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Abstract

Soymilk has been substituted for milk for people who are suffering from lactose-
intolerance. In this study y-aminobutyric acid (GABA) producing lactic acid
bacterium, ZLactobacillus plantarum LP2, was applied to ferment soymilk for
improving its functionality. GABA production was proved in MRS broth supple-
mented 3% monosodium glutamate (MSG) and soymilk including 10% (w/v) soymilk
powder and 5%(w/v) fructooligosaccharide where L. plantarum LP2 was applied. In
addition to the soymilk, isolated soy protein (ISP), which was enzyme-treated, was
added to it for improving the content of free amino acids including glutamic acid.
L. plantarum LP2 was well grown and produced GABA in the soymilk medium.
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22, o) g8t P mEvlo] H A (Probiotic) ol T TAle] HobAT ek AfelgEe
o RG-S Sfof TR TRAIE, WWE) Aso] glon), ol HiH o Fstut ge

QA7-50] AW YIckSarkar et al, 2016). ZEHolQHAL AYuBBY FFS Holrd B3
LB 2h, FUARISTRY WL, YU, BURE 5 A S H4L Ut

(Speck, 1976; Gilliland, 1989; Salminen and Tanaka, 1995; Amara and Shibl, 2015; Lee et
al, 2015). ZZHO|QEIAE [acrobacillus $(genus)¥} Bifidobacterium 4 5 Akto] thEio]
o AR A7 TRl sAlo HRRso] S, AuERe] Ao AE o= Q1A Al
Tod S B3 Q3 717 /IZto] AFel & dFEA] QFdAdol YSES e, thedt MR ARl
F8 #Fo=A g% 7|oflth

7-Aminobutyric acid(GABA)= BIZHA/J9] opn|icAto & A7A|, BN £of Fhg5|o] 9o, o
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HEO w0 Zeof ZARIE L-Glutamated] BEHHRSO] 3]
UFSojRX|H, glutamate decarboxylase(GAD)7} GABA 4=
Szttt GABAE ABHEEZR] oHEEUES S7HA171H, &
dA s SN AedeS gt ol9jolx 4t 2Hg,
‘PioEro] BeRrd, 55 43t 8 At 5 B2 7ls= 7HA
I tHKrogsgaard-Larsen 1989; Chang er al, 1992; Light,
1992; Almond et al, 1996; Shelp et al, 1999. Kayahara,
2001; Park er al, 2002; Leventhal et a/, 2003). J1¥ o]8-=&
GABA= 7157 A=A 7FA7F glom, kgt A& ghfxol
Wik GABAE YRHAIEOT vl EAHANL 85 H7]0f
+ FZ3ITHOh, 2003). Wb GABA A4 FAktS 2-8sto]
GABA ggo] 371 HRAlE 59 7iide] &ds| 3=l ot
&84 5, 2012). E9] ANt F Lactobacillus, Lactococcus,
Leuconostoc 4 50| GABAE AARITH &4 ItHDhakal
et al, 2012).

ToL ourufiE gl 20 A EY|E X1 Y= ARRSA &
T HAEC R AMEE|o] Sttt T 7ot AR BglE, A
w, S O) HlES 7HA| 1L QoA Tk’ 715 Aol o
=o] AehES3 1997). 1% 71843 Alolds ¢ 3 8
], o] a3t Qlom(SAAL 1999), EXEE € 2=l
AR AR ot oA JAEIE ZH=THSwern, 1987; Yeo,
1995). Z18ja1 Ay Hefolts Y ot 2 WY B4 Vs
< 7H QItHEs3t 1997). & A9] 542 GABAE Aot
= NS ol8std] 7154 UE FRE Jidsks Aotk

R

A% 2 M=

2 Ao ARSE T 2, 2EtiFEE(ISP), ZHES T
g, ARG Grtol (AL, gh)oflA] AlgHtol AR8SEYl o,
i Eoflade ofAHPo] A AKiib)2] Protamex(100g),
Flavourzyme 500MG(100g)E AREolth GABA A w5+
APATE Foto] AAR 20N B3t Lactobacillus plantarum
LP2 #5E5 AMggon, ALuixZ MRS broth(BD, Sparks,
MD, USAYE ARESHItE. 5= -75C A (@PAlHE O]
QufolA, FFA, o ol Add Akgstr] e 23]
ol Arfeifste] gStAIXl & ARESIRITH

