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Abstract

Germination is one of the most important techniques to enhance
the nutrients and functionality of legume seeds. This academic work
investigated the effects of pre-treatment with acidifying soaking water and
germination time on changes in concentrations of gamma-aminobutyric
acid (GABA) and nitrogenous constituents, and protein-related enzyme
activities in mung bean seeds. Higher amounts of crude protein, non-
protein nitrogenous, free amino acids, and enzyme activities, but lower
protein nitrogenous concentrations were found when soaking in more
acidic water and germinating at longer germination time. Steeping water
of pH 5.5 and germination duration of 8 h induced mung bean seeds to
manifest the highest activities of glutamate decarboxylase (GAD) (60.9
U/g powder, db) and protease (2.81 U/g powder, db), responsible for the
highest values of GABA (1.60 g/kg, db), free amino acids (5.92 g/kg, db)
and non-protein nitrogen (14.7 g/kg, db), and the lowest amount of protein
nitrogen (30.8 g/kg, db). These findings indicate that pre-treatment with
acidic soaking water before germinating was more likely to enrich the
GABA and amino acid-containing compounds of the mung bean seeds.
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Introduction

Germination process has been widely recognized
as an effective, affordable, and simple biochemical
technique for enriching the nutritional profiles,
bioactive compounds, and potential health benefits
of the seeds. Especially, gamma-aminobutyric acid
(GABA), an adequate inhibitory neurotransmitter in
mammalian brains, is reported to be yielded and
accumulated in the seeds during germination.?
Furthermore, the essential amino acids, which
improve lean body mass and strength as well
as are considered major materials for the
generation of brain neurotransmitter,® were also
found to significantly increase in buckwheat
grains during germination.* These enhancements
occur as the action of endogenous enzymes,
which were formed and activated during seed
germination.® ¢ For instance, glutamate
decarboxylase (GAD) is accountable for forming
GABA from L-glutamic acid via a decarboxylation
reaction. Furthermore, stressful environments during
germination strongly contributed to diverse changes
in the physicochemical compositions of seeds.”
Notably, acidified water for soaking is one of the
key stress stimuli to induce seedling development
and benefit nutritional profiles and GABA contents
of germinated seeds, and it is currently researched
widely. Songtip et al.® reported that soaking seeds
in acidic water significantly impacted the GABA
accumulation of germinated brown rice grains.
Xu et al.® revealed that the citric acid-pretreated
method of adlay seeds exhibited a considerable
increase in free amino acids (FAA), phenolic, and
flavonoid contents. Furthermore, the increment
in reducing sugar, B vitamins, crude protein, and
antioxidant activity of rice beans (Vigna umbellata)
under acid pre-treatment were also found by
Sritongtae et al."® Mung bean seeds (MBs) (Vigna
radiata L.) are among the most valuable pulses owing
to its available abundance of essential amino acids,
protein (25-28 %), fiber, vitamins, and minerals, as
well as negligible lipid content (1-2 %)."" Additionally,
it is acknowledged as a meat analogue in human
diets concerning its nutritional value, affordability,
and digestibility.”" It is also gaining popularity as
a valuable raw ingredient for formulating healthy
products. However, raw mung bean seeds possess
meager concentrations of GABA."? The employment
of acidified water for soaking mung bean seeds
before germinating is still widely explored because
pH-adjusted solutions promote crucial fluctuations
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in their nutritional composition and physicochemical
properties. Until now, lack of study on the changes
in GABA levels and nitrogen-containing constituents
of MBs pretreated with pH-adjusted soaking water
before germinating has been found in the literature.
Therefore, this study aimed to evaluate the variations
in the concentrations of GABA, FAA, nitrogenous
constituents, and protease and GAD activities of
MBs immersed in acidified water with diverse pH
values and germinated for different times.

Materials and Methods

Materials

Mung bean (Vigna radiata (L.) Wilczek), a commercial
product named DX208, was supplied by the
Southern Seed Co., Vietham. These grains had a
moisture content of about 11% and were undamaged
without any contaminants. Chemical proximate of the
grains were 26.2% protein, 1.88% lipid, 3.8% ash
and 68.1% total carbohydrates. Raw mung bean
seeds were placed in the refrigerator before being
used for germination.

All chemicals, solvents, and standard reagents of
L-Leucine, GABA, and tyrosine were analytical grade
and obtained from Sigma-Aldrich Chemie GmbH
(Schnelldorf, Germany).

