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1. B8

LRI EIETBEICA 7 y-7 Bl (GABA) oA VY — VOB LE R L& DD, KIZEE
TN TR 3 52T, BICZNOOE &EFEOHLIENAHETHD, TDT0, BEmtSIZB W THEE NSO
DNE W EIILE T B2 R EErE B L L7 > TD, LSLARS, I TALBRC KRR AT AL, kDA
K TFT2EWBELHD,

ZIT, AL, WATEAL, ZKFEM ORMA R T, BEREMEA i R IRITIE A3 B/ 7o I THA B~ & B
T 57280, AREIMER S DK O ZhIRE ORMGE (5 1), GABA & B EHUERLAENN BN - B3R+ D H K DA 2hi
FEDORRGE (K5 2) , RHREDMEIRL, 2> OHERENED S T3 DR e Ofig i (35 3) & B & LT,

2. AR AE

FBR 1 TlE, 2 e WV OLKZE 0736 30 WD EHEIKITIRIESH, 30°C-24 FFHIFHE L7z, ZD%, RIER Dy
TR, BB LOVERREL, LKROEKEIBIOZKITTE DR ORRA L7, F72926k 2 TiE, &K
Ze YRR FR I TR 1T, 0 00D 30 WD BHEKITIRIESE, 30°C-24 RFfEFHE L7, 2Dk, 7/ G &, K
TR - BU I BUER L BE OKVEM: : H-ORAC 1% -DPPH i, Blilli : L-ORAC %) B3 L OWRARY 7 = /— /L (TP) & &4 FHili L
7o, WIZEEER 3 TIE, LK%, 0, 1 BLU'5 WD BHE/KIZEES Y, 30°C-24 RefFFE L7-1%, KERL, B heRitEs
R L7, N2 C, avehl, FXeHVBLIOIIT IO L KERZERIZ, 0, 1 BEUY 5 WD B /KITIRIESH,
30°C-24 BEEIEREL, 7 /MM E &, KIEIEPIRILEE, TP & BAFHML-,

3. BRBKVHEHR

FEBR 1 OFER, IR IR ClRI% ThoTo, MERBLOEKEL, TNEI 5 whvwll ETREZRIKTRE
V10 WNV%LL B CTHEZME FTARLUE, BHEREES LT, 07205 1 WVOIX TIEAPL RIS IR D VR )5 eadsh, 5
WV LL ETIIAR B AMEIR A2 L0 RSN, £, 16 FEORUMCEE T D1, 5 WIVOMLERIEFE DL bR
YR N By

FR 2 DFER, GABA R°T7 7=F0OE 81X, 1 WVOLER Tl KA R L, 2L EORRE ClIREHI LIz, —
05, TN BT K O E0 & T LTz, H-ORAC fEIE, 0 WVOIX EEEERL T, W NDX THAEIC
HINL7223, L-ORAC I A B/e Z LMl EE S el o7, DPPH IEMEIS KON TP & &, KR ERAFRITIIL, 5
WIV%LL EDIXTIX, 0 Wivoe X &bl L C, A EICHMLT-,

FER 3 DFER, 5 WV DIRERZ KL, MEFTHIBLIORERTEEOFA, 0 WK EHIGL T, T2 IH EICE
FHliENTz, F72, 1 WVRLEEL 7223 b A BI O XU O GABA & &1, 0 W% X &L TEoxo72h3, 37
BV T X TR LTz, — 75, KIEMEFIERMEAEI, =2 eh VT, HAKLFRIZEDIEINLZ2Y, FXe DV BLOnIT
U TIFEAITFRD BiLen -7,



LU EINBaT e ) O ZROM LA EL T, NREDMER S DM KON IL 5 wivoell b, GABA & B iRl
REDSHIAN - IR 3 DK DA NI EEIE 0.5 225 1 wiv%, ANREDMEIRL, 2> OBEREMEAN RS D Foif R EE 1 5 wiv%
THHZENHLNERoT, Fie, HKLHIZ I OMEREME TR RIT, ] CENDDLLIVRIRS T,

