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Enhancement of y-aminobutyric Acid Production by
Combination of Barley Leaf and Corn Silk and Its Fermentation
with Lactic Acid Bacteria

Kim, Hyung-Joo - Yoon, Young-Geol

7 -aminobutyric acid (GABA) is a non-proteinogenic amino acid biosynthesized
through decarboxylation of L-glutamic acid by glutamic acid decarboxylase. GABA
is believed to play a role in defense against stress in plants. In humans, it is known as
one of the major inhibitory neurotransmitters in the central nervous system, exerting
anti-hypertensive and anti-diabetic effects. In this report, we wanted to enhance the
GABA production from the barley leaf and corn silk by culturing them with lactic
acid bacteria (LAB). The barley leaf and corn silk were mixed with various weight
combinations and were fermented with Lactobacillus plantarum in an incubator at
30°C for 48 h. After extracting the fermented mixture with hot water, we evaluated
the GABA production by thin layer chromatography and GABase assay. We found
that the fermented mixture of the barley leaf and corn silk in a nine to one ratio
contained a higher level of GABA than other ratios, meaning that the intermixture
and fermentation technique was effective in increasing the GABA content. We also
tested several biological activities of the fermented extracts and found that the
extracts of the fermented mixture showed improved antioxidant activities than the
non-fermented extracts and no indication of cytotoxicity. These results suggest that
our approach on combining the barley leaf and corn silk and its fermentation with
LAB could lead to the possibility of the development of functional foods with
high levels of GABA content and improved biological activities.
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y -aminobutyric acid (GABA)= AAAd] ] BEEFHo Qe vz ojnjitoz
glutamic acid”} glutamate decarboxylase®ll 2]3l &EH4ESIE] o] A TH AN et al., 2010). GABA
A7 FE9 FFAAANA JAL ABAGEHAEE deA] o H E/RE I
st H7)5& X7+ AAg 9 goL;q—g} g EQL 7 FEzHE 2 F8AY
S7F A, 2 71s "AF X 59 Eol ATl HBEA Ve
(Bae et al.,, 2009). ©]2]3F GABAE 1§ E=E 047] 23l seh3 A ol ALEEIA|IRE 2
S5, AAL §H] 5o F28S oty Huwlon ER SetefFo g ERE o
2]F o 7o o] gL o]y e Zow AAsta YTKKim et al, 2013; Hudec et al., 2015).
GABATE A&, #Y, IF T O A &= & AT AHA ot AEA W
3 T AT FEE A7) ofEfBE o}, T E,
g I8a @714 AP 5 o8 ¥y VlEs 283t GABA ALtEe AT Hg A
T7F F8 =31 TtH(Chang et al., 1992; An et al., 2010; Jeon et al., 2010; Lee et al., 2014).
A A v, Bl 59 S/ GABAZE b drEo] dtke Zo] Bl wek
GABA<®} #&HH ?54‘3]‘/} ol gk At 2] 7‘]635]*‘31 H3] Hejel AHH A7+
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#3 3 EE] ol = GABA—E— Hl Kis Oqﬂi Hl il

o] AA "gﬂ g4 Edo] frEo o) A4 H FHF 5o B

3 RAEJATKHKim et al., 2006). ST4(Zea mays)= E3+ B9} Zo] MAZHCSZ de] A
Hi e

F SR duls 48 L BB A2 ASHL glon, 355

A = =
o Fo+E F 3l S5 9L oA o)mAR AFEE I ATHMin et al, 2011). &
G4 5o e ok AGWU ohg ABLA AE 2 oA AE, P B, I BA,
ot a3 5o g 48< sk Ao® Haso] 9lon flavonoid, allantoin, maysin 5
o] 7154 BES A3 o2 A YTHKim et al, 2014). Bl A3} S5 FHole

GABAS| HFAZA &I glutamic acidE EF thFe| ofn|ihs FHpatal Aol
delx Qlom B3 S5 9 it o] Hojur] wid] s 9 AFH
AHEE 31 QTHKim et al., 2000; Kim et al., 2006). =3+ B 2] Y3} 55 F=ol= GABA
o] olyg} o7 7leAd A EFo ¥ IR Aoty dA Jernz |
o] AXE A8 ~E 2~ 83 I FO= ) AT 5 J= vhFe A
of 3t oA ZFogAE o] 8T F Y& Ao ZhE L AtKKu et al., 2009; Ohn and
Kim, 2012).
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A GABA 3o 278 Bue] o Aste] Be] AL 5 kgm'E WIDEA o] YL of7]o] N,
ANAZS FYF T BRI TS 4C ol A 2447 Sk W] Ske] 3G THLee, 2015). A7)
AP uelE $ANE F 2e HEL HES Bue sk 2Use ue 9o 1
BE71E o 3] 121TelA 2083 BEH F AGIAATE. S45 FPE AP
7! bR A A oL, a5

