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WE BREATHR ATRE ANE LARMNERNEABLABRLESLERATIEF y-AATREZTO Y0, &3
AW MAEH TR AGE R, y-RATHRATREFRA,HF 3.0d 0, y-RATHRASHZE 7.19 mg/g;30 CH#H F y-R 4

TRESZHERKRM;AAIRFT RIS ER SRBHERGAAN T y-R A TR A BRLE T THA y-&
ATRAALFZNRRAALAA T 1d o2k, KA G @RBAT R R0 y— R TR LM A bk MhiE 18 h, kiR JE
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y-E R TR (y-Amino butyric acid, GABA)
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T2 (1 RE 71 BE AR 4 1 38 KM 55 , Gl B GA-
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75 K FEAT GABA & 42 H i iy 40 25k b
GABA [HFFE 1 AL T2 A0 B B, X T 22 i GABA
TRIEENREMR MBS H, AFRETHE
5 YRR AL B AR AE X 2 R GABA & &R 5, Fl
i 7 TR 3 6 A B 2 RR G Ak - S T R Y e
WEREAE AR Z R R E & y-RE TR E
a4 — R A BRI

1 MBE5FZ®
1.1 REMBS5EE

ZR 2 34 5 IR T LA 2R A
PR FI SR AL 1L AR 48 JO R ELRI AR

y—R I TR (GABA) b i, i kA= ) )
FABRA ] R, 04 BB 2= ey A PR A | 5 ok
T RATH & AT AL T # A R Al oK A
A5, Rt AL TR A A PR R L- 2 IR
it W R R AT BR S FD S WD R T E 244k
2 s A PR A TR |, V4 Bl Bl 22 e A A BR A
Al RARREN, KEW & TR T A RA
A,

RXZ-500D %1% e 1H 5 16 M 15 5248, 1LY
e A49 BRA F] s THZ-98AB AU fH iR IR % 7% , Ll — 16
BHE AL A BR 2 7] s TCM-20L 1 5 1 v % 2 U
O BL, W ACES O LAY 25 I 1 AR 2 A GZX -
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9240MBE 7Y H PG 14, i TR AL A BR
/N W] PHS-2F BURR BT, 1 3 R A2 A BRA 7 5
V-5600 B3 EEE T, Lo R A B F
1.2 RKEH*
1.2.1 BE FMWRR R LR 2R
FH 5 AR ARFR 25 B F /K SAH B 15 SR 7 = il T IR
0.5 h, = AL B 02 R E T A A NE 2 A5 0
FRIL A FE 3 T P G 5%, S U0 B IR 0 F
), SRS I TR B Sy S RN TR I 4 A
RUATHR R S0 B & 2 RN E TR AR U S
W, A1 R, ZE KR L 2 R 0.5 h 1 it
45

1) B E BRI AEfL F Pk o (1 2 kiR i
0.5h, f£30CF# & 0.5,1.0,1.5,2.0,2.5,3.0d,
12 h #b 78— R ZE MK He B BURE 3 T, 213
M5E GABA &g,

2) HERENZEML ZHE05h, 45
£ 20,25,30,35,40,45 CTF# & 2.0d, % 12 h #b
FE— KRR BURE W T, 510K, I E GABA &
it

3) SRS WO B AR AR G VR R
0.0,1.0,2.0,3.0,4.0 mmol/L. /) &AL, K2
JBR 3 ) AN () e B SR AR S 1 VRO IR I 0.5 b, 4R
Ji 30 CHiFF 2.0d, ARG 12 h #b 7o HH W ik B S Ak
BV BORE T, S0 M E GABA &t

4) A TR BNV WS R AR AL R T
HWE 4 0.0,0.5,1.5,2.5,3.5,4.5,5.5 mg/mL (4
GATRENVS WL, T 22 R0 ) T AN [R) o o v B % 2
R AN PR 0.5 h, B85 30 CHE 3% 2.0 d, 1 F%
12 b #b FEAH Y M B A SR ANV W, R ), I B
PRI T, 519K E GABA & it
1.2.2 VR b 35 (V3 VR — il VR ) B0 SRR 28 K e 3 T
BT BHEZRRHRLI ., IR w2
IR 5 AR R ZE I K E = i R IR 0.5 h J5,30
CHIFEFA N IR 1.0 d, Bl J5 18 B0 IR ] A R TR
B f RIS ] 3 S5 ma R AT

