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Abstract

Gamma-aminobutyric acid (GABA) is a functional component with physiological
activity that helps to protect the liver from blood pressure reduction and alcohol
damage, and is known to be widely distributed in various vegetables and fruits. In
this study, a fermented rice syrup with enhanced GABA content was developed. The
improved syrup was prepared by adding monosodium glutamate (MSG) to saccharified
rice and using a complex of three types of lactic acid bacteria (Zactobacillus brevis,
Lactobacillus plantarum, Leuconostoc mesenteroides) with excellent GABA pro-
duction ability. The physicochemical changes of the fermented rice syrup were
measured, and the final pH of the product was 4.7 with a total water-soluble solid
content of 22.1 °Brix. Of the dissolved solids, glucose (39.6 mg/ml) and maltose
(12.7 mg/mL) were the main components, and it was confirmed that all MSG was
converted to GABA. From the experiment, it was established that the rice syrup
obtained from secondary fermentation of saccharified rice is suitable as a beverage
base. The fermented saccharified rice syrup was differentiated from conventional
rice fermented products which typically use yeast and acetic acid bacteria in the
production process. The enhanced fermented rice syrup produced in this study was
made using lactic acid bacteria in the fermentation and saccharified rice.
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GABA /0| ST UBH QMT U LEY HE
w3 S o, S71E A, Bl B 37t St 2 o)y
zot

R 5 JYRY F5E Wtk SREEE AStAlY
SRR AESH olf 7Is48E S7HIE & S
(Das et al., 2020; Di Cagno et al, 2016). ¥aAEo] st
THilo] FoAHA Bso] & URARE tieh A+ /e g
AT AEolA 71 ol AgERE mIEE ftt(lactic acid
bacteria)oll = ZZHo] 2 E Aot FANES Tt AlEe A
Aksl7] 918l FAKE, oFd, A2l Soll AREE|ITHBevilacqua er
al., 2016).
FE2 AP 3ehd SRtERE dHA A FARE ot SR
AEofA 7154E 7 SRME 2HA|Z AR (Di Cagno et
al, 2016). AARCE &2 202 PAE| T LH|gich ELH 2
< ZZHPO|QEIA} S HHAA| fibd-g A=l R4 B4t
S Z7M47]2(Hong and Ko, 1991), ¥d 7] & Jsiiz}
AR R Tk ZaE U S7HI7IH, g3 o= 4HRE
A & %& AoltKKim er al, 2017).
GABA(gamma-amino butyric acid)= AFdAlof| BXL5H= vt
7 opn|iAte] AFolH, ER-FEOA B} Aol EAsH= Al
73 Ag E4 5 ofolth. E3F Ho] RE /ISt B kA
350l S7HEL, HO| tiAl T o8 A51e] A mAlE AME
Q(Oh et al, 2002; Xing et al., 2007). &S E4Lo13E, &
S E95A 43t it o, Y, 25 93t 5 A7
of 7154e Ui Z10% BHelom(Lim and Kim, 2009),
GABA9] 57} §43] ZastAY ggo] £o1E o= HEo]
U 7™ 5o HA¥skaL, of=gt dAdo] A&EH 7, A 5 4l
730l E A4 AeE 4o 4= AtKShelp er al, 1999).
7123 Pol g 2 oA HAZH A FHE A6k, ke &
ol Bihs WEe 18 Aok 83 = ol B 5 o2t
A A2 22 Rtk T1efuy AlEolA 9] GABAE Hot &r, =3t
5ol o4 nvﬂcﬂ UARE, oFej A8 570l Elglo] ghdol &
ofA] URFAQl AF= GABAS] A2jat8-2 7|diol7|= ofHtt.
GABA9] EHF* At TRt A7E Ehls] ZIgE o] o, A
GABA9] Zfolli= A8 51, AL 5 F2R8o] Qlo] aAiS
o-§sto] GABAE Ak Sl A 7S shal glov, ofA7t
A= 480] BTHLim and Kim, 2009).
2 A A BRAE ARES o 8RB E TRdo s Hgst
o] o|s}etd] B/ SISt Fikd A RN S& Ho]A9
7Fs/dS ERlstoitt. E3E ofuff & IaH A xA
< #7Isto] GABA k& =9t

| glutamic acid

/\
©

o] AE|F)olA A

e & I x| Y 2
ggele, Fageials BIae] 7ol 30%, 40%7F =7
stof | ARK36 h, 72 h), ¥E 2E=(30C, 400)E th2A o

