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Abstract

Higher production of GABA by co-fermentation lactic acid bacteria with R. verniciflura extract. The pH and acidity
of the RV extract were 4.49 and 0.13%, respectively. The soluble solid and polyphenol contents were 0.52% and
5.77 mg/g, and the reducing sugar content was 3.9 mg/g. The RV extract (15%, v/v) was mixed with sucrose (5%)
and yeast extract (1%). The mixture was fermented for 2 days at 25C in the presence of Leuconostoc citreum
SS. The second fermentation step involved the use of, Monosodium glutamate (5%, precursor) and skimmed milk
(5%). The second fermentation was carried out by Lactobacillus plantarum EJ2014 at 30T over a period of 7 days.
The pH of the co-fermented RV extract was 4.75 and the acidity was 0.99%. The viable bacterial count for Leuc.
citreun S5 and L. plantarum EJ2014 were 4.10 log CFU/mL and 8.68 log CFU/mL, respectively. The complete
bio-conversion of MSG produced GABA (24.56 mg/mL). The 2,2-diphenyl-1-picrylhydrazyl (DPPH) and 2,2"-azino-bis
(ABTYS) radical scavenging activity of the co-fermented RV decreased (from 3.89 mg/mL to 2.03 mg/mL (ICs, values)
for DPPH; from 16.03 mg/mL to 5.07 mg/mL (ICs, values) for ABTS). In conclusion the novel co-fermentation
of RV extract could provide multi-functional ingredients, including GABA and probiotics.
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N 2 u} A7ksto] Bojgitung, 1998). B deiul 473l
UG WeEAF B3kl W= 20129 ohe] 20164 2
SUR(Rhus vernicifluraye U] e L=olwl, o] wofolo] oF 50% 7N A0 Urhtow, Lef ot

WA FR04 sgelolo] AR Aelolw, ke 244 AekSe] wlo] Fs] ZURIE AL o 4 Ak
ol ALt AETE A5 A1FlA & A ol AE7K] 2uRe] AATE AHEE fURolq 23

10 m Wejol i, UFEAS spsoln], YT Aol B H Hehiicol= o] ikskLee 5, 2002; Son 5 2005),
ok UEPH O Sohe AHsle] LU AGEAL, 7P FEABol(Park B, 2004), FHF(Lee 5. 2009; Lee
2712 2ol Gopl L AR Bt o8] 52 2% 2010) E G 2O WA glom, w3 Pt wuet
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Yo AS5E FEdl= 84 a-glucosidase?] A EIKKim
5> 2010) 50| EarEofQlet. 12 &2 urushiolo|2k= |
=4 249 SFE= Qs £9] ‘2o E A Iz
HAE40 RS FEo|= gieh webs] £o] AEAA=E
QPSHA EE8E7] oA b/ H7F Goll B2 AlRlo] A8
E|Uct FE U F2d0] AEATRE FHSHA ARE7]
QoA AR o] H8E|9lon, 2HE AEANE 4
E21=]HKim 5, 2016; Lee 5, 2015). 29| b7} 715
A< sl o s Uar|ed B 7isdS 7
o™, E3] probiotic ZAS o]87t £9] ZAt URE
BA 71578 =4o] ARk 1EI7PAQ] A Jidof Bt
A= mlElRE Aol

AAEo] EAclk= 7154 &4<l gamma aminobutyric
acid(GABA)= H|THHA o] Ato] gt 72 A ol &n
ol g EAZTHChoi 5, 2004). £3], GABAE= &9
U Fo]] EAfol= A13KY AAEEAZA] ZRETHHA 7]
qg 3z, EHS, T 2B A, -2 59 80| By
ATHOR, 2005; Park, 2010). Y=o A= A1E, SFEL 2
2 TR 2ololA 71548 4= EEE o FE gt
To|A= vYE A GABAE 2EE 59 ARgstal Sl
GABA:= IO & 754 AAEA AE, 177164% 9 3t
A AQlo] de] ARgE Ao g wdEch d4 GABAL] A
AR ANt o]&5to] tA|nt 255 TollA] A=A 8l
O (Lee, 2009), GABA AJAF 5291 L. plantarum-2 A1&2
ORERPAA oA QI7SH= probiotics W= HILE QT

wEha] & A-tollA= =/g0] AAE ] AEAAE S5
1 Y= FUE FEHE ARSI f-8 ZAFE 283t &
3 Hhg7|4aS 23180 24 GABA, probiotics 59 7%
4 A Aol 1R 7154 AAE st

ek
R

A=

H A5of| ARESE 2V FEE(Rhus verniciflura extract)
+ 27M] A]&(Chungbuk, Korea)ollA Lufjolo] ARS-5I
ok ZiHtE Al GABA A4S 95t 7Rt #dwdl
monosodium L-glutamate(MSG)2} glucose= Z}Z}t Cheil-
jedang(Seoul, Korea), Samayang(Seoul, Korea)ol|A <-ulj5}
Fom, skim milk?} yeast extract~= ZFZ} A-&2-8(Seoul,
Korea), Choheung(Gyeonggi, Korea)o|A] Fuljsto] ARES]
%t MRS brothi= Difco ™A AlE-S Fufjsto] ARE5HS
3L, 71 9] ARo] AREE Al°RE S0l Aok TSt

