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Abstract The production of poly-7-glutamic acid (y-PGA) and y-aminobutyric acid
(GABA) was optimized by serial fermentation of Dendropanax morbiferus extract
(DME) using Bacillus subtilis HA and Lactobacillus plantarum KS2020. The 1%
alkaline fermentation was performed on 60% DME including 2% glucose and 10%
monosodium r-glutamate (MSG) as a precursor. The 1% fermented DME had 57
mg% tyrosine. Consequently, the 2™ lactic acid fermentation for 5 days increased
the tyrosine content of 106 mg%. The mucilage containing y-PGA showed a high
content of 3.50% on the first day of alkaline fermentation and then increased to
4.10% after 2 days. The precursor (MSG) remaining in the 1* fermented DME was
efficiently converted to GABA by the 2™ lactic acid fermentation in the presence
of 5% skim milk, 1.5% glucose and 0.5% yeast extract, resulting in the production
of 18.29 mg/mL GABA. The viable cells of lactic acid bacteria increased and
indicated 9.49 log CFU/mL on the fermentation for 5 days, and the acidity of
co-fermented DME indicated the highest value of 1.55%. Conclusively, the serial
fermented DME has multi-functional ingredients containing y-PGA, GABA,
peptides and probiotics.

Keywords Dendropanax morbiferus, Bacillus subtilis, Lactobacillus plantarum, GABA, -
PGA
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(Jeong, 2015; Kang, 2022). SAYF i3t 7|54 &
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V22 T2 YEE ARshe AF ERAE 583
9 sh= Ha vAEC|HSung 5, 2005). Poly-y-
glutamic acid(y-PGA)= 12w#Ql Bacillus subtilis7}
AAkets 1A AAEEA HASH, 84, e84
EAS zk1 9low A8o| 7H55ttH(Moon, 2011). AJAL
B2} y-PGAE glutamic acid y-carboxyl groupd a-
amino group AF0|9] amide ZAYC] 25 ZAdH
homopolymero]tiKwon 5, 2004' Park, 2002). E3}
7-PGAT= A EF9RIHAERE HASZ 9 g5
R i A R R b O]ZH dom, HEA), g
FE Y I AE, oF Fopol|A tfstA o] &L
2002; Tanaka et al., 1993,

.

AHOppermann et al.,
Wang et al., 2020).
ZAkt2 HEAR] probiotics® Ha4 o= E ZAit
Adoke B4E71 el & Axet Ad & A
Aol EAstH, §714 59 tAES AFARSHHA
BAEY AT 71542 =01 AR 715 A
ZItKang &, 2021; Troy, 1937). £3| L. paracasei, L.
brevis, L. plantarum 52| ZARFE y-aminobutyric
acid(GABA)E AIAsH= Aoz HIEYtHCarr et
al., 2022; Kim, 2013; Lim, 2013).

GABATE 4719] 48 F4E Bl ofn] i iko 2 A
AZAY JAEAZE LA JAtHTroy, 1973). GABAE=

=

bol' ﬂllo
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259 A By} 5ol Aot HIEJKHGe et al,
2006; Park, 2001; Park, 2019). AAAZ Wolg7 5
o gFof = GABA s&w= "¢ Wol AE] &49 1
HE 7IHsH7|7h ool Slof, mAE] %t iEk:
GABA $H4o] " asitt. o]#st 82 y-glutamic acid
decarboxylase(GAD)®?} pyridoxal-5-phosphate(PLP)
I aao] osf 7180 glutamate=ZFE /sl i
T9] GABAE YHE 4= QthHiguchi et al., 1997; Pouliot
et al., 2013).

