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ABSTRACT

This study investigated the accumulationyedminobutyric acid (GABA) in mung bean
sprouts(Vigna radiata L.) during germination under hypoxia/anaerobic condgioRaw mung
bean seeds were soaked in water at@%or 8 hours, dried and germinated under aerobic o
hypoxia/anaerobic conditions at 35 or 40°C for 0, 6, 12, 24, 36 and 48 hours. Free amino
acid and GABA contents were measured during theseoof germination. Effect of soaking pH
(5.3, 6.3 and 7.3) on GABA content of germinatedngitbeans under hypoxia/anaerobic
condition was also investigatedthe other objective of this study was to optimize tculture
conditions of GABA production in germinated munghb@eA significant increase (p < 0.05) of GABA
content was found in mung bean samples germinatéerihypoxia/anaerobic condition. As this
result, the combination of soaking pH 6.3 and l1@rtgermination at 38C was found to yield
the highest GABA content (1519.07 + 19.58 ppm).isTiigure was 1.41 times as high as the
content inaerobic condition and 25.32 times as high as tladysis of the raw mung beans. And
experimental analysis showed that the optimal dandiwith aeration treatment for GABA
accumulation in germinated mung bean was at a texyye of 36.8C, time of 14.5 h and a pH
value of 5.83; the highest GABA yield was 1638.@mp which was 27.77 times higher than
raw seeds. In conclusion, germinated mung bean igoad source of GABA and
hypoxia/anaerobic condition in combination with ldog pH, germination time and temperature
can increase significantly GABA content in germethinung beans.

Keywords. germinated mung bean, GABA, free amino acid, hygp@xaerobic, aerobic.

1. INTRODUCTION

y-aminobutyric acid (GABA), a four carbon non-proteamino acid, is found widely in
prokaryotic and eukaryotic organisms. Some stubese reported health benefits of GABA
such as decrease of blood pressure, neurotransnmttibition the central nervous system,
alleviation of pain and anxiety [1, 2]. Therefof@ABA-enriched foods have recently become
more popular among consumers.
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Legumes contain many anti-nutritional factors saslphytic acid, hemagglutinin that are
not beneficial for human consumption. Germinatisramn effective way to reduce most of the
antinutritional factors in legumes [3] as well as itmprove nutritional values like protein
solubility index, emulsification capacity and irtra protein. Moreover, germination process can
increase some phenolic compounds, vitamin C andgaamino butyric acid (GABA). Many
researchers have reported accumulation of GABA mieguduring germination period of rough
rice and brown rice [4], barley [5], buckwheat aps[6], and mung bean [7].

GABA is synthesized by théecarboxylatiorreaction of L-glutamic acid through enzymatic
activity of glutamic acid decarboxylase (GAD). Tgeneration of GABA can be increased by
many stimulating factors including heat shock, nasobal treatment, hypoxia and
phytohormones [8].

Mung bean is composed of about 20-24% proteinrahdn essential amino acids, such as
total aromatic amino acids, leucine, isoleucina] aaline, as compared with the FAO/WHO
(1973) reference. By the way, glutamic acid, thiestnate for enzyme GAD to produce GABA,
is one of the most abundant amino acids in legwsuel as soybean [9], and mung bean [7, 10].
Because of the important increasing of mung beaauincountry and it can be the potential
sources for GABA production. However, conditions ®ABA production using local breed of
mung beans have not been studied before.

This research studied effects of germination camst particularly the aerobic and
hypoxia-anaerobic conditions, on the accumulatioBABA in mung beans.

2. MATERIALS AND METHODS
2.1. Material and chemicals

Mung beans#X 208, AVRDC origin) were grown in Dong Nai province, harvested after
one month (12 - 13 % moisture content), preserv@% C in paper box.

