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Abstract: GABA 1s well known for its physiological functions as antioxidant, diuresis, tranquilizer, arti-
hypertensive, epilepsy treatment and diabetic prevention. Most of the fermented food products are known and
proven for its high content GABA producer, which contributes the food as potential functional foods. Among
5 positive 1solates from the Malaysian commercial fermented shrimp product (cincaluk), only one strain of
bacteria showed the highest GABA-producing activity. Leuconostoc NCS showed the lughest production
ability of both extracellular and intracellular GABA content (2.84+0.19 mM, respectively) with GAD activity at
1.9340.37 unit. The effect of cultivation time, temperature, pH and different concentration of glutamate, carbon
source, mtrogen source and Pyridoxal-5"-Phosphate (PLP) on the production of GABA was mvestigated. Thus
study concludes that the optimum conditions for GABA production were recorded at the cultivation
temperature of 37°C, pH 5.0 and cultivation time at 168 h. Furthermore, the addition of PLP and nitrogen source
to the culture medium significantly increased GABA production by 30-fold. Thus, Leuconostoc NC5 can be a
potential starter culture for GABA-enriched functional foods. This stramn showed a potential of being starter
culture for the production of fermented functional foods contamimg GABA.
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INTRODUCTION

Cinealuk is a fermented shrimp product, produced by
fermenting of small shrimp called 4cetes or locally known
as Udang geragau, Udang bubok or Udang gari, which
15 widely consumed in most Asian countries. Cincaluk 1s
a delicacy, known for its fishy flavor, pungent odor, salty
taste and pale pink appearance. This product 1s normally
prepared by washing and soaking shrimps in seawater
and mixed with 20-25% salt and 6% cooked-ground rice
from the wet weight of the shrimp. The mixture is
fermented for 20-30 days until it matures and turns pink.

Lactic Acid Bacteria (LAB), a group of related
bacteria produce lactic acid as a result of carbohydrate
fermentation. Several LAB have been previously isolated
and 1dentified from shrimp fermented products such as
Leuconostoc  mesenteroides subsp.  mesenteroides,
Streptococcus  faecalis, Pediococcus — halophilus
(Tanasupawat and Komagata, 1998), Tetragenococcus
(Kobayashi ef al., 2003) and Leuconostoc durionis sp.
nov (Lewsner et al., 2005). The primary function of LAB
in fermentation system is to convert carbohydrates to

several desired metabolites such as alcohol, acetic acid,
lactic acid and carbon dioxide. Moreover, LAB are capable
of producing: amino acids and peptides as a result of
proteolysis; lactate, bacteriocin and y-aminobutyric
acid (GABA) as secondary metabolites (Stiles, 1994,
Nomura ef al., 1998).

GABA, a non-protemn amimo acid with the molecular
formula, C,H,NO, 1s known as one of the major mhibitory
neurotransmitters in the sympathetic nervous system and
has a critical role in the regulation of neural activity. Due
to its exceptional physiological functions, several GABA
enriched functional foods have been manufactured,
such as GABA-enriched tea (Tsushida and Murai, 1987).
GABA-enriched rice-germ (Saikusa et al., 1994), Tapanese
distilled alcohol-less and fermented fish (funa-sushi)
(Yokohama ef al, 2002, Komatsuzaki et al, 2003),
tempeh like fermented soybean extract (Watanabe ef al.,
2006), Korean fermented vegetable (Kimchi) (Choi et al.,
2006), yogurt and germinated soybean extract (Park and
Oh, 2007). Recently, Yang ef al. (2008) have proven that
GABA production can be optimized and increased
through submerged fermentation using novel strain.
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GABA is synthesized by Glutamate Decarboxylase
(GAD) (EC 4.1.1.15), a pyridoxal-5’-phosphate dependent
enzyme, catalyzes the mreversiblec-decarboxylation of
L-glutamate mto GABA. Several studies have reported
that GAD is widely distributed in the environment mostly
in plants materials (Tsushida and Murai, 1987) and
crops (Johnson ef al., 1997). In mold and bacteria, high
GAD activity have been reported to be found in
Aspergillus  orvzae (Tsuchiya et af, 2003) and
Lactobacillus brevis (Komatsuzaki ef al., 2008). Tt is very
crucial for us to find alternative for GABA producer as a
new source or GABA-emriched functional foods
production. This can be achieved by screening and
isolating a novel Leuconostoc strain, which can produce
high concentration of GABA as well as enhancing GABA
product.