1) VORIt ARS8 F 53R 1.0d 1)
ZIRTE-18 C T4l % 12,15,18,21,24 h, Z )&
£ 30 CF AR 12 0, W T, 51 5 J5 2 GABA &

H,

2) MRARIRIERRNERLE R 1.0d 1Y

ZIRFE-18 C ¥ 18 h, ZJ5 415l 1F 20,25,30,
35,40 CFf#E#R 12 h, Wi T, 51K 5 I GABA &
g

3) fEVRISEAY R LS 4 EE5R 1.0d 1Y
ZREAE-18 C F ¥ % 18 h,30 CH; FE 41 1% 6,9,
12,15,18,21 h, Wi, 51K J5 il GABA &4,

4) AR b B e s AR
LU E T Box—Behnken #H | LL Y& R}
] | ff R UL BE MR VRSP IRIAE O B AE i GABA & &
R R AR, BT R 1,

£1 MEEREEZKER

Table 1 Response surface test factor level table

KF AKREE fRARRE AR
(A (B)IC (C)/h
+1 21 35 18
0 18 30 15
-1 15 25 12

123 y-ZETRSEMNME  KH Berthelot
kI E GABA & P, AF i FH 8 400 T 2% 1fii /K
g7, EFR PRI 2.00 g, BFES 2 ¥ 51 50K E 45 & 50
ml.,40 °C,300 v/min T8 & 4% 37 &% 1 IR 35 = 52 1
h,13 000 r/min % .L> 15 min, B F W, 28485
U, 3L 0.22 pm JEME B 0.5 mL BIEWIE . GA-
BA FiHt i C (pg/ml) 5 W OGAE (OD) Z [H] £k 14
M5 2  y=1.5877x+0.0045 (R*<0.9977) ,

FE oK 4r E R0 2 2 ] GB5009.3 -
2016,
124 BURAILS 0T #5520 K FR R s br
FIE 3 W Ry + 7R IE TR AR LT E
#, F Design Expert 10.0 } DPS %4 kb B i
I8 R Origin 2018 A Microsoft Excel fE&],

2 HR55W

21 HEHGX y-SETHRIENTMN

2.1.1 BiEEX GABA SHEAEW  HE 1Al
X R4 GABA 7 54 (1.98+0.08 )mg/g , bl % 1
AR E K GABA & B #i i, 2 2.5 d i,
GABA % i R 1 % (6.60+0.09)mg/g, 5 %F & 4 A
LLHE NN 4.62 me/e; TERAE 0 d (X HEZH ) F1 3 d B,
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ZRET GABA & HLAEAE 35 25 5% (P<0.05) , #2
T 2.63 5, XulfgsE T E v, 2R R
Bk gy, HOEW 3 ik ol 78 D GABA & 55
M AN K B & iR 0, 2R R oy A e T, R
Fo AR A SN IR R VR Al
AN T, HEAA R IR B R T
PR, GABA 1 K 5% AL 25 0 JE il Bow & 2K
) GABA & &V ETb; BEE 2R & I E] 4k
ZRAER N 2.5d & 3.0d,GABA & B IIEAS /N, ]
B2 2 GABA 43 fift R bl 4 & s B AR
GABA 115 R Il 22122 42 ) i 7 B[R] 2 — oA 28008
B GABA & it AR BRIk, nl LR A iy e Ak
ZIRH GABA,

2.1.2 WiHFIREX GABA SHEMEN  ARHEE 2
AT BT R AR 20~30 CIEE N, GABA & 2t
I AN, 30 °CHE N 2 45 KA (3.36+0.09 )me/g , FHEL
XRZH PR T 1.38 me/g, Bl 5 T 4R T R A & BRI
TR GABA bt P iR BRI, 2T
AR W T RN R YA Z R A &R R
it 32 VT R U L T TR e A 2 A o A R R
[ RC R = Y N = A ke 2N R S ]
GERE U R I S AR 2 o A SR R A
A B GABAP,

2.1.3 S IEROREEXT GABA f =5
B3 A, 2 & A ES ¥ S 0 mmol/L A 1 mmol/L
W, B E ZRT GABA & EIFR A B EEZER
(P>0.05), & AL, YW IS N % 2 mmol/L B,
ZIREE 1k GABA % i 18 2 e K {H (4.12+0.11)
mg/g , FHEE T X A48 /= 1 2.14 mg/g, BliE A ALAT
WAk S n , 2 i GABA &= JFin T %, &
AN =T RE TR ER M &R, X iR
RAE R AR ZAGE, A5 BTl A AR i
A SR L R BT T B TN BRI B R A AR
PR T ARHER | A F] GABA & atHg N
() E AR S A S R B E— D B I B R R T
W BE T, 2R LA 8 38 TR T i S R s
fniE e, AR T GABA 1k,

