< 2% eS8 (Scopus) <LK BRI
\ « BUIPHOEE I Fl 5% DOAJ o oL BT
2 i * % CHE2F3CH) CA * LB D BITICSTPCD

o Bell (RRAFHE SCHY) FSTA o B DA BITIRCCSE
SCIENCE AND TECHNOLOGY OF FOOD INDUSTRY o HAF A ARG LG Bt IS T o W ER B DI TIA
o ST i (WICD) 7% o [ 2: P2 Sino Med
o fr SRbE S TR R I B RO % H s — iR T
¥ HT]  ISSN 1002-0306  CN 11-1759/TS & ARS: 2—399

BREBTRREL-AERSHIHENANIHERER v-BETRIWBR I T 54

HRM, 25X, REH, BAL, AR, KEX

Effect and Process Conditions of Cold Plasma Combined withL-Glutamic Acid and Salt Stress on Germination and
Enrichment of-Aminobutyric Acid in Adzuki Bean

XU Qingpeng, JIANG Xiujie, ZHANG Jiayu, WEI Chunhong, ZHOU Hangqing, and ZHANG Dongjie

TELR B2 View online: https://doi.org/10.13386/j.issn11002-0306.2022120205

AT ARG HoA S E

Articles you may be interested in

AR X AN [] 0k 1t 3 26 70 2 ) 52 )
Effect of Salt Stress on the Component Content of Suaeda salsa in Different Periods

£ TolbRHE. 2021, 42(20): 44-50  hitps://doi.org/10.13386/j.issn1002-0306.2021010072
A R R MM R e ey —F 3 T TR & 2k

Enzymatic Characteristics of Pumpkin Glutamate Decarboxylase and Accumulation Conditions of y —Aminobutyric Acid

rin Tl BHE. 2018, 39(16): 191-194,219  hitps:/doi.org/10.13386/j.issn1002-0306.2018.16.034
AR TRPFIGTIR ML ER DR ) A BRAE A W A v 4R y A T R T 204 S IR £ W B g 5

Optimization of the Processes for y —Aminobutyric Acid Enrichment in Germinated Quinoa under Co-treatment of Sodium Glutamate
and Ascorbic Acid and Its Cholate Adsorption Capacity

i TALEHE. 2020, 41(9): 144-149,154  hitps://doi.org/10.13386/j.issn1002-0306.2020.09.023
A B FARE AN 8 NR K AFF R O0157 + H7TA MR RS BRAE A58

Antimicrobial activity of cold nitrogen plasma against Escherichia coli 0157 : H7 biofilms on cucumber

B ih Tl BHE. 2017(02): 162-165  hitps://doi.org/10.13386/j.issn1002-0306.2017.02.022
WA e AR y - A T IR

Research Progress on Enrichment of y —Aminobutyric Acid in Plants under Environmental Stress

£ TV RHE. 2018, 39(18): 342-346,352  https:/doi.org/10.13386/.issn1002-0306.2018.18.060

Rt 55 7 - AR KR IR Z50 T R T
Research Progress of Cold Plasma in Killing Foodborne Pathogens
B TbEHE. 2021, 42(6): 363-370,382  https://doi.org/10.13386/j.issn1002-0306.2020060072



http://www.spgykj.com//article/doi/10.13386/j.issn1002-0306.2022120205
http://www.spgykj.com//article/doi/10.13386/j.issn1002-0306.2021010072
http://www.spgykj.com//article/doi/10.13386/j.issn1002-0306.2018.16.034
http://www.spgykj.com//article/doi/10.13386/j.issn1002-0306.2020.09.023
http://www.spgykj.com//article/doi/10.13386/j.issn1002-0306.2017.02.022
http://www.spgykj.com//article/doi/10.13386/j.issn1002-0306.2018.18.060
http://www.spgykj.com//article/doi/10.13386/j.issn1002-0306.2020060072

5 44 % 5 22 ) i Tl B Vol. 44 No. 22
2023 4F 11 H Science and Technology of Food Industry Nov. 2023

VIR, 27578, 5K5<HI, 55 W58 TR S L-A &R 5 Eh W X 20/ R 5 A -3 T IR RO S T2 %1 (1], &t Tl
B, 2023, 44(22): 160-168. doi: 10.13386/j.issn1002-0306.2022120205

XU Qingpeng, JIANG Xiujie, ZHANG lJiayu, et al. Effect and Process Conditions of Cold Plasma Combined withL-Glutamic Acid and
Salt Stress on Germination and Enrichment ofy-Aminobutyric Acid in Adzuki Bean[J]. Science and Technology of Food Industry, 2023,
44(22): 160—168. (in Chinese with English abstract). doi: 10.13386/j.issn1002-0306.2022120205