MATERIALS AND METHODS

Fermented shrimp products were purchased from a
local grocery store in Kuala Lumpur, Malaysia. Man
Rogosa Sharp (MRS) medium (Becton, Dickinson and
Company Sparks, USA) was used for LAB stramns growth
and maintainance.

TIsolation of LAB: Samples were homogenized in 0.85%
NaCl (without shaking) and incubated at 37°C for 48 L,
anaerobically. To distinguish the acid producing bacteria
from other bacteria, 1% CaCQO, was added into MRS agar
containing 2, 6.5 and 10% of NaCl, respectively.
Incubation was conducted anaerobically for 48 h at
different temperature of 15, 30 and 45°C. Colonies with
clear zone around them were selected. About 1% CaCO,
was added to the mixed culture and spread evenly onto
the surface of MRS agar plates. Colonies were initially
examined for Gram staining, catalase production, gas
production, oxidase and muotility. The selected strains
were then stored at -20°C in 20% of glycerol (Chen et al.,
2006).

Screening of GABA -producing LAB: All strains from the
sample were screened for their GABA-producing ability.
They were grown n MRS medium contaimng 50 mM of
glutamate for 168 hat 37°C, anaerobically. GABA content
in the supernatants was determined and quantified
by High Performance Liquid Chromatography (HPLC)
(Shimadzu Asia Pte).

GABA analysis: The extracellular GABA concentration in
the culture medium was determined. The isolated bacteria
were noculated mto MRS broth and separated from the
cells by centrifugation at 8,000 g, for 15 min at 4°C.
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Twenty micoliter of the supernatant were diluted at 1:100
ratio in 7% (v v~') acetic acid. The diluted sample was
then centrifuged at 8,000 g, for 15 min at 4°C and the
supernatant was filtered using 0.22 pm Whatman syringe
filter (Whatman, UK) for further analysis.

The intracellular GABA content was determined as
well. The cells were washed twice with Phosphate Buffer
Saline (PBS) at pH 7.0 (Sigma, USA) and the homogenate
was centrifuged at 8,000xg, for 15 min at 4°C. The cells
were suspended in 0.5 mL of 75% (v v~') ethanol and
vigorously mixed for 1 min at room temperature. The
homogenate was then centrifuged at 8,000xg, for 15 min
at 4°C and the supernatant was filtered using 0.22 um
Whatman syringe filter for further analysis. The
extracellular and intracellular GABA contents were used
1n triplicate in each independent experiment.

One hundred pl  aliquot of the extracellular
GABA or intracellular GABA were derivatized to
Phenylthiocarbamyl-GABA (PTC-GABA) and analyzed by
HPLC according to Rossett and Lombard (1996)
with minor modifications. The dried residue containing
PTC-GABA was dissolved m 100 pL, of mobile phase,
consisting of a mixture of 80% solution A (aqueous
solution of 13.608 g sodium acetate-3-hydrate, 0.5 mL
triethylamine, 0.7 mL acetic acid and 5.0 mL acetomtrile in
1000 mL deionized water) and 20% solution B (acetomtrile-
water (60:40)) adjusted to pH 5.8. Isocratic HPLC
separation was performed using HPLC (Shimadzu Asia
Pte.) with UV set of 254 nm and PDA detector. The used
column was purospher STAR RP-18 LiChroCART
(250-4.6 Merck, Darmstadt, Germany) and the column
temperature was set at 35°C. The flow rate for the mobile

phase of isocratic elution was 1.0 mL min™".

Assay for GAD activity of the cells: In order to determine,
the GAD activity of the cells, the method described by
Komatsuzaki et al. (2005) was conducted with minor
modifications. The GABA-producing LAB stramns were
cultivated in 15 mL of MRS medium containing 100mM of
glutamate for 4 days at 37°C. The cells were collected from
centrifugation at 8,000 g, for 15 min at 4°C and washed
twice with PBS (pH 7.0). The cells were suspended in
20 mM of sodium phosphate buffer (pH 7.0) and left for
10 min at room temperature. The cells in suspension were
disrupted by shaking vigorously for 1 min at 4°C. The
crude extr acts were obtained after being centrifuged at
10,000 g for 15 min at 4°C. The crude extracts were then
incubated with 50 mM glutamate and 0.2 mM of Pyridoxal-
5-Phosphate (PLP) in 200 mM sodium phosphate buffer
(pH 5.6) at 37°C for 30 min. The enzyme reaction was
terminated by adding 3 mI of absolute ethanol at -20°C.
The suspension was centrifuged at 8,000 g for 15 mim at
4°C and filtered using 0.22 um Whatman syringe filter. The
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GABA content in the suspension was then determined
using HPLC. One umit of enzymes activity was defined as
the amount of enzyme that produced 1 umol. of GABA in
1 min. The assay for GAD activity was done in triplicate.