L IFIAIE o183l 121C AN 2083 D@ F AT

e 3 S o] HAH SHHE 245k S8l HF 10 g8 FA HE=11 7HA
551:]‘(0 10, 1:9, 2:8, 3:7, 4:6, 5:5, 6:4, 7:3, 8:2, 9:1, 10:0 (Ww/w))2.2 T3} EFE
2e & FAMH(Lactobacillus plantarum K-1BR)< HI3t T LEE 28|
1x107 CFU/mLE] ekt Sl ¥al 30T <1ulolE oA theFat AlZK(12, 24, 48, 60,
72AZH Sk HiFE The A4 108142 A7FE T 90T ol A 2417 S9F mk E&84)
At ERES 4 o o 9
(Whatman, UK)E AR&-3te] 749t oA sttt &5 A4S 79435E7](Eyera, Japan)E
ol g3kl | gmLel FE/} HEE BEIUG HF FERS 4Co) BUH] 7102 o]
o A-&-3HAH
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3. Thin layer chromatography (TLC)Z o]&3F GABAS AA B4

FZES TLC F(10x10 cm) 3FE2] 10 mm X0 1 L HAH3 & =

0.01 M GABA (Sigma-Aldrich, USA)E T3t ARgstach A3 Al ZF 39
7ol HAROo R HEE Fostal 7 AR 7o) Age A & E A5} 4ole As
A7l A8l 1 em o) ZFol7F UEE &3tk A7H= TLC chamber (14x12x8 cm)ol| 4]
P31 o™ A7)-&m= n-butanol, acetic acid 121 ZFFZ 9:3:3 (viviv) Bl &E E§H5}1<]
AHE3SFATHQiu et al., 2010). 707} £ TLC L heat gun & A X3 & acetic acid=
3|4 A1Z] 50% ninhydrin 8§45 FAFS] WS FEste] gRlatAth. EFA %S GABA
A9k A5e] MEE Hlwsle] GABAS] 91A& Rl

o

Ay o AN

4. GABase® ©]-&3 GABA?Q A #EA4

GABA®] A& 7|&9] WS HYPst S5 tH(Zhang and Bown, 1997; Tsukatani et
al, 2005). ®2g] A3} 55 FES YA FA &2 T3 11719 EFFEE(1 gml)
S 247 17102 3 A3 AJE 2.5 ul, 100 mM potassium pyrophosphate buffer 97.5 pL, 10 mM
B-NADP" 17.5 uL, 100 mM ¢ -ketoglutarate 2.5 pLE 96-welloll 211 &3+ T 340 nmoll 4]
FHFEE A3 ©1F 1 unit/ml GABase 5 uLE 3 7}8F & 37C oA 1AIZF 59k ot
= A BF 340 nmoll A FFEE O SASAT. GABAS] FEF2 Tl £FAF
GABAE 0, 10, 50, 100, 250, 500 ppme] TERHE 3|43 & FAEE =3l 53 &
F34E o] 83l 4HE3IH Y. GABAS] F &S GABase EARHS-

<

To] FAE oS HEIAF Hlwsle] FE2E I GABAS F&
5. DPPH radical scavenging A4

DPPH iz &75e 7|&E9] WS AEste] 4353 thBondet et al,, 1997). Dime-
thylsulfoxide (DMSO) & 0 2 3|43 2}7+9] =8 FEE(0.4, 2, 10 mg/mL) 40 pLe} 30
mM DPPHE 760 uLE &3t3led 37°C ollA 2083 vH-SA| T ¥k
(Bio-Rad, USA)E A8-3}a] 515 nmoll A §33 %o WHIE =Hsto] ksl A8 2A35
Gt FAUETOZ F4SEAIQ] ascorbic acid (45 uM)E ARSI T