RERTRERE L-AERSHMHEXNL/NE
HAREE - B2 TREBR R T L&

VFIRHE, =/, sk KW, BEL, BREK, KER
(ERIN—REXRFAERFR, EEIIZKIK 163319)

W EARTEFETHRBELSE MO EH KB p-AATH (p-Aminobutyric acid, GABA) 226 F £ AR
HR. AEBRALPEHRA, FEXULEETELE, HE, HELEM T K FTALPY GABA 2%
i, FEKA L-2A8% (L-Gluw) K&LMae L F 7k, a3 RERNF (LFrH. CaClys L-Glu #= NaCl ik
) 3t GABA § £ 2R Rk MR RIEA L % AT E GABA RIEL L. XA, KALFHTHREALL
WRTFHEFHREE ;AL TERACEMEA, ©E KV, FE 120 Hz. B 20 min £#4 T RAAFH FhE
MR BAF, EKFEE A S8 hy CaCly KA A 4.4 mmol/L. L-Glu K& % 3.2 mg/mL. NaCl K& % 66 mmol/L &,
KHF 42 GABA 22 H 160232291 mg/100 g, AR R F L1265 71242, ZH EBATELRAK, HEA
GABA £ &%ty T LA FRBH KA F,

KRR A B TR, L5208, e, o 8- R TR

HhE4r25:TS201.2 M ktRIRED: B M EHS:1002-0306(2023)22-0160-09 it
DOI: 10.13386/j.issn1002-0306.2022120205 ASTRT: E SR

Effect and Process Conditions of Cold Plasma Combined with
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(College of Food, Heilongjiang Bayi Agricultural Reclamation University, Daqing 163319, China)

Abstract: This study aimed to investigate the effect of cold atmospheric pressure plasma (CAPP) treatment combined with
salt stress on the enrichment of gamma-aminobutyric acid (GABA) in adzuki beans after germination. The effect of CAPP
voltage, frequency, and duration of treatment of seeds, on their GABA content during germination was investigated using
adzuki beans as raw material. In addition, the method of germination using L-glutamic acid (L-Glu) combined with salt
stress was used to investigate the effect of single factors (germination time and concentrations of CaCl,, L-Glu, and NaCl)
on enrichment of GABA. The optimal process conditions for enrichment of GABA using response surface optimization
experiments were also determined. The results showed that the treatment of seeds with CAPP technology had a beneficial
effect on their germination and enrichment of GABA. The CAPP treatment was more effective under the following
conditions: voltage of 90 kV, frequency of 120 Hz, and duration of 20 min. When the germination time was 58 h and the
CaCl,, L-Glu, and NaCl concentrations were 4.4 mmol/L, 3.2 mg/mL, and 66 mmol/L, respectively, the GABA content of
germinated adzuki beans was 160.23+2.91 mg/100 g, which was 7.12 times higher than that of ungerminated adzuki beans.
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This method is efficient, reliable, cost-effective, and provides a technical reference for the industrial production of GABA-

rich foods.
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Aminobutyric acid, GABA) J&—FPAE TR (SR & FE 1R,
TESEY T A B E A AT BRI E . 1R
TR — PP IR A K K, GABA TEAEYIEE & AE
KB R EE . GABA Esh¥ik N E—FhEZEN
TR 2R T, BRI A, i Zep . ARITHE L F%
Bl RS 2R TR . GABA TE 2009 4P 57
SERTEIR D, IR B AR AT 500 mg/dt
Kb, FIFHAEY) & £i5 T & GABA FHCDIREM: B i
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Y BTANERS | B BTG VI 43 E S NG, I
HA AW niG s an GABA . 2% 2Tt
o EIPNAMEBIIGE B TN Rk, SR 25
JIT e B — R e R R I S A, (S Lt M B L R 3R
ik, AR AT IRBACTH Y & L, FEFERE IR
{EEE 1 S 2R AW EED IR SEEB R AT
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35 °C K& ZF 22 h, GABA B & ffe s 0 0.40 mg/g.
ZEBIRAES RSk B o A5 2 RN . PLIR M R 455
O OFER K 2F, GABA & & 4 ik # 0.3025
mg/g Fl 0.2783 mg/g. Jiang 50 WFSY & N, BELas Bk
BRI &k ZELL/ NG Y GABA SR
P, FHEXAE S IE R 19 F2 R T 5T Kk BT 201 1O 42 it
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GABA MR R EIEAG. BRESE U5 T L-
43R (L-Glutamic acid, L-Glu) FlI4+ 2 R 44 (Mono-
sodium glutamate, MSG) if5 5 8 K & 28, A # L-
Glu # MSG B Fl|F GABA MRLER . B BEET w5
AR EEFPIERT K TR ZFE 4 GABA IR, ZINE
AN FN S ALES M % 2 GABA & &1 2 i 44k
2P Ak sE . SILEREE M ER S . i, IR A
S RO A s S SRR kA T
GABA W 2F a3 Hofth & S 2 T A7T i B 1B R, Jo
HORAARR R RSB TR it s 2E T ekt
SERINE ARG IR EFF R ZEA S GABA B
B =Z PRI .

