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Abstract

As a major inhibitory neurotransmitter of the central nervous system in animals, γ-aminobutyric acid (GABA) has several

physiological functions, such as anti-hypertensive, diuretic, tranquilizer and anti-stress effects in human. In order to deter-

mine strains with high GABA producing ability and glutamate decarboxylase (GAD) activity, 273 bacteria were isolated

from various types of Kimchi. Strain K255 contained 386.37 µg/mL of GABA in MRS broth containing 1% MSG, 600.63

µg/mL of GABA in MRS broth containing 2% MSG and 821.24 µg/mL of GABA in MRS broth containing 3% MSG. It

showed that K255 had the highest GABA production ability compared to other commercial lactic acid bacteria. K255 was

identified as Lactobacillus plantarum based on its API carbohydrate fermentation pattern and 16S rDNA sequence. K255

was investigated for its physiological characteristics. The optimum growth temperature of K255 was 37oC and cultures took

13 h to reach the pH 4.4. K255 showed more sensitive to bacitracin in a comparison of fifteen different antibiotics, and

showed most resistance to kanamycin and vancomycin. Moreover, it was comparatively tolerant to bile juice and acid and

displayed resistance to Escherichia coli, Salmonella Typhimurium, Staphylococcus aureus, with rates of 30.8%, 29.7%, and

23.4% respectively. These results demonstrate that K255 could be an excellent strain for the production of functional prod-

ucts.
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Introduction

Kimchi is a Korean typical and traditional fermented

food. Also, it has been in the top five healthy food in the

world. Kimchi has abundant nutrient such as vitamin A,

B and C, minerals, high numbers of lactic acid bacteria

(LAB) (Kim et al., 2007). Especially, LAB number could

be extended during lactic acid fermentation in Kimchi. In

Kimchi fermentation, the major anaerobic bacteria are

Lactobacillus sakei, Leuconostoc mesenteroides, Lacto-

bacillus brevis, Lactobacillus plantarum, Lactobacillus

buchneri, Pediococcus pentasaceus, and Enterococcus

faecalis (Cheigh and Park, 1994; Cho et al., 2006). Kim-

chi has various tastes and functionalities by LAB which

release biologically active substances such as organic acid

including lactic acid and γ-aminobutyric acid (GABA)

(Hur et al., 2006; Kim et al., 2002; Oh et al., 2008).

GABA is a non-protein amino acid that is broadly dis-

tributed in nature (Manyam et al., 1981), and exists in

brain and spinal cord of mammal. As a major inhibitory

neurotransmitter of the central nervous system in animal,

GABA has several physiological functions such as anti-

hypertensive, diuretic, tranqulizer and anti-stress effects

in human (Jakobs et al., 1993; Vaiva et al., 2004; Wong et

al., 2003). Owing to numerous physiological functions of

GABA, development of functional products containing

GABA at high concentration has been actively performed

(Saikusa et al., 1994; Tsushida and Murai, 1987).

GABA is mainly produced from irreversible α-decar-

boxylation of L-glutamic acid (MSG), catalyzed by gluta-

mic acid decarboxylase (GAD), which has been found in

LAB (Ueno, 2000). It is expected that the ability to GABA

production depends on the degree of activation of GAD

which LAB has (Oh and Yu, 2011).

The aim of this study was to isolate and screen specific

LAB which has great ability of GABA production from

Kimchi for applying it to functional food products.

Materials and Methods

Isolation of lactic acid bacteria

Forty eight types of home-made and domestic Kimchi
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products were collected. Strain K255 was isolated from

Kimchi in modified MRS medium (Lim et al., 2011). The

strain was incubated in Lactobacilli MRS broth as the

growth medium at 37oC for 18 h.

Measurement of GABA concentrations

Sample preparation

Measurement of GABA concentrations was carried out

as described by Zhang and Bown (1997). The strain was

incubated in MRS broth containing L-glutamic acid

(MSG) at 37oC for 18 h. To measure the GABA concen-

trations, 100 µL of the sample was mixed with 400 µL of

methanol at eppendorf tube, which was then thoroughly

dried methanol at water bath set 70oC. After methanol

dried, 1 mL of 70 mM LaCl
3
 was added and mixed well.