% microplate reader

-2 AR AWM ZF BV29E A A EF Raw 264.75 ©] 83t AZAEES 5H
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3ttt WA A ZE 96-well plateol] 5x10° cell/well 2 HF3Fo] 2447k w43 & Z42he] &
22 Frlskdth 2 F 48413 F9F 37C, 5% CO, #i%7IolA #edt & 5 mg/mLe]
MTT €& H7Fstal 3A1ZF A v Fek & wijFol& A ASEL Z; well'd DMSO 100 pL
£ 7t A4 3083 ¥H3-A1Z] F microplate reader (Biorad, USA)Z 570 nmol A &
FEE SHACL

7. SAIAE

Ao] AT 42 graph pad prism 6.0 ZE TS o] 835t FPEATE e S
52| A3 3 (mean): ¥ 5 2 (standard deviation, SD)Z EA|FR 1L, hZ2F+3 AF T
7t o+ o]+ one-way ANOVAZE A4S 1% & p<0.05 oA 7948 A5

< 10:0, 9:1, 8:2, 7:3, 6:4, 5:5, 4:6, 3:7, 2:8, 1:9, 0:10
(ww)e] Hl&2 A dA&Fo] 10 go] HEF EF3ATE T4kt H A de Man, Rogosa and
Sharpe (MRS) Bl A|o| Al 12A12F &<t A vlFet A& ARSIt A wldd Ak (1x107
CFU/mL)E B 43 &5 £ EFEN HAEST F 300Co0A vttt 12, 24, 36,
48, 60, 721 Bt vk HESH 7} v &2 EHEZHEI g2 FHIY FHFFE 1x1071A]
31243 3 14 MRS iAo EX3t¥ T =XH uA A S 30C QFulol Bl A wjj kst
o Be U S5 LA O f4bete] F2 AstE g9l
SFSATH(Table 1).
B A3} S o] ZHz) 555, 4:6, 3.7, 2:8, 129, 0:102] H|&E E3H &
TN ZE FRF fAE e ALY FUFsHAl skal Aztel whet Akt WA
o] Hol &fH 10:0, 9:1, 8:2, 7:3, 6:4 H| &2 EFES TAAZC] Aol whg} fibd
of WMslE BHATh 10:0 HE&9 EFEL LEAIT we} %AW 7t 3HH Ol* %—ﬂéﬂi
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An, 2003). 10:0, 9:1, 8:2, 7:3 B &9 EFENA 48412 T HEIPS o {4kt +7F 7}
& Wo| ZUlskeE AOF Hol o] Agto] @ay) P 3] FH= ARte g dATEga
wEba By Q3 See £ EFEL HE TE HPAE SAteE AASAT

Table 1. Viable cell numbers of lactic acid bacteria grown in the mixtures of various
combination of barley leaf and corn silk in a different incubation time

Cell numbers of lactic acid bacteria (x10° CFU/mL) grown in the various mixtures of

Time barley leaf and corn silk (gram : gram)’

® 10:0 9:1 8:2 7:3 6:4 5:5 4:6 3:7 2:8 1:9 0:10
0 100 100 100 100 100 100 100 100 100 100 100
12 103 112 122 124 113 98 89 94 89 81 98
24 144 149 179 151 145 94 99 73 69 84 82
36 165 325 272 195 153 75 83 65 68 75 70
48 362 692 324 250 185 85 90 60 71 61 42
60 217 418 175 142 116 70 61 51 57 54 40
72 95 201 159 76 64 57 69 47 46 44 33

* Values are mean of two independent experiments.

2. we U3t $54 £ EFLEFEE GABA 34

FA EFHEFEE E3F ] A= GABAYA Y FHARE TLCE ©] &3}
ChFig. 1). 3= %%%«l By A3} S FFo] B E0] 100 SZHE 2:8 7[R E B
T E79 GABAS 22 91Xo GABA W=7 UEhGSS &1 = JAThFig. 1A,
arrow). S FHY HIERTE By ¢lo] vl Eo] & EFLAaFEZEA GABAV} U
ZAatA e e weta SR aFEEoA Bl 9] HlEo] &5 GABAS A4
o] T7FHE & & ATk 53] B A S5 FEY 917 82 EFEONA iR
W a3t S EFEE(Fig. 1B, lanes 7 and 8, arrows)©| &S] &2 FEE(Fig. 1B, lanes
3 and 4, arrows) 2T GABA W=7} O] ZFstA| UElEth ol B I3 S5 FH9 &
A fAE EEE QJE GABAS Aol U FXIH7] wEolgtal ARET T Eo

