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Evaluation of y-Aminobutyric Acid (GABA) Production by Lactic Acid Bacteria Using 5-L Fermentor

Na Yeon Kimf, Ji Min Kim®, and Chae Hun Ra*

Department of Food Science and Biotechnology, College of Engineering, Global K-Food Research Center, Hankyong National University,
Anseong 17579, Republic of Korea

This study aimed to optimize gamma-aminobutyric acid (GABA) production by employing five strains of
lactic acid bacteria (LAB) that were capable of high cell growth and GABA production using a modified
synthetic medium. GABA production in the strains was qualitatively confirmed via detection of colored
spots using thin layer chromatography. Lactobacillus plantarum SGL058 and Lactococcus lactis SGL027
were selected as the suitable strains for GABA production. The conditions of the carbon and nitrogen
sources were determined as 5 g/l glucose (L. plantarum SGL058), 5 g/l lactose (L. lactis SGL027), 10 g/l yeast
extract (L. plantarum SGL058), and 20 g/l yeast extract (L. lactis SGL027) for GABA production. The cell
growth, monitored by optical density at 600 nm, was 5.93 for L. plantarum SGL058. This value was higher
than the 3.04 produced by L. lactis SGL027 at 36 h using a 5-L fermenter. The highest concentration of
GABA produced was 546.7 pg/ml by L. plantarum SGL058 and 404.6 pg/ml by L. lactis SGL027, representing
a GABA conversion efficiency of (%, w/w) of 4.0% and 3.4%, respectively. The fermentation profiles of L.
plantarum SGLO058 and L. lactis SGL027 provide a basis for the utilization of LAB in GABA production
using a basal synthetic medium.

Keywords: Rice bran, pre-column derivatization, y-aminobutyric acid, Lactobacillus plantarum SGLO58, Lactococcus lactis
SGL027
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2R of 7% ¥ 7HA]| 1L 91+ 2-hydroxynaphthaldehyde
AleFo 2 &% A 3 (pre-column derivatization) X3 3s+ =
GABA 5= BAH4TH ¢ 1 GABA AISSo] 94
et Akt S 0] 85t 5-L Tav]oA a&3<Ql GABA
Aol gigk A+E P53

ERTETE

AHea7 2 AUAR

Aol AgE §At Lactobacillus plantarum SGLO5S,
Lactococcus lactts SGL027, Lactobacillus rhamnosus
HWL201E= St Z 2u}o] QE|A L3 (Korean Culture
Collection of Probiotics, Korea)o| A £ gro} AL-E-3}1%
ok, E3t Lactobacillus casei KCCM 12452, Streptococcus
thermophilus KCCM 40430= Ah3t=3a@ 3] £4 sh=n]
A2 B Z A E] (Korean Culture Center of Microorganisms,
Korea)ol| 4] Bgol ARG8T 559 fAlts o83t
GABA Q458 S HESHH oW, GABA B4 S &st=
v 0 & Difeo™ Lactobacilli MRS broth (Becton, Dicknson
and Company, USA)E ©]L3l9 1% (w/v) monosodium
glutamate (MSG)7} Z3HH iR E A28k ARSIt 4
ol AFEE A FEL reagent grade®Z Sigma Chemical
Co. (USA)ZH¥| Fufs}ic}.

Thin-Layer chromatography(TLC) £4J4HH

5%9] QAo 3 seed culture= MRS broths
100 ml flask (working volume 30 ml)of|A] 121°ColA 158
7+ A3 v A2 AHE-5FS 21, shaking incubatoro] Al 30C
oAl 150 rpm & 2 24 h vj skt 55 fFAbtS o]&
3lo] GABA AJAsE-E vlwslr] 98 250 ml Erlenmeyer
flask (working volume 100 ml)ol|A] 10 g/l MSG7} $-7-¥
MRS brothS A|Z3}5.0 1, o]of seed cultureof| A vl %3t
TFE 5% (v/v)9] FOo 2 JFoto T2 vig 2ACE 72h
e HaE APt