Standard Gamma-amino butyric acid, glycine, andhydnin were purchased from Merck
(Germany). Pure boric acid, borate, sodium hypatklophenol, citric acid and sodium citrate
were supplied from Guangdahengyi.Co, Beijing (China

2.2. Preparation of germinated mung beans

Mung beans were soaked in citrate buffer solutidiNGat a ratio of mung bean seeds to
buffer solution of 1:5 (w/v) at 3& for 8 hours. After the liquid part was drainelde tsoaked
mung beans were subject to two germination conwitfor 0, 6, 12, 24, 36, 48 hours.

Germination condition 1 — Aerobic germination:

Twenty grams of soaked mung bean seeds were kéepedre thick layers of wet cotton
cloths, which were then placed in an uncovered pligth and stored in incubator set at either
35°C or 40C for above mentioned time periods. During the geation, the seeds in cotton
cloths were regularly sprayed with water.

Germination condition 2 — Hypoxia/anaerobic gerrtiova

The preparation of soaked mung bean seeds wasasitoil the aerobic germination.
However, the petri dish (with a lid) was placeglastic bag and vacuum packed (vacuum pump
speed 1 liter/sec, 5 sec) and stored in incub&t®s % and 4C°C.
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In both germination conditions, samples of gerngdaiung beans were taken every 6
hours to analyze total free amino acid and GABAteots.

In the hypoxia/anaerobic germination part, theaftd pH of the soaking water on GABA
content in mung beans under hypoxia-anaerobic tondias also studied. The pH of soaking
water was adjusted to 5.3, 6.3 and 7.3 with cithatiéer solution. The germination was carried
out at 35°C.

2.3. Analysis of free amino acid and GABA contents
2.3.1. Determination of total content of free amino acids

Free amino acids were analyzed by the ninhydrirraoktric method [11]. A known
weight of mung bean (10 g) was ground, combinetl @& ml of 70 % ethanol (v/v) and stirred
for 10 minutes. The mixture was centrifuged at 3G90 for 10 minutes and the supernatant was
collected and transferred to a 250 ml flask. Thitaetion process was repeated once. The
supernatant was evaporated in a rotary vacuum eatapoBUCHI, Swiss) at 40C, and the
residue was dissolved in distilled water in a 50/oiumetric flask. Five millilitre of the solution
and 1 ml ninhydrin were added into test tubes, thixell and heated in a water bath (@)
for 5 minutes. The tubes were then cooled in wa@ter bath and the absorbance was measured
in a spectrophotometer at 570 nm. The reagent bhak prepared by using 5 ml of distilled
water instead of sample. Total amount of free amaicids was calculated from a standard curve
prepared from glycine. The analyses were donegiicates.

2.3.2. Determination of GABA content

GABA contents in germinated mung beans were deterdhihrough a colorimetric method
[12]. The preparation of sample was similar to free amino acid up to the point when
evaporated residues were dissolved in distillecew&@ne millilitre of sample along with 0.6 ml
of 0.2 molL*borate buffer solution (pH 9.0), 2 ml phenol 6 9% dml sodium hypochlorite 9 %
were added into a test tube. The mixture was baiedater bath for 10 minutes and then cooled
in cold water bath for 20 minutes. The solution \fgen continually shaken until a blue colour
appeared. The coloured sample was colorimetricaljasured at 645 nm wavelength. The
amount of GABA was calculated from a standard GAB4#ve. The analyses were done in
triplicates.

2.4. Statistical analysis and RSM Design

The results were reported as mean £ SD. To comparess different germination
treatments, one-way ANOVA test followed by the Dams multiple range test (p < 0.05) were
performed by using statistical package StatgrapbBegturion programme.