RAZAT, oftt F 25T 7247 SHAA HE LA
w9l
& golol SRS YN TS WEo BEA 252 A8

e A AE 350 25, Al 105, 2 65, 8% 1052 vioF
ok ZolH, T84 Be 24kt 350 % st Aol ojnf IR
Al Boll AR Rikt2 AXZHE GABA BAksdo] 9351 +
ZF2 Lactobacillus brevis (KACC91548P), Lactobacillus plan-
tarun{KACC91549P), Lactobacillus mesenteroides (KACC9
1547P)E ol-8st3ict. & F31H(50°Brix) 30 mLof| 2ol 21.6
mLE Higste] 35ColA 48417 vijeket =, sl 8,000
rpmolA 3087 ARttt wigd A HE filter paper
(Advantec No.1, Advantec MFS, Japan)Z oI5t
GABA”} 3hsl ' 4 ool vis7] 9fsf & 331 (50°Brix)
30 mLoll f4E BEE EH 30 mL, 1 g monosodium glu-
tamate(MSG)E Hikote] 35ClA 48A1F HasIGIT,. Had
< 8,000 rpmOllAl 307t AAEE Sl HigY AFHHS
filter paper(Advantec No.1, Advantec MFS, Japan)Z o7}5}
At o & A& gsiol 1 17 100 mL FadS Arisied 35T
oflA 24417k ,—-_}‘ 5 E} 4}- g 70TCoqA 1AI7F 52t B
AJofo] At F4E& AR 7, 8,000 rpmollA] 3087 YAEE] U
ofiE st HF R J‘ﬂ 2 HaRE Azt

GABA 2l =M

AT E dFgolo] GABA A4l oJHE Blolsly] 9Jelo] ol 38
utE 13| 5(TLC, thin-layer chromatography) #4& o]&3}
Act. ¢F0)E TLC plates ARSI ™, Samples 5 ul ¥ £
ot AAEE Bl AZMAFSE A788H= n-Butanol:
acetic acid:D.W = 3:2:10] H=Z FH[s}¢loH, 2 guj=
0.4% ninhydrin-acetone £9-& #4519t AZ/NAZ] TLC=
AAIZ] & 110C B4 1087 T2 AlZ}sioint

Curr. Top. Lact. Acid Bact. Probiotics 2020;6(2):56-63 | 57



5
&&

H

ﬁ“

“KSLABP

g & gololo] GABA 9] FREAS 5] oA | &
F3}HLS p-phthaldialdehyde(OPA)E o835t FEAISHE <+
Pa19la, olF 14 WA IZrPE I (HPLC, Class-VP10,
Shimazu, Japan)& ARgst] 24513t} OPA F-EAISk= 0.4
N borate buffer(pH 10.4) 25 pLof 0.45 pm syringe filter2
ojrjst gl 5 uL9 OPA reagent(Agilent Technologies
Germany) 5 plE 92 5 204 5E7F FAelct. 1 &

<= 330 pl & F7I5te] HPLCE EAol9int. B4Eye
Echpse AAA AHH(4.6%150 mm Ld. , particle size 3.5 gm,
Agilent Technologies)& ARSI} Detection wavelength
£ 338 nm, 29 &= 40CE AAsI

Zorbax

d

="

U & 9ol GEld ¥R high performance anion-
exchange chromatography(HPAEC, ICS-5000, Dionex, USA)
< o] &3t Ha & F3lolS 0.45 um syringe filters o]-&
oto] BSES AAT 3 HPAECO 25 plE FYata olF &
2= 150 mM sodium hydroxideNaOH)(W)2} 500 mM
sodium acetate(B)S ©]-€351311, A €ujojA B | A¥=E
TS 94 1.0 mL/min°& F3It}. HPAECE Dionex model
DX-600(Dionex, USA)& ARE5% 1L, Detectore= ED50 elec-
trochemical detector(Dionex)Z, AHL CarboPac™ PA-1

A8t

Qo s &

colume(250 X 4 mm, Dionex)&

O™ EM =X

pH &7 pH meter(ORION, model 520A)8 AR&ste] S7st

Zt4M
(k<ku!