A8 3Hck

A8 #F Y starter A=

1A} ZAE S8E 98t Leuconostoc citreum S5(KCCM
10778P) = AX[oIA E2fste] RFEEAAE A 7]
E513It}. MRS brotho]] g Whgo] &3t F g2 HiYg7]
(IS971R, JeioTech Co., Kimpo, Korea)o|A] 25T, 24A7k
) viofslol At AgsISict

GABAE 4i¥ol= 221 5ol ARS Rkt Lactobacillus
plantarum EJ2014(KCCM 11545P)= L. plantarum EJ2014
= AAEA, Fra)olA EE dFEA SEEdEREE
Al o] 71gatqiet. ZatS 943t A B MRS
agar plate©l|A] 30T, 48A)7F HiUSE 7525 MRS brotho] g+
o] HEst § F-2u97](IS-971R, JeioTech Co.)of|A]
30T, 2441t Bligsto] AEFE R ARESISITH

105ColA AU7FEARAA Ta

Ao EaE 1 g0 B 9 mLE H7isto] 104] 3]
A4g olgalol siHe AL WAo] 20 LA T T vl
3ttt Leuconostoc citreum S5+ nutrient agar plate(Sigma
Chemical Co., St. Louis, MO, USA)°||A] 25C, Lactobacillus
plantarum EJ2014+= MRS agar plate(Sigma Chemical Co.)
oA 30T 212} 48A1%t BF2ug7 o)A vt & s
log CFU(colony forming unit)/'mL& WERHSAT}

pH 2 ME 23

pHE= pH meter(Digtal pH meter 420A+, Thermo Orion,
Beverly, MA, USA)E Z43515th A AL = A|EE 0.1
N NaOHEZ 0} 8510] pH 83744 M4 Anjeke 24k slet
(% VV)2E A8

SELhE sy

AOAC %H(Chung, 2014)2 o]&3}o] =29 kS
=435I 2BES FEER S45l0] Folin AlPKHRE
20 S}aE e HHslol 337 WESAI] T 10% NaCOs
8BS 7] WHgSIRITh WHEEO FUEE micro plate
reader(Epoch Biotek Instrument Inc., Winooski, VT, USA)E
ALgto] 700 nmollA] 2getgich. EEE AR gllic acid
£ 7}7+ 0, 20, 40, 60, 80, 100 pg/mL7} 52 FZEAS
wElon, FYES 24slol HE TNL 4, S A

spgick
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ﬂEu

rat
2 SR 520 T A U2 ST B
HPLC system(Knauer K-501 system, Triad scientific
Inc., Manasquan, NJ, USA)S AR&sto] &3s19ict Hraoh
2 0.45 pm syringe filter2 o3} 3 20 pLE HPLC £4-&

A7g2 AFRSHtE HPLC ¥4 A] HAZE7]= RI detector
(Knauer K-2301, Triad scientific Inc.)& ©]-& 3}, &
B4 A8 column NH2P-50 4E 4.6x250 mm(Shodex Co.,
Tokyo, Japan)= ©]-& mobile phase= 75% acetonitrile A}
BT 95L 10 mUming] £E2 20| ettt
(Yoon¥} Lee, 2019).

Jl)l'
o ox

morl'

271 e 24
2UE 2&£E0] 27128 AlEF A (Ministry of Food and

Drug Safety, 2014)°]| Fqﬁ} Z35l9i o, 27|13 Na, Ca, K,
Fe, P, Mg, Mn9| FHg-2 AAEsHo] wet AlF-8H Az
F ICP-OESE 75191 ‘:]' ANEE #8355 10 g& 35+
8710 F5k7 71 5 EHBIAIZ] ARE 550-600C 0] B

o @ Wb BjBIZk e TS AR QA 10 mL
2 H7psjo] 28 AolH sl 2, AzaAn. A2
TZE FAF 10 mLE THA] H7F & 71EsH] 50 mL -8
Sopazo] olzjsigc BEELL oAk Wl ALBHH
315} 8710 §7 A% 5 b SJtHict. oln] e 5%
= 5752 A4 F @42 mLE 718 54 5 mLE )4
sto] 58 AJollA 71hsieit). ojzkE %@.‘S 2] 100 mL

HBeiso] A9 ZRAE Aol 100 mLE HE3

Algdgdog AR, ICP-OES(Optima 7000 DV, Perkin
Elmer Inc., Waltham, MA, USA)E &-85}o] F7|4 sk
2319100, o) HEEA0E ojz] HHE o}8sjo]
A5 TH Choi, 2016).