2.1.4 HHEFRNT GABA SHEEEW  HhE 4 0]
U, A SR ANV T R MR S N & 4.5 mg/mL
F, 2 BREA B 551k GABA ik 2 K1 (6.24+0.06)
mg/g, AHEE T X BRZA 2 55 T 4.26 mg/g, b 4 4+ 2 2

GABA % &
GABA content/mg- g™
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W REVNE PR 2R & 2R GABA & it Z R 7 75 i 3%
P22 5 (P<0.05), A,
1 AEFHEHEX GABA &=
Fig.1
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Effects of different germination time

on GABA content
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Fig.2 Effects of different germination temperatures

on GABA content
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Fig.3 Effect of calcium chloride solution with different

concentration on GABA content
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BB TR R M AME E R RN, Y5 FE Y T
iz By K HL A 8 1 I E DY ORI A, GA-
BA WA BUAZ BH . IR BEIE A f vk FE B VR R )
) 4 S R 0 0 VR B T R, A R A R B K
GABA B, AT R I P A D 3 2
22 AFROEWNERF y-SETRSENZMNE
2.2.1 VRURESEXTHTE Z K GABA 5 5 1952 M
MBS al %, R UREFRIZE 12~18 h B} ,GABA &
TGN, 18 h 3N 2 F KA, Z 5 B % v VR I [E] 7Y
JEK, GABA & f AR . X AT RE 2t TIRIR VS VR A
fifi 18 0 2 A R g W AR T G R
/AR il /NGy T AR B, PR AR R 1) GA-
BA WAL RGN, > 2 RR 32 2 A0 S 58 38 an v’
TR R0 55 ) 2 6 LS GABA 7E 19/
Gy F U REW BT, 38 N AN S B 5 AN AR ) A
B8 A v 2 3 ok 8 7Y B S vk R A O S
TV R Ok U T P A TR R e RS 3 T O
I GABA Frit R RV B B T R OH R T
R TR R, M I A R, B PR A Y [R]
F, 2 GABA 43 DAY AL 2 FR B £ IR 12,
1 GABA 7 &K,
222 fRURTEEEXT B E 2K GABA & 5 (521
M & 6 T, i R AE 20~25 ‘CYE N ,GABA
AT B E 2T (P>0.05) , B 7 7R R Y
Fh , GABA &34 N, 7€ 30 Cik Bl e KM . X J2
H TR T 22 JBR 0% 20 IO vk A, Rl Ak s AR
FRUR A= A5 Ak, % 40 BE 3 s ML ARCAE 05, A2 40 7 38 32 1
PR 2003 GABA 19 i, LA 306 BR 5%, 2 ik th
¥ UR A BREG AN FROR S5, 2R 3 N IR B I R AR
ZALHE GABA TEN /N FE IR, BEE IR
2L Th i, 2R 2L N nl A 4 4R,
3 GABA #m AL,
223 fEURIT [RGB 28K GABA & & 1Y 5200
i 18 7 AT 5 7E 6~15 h, B8 35 A 7k i a) Y 3E K
GABA & MR 3En, 78 15 h 3600 2 e KAA, b5
B P AR REAR 32 DR AR bR vk S Ak s &
B AR AT O A 2R IR T R S i
PREF A I K, GABA & BEAEHH A Z KA LN R
B, 004, ek B v 2 RK 2 2 40 i RS R B AR 4
JL N AME AR ISR, A SR B AR Bl 5 KW 7245
YERD, & BLE) GABA 15 AR 2, ff R st a3 <, ik

(=Y
T

GABA &
GABA content/mg- g™
”n

S
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R R

Sodium glutamate mass concentration/mg-mL™
4 AEFREREASLBMNAB R GABA E=EH M
Fig.4 Effects of different mass concentrations

of sodium glutamate solution on GABA content
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Fig.5 Effect of different freezing time
on GABA content
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Fig.6 Effect of different thawing temperatures
on GABA content
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FHCGABA i T T,

2.3 AELEFZH y-2ETHRIEZIMALE
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ZWRH GABA 5 i A7 AE W 22 57 (P>0.05) , IR a
flt Ak BRI 2 PR T GABA % &, ASIF 9 8 FH i 1 T
I 58 R R - R AL B A AL
24 RHE-FRF(RRM)REZHFHMRL