After centrifugation (10,000 rpm/5 min), 700 µL of the

supernatant was mixed with 160 µL of 0.1 M KOH in

eppendorf tube and was agitated for 5 min. 200 µL of the

supernatant which was centrifuged (10,000 rpm/5 min)

was diluted 5-fold with 0.5 M potassium pyrophosphate

buffer. 550 µL of diluted solution was put in a cuvette.

Standard preparation and measurement of GABA

concentrations

①, ②, ③ and ④ were mixed and measured its absor-

bance at 340 nm (initial A). After measurement, 50 µL of

20 mM α-KG was added each cuvette and stayed for an

hour at room temperature. And then measured final absor-

bance at 340 nm (final A). Concentrations of GABA were

determined using the following formula:

Identification of strain K255

The properties of the strain K255 was investigated by

testing the Gram staining and microscopic observation

after cultivation on tryptic soy agar for 24 h at 37oC. Ber-

gey’s Manual of Systematic Bacteriology by Buchanan

and Gibbons (1974) was used to examine the morpholog-

ical and physiological properties of the isolated strains.

K255 strain was identified by using the 16S rDNA se-

quencing method. Chromosomal DNA of isolated strain

was separated by using SolGent Genomic DNA prep kit

(SolGent, Korea). The DNA extracts were used for poly-

merase chain reaction (PCR) with the universal primers

[27F (5'-AGA GTT TGA TCC TGG CTC AG-3') and

1492R (5'-GGT TAC CTT GTT ACG ACT T-3')]. PCR

were carried out in a programmable thermo cycler (Sol-

gent EF-Taq, Korea), with the following steps: one cycle

of denaturation at 95oC for 15 min, 30 cycles of 95oC for

20 s, 50oC for 40 s and 72oC for 90 s were performed.

Final extension was carried out at 72oC for 5 min. PCR

product purified by using SolGent PCR purification kit

(SolGent, Korea) was used for sequencing with ABI

3730XL DNA analyzer (Applied Biosystems, USA).

Growth of strain

The number of viable L. plantarum K255 was deter-

mined by serial 10-fold dilution in 0.1% peptone water. L.

plantarum K255 was inoculated 50 µL (9.6×105 CFU/mL)

into 150 mL of MRS broth. And then culture was incu-

bated to 3 h interval for 24 h at 34oC, 37oC and 40oC. All

pour plates were incubated aerobically at 37oC for 48 h

using BCP plate count agar.

Antibiotic tolerance

L. plantarum K255 was grown at 37oC for 18 h in MRS

broth and inoculated (1%, v/v) in Tryptic soy broth (Difco,

USA) supplemented with antibiotics (amikacin, gentami-

cin, kanamycin, neomycin, streptomycin, penicillin-G,

methicillin, oxacillin, ampicillin, bacitracin, rifampicin,

novobiocin, lincomycin, polymyxin B, and chloramphe-

nico; Sigma) at various concentrations of 2-fold dilution

step. Minimal inhibitory concentration (MIC) was deter-

mined by the checking the moment of the strain stop

growing after incubation at 37oC for 48 h.

Enzyme activity

The API ZYM kit (bioMerieux, France) was used to

study enzyme activity. L. plantarum K255 was grown at

37oC for 18 h on MRS broth. Sediment from centrifuged

broth culture was used to prepare the suspension at 105-

106 CFU/mL. After inoculation, cultures were incubated

for 5 h at 37oC. Placing a surface active agent (ZYM A

GABA

(mM)
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sam-
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GABA

0
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reagent) in the cupules facilitated solubilization of the ZYM

B reagent in the medium. Color was allowed to develop

for at least 5 min, and values from 0-5 corresponding to

the colors developed, were assigned. The approximate num-

ber of free nmol hydrolyzed substrate was determined based

on the color strength: 0, negative reaction; 1, 5 nmol; 2,

10 nmol; 3, 20 nmol; 4, 30 nmol; 5, 40 or higher.

