KOREAN J. FOOD SCI. TECHNOL. Vol. 50, No. 1, pp. 37~43 (2018)

https://doi.org/10.9721/KJFST.2018.50.1.37

=2t o] FMUSE S I
A%=of
AT AE N, A o

—_

KOREAN JOURNAL OF

SR A S RIX]

FOOD SCIENCE AND TECHNOLOGY

©The Korean Society of Food Science and Technology

Zat-opo| =

TRE=

1. o)Ak 12

50| EA AT

5 Ak sl AT

Enrichment of gamma-aminobutyric acid (GABA) in old antler
extract fermented by Lactobacillus plantarum

Soon Young Kwon' and Sam Pin Lee'**

'Department of Food Science and Technology, Keimyung University
*The Center for Traditional Microorganism Resource (TMR), Keimyung University

Abstract Optimization of the lactic acid fermentation process was carried out to produce an old antler extract fortified
with y-aminobutyric acid (GABA). An old antler extract (OAE; 5%, w/v) obtained using a herbal extractor showed the
highest contents of solids (1.75%) and proteins (980 pg/mL). It also showed the highest total amino acid contents of
13,659 pg/mL, with glycine, proline, and glutamine concentrations of 1,945, 3,405, and 1,641 pg/mL, respectively. For the

over-production of GABA, OAE was fermented with Lactobacillus plantarum EJ2014 in the presence of 0.5%,

1.5%

glucose, and 3.5% MSG at 30°C for 7 days. The fermented OAE showed high viable cell count of 2.0x10® CFU/mL, pH
of 6.56 and 0.77% acidity after 7 days. In particular, the acidity was greatly decreased by fermentation for 3 days, and
1.4% GABA was produced by the efficient conversion of the substrate, mono sodium glutamate.
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AJako]l 71842 ALE-3F mono sodium L-glutamic acid (MSG):=
Yakuri pure chemicals Co., LTD. (Kyoto, Japan)ollA] +3}od A}
43}tk MRS broth= Difco™ Lactobacilli MRS (Becton,
Dicknson and Company, Sparks, MD, USA) A& Y3t A}
B3I Aol AMSE A9k B oS sl ARSIt

AMSEF U AELE(starter) M=

Argheta A E7Fetat AEFLANEATHoNA n7te ey
B 223 GABA AL 4% Lactobacillus plantarum EJ2014
(KCCM 11545P)E ©]8-3fe] 2aha s a3sIith23). L plan-
tarum EJ2014E Difco™ Lactobacilli MRS broth agar (Becton,
Dickinson and Company, Sparks, MD, USA)HjA]o] =gk &,
30°C &-248]F7] 1S-97IR (Jeio Tech. Kimpo, Korea)ollA] 24417}
HiSF SHATE Lotk 9 SRUE FH3Ste] 23] Alopdet F,
121°Col A 15%-7F 23k MRS brotholl L. plantarum EJ20145
st wlFo] HE3I, 30°CollA 24A17F Hijesle] Z~EJEZ ARE-S)

A7k 57+ 5% (ww)s AlZ
3t autoclave (121°C, 30 min), $+F5Z7](100°C, 40h), >F&7]
(90°C, 48h)e] FEAXE ol&sle FEE Yt GABA
Aare 9% ik dauAe 574 FEF 100 mLd X
(glucose) 0-3g, MSG 2.5-45g, YE 0-0.5g2 #H7F 3 & 121°C
ol 1587 daste] AxsKT L plantarum EJ2014 starters
MRS HAER]A] 30°CoAA 19 FRF WA F 1% (viv)E
HE3N] 30°C F2ul 7ol 7U7E 2gsle] Badol AME-3IIT)
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pHE pH =% 7](model 420+, Thermo Orion, Beverly, MA,
USAE A3t A 4l=e Al ITmLd $/FF I9mLe
A7¥ste] 01N FABPIEFNaOH)E |83l pH 83714 AA
Sk ABjES FHAE (%, vv)eE Bt

Aases HEE Imlol FdF 9mLe H7iste] 108 514
W o]g3sle] 10° 10°, 10812 3|8 Z1-& MRS agar plated]]
20l =gk ., 30°C F2u g1 48A17F wi ket & A+
& CFU (colony forming unitymLO 2 ERYATH24).
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595 nmol| A =315t ¥=EZZ bovine serum albumin
(BSA) Tl E-g o] gsled HFFZ7t 0, 20, 40, 60, 80, 100 pg/
mL o] HES ZA|ste] 595melx FHEE FASUL,
AT RFEFAE MR AR Wild s SASA