SUtD 2220| 13} AR Wi

U 225 15%0 sucrose 5%% 7Foto] 121TCof1A 15

BE7F B3t & yeast extract 1%5 H715IH) Luec. citreum
S5 A 1% (viv)E AE310] 25C q-2ujoF7](IS-971R,
JeioTech Co.)ollA] 297t A |8 S}t
SLIR 239 i =8 ¢E

GABA Y probiotics A 9Jet AAt & Hra+= 12}
a7} e LaEo] B3t skim milk 5%2F MSG 5%
£ A7’ & L. plantarum EJ2014 starter 1%(v/v)E 453}t
o] 30C 2H|Y7](IS-971R, JeioTech Co.)ol|A] 747t 22}
HeE AFstoct 11 5 YR EQ] o|glskd B4 Ags}

=282

.

GABA dH4&E4N
MSG ZE=EZi GABA A5 v|ZE 93t EEEAR

MSG 0.5-1%2} GABA 0.5-1%E ARSI 7] S+
N-butyl alcohol(mL) : acetic acid glacial(mL) : water(mL)E
1 : 19 v]&=2 &3lolo] 47y 58] chamber(30x25x10),
ALAH ATt ol ESNIAT. ARE 258 )45t
20,500 xgZ 1087F ¥4 225t A5 NS TCL plate] &
oA 20 mm o] 2 uLE FASHL, sample 7+ 10
mmE FAI5HtE A4 & TLC plate®] sampleZ AR Al71
T AfskaL, A77F £ TLC plateo] ZAAIF 0.2%
ninhydring ®&]17, 105C dry oveno]|A] 35 59 2HAIZ]
% GABA spot2 15 tHKwon} Lee, 2017).

GABA HEEAN

op| it TS AXAR AlRE ARG 10 pLo
Borate buffer(1) 70 uLE #7Isto] & 4oj& & AccQ
Flour reagent 20 uLE F7Fotal, 187F B[S F ohA] 2
Aol 1057 7487, 108 F Ao WAA
st slo] AZAZ] T A 20140 mM NaHAc, 0.15%
TEA, 0.03% EDTA, 6% CH;CN, pH 6.1)2} Z3t5lo] 4]
F2](Micro21/21R, Thermo Fisher Scientific, Middlesex
County, MA, USA)3IAL}. A& 0.45 um syringa filter
2 ojgjale] 24 AR A8tk HPLC B4 AAHL
Agilent 1290 infinity(Agilent Technologies, Inc., Santa
Clara, CA, USA)°]H, column(waters Nova-Park C;s 4 pm
(3.9x300 mm)2 46CE -FA|5FHA] mobile phase -81l(140
mM NaHAc, 0.15% TEA, 0.03% EDTA 6%)S AR5}
flow ratex= 1.0 mL/min 502 S&FHA 254 nmojA|
detector(HP 1100 Series, Agilent Technologies Inc.)Z 7%
Sl tHKwon, 2017).

Mgt 2 H=HIH(DPPH, ABTS radical 2724 £4)
-9—1%‘:' 225 53 &g 59 free radical A7 4 =4
2 opgst 29 21t diphenyl-2-picrylhydrazyl(DPPH)
(S1gma Co., Ltd.)of] tjgt Blois Bl (Blois, 1958)°f w&t =
Aololck. QFYT A 2hel9) DPPHE olgsio] Ue
of A2 -gel} ¥Hg A7 DPPH ftjgo] 2ashe HEE
B350 A|(SpectraMax ABS Plus, Molecular Devices, San
Jose, CA, USA)E Z73le] 7F82I9] Ao gk} B4
S AR 160 pLE HghEo] =21 F 02 mM
DPPH 89 40 pLE 7}5t0] Al0ojA] 302 ¥ES- & 517 nm
oA TL=E =451t 2+ A|29] free radical A7 &4
< A&7t J7HER] 2 Ui Y] FBEE 128 T
71 AR QI ICs# o= YERARI. oldf A &4
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o] H|IE ¢t R troloxE AHESIATEH
2,2-Azino-bis-3-ethylbenzothiazoline-6-sulfonic acid(ABTS)
radicalS o]-85}o] SHALSHE =42 ABTS cation decolori-
zation assay©]| 23t WHl(Re 5, 1999)& L& HFslo] =
A5l 7 mM ABTS®} 2.45 mM potassium persulfateS:
S s== T T A2, oA 2447 B HES &
ABTS radical2 Q& oz AFAAZTE o] 732 nmOj|A]
53 Fol 0.70(£0.02)°] =A phosphate buffer saline
(PBS, pH 74)& 3|4 & ARESIQITE S]AE -8H 180 uLs
AHEF (18,500 xg, 10 min) & Ft A5 20 uLE 7ot
of 200 pLE HHE F 0] 148 5 WA = 732 nmo]|
A B33 (SpectraMax ABS Plus, Molecular Devices)gs =