Bile tolerance

Bile tolerance was carried out as described by Gilliland

and Walker (1990). L. plantarum K255 was grown at 37oC

for 18 h on the MRS broth. Culture of L. plantarum K255

was compared for their ability to grow in the presence of

bile by individual inoculation (1%) into sterile MRS broth

containing 0.05% L-cysteine with and without 0.3% oxgall.

After plating for initial counts, mixtures were incubated

anaerobically for 7 h at 37oC. L. plantarum K255 was then

enumerated again to test the survival rates after 7 h incu-

bation. All pour plates were incubated anaerobically for

48 h at 37oC.

pH tolerance

pH tolerance was carried out as described by Clark et

al. (1993). Solutions of 37% HCl in double-distilled water

were adjusted to pH level to 2.0, 3.0, and 4.0. Sterile dou-

ble-distilled water (pH 6.4) served as the control. 10 mL

of each pH solution were transferred into sterile test tubes.

1 mL of stock culture containing approximately 109 CFU/

mL of L. plantarum K255 using MRS agar containing

0.05% cysteine was then transferred into each of the four

pH solutions. The pH solutions containing L. plantarum

K255 were then incubated anaerobically at 37oC, followed

by intermittent plating after 1, 2, and 3 h to stimulate sur-

vival of L. plantarum K255 under pH conditions common

to the human stomach. Samples from the pH solution were

taken at 1, 2, and 3 h after the samples was suspended again

and subjected to serial dilutions. About 100 µL above

sample solution was spread onto the surface of BCP plate

count agar plates and incubated anaerobically at 37oC for

48 h.

Antimicrobial activity

Antimicrobial activity test was carried out as described

by Gilliland and Speck (1977). Escherichia coli KFRI

174, Salmonella Typhimurium KFRI 250, Staphylococcus

aureus KFRI 219 were from the culture collection of the

Korea Food Research Institute. Escherichia coli was enu-

merated on EMB agar, Salmonella Typhimurium on Bis-

muth sulfite agar, and Staphylococcus aureus on Baird

parker agar. All plate were incubated 48 h at 37oC. The

control and associative culture were incubated for 6 h in a

water bath at 37oC. At the end of the incubation time,

samples were removed and placed in an ice bath until

analyzed. The number of CFU of pathogens per mL was

determined using the appropriate selective medium and in

some experiments the pH of the samples was also mea-

sured. Percentages of inhibition were determined by the

following formula:

Inhibition (%) =

Statistical analysis

The results were expressed as the mean±standard devi-

ation (SD). The statistical analysis was performed with the

Statistical Package for Social Sciences (SPSS, SPSS Inc.,

Chicago, IL, USA). The significance of the differences was

analyzed by using one-way analysis of variance (ANOVA)

with Duncan’s multiple range tests. Value of p<0.05 were

considered as statistically significant.

Results and Discussion

Isolation of lactic acid bacteria

Forty eight kinds of home-made and domestic Kimchi

products were collected. Total 273 strains were isolated

as lactic acid bacteria from Kimchi in the modified MRS

medium.

Selection of lactic acid bacteria producing GABA

After incubation of MRS broth containing 2% MSG at

37oC for 18 h, Seventy five strains over 50 µg/mL of

GABA containing were selected from 273 strains by the

measurement of GABA concentrations. GABA concen-

trations of Seventy five strains were repeatedly measured

in triplicate. Nine strains over 90 µg/mL of GABA con-

taining were selected and incubated in MRS broth con-

taining 1%, 2% and 3% MSG at 37oC for 18 h (Table 1).

As a result, K255 was selected which contained 386.37

µg/mL of GABA in MRS broth containing 1% MSG,

600.63 µg/mL of GABA in MRS broth containing 2%

MSG and 821.24 µg/mL of GABA in MRS broth con-

taining 3% MSG. It was higher level compared to the

commercial strains which producing 5-30 µg/g D.W of

GABA. Bae et al. (2009) has reported that Lactobacillus

sp. OPK2-59 strain isolated from Kimchi produced 390

CFU/mL in control( ) CFU/mL in associative culture( )–

CFU/mL in control( )
------------------------------------------------------------------------------------------------------------------------------------- 100×
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µg/g GABA in MRS media containing 1% MSG. K255

strain was similar in GABA production ability to the Lac-

tobacillus sp. OPK2-59 strain.