A1

=

L=

a

GABA % ZFEMH(glutamic acid) &2 24
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plates= 10x20 cm®] =712 #epA] ARSIAAL, TLC Aie AR
chamber (30x25x10 cm)oll A =3 3FATH25). MSG FH=k3}
GABA &% H|2E 9]3 standard® MSG 0.5-1%2} GABA 0.5-
1%5 ARE-SIATE A7|Eul= acetic acid glacial:n-butylalcohol: -
Fr(distilled water)Z 1:3:1 (vv)e] B &R E33te] A0 3
A7k o1 EFA AT LEES FFFE 29 M3 T 7zt
N &8} standard &S TLC plate2] o}gfolld 15mm H& 91X

o 2 uLE A8, 74L 10-15mmS FASIT 84 &
TLC plate®] samples 71=3F the A7WstaL, A707F 2 TLC
platee 50°C ZaAZ7IA A2AZITE 712¥ TLC plated] 2
ARl 0.2% ninhydrin €4-& W37, 100°C T7AZR74A
5-10% <F A A7l & HEE] g
< gelsih

2 obulxat FRF g2 AXAZ ARE ALdA 3
5o fAE sl A=A T A Svlel A ESt]
22 s THQ26). 4SS 045 um syringe filterZ 3}
AN ER ARSI HPLC B4 Agd =43 &rje
Z} column (Agilent SB-C18 infinity (2.1 mmx150 mm), 1.8 um),
A (140mM NaHAc, 0.1% triethanolamine, 6% CH,CN, pH 6.1)
100%Z &% ¥ 258 &< B (60% CH,CN) 100%7} H=2 &
FelHA B9 1 mLE ST opv=A4t S4-2 254 nmeollA]
3 04mL EHFIIL, UV 535S 433
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AlX2]= SPSS (statistical package for social science, 23, SPSS
Inc., Chicago, IL, USA)E ©]8-3}%] one-way ANOVA £41-& 4
Ak 3 Duncan’s multiple range test® 248 p<0.05 ol

A S

=7k 5% (w/v)E autoclave (121°C, 30 min), 7Fg-& SHFE=
71(100°C, 40 h), GA-& 7] (90°C, 48 h) Al 71A] FEWH
of WE IR B wild FEs 74 3 B Ade Table 134
2o, F2E] 73R g 72t 0.78%, 1.75%, 1.10%Z ek
o SFRZI|E o83 & XA MY UL R,
autoclave =02 =9kt Tl 3hF BEF fFE7]04 980.2
pg/mlLE 7P =4S auto clave, 2F&7] ZHzb 393.6, 266.9 ng/
mLE Yepsth mEbA JAE FRTIE o83 FE 27elA
IREE S dEshge] g =4 vEld deF 5719
o] 7o R R f8Adwe] 7P Bel 85 © AoR
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=2k 3 5 P 2 veS ARNEAL SRR FEE
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A5ttt Ha 527y =794 58150} glycine d5°] 581 o]

=2k5 FAsks oAt F glycine] XFA|
sh= W&ol 7P woal Barsklth Bk, Kim S(28)%04 =

2 7P %o I th232 2 proline 11.09%, glutamine 10.26%%
Hls=8kA YERSTE Glycine Th o2 ko] Zh2 797.52,
1943.94, 1310.18 pg/g= FHFFZE7]0A 71 =2 o ike
proline®]™, L U202 FFFo| &2 ofn|iik glutamine®] S
3, 3 e 27 66570, 1641.92, 1015.81 pg/goldom dhef
FE7194 7HE =2 A& € Sl
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Table 1. Protein and solid content of old antler extract (OAE)

Al) BQ) C3)
Solid content (%)  0.78:0.08°  1.75:0.14°  1.10+0.14°
Protein content 303 ¢ 13 9b  98024624°  266.9437.9°
(ng/mL)

Data represent the meantstandard deviation (»=3). Different letters
indicate significant differences at p<0.05 by Duncan’s multiple range

test.

DA: 121°C, 30 min extraction
2B: 100°C, 40 h extraction
IC: 90°C, 48 h extraction

Table 2. Free amino acid composition of OAE

AA (ugle) AV B c
CYS 0.00 0.00 0.00
ASX 386.80 926.94 466.52
GLX 665.70 1641.92 1015.81
SER 202.21 485.88 321.43
GLY 1424.46 3405.99 2348.48
HIS 60.49 161.45 83.33
ARG 47722 1198.79 820.72
THR 134.80 280.63 199.75
ALA 558.22 1411.77 978.57
PRO 797.52 1943.94 1310.18
TYR 21.92 94.88 52.29
VAL 136.25 368.52 207.08
MET 41.11 119.96 67.98
ILE 70.15 177.57 100.82
LEU 161.74 452.15 246.00
PHE 125.49 379.92 225.77
TRP 0.00 52.66 17.02
LYS 223.79 556.65 289.32
Total 5487.85 13659.60 8751.08