1. AREM

AR, HEAR 2% RSO B iR =0 D I H#
BITMZ DL T, M ObOMBEMER 52 B s E o,
BimEL COMMfEZ RO D FEDEA THD, FlZIE, b
MR E T, TANRIZED, TV TR R R
7% (GAD) MEMALL v-7" 2 /E&R (GABA) £33 5L 1
(N B2 L0, PR LREAER T DR E N HD, —F
T, EEE IO O 28%% 5, M54 <o fn £
REROE S NRLEL, BICED PH~OE#I AN
IR ES TS (H29 Sttt 2 B3, 20720, HE &
AR E OV EEE TR, E B oS
B CHE IO R L AR AZ KIS 2 RE (HiRz1{k)
Zi b L7c B A OB RGN EEND, 2O I3
HOTF, ZKIZVT R TV WIS ER LT 5%
Pl % GABA 0GR\ AR = A Y — L7 E
DHF R %GR/ L, D OBEBEE R ENIEND,
FEHIZBWGERSNAR L THA,

ZoKIT R RLV S EV GABA B E&EZ AL, K
RIE T OBFRIERE (30°C) (2 &Y, Zusicia~ Cca®"
DAL, GAD WEMELSI, ZOE ENHEIT 20 5L
Ebh@mErdHELHD, 20X AN TIZE > THEE
PERREDL— T, NRROEIRRL 3727 T BTV
A HEEEAEIN TS Y, R ELCHREEEI,
DRI N B 52 L% TR CRERL T
2

RO M2 O S ETEELREEIL, AP o
BRAEMIKTL, R TR LIEI S 1385 & B 2.5
BERHD, ZO70D, WAEMHIE OB R HHKRTE
DA NEE ORGEIIMBE LI DH, ZKOFRBEOBRIH
HIEHTH5ZET, EIRORREDIEEATED, Fiz, =
DR, AKIZIEHEIMIC LD REEE N, GABA BLUWL
FR{LRE N 2 ATREMEL D28, ZERERY AN 23 e W,

T, RWFgEIE, Bl OFBEE R T B0, AR
MR DMK OA ZREORMGE (5 1), GABA S
SEEPURALRE DN N - TR 3 DI K O 2 B D FRFE

(FEBR 2), FPREDMEILL, 2> OHEREM: DI T8 3 2 i
BEEDfREI (528R 3) & H gL L7,

2. IRAE
(1)

FBR 1, 2 BLO3(HREMA D) TlE, 2018 40 10
HIZHE AL ER A BE DA v U D ZoKZ LT, FEBR
3 OT MR, PiRLEEB LKA 7 =/ — /L (TP) D4y
BT 28R CUE, i B R AR B IR AIF 2 BT > 7K H (88 35 12 C
2019 D 6 AIZHEREL, 9 AICIEL 7o e, Xk
TVBLOBIT IO LKL,

(2) AR
ER1TIRENMEF T HIEKODENEE

HEAMLIRZ LD AR RAR S R AMRGE T D7D, oK
(eI, AKIEK B ETIK) THEE, 0(GLHE),
0.5, 1, 5, 10, 20 BL 30 WAVWDEHE/KIZIRIESH,
30°C-24 Bif#E L= (® 1), T0%, (3) DO5HED
FEIZRY, RIER O I, B JOVE ReRrEL,
RIRIR A RN Z KO EKRBEBLOR A T2 RV Sy
DFARRA T L7, 7233, B RBRFERIM 2 bRE, £ 1X 5 K
IR 7=,

EER2:GABA EELIERLEEA M- B3R5 BIEKD
BEE DIRELE

FEREVEDBEIN - SR N RARFE T D720, Lk (mve
AV 1E 0.1 WD HLHE LT 10 43 HIE LR, O
(J£%8), 0.5, 1, 5, 10, 20 L 30 WD EHEAKIZIR
JESH, 30°C-24 HEMEHE L7-, KK T RIPEE L=
%, Wl R Uz, By RRE O 7 BRI & &, fU
FELRER LY TP G &I, (3) DO b®D FIEIZLVFE
iL7=, 7283, £ X 5 KIEFMELT-,

EERS: FREMNERL, Hh OGN IEERINDIRE
= i BA
@ REBERAKDERERFE

Zok (e A) X, AGEAK TS, 0%, 1 BX

U5 WD EHKITIRIESH, 30°C-24 RflF#E LT,




ZD, KIEKTHEFL, 105°C-40 Sy CHIEMEAL,
() PO@DIFEIZLY, B REFFIEAFAML 72,
Q@ KD FIEDEVICKDBEEEDIEEHE

LK D FHFEDENNZ LD REME O 1Y i 2h A 3T 9
5728, aeh, XXeHVBIOHIIT HIDOZ KT 0.1
W% DR T SR C 10 43 R B B ALPR 1%, 0 (JEHE) , 136
F V5 WD B KITIZIESHE, 30°C-24 R FE L7z,
ZO%IE, BRI 2 LRIFRICLER -G L7, 7233,
KX 5 IEFEMELT,
(B)PiAE
O EREEDAE