TE V4 b A 3 B0 DN 2 S ) LR b AR S Box—
Behnken () H 2 A BT IR PR, DAY VR BT 8] ff R \
TR BE il VR I 1] R 25 2 2R LD GABA 3 2 i )i d-

-
T

GABA &4
GABA content/mg- g™
N

{0 B R R G R H A SRS 26 2, © L

241 WIS R E LR Ny ] AR Thawing time/h

) J5 2250 B W3R 3. E7 FEfEFHEN GABA & 2K
L5522 30 H,GABA S SR TE Fig.7 Effect of different thawing time

ff] {4 % £ WA AR ) .Y =9.3040.474 +1.16B - on GABA content

0.39C-0.764 B+0.0454 C-0.48BC-1.104-1.858>- o .

2.29C%, X, Y 48 GABA & B9 FE A B.C i .

G I HE VA VR R AR VL 5 4 ) A = X
oo Y 4 I SR 1 A7 2 1 4 3 )

A e 5 UL R e B =2,

DI F I R We, 3% 4 [ L P=0.0003 “E .

ISFIML 5 KT (P<0.01), 48550 P=0.1177 R & ¢

F(P>0.05), X Ut W pr e B AL 5 3 . R%y M S— > " ,

0.9171, 8 I 450 00 FT At 2 R O o R o o

91719 7 fEL A A AL RL A o 23 1, 2 RRAE VR il Ak VE UL 1L 5B TR 1 d, A0 2:4.5 me/ml, 45 2 B

T GABA & 9 728 b o] DLl i 1% — Ik 2 11 1 d, 4150 3:2.0 mmol/L S ALAEE & 1 d, 4150 4: 8 T K

;ﬁﬂﬂﬁuﬂu R BiE 1 d+ Rl A B (R 18 h+ff 7R 12 h+ff 7R IR 30 °C) .
SR 3N, E B ARl B R 8 AEAESL M GABA 2 B HHI

GABA & & 1Y 5 i B i 3% (P<0.01), # AB X} Fig.8 Effects of different treatment conditions

R Eh AL B FE h GABA & AU 3 (P< on GABA content

% 2 Box-Behnken {3 i&it R &R
Table 2 Experiment design and results table of Box—Behnken

s ;4\\;??\ it % ﬁ#ﬂ? GABA 4%/ sy ;4,\‘;,7;, ﬁ%;‘gﬁ ;’g%;,z; GABA 4%/
Wb EESC B/ —— Wik BASC W/ mg- g

1 15 30 12 6.46 +0.22 10 21 25 15 6.98 +0.14
2 18 30 15 9.26 +0.18 11 18 30 15 9.15 £ 0.08
3 18 35 18 5.87+0.14 12 15 30 18 5.29£0.12
4 21 30 18 5.69 £0.19 13 15 35 15 7.27£0.19
5 18 35 12 7.13£0.22 14 18 30 15 9.62 +0.12
6 18 30 15 9.82 +0.12 15 18 30 15 8.95 £ 0.08
7 18 25 18 4.14 +0.10 16 15 25 15 3.69 = 0.05
8 21 30 12 6.55 +0.09 17 21 25 12 3.70 = 0.09
9 21 35 15 7.50 £0.10
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# 3 GABA MIA#EE T ESH
Table 3 GABA regression model analysis of variance
F E KRR 7 A= B W E Eok FAa P& 2 M
R 62.88 9 6.99 20.68 0.0003 sk
A 1.78 1 1.78 5.26 0.0556
B 10.76 1 10.76 31.86 0.0008 sk
C 1.22 1 1.22 3.62 0.0987
AB 2.30 1 2.30 6.79 0.0351 *
AC 0.0081 1 0.0081 0.0204 0.8813
BC 0.91 1 0.91 2.70 0.1444
A? 5.11 1 5.11 15.12 0.0060 Hk
B? 14.39 1 14.39 42.60 0.0003 sk
c? 22.01 1 22.01 65.15 <0.0001 Hk
*E 2.37 7 0.34
PEVE 1.74 3 0.58 0.1177
shik £ 0.62 4 0.16
& Aa 65.24 16
R? 0.9637
Ry, 09171
T RORE I (P<0.05) *%. Fom 2 50 .3 (P<0.01)
0.05), % A .C AC BC X URal s # IS R GA- AW,