The RSM was applied to identify the influence oé tthree independent variables on
GABA content in germinated mung bean and to optntlze culture conditions for GABA
production. The experimental design was perform@dguModde software versidn0 (Umetri
A, Umea, Swedel)) On the basis of single-factor experiments, gwels of culture temperature
(X1), the levels of culture time (X2), and pH ofltcwe solution were determined as the subject
of the research (Table 1). GABA content (Y) wasarelgd as the response variable. The
completed design consisted of 20 experiments imousix replicates of the center points (Table
2). GABA content data were analyzed by multipleresgion to fit the following second-order
equation:

Y = bo + b Xy + X5 + bX + DX 1 Xo + DigX 1 X5 + bpaXoXs + bllxl2 + b22X22+ b33x32 (1)
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where Y is the measured responsgdénotes the model intercept;, ,, bz, by, bz bz, by,

b.o,bs3 represent the regression coefficients of varialfbeslinear, quadratic, and interaction
regression terms, respectively. An analysis of aremé (ANOVA) table is generated to
determine individual linear, quadratic, and inté@ct regression coefficients. The significances
of all terms in the polynomial relations are examdirstatistically by computing the F-value at a

probability (p) of 0.05. The regression coefficeare then used to make statistical analyses and
to generate contour maps of the regression models.

3. RESULTS AND DISCUSSION
3.1 Effects of germination conditions on moisture contet, total amino acids and GABA

3.1.1. Moisture Content

Change in moisture content of germinated mung beaes48 hour incubation period was
investigated under aerobic and anaerobic conditiffigure 1). The moisture content of
germinated seeds quickly increased from 55 % tolyé8 % during the first 6 hours regardless
the oxygen conditions. Then the moisture contergegfds germinated under aerobic condition
(A) continued the fast increasing trend until 24ifso reached 70 % and only slowed down until
48 hours. The highest moisture content under agiaridition in this experiment was 71 - 72 %
observed at the end of 48 hour incubation.

oh &h 1zh 24n 28 h agh

Germination time

Figure 1. Change of moisture content in two germination ctio$ with two incubation temperatures.
(A): The aerobic germinated condition; and (B): Hypoxia-anaerobic germinated condition.

However, the opposite trend happened in the anmecobdition (B) after the first 6 hours
of incubation. The moisture content did not chasigmificantly during the next 36 hours and
was about 62.5 % at the end of the incubation {Figure 1).

The higher temperature shows the higher moistuneeda Those indicated the effects of
temperature on water absorption of germinated nhean under non-stress condition. Hence,
the moisture content of germinated mung bean $lightreased when the germination time was
prolonged, and the lengths of sprouts increaseidgigermination (data not shown).

At the beginning of the germination process, soakeeds continuously absorbed water
from the surrounding medium for metabolic proc&3ancurrently, enzymes were activated to
degrade storage materials for respiration and sgighof new cells to developing embryo,
influenced by the structure of the legume [5]. Bleeminating sprout consumes and depletes the
oxygen dissolving in medium, thus, the oxygen catregion required for the respiration of the
plant system becomes a limiting factor. If the axygould not be supplemented to medium, the
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sprout will be subjected to a prolonged non-aeratedlition and the sprouts will be eventually
died off [13]. The water absorption and limited gey concentration in the medium could
explain the higher moisture content developmentuaérobic condition.

It was also suggested from this experiment thathiyygoxia condition may have started
between 6 and 12 hour from the initial point ofubation and the anaerobic condition after 12
hours of germination time. However, it was not [dassto estimate the accurate starting time of
the hypoxia condition and the anaerobic conditiditernatively, changes of GABA and total
free amino acid contents were further studied urtter clearly defined hypoxia-anaerobic
condition (B).

3.1.2. Total content of Free Amino Acid

The temperature and germination time had signifieffiects (p < 0.05) on the total content
of free amino acid under aerobic condition. Theteonhincreased quickly during the first 12
hours of incubation at 3% and the first 36 hours at 4Q. After 48 hour germination, the total
contents of free amino acid were 1.73 g/100g DW (@eight) and 1.79 g/100g DW at 36
and 40°C, respectively, which were about 3.1 times as higthe 0 hour sample.