RIS ORI EE L, T U255 PAL-SALT
(ATAGO) =WV CHIEL =,
@ AEDRE

WL, ~//na7' L —R ) —4% —(TECAN) Z W\,
600 nm DOWL Y JE (OD600) A EL 72,
@ &k=E

MR OEKEL, RIS F (ML-50, A&D)
EROWTHIELE, 728, G/KEIL, @, OBLUO®DE
B ORBIZHIE TRV,
@ REBROEREFEOFE

3 HIDOFESTTIANELIZRENE, 3 A (B2 A,
ZE L) D/RRYANTERRL, IRWEEEDIZB W, BX
OSMBLORFEA A Rl Sz, 728, 7S W3 RO
B A R E RS 2/ SR AMNNGRD, BRI
PR AT LDOBHDHFEBREIC T T T,
® RULVE5HDBIE

VORI LT B P B B R 70D BNV 4 1
FTHIZD, 29 DEKE 20 mL DA T VENIC ANTZ14,
RN D~y RAR—=ZH R% E A~ A 7l 7 7 A /73—
( 50/30 pum DVB/CAR/PDMS , Stableflex 2 cm,
SUPELCO)(Z 20 JrfHaE S, BE&ptratasiil 7o
HAZv~k~7Z7(GCIMS, Agilent Technologies) (27 A
LIE LTz ¥ V7 —HAZIIA~NIT 2% A=, T4
I%, DB-5msUI (30 m x 0.25 mm, Film thickness 1.0 pum,
Agilent Technologies) Z#f H L 7=, 73T &t1ZA7 V> R
REL, BT —T L DIRFEENL, FIENREE 40°CT 3 43 fH]
TRFF% 12 250°CET 10°C/5r THHRL, 250°CT 3 Jrfifk
Bl 2B, SN —2OREX, ~AT —4
~N—Z(NIST) OERFFRF A2 S B I T T, £, B —7

mAEOR ML, FETAIE—I D=2V AF I~
= ZLITED T T T,
® TI/HEEDAE

OyBiE e ERETTE GABA 2572 16 O T /G &
13, BESRICHEV P, AccQ-Tag i CTHOCTHEE ML L=
(2, HOGRR R B Lo @ik (k7 o~ v o7 CllE
L7z,
@ MBELEEDAIE

BARMEOBIRLAEIL, BESIZHEV 2, DPPH SV )L
TR LB L OBUKIE DI T2 7 VW ILEE (H-ORAC)
ECRHMEL 7=, — 07, BUlPEOPELERIL, BUhMEDORR
FTV IV EE (L-ORAC) 15 TRl L 7=, DPPH {14
Fd&0O ORAC i, Trolox #E¥E L DB HE LRI LD
AL C, fE & (g) 24720 Trolox ¥ & (umol) T
L7, 2%, H-ORAC fi¥ L' L-ORAC fE D Ffn%
Total-ORAC fEE L7,
TP EEDAEIE

TP &&IT, BERICHEW 2, 74—V - FA IR A
ECEEL, BT, "R TEOEREL OB B
X0 E(EL, R R (g) M7 OV T FE Y & (mg)
TERL,
O RERK KD EREFFED FHE

SRV, BIBOBERREZHMICEKETS 18 A
(BYE:7 A, 11 N) T, HKAVERREE 0 wivoe X%
FEYELL, 1 F721% 5 WX DR &R, BLZERD R
W, HHRBLIOBRZBEOFEVE, ZNZEi 5 BT
LTz, 7ok, FaA R, MWEEEORNBI O 7
BEOFOIL, 1 S EE, 2 500N, 3 A RIRRE, 4
SRR, 5 R B, OREHETEMIL 72, — 77, Hk
1, 1 AR, 2 g0, 3 A RIRREE, 4 4 0%0
SRV, B AL RV, OFEHETREMGL 72, 7038, A IR
VAT LDHDFEEREITTUT T,
HRETARAT

