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ABSTRACT

Effects of soaking conditions (time, temperature and pH of the soaking solution) and germination conditions
(aerobic and anaerobic) on the y-aminobutyric acid (GABA) content of IR 50404 and Jasmine 85 rice varieties were
investigated. The rice was kept in water at room temperature (30+ 2°C) and moisture content monitored until it
reached the optimum absorption. The moisture content saturation attained after 6 h was 27.1 % and 32.7 % for IR
50404 and Jasmine 85, respectively. The pH values of soaking solution of pH 3 for IR 50404 and pH 2 for Jasmine
85 were optimal for production of GABA (70.37mg/100g for IR 50404 and 78.50 for Jasmine 85). Germination under
anaerobic condition (10% CO2 concentration) yielded the highest GABA content after 30 hours.
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Anh hwéng cua diéu kién ngam va G dén ham lweng y-aminobutyric acid (GABA)
cua 2 giong lua (IR 50404 va Jasmine 85) tréng & Pong bang séng Ctru Long

TOM TAT

Nghién ctvu tap trung danh gia anh hudng clia didu kién ngam (nhiét do, pH ctia dung dich ngam ciing nhw thei
gian ngam) va diéu kién 0 ndy mam (hiéu khi va yém khi) Ién ham lwgng axit y-aminobutyric (GABA) ciia gao mam
san xut tir 2 gibng Ita IR 50404 va Jasmine 85 & Dong bang song Clru Long. Gao sau khi tach vé duo'c ngam trong
nuéc & nhigt do phong (30+ 2°C) va theo déi ham dm cho dén khi gao dat dugc dd dm bzo hoa. Sau 6 gio ngam,
giéng IR 50404 s& dat d6 &m b&o hoa la 27,1%, trong khi giéng Jasmine 85 dat d6 &m b&o hoa Ia 32,7%. pH thich
hop ctia dung dich ngam 1a 3 déi v&i IR 50404 va 2 dbi véi Jasmine 85 d& ham luwgong GABA thu dugc cao nhat
twong (rng la 70,37 mg/100 g va 78,50/100 g. Viéc cho gao sau khi ngdm ndy mam & diéu kién yém khi (ham luong
CO2 la 10%) sé& cho ra gao thanh pham c6 ham luong GABA cao nhét Ia 88,88 mg/100 g déi véi IR 50404 va 104,80
mg/ 100 g déi v&i Jasmine 85 sau khi 0 30 gioy.

T khéa: y-aminobutyric acid (GABA), chét lugng gao, diéu kién ngam, diéu kién ndy mam, IR 50404, gao
méam, Jasmine 85.

1. INTRODUCTION

Rice production in Vietnam is important for
the food supply in the country. The Mekong
Delta is considered as the rice bowl of Vietnam
and accounts for more than 50% of the national
total production. Vietnam is the second largest
rice exporter worldwide. In 2012, Vietnam

exported nearly 8 million tons of rice
(http://www.vietfood.org.vn/en/). However, the
export value of Vietnamese rice is far lower
than that of Thailand as we export mainly the
rice. The requirement of value added products
from rice is crucial to increase the income of
Vietnamese farmers, especially the farmers in
the Mekong Delta.
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The nutritional value of brown rice is much
higher than normal milled rice as it contains
more dietary fiber, vitamin E and vitamin B
(Champagne et al., 2004). However, brown rice
takes longer time to cook and its taste is worse
than milled rice. Germinated brown rice can be
considered as a suitable product as it improves
texture and increases in flavor. In addition,
germinated brown rice contains high quantity of
% aminobutyric (GABA), a
neurotransmitter in the brain and the spinal
cord of mammals. A great deal of research
showed that GABA provides beneficial effects
for human health, including decreasing blood
pressure (Ohmori et al., 1987), controlling stress
(Hayakawa et al., 2004) and inhibiting cancer
cell proliferation (Oh and Oh, 2004).

IR 50405 is a popular rice cultivar in
Mekong delta. It can adapt to alkaline soil and
it can resist to various plant diseases. However,
the quality of this rice is low t leading to low
selling price. Jasmine 85 is the fragrant rice,
however, some people do not appreciate the soft
texture of this rice. Germination can be a good
solution to attract consumers for buying these 2
rice cultivars.

acid

In this study, effect of various conditions for
soaking and germination on the accumulation of
GABA in germinated brown rice was
investigated.

2. MATERIALS AND METHODS
2.1. Materials

IR 50404 and Jasmin 85 rice cultivars were
provided by Cuu Long Rice Research Institute
(CLRRI) in Cantho city. The paddies were
milled in Satake miller and packed in plastic
bags, then kept in a cool room (approximately
8°C) throughout the experiment.

2.2, Hydration characteristics of brown
rice

Brown rice was washed with chlorine water
(10 ppm) to rinse out contaminants and then
thoroughly rinsed in distilled water.
sample was soaked in distilled water at room

Rice
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temperature (30 2°C) for 10 hours. At various
time intervals, the rice samples were analyzed
for moisture content by drying in the convection
oven at 130°C until constant weight.