The high amino acid content resulted from the bdeak of seed components during the
germination process. At the same time, there werie@ease in the sprout length of germinated
mung beans (data not shown), and an increase inmibisture content described earlier
(Figure.1).

Velupillai et al. [9] observed that the decreased in total proteimtent is simultaneous
with increased in amino acid content caused byeemed level of protease activity. Some
previous studies proved germination process caingeease in total amount of essential amino
acids in mung bean such as leucine, isoleucinptdppan, lysine [5]. A further explanation was
done by Nonogakét al. [14] where the noted protein synthesis occurrethgumbibition and
that hormonal changes play an important role ineaifg the completion of germination.
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Figure 2. The change of total content of free amino acidvia tonditions with two different
incubation temperatures. (A): The aerobic germuhatendition; and (B): The hypoxia-anaerobic
germinated condition.

In the anaerobic condition, the total amount oé faenino acid sharply increased in the first
12 hours of incubation, slowly increased from 124chours, and slightly decreased between 24
and 48 hours (Figure 2). However, the overall igeno acid content was lower than the value
under the aerobic condition. According to our hjxesis above, the hypoxia may have happened
between 6 and 12 hours of germination period. Txygen concentration was depleted and
inhibited further germination. In another researghng et al. [15] explained that the new
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organs need the degradation of storage proteirmamcaacids to provide sufficient nitrogen,
leading to decrease amino acid content.

Moreover, incubation temperature also affectedaimino acid content to a lesser extent
than the germination time. Higher temperaturesdgi@élhigher amount of free amino acid. The
highest total level of free amino acid reached ¢/230g DW and 1.20g/100g DW at the
temperature 46C and 35°C after 24 hours, respectively. These contents akogit 2.2 times
as high as the 0 hour sample.

3.1.3. GABA content

There was significant difference (p<0.05) in the E®¥content when compared between
two germination conditions. It is proved that leguseeds germinated under hypoxia treatments
boost GABA accumulation [13]. In other hand, somelies also indicated that level of GABA
rapidly increase in plant response to various foohstress that accelerate the accumulation
ability of plants, in which the anaerobic conditimnthe strongest [16]. By the result show in
Figure 3, the GABA content in the hypoxia-anaeraumndition contained higher as compared to
the aerobic. In general, temperature had signifigampacted to level of GABA.
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Figure 3. The change of GABA content in two conditions witfo incubation temperatures.
(A): The aerobic germinated condition; and (B): Hypoxia-anaerobic germinated condition.

According to Kasarinet al. [7], the highest GABA content was 80.68 ppm ire th
germinated mung bean after 24 hours of incubat&iog under aerobic condition. This result is
lower than our reports. That is 1078.86 ppm aftérhdurs of incubation period at 4@
temperature germination (Figure 3). The main reashith Kasarinet al. carried out drying
germinated mung bean at 5G in hot oven, leaded to decrease GABA content. él@wn
Kasarin et al. indicated no significant change in the amount ®@ABfter 24 hours of
germination period. In our study, the amount GABWghtly decreased after 24 hours of
germination at 46C, and there is no difference at ®5(p > 0.05). By the way, Swekal. [17]
indicated the GABA content of germinated mung besnact was 502 + 35 ppm, lower than our
results. This maybe contributed by the differemeleof GABA-synthesizing enzyme that is
present in plants.

In the hypoxia-anaerobic condition, the highestGABA content achieved 1519.07 +
19.58 ppm at 38C in the early 12 hours germination. This is 1ifdes higher than the aerobic
condition, and 25.32 times higher as compared toagmaw. As the results, there had not
significant changes of GABA content between twoditions in the first 6 hours of germination.
However, the sharp increase of GABA content is frénto 12 hours. On the contrary, the
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highest GABA content achieved at 35, while just achieved 1426.33 ppm at’@in the same
germination time. This indicated that many factaffecting on GABA content and depending
on the design of germinated condition. It was ddpamthe design of germinated condition.