- Inonge Noni Siziya - MiSS

phenolphthalein-ethanol ZJA|2FS 2~3%& 718kl 0.1 N-

NaOH8 0= 53} 27gsto] 48] mL =] et 74t 3

Fo g Akl

EI= A|&E Spectrophotometer(V-650, Jasco, Japan)< ©]
8519 590 nmellA absgkE S35t

2t

safol Afo| THat A%

| ZPaslolS A g o 71eko] 30%, 40%7} &
A “6}0% SFEAIZH36 hr, 72 hr), ELEBROT, 400)E thEA
sto] YRAIZD, o7t F 25CofA 72417 S/A1A aHE T
= & &4 EAZ oIt 36AKE Hagt & 3] F4E
/3 A3z Table 10 YeHSIEE. pHY| A, ozt ME ofx}
39 Fhol] 7Rk UElloH, AHeo] 739 ofx} 9] gho] Yo}
AH, E9] §- ofz} 9] Zho] WolklS Ueht ofxt 29] i3t
< k9 glo] & o8 Wk Yeilth 1=l 7241

%A gl £4 E4 2= Table 29 YeFHRIT. 724]
7ro] 73§ A DH— ofx} $9] gro] 7kl o, Al 2 &
ofA|m, 9| 7§ ojx} $9] Flo] WolxlE Ut ofx} 2.9
W3l 5 B glo] & Fo = BISRES Uehfo] A= 36
AREE 72417 R A7) W $9ke] Fo]7F 22 ks YE
Wiolch & Fateiat tEo] 3 Follo] A Ank= Table 3,
4o Yerlilch. 1 A3, “ﬂ‘”’ F2lH o] HalSolof 22 ko
2 o3t 39 A3} gt F pHe S7Rk UEhH, 4= g
oS YeP UL}, Leuconostoc mesenteroides?t A A&

Ak oF &n] g3l4o] pHe vl 9AIE °1F pH 3.63°& F43| &
AEEEE AR 10 mLE F5t] S7E 38 AR = 1% 4% Fof BiF 15A1t0l| pH 3.57& #AAsiylon, APites
Table 1. Characteristics of 36h fermented rice syrup
Before filtration After filtration
Sample” pH Acidity Turbidity pH Acidity Turbidity

A1 3.59+0.23%29 0.96+0.15° 3.3740.14° 3.64+0.13° 0.80+0.04° 0.34+0.13°

A3 3.260.11° 1.69+0.21° 2.860.02° 3.37+0.05° 1.32£0.12° 0.100.06°

A5 3.58+0.01° 1.110.08 3.4120.11° 3.69+0.04° 0.97+0.03° 0.16£0.15™

A7 3.29+0.04 1.7620.06° 2.82+0.24™ 3.43£0.13° 1.44%0.08° 0.16+0.24™

" A1: mixed starter culture content 30%, 36h fermentation at 30T, A3: mixed starter culture content 30%, 36h fermentation at 407, A5: mixed
starter culture content 40%, 36h fermentation at 30T, A7: mixed starter culture content 40%, 36h fermentation at 40T.

2 Values are expressed as mean # SD (n=3).

% Values with different letters within the same column (a-c) differ significantly (p<0.05).
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Table 2. Characteristics of 72h fermented rice syrup

Before filtration After filtration
Sample" pH Acidity Turbidity pH Acidity Turbidity
A2 3.330.05%29 1.65£0.02 3.390.13° 3.410.01° 1.420.05° 0.120.13°
A4 3.12+0.11° 2.1820.06° 3.19+0.24° 3.2520.11° 1.99+0.01° 0.16+0.11°
A6 3.3520.06° 1.78+0.08° 3.200.05 3.450.04° 1.59+0.06° 0.1840.03°
A8 3.1420.13 2.34+0.22° 3.190.02° 3.280.13° 2.030.06° 0.21%0.05%

" A2: mixed starter culture content 30%, 36h fermentation at 30C, A4: mixed starter culture content 30%, 36h fermentation at 40C, A6: mixed
starter culture content 40%, 36h fermentation at 307C, A8: mixed starter culture content 40%, 36h fermentation at 40T.