BA & BN B3 (P>0.05), W& A% B> .C* %%
il Ak $ 3k FE h GABA % i 52 M i 2 2 (P<0.01)
242 HWERZHEAEM VR E] AR IR
figt VR BF 1R B8 28 H AR F A GABA 75 B A9 52 0 n LA i
b e T 3D N A L WS, TE A A A
oW R 2R A8 BAE B DB s 28 HAE

GABA i
GABA content/mg- g™

1) AURERI S MEREE WL EER %6
9 I, ¥ VR B[] 5 A 4R U B 28 HLVE D I B
6V VAR ST () B R % e VR IR B Ty, e 7 R g 1
i, B B B R B R VR IR EE A 29~33 °C
BRI AE 17~19 h, YR GABA 5 ik 3 i K
H, SRR LI T LAY A

GABA & it
GABA content/mg- g™

B. fRvRiRE

B: Thawing temperature/C

18 19
A YR URIS ]
A Freezing time/h
(b)

9 REMEMBEEEMNEEEMESLE

Fig.9 Response surface and contour map of freezing time and thawing temperature
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2) Ve URETIE] 5 A RIS R A HAE R H
10 AR Bifi 25 V3 P BF ) R ERF ] 79 422 g 1
AR 3G B J5 ST Gy HE BT R 34 figk R I R 72
14~16 h, & EEFEIZE 17~19 h, XF R GABA & &3k
B KA, X 5 R SIS B 45 AR 6

3) MRS S ORE s EAER hE

GABA
GABA content/mg- g™

& 10

11 AT, A R S ] 0% S K % e o R B 1 T
M o7 {E (GABA & 5 ) AH I 38 i, 1 Bl 5 FF 46 1 30
TRERI RS, MARIREETE 29~33 °C, fif RN R 7E
14~16 h, XF i GABA % #it 35 ] fge KAH , X 5 8 A
EORI 0 e U/ R

GABA & i

GABA content/mg- g™

C: iRV I )
C: Thawing time/h

15 16 17 18 19 20 21

A WRERIT ]
A: Freezing time/h
(b)

4 % B 18] 0 68 2 B 1) O Rz TET [ S 2R

Fig.10 Response surface and contour map of freezing time and thawing time
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243 URmhAb PRy TR A R 0 i AR
Gt B4 H mT LA H o il Ak 3L 4 fE GABA
M AR SR . Ve URET A 183 h, MRVRIRLEE 31.5
C, ZRIT] 14.6 h, 2k GABA & & 7] ik 9.92
mg/g,

244 WAL 45 A EUAM, e R R
[E] 18 h, ff R EE 32 °C, f#RETE] 15 h, 5 GA-

GABA &t
GABA content/mg- g™

C: fi& VR E]
C: Thawing time/h

29 35
B: R
B: Thawing temperature/°C
(b)

% R IR B 0 f5% 7% B 1) M) Rz T [ A S 2

Response surface and contour map of thawing temperature and thawing time

BA #4847 (10.02+0.35 )mg/g , 5 455 B 35 0] {1 42
T RS T AR AL AT AR e 7 TPk 6 5 SR
15 HE

3 i
1) BiE WA XS T2 GABA B & 514
HHBIEH, BEEZ &R ER  GABA &

-l
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BRERN, i E 2.5 d,GABA £ 58 F (6.60+
0.09)mg/g, 5T RELIAH LI N 4.62 mg/g; BiFE 3
d,GABA & &3 = (7.19+0.18)mg/g, 14 T %t
MR 2.63 1. MEHFRENRER, 2K
GABA & i AT i FRREAR, B9 5 LA 30 CHY, GA-
BA & 8 i % e KA (3.36+0.09 )mg/g , & X HR 41
0 1.7 %,

2) U E RPN A S &R A R
T GABA HYH4L , 731 2.0 mmol/L S ALAS % BT,
GABA 7 5 34 I 2 45 KAH (4.1220.11 )mg/g, AH AL
T BRI T 2.14 mg/g, /& XF LAY 2 175, v
4.5 mg/mL S LS W AT ,GABA & =3I £ i K
{H(6.24+0.06 )mg/g , J&: X HRAL () 3.15 £i% .