etk

SAHA2|

A A7}= Statistic Package(IBM SPSS Version 25.0,
SPSS Inc., Chicago, IL, USAYE AM83190m, Wl ¥
FHA K meantSDYE 713 &, ZF ot 7t Bt AJo|E HFS
7] 93lo] one-way ANOVA 4 & Duncan’s multiple
range testS 28513t Al thet HE2 p<0.05 FFo]
A HZ3IH9HGray?} Kinnear 2012).
23 2 2@
SLIR 2280| 0|35t 4&2 Y R

FANA Ffste] AlE2 ARSE 2R FEZHI ogt
o E44E A 4125, pHE 4.49£0.022 &7
] om, Aol SIFL- 77} 0.1340.01%, 3.9+0.04 mg/g
o]t} I FE RS 0.5240.12%°]%1 o™, Z&]Wlis sl=F
2 5.7740.05 mg/gl & ZRIE|girt

F7142 nE A5 E tiREo] 2]l dRsolth
2UF F2EY 4 F57 2 T2 Na, Ca, K, Fe, P,
Mg, Mn9] 100 g3 SRS 242} 2.84, 5.27, 17.78, 0.12, 3.19,
354,004 mgO2 275I9lon, o} Kol Wl 7 e
Aog Uit 53] K9] ¢ et o] ez d
] ARRET Y= SNV FEE(Yoond} Lee, 2019)9]
8.98 mg%°] Bls] 2vj7} =2 TS HYERHL qlom,
U 2225(Choi, 2016)2] Ca 0.10 mg%, P 0.44 mg%
SR 3-5H) ol =2 RS UEaL Qick

2 Y Bstel 1 Ak LaS Agstect

pH & A& 3}

SUT 229 15%, 10% 2704 et 12} 24kt &
FolA 27 pH7F Zk2} 4.65, 4.960014] 13} HE 2 Ao
3.69, 3.812 QUL =20 50%, 25% FA9] 29 2} pH
4.36, 42095t iAo g WA Uit pHO| HS, BE
ZANA 12} At TE7} ZgEo] et HASIHAL, £

5 F2E59 57t WoldeE pHO| faFo| ¢ & A&
& = U A ESE 12} AA E 29 2] 50, 25%,
15%, 10%% 3143t BE 27o| ZH 0.19%, 0.25%,
0.62%, 0.52%= a7} XPHo] w2t S7RE AZ &
A% oH, IF 15%7HA] 3148 270] 0.62%=Z 7HF =2

=S HERITH(Table 1).

I~

M W3t

1A} gkt dm Al JSEUE Leuc. citreum®] Bt
SUE 2EE0| 4H BE A 10-50%)004] Ha
0¥ A} B 7.04 log CFU/mMLE YeERgtor, wa 29 X7t
A Z¥Z} 7.44, 8.34, 8.66, 8.35 log CFU/mLE 7|5t
QUL =20l 159 H7}E A4 8.66 log CFUMLE 7}
& B2 A7t ERIE It Table 1).

A o7 12} Akt HFOJA 2UF FEH9] 557t
HAto] Aol FF= HIALL Qs AoRE How, 71
Leuconostoc2] /0] Holt 272 10%, 15% 2710] k.
a8y 10% 2742 12} 24PEE 29 Ao E4do] F49]
HojR|&= Alof H8] 15%(v/v) 2ANA= Leuconostoc] A3
T7F ojAA] AL o] [A|EH, AL 1% o137t
A S71EE AoR Hof, U &= 15% 0] 13 4
Ahat Eao) 24 270w Wit

ke

MSG sk iy =8 ws 4
2t &3 gaoA ALEZZA] MSG(monosodium

glutamate) Z7}o] W= GABA AJ4to]| m]A= 3RS vl
317] Qlsto] 297t AHH 13} BAkt EELRUSR 225
15%)°] MSGE ZH2Z} 3%, 5% H7lelo] Rkt 335 e s
S5ttt

e
o BFA9] pH7} 12} 5.94, 6.1194 234 L& 5Y Ao
TIA] 4.52, 4.84% 7145HTE MSG7} 5% H71HE ZANE v
FH| pH7} 27 B =A YEILTE AHe9] A9, MSG 3%,
5% F7FE 12} ZAE DERO 27| ATt ZH 0.34%,
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Table 1. Effect of RV extract on the first fermentation by Leuc. citreum