L. plantarum LP2 #52| GABA HM&s
L. plantarum LP2 w9 GABA 345 RIS 93l MRS
broth(BD)°ll Monosodium glutamate(MSG, Sigma-Aldrich,

s
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USAYE 3% X7RE & dafsto] ARgsiglon, ol #5&
1%(v/v) Z3&3tal 37CoA 0, 24, 48A17F vt & ulikalS: #
o A9 (13,000rpm, 5&)5ta, A5 WS FARIZHO.454m;
ANYLAB)So] AR & ARSI} GABA E42 vksggnte ]
#T(thin layer chromatography; TLO)WHORZ 3513 0H,
silica gel 60 Fasq TLC plate(10% 20cm)(MACHEREY-NAGEL,
Duren, Germany)E AHESHITE A7 8= n-FE-: oM E
AL B 41101 (v/v/v) HIEE TPt ARRSIgloH, 2417 A
7 % TLC plateS 80T 1587k Az3ieict. o] B 18]
o] ¥HESIYIT}. o]F 0.2% ninhydrin -SH(gkE &af)o] d1
10827+ Ax3t & GABA #2E4(Sigma-Aldrich)9] 9129} |

SQ0IM L. plantarum LP29] GABA AMs =0l

3% MSG7t 2l MRS HiA|9lA GABA 4/ds°] ejld L
plantarum LP2 457t 5014 GABAS AJ/Jok=A] ERlIs3d
o S 22(10%, w/v)I ZHESIH5%, w/viE o851
FHE Az H, 85T, 308 RAMNA ALk old L
plantarum LP2 955 HF5E 1%(v/V)Z FET T FAA(0,
12, 24, 48, 72AN7H O A< pH % GABA B45S ERlst
Fom, A U pH S742 3uHE AFS Safsto] Hagho=

Urehiglch

E|HFHU(SP) 2ai

GABAS] AJ4tZ =017] flsto] 2] opw|icAte] Shi 2lofA]
ISPE ShidEsfase #2J5l9itt. Cha®l Yoono] ®H(Cha
and Yoon, 1993)& W@slo] ISP@%, w/v)t Z2HTH2%,
w/v) SA(200mL)el| Thld E3f g A (Protamex, Flavourzyme)
£ 7R & g22(50C, 100rpm)ollA] §EsHoTt. o] % 2
29| 27B0T, 108 HHste] aas ESSAF. Tl
A9 Bl g 3R] Yot sodium dodecyl sulfate
polyacrylamide gel electrophoresis(SDS-PAGE)E =351t}

71578 R FHE AR Yool T, BAAY ISP, &
YEST| 1Y, 23S AET L= Hrlol] FRE Alxgt
% L. plantarum LP2 #55 &0ttt o AAA(, 24, 48
AHoE et E pHE SAIoH, ARE 3o YHE

(13,000rpm, 5min)akal 1 AFSHS FAL0ITK0.454m; ANYLAB)
3t & F2x3 TIC 24& S5t Au % pH 574



L. plantarum LP2 @32 GABA ¥ds &0l

MRS BiZ]e} 3%(w/v) MSGZF H7FE MRS ¥iAIell L. plantarum
LP2E 1%(v/v) &35t F 37ColA viFstdA FAH(0, 24, 48
A]ZDOE GABAS] B85S TLC ¥40= gelsigict. 1 A}
MSG 557} v AlolA= GABA”ZF ERI=IA] &2 BHA, MSG7T
7k viRlol M= GABAZL ERI=l0] AMBS 1. plantarum LP2
Z7F MSGE E-83to] GABAE AAbek= 580] Q= 7oz &

A= AHKFig. 1)
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Fig. 1. Thin layer chromatography of samples from fermentation of
Lactobacillus plantarum LP2 cultured in MRS broth supplemented
with 3% monosodium glutamate (MSG) or not. GABA, y-aminobutyric
acid.
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S0M L. plantarum LP29] GABA MMs =0l
T 22(10%, w/v)a ZHEZZIF(%, w/v)ol T
o L. plantarum LP2 45 &3t T 37CollA vioFetdA
AHoRE Aot pHE S45I= W, 12470l 4471
(stationary phase)oll =239 9.2 Log CFU/mLY] AB#+E L
ERRow, 247 pH= 3.7714] "ol on ol FA= ATt
(Fig. 2). T3 TLC &4 23}, v|n|shgt A2 0= GABA o=
o] FI7HE= AL FRIstAHFig. 3).
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H2 ohuliAle] BHE 3] ISPE AP B4E T8l B3
39l Eall = SDS-PAGEE E5to] dRlstoict. 1 Azt
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Fig. 3. Thin layer chromatography of samples from fermentation of
Lactobacillus plantarum LP2 cultured in soymilk medium including
10% soy powder and 5% fructooligosaccharide.
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Fig. 2. Viable cell count (A) and pH (B) during fermentation of L. plantarum LP2 in soymik medium including 10% soy powder and 5%