Germination of Mung Bean Seeds

The modified technique of Yen et al.? was applied
to germinate mung bean seeds (MBs). MBs were
submerged with a defined proportion of grains and
liquid (1:4, g/mL) in various pH-adjusted soaking
water (pH 4.5, 5.0, 5.5,6.0,6.5,and 7.0, using 2.8 M
citric acid) at 40 oC for 4 h. After removing the excess
liquid, the immersed seeds were subsequently
germinated in a sprout apparatus (Kangaroo
KG-262, China). The germination process was
conducted under a darkening environment at room
temperature for different times from 0 to 12 h with
a 2-h interval. Finally, the germinated grains were
carefully taken out of the machine, peeled from the
husks, dried, and ground into powder for further
analysis.

Determination of Nitrogen, Crude Protein, and
Free Amino Acid Contents in Germinated Mung
Bean Seeds (Mbs)

The Kjeldahl procedure, which was based on the
standard AOAC technique 2001.11," was employed
to examine the total concentration of nitrogen in
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MBs. This value was then utilized to estimate the
crude protein content by multiplying with 6.25 as the
nitrogen-to-protein conversion factor.

Protein and non-protein nitrogen concentrations
were analyzed using the modified method of Wongsiri
et al."* MBs powders (15 g) were first blended
with 100 mL of distilled water, and subsequently
stirred at 45 °C for 1 h before centrifuging to get
rid of the residue. Afterwards, the supernatant was
precipitated by 15 % aqueous trichloroacetic acid
(v/v) and centrifugated to collect the solid part.
The obtained residue was utilized to measure the
protein nitrogen content by applying the Kjeldahl
approach, while the value of non-protein nitrogen
was computed by subtracting the concentration of
protein nitrogen from the total nitrogen content.

The adapted procedure described by Tian et al."®
was implemented to quantify the amount of FAA in
germinated MBs. The mixture was first prepared from
5 g of MBs powder and 50 mL of 10 % acetic acid
(v/v), and then incubated at ambient temperature for
1 h, before centrifugation (4,000 g, 10 min). Sodium
acetate buffer (pH 5.4) was subsequently added into
the achieved supernatant to 50 mL. Afterwards, the
diluted sample (2 mL) was reacted with ninhydrin to
form a colorimetric solution, which was analyzed at
580 nm. The calculation of FAA content was based
on the calibration curve plotted with L-Leucine as a
standard reagent.

Evaluation of Protease Activity in Germinated
Mung Bean Seeds (Mbs)

The separation of crude proteases was conducted
following the approach of Rani et al.’® with
modifications. The mixture of powdered MBs (2 g)
and chilled phosphate buffer (50 mM, pH 7.5) was
first prepared, mixed well, then incubated at 4 °C for
30 min, and finally passed through a vacuum filtration
apparatus to remove the solid part. Subsequently,
the filtrate went through the centrifugation step
(4,000 g, 4 °C, 10 min) to collect the filtered liquid,
which was further applied to measure protease
activity.

The proteolytic assay of the germinated MBs was
conducted according to the modified technique of
Sattar et al."” The obtained extract (1 mL) containing
protease was mixed well with 1 mL of 1 % casein
solution (w/v, prepared in the buffer solution of
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pH 7.5). The content was then placed at 37 °C
for 30 min, subsequently mixed with 2 mL of 10%
aqueous trichloroacetic acid (v/v), and finally kept
for 10 min to terminate the reaction. Afterwards,
the supernatant collected from the centrifugation of
the whole mixture was used to estimate the release
of tyrosine via the Folin reaction. Particularly, the
mixture was prepared from the centrifugated extract
(1 mL), sodium carbonate solution (0.4 M, 5 mL),
and Folin-Ciocalteu reagent (1 mL). The whole
combination was placed at 37 °C for 20 min, followed
by measuring at 660 nm by the spectrophotometer.
The estimation of tyrosine released was based on
the calibration curve achieved with tyrosine as a
standard reagent. Furthermore, protease activity
(1 U) was represented as the enzyme concentration
causing the liberation of 1 ug tyrosine per minute on
a mg dry weight basis.

Investigation of Gaba Content in The Germinated
Mung Bean Seeds (Mbs)

Amounts of GABA were estimated by a colorimetric
technique according to the procedure of Yen
et al.? The mixture was first prepared by MBs and
ethanol (70%, v/v) in a ratio of 1:20 (g/mL), shaken
continuously at 40 °C for 1 h, and finally centrifuged
at 3,500xg to collect the supernatant. The solid part
was again extracted with the same amount of ethanol
(70%, v/v) twice more. Afterwards, all liquid parts
from three times of separation were combined and
evaporated at 45 °C to collect the final extract. After
evaporation, a mixture was prepared from 3 mL of
the diluted extract, 0.2 mL of 0.2 molL-1 borate buffer
(pH 9.0), 1.0 mL of 6.0% phenol reagent, and 0.4
mL of 9.0% sodium hypochlorite. The whole mixture
was mixed well, boiled for 10 min, rapidly cooled
down, made up to 10 mL, and analyzed at 645 nm
using the spectrophotometer. The GABA content was
calculated from the standard graph and expressed
as milligrams of GABA per | kg of sample.