Viable bacterial count

RV extract 1¥ Fermentation H Acidity (log CFU/mL)
(%) time (days) p (%)
Leuc. citreum
0 4.49+0.032% 0.12+0.01* 6.79+0.01°
50 1 4.47+0.03° 0.18+0.01° 7.0120.03°
2 4.36+0.01° 0.19+0.02° 7.44+0.01¢
0 4.5140.02° 0.12+0.01° 7.06+0.02*
25 1 4.37+0.02° 0.22+0.02° 8.54+0.02°
2 4.29+0.01° 0.25+0.02¢ 8.34+0.01¢
0 4.65+0.01° 0.09+0.03° 7.01£0.02°
15 1 4.01+0.04° 0.29+0.01° 8.63+0.01°
2 3.69+0.01* 0.62+0.01° 8.66:0.03"
0 4.96+0.01° 0.09+0.02° 7.33+0.01°
10 1 3.95.40.01° 0.44+0.02° 8.76+0.01°
2 3.81+0.02° 0.52+0.03° 8.35+0.04°

YRV extract, Rhus vernicifluum extract.
Values are meantSD (n=3).

Different letters indicate significant difference at p<0.05 by Duncan’s multiple range test (The lowest value in the sample was expressed as a.).

030%z Yot & Aol Zel=x] gkgket. 1efut
MSG 5% 47F 2719 739 it &3 Ua 1Y Aol Al
7} 1.39%71A] Ayssto] 2+ A|7HH MSG 3% d7F 249
L19%:ch 3A| Uehth. 53], MSG 3% H7F 2719 3¢
R &3 HHE 3] ATt 1.39%71K] ARsEE § 1.06%
7HA] 2810, MSG 5% £719] 739 2kt &9k da
39] o] 7HABl7] AJRksto] WhE 59 Xlo] 0.86%714] Al
Hog FASH A5t tHTable 2).

0=

o W3l

At 23 a8 IPgoA] Bt #iskE gRIgh Ay,

Leuc. citreum®] 735 MSG 3%, 5% A7} XA Z42F A

At 28 9k 1Y 2o 8.75, 9.05 log CFU/mLOJA ¥a

77} 6.32, 6.58 log CFU/mLE a7} g€

w23 da 190 7FY =2 BetE BRI Fof 7Ast
o

=
3L, Akt St R E ol ASH L plantarumE &
ot R 1Y Aol MSG 3%, 5% 7} 2704 242} 9.43,
9.13 log CFU/MLE 7F =0 AJg2s ZhS Holon uhg
590] 7Aaste] Zkzt 8.60, 8.67 log CFU/mLO|YL}. L.
plantarum FA| T3 Y8 1Y 7] P57t 45 &
koA Fraoks AR HIOH, Leuc. citreum® Tt A<t

ZAaZEo] AOWHA T 27 HE 8.60 log CFU/mML o4}
A=)}, ZAt 5] 7] ABetsol WolA= MSG 3
7b ko] wet & Zfol7k UehR] gigtoy, Wart SuE
= AlAoA= AHECE MSG 5%7t FH7HE 20lA H
2 Adr7F FAEE ACE UEHTHTable 2).

012} 2 L. plantarum®] F|t| o< 9.43 log CFU/mL-2
5%t GABA A3 dq=E-53} v]ws HokS uf GABA
0 SAF Q= E(LimT} Lee, 2014)2] 9.31 log CFU/mL,
onAt 228 LFH(Lee 5, 2016)2] 9.02 log CFU/mLE.
o} 9F 10-20% o1 =2 FAE Ao s SRt ZAF
o] A&H AZ IRIT 5= AUk

4o 4

K
¢

H

—_

_?L

o

GABA Zghs

12} 24t W Eo]| 7= MSG o]l w2 GABA A4
x19] Aol Fshy] 99 27 AT TANFAL 4v 5]
A3} H thin layer chromatographyS 55t H4E49E 2
SeloichFig 1). MSG 718 24 SehiRrle £ 2
& 39%E] GABA o] Uefston, uha 59o] MSG 5%
A7kl ZA0)A MSG 3% A7} 2B GABA spotEr)
Aoz o 27 Yepdeh, Teit B8 MSGE] 5
T 3710 wt GABAQ] A= S7ISHAIRE Holle MSG
o] of 5t Z/1slick. Wb isEe] GABA A4S o)

