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Abstract Gamma-aminobutyric acid (GABA) has many
pharmacological functions including being a major inhib-
itory neurotransmitter. Two comparative methods for
GABA production in rice grains as main food source in
Thailand were investigated in this study. Fermentation and
germination method were separately carried out using
seven selected local grain cultivars in northern Thailand.
Red yeast rice, obtained from the fermentation method,
gave the higher GABA concentration than the germinated
rice produced from the germination method in most rice
cultivars. The highest GABA concentration was 28.37 mg/
g at 3 weeks fermentation time of glutinous rice, O. sativa
L. cv. Sanpatong 1 cultivars, while germinated rice from
glutinous rice; O. sativa L. cv. Korkor6 (RD6) cultivars
contained the highest GABA concentration of 3.86 mg/g.
These results provide information for the basis of an
appropriate method for GABA production. The fermenta-
tion produced higher GABA concentration but required
longer production period and red yeast rice was obtained as
product. On the other hand, the germination method yiel-
ded rice grains with lower GABA but in more suitable form
for consumption. Both methods are considered to be
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economical and efficient methods to increase GABA in rice
grains, providing alternative products with higher nutri-
tional values.
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Introduction

Gamma-aminobutyric acid (GABA) is a non-protein amino
acid compound (Shelp et al. 1999; Komatsuzaki et al.
2005; Huang et al. 2007; Park and Oh 2007). It is produced
in plants, microorganisms and mammals by decarboxyl-
ation of glutamic acid via the glutamate decarboxylase
(GAD) enzyme (Kono and Himeno 2000; Ueno 2000; Su
et al. 2003; Komatsuzaki et al. 2007). It has pharmaco-
logical functions such as, as an antihypertension agent, as a
diuretic, as well as having a tranquilizing effect and as
being an inhibitory neurotransmitter in sympathetic brain
functions (Su et al. 2003; Komatsuzaki et al. 2005, 2007,
Huang et al. 2007). GABA can regulate blood pressure,
heart rate, sensations of pain and anxiety (Kono and Hi-
meno 2000), lipid levels in serum (Miura et al. 2006) and
assist in insulin secretion to prevent diabetes (Huang et al.
2007). Recently, it has been reported that germinated
brown rice could effectively reduce glucose levels in dia-
betic rats (Hagiwara et al. 2004). Moreover, consumption
of GABA-enriched foods can inhibit cancer cell prolifer-
ation (Park and Oh 2007) and improve memory and the
learning abilities in rats (Miura et al. 2006).

GABA is found widely in nature, such as in tea leaves
(Aoki et al. 2003), bean sprouts (Komatsuzaki et al. 2007),
soybean seedling (Oh and Choi 2001), rice germ (Zhang
et al. 2007a, b; Xing et al. 2007) and in microorganisms

@ Springer



258

World J Microbiol Biotechnol (2010) 26:257-263

such as Lactobacillus brevis (Huang et al. 2007), Lacto-
bacillus paracasei (Komatsuzaki et al. 2005), Lactococus
sp. and Lactobacillus sp. (Nomura et al. 1998), Monascus
sp. (Su et al. 2003; Wang et al. 2003; Chen et al. 2000),
Rhizopus sp. (Aoki et al. 2003). It is also found in fer-
mented food products made from lactic acid bacteria, such
as cheese (Nomura et al. 1998), Tempeh-like fermented
soybean, Korean kimchi and yogurt (Aoki et al. 2003).

Many methods used in previous reports have attempted
to increase GABA levels in rice, for example by using
biotechnology methods such as transferring GAD genes for
the higher GABA production (Park and Oh 2006), fer-
mentation methods for the conversion of glutamic acid
substrate to GABA (Kono and Himeno 2000; Su et al.
2003; Chen et al. 2006; Huang et al. 2007) and other
methods which include rice germination (Oh and Choi
2001; Komatsuzaki et al. 2007; Xing et al. 2007).

Among the described methods, fermentation and ger-
mination methods have been common practices in Asian
countries (Su et al. 2003; Wang et al. 2003; Chen et al.
2006; Komatsuzaki et al. 2007). The germinated rice was
produced with the conventional germination method by
soaking rice grains in water at controlled temperature to
promote germination. Accumulation of GABA and effec-
tive components in germinated rice grains were found
during this process (Varanyanond et al. 2005; Komatsuzaki
et al. 2007).