3) R UR—ff VR I8 (VR A X 4R S R 2
ik GABA & HACR U . 1R 0.5 h,30 Cij
A 1.0 d FZ KT R-RRA I, RHE Box—
Behnken [ 002 A b1 B BN B A 10 2 K
GABA # Ak %A 2V URIbh 8 18 h, M VR IR 32
C, f# VRIS IE] 15 h, iz 5504 N Z K GABA &% ]
ik (10.02+0.35 )mg/g, bt A 28 V8 VR — fiff 5 b B 22
Jik GABA & &2 5 3.02 £, LR & & AL PR 2
Jik GABA & it 5 4.06 15 .

2 % x #

[1] SHELP B J, BOWN A W, MCLEAN M D.
Metabolism and functions of gamma —aminobutyric
acid [J]. Trends in Plant Science, 1999, 4 (11):
446-452.

[2] BOUCHE N, FROMM H. GABA in plants: Just a
metabolite? [J]. Trends in Plant Science, 2004, 9
(3): 110-115.

(3] HIRME, BURMT. mSFRAIAN y-2 BT R,

AR B FoA SEAE (D). A AR B, 2003, 39
(3): 249-254.
JIANG Z H, GU Z X. Biosynthesis, catabolism and
physiological roles of <y —aminobutyric acid in high
plants [J]. Plant Physiology Communications, 2003,
39(3): 249-254.

[4] AR, THIE. y-2 3 TR (GABA) Y 4 78 A # AR
FA[)). shi Bt | 2002, 23(3): 44-46.

BAO H G, WANG X Z. Effect of gamma—amino—
butyric acid on reproduction and physiology [J].

Progress in Veterinary Medicine, 2002, 23(3): 44-
46.

[5] T4, S8, HIE, 5. y-23 TR MH &)
R I RE S USSR R B RS R T,
2020, 46(23). 238-247.

NING Y W, MA M G, YANG Z, et al. Prepara-
tion methods of 7y —aminobutyric acid and research
progress in functional foods[J]. Food and Fermenta-
tion Industry, 2020, 46(23). 238-247.
[6] AKCAY N, BOR M, KARABUDAK T, et al. Con-
(GABA) to

salt stress responses of Nicotiana sylvestris CMSII

tribution of Gamma amino butyric acid

mutant and wild type plants[J]. Journal of Plant
Physiology, 2012, 169(5): 452-458.

[71 LUO X, WANG Y, LI Q, et al. Accumulating
mechanism of 7y - aminobutyric acid in soybean
(Glycine max L.) during germination[]J]. International
Journal of Food Science & Technology, 2018, 53
(1): 106-111.

[8] GRENEZ, Fho, %, 5. WA 2R E R

A ALT. B S REET L, 2019, 45(13):
206-211.
ZHANG L X, SUN Q, LU X, et al. Dynamic
changes of main components of sesame during ger-
mination [J]. Food and Fermentation Industries,
2019, 45(13): 206-211.

[9] ANILAKUMAR K R, PAL A, KHANUM F, et al
Nutritional, medicinal and industrial uses of sesame
(Sesamum indicum L1.) seeds—an overview[]J]. Agri-
culturae Conspectus Scientificus, 2010, 75 (4):
159-168.

[10] KANG M H, CHOI J S, HA T Y. Chemical prop-
erties of sesame seed cultivated in Korea and China
[J]. Food Science and Biotechnology, 2003, 12(6):
621-624.

(L1 sREi. 2 BOFFRLET & i e vh 2 2038 % 5 DI RE 1k W

AALHESE[D]. FBMI . PTG Tl R, 2019.
ZHANG R. Research on the changes of main nutri-
ents and functional substances during sesame seed
germination [D]. Zhengzhou: Henan University of
Technology, 2019.

[12] LIU B, GUO X, ZHU K, et al. Nutritional evalua-
tion and antioxidant activity of sesame sprouts [J].
Food Chemistry, 2011, 129(3): 799-803.

[13] BRf, #Aemp, HEEJL. R G MM & & h y-
AT R (GABA) & & B AL [1]. & & Tl B3,



144

O &

= 4 2024 4E55 1

[14]

[15]

[16]

[17]

[18]

[19]

2014, 35(17): 5.

CHEN Z, HUANG W N, KANG Y F. Changes
(GABA) content during
the germination process of edible bean varieties|]].
Food Industry Science and Technology, 2014, 35
(17): 5.