©
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Table 2. Effect of MSG concentration on co-fermentation by Leuc. citreum and L. plantarum

Viable bacterial count

MSG content Co-fermentation Acidity (log CFU/mL)
(%) time (days) pH (%)
Leuc. citreum L. plantarum
0 5.9420.03"% 0.34+0.01° 5.14+0.03° 4.89+0.02°
1 4.39+0.02° 1.19+0.01° 8.75%0.02¢ 9.43+0.02°
’ 3 4.36+0.01° 1.39+0.03¢ 8.47+0.01° 8.62+0.01°
5 4.5240.03° 1.06+0.02° 6.32+0.01° 8.60+0.04°
0 6.11+0.02¢ 0.30+0.02° 5.1420.03° 4.89+0.02°
1 4.52+0.01° 1.39+0.01¢ 9.050.01¢ 9.13+0.02¢
. 3 4.57+0.02° 1.3240.01° 8.38+0.02° 8.74+0.02°
5 4.84+0.04° 0.860.03 6.58+0.01° 8.67+0.03°
DValues are mean=SD (n=3).
P*dDjifferent letters indicate significant difference at p<0.05 by Duncan’s multiple range test.
M3 M5

e geeoe

05(%) 05(%) 0 1 3

'T12,

5 0 1 3 5

MSG GABA

Co-fermentation time (days)

Fig. 1. Qualitative analysis of GABA conversion during co-fermentation with different MSG contents.

M3, added MSG 3%. M5, added MSG 5%.

A ATEE MSG kL 5% Z710] § {85k, MSGE
GABAR X% H3A|7]7] Yol da 7|7to] ¢ = a3t
Aoz maw|qlty, B oA 23} Wha 3Y o GABA
7t Z9=]7] AlZslol=d], ol FAVUR FEE9 S
G5 53 GABA AJAQIFOA 24 vhE 59U ZJo] GABAZ}
ZAghe]7] AJZRE Zi(Choi, 2016)°] H|5t] 2 o) ®BRE 7
S 3RIsk 4= qlglow, o THko] S9t Wha S 31 GABA
ABAATPark, 2018)0 M &5t W 3Y XHLE BAZ 0
2 YAE= A AR 235 BofFginh

Skim milk SE7} GABA MAtof| Ojx|= &at
gt 3 UHOIA skim milk %71 GABA A3Ato] ]

WJ
of
ol
filo
e

Mot flote] 297t 1FH 13 ikt R
£of| skim milkE 0%, 2.5%, 5% SEEE 7l51] GABA
S vl - A5

pH & Lt B3}

Skim milk =0 w2 pH ¥ AHzo] HSIE Fig. 20 1
ERfL). R 27] 5170109 pHE 13} 24t W 29 ¢
3.777HA] ZAstPoH, AFEE 0.16%014] 0.7%7H4] Aot
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Fig. 2. Effect of skim milk content on pH and acidity during

co-fermentation of Rhus verniciflura extract.

1, skim milk 0%; 2, skim milk 2.5%; 3, skim milk 5%.

Values are meantSD (n=3). Different letters indicate significant
difference at p<0.05 by Duncan’s multiple range test (The lowest value
in the sample was expressed as a).

Tt 225 ATt ot %iﬁ}— %S Kt #a
?: A3} UEhA] o59ko.
79| pH7t S7Foke A%
| S23] rA5FHA] skim
milk % Z7of| wet da 7o) 22 0.88%, 0.86%,
0.99%5 YERHSITE. o] H7He skim milke] HE7} W&
FE A E HAcks ARS HYoH, AT 23F At &
3 HAEEO] A= 1.0% ofokE WA Yeldth of= gy
Q1 ikt dhgolA WHaA g ol-goto] ZARS AJAoHHA
U859 pH 74 H AT} 716k A= *J‘:‘JEJ—E— =l
IS YERIL Qe ol Zakd W Alof] Hrkshs A
2ol MSG7} BEASH E|HA WAL= GABAS] buffer XP
8o mE 4o THE| It Komatsuzaki 5, 2005).

m{n

M4 Het

Skim milk &=0o] W& ZAto] &5 Hhg = Ao ¥
3= RIS A3, Fig. 30XA" 22 Ha 1Y Z7HA] skim
milk 3329] e} RAkE o] 2 Folis e ek
t}. Leuc. citreum® 739, &3 dtg 1Y *}of| skim milk &

T Z7%of ufet Z+7) 8.52, 8.45, 8.56 log CFU/mL7IA] &7}
2 & Faste] 23 HE 7Y Ao BE UREA 4.0 log
CFU/mL olal& YobAt}. L. plantarum®] 739 &3 4a
19 Z}o]| skim milk &5E=9} 3’—1-74]040] BT ABHE719.0 log
CFU/mL old7HA] S71%t & &9t R 79 X7k extst
Al FHashaA He EaEoA Butg== 8.0 log CFU/mL
ooz Yehfitt.

rE

q Ao A skim milk F7} 5L w2

Leu. citreum $5: -1 -2 =3 a
L. plantarum EJ2014: .. 4 ..0.2 .p-3 a
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Fig. 3. Effect of skim milk content on viable bacterial counts
during co-fermentation of Rhus verniciflura extract.