BXDOGKE, TIUBEE, iBLRESIO TP &
OB ONT, S EA R 7214, A=K 5%
“C Dunnet & (B 12 L0 2 E IR LT, 25X OE BERF
PEDIFEIENZ DN, S HMEA T L 721, A EKYE
5% C Welch's t f7E (i) & L7z, £ e oo B,
TR I LV EHI L 72,



3. MRHER
(D TFREIMEF T HIEKDENRE DR

24 WERALER L 7232 KR O3 IR (R 1)1, ALBR
RTX E RS DEZ R LT, £, 24 RER LB ORI
OEE (T 1 BLOR 1)1, 055 1 wivdDHE/KALELX
TR Z/RLTZDS, 5wVl b CIdE FL7=,

HARMIRE D LK D EIRF (R 2) 1, HKRERF
FICID LTz, 72, 10 wivoelh EOMLBRX Tl 0 wivd
X e L THEIIR T LTz,

BHHERRA (3 3) DR, 0, 0.5 BLUN L WX T,
FIR R, R R SCRIER O A B bz, —F, 5
WAV LL ETIE, RIREDIRERCT /La—/L BOEE5R )
RBOLITZ,

16 FED RV sy DY — 7 R EZ L U7 R, W
NS, 5 WVIRILERIREE DL ED R EZR I 233880
5Tz, BFiZ, 1-Propanol, Ethyl Acetate, 1-Butanol,
Acetoin, 3-Methyl-1-butanol 333 Tf 2-Methyl-1-butanol i
5 WN9%LL LS RERBAZRLTZ (R 4),

(2)GABA & ELINBLREN BN 1858 HIBKDEX
I=E DIREE

T OFER (B 2), GABA, 77=(Ala) X
U7 ¥ =2 (Arg) & &1L, 1 WNVOMLEL TR KEE7RL,
ZDOHKREI LT, £, 10 WLl EDKX D GABA
BLOAlRE &L, 0 wvX kL CH BRI L,
Arg &I, 5 Wil EOX THEICED L,

T ARTE R (Asp) BLOT A7 (Asn) & &1,
KR AR TP AOICRR o T NL, Asp & & Tl 30
WIV%IX T, Asn & B TlE 5 WV%IX DL ETHE 2R
bz, —F, 7 VEIUTE (Glu) & R KRE O
DEILITA L, 10 WV%IXLL ECIEf Bl a LTz,
IhBERSI0FED T /ERDE#IE, GABA, AlaB LT
Arg LU= E AR LT,

H-ORAC } LT Total-ORAC 1 (X 3) 1%, 0 wivoslX &
LT, WThoRTHLAEICHEMLE, — T,
L-ORAC 11X, AEZRZLITMEZR I N2> T,

DPPH &M LT TP & (B 3) 13, MK ERAFH)
[ZHEINLT=, 77, 5, 10, 20 33117830 wivsX. 7> DPPH
PERBIONTP & &IT, 0 W% X LG L C, AL
7

£ 1 HEARPRIZ DM IR E B L OVR b o b

KA ;%iﬁ;?&o)iﬁﬁ;’%ri (SALT%) B (OD600)
(w/v%) IR AMIBR

0 00 = 00 00 = 00 036 = 0.07

05 05 = 00 05 = 00 034 X+ 003

1.0 = 0.0 1.0 = 00 035 = 0.02

5 48 = 00 48 =+ 041 019 X+ 0.02

10 96 = 00 93 = 01 012 = 0.02

20 20.7 = 00 200 = 05 0.10 = 0.01

30 300 = 00 301 = 1.1 0.09 = 0.01

B, SREDOFHELREREETY

1 24 HF RIHT K AVER $4 ODIRTEIR DFME
B 0 755 10 Wivoe T 24 FEBIALERL 72 BRODIZIEIR DAV ThH 5,



F 2 HUKIREDEWN LD EKBII T TR

BKRE (w/vh) EIKE (%)
0 325 = 10
0.5 319 + 04
1 318 £ 15
5 313 + 04
10 298 + 05 * *
20 272 + 07 * *
30 252 + 09 * *

BIEIX. SREOFHELIZELEREEZTT
* ok [F, 0 wWERELEL T I%WKETHEER
EMNTDHSNT=(Dunnett’s F&5E . @A),

# 3 HKREDENZIDERERHEDZEH)

EARE
0 w/vh 05 w/vh 1 w/vh 5 w/vib 10 w/vh 20 w/vi 30 w/vi
B R BB s LIS sl sl st
= = = SULEEED EEEoREL  BEED EEED
B ROQBEN RV QBEA TR TREABL  BORRE  FAO—LR
BEGOEY  EEBLE  BAEBLS  yamcsL FAKSEL  TAA-AR BEEES
Ao ERT ama TPRIERL gmuama momss mmsmw -
RIS ToESE TORIELE ggos B - -
- RIS RIS WOIZEL  TAa—LR - =
- - - - - Ho=5L
- — - NE—BR - - -