The effect of cultivation time, temperature and initial pH
on the extracellular and intracellular GABA contents:
To determine the optimal conditions for production of
extracellular and intracellular GABA, strains were
cultivated in a culture medium using the following
conditions; time (24, 48, 96, 120, 144, 168 and 174 h),
temperatures (32, 37 and 42°C) and pH (3.5, 4.0, 5.0, 5.5
and 6.0) under anaerobic condition.

The effect of cultivation time, temperature and initial pH
on GAD activity by the strain: To determine the optimum
cultivation time, temperature and mitial pH for GABA
production, GAD activities under various cultivation
temperatures (32, 37 and 42°C) and various pH (3.5, 4.0,
5.0, 5.5 and 6.0) were determined at 24, 48, 96, 120, 144, 168
and 174 h.

The effect of glutamate concentrations, addition of PLP,
carbon and nitrogen sources to culture medium on
GABA production: The effect of different concentrations
of glutamate (100, 150, 200 and 250 mM), PLP (5, 10 and
50 mM) and carbon and nitrogen source on the GABA
production was investigated. The effect of carbon and
nitrogen source was carried out by addmng 50 mM
glutamate and 100 and 50 mM glutamate and 10 mM
ammonium sulphate into MRS medium at optimum
conditions (37°C, pH 5.0 and 168 h).

Determination of cell viability: Diluted sample (0.1 mL)
was collected after 48 h incubation, smeared on modified
MRS plate count agar and incubated anaerobically for
48 h at 37°C. Cell viability was expressed as Colony
Forming Units/mL (CFU mL ™",

Statistical analysis: Data were analyzed for statistical
significance using single factorial ANOVA and factorial
design SAS version 6.12 as meantSD from three
independent experiments with p<0.05.

RESULTS AND DISCUSSION

Screening and isolation of GABA-producing LAB: To
screen LAB strains that produce GABA at high
concentration in culture medium, 50 strains cultivated in
MRS medium contaimng 50 mM of glutamate and
measured GABA  concentrations in the culture
supernatants. The morphological and biochemical
characteristics of the 50 isolated stramns are shown in
Table 1. All the positive isolates were gram positive cocci,
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Table 1: Morphological and biochemical characteristics of LAB isolated from

cincaluk
Isolates

Characteristics C1 Cc2 Cc3 4 Cs
Morphology Cocci Cocci Cocci Cocci Cocci
Gram stain reaction G+ G+ G+ Gt G+
Catal ase activity - - - -
Gas production + + + + +
Oxidase - - -
Motility -
Growth at temp erature (°C)
15 - - - - -
30 + + + + +
45 - - - - -
Growth at salt concentration (%0)
2 - - - - -
6.5 + + + + +
10 + + + + +
GABA 1.5+£0.07 04£091 2.1+0.16 1.240.13 2.84+0.19
concentrati on (mM)
GAD activity (unit) 1.1+0.08 0.6+0.04 1.3+0.2 0.940.11  1.93+0.37

+: Positive reaction; -
bacteria

Negative reaction; ND: Not Detected; G+ Gram positive

non-motile, produce gas, catalase and oxidase negative
and all the isolates grew well at 30°C compared to 15 or
45°C. The 1solates were able to grow well m a medium
containing 6.5 and 10% of salt, but compared to 2%
salt-containing medium. This exhibits that the isolated
bacteria were halophilic. Apparently, a new study has
been done to isolate halophilic bacteria from the
environment and can be divided into 2 groups; halophilic
bacteria that grew m 1-20% concentration of NaCl were
assigned as moderate halophilic and isolates that grew in
5-35% were assigned as extreme halophilic bacteria
(Tarawneh et al., 2008). Other studies were done on the
isolation of halophilic-LAB from various fermented
foods, such as fermented fish, terasi (shrimp paste),
fresh goat’s milk, dochi (fermented black beans).
Fresh goat’s milk reported that most halophilic
bacteria can survive in a medium centaining a range of
3.2-18% of salt concentration (Tanasupawat and
Komagata, 1998, Kobayashi et al., 2003, Chen et al.,
2006; Mohd Adnan and Tan, 2007).