1, skim milk 0%; 2, skim milk 2.5%; 3, skim milk 5%.

Values are meantSD (n=3). Different letters indicate significant
difference at p<0.05 by Duncan’s multiple range test (The lowest value
in the sample was expressed as a).
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Fig. 4. Effect of skim milk content on GABA production during co-fermentation of Rhus verniciflura extract.

1, skim milk 0%; 2, skim milk 2.5%; 3, skim milk 5%.

295 E9| GABA ¥

12} ZAt BHe 3 5 MSG 5%%} skim milk 5%Z
F7RE RA 29 g 0 AF 2UR S HEEY B
A3}, 36.57 mg/mLY glutamic acidE YERH It &5
I8 79 A4 g daES] £443, 0.10 mg/mLe
glutamic acid®} 24.56 mg/mL2] GABAZ} &<1= i}, uk
2hA Wa 23l B9 glutamic acid”’} GABAZ Z3HE]
o] & glutamic acidi= 0.01% ©]5}Ql A= SIS 4= U3
on, GABA AZL-L 9F 57.8%FE YEFHITKTable 3).
GABA 5 24.56 mg/mLo|gh= $A|= 7|& HRE &9
GABA A4S A5t A5t Bl Hof mj$- =2
GABA 2 Ye1L St SUUR 553 °l8%
53 I8 E S GABA A4k A3kt A-H(Yoondt
Lee, 2019)9]4+= 9F 16.08 mg/mLS] GABAS 333 =
o], 0|2} B SHH <F 50% ol ¥ =2 [0, =2t
2509 G E B3 GABA A A(Kwon, 2017)2]
GABA 3FF 14.44 mg/mLe} H|WSHH 70% oA ¢ =&
FAo|t}. o]F Bof 719 HAPES o83 GABA A4t
ATEET § 2 GABA TS YERHL = AS &

A9 5 ek

Table 3. Changes in GABA contents during co-fermentation of
Rhus verniciflura extract

Co-fermentation (days)

Free amino acid

0 7
Glutamic acid (mg/mL) 36.57+0.11 0.17+0.02
GABA (mg/mL) 0.10+0.03 24.56+0.09

ZLIR F5F U 28 YaE9 |UY Y HsE
=

o .
2UR 2259 ¥E 39 FEY(sucrose, mannitol,

fructose) TS| WSS HPLCE B9l 4ol thFig. 5).
L8 EEZEZ 9] retention time2 sucrose 6.37+0.04 min,
mannitol 8.43+0.02 min, fructose 12.77+0.05 min® 2 JE}
Ut 12 AR 5OF 9hg %7]9] sucrose= 5.71%,
mannitol> 0.04%, fructose:= 0.06%= Ta A] F75I9¢
sucroseE Aot 0.1% BT fejgo] SRI=Act
12} ZANF ¥ha 1Y 2} sucrose= AF ZHASHY] 4.20%S
Ue910m, fructose, mannitol-2 Z+Z}F 0.06, 0.40%% man-
nitolTF AF A5E 210 2 YETH &g 29 A} sucrose=
3.91%2 AEdA A= gHHo] fructose, mannitol-2 Z+
ZF 1.12%9} 0.66%= S7Fohe FAIE Bt webA 24t

¢ <FFructose =~Sucrose -O-Mannitol

Sugar content (%)

0 1 2 0 1 3 5 7

Leuc. citreum fermentation

L. plantrum fermentation

Fermentation time (days)