2.3. Effect of pH of soaking solution on
GABA content accumulation

Brown rice was steeped in soaking solutions
at various buffer solutions: buffer pH 2.0 of 0.1
M glycine-HC]; buffer pH 3.0 and 5.0 of 0.1 M
citrate and buffer pH 7 of 0.1 M phosphate and
also distilled water with pH 6.7. The ratio of
grain to solution was 1:2 (w/v). The soaking
time was 6 hours at room temperature (30+
2°C). After 6 hours, the rice were taken and
then wrapped in a cloth to maintain the
moisture and left in the incubator (30+ 2°C)
during 24 hours. The germinated brown rice
was dried to <13% of moisture content and
analyzed for GABA content using the method of
Banchuen et al. (2010). The pH of soaking
solution that gave the highest GABA content
was chosen for further study.

2.4. Effect of the germination conditions of
brown rice on GABA content

The brown rice was soaked in the solution
with pH chosen above. The rice were then
wrapped in a cloth and left in either normal
incubator or anaerobic incubator with 10% CO,
(30+ 2°C). The sample of germinated rice was
taken every 12, 24, 36 and 48 hours. The
germinated rice was dried to <13% of moisture
content and analyzed for GABA content using
the method of Banchuen et al. (2010).

2.5. Determination of GABA content

GABA content was determined with the
method of Banchuen et al (2010). One-half
gram (0.5 g) of ground germinated brown rice
sample was weighted in plastic tubes and 1.8
mL of deionized water was added and the
slurries were shaken for 1.5 hours at room
temperature. Then 200 mL of 3% (by volume)
sulfosalicylic acid was added and the mixture
were centrifuged at 4500xg during 10 min. 50
mL of supernatant were mixed with 50 mL of



100 mM NaHCO; and 50 mL of 4 mM 4-
dimethylaminoazobenzene -4- sulfonyl chloride
acetonitrile solution. The mixture was heated at
70°C for 10 min to effect derivatization. After
that, 250 mL of absolute ethanol and 250 mL of
25 mM phosphate buffer (pH 6.8) were added.
The sample was then filtered and 5 mL of the
filtrate were injected into Shimadzu HPLC
(Japan), with C18 column (3.5 pm 4.6x150mm).
The HPLC was equipped with an UV-Vis
photodiode array detector set at 465 nm
wavelength. The mobile phase was 25 mM
acetate buffer and acetonitrile (65:35) operated
at the flow rate of 0.5 mI/min at 55°C. Pure
GABA (Merck, Germany) was used as standard
for calibration.

2.6. Statistical analysis

All experiments were carried out using 3
freshly prepared germinated rice samples, 100 g
for each samples and three replicates of each
sample were analyzed. The results
statistically analyzed using one way analysis of
variance by Duncan multiple range test with
mean square error at 5% probability calculated
with the Statgraphic Centurion version 15
software.

were

3. RESULTS AND DISCUSSION

3.1. Hydration characteristics of brown rice

The hydration of 2 rice varieties is shown in
Fig. 1. At the early stage of soaking, the water
uptake rapidly, increasing from 13% to 24% due
to the difference in moisture content inside and
outside of the rice. In addition, during this
stage, there was a quick absorption into the
embryo of the kernel (Bello et al., 2004). From 2
hours to 6 hours, the moisture content increased
slowly and it nearly reached the saturation
point after 6 hours for both rice varieties. The
moisture content at this moment was 29% and
32 % for IR 50404 and Jasmine 85, respectively.

Similar result was found by Bello et al.
(2004) that moisture content of rice increased
rapidly during the first 2 hours, then slowed
down until it reached the saturation after 5
hours. Banchuen et al. (2010) also noted that
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after 5 — 7 hours soaking, the moisture content
of 3 Thai rice varieties (Niaw Dam Peuak Dam,
Sangyod Phatthalung va Chiang Phatthalung)
also arrived to the saturation.

The water absorption of these 2 rice
varieties was also different. The moisture
content of Jasmine 85 after 6 hours soaking was
32.7%,s much higher than IR 50404 (27.1%).

According to Banchuen et al. (2010), the
amylose and amylopectin content of rice
influence the water absorption. The higher
amylopectin  content, the higher water
absorption. Our results agreed with this study,
as the amylopectin content of Jasmine 85 (80%)
was higher than that of IR 50404 (74%).