117FA ¥18(10:0, 9:1, 8:2, 7:3, 6:4, 5:5, 4:6, 3:7, 2:8, 1:9, 0:10 (w/w))2] ®e] U3} &=
A8}

ol
xR —1>
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Fig. 1A9] lane 11914 asterisk® FAIE MEE 255 £ &5 @dao) o8 veld W=
24 EF GABAWMERT olgfo] X3 ELZGABAE old Z o2 HAttsy & & 2o
Pag Ao 7 ARHL 4TS 0] 83 GABAY A4 B ek 2318 oln] e B
7 Jom fakdd 2 uAE 28 E 5l AME GABAE YNbH o= bHEt AE

o2 9] o]go] 7Hsslthal &l A ATHHudec et al., 2015).
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Fig. 1. Analysis of GABA in the fermented extracts.

(A) Thin layer chromatography analysis of GABA in the extracts of the fermented mixture of barley leaf
and corn silk. Lane GABA: GABA standard; lane 1: fermented barley leaf extract (10:0); lanes 2-10:
fermented mixtures of barley leaf and corn silk (9:1, 8:2, 7:3, 6:4, 5:5, 4:6, 3:7, 2:8 and 1:9 ratios,
respectively), lane 11: fermented corn silk extract (0:10).

(B) Thin layer chromatography analysis of GABA in the extracts of the fermented and non-fermented
9:1 and 8:2 mixtures of barley leaf and corn silk. Lane GABA: GABA standard; lane 1: non-
fermented barley leaf extract; lane 2: non-fermented corn silk extract; lanes 3-4: non-fermented
extracts from 9:1 and 8:2 mixtures of barley leaf and corn silk, respectively; lane 5: fermented
barley leaf extract; lane 6: fermented corn silk extract; lanes 7-8: fermented extracts from 9:1 and
8:2 mixtures of barley leaf and corn silk, respectively.

3. GABA?| A &4

2 2(10:0) (ww), SFF FA(0:10) (wiw), 2] d3} SF5 FHS A3 v L9,
8:2, 7:3, 6:4, 5:5, 4:6, 3:7, 2:8, 1:9) (Ww)E T3 EF=S 217 48A1ZF 52t Akt R
)= [e)

7)
o] I FE3 T FEE2 GABA THS GABase EAIH S o|-838to] AR HTH
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Fig. 2. Analysis of GABA contents.

(A) GABA contents of different combinations of barely leaf and corn silk mixtures. The barely leaf and
corn silk were mixed with eleven different weight combinations (10:0, 9:1, 8:2, 7:3, 6:4, 5:5, 4:6,
3:7, 2:8, 1:9, and 0:10, respectively), fermented with lactic acid bacteria and extracted with hot water.
The GABA contents were analyzed by GABase assay method and compared with the non-fermented
extracts.

(B) Comparison of GABA contents in the 9:1 mixture of barely leaf and corn silk with or without
fermentations (MBCE: non-fermented extract from the 9:1 mixture of barley leaf and corn silk;
MBCFE: fermented extract from the 9:1 mixture of barley leaf and corn silk). Results expressed as
the mean+SD of three independent experiments (*p<0.01).

(C) Comparison of GABA contents in the extracts of the fermented barley leaf, the extract of the
fermented 9:1 mixture of barley leaf and corn silk, and the extract of the fermented corn silk (BFE:
fermented extract of barley leaf; MBCFE: fermented extract from the 9:1 mixture of barley leaf and
corn silk; CFE: fermented extract of corn silk). Results expressed as the meantSD of three inde-
pendent experiments (" p<0.01, “p<0.0001).

(D) Thin layer chromatography analysis of GABA production. MRS media supplemented with 1% MSG
were used to culture the lactic acid bacteria for 48 h. Arrows indicate GABA produced from MSG.
Lane G: GABA standard; lanes 1 and 2: Lactobacillus plantarum K-1BR; lanes 3 and 4:
Lactobacillus plantarum K-1BR with 1% MSG; lane M: MSG standard.
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o. 53] B A S5 FEE 9:1E 86t # A% FEE(MBCFE)S GABA 32
296.67 mg/LE H|ZE3F HaFEE T4 7P 2 3718 UYetdlon 2asks gL
9:1 £¥F=E(MBCE)Xt} oF 58] H= GABA ko] =7}3l9 thFig. 2B). E£3} 9:1 &%
18 FZE(MBCFE)S 2] o @53 §325(10:0, BFE)ETE oF 1.50)], &4 54 &5
WM EFEE(0:10, CFE)RTHE oF 68 H= Z7}8}%thFig. 2B and 2C). ©]9} 2 A}
& AUV S5 FEY Sk AR Q) By o9 S5 F£E 91 EFEEFE
o = i<l