While, fermentation method was employed to produce
red yeast rice with high GABA content using Monascus sp.
Three traditional fermentation Monascus species, M. pur-
pureus, M. ruber and M. pilosus, has been commonly used
in food for thousands of years in East Asia (Hawksworth
and Pitt 1983). Products derived from fermented rice with
Monascus sp. present the deep-red color, therefore they
have been called red-yeast rice or red-mold rice (Babitha
et al. 2007).

Previous reports studied the different species of Mon-
ascus sp. and various rice cultivars as substrates for GABA
production in red yeast rice (Hu et al. 2003; Su et al. 2003;
Wang et al. 2003; Pattanagul et al. 2007; Sun et al. 2008).
Su et al. (2003) screened Monascus sp. for the highest
GABA production on solid state of steamed rice from local
areas in Taiwan which contained sufficient carbon sources,
added various nitrogen and inorganic salts sources. While,
Wang et al. (2003) further improved GABA production in
red yeast rice by adding Monascus purpureus NTU 601 to
the culture medium supplemented with varying carbon
sources, nitrogen sources, fatty acid and oil. For further
study in Korea and China, Plackett-Burman Design (PBD)
and Central Composite Design (CCD) were applied to seek
for the crucial parameters that affect the production of
GABA in red yeast rice by Monascus pilosus GM100 under
solid state fermentation (Sun et al. 2008).
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Rice plants are grown in almost every part of Thailand
mainly for consumption and export. Polished rice which is
prepared by removal of the outer shell of whole grains rice
is used in cooking. However, the ordinary polished rice has
less nutritional components, these biofunctional compo-
nents exist mainly in the germ and bran layers which are
removed by the polishing process (Champagne et al. 2004).
It is interesting to add value to a variety of Thai rice by
increasing GABA concentration.

Therefore, the objective of this study was to compare the
conventional fermentation and germination methods for
GABA production in Thai rice cultivars, based on the
hypothesis that GABA can increase rice value, price and
the income of farmers in Thailand. People can choose both
methods to increase GABA levels in polished rice grains
for both consumption and for use in the food industry. The
product from both techniques will be monitored quantita-
tively and qualitatively by HPLC and LC-MS analysis,
respectively. The relationship between GABA concentra-
tion and glutamic acid will also be studied.

Materials and methods
Materials

The seven cultivars of the polished form of normal rice;
O. sativa L. cv. Kawdokmali 105 (KDML105), O. sativa L.
cv. Supan 1 (SP1), O. sativa L. cv. Chainat 1 (CN1), O. sativa
L. cv. Pitsanulok2 (PL2) and O. sativa L. cv. Patum1 (PT1).
The second one is glutinous rice; O. sativa L. cv. Sanpatong 1
(SPT1), O. sativa L. cv. Korkor 6 (RD6) were purchased
from a local market to be used in fermentation and the same
seven cultivars of whole grain rice were obtained from Pit-
sanulok and Chiang Mai rice seed centers in Thailand, all of
which were to be used for the germination experiments.

Gamma-aminobutyric acid (GABA) was purchased
from Fluka, China and hydroxy-napthaldehyde (HN) was
purchased from Aldrich, Germany. HPLC grade acetoni-
trile and ethanol were purchased from BDH Prolabo, EC.
PDA agar was purchased from Difco, USA. Formic acid
was purchased from Wako-Pure Chemical Industries,
Japan. Buffer solutions were prepared from sodium tetra-
borate (borax) (1 M) and boric acid (1 M) which were
purchased from MERCK, Germany.

Isolated Monascus purpureus strain CMUOO1 on PDA
slant was obtained from the Department of Biology, Fac-
ulty of Science, Chiang Mai University.

Germination method

The seven cultivars of whole grain rice were washed with
distilled water three times. They were then soaked in
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distilled water for 72 h, while the water was changed every
24 h and finally the water was decanted. Whole grain rice
was allowed to germinate on moist paper in separate plastic
boxes at 30°C. The germination process was completed by
germination of the seeds under these conditions, and ger-
minated rice samples were collected every 3 days during
germination. The rice germ was removed by cutting and
eliminating the bran layer by machine. Polished rice grains
were obtained from this procedure and were dried at 70°C
for 12 h, then ground by blender (Komatsuzaki et al. 2007,
Xing et al. 2007). Ground samples were collected for
GABA extraction and further analysis.