Total GABA produced by the i1solated LAB from
cincaluk and their GAD activity are shown in Table 1.
The result shows that out of 5 positive strains, NC5
produced the lighest concentration of GABA at 2.84+0.19
mM compared to other isolates with GAD activity
recorded at 1.93 mM. The isolate was identified through
biochemical test and gram staining and proven to be part
of the Leuconstoc sp. This isolate was selected for further
analysis and optimization on GABA production and GAD
activity.

The effect of cultivation time, temperature and initial pH
on extracellular and intracellular GABA content: GABA
production by NC5 strain at various cultivation times and
temperatures were carried out. As shown in Fig. 1, the
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Fig. 1: The effect of cultivation time and temperature on
GABA production by TC5. Extracellular (a) and
mtracellular (b) GABA content were investigated at
various cultivation times and temperatures n MRS
medium containing 50 mM glutamate. Data were
expressed as meantSD from three independent
experiments

highest GABA production was at 168 h and at 37°C. At
37°C, the concentrations of GABA produced were
reported at 2.3+0.16 mM extracellular and 2.5+0.71 mM
mtracellular. However, GABA production was the lowest
at 42°C (Fig. la and b), compared to 32°C. The results
also, showed that the NC5 strain produced intracellular
GABA concentration slightly higher than extracellular
GABA. These results are in contrast with those of
Komatsuzaki et al. (2005) and Yang, et al. (2008), who
reported that the extracellular GABA content was
extremely higher than the intracellular GABA content.
These two findings indicate that GABA 13 synthesized in
the cytoplasm and secreted mto the culture medium.
However m this study the intracellular and the
extracellular GABA content were not significantly
different. This might suggest that the intracellular GABA
has been synthesized prior to its secretion into the culture
medium due to the presence of responsible enzyme. Yet,
the exact molecular mechanism is still ambiguous.

Figure 2 shows that GABA was synthesized when the
pH of the culture medium was at acidic range (pH 3.5-5.5).

O pH3.5exira @ pH 4 extra m pH 5 extra
o pH3S5intra g pH4 intre @ pH 5 intra
EMpHS55extra O pH6 extra
mpHS55intra g pH 6 intra

]
ih
1

[
1

—
1

GABA concentration (mM)
o

=
ih
N

E=]
L

32 37 42
Cultivation temmperatures (°C)

Fig. 2: The effect of cultivation temperatures and pH on
GABA production by IC5 were mvestigated at
various cultivation temperatures and pH m MRS
medium contammg 50 mM glutamate. Symbols:
extra: extracellular and intra: intracellular. Data were
expressed as mean=SD from three independent
experiments

Their synthesis started to decrease close to pH 6.0. These
results indicated that pH 5.0 was the optimal pH for
extracellular and intracellular GABA production at
2.240.23 mM zand 2.320.21 mM, respectively.

The effect of cultivation time, temperature and initial
pH on GAD activity: GABA 1s synthesized by -
decarboxylation of L-glutamate, catalyzed by GAD
dependent PL.P (E 4.1.1.15). The higher the GAD activity,
the higher the amount of GABA produced. To determine
the optimal medium conditions for GABA production,
GAD  activity under various times,
temperatures and pH was measured for Leuconostoc NC5.
Figure 3 clearly shows that, GAD activity mcreased at
37°C and with increased in cultivation times, up to
168 h after, which the GAD activity decreased. This
result was similar to previous study that has done
(Komatsuzaki er al., 2005). It can be concluded that the
optimal temperature and cultivation time for high GAD
activity 18 at 37°C and cultivated at 168 h with the lughest
GABA production at 5.940.41 mM.