The amount of GABA had a slightly decreased tengléhen. This result is agreed with
study of Yanget al. [15] in germinate fava bean. ai al. [18] explained that reason may be
under stress, plant produces some substances sugmobne and GABA to resist stress
condition. Glutamic can be catalyzed by GAD andvested to GABA, and also can be
converted to proline or other substances vid-pyrroline-5-carboxylic acid (P5C) intermediate
formation under the catalysis at-pyrroline-5-carboxylate synthetase (P5CS) [14].

3.2.Effect of pH soaking on the content of total amin@cid and GABA
3.2.1. Total content of free amino acid

In general, pH of the soaking solution did not figantly affect the total content of free
amino acid during germination (Figure 4a). An exmepwas observed at pH 5.3 after 12 hours
germination, where the content of free amino acid ¥he highest and also significantly higher
than those at the other two pH (6.3 and 7.3).

3.2.2. GABA content
(4a) (4b)
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Figure 4. The change of total content of free amino acid édal GABA content (4b) in the germinated
mung bean under pH control (under hypoxia-anaerodidition).

Effect of soaking pH on GABA content was studiedl@mhypoxia-anaerobic condition at
35 °C and the results were showed in Figure 4b. Byrowey, germination time had also
significant effect on the GABA amount. The high€BA of soaking pH of 7.3 and 5.3 was
reached 969.28 ppm and 1414.64 ppm, respective;, 2t hours and slightly decreased in
prolonged germinated time then. The highest GABA967 ppm were achieved at soaking pH
6.3 after 12 hours of germination, keep stable @oh8durs of incubation and then slightly
decrease. Many previous researches showed therhpjthe the lower GABA contain in
germinated seed. The optimal pH to boost GABA aunie germinated brown rice was from
3.0 to 5.8 [19]. By the other results, GABA conterss highest at pH 5.6 and lowest at pH 8.4
[20]. In addition, Gouet al. [13] revealed the highest GABA in germinated s@beontain at
pH 6.0. They also showed that these are many fmatgpact to the level of GABA such as:
germination time, germinated condition combinedhwiH soaking. In our results, the lowest
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GABA content was pH 7.3, with agreement some previgtudies above. The main reason was
explained by Busch & Fromm [12] that the optimal mfl enzyme reaction for GABA
degradation was from 8.6 to 9.5 under hypoxia dwwmi However, the highest GABA content
was pH 6.3, while the GABA content at pH 5.3 wawdo than and had the same trend
compared to pH 7.3. This can be explained thath@dtpH for germinating mung bean under
hypoxia-anaerobic condition may be approximateB/ Bs many researches proved that pH had
an important role in accumulating GABA by the wayhancing the activity of glutamic acid
decarboxylase (GAD), diamine oxidase (DAO) and oftedated enzymes such as arginine
decarboxylase (ADC) and ornithine decarboxylase CPIR20]. According to Kurkdjian &
Guern [21], pH in cytoplasm decreased by 0.4 tqg 8@ maybe the real value of pH in
cytoplasm in germinated mung bean lower 6.3 and falgher 5.3 which created an optimal pH
condition for accumulating GABA.

3.3.0ptimizing GABA content under hypoxia\anaerobic comition

Table 1. Ranges of the three independent variables usethdmptimization of germination conditions
on the accumulation gf-aminobutyric acid of mung bean.

Symbol Code levels
-1 0 -1
Temperature®C) X, 32 35 38
Time (hours) % 9 12 15
pH X3 5.8 6.3 6.8

Table 2. Experiment date for GABA content
from germinated mung bean.

Table 3. Analysis of variance (ANOVA) for the
regression equation.