Fermentation method

The seven cultivars of purchased polished rice were used as
a source of glutamic acid under the solid state fermenta-
tion. Ten gram of each polished rice cultivar were soaked
in distilled water for 8 h and water was then removed. The
soaked polished rice was separately steamed in a cooking
pot for 20 min. After that, steamed polished rice was
removed into a 250 ml Erlenmeyer flask and autoclaved at
120°C for 20 min. After being autoclaved the rice was
cooled. M. purpureus CMU 001 spores were inoculated
into the steamed rice and it was incubated at 30°C. GABA
was produced after 1 week of fermentation and the red
color resulting from the fermentation by-product was
developed during the fermentation process. Sampling of
red rice for GABA analysis was done every week and the
rice was dried at 70°C in an oven (Su et al. 2003; Wang
et al. 2003; Chen et al. 2006). Red rice was ground by a
blender and the ground sample was collected for GABA
extraction and analysis as described below.

GABA extraction

Two hundred and fifty milligram of ground samples were
vigorously mixed in 800 pl of 70% ethanol by vortex mixer.
The mixture was shaken for 30 min at room temperature and
then centrifuged at 13,000g at 4°C for 10 min. The super-
natant in the upper layer was collected and then 800 pl of
70% ethanol was added to the pellet, the extraction process
was repeated three times. The supernatant was collected and
combined with the first supernatant (Baum et al. 1996; Oh
and Choi 2001; Komatsuzaki et al. 2007). The obtained
crude extract containing GABA was then passed through the
0.45 pm filter and analyzed by HPLC and LC-MS tech-
niques after 2-hydroxynaphthaldehyde (HN) derivatization.

Derivatization of GABA and standard curve

One millilitre of rice extract sample was added to 0.5 ml of
borax buffer pH 8 and 0.5 ml of HN (0.3% w/v in

methanol). The solution was heated in a water bath at 80°C
for 10 min and was allowed to cool. The standard curve
was constructed from five standard solutions of GABA
(250, 125, 50, 25 and 10 ppm of GABA) analyzed by the
modified procedure of Khuhawar and Rajper 2003.

Analysis of GABA by HPLC and LC-MS

GABA was determined to be present in the sample by
HPLC (JASCO, Japan) which consisted of a pump (JASCO
PU-980 intelligent HPLC pump), a variable wavelength
UV detector (JASCO MD-2010 plus multiwavelength),
degasser (JASCO DG-2080-53, 3 line degasser) and col-
umn ODS-80Ts, size 4.6 mm (I.D.) x 25.0 cm (L), (Tosoh
Corporation, Japan). HPLC with pre-column derivatization
with HN was done using the following conditions; UV
detection at 330 nm with a flow rate of 1 ml/min. Mobile
phase containing acetonitrile (mobile phase A):0.1% for-
mic acid (mobile phase B) were applied. The elution gra-
dient was evaluated using %mobile phase A; 35-40, 40-55,
55-35 at 0-5, 5-10 and 10-20 min, respectively. Glutamic
acid was analyzed simultaneously during GABA analysis.

All samples containing GABA were analyzed by
LC-MS (HP 1100 Binary/G1946A) to confirm the HPLC
results. The mass spectrometer with an electrospray ioni-
zation (API-EI) source was operated in the positive ion
mode. Mass spectrometry experiments were performed to
isolate and fragment the targeted ions. The operation con-
ditions of the MS detector were optimized with a solution of
GABA standard with an abundance of m/z 258 [M+H]"
which was determined as follows; Fragmentation range:
70, Mass range: 100-1,000, Drying gas flow:12 1/min,
Nebulizer pressure: 32 psig, Drying gas temperature:
350°C, and Capillary voltage: 3,000 V. Data were pro-
cessed with data analysis software.

Results and discussion

GABA concentrations in rice grains using fermentation
method

Change in the GABA concentrations in the seven cultivars
of rice grains during fermentation was investigated. GABA
was produced and increased every week after inoculating
isolated M. purpureus CMUOOI spores into the seven
cultivars of steamed polished rice (Fig. Ic), while the
control (no added M. purpureus spores) contained no
GABA as shown in Fig. 1a. The control and fermented rice
extract chromatograms are represented by PL2 cultivar,
while the chromatograms of other cultivars are not shown.
These results indicated that glutamic acid in steamed rice
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could be converted to GABA using the GAD enzyme from
M. purpureus (Su et al. 2003; Wang et al. 2003).

To confirm GABA composition in fermented rice, mass
spectrometry was used to detect GABA based on the
molecular weight of derivatives formed (GABA-HN) as
shown in Fig. 2.