A7} A2Ato] 4to] o] RAbE] T Aol oyF 5o
QoA AEY] AT o ol A 75l MEE 9l
A orom AY o=} 9 A7} 5.;(]0" Aot A shiaA=
A A FEE] Ui 22 7154 A7 EIEQAR,
FAUE FE552 o|&sto] TR E &3 7154 A
W3t Atz opF miElsit). olet A FEEC 1A
At &3 B3 R E B3t GABA, probiotics, 7-
PGA, peptides 9] 7154 E4E0] 3td S =28
EHS Ao =N thaggt 7] A2 && 7Hs3

]

]
o 7154 &
pgshel B WE 24 Aol Basi,

2. Mg % diH

2.1. M2

FAYE -’F%%(Dendmpanax morbiferus extract,
DME)2 £7H] 41&(Jecheon, Korea)ollA A4t

Al gHo} -18TolA W& Husto] ARSIt —,—%i?_]
MSG®} glucose 242 CJ Cheiljedang(Seoul, Korea),
Samyang Genex Corporation(Incheon, Korea)olA]

FA45}9 1, skim milkE AS25(Seoul, Korea)oll A ++
Y35tk MRS broth® Difco™ Lactobacilli MRS
(Becton Dicknson and Company, Sparks, MD, USA)
ARO] AlET 11 9 Adlof] AR AR EF AdES A
&5k

2.2. At @ Z starter HZE

Bacillus subtilis HA(KKCCM 10775P) 9+ H=%
oA Egt F 7|get A= PR EEAEERE BT
o} 12} &4 a9 AFRSIHTE 5% skim milk brotho]
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MRS AR A viFE T2+ St colonyE HEoH]
42°C°ﬂ/\1 24A17F 160 rpmO. &2 A"HY & B subtilis

AE AEHHE ARGSHIT

Lactobacillus plantarum KS2020(KCCM 12782P)
£ AN E25 GABA 450l 53 HF=EA,
MRS agar plate®A] 30T, 48A|7F viFSH & HH3Sh
MRS brotholl <= ¥4 L. plantarum 3t #Fo] 5
2t F 30T F=2HF7100A 24417t 59F A wiegsto] 2
b Aibd IR AEEE ARESFAT

23 & F5F H=
2.3.1. HES 42 Q81X 1x7 WE
DME(G0%)S 121C, 1587 1457 EHAZl &
45 50% glucose 2 50% MSG &N (w/v)& 22 2%
v/v), 10%(v/v)7F H=Z H715t9ATt. 5% skim milk b
Ao A WiFSt B subtilis HA 2EFE] 5%(v/v)E Esto]
ufF7|of A 42T, 160 rpml.E 2% B2t XIg #jeket

2EBY olafehy BAL Sk

s

=13
=

2.3.2. GABA M4t 9I8t 2% R 5

13 124 a5 B4 skim milk 5%, glucose
1.5% 9 yeast extract 0%, 0.1%, 0.5%(w/v)&
2 H7KY & [ plantarum KS2020 2B 1%(w/v)E

HSsto] F2uF7100A 30CE 5U7F HA] wiFstat.

e

ol

Z71% 0

24 BE REE2 U520 05515 24
2.4.1. M@~ §g

BaE TEES 1074 SAE 5451o] MRS agar
iz 20 pl &= ?l 3 B subtilis HA= 42T 28|
710l A 24A17F ¥iFSIRTY. L. plantarum KS20202 30T
F2H| G710 A 48417 Bt o B 582 log

CFU(colony forming unit)/mL&Z YeFH ST

242 pH ¥ HY Mz =¥

pHE ¥&E 10 mLE Fot] pH meter(Digital pH
meter 420A+, Thermo Orion. Beverly, MA, USA)E
o|gsto] 5ttt A 4tk+= pH meterE ©|-&5t
HiFA e} pH7E 8.3 =2 W7H4] 0.1 N NaOH= 27
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5111, AH|EES lactic acid TEH%, v/v) Q& $HAsto] U

rpmollA 20 B¢ dHEHE S8 It Al
Z

aIcoho Oﬂ A& 5 50C°ﬂ/\1 24/\]7} 71?}‘_5713 o]-&s!
o A% ¥ Aottt

AEHS Y%t ARE 2 Rheometer System
(HAKKE RheoStress1, Karlsruhe, Germany)°l| cone
plate device(Plate PP35Ti, 3.5 cm diameter, gap
clearance 1.00 mm)E °]-&st] S43I3ATE A& 1 mL
2 23} plated] €8 T 20CO1A shear rate(y") 1-
100 s'9] WQoA shear stress(Pa)E &A5t0] 45E
4= EA6IH. dxe ¥ HAxE AF