Identification and DNA sequencing of selected strain

K255

The physiological and biochemical test was done to

determine the genus and species of selected K255 strain.

Selected K255 strain was non-spore, rod type, hetero fer-

mentative, gram positive bacteria and exhibited negative

properties on catalase and motility. Also, K255 strain can

grow at 15oC and 45oC. It does not produce gas and

ammonia from glucose and arginine so that it was identi-

fied as a genus Lactobacillus (Table 2). Identification using

the 16S rDNA sequencing method by the PCR of univer-

sal primer was result in the Lactobacillus plantarum with

possibility of 99% (data not shown). Based upon the result

of previous study, it has named as a Lactobacillus plan-

tarum K255.

Growth of strain

The number of viable L. plantarum K255 was deter-

mined by serial 10-fold dilution in 0.1% peptone water.

50 µL (9.6×105 CFU/mL) of L. plantarum K255 was ino-

culated in 150 mL of MRS broth. And then culture was

incubated at 34oC, 37oC and 40oC for 24 h by checking

3 h and highest growth rate was found at 34oC. The opti-

mum growth temperature of L. plantarum K255 was 37oC

and it has taken 13 h to reach the pH 4.4 under this con-

dition (Fig. 1, Fig. 2).

Antibiotic tolerance

It is very important for the probiotic strain can survive

in the antibiotic circumstance. Table 3 shows the tolerance

of L. plantarum K255 strain on the sixteen kinds of anti- biotics. L. plantarum K255 showed more sensitive to bac-

Table 1. pH and GABA content produced after incubation at 37oC for 18 hr in the MRS broth added monosodium glutamate and

1% lactic acid bacteria

Strains
1% MSG 2% MSG 3% MSG

GABA (µg/mL) pH GABA (µg/mL) pH GABA (µg/mL) pH

K13 86.70±12.41d 4.03 117.56±8.48def 4.18 187.71±4.69cd 4.4

K61 64.13±7.16e 4.07 107.76±12.66f 4.18 150.16±16.25e 4.42

K63 101.67±5.41c 4.05 140.42±2.82c 4.22 192.40±4.69c 4.37

K67 82.90±2.70d 4.05 128.99±7.48cd 4.43 154.86±4.69e 4.47

K71 89.16±4.69d 4.01 109.40±2.82ef 4.14 186.14±2.70c 4.44

K74 134.52±10.83b 4.13 212.27±7.48b 4.30 234.63±24.38b 4.43

K170 76.64±2.70d 4.04 94.31±4.96g 4.18 153.29±5.41e 4.44

K173 62.57±2.70e 4.15 120.78±7.58de 4.25 159.49±2.70de 4.55

K255 386.37±15.08a 4.13 600.63±4.96a 4.24 821.24±12.41a 4.49

All values are mean±standard deviation of three replicates.
a-gMeans values with different superscript within same proportion of MSG are significantly different (p<0.05).

Table 2. Physiological characteristics of L. plantarum K255

Gram reaction +

Cell type rod

Spore forming −

Motility −

Aerobic growth +

Anaerobic growth +

Catalase reaction −

Growth at 15oC +

Growth at 45oC +

Gas forming from glucose −

Ammonia production from alginin −

Acid production from

Glycerol − Salicin +

Erythritol − D-Celiobiose +

D-Arabinose − D-Maltose +

L-Arabinose − D-Lactose +

D-Ribose + D-Melibiose +

D-Xylose − D-Saccharose +

L-Xylose − D-Trehalose +

D-Adonitol − Inulin −

Methyl-βD-Xylopyranoside − D-Melezitose −

D-Galactose + D-Raffinose +

D-Glucose + Amidon(starch) −

D-Fructose + Glycogen −

D-Mannose + Xylitol −

L-Sorbose − Gentiobiose +

L-Rhamnose − D-Turanose −

Dulcitol − D-Lyxose −

Inositol − D-Tagatose −

D-Mannitol + D-Fucose −

D-Sorbitol + L-Fucose −

Methyl-aD-Mannopyranoside + D-Arabitol −

Methyl-aD-Glucopyranoside − L-Arabitol −

N-AcetylGlucosamine + Potassium Gluconate −

Amygdalin + Potassium 2-KetoGluconate −

Arbutin + Potassium 5-KetoGluconate −

Esculin +
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itracin in a comparison of fifteen different antibiotics, and

showed most resistance to kanamycin and vancomycin.