3.2. Effect of pH of soaking solution on
GABA content

The GABA content of germinated brown rice
in various soaking solutions is shown in Table 1.
The highest value of GABA of IR 50404
(70,37mg/100g) was found in samples soaked in
citrate buffer at pH 3. The highest value of GABA
(78,50 mg/100g) of Jasmine 85 was determined in
sample soaked in glycine-HCI buffer at pH 2. The
results showed that the high GABA content could
be obtained in soaking solution at low pH. These
results were similar to the study of
Charoenthaikij et al.(2009) who found the highest
GABA content of Khao Dawk Mali 105 rice
cultivar (67 mg/100 g) after soaking in citrate
buffer at pH 3 during 48 hours. Similarly, GABA
content of Kor-Khor 6 rice cultivar reached the
highest at 30.69 mg/100 g after soaking 24 hours
in citrate buffer at pH 3. However, there were
different findings from other authors.
Watchraparpaiboon et al. (2007) found that brown
rice soaked in buffer solution at pH 6 gave the
highest GABA content. It was shown that GABA
content in germinated brown rice increased when
the rice was soaked in acidic solution. The
synthesis of GABA is rapidly stimulated by stress
conditions including hypoxia. The advantage of
this process would be the concomitant H'
consumption, which ameliorates the cytosolic
acidification associated with hypoxia or other
stresses (Crawford et al., 1994).
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Fig. 1. Hydration of 2 rice varieties (IR 50404 and Jasmine 85)
during soaking at room temperature (30t 2°C)

Table 1. GABA content in 2 varieties of germinated brown rice
(IR 50404 and Jasmin 85) in different soaking solutions

GABA content (mg/100 g)

pH of soaking solution

IR 50404 Jasmine 85
2 67,14° 78,50°
3 70,37° 75,19°
5 47,31° 50,15°
7 64,23 31,50°
Distilled water (pH 6.6) 36,82° 28,22°

Note: The same letters under the same column indicate no significant difference (p>0.05)

3.3. Effect of the germination conditions of
brown rice on GABA content

The GABA contents of brown rice germinated
in various conditions are presented in Table 2.

The germination under aerobic condition
gave the lower GABA content than under
anaerobic condition. After 12h germination in
the GABA content of
Jasmine 85 was 47.14 mg/100 g which was
much higher than that of aerobic condition
(16.12 mg/100g). The similar result was
obtained for IR50404 (Table 2). In addition, the
germination time also influenced the GABA
content. The highest GABA content of Jasmine
85 was observed after 30 hours under anaerobic

anaerobic condition,
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germination (104.80 mg/100g) while that of IR
50404 was 88.88 mg/100 g after 30 hours of
germination as well. The GABA content of
brown rice were 4.5 and 7.0 mg/100g for
Jasmine 85 and IR 50404, respectively, so the
GABA content increased 12.69 times to 23.88
times compared to the initial content.

The similar result was found by Chung et
al. (2009) that the GABA content of barley
increased 4 times under anaerobic germination
condition in comparison with un-germinated
barley. Banchuen et al. (2010) also reported that
the GABA content under anaerobic germination
was highest after 36 hours for Sangyod
Phatthalung and Chiang Phatthalung varieties,
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Table 2. GABA content in 2 varieties of germinated brown rice
(IR 50404 and Jasmin 85) in various germination conditions

Germination time (hours)

" " Germination
Rice variey
method 12 18 24 30 36
IR 50404 Aerobic 35,07% 57,53% 69,36 75,09% 54,01%
Anaerobic 49,69™ 59,59" 77,68" 88,88 70,60*
Jasmine 85 Aerobic 16,12% 55,24% 78,97%° 84,14% 54,42%
Anaerobic 47,14 62,94 87,42 104,80™ 81,96™

Note: 48 Means with the same letter in the same column within each rice variety indicates no significant difference (p>0.05)
¢ Means with the same letter in the same row within each rice variety indicates no significant difference (p>0.05)

and after 48 hours for NiawDam Peuak Dam
variety, and increased 9.43 to 16.74 times in
comparison with brown rice.

The high content of GABA during anaerobic
germination may be due to the synthesis of
GABA through glutamate decarboxylase in
reduced oxygen supply that occurred by the
effect of decreasing cytoplasmic acid in cell
(Caroll et al., 1994). The result also indicated
that the glutamic acid was synthesized by the
glutamate synthase (GOGAT) and glutamine
synthetase (GS) cycle. The G/GOGAT cycle
plays an important role in anaerobic
accumulation of GABA (Aurisano et al., 1995).

4. CONCLUSION

The research results indicated that the
soaking conditions significantly affected the
accumulation of GABA during germination. The
water uptake happened during soaking and
could readily reach the optimum content for
germination. The acidic pH of the soaking
solution also played an important role in GABA
content of the germinated brown rice of IR
50404 and Jasmine 85. Anaerobic treatment of
germinated brown rice also increased the GABA
content. The appropriate soaking time was 6
hours for both IR 50404 and Jasmine 85. The
suitable pH of soaking solution was pH 3 for IR
50404 and pH 2 for Jasmine 85 that gave the
GABA content of 70,37mg/100g for IR 50404
and 78.50 for Jasmine 85. The germination
under anaerobic conditions yielded highest
GABA contents which were 88.88 mg/100 g and

104.80 mg/100g for IR50404 and Jasmine 85,
respectively, after 30 hours. The germinated
brown rice could become a value-added products
to diversify the products from rice and increase
the income of farmers in the Mekong Delta.
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