MSG % GABAS] A4S A3l dej7t A= 399
TLC plate (Merck, Germany)E A&, TLC AN &=
AFzF chamber (30 cm wide X 10 cm deep X 27 cm high)o]
A 439519 tt. A7)-8f= n-butyl alcohol:acetic acid:watersS
5:3:2 (viviv)d] v &2 &3] chamber¢tol] A7t A
2014 3h o4 TAATH MSGS GABA EE WE
(standard)& 0.1% (w/v) =2 TLC plate o} 15 mm &
= AANA 2 WE AASEAL, 5FY FAE TaAS o
T A5HE 2 wE AAST A4 9| TLC plate
g o AL, A7 B TLC plate= 50T
oA AxA 7tk AZH TLC plateo] 2A A| k<l

Y u% r
ry, AL
o=

B
N
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0.2% (w/v) ninhydrin €8 2|3}, 5-1025¢F 2 A
2 % R 459 MSGSF GABA spot B15}9e

g @ 42U FR9) w20 ©E GABA At A3}

One-Factor-at-a-Time (OFAT) ¥ [8]& o] &3t tf&
S MeES LA A T, o e g /j Y] Hant Wt
Al7|H A GABA A9 3 g3lstqich. GABA Ha=
250 ml Erlenmeyer flaskol| 4] working volume 100 ml2
2 307, 150 rpm, 72 h 5 33} T} Sucrose, galactose,
glucose, lactose, fructoseS 212} 20 g/l synthetic medium®]]
F7bote ooz ARSI o] AeE o] of
3 2.5-30 g/l =2 synthetic mediume®] #7}38t 5, &g
g gAY S8 I 3 A4 soytone, yeast
extract, tryptone, beef extract, NH;NOs, NH,ClE& Z}+7Z}
20 g/l2 synthetic medium®l H7}5t & GABA AAEFo] &=
S Aags st 223 5-40 g19] oY FEE
Z}Z} synthetic mediumol| A7}t A3t 24Y 55
31t HA7F viRRA S 2 1 g/l ascorbic acid (vitamin
C), 5 gl KHPO,, 0.25 g/l MgSO,, 30 g/l MSGE 2712
w2 o] H7bskdeh.

5-L $57]E |43 GABA A4t

Bwa#5= L. plantarum SGLO058Y} L. lactis SGLO27S
AF8-3}th Seed culture:= modified synthetic medium-&
250 ml Erlenmeyer flaskol| 4] working volume 150 ml2&
24 h 5 Wi g, frAatdS o] &3 GABAT A& 5-L
93 7] (BIOCANVAS LF-5, CENTRION Company Ltd.,
Korea)©f| A working volume 3 LZ 307, 150 rpm, 144 h
T UEE S5 5-L g E iz 2442 5 g/l glucose
or lactose, 10-20 g/l yeast extract, 100 g/l rice bran
extract, 1 g/l ascorbic acid (vitamin C)2.2, 7} A&
22 5 gl K,HPO,, 0.25 gl MgSO,, 30 gl MSGE wa
Fatste] wjzlo) H7tstgict. 4 Aztmitk A& E A3 st
of HPLCE AR8-ste] A€ GABA =5 243t

GABA A3t & (Eae, %) o A (D2 Uehd 4= Sl

Egc (%, wiw) = [(GABA);n/ MSG)]cons X 100 €y

714 [GABAJpn At HEZ A BEH= HF
GABA9| 5= (g/)°|™, [MSGleonsi= fritt HE T AMSHE
& MSGE FE(gheltt.