A B TR (Cold Plasma, CP) #7IA A4 R 1Y
S PUFPIRES, AR TR WSS, b, B
JEFR Sy aY ST A L B SR G, A W R,
BORASBLT . P4 (Reactive oxygen species, ROS) .
75 P & (Reactive nitrogen species, RNS) #ll OH E i/
FE BT R IR A S AR R 2R R A
AR AFER B Serk . IS R R R

AR ER ST 5 5T NG (LU FEFE LR FEM B AL R4
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/=124 28 mg/100 g, CP # AR 7L FhEH IR %, o
HERAETT F B AR EE BE K, IR KRR
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M, CAPP FOHE s A2 FAME IR A A ATE S
AR TR A A A S AR AU, R CAPP BE
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H AT, CP UL ¥ IE I 7EHE S 59 GABA FLER 7
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LB TR B B IR MOR - B FEFA K ZE e 2R
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1.2.2 REFE TR R RENLLEHY LT/ NG R
(B2 24 200 )BTRS ST A2, BRA S &
YRE, FTHARDL, B RS s & L 2e 7t
ARG R 40 mm 4b, 1% E S B T AN RSN
LR 90 KV, #5558 120 Hz, J52 57 B E] 20 min (G, A
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(7] 60 s/¥R, FLFLREL 20 ) o FKPAFET, AR
1.2.3 IEFRMIRUNL RSB TR B LT/ N TG
TR 5 3 I IR LB IRIERT, SR 0.1% BYUGEIREN
V=1 20 min, FAZEM K vhyk 3 36, 535 CaCl, %
W . NaCl 5 . L-Glu FERANZEI7KIZ 1 15 he
1.2.4 REFFEAZE BRI INL/ NG KR 26
e b 4 2200, AIRE 35 °C 1B 85% MIKGFRAR
hEEFE, S 2 h [ EEFRAE TP/ N SR 1 YRAE R
I o
1.2.5 BARZESCERIT
1.2.5.1 B TFIRLAEE RIS GABA & =152 10
P B TR R 90 kV, #3120 Hz, %8 K%
A ] 242 0 min (G R, B 1] 60 s/7%, T80 HL YR &R 0 ¥R .
10 min(GEFLETTE] 60 s/¥K, HCHLYREX 10 ¥X) . 20 min
iR BsFTE] 60 s/, AL UREL 20 ¥X) . 30 min(iHLAST
] 60 s/, HCHLIREL 30 ¥K) o fdi FHZRAB /KB IR W I=
VR, A FEFRAE TR ZE, 5 12 h BC—RAeE, I
SELL/NE. GABA &,
1.2.5.2 BT EXT GABA &3 HI520H
PRI B A2 120 Hz, SV EsE] 20 min, 38
HJEA: 30, 60, 90, 120 kV . {fi FHZEME /KB FRIRIE
UM, T ASEFRFA T R ZF, B 12 h BC— R, T
ELT/NE GABA &,
1.2.5.3 BEFE TIRALET YT GABA F 1A
P B A R 90 kV, WY A] 20 min, 15 B
P H: 60, 90, 120, 150 Hz, {HHZEHRI/KEE TR KIS
VEFTEE, A FEFRFE TR ZE, 5 12 h BC—ikAE, I
FELL/INEG GABA &1,
1.2.5.4 NaCl ¥ EEXT GABA & mysem  # i 45
BT R 90 KV, $2% 120 Hz, J2 37 B [E] 20 min.
e sy 25, 50, 75 mmol/L A NaCl 5=
ULFNIBEHE, TEASEFRFA T R ZF, B 12 h Bk, T
TELT/NE GABA &8,
1.2.5.5 CaCl, HJEX} GABA & pszm a4
B R R 90 kV, #1120 Hz, 2 B E] 20 min,
B IR A 2. 4. 6 mmol/L B CaCl, ERIEH
FNITIR, A FZAG TH R ZE, B 12 h BC— IR, D&
2I/NE GABA &4,
1.2.5.6 L-Glu #FFX] GABA & BI5EmE ik 45
BT R 90 KV, #R 120 Hz, J5 37 A [d] 20 min.
B IRy pME 1. 2. 3 mg/mL 1Y L-Glu ¥ 21#d
FOMEHK, AR FRAG R ZF, B 12 h BC—IREE, e
£I/N5 GABA &,
1.2.6 ZI/NSEEIEFEMAMfeiEt  mak % B EE sl
I 45 W19 4 M, 3% B8 Box-Behnken iR 56 % 11 2=,
L GABA &GN N AR, X & ZEA ] . CaCl, ¥R .
L-Glu #¢ & . NaCl ¥ B DU~ B 2243 1 B = A 7K P 3
A7 i) 3 17 15, 38 4 Design Expert 13 4% 29 20
PGB BEA T 53 BT, IF T A5 B8 AR AL PR A AR -5