=A%t}

4= Power law

modelZ

Power law model: ¢ = K - q./‘
o= HA-gE(shear stress, Pa), K& HAXE A
(consistency index, Pa-s"), y= Ae<4E(shear rate,

s, n& 854 A%(flow behavior index)o]th.
245, 4= GABA ¥ MSG & HM

MSG ¥ GABAY AAEAL silica gel TLC plate
(10%x20 cm)E &%t Thin Layer Chromatography
(TLC) AH&st] #Astgict. HaET} standard 84
TLC plate stato]l 2 pL& H23 F Axste] A7f &l
ANt Bul=
distilled waterE 3:1:1%2 E33F & 24]7F oA} ESHAH
th. A78 & TLC platet= 100C ZFAZRT|ONA AXT &
0.2% ninhydrin 4 AJeF AZ Ha 100TA 58 &

T 9HAA MSGEF GABAY] spotg Q159

ot
A

d
=

n-butyl alcohol:acetic acid glacial:
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2.4.6. W29 peptide ¥ =H

A=Y peptide B4 F=E 54571 #5t9] Folin-
phenolA|oFZ o]-&sto] TR E] EA5l= tyrosine
< 5%l HKang, 2022). 34 F2E 4RNS 0.44
M TCA &HZ 5% H7Iste] 37Tl 3087 §HAIX] &
15,000 rpmoilA 1087t A &5t} 248 45 1
mLo] 0.55 M Na;COs 2.5 mL¢ 3 34 phenol
reagent 0.5 mLE &R 02 2359t} o]F 37T
Al 3087 ¥F3-A17] 3 spectrophotometer(Amersham
Biosciences, Amersham, UK)E ©°]&5} 660 nmOjlA]

=S St

2.4.7. SDS-PAGE &4

3 HaAR] 3 220 daEo] did Vieis) Ak
£ &RIsH7] Y8l sodium dodecyl sulfate polyacylamide
gel(SDS-PAGE) A719%(Hofer Scientific Instrument,
CA)E F3tAthYoon, 2019). ¥EES 15,000 rpm
oA 1587t YAEE S & SDS-sample buffer(x5,
0.15 M Tris-HCl, pH 6.8, 4% SDS, 5% 8-
mercaptoethanol)ol] =QItt. 100CoA 5E7F 7FL st
gradient SDS-PAG(5-13%, O-RAD, Seoul, Korea)?]
ANEE 10 pL U F A7) 56T Geld A2
Instant Blue €9 (Expedeon Ltd., Cambridgeshire,
UK)S AMEsl9 o, standarde 0.5% skim milk &91,
BEF AL 10 kDa, 15 kDa, 25 kDa, 35 kDa, 40
kDa, 55 kDa, 70 kDa, 130 kDa, 170 kDa2Z X3}
o] 9= marker & (Thermo scientific, Waltham,
MA, USA)y& ARE-3FAH

2.4.8. GABA ¥ glutamic acid®| MZF £M

TaE9] Feopn|icAl ohg S URAX AlRE 4
2004 30 B FEAFSt] AXRAR & A 84140
mM NaHAc, 0.15% TEA, 0.03% EDTA, 6% CH;CN,
pH 6.1)° &3tsto] Y& sl A5 0.45 #m
syringa filter2 o33t & HPLCE E4st9tt. HPLC
B4 A AZ7]+= Fluorescence detector(dex 250 nm,
Aem 395 nm)E ©°]83 columne Waters AccQ -

TaqTM(3.9x150 nm)E ©°]&3}¥ 1 mobile phase(A:

https://www.ekosfop.or.kr

Waters AccQ Taq Eluent A, B: acetonitrile, C: 3%}

ZE5H)E §4 1.0 ml/mind €22 ZFAch

2.4.9. Protease activity &%
B3t draEo] ol 2 484 =42 A5 0.6%

casein €92 7|2 & dlo] TaEo £A5= protease
=]
=

o 242 2gelgt. B BY LABL 13,000 rpme]
A 1022 AHELD 5 459 0.35 mLE Hste] 0.6%

4
E7F 9kgakh o]F 13,000 rpmollA 1587 ¢4 £
sto] JAAEE AASHRCH, 34H 45A 1 mLof 0.55
M Na;COs3 2.5 mLet 38} 344 Folin reagent 0.5
mlLE Ao E Y 33t & 37C F2424 30
E7F 9ESAIA T ¥RSH 9] S+ spectrophotometer