To determine the optimal culture medium conditions
for GABA production, GAD activity under various pH
and the optimal temperatures were carried out. As shown
in Fig. 4, the optimal pH of GAD activity was at pH 5.0 and
at cultivation temperatire of 37°C, commenting the
highest GABA production is at 4.440.51 mM. These
results suggested that GABA production can be
effectively improved by maintaining cellular pH of the
medium to acidic conditions, it will facilitate the cell
survival, because GAD must consume an H' ion for
GABA production (Yang et al., 2008).

cultivation
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Fig. 3: The effect of cultivation time and temperature on
GAD activity for GABA production by IC5. GABA
content was nvestigated at various cultivation
temperatures and time in MRS medium contaimng
50 mM glutamate. Data were expressed as
mean+SD from three independent experiments
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Fig. 4: The effect of cultivation temperature and pH on
GAD activity for GABA production by IC5. GABA
content was investigated at various cultivation
temperatures and pH in MRS medium containing 50
mM glutamate. Data were expressed as meantSD
from three independent experiments

The effect of glutamate concentrations and PLP addition
to culture medium on GABA production: The lighest
production of GABA was achieved at 20.0+0.03 mM in
200 mM of glutamate containing culture medium during
the cultivation. However, when the concentration of
glutamate exceeded 200 mM, GABA production decreased
(Fig. 5). These results suggested that the increment of
GABA concentration depends on the addition of
glutamate n the culture medium. Therefore, the glutamate
concentration of 200 mM was the optimum for GABA
production by Letconostoc NC5.

The GABA production reached the highest level
35740.01 mM, when 50 mM of PLP concentration were
added under cultivation conditions at pH 5.0, 37°C and
incubated for 168 h in 200 mM of glutamate (Fig. 6). The
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Fig. 5: The effect of glutamate concentration for GABA
production. IC5 was cultivated to culture medium
containing various concentration of glutamate at
pH 5.0, 37°C for 168 h. Data were expressed as
meant+SD from three independent experiments
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Fig. 6: The effect of addition of PLP on GABA production
by IC5 grown in MRS medium containing 200 mM
of glutamate at pH 5.0, 37°C for 168 h. Data were
expressed as mean=SD from three independent
experiments

results of the current study provided additional evidence
on what was previously revealed that the activity of GAD
increases by adding Pyridoxal 5’-Phosphate (PLP)
(Komatsuzaki et al, 2005) and PLP might act as a
necessary coenzyme of GAD (Sandmeier ef al., 1994).

The effect of medium additives on GABA production: Five
percent of glutamate converted to GABA, when 10 mM
ammonium sulphate was added to the medium. The results
showed that the addition of 10 mM ammonium sulphate
significantly  increased the GABA production to
12.3+0.06 mM, even though no dose dependent data was
observed (Fig. 7). The addition of 1% glucose as a carbon
source shows no increment in the GABA production. The
productivity of microbial metabolites can be improved by
mampulating the physical and nutritional factors of the
microbial growth. Although, glutamate 1s known as flavor
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Fig. 7: The effect of medium additives on GABA
production by IC5 during cultivation conditions.
Data were expressed as meantSD from three
independent experiments

enhancer in foods, glutamate 15 associated with human
body disorders like stroke, autism and Alzhemmer’s
disease because of its excitatory neurotransmitter effect in
mammalian nervous system. Hence, it is very crucial to
mimmize the usage of glutamate m food mdustry for
human consumption.

GABA-producing TAB strains proven to have unique
fermentation profiles such as acid production and flavor
formation ability were screened for use as starters for
various fermented foods. This helps to improve the
nutritional and functional properties of the fermented
foods as it is evident that GABA can alleviate blood
pressure  in  spontaneously  hypertensive  and
normotensive Wistar-Kyoto rats (Hayakawa et af., 2004)
and functions as neurotransmission, diuretic effects and
analgesics (Ueno, 2000). Therefore, the effects of GABA
on human health have become a growing interest in food
production.

CONCLUSION

From this study, we can conclude that the GABA
production during cultivation of the isolated strain can be
improved by optimizing the growth and cultivation
condition as well as its available nutrient. It was found
that GABA 1s produced under acidic conditions (pH 5.0),
which contribute towards cells survival-due to the GAD
consumption of H' ion. Therefore, GABA-producing T.AB
are capable of growing and surviving in the human
gastromtestinal system (acidic condition) and exerting a
potential probiotics effects. Although, Leuconostoc sp.
has been widely used in dairy and vegetables
fermentation, this finding can be considered as the first
coverage on Malaysian’s fermented product.

Application of the successfully isolated strain into
other food matrix has led to a growing interest among
food manufacturers to food technology to improve
nutriton in functional foods for the industry. As
Leuconostoc NC 5 strain can survive in different sources
of foods and extreme conditions such as high salt
concentration and various pHs, this starter culture can be
also be incorporated into canned foods and other food
productions.
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