH and ABTS®T,
respectively (52).

CONCLUSION AND PROSPECTS

Germinated soybeans were used as a raw material for the
generation of antioxidative hydrolysates, whereas we determined
the optimal state of soybean germination based on several
criteria, including the content of moisture, proteins, amino
acids, isoflavones, and antioxidant activity. The results showed
that protein and isoflavone contents were high in soybean
at 24h following germination (the bud was about 0.5-
1cm). This suggests that germination for a short time can
effectively improve the protein and isoflavones of soybean.
Five components of UGSPH were separated using GFC. We
concluded that GSPH possessed higher antioxidant activity and
more concentrated molecular weight distribution, compared to
the protein hydrolysates derived from ungerminated soybeans.
The molecular weights of G3, G4, and G5 were <1 kDa,
whereas G3 showed the strongest total antioxidant capacity
and effectively scavenged ABTS®" free radicals and DPPH-free
radicals, showing good antioxidant activity. Hence, we conclude
that germination is a great process for hydrolyzing soybean
proteins and generating GSPH with high antioxidative activities,
probably owing to their low molecular weights compared to the
hydrolysates generated from ungerminated soybeans.

The high antioxidative activity of G3 that was generated after
a short period of germination makes it a potential antioxidative
hydrolysate for functional foods. This study lays a foundation
for further research on GSPH as potential ingredients for the

development of functional foods. The findings give the idea
of exploring and utilizing plant seeds as potential resources of
biologically active peptides; however, attention should be given
to several criteria involved in generating desirable peptides as
included and discussed in our trial.
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