2oy
MEQ] AL UV-visible spectrophotometer (EMC-
18PC-UV, EMCLAB®, Germany)Z ©]-€3}o] 600 nm®] A

SIAE 243t §- A (pre-column derivatization) ¥



He A& 1mlo 2-hydroxynapthaldehyde (2.5% in
methano)E 1 ml A7}3t & borate-NaOH (pH 8.0)
0.5 ml& A7k o5 85C 244 1587 BH3A17]
T A2oA st ¥hg-A 20 methanol 2.5 mlE 3
7tete & A2YFS 5 mlZ 23 o]& HPLC (Agilent
1200 Series, Agilent. Inc., USA) BA& A33tch
GABA%} MSG &% HPLC UV AZ7](254 nm)E ©]&
stgtt. AYE& SUPERSIL ODS I-C18 column (250 X
4.6 mm)yS AMESIY 2% 30T, ©]FA acetonitrile(A)2}
0.1% acetic acid (pH 4.8) (B)2 gradient 2742 0 min,
B) &A 75%; 2 min, (B) &Y 75%; 32 min, (B) &
40%; 45 min, (B) &N 75%°0 2 FLatgct. 181 §&&
0.8 ml/minZ &3 A|EE 52 min 5 B35 AH2
T ZHE BMHE GlolElE ALE et} AT EZEHAH(mean
+ SD) oz maAsYt.

1 2 3 4 5 6 7
Fig. 1. TLC analysis of MSG and GABA contents from five LAB
strains. Lane 1, GABA control; lane 2, MSG control; lane 3, L.
plantarum SGLO58; lane 4, L. lactis SGL027; lane 5, L. rhamnosus

HWL201; lane 6, L. casei KCCM 12452; lane 7, S. thermophilus
KCCM 40430.
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R
GABA A4 w5 84l

L. plantarum SGLO058, L. lactis SGL027, L. rhamnosus
HWL201, L. casei KCCM 124529} S. thermophilus
KCCM 40430 5 539 A4t 93 YA E2 GABA ¢
2 H3LE 243H7] Y3, 1% (wiv) MSG7F g9 Z+2+e]
MRS broth H& E(72 h)y& 343 & A4 E8sto] ¥
B TLC BATHL ol S5k FHLH SethFig
1). 2 A3} L. plantarum SGLO058 (lane 3)3} L. lactis
SGL027 (lane 4)°4 GABAZ} A HE AL 2 5= 9190
o, watA L. plantarum SGL058} L. lactis SGL027E
GABA 4580l S48 FH2 4% A=

Fig. 2(A)= MSG2} GABA A£2] HPLC standard peak
o], Fig. 2(B)= synthetic medium& ©]23F LAB & o]
A MEL S A3} (pre-column derivatization) 3t §] MSG
9} GABA 5= & &% HPLC 4 Z 10|t} Fig. 2(A)
Al standard -£94 2] MSG= 5.06 min®||, GABA= 12.57 min
o peakE &3ttt E3§F Fig. 2B)olA synthetic
medium YaE2 MSGE 5.04 min®l], GABAE= 13.00 min
o peakE ZQlstrt.

had 9 Ao whE wjR] 24 A3

4o w2 wjR AL sucrose, galactose, glucose,
lactose, fructoseE Z}Z} 20 g/l2 #7}3t synthetic medium
< 250 ml Erlenmeyer flasko| A working volume 100 ml
5= 307, 150 rpm, 72 h S &8 & A3ty 1 23}
Fig. 3(A) A L. plantarum SGL0582 glucoseol| A 7}4+
=& 3381 pug/mle GABASZE A4S, L. lactis
SGL027 lactose| Al 7} =2 111.4 png/mlo] GABAE

o)
08

1400 GABA

bl

mAU

Fig. 2. HPLC chromatogram of 2-hydroxynaphthaldehyde derivatives with GABA and MSG. (A) MSG and GABA standard, (B) L.

plantarum SGL0O58 fermentation broth (48 h).
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Fig. 3. Effects of the carbon sources (A) and concentrations on GABA production by L. plantarum SGL058 and L. lactis SGL027.
The initial basal synthetic medium composition was 20 g/I carbon, 20 g/l yeast extract, 100 g/l rice bran extract, 1 g/l ascorbic
acid, 30 g/l MSG, and nutrient supplements. The pH was 6.0, the temperature was 30 C, and fermentation was conducted for 72 h.