Kim et al. (2010) has reported that L. plantarum TJ-LP-

002 isolated from phakimchi was sensitive to streptomy-

cin sulfate but it shown high resistance to neomycin sul-

fate, spectinomycin dihydrochloride and lincomycin hyd-

rochloride. According to Rojo-Bezares et al. (2006), the

minimal inhibitory concentrations of antibiotics against L.

plantarum strains isolated from wine were, respectively,

the following ones: penicillin (0.5-4 µg/mL), chloramphe-

nicol (4-16 µg/mL), vancomycin (128 µg/mL), streptomy-

cin (16-512 µg/mL), gentamicin (32-128 µg/mL), kana-

mycin (128-1024 µg/mL). These results showed higher

susceptibility against antibiotics than L. plantarum K255

strain.

Enzyme activity

The enzyme activity is important for the selection of

probiotic strain, because microorganisms can produce car-

cinogenic enzyme such as β-glucuronidase (Beaud et al.,

2005). L. plantarum K255 did not produce the β-glucu-

ronidase. The enzymes produced by L. plantarum K255

were esterase, esterase lipase, leucine arylamidase, valine

arylamidase, crystine arylamidase, acid phosphatase, na-

phtol-AS-BIphosphohydrolase, α-galactosidase, β-galac-

tosidase, α-glucosidase, β-galactosidase, and N-acetyl-β-

glucosaminidase. Especially, leucine arylamidase, β-galac-

tosidase, β-glucosidase, N-acetyl-β-glucosaminidase acti-

vity was 5 degree.

This result is comparable trends to the report of Lee et

al. (2008) on the β-glucuronidase activity of L. acidophi-

lus A12. Also, the enzyme profiles of L. plantarum K255

strain were similar to the L. plantarum isolated from fer-

mented ewe’s milk (Medina et al. 2001) except alkaline

phosphatase and N-acetyl-β-glucosaminidase.

Bile tolerance

Bile salts are toxic effect for living cells, since they dis-

Fig. 1. Growth of Lactobacillus plantarum K255 in MRS broth

at various temperature.

Fig. 2. pH changes of MRS broth during the growth of Lacto-

bacillus plantarum K255 in MRS broth at various tem-

perature.

Table 3. Antibiotics susceptibility of Lactobacillus plantarum

K255

Antimicrobal

agents

minimal inhibitory concentrations

(µg/mL)

Aminoglycosides

Amikacin 160±0

Gentamycin 1280±0

Kanamycin 3200±0

Neomycin* 800±0

Streptomycin 1600±0

β-lactams

Penicillin-G* 160±0

Methicillin 320±0

Oxacillin 240±0

Ampicillin 320±0

Gram-positive spectrum

Bacitracin* 15±0

Rifampicin 480±0

Novobiocin 120±0

Lincomycin* 800±0

Gram-negative spectrum

Polymyxin B* 2400±0

Broad spectrum

Chloramphenicol 320±0

Vancomycin 3200±0

*units/mL.

All values are mean±standard deviation of three replicates.
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organize the structure of the cell membrane and bile salt

tolerance is considered one of the essential properties

required for lactic acid bacteria to survive in the small

intestine (Succi et al., 2005).

Fig. 3 shows growth curves in MRS broth or MRS broth

containing 0.3% bile. The log value of population after

7 h incubation without 0.3% oxgall was 9.1 but 8.6 with

the addition of 0.3% bile. Therefore, the survival rate of

L. plantarum K255 in MRS broth containing 0.3% bile

was 90%. This survival rate is relatively high compared

with the report of Kim et al. (2010) on the bile tolerance

of L. plantarum TJ-LP-002 isolated from phakimchi. The

survival rate of L. plantarum TJ-LP-002 in MRS broth

containing 0.3% bile was 54.76%.