R 4 HKIREDENZLD RO A H)

Ly BKRE

0 w/vh 0.5 w/v% 1 w/ V% 5 w/v¥% 10 w/Vv% 20 w/v% 30 w/v%

Ethanol 299 = 10 277 = 17 245 = 19 154 = 17 69 = 4 27 = 1 14 = 1
1-Propanol + 1 10 2 = 1 N.D. N.D. N.D. N.D.
Ethyl Acetate + 2 7=x0 7x0 N.D. N.D. N.D. N.D.
1-Butanol + 2 9 =+ 1 7 1 N.D N.D. N.D. N.D.
Acetoin 150 = 61 213 = 26 242 *+ 23 27 = 14 N.D. N.D. N.D.
3-Methyl-1-butanol 9 2 13 =+ 4 11 = 2 2 +£0 N.D. N.D. N.D.
2—Methyl-1-butanol 10 = 4 8 = 1 7 1 N.D. N.D. N.D. N.D.

1-Hexanol 136 = 10 127 = 9 90 £+ 12 30 = 7 39 = 2 37 = 1 43 = 4

£iEI. RESN=HHOE—VEREME (X 10°) MDY, SREDEYEIEEREETT,



g 350 180
‘;’“‘ 300 1 160 1
I 140 -
g 250 -
120
w200
il A N
v 100
S 150 80
Ny 60 -
alyﬂ 100
D 40 -
@ 50 1 20 -
w
0 0.5 1 5 10 20 30 0 0.5 1 5 10 20 30
BIKEE (w/vh) BKEE (w/v%h)
X 2 MR DE N L AT IR E B DZEH)
FAEIE, 5 ME O R EE R T,
% ok d, 0 W% X EERIG L T, 1%/KHECH ERZED RO B (Dunnett #2E, miH) .
—eo— H-ORAC{E
251 _a L-ORACIE ) W 2] 100
! _uTotal-ORACIE # 600 g
<% 2 KL *_% E’;DI.Gf !
X~ * % a Hmﬂ
8 = & ||1|||%+| 900 g
715 xx S%12 740003,11&
o9 T ® <
Htmf ;l;TH':oo.s 307
)
s @g s —=—DPPHIEHE 1200 g
85 4 4 i
] i —&— TP 100 ]
O T T T T T T T 1 0 T T T T T T T 0
0 05 1 5 10 20 30 0 05 1 5 10 20 30
EBKEE (w/vh) BKEE (w/vh)

X 3 HEKEEDBNZIAPELEEB L OMARY 7 = /) — /L (TP) & D ZEH)
BAEIE, 5 O VEEHAEE R 225 7R,
% kX, 0 WX EEIR L C, 1%KUETH B /2720580 BTz (Dunnett #& & . i1l ,

() FREHIMERL, M OHEEMEHI R T IRERED
id: |

@ ERFEDZKDERESFE

(1) BLONQR) DFERIZHOWT IR O LIRS R,
A 1.0 LLET 3 glidrfhitisin, SR 5308 82.5%
Tholz, iz, B LITHRAOMLE, 55 2 i
T BRE OEE LRI TE T, A0 ERRA D
EIEE, A ECoRL (R 4), Rtk Tk L7,

1 BELO5 WVUDHE/K T 24 BERIALELL 72 2 K% KA
L, 0 WVOOILER X B RERRIEZ TR L7, T OfE R (K 5),
1 WD HE AL 7 SRR 2K DI A 7, RN TZ R
DR, HEHRBIOEATZEEOERVIL, 210 wiv%
X &A% 2R LTz, —J5T, 5 WX T, A RHER
FOBARIBEOFVN, 2 AEICESFHTiS,
FICHERIE, A RICHRRCA LISz,

Q@ XKD MIEDEVIZKDHEEEEDIE RS E



TSI OFER (K 6), 2 eV BLOFXEAYD — 5T, BERRFETHLIIT AL, Znbifis R,
GABA & %, 1 WVOLEECHAIL, B W% Tl L7z, MR Tl L7z, GABA OFEE THD Glu & =i,

R¥

o

Foy=c i L=1RY i i-37)) A BR-EBO
=N FY
X 5 MR OB RERHED Huifg
FAEIL, 18 ADEEHEAERZEEZ TR T, 3k k1T, 0 WK SR T, 1% /K YETHERZENZRH O (Welch's t 1
& D .