(Amersham Biosciences)Z 660 nmoA =435}t

2.5. A2

AYZAFE= Statistical Package for the Social
Science(SPSS, Version 27.0, SPSS Inc., Chicago, IL,
USAYE ol-&sto] Bt(n=3)7 EZH*Hmean+SD)E
stalom, 7+ ok 7 B Aelg AS5H] fste] one
way-ANOVA ¥ Duncan’s multiple range testS &
sttt Aol digk A52 p<0.05 FEolA ASsIAH.

3.1. 5 £55 1E7 U559 HEE ¥ HEE YN

}.ﬂ
=
o
Y
o
oX,
oX,
fijo
I\
ol
ol
ol
ook
e
i)
i
fr wo o
e}
M
[
F1
Ir
— O
ne,

ikH oz MaF| WS BN 2% £
420 BHBE B (Kwak, 202251907, FLF 12

w2 o8 £ FEE TAEY 49 Ta 2d A H4

fatn)
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Fig. 1. Consistency index and mucilage content in DME
fermented by Bacillus subtilis HA. n=3 for each group. Different
letters (a—c) indicate significant difference at p{0.05 by
Duncan’s multiple range test.

= FF2 3.70%= FARRE 32 Eitk(Kang, 2022). 3
MR FE2E58 o83 124 AN 53 48 E S9lA
IEA AAE AR 3.27% o8 B S 1’%(Yoon,
2019). FAYR 25 A oA 1249 ISERE &
g AEAE AR i =2 Zle
A YR Htd AFEE MSG7} 10% 2=
7189 AR ETY £ L7t AME 2R waEnh
TBA HAE] T3 y-PGA AR ATLEH MSGE
VEAY AxY 3 ZaEC] oA TRAEER
Eo] zels BH|EE= Aos BEHLuo et
al., 2016).

=|

oz o
vk

3 Bfe 5 pH Z A Hg

FAUR 289 1z ¥a 09 A FFEEL pH
7.6, acidity 0%°14 29 2} pH 8.9, acidity 0%Z pHE=
S7kotl o ZkESk= 7140 e AR YUEyt &
A2 Bt g s YA 13 12 HaE] skim milk
£ 5% 235t & Z71A 08 T-di yeast extracts A
7VelA] 2 2 AW =Y 1.5%°] yeast extracts 2}
Z+ 0, 0. 1%, 0.5% 582 H7I%t B, C, D 27fA] 2}
= sttt

AN 9a 09 A 27 A+ pH 8.3, At 0.1%E &
L, Fa 5Y Aolle K7 BH2E pH 5.1, At
1.7%= Y ATE Yeast extractZ7} F A7FE 24 B=
pH 8.30, A= 0.15%°lA #& 59 o=
T 1.6%=

pH 5.20, At
Z7Fetgieh 2 1.5%00 71802 yeast
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extract 0.1%, 0.5% A7} 27 C, D= pH 8.1, A%
0.1%°014 =& 5% 2oz pH 5.29F A= 1.55%-1.59%
Z AR g2 HEH.

2ol Atk Taidge] 2it Tag S8 4
Ao Aoz FaEe Atwrt F71ske AAHE, AV
FEE9 22 dikt dadgold Ea 1o Aert
0.5% T=o& 571t & &a SU7HA] S48 S71ste
1.6% B= A=E YEiT B2 FEE9 &4 53t
Farh AgEes il 7K 23 25 pHe #4319 pH
528 HoH, A 34 F7l6ko] 1.5% o149 &2
e HAo(Fig. 2, 3).