2 Values are expressed as mean + SD (n=3).

% Values with different letters within the same column (a-c) differ significantly (p<0.05).

Table 3. Characteristics of 36h fermented glutinous rice syrup

Before filtration After filtration
Sample" pH Acidity Turbidity pH Acidity Turbidity
B1 3.58+0.21%9 1.050.08° 3.65£0.01° 3.7120.11° 0.8620.02° 0.28+0.04°
B3 3.330.03° 1.65+0.06° 3.730.01° 3.510.02° 1.32+0.01° 0.1740.01°
B5 3.62+0.11° 1.24£0.05° 3.900.04° 3.77+0.06° 1.01£0.01° 0.300.05
B7 3.35+0.04° 1.78+0.21° 4.59+0.03 3.53+0.03° 1.44+0.06° 0.17+0.06°

" B1: mixed starter culture content 30%, 36h fermentation at 30C, B3: mixed starter culture content 30%, 36h fermentation at 40T, B5: mixed
starter culture content 40%, 36h fermentation at 307, B7: mixed starter culture content 40%, 36h fermentation at 40T.

% Values are expressed as mean = SD (n=3).

% Values with different letters within the same column (a-c) differ significantly (p<0.05).

Table 4. Characteristics of 72h fermented glutinous rice syrup

Before filtration After filtration
Sample” pH Acidity Turbidity pH Acidity Turbidity
B2 3.34+0.01%29 1.8820.01° 3.75+0.08° 3.49+0.06° 1.53+0.18° 0.19+0.04%
B4 3.2120.04° 2.13£0.01® 3.59+0.04° 3.390.02° 1.860.25" 0.24+0.03
B6 3.40+0.03° 1.92+0.02° 3.8520.03% 3.56+0.27° 1.59+0.07° 0.24+0.08°
B8 3.24+0.01° 2.34+0.217 3.91+0.19° 3.40+0.04° 2.03+0.03° 0.22+0.19%

" B2: mixed starter culture content 30%, 36h fermentation at 30T, B4: mixed starter culture content 30%, 36h fermentation at 40T, B6: mixed
starter culture content 40%, 36h fermentation at 307, B8: mixed starter culture content 40%, 36h fermentation at 40T.

% Values are expressed as mean + SD (n=3).

% Values with different letters within the same column (a-c) differ significantly (p<0.05).

A&H o= F71510] 0.40%0 =23IiHt. of= /lste] B AR GABA & &M

of wbe AAteE ALl A1d= B #oAAL, o Hlste]  GABA 3ol & =
pHE 2 207l 22 & & AUHKim DC, 2011). TWo| 2%, Al 10%, 24 63, AR 1058 BrEo] gagt
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= [e]
F AR E TRHB) 23FE SRIoIQIch B e A9 4
=2 I8 BO| GABAYA 58 Rl ] Sl 1% MSGE 7]
A& ofo] HaA A} LEA| BE 35CA 244X §ES3E 7,
thin-layer chromatography(TLC) ¥4 =351 tHFigure 1).
TLC #4 23}, & ArE Ugd Joi YaH BYF MSGE °l&
Sto] GABAR ASAZAS QU3 FRIstgirt. YA B HEH
LAt Lactobacillus brevis, Lactobacillus plantarum, Leu-
conostoc mesenteroides® 5 GABA At 50| Hojd
T2 A Utk TLC EA0ll4 GABAS] Aol A2 olf+=
GABA 34k g 37go] Qs A dojuA|et, & Ag 24
oA= Ead B nESC] AT o e ©Ade] 7] WE
o] GABA A4t 87} F26] dofuA] B3ith. 0|9} 2ol nE
o 9J5to] GABAZ} AJAlo] & w] GAD 840 9J519] glutamate
7} decarboxylation®] Ei= FAol| protono] AH|7} HOZHK
GABA A3/d3t 3174| pHE =°|EE, ol wje} 22} ikt Hart
Z1ggo] =], pH7} S7Fok= @A 71491 MSG7F GABAR X%t
o] E|9ieS HoEtHLim and Lee, 2014).