fructooligosaccharide.
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Flavourzyme2 3A17F HRS- A] 2413] —E—sﬂﬂ% Yl Protamex= IR L. plantarum LP2 4= Wagt £89] A< AAZo
A2 & ZA| ISP7F 6] Eol= A= SRIE|o] Protamex & GABA 3=o] 371=|3lcHFig. 0).
9] mgo] N 55 Aog YetiFig. 4)

il

58 ¥5 5% HZE

Towd 5472 [SP, ZES 1Y AFTLS AP B YRS Boto] B2t L plantarum LP2 5= MSG 3%
2 Wrlste] £RE ARG F L plantarum LP2 #5352 WEF  (WN)7HERE MRS brotheh F-R4 GABA Adisol IEigd
Sitk. 37CONA wiFsiEA BAHoE st pHE S d O °f ¥5E B80l] 7Ied HE FRe Axsilen, Ax
I, 24X B710) £D6to] 9.3 Log CFU/mLY] s 1 T 300l FAH R AIRE F5to] A<, pH, GABA <
ERjon, pHE 24A71 4.2714] "Wojgod ol% 9=ty B4R A Ato] B9 2441744 9.3 Log CFU/mLel =2
(Fig. 5). GABA 9] 3%, Ff AAolAl= GABAZL HEHA] SHHAL, pHe ARl 4.2714] EoiA 9] o] LA

>

A B C

M N O 1 2 3 M N O0 1 2 3 M N 0 1 2 3

Fig. 4. Protein profiles of digested isolated soy protein (ISP) by enzymes Flavourzyme and Protamex on SDS-PAGE gels. A, Flavourzyme
(0.2%); B, Protamex (0.2%); C, Flavourzyme (0.1%) + Protamex (0.1%). M, size marker; N, no treatment; 0, just after treatment; 1-3, 1-3
h after treatment.
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Fig. 5. Viable cell count (A) and pH (B) during fermentation of L. plantarum LP2 in the modified soymilk medium including soy powder, ISP,
fructooligosaccharide, and fructose.
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y-Aminobutyric Acid ¥t RS 0183t 7Isd g2 &/ HZ
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Fig. 6. Thin layer chromatography of samples from fermentation of
Lactobacillus plantarum LP2 cultured in the modified soymilk medium
including soy powder, ISP, fructooligosaccharide, and fructose. MSG,
monosodium glutamate; GABA, y-aminobutyric acid; Control, no
inoculation; LP2, L. plantarum LP2 strain was inoculated.

o]FolF onf GABA g2l 7% BAIH R F7fole 7ol £l
=3k

A7 fAREe] HaseE 283 14771654 AEY i
SISl o]Fo)X| 1L R1OH, 22 actobacillus 4, Leuconostoc
4 50] ARGEAL QtHelR, 2009). olget TavgE S5t
A} ARt WS Y 4771578 EEE0] ik £ A
TN s &1, AT ER] BHxd, 5595t 59 7]
573Z 75= GABA B35 4kt FRoll H&Esto] GABA %
7167 HE FRE JidstaAt sigltt 3 wdol= ¥, of
ATELL FEA T B’ ofulieAto] EAsHH, 53] GABAS]
AFAR AHEEE SFFA] o o] QltkJeong et al,
2006; Choi and Rho, 2013). W&tA F-3-= GABA AJ4k9] &2
Hart € 4 9loH, & A4S B9 GABA A5 F4ktol
Hadss AME 49 GABAZH 34 7154 HE Fa7F A4t
2 £ 9l3E RISk 3% ¥ 9 daxy 59 HilE Eot
o] GABA 3&o| Ashd g 575 /LT oFgolct.

B =12 $2719%00A4 A¥shke 201795 71e/iEARINo.
TPz QAT AvEds U
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