10 D _a__»_ s
aaa, OA =B =mC w®D
bbb bdpy
8 Leceo rTimm
6 dedyd
fafe
T
[
4
2 .
0 . . .
0 1 2 5

Bacillus fermentation Co-fermentation

Fermentation time (days)

Fig. 2. Change of pH in DME co—-fermented by Bacillus subtilis
HA and L. plantarum KS2020. "A: glucose 0%, ?B: glucose
1.5%+YE 0%, °C: glucose 1.5%+YE 0.1%, “D: glucose 1.5%+
YE 0.5%. n=3 for each group. Different letters (a-g) indicate
significant difference at p¢0.05 by Duncan’s multiple range
test.

3.0 P » )
-0-A <-B =C =<-D
a
20 | a by
8
2
el
<
1.0 +
b <b
0.0 & P

Bacillus fermentation Co-fermentation

Fermentation time (days)

Fig. 3. Acidity changes for DME co—-fermented by Bacillus
subtilis HA and L. plantarum KS2020. "A: glucose 0%, ?B:
glucose 1.5%+YE 0%, °C: glucose 1.5%+YE 0.1%, “D: glucose
1.5%+YE 0.5%. n=3 for each group. Different letters (a-e)
indicate significant difference at p{0.05 by Duncan’s multiple
range test.
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ol 22 At B3 @A) F7HHeR H7hd
skim milkd] 93 Zrgo| davgola ikt 9
’5H’\1 Aoz A QQE‘EH g YR EY A7t 71t

028 I8 2

P
r)~

3.3 ZE FZE=9/ 25} B protease activity$} peptides
AHAS
oo

A 2} protease B4 HEEA ¥ ,
0.68 unit/go.Z protease T4= HEIHoH, L& 2
A 2t 0.8 unit/gl =2 FARRE & B cH(Fig. 4).

FE B HaEo] oy EoiEQ] HWeto| =9 A4
A Z 8| W3] A3A tyrosine TFHS SHFYL 12
T a0 2719 41.72 mg%elA gra 2 2ol 57.23
mghZ S7FFATE ¥a 09 Ao 52 T7FY] tyrosine
FHeko] 2AE A ol FE FEE0| 2 H=3EEY

#7449l 9 A
o tyrosine @%o] 53 44T F 8T I 3
o

mg%i —0—7}ﬂ ai M B, C, D 2494 = TrA}EJ %kg

o

150.0

mm Protease activity
A"

IS

100.0

[

N

4 50.0

Protease activity (unit/g)
Tyrosine content (mg%)

-

o

0.0

Bacillus fermentation Co-fermentation

Fermentation time (days)

Fig. 4. Protease activity and tyrosine content for DME
fermented by Bacillus subtilis HA and tyrosine content of DME
co—fermented by L. plantarum KS2020. VA: glucose 0%, ?B:
glucose 1.5%+YE 0%, 9C: glucose 1.5%+YE 0.1%, “D: glucose
1.5%+YE 0.5%. n=3 for each group. Different letters (a-g)
indicate significant difference at p{0.05 by Duncan’s multiple
range test.

https://www.ekosfop.or.kr

Aot mheba] 22 Ai BE Ao H7HEE yeast extract
o & &8 gle AoE YT

U A2} AitS o]gste] E 2 FEEY
23 g 59 Zoj|A] 124.40 mg%2] tyrosine S K
J—(Kang, 2022) stglon, & A9 2 &5 5
%4 & ZANA tyrosine o] 106.55 mg%h=
*% oﬂ‘:} ]L 13 1z IR Foll 49

S R 29

U

lo & &L bol

o 39 pfL 19

f
iz
e

T

a5t %‘r‘:&ﬁ}ﬂl '6‘7]'6]“C 4= H‘%“iﬁ}.

it

=

@
N
l'l,])h
N
Uy

9 £5f B & Y7+ Hsf

%]' 7‘& FEEY 1xd YAREANA B subrilis HAS] A
= 98 27] 7.27 log CFU/mLE &%= %loH,
29 Z} 9.50 log CFU/mL7HA] ZA &7FoFitt. &4
LRIl A A ZHAsHHA HE 5Y A9
.30 log CFU/mLZ YEelgtt. o] 23 Ayt &
oA B F714E 59 AR o] glor,
/g 200A 1 Z29] 5ol AT Y7 AFES= A
oo

ikt 53 IR APEEA ¥ 24 2% 8 27
L. plantarum KS20202] Aw4+= 7.23 log CFU/mLO]
A AlZtstol Wra 5 Ao AZZE 9.56 log CFU/mL,
BZAL 9.34 log CFU/mL, CZAL 9.85 log CFU/mL,
DZAL 9.77 log CFU/mLLoZ % &2 ke Yehfel
thFig. 5).