Fig. 5. Free sugar content in the Rhus verniciflura extract co-
fermented by Leuc. citreum and L. plantarum.
Value is a meantSD (n=3). Different letters indicate significant

difference at p<0.05 by Duncan’s multiple range test (The lowest value
in the sample was expressed as a).
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lo

o+ =9 HaE 9T 1 4 dEEl dad &
sucrose 4% ©JA}o 2 e

Akt S5 Hart AYEEA e 3 sucroses= 7
Aslo] 33 dha 39 2}0] sucrose= 0.11%2 i AAE
At} Fructose= A& ZhASHANF 2 WSl Holx| ¢kom,
mannitol2 Al&A Z7F5t]  fructose@} mannitol ZHZ¢
1.09%, 1.11%%E Uebdch 28 %8 79 Aol sucrose=
0.02%=2 thEE AREJOH, fructoses AZE 73ASH]
031% LiERARIE, ol 59 25 Uk 19 Aol chn)
sucrose’} HEEHA] fructose@} mannitolo] AJAIEE= AL
golIgh 4= Qlict. 24207 1} Akt W Alof| H7E
UE sucrosei= LA oA HiFE o]-&=|QITt Ol= Leuc.
citreum©| E-H|3= sucrase T40] 2J5f fructose2} glucoseZ
EollE A oF Holr, mannitolo] AJAHE Z-2 glucoseS &
8519 Leuc. citreum©] A3E U] NADHE Ajcdsto 2/
27891 mannitol A B 11(Otgonbayar 5, 2001)7} 4
S0 ofefg ATFYS B9 A Ao= Amer:

¢

Y L2 2220 BAs 24 W

2UR 2220] A} BYL 2451 9o} ABTSS}
DPPHY] radical 2452 4519tk DPPH X5 50%
HAAI7IE 1002 LERIT A % SR trolox
Y£T72 ARGSIHOM, 27 AT Table 4] LERRRITH
SUR 2220 a4 389 myeol T ICuglo] W 3
2.03 mg/gl & T T Q)| AZE radical A7 EAo] =7}
E]Qitt. ABTS radical A7%59] oigt A|E9] FFS 50%
radical £2AEE HEHE= 1G5 0= HERG oY, ti=4=2
EAS AP troloxS ARG, HEET tolo
94 ICso 71—353'4% Table Soﬂ EAB}?&Q

A A 2 A1) ICs 7S 16.03 mg/gol o, 23F
Uart 79704 Z18E daEol|Al= I1Cs%ko] 5.07 mg/gl
& ZAasioint AA| R YR 22 o e a2y
& A* DPPH radical®] A7 &4 59] ICsy 0.93 mg/mLoj|
A 0.23 mg/mLE 2715t A7} 9Low(Lee, 2017), 0 £
3 2UF FEE% WA S F9 free radical &7 5ol F
e Aow W=

3 was

Tlol

o OF
= =

25 FE20 24t 382 919H sucrose, yeast
extract®} &2 Ay} AAUS W7 F FFY At
S SAF o= ujofslo] GABAZ} 4alE LU 2&E ]
A 27e HAgIY. U F2EY 13E A
0.52%, TEF> 0.39 mg/g, SENHE F2 5.77 mg/g

Table 4. Scavenging effect of fermented Rhus verniciflura extract
against DPPH

Sample ICs" (mg/g)

None fermented RV extract” 3.89+0.04
Fermented RV extract 2.03+0.02
Trolox (ug/g) 40.48+0.06

VICs, concentration required for 50% reduction of DPPH radical at 30
min after starting the reaction.
YRV extract, Rhus vernicifluum extract.

Table 5. Scavenging effect of fermented Rhus verniciflura extract
against ABTS

Sample ICs” (mg/g)

None fermented RV extract® 16.03+0.08
Fermented RV extract 5.07+0.05
Trolox (ug/g) 50.28+0.04

YICso, concentration required for 50% reduction of ABTS radical at 30
min after starting the reaction.
YRV extract, Rhus vernicifluum extract.

2 UEeRdTt ZAF &5t gt e daEe] EAT, A=
0.99%, pH 4.75, A<= Leuc. citreum S5, L. plantarum
EJ20147} Z¥Z+ 4.10 log CFU/mL, 8.68 log CFU/mLZE L&}
Wk fEe 248, &9 IR 59 sucroser= 5%00|A4]
0.02%= Zr4>, mannitold} fructose ZFZ}F 1.09%, 1.11% 34t
EUcE £ R 7Y vl MSG thi-Eo] GABAZ XgHH
Ao Ueht o, HPLC £427} 24.56 mg/mL2] GABA
o] ERIEITE &3t HaES] ISt 52 AFET}
DPPH radical £75°] ICso3t22 & 7 3.89 mg/mLoj|A|
2.03 mg/mLE 7145} 0™, ABTS radical 27504 1Cs
7+ 79 16.03 mg/mLo|A 5.07 mg/mLE ZASHAA
Al /o] F7kshe Ao= UETh AEXOE Leuc.
citreum S59} L. plantarum EJ2014E 083t 2UTE 55
o] At &9 IR E2 7154 &4 GABAL} probiotics
o] stslo] TR 1A AEAARAL] Bl

7|t
aMel 2
o] =2 S Aeor =AFAE-tietY

A LAY AR ot 5P @Aols, ofo] BA=T
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