Evaluation of Glutamate Decarboxylase Activity
In Germinated Mung Bean Seeds (Mbs)

The adapted procedure of Zhang et al."® was applied
to evaluate the GAD activity of MBs. The extraction
of the GAD enzyme was conducted by mixing 5 g
of germinated mung bean powder and 50 mL of
chilled buffer (pH 5.5), reacting for 1 h, performing
vacuum filtration, and finally centrifuging the filtrate
at 4,000xg for 10 min. Subsequently, the extract
solution (3 mL) was blended with 6 mL of buffer (pH
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5.5) containing 1% sodium glutamate, 0.2 mmolL-1
Pyridoxal-5-Phosphate, and 1 mL of distilled water.
The combination was incubated at 40 °C for 1 h.
Then, the reaction was terminated at 90 °C for 5
min, centrifuged to collect the supernatant, and
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finally analyzed to determine the amount of GABA
liberated. GAD activity (1 U) was detailed as the
enzyme concentration causing the liberation of 1
pmol of GABA per hour at 40 °C on a gram dry
weight basis.

Table 1: Change in glutamate decarboxylase (GAD) activities (U/g, db) of
MBs immersed in different acidified water and germinated for 12 h1

Germination

pH-adjusted value

time (hours)

4.5 5.0 5.5 6.0 6.5 7.0
0 2014+ 0.1 27.5A+0.1 36.4"+ 0.1 2412+ 0.1 16.7°%+ 0.1 13.9%4+ 0.1
2 251 +01 33.3®+0.2 425%+0.1 29.4% + 0.1 21.2°2+0.2 18.0% + 0.1
4 30.9°€+0.2 39.5¢+0.2 494°C+01 35.3¢ £ 0.2 26.5°¢ + 0.1 2313+ 0.1
6 371€+02 46.5%¢+01 57.4%+0.1 42.3% + 0.1 32.2°5+0.2 275 +0.2
8 39.8¢+0.3 49.8°¢+03 609¢+0.3 459%¢+0.1 34.9°¢+0.3 30.7%¢+ 0.3
10 38.4F+0.3 48.1°F+0.1 59.0P+0.2  43.2°+0.2 32.9°%+0.2 28.18F + 0.1
12 36.5°+0.1 45.0°°+0.1 56.7°7+0.2 40.1°+0.1 29.5"°+ 0.2 24.23° + 0.1

"Means values followed by the different capital character in the same column or the different small character

in the same row are statistically different (p < 0.05).
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Fig.1: Changes in concentration of GABA of MBs immersed in different acidified water and
germinated for 12 h. GS-4.5, GS-5.0, GS-5.5, GS-6.0, GS-6.5, and GS-7.0 were MBs submerged in
acidified water of diverse pH values (4.5, 5.0, 5.5, 6.0, 6.5, and 7.0, respectively)

Statistical Analysis

All values attained were the average of triplicate
performance. SPSS software (version 20, SPSS
Inc., USA) was used to interpret and compare the
results (p < 0.05) with the aid of analysis of variance
and Duncan’s post-hoc multiple comparisons.

Results and discussion

Changes in GABA Content and GAD Activity in
MBs during Germination

Figure 1 and Table 1 demonstrate the change in
the level of GABA and GAD activity in MBs soaked
in different acidified water and germinated for 12
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h, respectively. The results showed that a gradual
increment in the concentration of GABA in MBs
during germination for the first 8 h was observed.
The GAD activities were also found to be vigorously
activated and rapidly increased during germination in
this duration regardless of any pH values from 4.5 to
7.0. However, a longer germination time of over 8 h
caused a slight reduction in GABA level of MBs. This
could be explained by the catalyzed performance
of the endogenous transaminase or other GABA-
degradation enzymes to break down GABA during
extended germination time.'®'® Previous studies also
reported that GAD acts as a key enzyme in GABA
synthesis, resulting in a positive correlation between
GAD activity and GABA contents.820