C
N
R o6
2 300, 2 500 1
% 300 2 800 = 20
2 2 5
i 2501 " F
6001 5 e
M
£ 20 « s
3 ] 1l
8 1501 S 400 S 1o
W 100- o 5
M M 2001 I 51
e 50 ] 8
e L] >
w0 : : ® — : — L : :
w 0 1 5 2 0 1 5 m 0 1 5
BKEE (w/vh) BAKEE (w/vh) L@ BKEE (w/vh)

]
B 6 kST DR ML ARERE MY iR B D2 )
BAEIZ. 5 KB OWHE L AR EE T, @Iz bh), ATt i), BIHIT AR RE =T,



LAV BLOFREAVITEB T, HAKRERFICHE
NI LTS, BRIT DV TIERERBD &R LIz, £
DIOT BRI, IehVBIRFXeHVE, AITHY
TIX R DZE B Z R LT,

IKIEVERTRLREDFRHE CdhDH H-ORAC 1iE (X1 6) 1, =
SEAVBLOHITAVIZENT, 1 WVLLEETENL,
5 WV TR LTz, — 5 C, XA Tl Kz k
BRI RITRO BN o7z, TP & &’lE, avehlEs
FOIITHITIE 1 WK THINNL, 5 WivoeX Tl
WULTz, —FH T, FXeHUTIE, 1whvnXEDE 5 wivieX
D EAEAE R LT,

4. % &8

YoKE 24 RRIHEKITIRIEUTRE SR, ALBRFTH% CHilR
BECREREAIT R > T2, —F5T, 24 WL O
ROGKFX, BEKRGFIIUE T LIEZEDBIREED
TAICE DR BEN > TODEHEER S WD, FH,
AREMETITBWT, ZKROMBANNREEARN A%+
DEATTNDHEZEZBND,

HEKIREE 0735 L WV X FETI, IR{EIR - COE W
FEF ZOBRVIETE R, ZKDDDOAPER I LU R O
FAEDHERSN, B, BREMA TRmSNIZRWIC
B i 9 % sk 4 & L T Acetoin , 1-Hexanol <°
3-Methyl-1-butanol ZE DRy 23R ST, 2B R VER
4y, Ethanol, Acetoin, 1-Hexanol, 1-butanol 1%, [
BSOS VTHRISh, ARERE KL TW5, (-7,
1 WVOILBRE I, ORI T D8 E W D GE A 4
Hil T 2R NSNEHIWTTED, —J5 T, IRIEIR T O
IKIEEAS 5 WIVLA EIZ725Z8C, WEDIKT, iao
HE, NREOIKT, M8AEY RO RN ElE S
% Ethyl Acetate, 1-Butanol, Acetoin, 3-Methyl-1-butanol,
2-Methyl-1-butanol 33X T¢ 1-Hexanoll, 3) DiFEIED K
ZRRBO DRI, 2o h, 5 wivwell BT, X
KA 75 T DA T DR FE L TR S Fu, HERE D
HlETIRFEIREE DY, NREIEAED I T HEE 251
Do I, ZOKRDARP BRI A DI A B2 IR 5
WL EEHIHTL TD,