> o B fob R
ELEJ‘é g

q:mggmo
&,

N

o2 e
B. subtilis : “"—A —0—B ——C—o-D
13 L. plantarum : _G..p - om-B ~fx-C ~o--D

Viable bacterial count (log CFU/mL)
©

Bacillus fe ntatic . . Co-fermentation
actlus fermentafion Fermentation time (days)

Fig. 5. Viable bacterial count for DME co-fermented by Bacillus
subtilis HA and L. plantarum KS2020. "A: glucose 0%, ?
glucose 1.5%+YE 0%, °C: glucose 1.5%+YE 0.1%, “D: glucose
1.5%+YE 0.5%. n=3 for each group. Different letters (a—d)
indicate significant difference at p{0.05 by Duncan’s multiple
range test.
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log CFU/mL7HA| &7Fst
HA 7.68 log CFU/mL
o] &gt 22} HRIFoNA Hito] B ME HEE
oA 9.12 log CFU/mL7HA| £71E& E 15t tHKang,
2022). AAEEA £ FEET AR 822 AR Ee
T FEEF o8 1A Z4te] 5]t Ao 2
Aol Adtg7t £ FE55 UaE B v 22 A4 E

Hooh

3.5 BE FZE= 0/85t 55 2259 GABA F&EZ24

H TaEo AEske
MSGZHH GABA A3 Thin Layer Chromatography
£ 3ol EIsHth 134 IRt HRE S0 X
o] F H7HE A5l 24 ikt B s 7Y AL HE
£ MSG7} GABAZY] #A3to] mju]s}dth(Fig. 6(A)). B,
C, D 249 A% d&4 5 da 39 Ao jREe
MSG7t &ZIE|HA GABAZ H¥s= Ao Yehyitt
(Fig. 6(B)-(D)) 3lA|9t ¥#& 1Y A spotZ & wf yeast
extract 40| F&5E T8 £/ B = 2S£
skoitt.

£ F25 137 9 Z4F B3 IAEEY GABA B4
AolM e 55 Ta 39 AFE MSG & glo] GABA
2 45| A AL B 59 tHKang, 2022). &3
59 53 HaE B4 A 22 D)0A At TR
U AEE GABA H3ho] A5t 39 Aol

MSG 31’%—
3ol GABAZ A% Zo2 YergthFig. 6(D)). o= &
A FEES ol8 2y 9 A ERPIRE 9T
o 12} Az HEE FIHHoRE X 1.5%, yeast
extract 0.5%% H7loto] 24 ZAt HRE FFol= A
o] GABAZ ZAoR YASHe A4 249 Ao B
Ho}
36 ZE F=59 £ a5 HUEH 520 Hi
A 5 daFo 7k EAER 9y 7]
=5 SDS-PAGE #719%5& &3l &lstqithFig. 7).

C';_(1 —]—B—I__ ‘?‘E'_]-;‘%% ;7(‘<]/€_1__ '511—6- HE]-;‘_BJ‘ A, B, C, D E‘E—_‘

e H SEG|E o] AEASE Ao

2 Ue ole 14 FaEo] EAcks Bl £
9 Aoz

qaof SJsiA 718 ¢ Fido] ZeEsf =

S BalEad] Ak FF9 D2l 24 g @
WA Faso] Ta 19 2o AZA Pepol =2 HeH
X3 Dilution

[ @

* 9290 00

9

0.5(%) 0.5(%) 1-0 11 1-2 2-0 241 2-3

2-7 1-0 1-1 1-2 2-0 241 2-3 2-5 2-7

MSG GABA A B2
Fermented DME
X3 Dilution
[ - * 000 BN N .]
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Fermented DME

Fig. 6. TLC of DME by Bacillus subtilis HA and L. plantarum KS2020. "A: glucose 0%, 2B: glucose 1.5%+YE 0%, JC: glucose

1.5%+YE 0.1%, “D: glucose 1.5%+YE 0.5%.
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Fig. 7. SDS-PAGE pattern of co-fermented DME. "A: glucose 0%, 2B: glucose 1.5%+YE 0%, YC: glucose 1.5%+YE 0.1%, “D:

glucose 1.5%+YE 0.5%.

ow g 2¢Y 7} o|%ol= ARARE Heo|=9] EAlFo|
HABHHA gel Adoll MEZL ERIEA] AUaS HIIsH3]
H(Kim, 2009).