Acid tolerance

In order to survive in the gastrointestinal tract, the strain

should express high tolerance to acid (Kirjavainen et al.,

1998; Lee and Salminen, 1995). To be a good probiotic, it

is necessary to survive in the pH lower than 3 so that it

could reach to the small intestine through the stomach

(Booth, 1985; Mcdonald et al., 1990). The acid tolerance

of lactic acid bacteria has been linked to the induction of

H+-ATPase activity (Matsumoto et al., 2004; Ventura et

al., 2004). Therefore, the variation in the acid tolerance of

the selected probiotics might be related to the difference

in H+-ATPase activity in the probiotics. Fig. 4 shows the

pH tolerance of L. plantarum K255. At the pH 2, The log

value of population had increased from 7.68 to 8.18 after

3 hours incubation. Bacterial growth of L. plantarum K255

at pH 2-4 was not increased significantly compared to pH

6.4. And this result is comparable to the result of Jeon et

al. (2007) that the cell density of 5.0×106 CFU/mL at pH

3 was decreased to 1.7×101 CFU/mL after 3 hours incu-

bation.

Antimicrobial activity

The antimicrobial ability is one of important property

for probiotics. The antimicrobial activity of lactic acid

bacteria may be due to a number of factors. Table 5 shows

Table 4. Enzyme patterns of Lactobacillus plantarum K255

Enzyme L. plantarum K255

Alkaline phosphatase 0

Esterase (C4) 1

Esterase Lipase (C8) 1

Lipase (C14) 0

Leucine arylamidase 5

Valine arylamidase 4

Cystinearylamidase 1

Trypsin 0

α-chymotrypsin 0

Acid phosphatase 2

Naphtol-AS-BI-phosphohydrolase 2

α-galactosidase 1

β-galactosidase 5

β-glucuronidase 0

α-glucosidase 4

β-glucosidase 5

N-acetyl-β-glucosaminidase 5

α-mannosidase 0

α-fucosidase 0

*A value ranging from 0 to 2 is assigned to the standard color,

Zero represents a negative ; 5 represent a reaction of maximum

intensity. Values 1 through 4 represent intermediate reactions

depending on the level of intensity. The approximate activity may

be estimated from the color strenght ; 1 corresponds to the libera-

tion of 5 nanomoles, 2 to 10 nanomoles, 3 to 20 nanomoles, 4 to

30 nanomoles and 5 to 40 nanomoles or more.

Fig. 3. Growth of Lactobacillus plantarum K255 in MRS broth

containing 0.05% L-cysteine with/without 0.3% oxgall.

*p<0.05 between with oxgall and without oxgall.

Fig. 4. Survival of Lactobacillus plantarum K255 after three

hours in HCl solution (pH 2.0, 3.0, 4.0 and 6.4). a-cMeans

values with different superscript within same time are

significantly different (p<0.05).
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the antimicrobial activity of L. plantarum K255 against

the pathogenic strains. L. plantarum K255 showed resist-

ence against E. coli, S. Typhimurium and S. aureus with

the rate of 30.8%, 29.7%, and 23.4% respectively.

Kim et al. (2010) has reported that L. casei CU2064 has

antimicrobial activity on the E. coli, S. Typhimurium and S.

aureus with the rate of 86.89%, 85.00% and 82.50% res-

pectively. L. plantarum K255 has relatively low antimi-

crobial activity.

Conclusion

LAB with great GABA production ability was isolated

from Kimchi. MRS medium containing MSG as a source

of glutamic acid was used in order to select the strains

with GABA-producing ability from the isolated strains.

Selected K255 strain was identified as Lactobacillus

plantarum by the result of API carbohydrate fermentation

test and 16S rDNA sequence. The optimum growth tem-

perature of K255 was 37oC and cultures took 13 h to reach

the pH 4.4. L. plantarum K255 could survive in the anti-

biotic circumstance with high concentration and didn’t

produce carcinogenic enzyme such as β-glucuronidase.

Moreover, it was comparatively tolerant to bile juice, acid

and displayed resistance to the pathogenic strains. These

results demonstrate that L. plantarum K255 could be an

excellent strain for the production of functional products

with GABA production.
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