A Arst k. weEk A Lo plantarum SGL058S BFAY
glucose2, L. lactis SGLO27-2 &4 Y-S lactoseZ ZHZ}
g3le] 2.5, 5, 10, 20, 30 g/l 59 &4 Y = AYS A3
stttk 1 AT Fig. 3B)\A L. plantarum SGL058
5 g/19] glucoseol| A 460.0 ug/ml®] GABAE A4S,
3t L. lactis SGLO27% 5 g/19] lactosel| Al 142.6 ug/ml2]
GABAE A4 th. L. plantarum SGLO58Y} L. lactis
SGL027 #F 25 B4 Y 527l 271842 GABA 5 &
7} Zaste AEgE YUt o= Wang [9]9] =F A
Lactobacillus brevis NCL9127} W2 =9 8495 AL
513l o GABA =7} S718tthe AdZ et YA|gtet.
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2Y 528 5 gI2 AEs

AAY AL glucose (L. plantarum SGL058)%} lactose
(L. lactis SGLO27) =5 5 gll& 1ATE T, soytone,
yeast extract, tryptone, beef extract, NH;NO3;, NH,Cl 5
9] AAYSE Z+7Z 20 g/lZ synthetic mediumof A 7}3F
GABA AtgE vl 2484l th(Fig. 4). Fig. 4(A)°ll A L.
plantarum SGL058Y} L. lactis SGL0272] &ra Ay} A4
9 3 yeast extractol| A Z+Z 457.4 pg/mla} 203.5 pg/mle.
2 71 £2 GABA A4S LRIt Fig 4B)= 949
£ yeast extract® TS T, 5-40 g/19] yeast extract ¥
T £ synthetic medium®] Z}Z} H7pste] A3t yeast
extract =5 HstAt. 1 A1} L. plantarum SGL058
2 10 g/19] yeast extracto] A 500.8 pug/mle] GABAS AJAF
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Fig. 4. Effects of the nitrogen sources (A) and concentrations on GABA production by L. plantarum SGL058 and L. lactis SGL027.
The initial basal synthetic medium composition was 5 g/l carbon (glucose or lactose), 20 g/l nitrogen, 100 g/l rice bran extract, 1 g/l
ascorbic acid, 30 g/l MSG, and nutrient supplements. The pH was 6.0, the temperature was 30 C, and fermentation was conducted for

72 h.
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33, ¥t L. lactis SGLO27-2 20 g/19] yeast extracto]]
Al 234.3 pg/ml®] GABAE AAMst it whaba AL
yeast extract®] H7}Fo] 10-20 g/l 5% ©o]A =754
GABA AAto] ZOIEL S 918 % 9T ol Kook
[10]9] =FoA ©¥F3t lactic acid bacteriaE ©]&3t
GABA A4 v R 24 5 yeast extract’} 3-10 g/loflA] #|&
o Yot FEE ROHD JE AT ST AFE et
. gabA 2 AFNA L plantarum SGL058%} L.
lactis SGL0279] yeast extract =5 2t} 10 g/19} 20 g/l
2 Adgstglot.

fihtE o83 GABA I3
GABA ¥ 8= L. plantarum SGL058%} L. lactis SGLO27TS
30 g/l MSG7} %+ modified synthetic medium©.2 5-L
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fermentorg ]85t 324 LEE AT} Fig. 5(4)
+= L. plantarum SGL058F 30T, 150 rpmS.Z 144 h &
Qb a3 AFtoln], 36 h F<F Al EZ Y7 (optical density)T}
pH®] ¥W3}t= 247} 5.93 (ODgoo nm) ¥} 4.3 2 UEFOH,
ol ¥ra g E]7} stationary phaseZ A3}t &d 36 h
o|% pHE o7t S71st A, *1]375 /37¢-& 96 hojl 5.939]
A 4928 Za5HATh Wang [9]914 FAtES &3
GABAY R 773 & pH7} A 77}?_]"3]' 78 %t vkl
o, o= glutamic acid decarboxylase (GAD)o| 2|3t
decarboxylation® 2 MSGE GABAZ A3slHA] o]Ats}et
2(CO)9 AT 2HHY 28|7F FAJo Yojut v g
Wl pH7F 78tk B g J8a 2 72 haet
MSG7} 13.6 g/l AH|E% 1 GABAE 546.7 pg/ml AL
Heu o|F faste FAFS UEHW ok E3F MSG 5=