EolA9] GABA FFol el o BELEFESEAMELG SHE 7t YSE A
ot gEo] B AFoNA ARESE F521 L. plantarum K-1BRS] GABA 35S

glutamate (MSG)E 7|4 & 3t HIZEZ A3 5% GABA BB eS Ad 45U &
QS ATHFig. 2D). 53] R A S55 FF 91 EFH LAY fakFe F43 LA
7F Adistg o 24 Hel o3 G Fdo Fird glutamic acidE 3 0 E GABAR
AN AHH O E 9:1 EFHI LA GABAY TEFo] FSuistdE Ao =2 ALRHT

4 27 U3 S5 Sl BPVEFEE ATHY 57

By Q3 254 £ EFLEFEE AESAHS S5 s MTT 242 A4
3} A THFig. 3). BV29} RAW264.7 A2 Z}Z}ol| thste] F-Ajg] tz2at9] A ZAEE 100%E
3ka

7IEoE BY Y §55 F£E 91 £F 2 EFLaFEEY w5 Al ©E Ax
AEES SAsIATE 4249 Ao Rel d3 S5 74 95 4 EFFEED

2 ELFEFEZE 0.5~10 mgmLS 272t A 2g A9 AZYESELS 80% O 2 A Hh
7

o QEo] 2 YFL VXA ek

150
A 150 | B
oy < HBE
= 100 - MEE = i
£ u BFE =
3 mCE 2 e
= &= > 507 B CFE
T u CFE °
o o u MBCE
= MBCE
MBCFE o4 ' =
S 05 1 2 5 10
05 1 2 5 10

Cocentration (mg/mL)

Concentration (mg/mL)

Fig. 3. Cytotoxicity Assays of extracts from barely leaf and corn silk.
Fermented extracts from the 9:1 mixture of barley leaf and corn silk were used to assay viability of (A)
BV2 and (B) RAW264.7 cells by the MTT method. BE: non-fermented extract of barley leaf; BFE:
fermented extract of barley leaf; CE: non-fermented extract of corn silk; CFE: fermented extract of corn
silk; MBCE: non-fermented extract from the 9:1 mixture of barley leaf and corn silk; MBCFE:

fermented extract from the 9:1 mixture of barley leaf and corn silk.



E FEEL 10 mgmLEE o]dte] WMo BV2 Al RAW264.7 Al Zo] thalA AlE=
dol YepA] sttt ol BY dF S5 FEE fAHLE 1as & FE3S o

o= AEol BT AT FUNE FASL S vl @t
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5. 43 B4

1) U 45 FEe Ad A Fo R kst o] Sgsitha BaE AF o tHKu
et al, 2009). WebA] o] 9] S5t} WA VY o] ksl B4 FUEHNE doT|=A 9] o
5 By 49 S55 F£E 91 EFFZ
10 mg/mhE A3 A thFig. 4). A52 57} 0.4 mgmLolA B o FEaFEE(10:0)
(BFE)©| 22.86% %A 71 &2 a4kst 84S Blon Bl 9 F5(10:0) (BE), &
Z5(9:1) (MBCFE), £&%2E(9:1) (MBCE), <55 ¢ 2$aF2E(0:10) (CFE), <
T FEE(0:10) (CE)9] £AZ g4tsl &40 e 2 mgmLolA = B o &
(BFE) (66.99%), 28] 9 FZE(BE) (64.11%), E3'% 8 FZE(MBCFE) (60.19%),
E(MBCE) (61.31%), <5 &9 $a8FZE(CFE) (13.37%), 59 49 F=&

(CE) (3.09%)°] A2 gtsl &4 58S BAth A5 T=7t Fold 4 s kst &4
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o 3412l 45 uM ascorbic acide] A3l &4
(76.50%) 3} ¥l 3} S wo| = &3 aFEE(MBCFE) (77.55%)2 B 2 343l 84S
e AT
HE7)ee YA gl Y EES AESAY SIAE F Qo] AF o] &F
o} $ITh(Park et al., 2015). o= 3Hele] LA E ©] 83 GABASI I GABAF
LEE 5o A7 HaFo] lom HAiA] waEe itksl ax, @
kst ay 5 HEE o] &35t sl A4S XA AAE Fol B