FETPRIEAE T 22254010 IS PRIZ BoKSF-nEe 1 iR,
%1 Box-Behnken {55 K & MK F

Table 1 Factors and levels of Box-Behnken experiment
SES
KV AKHFHHE B CaCLiklE  CL-GluiklE D NaClkJE
(h) (mmol/L) (mg/mL) (mmol/L)
-1 36 2 1 25
0 48 4 2 50
1 60 6 3 75

1.2.7 GABA &gl ZMEZEFHFARE 7 hmy
VRIS, FERE AL TR A%, ik 100 Hifi . FHZRIB /K2
8] 50 mL(BESY N 1.0 g), 30 °C #EFTHEHL 2 h, 384K
F ¥ . 8000 r/min B5.0> 10 min, B FiHW 45 H . I
GABA Frib el 0.1, 0.2, 0.3, 0.4, 0.5 mg/mL K
PRI R AR HE N 2R o BUAS [R) iR AR v sl
dh W 1 mL, N A 1 mL #BRZE nh ¥ # (pH9.0),
2 mL 5% HEZEEM AW (w/v), 1 mL 10% R EMRIN%
W, FEAMIRAT . WK 10 min, OKIBFEIRZY 15 min,
VWO h B e AR g sk (0, b BB afaE
JEIIA 60% 1% 2 mL, F-RIBAY2). 645 nm %
N ME WG
1.3 HIEAIE

FIA SCIGSE R EZ 3 ¥k, {6 A Origin 2022 4%
{VEEI AN IBM SPSS Statistics 26 #RA4- % BRI T i
MM, 8 Design-Expert 13 # 4 ¥ 17 Box-
Behnken 356511 A2 b EH
2 BERS5HH
2.1 RAIES5AR[E CAPP BHEAMIEXTLI /NS & Fid g
F GABA =M%

AR S BG H DA T I 7K 38 B AR R R ZS AR
B, BD&ZZE 0 ho FEIEH RZEMHUT, K 2F 72 h 21/
TIE S K B BIEAR G O I aG A AR K B B,
WA LR Eh A 2 A AR R AN S A AT,
A ZERTTRIZE 72 h Z 5 I 2E BN PRI E GABA

GABA J& TPl BB s P e, i e ik K
ARIVE, Bifi & ZEA RIS W 2B 4, 76 27 s A AR
PR BISPHRR AR 2020 AR A B 5 A PR 2T
NGRS R GABA B RAAEILULIE 1, 1EA
2 0~72 h W, LI/ NG AEIE B R 2R (R4 B FA4Lb
HD R, B & ZEAT RN 2E K GABA & H AW in;
CAPP ZbFRIWLT /NG B & ZE A EE il GABA i
AW n, (B7E A 28 48 h J5 AN BT E . Elix
b B 5 g Dot DR R A5 B AR AT L 4 e A R,
Filatova 450 5745 B A (R BEFh R 8WEH, 25
BRI TFAES S TIRERT, AR A=
Y JFE I, Bl Ak, DA N T Fh 8 A A0 B
MR

RALFREAS[E] CAPP B[] 4 BR A L1 /N AE [F]—
K ZERTA] GABA & HE B ASfL ULIE 1. 7E & ZF
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Fig.1 Effects of untreated and different CAPP time treatments
on GABA content during germination of adzuki bean

Bl —Ab PR AS TR K 2R ] 2 6] 22 5 . 3 AN RN 7
HE IR (P<0.05) ; [F]— & 25 B () AN [ Ab B 45 1 22 1) 22 57 (o 3
H*FR(P<0.05), 22540 B3 H** 3R (P<0.01), & 2~ 6 [F.