Regarding the influence of acidified water, both
GABA content and GAD activity in MBs at any
germination stage considerably improved along
with lessening the pH value from pH 7.0 to pH5.5
and reached a peak at pH 5.5. Thus, a pH range
of 4.5 - 6.0 was implied as a suitable pH range
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for high GAD activity and GABA production with
the most suitable pH value of 5.5. These findings
coincided with previous studies that recorded a
similar range of pH values for high GAD activity
in germinated faba beans?' or paddy rice.??
The pH5.8 was also found to be the optimum value
for the GABA production in foxtail millet.? The slight
differences in the optimal pH value for the action of
the GAD and the accumulation of GABA might be
due to different cultivars, grain storage technology,
pretreating methods, and germination conditions.
In addition, the seeds enhanced the formation of
GABA as an adaptive reaction to stress-induced
challenges.?*? The acidic condition might be
responsible for the decline in pH values of the
cytosol, leading to a significant stimulation of
endogenous enzymes, involving the GAD, and
finally a great production of GABA.?* However,
an excess reduction in pH (from pH5.0 to pH4.5)
might act as a deterrent to H+ consumption during
decarboxylation,?* resulting in a decrease in GAD
activity as well as GABA accumulation.

Table 2: Change in protease activities (U/mg, db) of MBs immersed in
different acidified water and germinated for 12 h'

Germination

pH-adjusted value

time (hours)

4.5 5.0 5.5 6.0 6.5 7.0
0 0.88°4+0.02 1.12*A+0.02 1.33*+0.01 1.01#+0.01 0.71*4+0.01 0.66* + 0.01
2 1.03®+0.01 1.32°®8+0.01 1.54®%+0.01 1.16®®+0.03 0.83*®* +0.01  0.76% + 0.03
4 1.27°¢+0.01 1.67°¢+0.01 1.93©+0.02 1.44°+0.01 1.01°°+0.02 0.90%°+0.01
6 1510+ 0.01 1.97°+0.01 2.39P+0.01 1.68°°+0.01 1.21°°+0.01 1.082°+0.01
8 1.83%€+0.01 243€+0.02 281%+0.04 2.06®+0.01 147*¢+0.03 1.33% +0.01
10 1.97F+0.02 2.60°F+0.01 2967+0.02 2.23F+0.01 1.617+0.01 1.49F +0.01
12 2.09°¢+0.01 2.77°¢+0.04 3.11©+0.01 2.33%¢+0.02 1.70*°+0.01 1.56%¢+0.02

1Means values followed by the different capital character in the same column or the different small character

in the same row are statistically different (p < 0.05).

Changes in Free Amino Acid (Faa) Content and
Protease Activity in Mbs During Germination

FAA content and protease activity in MBs steeped
in the acidified water with diverse pH values and
germinated for 12 h are presented in Figure 2
and Table 2, respectively. Regardless of any pH
values from 4.5 to 7.0, The amount of FAA tended
to boost significantly for the first 8 h, peaked at the
8-hour of germination, and then began to lessen
slightly for the next 4 h, whereas protease activities

were more activated with prolonging germination
time. The proteolytic cleavage of proteases could
explain this increment in the concentrations of FAA.
However, these monomers might be exploited to
synthesize new proteins or enzymes to support the
new seedling, so a longer germination time of over
8 h induced a decline in these contents.

Furthermore, pH value of soaking water also
affected the changes in free amino acid contents and
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protease activity of germinated seeds. According to
Table 2, the protease activity of mung bean seeds at
any germination stage remarkably intensified along
with dropping pH value from pH7.0 to pH5.5, reached
the highest performance in soaking water of pH5.5
and finally reduced with the further acidic solution.
Furthermore, the amounts of free amino acids
released were greatly proportional to the protease
activity intensity due to its proteolytic cleavage ability.
Hence, FAA content of MBs at any germination
stage shared a similar tendency to protease activity
when the steeping water was acidified from pH7.0 to
pH4.5. MBs, which were first immersed in water of
pH 5.5 and then germinated for 12 h, had the highest
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protease activity (3.11 U/mg, db) compared to other
germinated ones in this study, resulting in the highest
free amino acid contents (5.25 g/kg, db). Thus, this
result indicated that the most favorable pH value for
activating proteolytic activity in the germinated mung
bean seeds was pH5.5. These results were also
agreeable to the observations of Sritongtae et al."°
who affirmed that pre-treatment with citric acid before
germinating induced an increment in the quantity
of free amino acids in rice bean seeds over the
first germination period of 12 h. This research also
revealed that acidic stress stimulated the initiation
of protein-coding genes for proteolytic enzymes.