A 404 800 10 r 7.0
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Fig. 5. Comparison of the fermentation profiles of the L. plantarum SGL058 (A) and L. lactis SGL027 (B) strains with modified

synthetic medium in 5-L fermentor.
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£ 36 h o] AY AR gston, HF GABA Hg
& (Eac, %) 4.0% (wiw)Z A=At S, ot A5
A2 ¢l Kimchi [11], cabbage pickle [12], honeybees [13],
cheese [14], yogurt [15] S22 X ¥ B3t L. plantarum
FZ=E0] GABA AL 200-800 pg/mle] oA B AT
o} AR WS AT ATE0| HiET Yok, 3, e LAB
(e.g., Lactobacillus brevis (RK03, CRL2013, GABA057;
23.4-62.5 gM), L. paracasec NFRI7415 (31.1 g/l), L.
buchnert MS (25.8 g/l), L. rhamnosus YS9 (19.3 g/))
[16-21]9] =2 GABA A4t 5of H|3| & A4 AL
H L. plantarum 452 GABA A 5= 9 £8-2 73|
Sths AL € 4 AT ol2g GABA 529 Xol= Z+
7] T Akt B4, 7138 5, wiA 24, MSG 5%, pH,
Z ul) 4| (pyridoxal phosphate, PLP), @& %74, GABA &4
W 59 oy a0l Jlon, g% ol byt 2l
S0 et oA D vAYZ A A7 22T A
o= woHd.

Fig. 5(B)= L. lactis SGL027E 30T, 150 rpmS 2
144 h St @ a3t Aol A EA A (optical density)T}
pHQ] H3}= 24 h B9 2+ 3.04 (ODggp nm)&} 4.422 L}
Elt o, o|uf| stationary phase 2 A3t o] F A EAAH
o] 2.38 (ODgop nm)7HA] A3 ZH4stglt. viz] el pH ¥
3= Fig. 5(A)%F A AFS Blen, Hadty 5 pH
Hste U, AU TY A2 o] F& o] FFE |
A7) gzofl nAYEY FAT GABA thAtz o I3 7]
FE AR #ddEgd EF fAFY GADE fiREE
pH 4.0-5.0014 & 9] &4 H]lthe AtA et dA|st
FTh22]. 282 E¢E 96 h'st MSGZF 11.8 g/l &H|EH
GABAZE 404.6 pg/ml AASIT oju £ GABA 3t 4
E(Eac, %)< 3.4% (wiw)E YEFY AT o]= Hwang &
[23]°ll A AXZHEE B Lactococcus lactis (K339-
K1006) #3 &< o]&3] MRS 8] A] (5% MSG, 48 h)oj| A
GABA HEE £33 23}, 0.08-9.60 mM (8.2-990 pg/ml)
o GABAZ AAkstg s, ok ¥ A7 Antet fA1 2
32w

o OF
L =

S A+ L. plantarum SGL058%} L. lactis SGLO272 £
B OFAT W4 ol83tof B49 4 2299 $5% 5
Lo s AEE APttt £ TLC EAHHS 53
GABA A58 o| &43 #+5 L. plantarum SGL0O58}
L. lactis SGL027E A3 At F #FE o|&3t9 77
5-L @a7|o]A 546.7 ug/ml (L. plantarum SGLO058)1}
404.6 pg/ml (L. lactis SGL027)2] GABAS AJAFSIS T o]
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