0~24 h By B, IEW K ZFRILT/NE. GABA &2 I
TF, 4585 AR FRZH GABA S &0l i . &k
IR G 0 R R A B2 CAPP B AL /N o 0% 7K o B
9, KRR EE v, PO S T AR B R, R
W KK A3t B B e = AN PRI 32 P9 i e . T e 1
RIS, AR RRF RIS T, S8
AP AT DA AR P 2R 1 A 2# 25 R FORRE B2, S 3850Fh
FrgigiEtE LA B KA b, B IEIESE s KA
TFARALTE S Fh Fz 57K OS2l A 2UnlE /]S, S8R
TR E PR NP2 ALVES JUNIOR 451200 gy
NI T A B AR BT R I K P ARER A (BRFL
AT AR, K0S AR A BRI i 1T A 7K 3
kL, [RIAFERFLR B I IE & . FER ZF 24~
48 h i+, CAPP 4bF 20 min 1 30 min FY41/N5. GABA
BRI . K EE 48~72 h B, H A4 CAPP
AEFR 20 min £H 1 GABA & &30 R, H&B®
o Xa A A IR £ B4 L IR P] BB A5 S AR b B R
RIS ] K, ROS AT RN'S X5t b1 F4) 0 Bl ke, 453
B . Rk, FELL/ NG R 2T A B AR RIS R S
A% GABA 2 . MBS TR A A 20 min, £ A ZF
48 h ik B THIE, 7 104.601+1.192 mg/100 g, &
ZF 72 h BB 0 106.718+1.030 mg/100 g, 1H MK
Ay T e A S AR AR BRAS ] A 20 min, & 2
APl 48 he
2.2 CAPPHBEML/NEAZFiIIESF GABA BEH
20

Pl v A B AR AU B [A] 2R 20 min, JHERECA
120 Hz ANAE, MELLL /NG IE R & 255 A A 45 B8 A
MR & 2Rt #E b GABA & &R Asfb., A 2
AL, A AN W] o s 45 B8 AR AL B £ /N o, H
GABA & bl & ZFE] A B AN Wi i, s T
ST, P AEES TR RS 120 kV ARBEET /NG, H
GABA & HtESe DG TR BRI 120 kv

R, 21/ GABA & . JRA T EEFT7E
SE BT R AR b, H R s Sl R B TR S
R, IRA Y 2R i 3 RO T REAS SR 2 R 3¢
TR ) 1) A SR BN ) i BT, DA T R 0 = 1
K, AR A AR K, [HFPF 3 5 & 28, GABA & &
FHime BRTLL/ NG B AR B R, A R
A RAREIEA A, ST #55310 -2 i B Wl i
FL T T BN, HAT DV REIR T K I S is B s, 25
DI FREMI AR - BB RN 120 kV, 41
/NERZERTIAIN 24~72 h BrBEPY, H: GABA 2458 F
B S5 AN AR [ A 3, 18 B PR R Sk I e - 14 i 2 A
& GABA & EAMHIVERN, HANHIHLEAT R ADT
5% AT EGEERS WEoE A FUAR R S5 50, 24 R AR
TARKE R E A 3.4 KV I e A R T 250 AP
K, ARSI, > R AR A B AR B oy
5.95 kV B WX 25 0 SRR 09 05 & A 5 U i AR
FHo PRl —A~ 503 i 45 3 AR R A RE s )
S I L i =20 0 I N R = B S g E e A= P NEEWARTE R N
[, I, X CAPP ALFRLT /NG Fp i AL Bl
90 kV .

£ CAPP 30 kV
CAPP 60 kV
B CAPP 120kV |, r&n mig (A8

100

o0
(=)
1

GABA (mg/100 g)
B [*))
(=) (=)

[33
[=]
!

RN

o
VL L .