c

Md

l

2k

o

I
o
ool

a9 BZ o85to] & FofS 35T A 484 HEE
ot @a e & g5lolo] GABAE HPLCE o]&sto] 24
a0 GABAS] 2 3.89 mg/100g2.2 IO
=0tk GABAY] 3 S4I517] 9Jsl MSGE 7tsto] &
et gadoAE 71-2 ARSE MSGZt 23] vl A&ol
om, GABAZ} 34| H&= UK Figure 2). ©] ©j9] GABA &

5%

|
i
e

o 4w 40
32 oL |H
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¥R
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2

%9,
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. . I rGAEA

= =1 5 E L

A B C D

Fig. 1. Thin layer chromatogram of MSG-treated mixed starter culture
showing GABA production. A, MSG; B, GABA standard; C, Mixed
starter culture A; D, Mixed starter culture B.
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Fig. 2. High performance liquid chromatogram of MSG-treated
fermented rice syrup beverage showing GABA conversion.

&2 700 mg/100g2& <F 1808 S5ttt ol WaA B
ZigtEo] & goliS ehaglo 2 g E shHA MSGE GABA
ALS ot ATEARE BE ARFHE ZAS oujgit), ¥k 3t

RS gRIs) B7] oA a & golie] F S
HPAEC £42 Fsto] &Qlot¥thFigure 3). HPAEC £4 A3},
2 FEdols Zrga} Ago] FYECE EA ol wFY
maltooligosaccharides(G3 ~ G5)7} 2Agh& &R1EH &= QIich
9ha A 9he & 993} maltooligosaccharides®] ¥Hsk7| w]m|gt
Hio] Zeto] defo] IA A4S ERIT 4= Q) o=
MSG7t 271l & B3-S fAt Hado =z IgA|, A9 i

A

A

oz

o
ol
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Fig. 3. High performance anion-exchange chromatogram showing
isomaltooligosaccharides concentrations after primary fermentation
(black line) and secondary fermentation (red line).



GABA 31210| BTIE waH Q4
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s
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1=
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£9] MSG”7} GABAZ Z%lo] =98-S 3ils E} Jen A g3}

HE ZL} Qo] PR olFH, AxE URdos W
T EZogutdas ANET, 19 99 ‘%‘ maltooligosac-
charide(G3 ~ G5)= AR83}1A] &2 klIgich

57} FEES o899 GABAS] A4 HA3E Pt &Y 5

T, A9 Yeast extract(YE), ©AY ET
TFEHRI MSG sk w2 & 2745 YE 0. 5%, Zo 1.5%,
MSG 3.5%% 718l 30ColA 797 24 HaE gt 23, MSG
7} GABAZ 7glo] Flo] GABAZ 1.43% AJAJslk= Aoz velt
okl H 5 om MSGZF GABAZ A3lo] E= o] A4y}
42519t Kwon and Lee, 2018).

%j *}%}ﬂoﬂé Wgo] ot o] 9 #s4 5*5101 @@rﬂxl 9%
o} GABA o] 571 ¥ & Jojdia &

sto] FaHo|AE Axsqict Ua & goldy) IE & %Eﬂ]

0|29 £4 E4JL Table 50 VeIt

2a A Gl F4-8/d AR I 28.7 °Brix°lH, pHE
4.01, AHe= 0.882%= UERth Z=gy g9 72 424
6.2%, 12.1%%2H, Bk Tl 7o) A ¥gkaL, ot 5l
o] ofet o] H(ers)7 Hebddth o] W] ikt = 9.3 X
108 CFU/mLE ¥Ha7} 2h3) o|Soj@x|at Sqo] vle &8t
& Qs Ao UeRytt. olo] a4 Jojis HAHOZ of§