-~

X
2702 A8E A

1y Y S5 5 EFLAFEE Fitst GAo] FHHE ASE Hol HaV|HY
o] g4l FHx Ae FFS F= Ao g AHETh 53| Fig 2A9} Fig. 48] Ao
A AAE kel o] Bl ¥ 44 o) 9 EH REV|IHES B & EFEE
FZE(MBCFE)2] &4tsl &42 10 m FE oA 2
sl ARG fFofH o FIHINOH HECGABA FEFE 3 BIEE 9] =
(MBCE)ET} oF 5H] A& FX5= 202 Yepgth o83 Aabe 33 Ta 7o) B
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B 4.5x10°mg/mL

80 4a 0.4 mg/mL

-0

'o

s 2 mg/mL

e d f
60 - ? f 10 mg/mL
40 h
20 - 'S Kk k !
e |
o 1M Nz

“ K K K& & K
EEEA A A
§

Radical scavenging activity (%)

Fig. 4. DPPH scavenging activity of extracts from barely leaf and corn silk.

Three different concentrations (0.4, 2, and 10 mg/mL) of extracts were tested. AA: 45 uM ascorbic acid,
BE: non-fermented extract of barley leaf, BFE: fermented extract of barley leaf; CE: non-fermented
extract of corn silk; CFE: fermented extract of corn silk; MBCE: non-fermented extract from the 9:1
mixture of barley leaf and corn silk; MBCFE: fermented extract from the 9:1 mixture of barley leaf and
corn silk. Values are means of three replicates and those with different alphabet letters are significantly
different at p<0.05.

GABAZZ 7)ol B3t A5 La&7|<d thAAlY] 7sS o] &3 WHo] 2o =
3 M3 3 AT Dung Pham et al., 2016). GABA A4+ & 71| o] &

5
[e) =
He rAdEEAe fito]l FETAL Qo dad & F, A oA 288

. Fraketol]

GABAE A3t 53] XA &89 F4HQ L plantarum©] =2 GABA A4 5<
o
T

Yebdtha B8 BF QIoDi Cagno et al,, 2010). 2 AFAME By A3} S A

SAEE ol PR NN B3 L plantarums L3R oW £33 FAT HEES Ea
HAE &AM Y 71540l X2 T+ dS FAsIAtHPark et al., 2015). £ A4
AFE-3E L. plantarum K-1BR TF% MSGE 7|4 & 3to] 33 A go|A $-53 GABA A3
e AN S FASIATE T3 9:1 &3t vl EollA 9 FAbt F2lo] 7 EdEtA 218
AL webA] faktol ofal ®BE o S5 T $rE GABAS fElet o] 84 o]
SRE I FAO o] E3Eel TFE GABAS AFAZ ¢HZ glutamic acidE &H O

]

Z GABAZ AN o ZH 9:1 TFLEFZENA Y GABA o] Z7lEE Ao E AL
9T $AMFS 3 F8EE 22 Qox L 3 A3E JEREE R FAE 44
24 98] &85 o 2F F53 R x F83H S8 = JS Aoz 7Yy

HHDe Vuyst and Leroy, 2007).
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GABAT glutamic acid decarboxylase®] 2|34 L-glutamic acid’} @ &4kst=E o] A3
H G o] 4ko|th, GABAE Al EAA 2Ed 20 st gj-guh-go 2 AFAT AL
gdo] FFAAAANAE T8 AR AAAEEE F FUE F1 Y, = EF0] 9
O 4HA Atk B AFA e By QY S5 T o
24 GABA S SAAZI A4 etk Bel 3} S5 FEE g 74 HEE =
ghele] E3Hel A AL, 30T ol A] 4841 Bt wiFr] FAl A L. plantarium™ A W E A F T

ultd
o
=
[
=
B
1%
X
T
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gy E3ES d4 FE3 &, thin layer chromatography®}t GABase assayS ©]-8-3}¢]
GABA®] A4ks A3t $Ele 91 SRLBRFEEC & HEe F2E HO
GABA ol =& A& gRlstdet o3l £ o T4

(el e]

- = r
a7 ol 180 GABAS FX1E A E4& Ad 7548 AF o249
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