24 36 48 60 72
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K12 CAPP HURXLL/NE A ZF i R h GABA & BRI
Fig.2 Effect of CAPP voltage on GABA content during
germination of adzuki bean
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Fas i) ¥4 S5 B R B A B IE] Dl 20 min, HLE A
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ZErI AP GABA EHEEMNAL. HE 3 7TA, A
PR A A5 B AR BRET /NG, B RS 2 s 1] Al 2B, HE
GABA ¥ ST s a FRanytas, S5 iab s
AR = . GABA =& S . 120 Hz A1
150 Hz 8558 TRLNIRLT /NG, & 2F 48 h ZJ5 GABA
P 543 )38 B R o 104.601+1.192 mg/100 g Fil
101.467+2.225 mg/100 g, Wi JC i 5125 5, dksi i
ZEH GABA &t el wAs b, S g irss Rt
oAk ORI AR (7K 433 i) AR 45 B AR
VR B (R, A003R) LASSG N 52 1 4 ok 9 7= A, ml A
E R R TR RCRP) (BN LL/N G R T b,
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HLAT 25 BRI SO I RS 2 10 o DATE— S R R
PR 2 A0 i RN 2% T S 2R M e 2 A RS T AR AR
ROS Fll RNS {2 FP, MAs e KRS E FIRYLER
FARIE IRk, & 28, SR S i AR K
HRCT-BE . BR/INT 90 Hz I 45 85 T il A BRASCR
AR, XA e R, XL/ INGU& ZR4E
JHHLEET, 3 TE 120~150 Hz B8 85 AL BRXT 2T
NIRRT, AR GABA BUE4E . I, Mt
LA FH F5 1, 25 B TARAb B 2T /N 0 B e ARy
120 Hz.

1 CAPP 60 Hz =3 CAPP 120 Hz
CAPP 90 Hz CAP*I: 150 Hz

120 1

100 1

(e}
[=]
!

GABA (mg/100 g)
&
S S

20 1

36 48 60 72
R EIFTE] (h)
K3 CAPP MURIFLL/ING A ZFid b GABA iR
Fig.3 Effect of CAPP frequency on GABA content during
germination of adzuki bean

2.4 NaCl M£U/NEEFiZIEH GABA REHF

W B RN B A LT /NG 43R 4 4H, MR IBETS
AR BE 1 NaCl R, WEEAN A NaCl Ak
PRIYLT /NG K2R P GABA I E BN . HE 4
H[ %1, CAPP+NaCl AbHRZH ) GABA & Ei T4 T
ARALEEZH . BEE NaCl BUHEERG NI, GABA & =2
FeTt sl NRaE, 2 R ZERTE] A 48 h, NaCl #eJE
A 50 mmol/L i, GABA & ik E s A 122.456+
1.888 mg/100 g, iX 2K NaCl XHEHY) = GABA
A R S5 i ER A R R . AL-QURAAN 2581 Bf
5% NaCl X & ZE/NZ AT BRI 5 A~ FFh /N 1
GAD FERFik FiH ., Ik, 7 GABA sz
NaCl £ HL1/NG. GADWIARSSIEHR R, M GAD

== CAPP

CAPP+25 mmol/L NaCl

=3 CAPP+50 mmol/L NaCl
140 1 CAPP+75 mmol/L NaCl
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—
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=
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Fig.4 Effect of NaCl on GABA content during germination of
adzuki bean
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ST

g% M, W4 GABA. 7 Z MK iiiad, XING
2602 F 5 RAAYE NaCl ARF R, KSR g b
fif# ( Diamine oxidase, DAO) il 14 38§ 5 , {i& ik £ %
(Polyamines, PAS) [ f#, & % GABA., Yang 2505
5T & I NaCl &b BRAS 5 28 22 B 18 I3t &l ( Amino-
aldehyde dehydrogenase, AMADH) . GAD 1 DAO
W B E T 39.7%. 28.4% 1 21.2%., BRI
G, WA WFFEZRAH NaCl A = S AL 3, A
A R S A A AT o S S T, IR BTG
TN 2201 22 AL g, TREETR 4- YRR AN 4-75 1R
T A SRR IOTE AR IR, X I N F ikt sy
I8 /N GABA & B il 57 i AR B, Rk, 25~
75 mmol/L (1Y) NaCl 532 A F]F CAPP ZL/NS &
4 GABA, 50 mmol/L NaCl ¥532 s 43
2.5 CaCl, MLNERFiZIEH GABA S EHIFMN
FEIEH K ZENELT /NG R 4 4, AR IRIBEITEAS [H]
HBEMY CaCl, W, WES AR BE CaCl, % W Ab #1
HILT /N & 2R FE P GABA BB S ML . HIE 5
] 1, CAPP+CaCl, 4b B i) &7 Bifi A& 2 i) 8] 4E <,
GABA ST SRS, 2 F1 4 mmol/L CaCl,
AFHRILT/INGHER ZELE 48 h T A A EZES, 4 mmol/L
CaCl, AL /NG B RO L. 4 mmol/L CaCl,
AEFR LT /NG TE &2 48 h R B i o 114.62+
1.593 mg/100 g, FAY H ) GABA & At EZ Rk 4
GABA i A IR R (GAD) AL AN AT 338
) a- R IRIIR LIV, GAD J&—Ff Ca® /45 E K
PR R, AT — 5P 8 125 A X, Hona sz
Ca’"/Ca M #5107, TSRS i o7 R BH e =  3%
W Ca> ¥R, LBt Ca M X 54555 74545 7T LI
= GAD [7E M, AIMINRAE RS i GABA. K=
FEAGEPN ST R Ca? W JFE IR 6.0 mmol/L B, % 2§
WFEH GABA SRR, WISHEE Ca” IR,
GABA &g/ Via#e. Kk, CaCl, 7E 2~6 mmol/L
VEFEINALERLT /NG R ZFA B T E4E GABA, 4 mmol/L
Y CaCl, B FRMRACR At