R, BRAE, THA, % IR E X
CaClsub2/sub ¥ W e B & 2/ oKk y—E 3T
IR [J]. Al T4, 2019(3): 301-308.
XU L, OU C Z, DING Y Y, et al. Optimizing

in 7y —aminobutyric acid

germination temperature and CaClsub2/sub solution
concentration to increase y—aminobutyric acid con-
tent in germinated millet[J]. Chinese Journal of A-
gricultural Engineering, 2019(3): 301-308.
YANG R, WANG M, FENG X, et al. AMADH
inhibitor optimization and its effects on GABA ac-
cumulation in soybean sprouts under NaCl-CaCl,
treatment|J|. 3 Biotech, 2019, 9(5): 1-9.
s, Eow, HU, %. NaCl B4 CaCl, 4b #1
RHERTEA GABA 1 LA [J]. AR ¥R,
2018, 32(9): 1757-1765.

FENG X Y, WANG M, WENG Y, et al. Pro-
cess optimization of GABA enrichment in germi-
nated soybeans treated with NaCl combined with
CaCly[J]. Journal of Nuclear Agriculture, 2018, 32
(9): 1757-1765.

PRI, RFRE y-2 LT R 5 MR
[D]. ME&T: MM KR, 2012.

CHEN H. Research on enrichment and regulation
technology of 7y —aminobutyric acid in germinated
broad beans[D]. Nanjing: Nanjing Agricultural Uni-
versity, 2012.

B, 2, RIRE, 5. W& y-2ET] (GA-
BA) AR ZF 1 B GABA $EEUKBEF[)]. £
Wt 5k, 2008, 29(4): 63-67.

LI N, PENG Q, SONG Z Y, et al. Application of
corn germ rich in y—aminobutyric acid (GABA) and
research on GABA extraction[J]. Food Research and
Development, 2008, 29(4): 63-67.

TERT . & i GABA & 2 Ke K i 1 o T2 A Ak Al
GABA 4 4 fL I #8[D]. Kb . b sl B K
2=, 2012.

WANG A H. Optimization of the preparation process
of germinated brown rice with high content of GABA
and preliminary study on the extraction and purifi-

cation of GABA[D]. Changsha: Central South Uni-

versity of Forestry and Technology, 2012.

[20] WIFEUE, XWA, X, &F E T y-RET RN A

ZRREAR & T BT R T, 2012, 37(3):
18-22.

HU X J, LIU Y W, LIU J, et al. Research on the
preparation technology of germinated brown rice rich
in y—aminobutyric acid[J]. Grain Processing, 2012,
37(3): 18-22.

[21] FEWIH, 2508, SEERT, 4. Berthelot Fb i i

y-BAET R S SR AL PR R E AR
HARELE R, 2020, 34(3): 306-312.

YAN C Y, LI X, MA Y K, et al. Optimization of
experimental conditions for determination of y -
aminobutyric acid content by Berthelot colorimetric
method[J]. Journal of Jinan University: Natural Sci-

ence Edition, 2020, 34(3): 306-312.

[22] PAUCAR-MENACHO L M, MARTINEZ-VILLALU-

ENGA C, DUENAS M, et al. Optimization of ger-
mination time and temperature to maximize the con-
tent of bioactive compounds and the antioxidant ac-
(Zea mays L.) by response
surface methodology [J]. LWT —Food Science and
Technology, 2017, 76. 236-244.

tivity of purple comn

[23] Jranih. W y-Z AT R R B R 2 A M H

IR SR FE[D). B E . TP KRR, 2012,

FANG ] Q. Optimization of germination process of
y—aminobutyric acid-rich soybean germ and research
on soy milk products[D]. Nanchang: Jiangxi Agricul-

tural University, 2012.

[24] AT, FEWEHL, ZEEIRE, AR R [0 Ak B 5 ik X

SEERH W GABA & BEHYSZ ()] mg st Al K24,
2013, 36(6): 111-116.
HE N, YE X F, LI L Q, et al. Effects of different
stress treatment methods on GABA content in cab-
bage[J]. Journal of Nanjing Agricultural University,
2013, 36(6): 111-116.

[25] #BooHr, B, PR, . S E SR RT

y-RAET R T 2R 'R R, 2012, 33
(10): 1-5.

GUO Y X, YANG R Q, CHEN H, et al. Process
optimization of 7y —aminobutyric acid enrichment in
germinated soybeans under salt stress[J]. Food Sci-

ence, 2012, 33(10). 1-5.