VoKD A R R CRE RIS, EARIZED
GABA & 35 JOWIRA L RBIZ KT T2 N - B 58D SR A
AELTz, FESR, GABA & &, HKIAE 1 wiv9eE CHIN

L, ZLL RO I RIEIZwA Lz, —F T,
ZOIETHD Glu & EITRERFNBA Lz, 2D
728, YKL 1 wveETIE, KB L OB EAR
L 2L GABA B R MEES L, FALLL E OB TI
BIOREIMEHESNDEZ ZBILD, FTo, AspIL T Asn
ZER<, Ala <0 Arg 07 /EEL GABA LRIBROE A1
RLTHEY, 1 Wiz E7 R IE 3L o7 v EE
PEE XL TS, KIBEEOHBILEDEIETHD
H-ORAC {3 L T8 DPPH &ML, HAKLBRZID SE-
72o TP G ELEMUIZZ &5, ZORMIKEEEITER L
REOHTRICH G- Lo SRS D, ZKITiE, 7oV T
RVFEVBRE DR T 2 ) — VWG FENTODBIENR
HENTWDZD 2, 41, BT ORI D=0 5
Ry DRFEDLIETd D, —77, BUPETTRELREITH TR
Lpipolole®d, LKOFEIep Sy Thohar zrn—
A VY ) — G BA~OHE M RIT R NEDEEZS
D, ZIBNG, ZAOHEKMELL, GABA & &OHN
BLOVKIEMHRRLRE O RN R DY, £ € 05
51 W% KN 0.5 WivoeLl - COLLER) T H & IkF
TXD,

BFENE B WIVOLHE K ALERZS, ZokdD 24 HER IR
(CRAETHRPIRELRL, 7oL RE DR HE
R EARE SR EE Cdho 7z, MNZ TR ORI F
TR CTEARON, 1 WiVl /KALEE X GABA & &L
OBt LREZ B D DD R AR LT, 16> T, XK
DINTEAFRELUTH HERVRD M G2 -V T L T2
LK%, BRI UE BRFREA ML 72, ZOREE, 5
WIVOULERL 72 T2k 1, 0 wivoe X LD TR, 7z
BOFVL B, AT Eh o7z, BIERITE T ORIH
W DRI FE (I 2> T2 Y, 0 WO X K0k
FREL T2 ED D, REIRH DOFRID L3 Z KO
FIRNIZBAT LI EE 2 bD, Fio, FORE<EFHlEz
FR LTI, HEIC R DR B 7 1T s B i A3
FLZD, ZORER, PRI A OIS S 7= LR T
&5, — 5T, 1 WVILEE T, HkH & D2 TOFEE
T 0 WL RIS ORI Z/RL, RO, BHERHts
LRI DG R SR DR ek 7n oz, -
T, 5 WVIE/KALBRI, Kk O BBRIK T 2Lz 7-9,
HHRSGMENZ D, 5 wiv L AKMLERIZ XD Lok 3R O]
AN DRI R, SRR TTOZED SN E



BZHIDHD, BEREIEIG RN F LN R MERE SR & D B L)
LENHD A REMENE, T2 T, 3 RO LKA
T, 1 WV Kb TS A tbig L7z L2 A, 7R
M TIE, eV BXOFXeAVE, GABA E0GF
MBI HREFVE RIS, O (D37 H)) ETIH R
75 AE R LTz, I, PUBRLAESS TP & &b [AARIC
FEMFEZ R LTz, 51, GABA A ARICEIHE 4 AREHE R
V7 = ) — )V ORRRE DB EME A RGET DM ERHHEH
ZTWB,

DL D, ave VO LZkOMTHMEELT, AR
DM DMK OANIREIL 5 w9l |, GABA & &
EHURRLRE AN - B8R DK OFZHIRIE 1L 0.5 2005 1
WV, RREDMEIRL, D DREBEME DS RS AL D I
FEIL 5 W% EiETR 5, 7277, TR AR REMESY
BRZNRIL, LKO MM TR I ERSH DT, b
T THRROBET NI THD,

5. K

1) 50 B, BSEFAREE 1, PHHEEA, FEHF LOKRDOFE U
PEIZBI T 200, MBI P435E, 15, 5-14 (2017).

2) Toyoizumi T., Ohba S, Takano-Ishikawa Y., lkegaya A.
and Nakajima T., Placental tissue of greenhouse

muskmelon (Cucumis melo L.) contains more
gamma-aminobutyric acid with antioxidant capacity than
the fleshed pulp. Bioscience,

Biochemistry, 1-10 (2020).

Biotechnology, and

) K B8, Ty I T AL R AR LB
(MVOCs). =7 a2/ /Lif5E, 18, 181-183 (2003).

4) Xia Q., Green B.D., Zhu Z., Li Y., Gharibzahedi S.M. T.,
Roohinejad, S. and Barba F. J. Innovative processing
techniques for altering the physicochemical properties of
wholegrain brown rice (Oryza sativa L.)-opportunities
for enhancing food quality and health attributes. Critical
reviews in food science and nutrition, 59, 3349-3370
(2019).

5)Cho D.H. and Lim S.T., Germinated brown rice and its
bio-functional Food Chemistry, 196,
259-271 (2016).