£ CAPP
CAPP+2 mmol/L CaCl,
=3 CAPP+4 mmol/L CaCl,
CAPP+6 mmol/L CaCl
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Fig.5 Effect of CaCl, on GABA content during germination of
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2.6 L-Glu {L/NEAFFiFIEHR GABA 2 EHIF

PG IEH R ZFML /NG 5320 4 A, AR AS[H]
W L-Glu B, WESAR BB L-Glu 3 Ab 3
fY) CAPP £I/NE & 2 #2 h GABA & S0 0L o
FHE 6 AT, BEA ZERT RN AEIS, GABA & 2 5E
WIS FREEES 248 L-Glu #EN 1. 2 mg/mL
AL CAPP A/NGHT, &2 48 h ikFIERIH 117.518+
1.634. 118.264+1.804 mg/100 g, L-Glu 242 MRk
B (GAD) B ME— IR, FESMIRES R TN L-
Glu ] I3 SAEY) S @ VR 68 1, B354 P i b
n GABA &, KA BRI 2 Bk &k, sl
B TA A, s N H B R fF, Pl GABA &R,
IR T A ER S ' 2T GABASZ ISRk E
I, IR A AR R B TSR . REEEM
1.0 mg/mL 1 MSG &AL ¥ 4z T R 25, a5 R L H
GAD G HAs ka5 GABA SEASLAHLL. R,
fdi ] 1~3 mg/mL 1Y L-Glu 5537 % vl LA S 40/
GAD MBS, #41 GABA & . 2 Fll 3 mg/mL /4
L-Glu 5RO AN AT, H 220K,

£ CAPP @3 CAPP+2 mg/mL L-Glu
CAPP+1 mg/mL L-Glu CAPP+3 mg/mL L-Glu

]
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Fig.6 Effect of L-Glu on GABA content during germination of
adzuki bean

2.7 MINEEC GABA EETE

2.7.1  [EERSHRI A EESr K )y 22550 it PR R 3L
ek R, kB SFE T R 43 90 kv, 120 Hz,
20 min £/ SR FH R TR A E £ GABA, H
NaCl, CaCl, fil L-Glu & =i IR, 20/
KIFJG GABA s A W& . i T 41
EFE X L-Glu B¢ & £: 8 & 2F CAPP 21/h O &
GABA HISEMY 4 /K5, X 29 AU AT 3 IKE
A2 e, w7 TR IR A T S g R L 2,