0na »w

&

©
R
Sto] 4 gojoln} 23 RS fFeigion, oA Wa A g3}
AEoh I8 2 I pH 2 3RS dFol 3o Alee
A ettt ojafe] GABA 32 0.068%2 22+ HaAo] 3]
Aof| oJsfiA] gtero] A YA, o= o A Foll S|
o|AKT} 174 ol B Frgolr}. A A Pt SEH|o]Al]
g2 gr dgof oft o] HIRD7H A “ARIA] ekttt E3L
AP Foto] FAES B AAsto] & dae] ot &S ¥
s o, ‘%’f& 2 gl Tk ?“E’?l# o] wekow, of
25190t} ARSH] 220S o] @ale] RAE T
PERE %9} E-J GABA '“W— 33t AFo]|A] %HH—J
b2 5.25 °Brix@om, 12} Z4kto] HaEs
pH 4.199} 1. 03%4 =g 7HH T o]0 3% MSGE }
sto] 2APRE 3t AT}, pH 4.50, 1.44%9] AHEE 7HH 024
FFAR A £ TR ES SFI MSGZt B AZIEHA
1.78%2] GABAE AAl= A2 ¢ 4 AUUTHChoe and Lee,
2019).

o

oo
a5

-r

GABA 20 €oAel U U4 SAIO R 78 HoslE
o =8& F= BY2715 2579 7s(ARgReH, 4%
Ao} o] o] Rxso] i Ao A gk 3 AP
GABA o] 530d & dads Alxsit. GABATTO] S4
H A dgie & gsllo] monosodium glutamate(MSG)E

¢

Table 5. Characterization of fermented rice beverage base and fermented rice syrup

Fermented rice syrup (primary fermentation)

Fermented rice beverage base
(secondary fermentation)

Total soluble solids (°Brix) 28.7 53.0
pH 4.01 4.79
Acidity (%) 0.882 0.297
Glucose (%) 6.158 14.929
Maltose (%) 12.107 19.881
GABA (%) 0.7 0.068
L a b L a b
CIE L*a*b color difference
27.74 -0.06 497 30.21 -0.01 8.52
Lactic acid Acetic acid Citric acid Lactic acid Acetic acid Citric acid
Organic acid (mg/L)
9,287 2,670 2,443 8,375 1,943 3,294
Lactic acid bacteria (CFU/mL) 9.3 x 10° Not detected
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713t &, y-aminobutyric acid(GABAYXYA ‘s8o] Hold 3%
QAW (Zactobacillus brevis, Lactobacillus plantarum, Leu-
conostoc mesenteroides) EE-E 083l W= & El__’ri
ou Fz olgjsld wisle =slely, Wadlo] pHE 4.7, &
F8ATHELS 27 1 °Brix® UERITE ol ¢ RS 3&5‘:}
(39.6 mg/mL)¥ RAF(12.7 mg/ml)e] FgEO =2 FAE ] om,
MSGE EF GABAR H¥9he Slsigith. & 44 43} da
2 TFBlhS. o] 8slo] 23} HHAE 31 Wk & I5jolo] Qo)A
o AgBlc T 4 otk 2 A A RSl 720 4 HaE
(@A o] Hlolg olgdt Hojoh £ 0|83 U5t B4 &
[ olg7 98 U 390] $YHOZ olhe o ofF
il she A2} )T APEA0E 4 gejol] §
NS olgslol HEY SAE % aolold,

©

References

1. Bevilacqua A, Casanova FP, Petruzzi L, Sinigaglia M,
and Corbo MR (2016) Using physical approaches for
the attenuation of lactic acid bacteria in an organic
rice beverage. Food Microbiol 53, 1-8.

2. Cho SY, Park MJ, Kim KM, Ryu JH, and Park HJ (2011)
Production of high y-aminobutyric acid (GABA) sour
kimchi using lactic acid bacteria isolated from muk-
eunjee kimchi. Food Sci. Biotechnol. 20, 403-408.

3. Choe J-Y and Lee S-P (2019) High production of GABA
in Pyrus ussuriensis Maximowicz fruit extract by mixed
fermentation of lactic acid bacteria. Korean J. Food
Preserv. 26, 642-649.

4. Das G, Paramithiotis S, Sivamaruthi BS, Wijaya CH,
Suharta S, Sanlier N, Shin H-S, and Patra JK (2020)
Traditional fermented foods with anti-aging effect: A
concentric review. Food Res. Int. 109269.

5. Di Cagno R, Filannino P, and Gobbetti M (2016) Fer-
mented Foods: Fermented Vegetables and Other Pro-
ducts. Encylopedia of Food and Health. pp. 664-674.

6. Hansson A, Andersson J, and Leufven A (2001) The
effect of sugars and pectin on flavour release from a
soft drink-related model system. Food Chem. 72(3),
363-3068.