The results showed varying GABA concentrations, when
using different rice cultivars. GABA concentrations were
found at the intervals of 3.41-10.56, 3.17-8.61, 2.12-11.21,
2.27-9.45,1.24-11.54, 4.44-17.53 and 3.11-28.37 mg/g of
steamed rice in the cultivars of KDML105, CN1, PL2, PT1,
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Fig. 1 HPLC chromatograms of sample extraction containing
GABA; in a Non-germinated grain (Control) and b Germinated rice
extract of O. sativa L. cv. Pitsanulok2 (PL2) cultivar ¢ Fermented rice
(red yeast rice) extract of O. sativa L. cv. Pitsanulok2 (PL2) cultivar d
GABA standard at a concentration of 250 ppm; Peak (/) GABA, (2)
Glutamic acid and (3) excess HN, gradient eluent with acetonitrile:
0.1% formic acid; C-18 reverse phase condition

Fig. 2 Mass spectrum of a a

RD6, SP1 and SPTI, respectively, (Fig. 3a). Previous
reports suggested that nutrient composition, other compo-
nents and culture conditions may affect the growth of fungi
and GABA production (Wang et al. 2003).

SPT1 cultivar showed the highest GABA concentra-
tions, with a maximum production of 28.37 mg/g at
3 weeks as shown in Fig. 3a. The results agree with the
fact that SPT1 had a higher glutamic acid content (Fig. 3b),
a substrate for GABA production, than the other cultivars.

Another reason was that this cultivar had a greater
tendency under optimum conditions for M. purpureus fer-
mentation than other cultivars. Because SPT1 is the gluti-
nous rice which has a stickier appearance, a more glue-like
texture and higher moisture content than the other culti-
vars. SP1, CN1, KDML105, PT1 and PL2 are considered to
be normal rice, possessing the hard texture and there is no
agglomeration of rice grains. In addition, GABA produc-
tion is differently affected by environmental parameter,
such as temperature and moisture content (Wang et al.
2003). Perhaps the moisture content of glutinous rice can
promote the growth rate of Monascus sp. at fermentation
condition of 30-35°C (Hu et al. 2003; Su et al. 2003; Wang
et al. 2003; Sun et al. 2008; Pattanagul et al. 2007). The
growth of Monascus fungi is a key indicator in the syn-
thesis of pigments and other metabolites (Vignon et al.
1986). This result related with the previous report of
Chairote et al. (2008) who found that the Thai glutinous
rice seems to give more satisfactory amounts of secondary
metabolites than non-glutinous rice.

GABA concentrations in rice grains using germination
method

This study intended to increase GABA content in whole
grain rice by the germination method. Germinated whole
grain rice showed an initial small root with GABA pro-
duction at 3 days (Fig. 4a). Over 9-12 days following
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Fig. 4 Change in a gamma-

Rice cultivars

aminobutyric acid (GABA) and
b glutamic acid concentrations
during germination in the seven
rice cultivars at varying
germination time, B (3 days),
O (6 days), & (9 days),

(12 days) and E (15 days)

GABA concentrations
(mg/g dryweight)

(mg/g dry weight)

Glutamic acid concentrations

germination, it had long roots and initiated its first leaf
which possessed a higher GABA concentration than on the
other days. In contrast, the control (non-germinated rice)
(Fig. 1a) was found not to produce any GABA.

This result agreed with the previous reports which
showed the higher GABA concentrations in rice (Koma-
tsuzaki et al. 2007) and soybeans (Oh and Choi 2001)
during germination than in non-germinated seed. The
results indicated that during germination, hydrolytic
enzymes were activated in grains and as a result starch,
non-starch polysaccharides and proteins were decomposed
leading to the increase of oligosaccharides and amino acids
in the grains (Ohtsubo et al. 2005). According to the pre-
vious study, amino acids that are stored in grains as storage
proteins are decomposed by water absorption during ger-
mination, and then changed into transportable amides, and

KDML CN1

PL2 PT1 RD6 SP1 SPT1

Rice cultivars

supplied to the growing parts of the rice seedlings (Lea
et al. 1990). Moreover, upon water absorption during
soaking and germination, GAD enzyme is activated
(Komatsuzaki et al. 2007). As a result, glutamic acid is
effectively converted to GABA (Kono and Himeno 2000;
Ueno 2000; Su et al. 2003; Komatsuzaki et al. 2007).
From the results in Fig. 4a, germinated whole grain rice
showed different GABA concentration levels. It was found
that the GABA concentrations varied in the intervals of
0.74-4.84, 1.43-5.09, 1.76-6.33, 1.55-5.65, 1.86-3.86,
1.71-6.31 and 2.79-3.27 mg/g in KDML105, CN1, PL2,
PT1, RD6, SP1 and SPTI, respectively. Bautista et al.
suggested that GAD activity was a more reliable index for
the viability of different stored rice. This variation might be
due to the different rice cultivars effect on the amount and
pattern of GABA and GAD accumulations in this study.
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Observation on the pattern of GABA production of
germinated rice was shown in Fig. 4a. Even through
amounts of GABA increased during germination, they
began to decrease after 12 germination days of KDML105,
CNI1, RD6, SP1 and SPT1 cultivars. While, those in PL2
and PT1 still increased.