No. | X; X, X3 GABA(ppm)

1 32 9 5.8 1353.43 Coeff. SC | Std. Err. P (value)
2 |38 9 58 | 141226 | (cgnstant | 1520.85 | 151204  4.81E-15
3 | 32 15 58 | 1468.21

T T ce T 188927 | Xu 81.9616 | 11.086 | 4.13E-05
5 32 9 6.8 1024.2 Xs 104.266 11.086 5.95E-06
6 |38 9 6.8 | 121752 | X, -128.233 | 11.086 | 1.05E-06
7132 15 6.8 | 114422 |2 -64.9662 | 9.90952| 0.000104
S 23.954 1152 %g 112221576224 xzi -78.4278 | 9.90952| 2.41E-05
10 [ 20026 12 63 | 147538 | Xs -95.405 | 9.90953| 4.90E-06
11 | 35 6.954 | 6.3 | 1078.28 | X1 X, -35.0551 | 15.3868| 0.0487

12 | 35 17.046 6.3 | 1538.17 | X, X, -16.9777 | 15.3868| 0.298483
13 |35 12 5459 1489.26 Iy .y, -49.2901 | 15.3868| 0.010772
14 | 35 12 7.141 1031.13 Cond. o,
e T 15 o3 [ rosos =l = 0814 | =4.045

17 | 35 12 | 63 | 152432 |DPF=9 = g.sggz CI) r':‘]lislzvzo
12 gg ig g:g 1212:(15% R%Adj. = | 0.964 =37.0674| =0.95

20 | 35 12 6.3 | 1518.42
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Table 4. Arrangement and result of confirmatory trials.

Temperature®C) Time (hours) pH GABA (ppm
Predicted value 36.551 14.52 5.83 1646.29
Actual value 36.6 14.5 5.83 1638.67

The second- order polynomial model describing tbeetation between GABA content
and the three variables in this study was obtainést. (2) below:

Y = 1520.85 + 81.9616X% 104.266% -125.233% — 35.0551X1X2 — 49.2901X 5 -64.9662%>
— 78.4278%2— 95.405%% (2)

The statistical analysis (Table 3) indicated theg proposed model was adequate with a
satisfactory value of §0.982). The value of the adjusted determinaticeffament (Adj. R =
0.964) was also very large, which indicated a hgnificance of the model. The F-value of
2.912 was lower than the value of tabulateglodnis = 3.268. This result implied that the
regression model was most significant (p < 0.05).

In order to evaluate the precision and accuracythef above model, the optimal
combination of experiments and a randomly selectahbination for GABA accumulation
within the scope of the variables were investigat€de arrangement and results of the
confirmatory trials were shown in Table 4. The olied content of GABA in soybean
germination under the optimal conditions was 163&&1.2 ppm, which was quite close to the
predicted value of 1646.29 ppm in the model. Theeexnental results proved that the model
was valid.

4. CONCLUDING REMARKS

As shown in this study, the content of GABA in gerated mung bean was significantly
enhanced during germination by manipulating somtereal factors. Previous publication
studies indicated many ways to increase GABA canteccluding heat shock, water stress,
darkness, mechanical stimulation, hypoxia and pgigimones etc. The current research
reported a simple method to increase GABA contgritdmbining hypoxia/anaerobic conditions
with germination time, temperature and soaking pHderminating mung beans. The results
showed the highest GABA content of 1519.07 ppm wlzgerved after 12 hour germination in
the soaking pH of 6.3 at 5. This figure was 25.32 times as high as the driedg beans. By
RSM, the optimal conditions for GABA accumulationgerminated mung bean were obtained:
temperature, 36.%C; time, 14.5 hours; and pH, 6.3. Compared withpiteglicted highest GABA
yield, 1646.29 ppm, a highest GABA yield of 16388m was obtained in this experiment
when the designed conditions were carried out,thadwo data were close to each other. The
results proved that the designed model was valite Jtudy also suggested that germinated
mung bean can be used as a potential source of G&BiBhed foods. Based on the results of
this study, future researchers can further idenkigy starting time of the hypoxia and anaerobic
during germination.
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