7. Hong O-S and Ko Y-T (1991) Study on preparation of

62 | https://doi.org/10.35732/ctlabp.2020.6.2.56

10.

11.

12.

13.

14.

15.

16.

17.

4Z4XM - Inonge Noni Siziya - MSE

yogurt from milk and rice. Korean J. Food Sci. Technol.
23, 587-592.

Kim DC, Choi JW, and In MJ (2011) Utilization of
Leuconostoc mesenteroides 310-12 strain in the
fermentation of a traditional Korean rice-based
beverage. /. Appl Biol Chem. 54(1), 21-25.
Kim H-H, Lee W-P, Oh C-H, and Yoon S-S (2017)
Production of a fermented organic rice syrup with higher
isomalto-oligosaccharide using Lacrobacillus plantarum.
Food Sci. Biotechnol 26, 1343-1347.

Kim MJ and Kim KS (2012) Isolation and identification
of y-aminobutyric acid (GABA)-producing lactic acid
bacteria from Kimchi. / Korean Soc. Appl Bi 55,
777-785.

Kwon SY and Lee SP (2018) Enrichment of gamma-
aminobutyric acid (GABA) in old antler extract fer-
mented by Zactobacillus plantarum. Korean J. Food
Sci. Technol. 50, 37-43.

Lee JS, Kang YH, Kim KK, Lim JG, Kim TW, Kim D]J,
Bae MH, and Choe M (2014) Production of saccha-
rogenic mixed grain beverages with various strains
and comparison of common ingredients. /. Fast Asain
Soc. Dietary Life 24(1), 53-61.

Lee NY, Kim YS, and Shin DH (2003) Characterization
of microbes for high temperature fermentation and
the effect of high temperature fermentation of soy.
Food Sci. Biotechnol. 12(4), 390-398.

Lim J-S and Lee S-P (2014) Production of set-type
yogurt fortified with peptides and y-aminobutyric
acid by mixed fermentation using Bacillus subtilis and
Lactococcus lactis. Korean J. Food Sci. Technol. 46,
165-172.

Lim S-D and Kim K-S (2009) Effects and utilization of
GABA. Journal of Milk Science and Biotechnology. 27,
45-51.

Morales V, Corzo N, and Sanz ML (2008) HPAEC-PAD
oligosaccharide analysis to detect adulterations of
honey with sugar syrups. Food Chem. 107(2), 922-928.
Oh S, Kim S, Moon Y, and Choi W (2002) Changes in
the levels of y-aminobutyric acid and some amino

acids by application of a glutamic acid solution for



GABA /0| ST UBH QMT U LEY HE

18.

19.

20.

the germination of brown rices. Korean J Biotechnol
Bioeng. 17, 49-53.

Shelp BJ, Bown AW, and McLean MD (1999) Meta-
bolism and functions of gamma-aminobutyric acid.
Trends in Plant Sci. 4, 446-452.

Thwe SM, Kobayashi T, Luan T, Shirai T, Onodera M,
Hamada-Sato N, and Imada C (2011) Isolation, charac-
terization, and utilization of y-aminobutyric acid
(GABA)-producing lactic acid bacteria from Myanmar
fishery products fermented with boiled rice. Fisheries
Sci. 77(2), 279-288.

Xing SG, Jun YB, Hau ZW, and Liang LY (2007) Higher

21.

22.

23.

%\
| 3
Hi

N "4
(SLAS?

accumulation of y-aminobutyric acid induced by salt
stress through stimulating the activity of diamine oxi-
dases in Glycine max (L.) Merr. roots. Plant Physiol.
Biochem. 45, 560-5606.

A oleT, F3] (1996) At AFRARAl fEfdt
714k wst Sh=AEaete]A. 28(6), 1095-1103.
A4 BRI (2013) AN dae] ot & daE s
&Y 10-2013-0086024.

a4, o, AN, HAZ, U, 252, ofss 4%
¢, o]gsll, Azlof (2013) & HAAE o835 ALUES=H
o Az 9 7] o Axd JEUadE JUE
5155 10-1322356-0000.

Curr. Top. Lact. Acid Bact. Probiotics 2020;6(2):56-63 | 63