[26] NAIDU B P, PALEG L G, ASPINALL D, et al

Amino acid and glycine betaine accumulation in

cold —stressed wheat seedlings [J]. Phytochemistry,



244 55 1M HALARBRLENZ R y-AATREZN YA 145

1991, 30(2): 407-409. richment technology and product development of

[27] MAZZUCOTELLI E, TARTARI A, CATTIVELLI L, germinated barley under low temperature combined
et al. Metabolism of y—aminobutyric acid during cold with hypoxia stress[D]. Chuzhou: Anhui University of
acclimation and freezing and its relationship to frost Science and Technology, 2017.
tolerance in barley and wheat[J]. Journal of Experi- [32] A& =, FMEAS, BRiTiE, 5. %o b 2 X o4
mental Botany, 2006, 57(14). 3755-3766. B y-ZIAET R[] &R, 2015, 40

(28] Ak, KRHE, PRIEAT, . Whia s 2ok 3 Bk kL (4): 82-87.

B A y— 2 T R EE S ()] b EDRG BAI Q Y, YAN H Q, CHEN Q Q, et al. Effects
#4, 2021, 36(6): 30-35. of cold stress treatment on the accumulation of y-—
LI'TY, DU Y, CHEN Z X, et al. Effects of ger- aminobutyric acid in potatoes[J]. Food Science and
mination stress on B-glucan and y-aminobutyric acid Technology, 2015, 40(4). 82-87.

contents in highland barley grains[J]. Journal of Chi- [33] NAIDU B P, PALEG L G, ASPINALL D, et al.
nese Cereals and Oils Science, 2021, 36(6): 30-35. Amino acid and glycine betaine accumulation in

[29] YANG R, HUI Q, FENG X, et al. The mechanism cold -stressed wheat seedlings [J]. Phytochemistry,
of freeze - thawing induced accumulation of 7y - 1991, 30(2). 407-409.
aminobutyric acid in germinated soybean[]J]. Journal [34] CRAWFORD L A, BOWN A W, BREITKREUZ K
of the Science of Food and Agriculture, 2020, 100 E, et al. The synthesis of y-aminobutyric acid in
(3): 1099-1105. response to treatments reducing cytosolic pH [J].

[30] LI D, ZHU Z, SUN D W. Effects of freezing on Plant Physiology, 1994, 104(3). 865-871.
cell structure of fresh cellular food materials: A re- [35] #hvjEk, tR#, 2255, . BN F R
view[J]. Trends in Food Science & Technology, Ry TR G BaEE, 2019,
2018, 75: 46-55. 44(10): 176-180.

[31] BRBEHE. RRIDEAMCEAMNE T RZERE y-FIE T SUN W, XU Y, LI F, et al. Effects of freezing
WAEBR F ST Z WG D] W . BB B, stress on y—aminobutyric acid content during wheat
2017. germination[J]. Food Science and Technology, 2019,
CHEN X M. Research on ry-aminobutyric acid en- 44(10): 176-180.

Effects of Germination and Freeze-thaw Treatment on Sesame y—Aminobutyric Acid Content

Wang Hongzhen'?, Hao Zhenghong, Li Yuanyuan', Ma Mengyao', Zhang Yue', Wang Minghui’
(‘College of Food Science, Shandong Agriculture and Engineering University, Jinan 250100
*College of Marine Life Sciences, Ocean University of China, Qingdao 266003, Shandong

*School of Biological Science and Technology, University of Jinan, Jinan 250022)

Abstract In this study, sesame was used as raw material to explore the effects of germination time, germination tem-
perature, calcium chloride solution concentration, sodium glutamate solution concentration, freezing time, thawing temper-
ature and thawing time on the content of y—aminobutyric acid in the process of sesame germination. The results showed
that the content of y—aminobutyric acid increased significantly with the prolonging of germination time, and the content of
y—aminobutyric acid increased to 7.19 mg/g at 3.0 d germination. At 30 °C, the content of y—aminobutyric acid increased
to the maximum; Both calcium chloride solution and sodium glutamate solution were beneficial to the transformation of y-
aminobutyric acid; Freeze—thawing treatment has a significant effect on the conversion of ry—aminobutyric acid. The opti-
mal conversion conditions of y—aminobutyric acid were as follows: freezing stress for 18 h, thawing temperature for 32 °C
and thawing time for 15 h. Under these conditions, the content of y-aminobutyric acid in sesame was 10.02 mg/g. The
content of y—aminobutyric acid in sesame was increased by 3.02 times and 4.06 times compared with that in the control
group.

Keywords sesame; y—aminobutyric acid; sprout; freeze—thaw treatment; influencing factors