0 2 4

6 8 10 12

Germination duration (hour)

Fig. 2: Changes in FAA levels of MBs immersed in different acidified water and germinated for 12
h. GS-4.5, GS-5.0, GS-5.5, GS-6.0, GS-6.5, and GS-7.0 were MBs submerged in acidified water of
diverse pH values (4.5, 5.0, 5.5, 6.0, 6.5, and 7.0, respectively)

Changes in the Concentrations of Crude Protein,
Protein Nitrogen, and Non-Protein Nitrogen of
Mbs During Germination

Figures 3-5 illustrate the variations in the amounts
of nitrogenous components in MBs pretreated with
acidified water and germinated for 12 h. Regarding
the impact of acidified water on the changes in
crude protein contents of mung bean seeds at an
identical germination stage, a notable reduction was
witnessed along with rising pH values from pH4.5 to
pH7.0. Additionally, an intensification in the pH value
of the soaking water boosted from pH4.5 to pH5.5
induced an increase in non-protein nitrogen levels
but a reduction in the protein nitrogen contents.
When further rising pH values to pH6.0, pH6.5, or
pH7.0, the former noticeably lessened compared

to those at pH 5.5, while the latter had an opposite
trend. The protein nitrogen contents of all mung
bean seeds soaked in all acidified water markedly
declined along with rising germination times while
the reserved propensity was experienced with the
amounts of crude protein and non-protein nitrogen.
The 12-hour germinated seeds submerged in
acidified water (pH 4.5) had the highest amount
of crude protein (30.3%, db) and protein nitrogen
(3.35%, db) among all kinds of germinated ones,
while the topmost non-protein nitrogen content
(1.63%, db) was obtained with soaking water of pH
5.5 and germination time of 12 h. These results were
agreeable with previous studies on germinated mung
bean seeds."? Sritongtae et al.’® also declared that
using citric acid to acidify soaking water caused a
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degradation of reserve proteins in germinated rice
beans. Furthermore, Xu et al.® revealed that the
germination of adlay seeds led to the degradation of
high-molecular-weight proteins due to the evolution
of endogenous proteases, resulting in enhancing the
quantity of low-molecular-weight proteins, peptides,
and amino acids. Wongsiri et al.'* also affirmed
that the storage protein levels in the germinated
mung bean seeds gradually dropped, while the
non-protein nitrogen contents rose significantly
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under protease activation during germination time.
Thus, the changes in these values were probably
triggered by protease activity. During germination,
protease was activated and responsible for breaking
proteins down into non-protein parts like enzymes,
free amino acids, peptides, or nucleic acids.?”
Moreover, previous studies verified that there
was a considerable increment in dry matter loss
of germinated seeds.?®2° which resulted in higher
protein concentrations on a unit dry basis.

24 . :
0 2 4

6 8 10 12

Germination duration (hour)

Fig. 3: Changes in level of crude protein of MBs immersed in different acidified water and
germinated for 12 h. GS-4.5, GS-5.0, GS-5.5, GS-6.0, GS-6.5, and GS-7.0 were MBs submerged in
acidified water of diverse pH values (4.5, 5.0, 5.5, 6.0, 6.5, and 7.0, respectively).
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Fig. 4: Changes in concentration of protein nitrogen of MBs immersed in different acidified water
and germinated for 12 h. GS-4.5, GS-5.0, GS-5.5, GS-6.0, GS-6.5, and GS-7.0 were MBs submerged
in acidified water of diverse pH values (4.5, 5.0, 5.5, 6.0, 6.5, and 7.0, respectively)
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Fig. 5: Changes in concentration of non-protein nitrogen of MBs immersed in different acidified
water and germinated for 12 h. GS-4.5, GS-5.0, GS-5.5, GS-6.0, GS-6.5, and GS-7.0 were MBs
submerged in acidified water of diverse pH values (4.5, 5.0, 5.5, 6.0, 6.5, and 7.0, respectively)

Conclusion

Soaking in acidified water and germination time
contributed to significant changes in the concentration
of GABA, FAA, and nitrogenous constituents, and
protein-related enzyme activities in the mung bean
seeds. For the first 8-hour germination, longer
germination time induced a substantial growth in
the amounts of non-protein nitrogen constituents,
FAA, GABA, and protease, and GAD activities, while
protein nitrogen compounds remarkably diminished.
Particularly MBs immersed in acidified water of pH
5.5 and germinated for 8 h had the highest levels of
GABA, free amino acids, and non-protein nitrogen.
This indicated that the optimal pH of steeping water
and germination time for the most effective protease
and GAD activities were pH 5.5 and 8 h, respectively.
Consequently, soaking raw mung bean seeds in the
acidic water and then germinating them could be
considered a cheap, simple, and efficient method

to produce a nutrient-rich and healthy product with
high medical value.
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