It might be that GABA is converted to succinic acid by
GABA-aminotransferase and a succinic semialdehyde
dehydrogenase enzyme in mitochondria further acted as a
metabolizing compound in the TCA cycle (Shelp et al.
1999; Kono and Himeno 2000; Huang et al. 2007).
Therefore, it is of interest to examine this activity and
inhibit both enzymes during germination for higher GABA
accumulation.

Comparison of the methods for GABA production
in rice grains

According to the results shown in Figs. 3a and 4a the
GABA concentration levels between fermentation and
germination methods can be compared. The level of GABA
in rice grains found in the fermentation method was sig-
nificantly higher than that in the germination method.
Beside these, changes of glutamic acid concentration were
compared during germination and fermentation processes
which are shown in Figs. 3b and 4b. It may be because rice
in the fermentation method had higher glutamic acid con-
centration profiles at the initial time of fermentation in all
cultivars (Fig. 3b). Secondly, the sources of the GAD
enzyme for producing GABA in both methods were dif-
ferent. During fermentation, the GAD enzyme is secreted
from M. purpureus CMUOQOO1, while germination uses GAD
enzyme from whole grain rice during germination. How-
ever, previous reports suggested that GABA levels in
plants can be enhanced during high stress conditions, such
as by mechanical stimulation, hypoxia, cytosolic acidifi-
cation, or by altering the conditions of water supply,
darkness and water stress (Snedden and Fromm 1998).
Moreover, the relationship between glutamic acid and
GABA content during germination of each cultivar was
studied (Fig. 4a, b). The glutamic acid showed an inverse
relationship with GABA production in most rice cultivars
(CN1, PL2, RD6, SP1, PT1 and SPT1) except KDML105
during germination. At the 6 and 9 days of germination, a
decrease in glutamic acid levels was observed in CN1, PL2,
RD6 and PT1, respectively, whereas the levels of GABA
were slightly increased during the same period. These
reports suggested that a decrease of endogenous glutamic
acid could be used as a substrate for GABA production in the
subsequent days, suggesting that the GAD enzyme might be
activated for GABA formation (Huang et al. 2007).
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However, KDML105 cultivar showed a different result
from the other cultivars. GABA content during germination
increased, while glutamic acid content remained unchanged.

The result was the same as the previous reports of
Komatsuzaki et al. 2007 who found the increase of glu-
tamic acid during the germination of brown rice. Moreover,
Duke et al. (1978) found high glutamic acid concentrations
in both cotyledons and axes of soybean seedling after
5 days of germination at 10°C.

Moreover, glutamic acid concentrations were investi-
gated during the fermentation method as shown in Fig. 3b.
An increase in glutamic acid concentrations were found in
all cultivars during 4 weeks of fermentation. The glutamic
acid contents of these cultivars were 3.66—10.67, 3.64—
23.37, 1.74-11.00 and 2.74-98.72 mg/g of KDMLI105,
PL2, RD6 and SPT1, respectively.

The relationship profile between glutamic acid and
GABA during fermentation (Fig. 3a, b) differ from those of
germination (Fig. 4a, b). Most cultivars showed parallel
changes between an increase of glutamic acid and the
accumulation of GABA levels such as KDML 105, RD6
and PL2. It is worth mentioning that glutamic acid levels
were found to be higher than GABA concentrations in all
cultivars. These cultivars showed the increase level of
glutamic acid in later weeks, although it was used to pro-
duce GABA. This result may be that, while the glutamic
acid is used to produce GABA, it is synthesized by the
glutamate syntheses (GOGAT) and glutamine syntheses
(GS) cycles during GABA fermentation. The GS/GOGAT
cycles play an important role in the anaerobic accumulation
of GABA and alanine (Aurisano et al. 1995; Reggina et al.
2000). Therefore, fermentation is the method of choice to
produce glutamic acid for subsequent GABA production.

This research investigated GABA accumulation and
disappearance during germination and fermentation by
using several well-known rice cultivars. Both methods can
produce GABA in rice, especially the fermentation method
which can produce GABA in higher concentrations than
the germination method, but longer time would be needed.
The data provide an idea for the effective uses of germi-
nated rice and fermented rice products which contain
higher GABA levels than commercial rice presently
available in the market.
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