DA: 121°C, 30 min extraction
2B: 100°C, 40 h extraction
IC: 90°C, 48 h extraction

2b gHe 77k 5487.85, 13659.6, 8751.08 pug/g® SHFFE7]00lA
e Aoz vehgth mabd 9l

% ohvlate] gl 7}

Table 3. Chemical and viable cell analysis of various OAE fermented

A} = O

o X1

A% 3 I 2Nd §I rRYIAE F oprlweat
g me FREIM 8%l VY el 23H

E7to] FEx7 w2 FihtEe) GABA At HHskE
St AP ATZA autoclave, THFFZ7], FH7)E o83l FE3
57F F220l GABAYAHS] 7249 MSG 1.5%9F ghael 9
AArhYPoT ¥xY 1.5% E YE 0.5%= A7FSIL L. plantarum
EJ2014 @9 starterS 5% HE3t] 78 St Xl zH0
A Ba s Yot deFFETolA Aol FH7F &
o] T FEWo usiA GABAAAto]l EHHYL Yehh
ot} Z7] pH 620014 =7 @ ES pH 4302 ZAason,
e 27 018%01]/‘1 1E 199 1.0%= S71E § 287t »
A HEA s Fhadhs ¢S Hth(Table 3). 53] 24k
g 59 ) ﬂw—%A MSG7} & EHA GABAR s =
AFE etk Fig. 1). wb ok d9d v g% et
i Freg v R F oofu|Ak §Hepo] b w2 gk
FE7190M f8ARe] 7H Bol FEEY] wEe] JFS = A
o= Azt

SO ME RAUE S

SFFEET|E o]8dt B Zzb FEI9 ziiEs B
GABA A2t Aol YE s 2 3= %E'.J—‘i’é}%iv}(ﬁg. 2). &
293 BAY0® MSG 1.5%, E5% 15%S F7HEoz 53

g =z} &0 YES 0, 025, 0.5% S22 IA7isie] 2k
IS E FYYPe o A= o2 2

pHS} 22 739 YE 0, 025% H718S v @E oY 7zt
pH 7.05, pH 6.662% YE7} F7Fgel| we} pHrb oFzF 7h43k%
], °]& Song(29)9] oA YEZ} d7iEW wEEC] pHY}
sk Aot vl JPe = vehiinh YE 0% 2314
g AJ7ko] Aol wlel pH7F Aoy 0.25% 2ol
& 39 pH 5120014 @& 7Y pH 6452 Z7138I9Th Lee &,
Kim(3031)°] wWZW o]& wAEe] s GABAZ} A2 uf
glutamate decarboxylase (GAD)®ll €3+ glutamate”} decarboxyla-
tionE A GABAZ H3HE uw proton®] 4AH]H O 24 GABAL]
A3 o] pHE Eole AoR WYt wahy Rakg
wrgol o) zlste] AP E Eetal wEE] pHZt HA=H

Lactic acid fermentation time (days)

OAE
0 1 3 5 7

AD 6.1220.00" 435+0.00" 4200.00° 42120.00° 43020.00°
pH B? 6.27£0.01° 443£0.01° 4.55:0.00" 4.52+0.00° 4.40:0.00°
o 6.22+0.01° 43320.04" 4.1720.05° 4.1720.00° 4270.01°
A 0.1840.03° 1.03£0.00° 1.40:0.00° 1.48+0.00° 1.42+0.00°
Acidity (%) B 0.18+0.00° 1.0140.03° 0.88+0.00° 0.99:0.01¢ 1.10£0.00°
C 0.11£0.01¢ 0.54+0.04° 0.79+0.05° 0.86+0.00° 0.75+0.11°
‘ A 4.00x10™ 2.00x10°" 1.70x10™ 3.20x10" 3.10x10%*
Viable cell count B 3.60x10™ 5.20x10% 2.47x10% 2.63x10% 220x10%
(CFU/mL) 7 O: 8h 8 8d

c 6.00x10™ 13210 6.20x10 231x10% 2.40%10

DA: 121°C, 30 min extraction
2B: 100°C, 40 h extraction
IC: 90°C, 48 h extraction
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Fig. 1. TLC profile of GABA in the OAE fermented by L. plantarum for 7 days. "Fermentation time (days) ?A: 121°C, 30 min extraction

3B: 100°C, 40 h extraction YC: 90°C, 48 h extraction
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Fig. 2. Effect of YE concentration on pH (A) and acidity (B) of
the fermented OAE. Data represent the meantstandard deviation
(n=3). Different letters indicate significant differences at p<0.05 by
Duncan’s multiple range test. "YE : yeast extract
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Fig. 3. Effect of YE concentration on viable cell counts of the
fermented OAE. Data represent the meantstandard deviation
(n=3). Different letters indicate significant differences at p<0.05 by
Duncan’s multiple range test. "YE: yeast extract
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Fig. 5. Effect of MSG concentration on pH (A) and acidity (B) of
the fermented OAE. Data represent the meantstandard deviation
(n=3). Different letters indicate significant differences at p<0.05 by
Duncan’s multiple range test.