6) Choi I.D., Kim D.S., Son J.R., Yang C.I., Chun J.Y. and
Kim K.J., Physico-chemical properties of giant embryo

of Applied

compounds.

brown rice (Keunnunbyeo). Journal

Biological Chemistry, 49, 95-100 (2006).

6. # &

ARFZEE, AWM E NV VR A = AF5E I [
2019 EEEMFIEBI R D SR Z T TATWEL T2, e,
GCIMS D53HT - fFEMTCl, Bl WL RN ZEET
A K5 A (B R IR ARBR B B OR) 122 S
Tel2EEL, IS, ZARRBIORMLITHOWTI, [FAF5E
FT DAL AT RN 12 & FE LTz, BL EIZDN T,
ZTITRL TN ELE T,



No. 1944

Reduction in Unpleasant Odor and Functional Enhancement of Germinated
Brown Rice by Saline Immersion

Tomoyasu Toyoizumi
Shizuoka Research Institute of Agriculture and Forestry

Summary
Purpose: This study aimed to determine the effective concentration of saline that causes reduction of the
unpleasant odor of brown rice (Experiment 1), the effective concentration of saline that causes an increase in the
gamma-aminobutyric acid (GABA) content while enhancing the antioxidant capacity (Experiment 2), and the
optimal concentration that leads to unpleasant odor reduction while enhancing the functionality (Experiment 3).
The study results will lead to the development of new processing technology to enhance functionality without

impairing the flavor of brown rice that utilizes salt.

Methods: In Experiment 1, brown rice, “Koshihikari,” was immersed in 0 to 30 w/v% saline and allowed to stand
at 30°C for 24 h. The saline concentration, turbidity, and sensory characteristics of the immersion liquid, the
water content of brown rice, and the composition of the odorous component of the brown rice were evaluated. In
Experiment 2, brown rice was sterilized with hypochlorous acid, immersed in 0 to 30 w/v% saline and allowed to
stand at 30 °C for 24 h. The amino acid content, water-soluble/lipophilic antioxidant capacity (water-soluble:
2,2-diphenyl-1-picrylhydrazyl (DPPH)/hydroxyl radical antioxidant capacity (H-ORAC) methods, lipophilicity:
lipophilic (L)-ORAC method), and total polyphenol (TP) content were evaluated. In Experiment 3, brown rice
was immersed in 0, 1, and 5 w/v% saline, allowed to stand at 30 °C for 24 h, and cooked; the sensory
characteristics were evaluated. In addition, brown rices, “Koshihikari”, “Kinuhikari,” and ‘Kamiakari,” were
sterilized and immersed in 0, 1, and 5 w/v% saline and allowed to stand at 30 °C for 24 h. The amino acid and TP

contents and water-soluble antioxidant capacity were evaluated.

Results and Conclusion: From Experiment 1, the saline concentration was the same before and after the saline
treatment.  Turbidity and water content considerably decreased after not less than 5 w/v% and not less than 10
w/v% saline treatment, respectively. The sensory characteristics evaluation confirmed unpleasant odor and
cloudiness of the immersion liquid after 0, 0.5, and 1 w/v% saline treatment and reduction of the unpleasant odor
after >5 w/v% saline treatment. In addition, 16 odor-related components showed a significant decrease after not
less than 5 w/v% saline treatment.

As results of Experiment 2, the contents of GABA, alanine, and other compounds showed a maximum value
after 1 w/v% saline treatment and decreased considerably thereafter. However, the glutamic acid content
decreased with increasing saline concentration. The H-ORAC value significantly increased for all saline
solutions compared with that for 0 w/v%; however, no significant change was observed in the L-ORAC value. The



DPPH activity and TP content increased with saline concentration and significantly increased for the saline
solutions of 5 w/v% and more compared with that for 0 w/v%.

Experiment 3 results indicated that brown rice cooked in 5 w/v% saline was significantly higher in overall
evaluation and aroma than that in 0 w/v%. In addition, the functionality enhancement effect of the saline
treatment was different among the three cultivars.

Thus, our results indicate that the effective saline concentration that causes unpleasant odor reduction is > 5
wi/v%, the effective concentration for increasing the GABA content and antioxidant capacity is 0.5 - 1 w/\v%, and
the optimum concentration for reducing the unpleasant odor and enhancing functionality is 5 w/ v% for
“Koshihikari”.  Additionally, the functionality enhancement effect of saline treatment had different sensitivities
among the cultivars.