2 Aol G V2 TREO] HVIRE SF oA
o] Zikt Bl | 1Y Aol A&AL Hepo| =2 9] Hglo]
B2 o]RojA|H, T\ 3Y A} o]Fo= Pepo| =9 EA}
F AR gel Aol HETZL ERIFA] A3S FRlsttt
(Fig. 7). WhA 144 B3 daapgolA Hr7td 229
9 yeast extracto] A gl 1 } Iz TR Q54
A% dald Eejaart 24 A 53 TaAlo] 7t
H AR 7HAIRl g A E—aﬂ/‘]ﬁ 10 kDa ©Js}9]
Hepo|E2 ARASA 7= A2E UERT

3.7. & F=5 £5 4259 GABA FEE4

A A4 B FaFol HHxolgt A4E= DE
A(Glucose 1.5%+YE 0.5%)2] glutamic acid¥ GABA
g e 2ok g 59 dR 7Y Ao dRE
glutamic acid® 0.44 mg/mlLe]l o™, GABA= 18.29
mg/mLE YEFITHTable 1).

£ FE59 5YT 12 ZAFS o851l R A
5 HaEo] AAolA oF 1.79% 8 =2 GABA
7} B3Ee Hil(Kang, 2022)5t%oH, HF 2E &

https://www.ekosfop.or.kr

Table 1. Change in GABA contents of co—fermented DME
using HPLC

Culture method Free amino acid Co—-fermentation time

(7 days)
Baffle flask Glutamic acid (mg/mL)  0.44£0.01
GABA (mg/mL) 18.29+0.64

£ 5 282 oF 1.829% HE9 =2 GABAE =3t

4. 99
AU 329 <A BEas 5% 59 74
EAES 737 HAANE fstant. A FEE

MSG®} glucoseE A71st & 1%} B. subtillis HA TaE5
Sl r-PGAS @il Eaas A/dAF . o F skim
milk®} glucose, yeast extracts 71202 #7151
30CIA L. plantarum KS20200] 9J3t 22} &3 8 E
S5A 7164 EZ9 GABAE A4ttt 3 259
Ixq daojA A4E AdE ¥ JARE2 ¥F 2Y
4.2140.04 Pa-s, 4.1%+0.48%Z ¥ J2= g3t AA
52 ¥FZ E9d. pH ¥ Atk 747 8.9+0.01,

0.00+0.00°] 2o A+ 7.27 log CFU/mLoA &
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299 9.50 log CFU/mLZ &2 Ad+E Bk <
A 5o Trarh AP A _T_L,_%.J A= 4.30 log
CFU/mLZ 24 ZAst3or ZAkt2 9.12 log CFU/mL
2 2715l Protease 4 9 tyrosine %2 Z4Zt
0.8 unit/g, 57 mg%E 3=t o|F A& B wt
F BYolA #Ha 59 2} 106 mg% FEE F7HE oM,
SDS-PAGEZ ©]&3}9] casein THjdo] Bajg Ag &
olstgict.

GABA A/dE4 A3} skim milk 5%%H
A3kl glucose, yeast extract’} 712 H71H 2
2004 HAFEE MSG7F £%1=HA GABAR AT
o o]z HA AL Ter FFRML APsiglon

i

il

A7ksk 24

rld o

%

18.29 mg/mLPJ GABA T& Yeiiglet. 25 32 &
gt WGBS y-PGA, peptides, 1% % GABAZ 53t
‘?;;Ezizﬁi&ﬂ chofet 410 ¥ 8o 7|gidct.
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