MSG sx0 Mg HMUs =xs;

FFEZ7)5 olgl] e w7zt FFe] ZrES 5
GABAYLH HA3E 9siA X % 1.5%, YE 0.5%2 %33 =
7} ZZdlo] MSG 2.54.5% FSEEE Hrlsle] AAFE 423
3tk =7 g o] pH 2 @+§ =43 A= Fig 5o &
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Fig. 6. Effect of MSG concentration on viable cell counts of the
fermented OAE. Data represent the meantstandard deviation
(n=3). Different letters indicate significant differences at p<0.05 by
Duncan’s multiple range test.
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Table 4. Changes in content of glutamic acid and GABA during

fermentation of OAE (png/mL)
Fermentation time (days) Glutamic acid GABA

0 day 19499 0

7 day 4835 14328
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=
R
—

AA| GABA FFo| IA S7IslHA axpdoz A4

golgk 4= AAT MSG 2.5% Z7el 2a 5U7)
MSG7} 2% GABAZ HEH Atk MSG 3.5% ZAolM 2a| 5
dA MSG7} GABAZ L% A3E= ZAo=Z Yelton, MSG
45% ZAA tFE-Ee] MSGE 2a 3o MsEHs Jdi
MSG7} ZHEsh= Ao 2 Ueith ole ibdE sgolA A
7H L FE9 MSGE ZFA SR GABAR H#EHow,
MSG 3.5% 7} Z7el4 2 3% vl tyEo] GABAE A
EOoZA IFEE GABAE e =7t A A ES AXTY
F AUt wEtA 7 FEA] FETF 1.5%, YE 0.5%, MSG
35%7F A7k =zt 320] GABAMAHY] HZXzAo=w W
Hh #HF =7 FEH9] AP gEe] HPLCE °]&3ty &
213 GABA 2 143%E UERSTHTable 4).

Song 54y £ FEU9 7 oAk e GRS 4
3, glutamic acide @& F Faste] TR A 1128535 mg/Lol
A EE 120717 o] FollE 14729 mgLE Wi ZHAER o, v
Hol| GABA ¥ wE A 110.01 mgLolA] W& F 6588.73
mg/LE 2k 60df ol Z7bdtiy Basich QuA du) &

4

AL 3 FF AL BEAT F GABA TS HPLCE st

A,
WY ol

0 o
-

o~

A3t {2 ohuxAt L 2E £7]9] 161 mgmLolx] EE
% 150mgmLE °F7r 7HAhdEe Ago|gon, wE 27 A

=2 MSGE 143 mgmLellA L& Fol 43 mg/mL HAE Y
o, GABAE 28 %7] 02mgmLolAd 92 mgmLE IA
7Fhe Zoz yehd @a 5 GABA7F AAE Foz Bk
vl ATH35). HFEEES] AAbtas 5ot GABAA %

o

3t

T ‘l.

of Be ATE A YoM, 7 F58e) /12 #4
o

&

A5

AR RS B9 7154 AR 4B BPRE Fols
&8 APARE BeE
o ok
-l
£ AToiE 27 $2ES o83l GABA A H45E

el FEAe =, FAUA YE, @AY =T, GABA A4
AFEAE MSG B9 e FHZACE YE 0.5%, 59 1.5%,
MSG 3.5%% H7lsted 30°CollA] 747 ZAhaE itk 2a
7d pH 6.56, 2F= 0.77%=Z YJERES™ 2.0x10° CFUMLE &
TS FAIBIIL GABAS 14% sk Aoz vehdth 2
2Ho2 =7} FEN AigS o] &3 FAGS T3 L
9] GABA A4to] 7hestfion, WaEe GABA, ZZHlo|L
€ (probiotic) 5 et AF 9 7154 AARE o874

o] =T ALEE T

bt

b1

HAtel =

o] ATE FAVGH JPGFAEATAEA LA XY
(C1093775) B FHFAERFC] ADo2 FHFAE 7]&7]
Y7o Z1EAdSA A G Y] RS ol AFHAFHTH
(NO. 314082-3)
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