FEIIEAE |, FH Design-Expert 13 Z44-X 1) v
AT 555007, Fasr AR, 45 1 — e
TR

R,=157.01+12.85A+3.56B—1.94C+7.66D—0.9194AB—
3.53AC+9.10AD+0.9840BC+4.80BD+7.89CD—11.95A%—
11.05B>—11.72C>-8.08D>

[T 2250 M el SR L2 3. Fhie 3 mll, —
I A, D532 5 I AD f WK I A2, B2, C2,

2 WNL AR BT KA

Table 2 Response surface design and results

ST GABA i (mg/100 g)
A B C
1 1 1 0 0 146.92+5.08
2 1 0 0 -1 137.74+6.31
3 0 0 0 0 157.017.06
4 -1 0 0 1 114.76£1.09
5 0 -1 -1 0 130.07+2.78
6 0 0 0 0 160.3442.09
7 0 0 0 0 159.32+4.88
8 0 0 0 0 152.4843.38
9 -1 1 0 0 128.94+4.49
10 -1 0 -1 0 123.56+4.74
11 0 1 0 1 151.84+6.19
12 -1 -1 0 0 119.56+4.89
13 0 -1 1 0 120.30+3.97
14 1 0 1 0 139.03+5.92
15 0 0 1 -1 122.17+6.28
16 0 1 0 -1 125.91+4.86
17 1 0 0 1 166.11£6.38
18 0 0 -1 -1 133.12+6.96
19 0 -1 0 1 143.23+5.95
20 1 -1 0 0 141.224+3.39
21 0 -1 0 -1 136.52+4.18
22 -1 0 1 0 121.96+7.12
23 0 0 0 0 155.9245.02
24 0 1 -1 0 142.95+5.25
25 -1 0 0 -1 122.7743.29
26 1 0 -1 0 154.75+4.69
27 0 0 -1 1 136.78+2.94
28 0 1 1 0 137.1145.86
29 0 0 1 1 157.37£7.75

3 MR I I ARy 25 53 B
Table 3 Analysis of variance with response surface
regression model

KR AR AmE HEM FE Pl
KR 5583.97 14

significant

398.85 12.30 <0.0001

A 1981.87 1 1981.87 61.11 <0.0001
B 152.44 1 152.44 470  0.0479
C 45.27 1 45.27 1.40  0.2571
D 703.19 1 703.19  21.68  0.0004
AB 3.38 1 338 0.1043 0.7516
AC 49.86 1 49.86 1.54  0.2354
AD 330.96 1 33096 10.21  0.0065
BC 3.87 1 387  0.1194 0.7348
BD 92.34 1 92.34 285  0.1137
CD 248.79 1 24879  7.67  0.0150
A2 926.77 1 926.77 28.58  0.0001
B? 791.57 1 791.57 2441 0.0002
c? 891.33 1 891.33  27.49  0.0001
D? 423.43 1 42343 13.06 0.0028

Bk 454.01 14 3243
R 415.86 10 4159 436
aiiRzE  38.15 4 9.54

BT 6037.97 28

0.0843  not significant

D? FF N W3 (P<0.01), —IRI B 532 H I CD
FEE M W 35 (P<0.05) o FREAL B4 2 35 (P<0.0001),
i B T 2t SR S5 m e g R A e M, BE R
R’=0.8970, JRAUITAS B35 (P>0.05), PiHAFE 25 Hi B
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HLURZET AL, FI AT HHZARIL G R, HiR2ZEA
T2 JE N, FRUITT T30 L-Glu 3¢5 £ Pk
K CAPP 2I/NE E 4 GABA T.22%, WBIE—
JTEAT R A — IR I R B SHE IR, FIESS R
e i) 1N BT 5E ) 114) 32 ORI Sk % 21 [E] (A) >NaCl ¥
FE(D)>CaCl, ¥ (B)>L-Glu #E(C),

2.7.2 WARNTHAE EAERSHT iR DR TR
2 SR NAE 2 8] 56 2R A9 =42 (al i T S i
2 AR Z WA BEAEH, XS L-Glu BRE& Eh 1
AR ZEE S CAPP ZI/hNE. GABA &L IMARREE
K 7~K 8 HIEMEXTLI/NE EHE GABA A B 3#H58
B A A ) 7 TR RN A R R e TR A S, D)
2 I ) 7 R AR

7255
£/
2175
LAy

[T

GABA i (mg/100 g)

P 7 R ZFITRIAN NaCl ik 322 BAT FH ke 1oz i ]
Fig.7 Response surface plots of the interaction between
germination time and NaCl concentration

GABA# i (mg/100 g)

[§1 8 CaCl, Il NaCl ¥ & 52 A 4 17 T 141
Fig.8 Response surface plots of the interaction between CaCl,
and NaCl concentrations

K ZEIFE] . NaCl #& B R I % & 2F 21/ &
GABA &g W, HAE SR E EMENMR. B
& 7 AT, AL D PRIRTER S K254, i AE R
(PN O SRy N T N 1 G VA =R NE RIS E (]
J&, SOEH /M. T GABA 241/NTAE R ZEET
G PTIE FRE S PE T, JU R AEARER 435 B
Z, Bt 2R R T HARW G . IR ZE & B s =
GABA FrEfE AW, 45 —F0L S Iy
NaCl ¥ B #Ghn2x fit dE 41 /N 54 B GABA, FHk
SE BIF5Y & P NaCl WA T Z RS isie T KT k&
ZEE E GABA BiRFR KT 30%., (HELE Tl

1, AR SZ IR R, i 2 530 GABA 15 1[5
G, AT IHA GABA & SN EHL S S
/. Bl 8 nT A, NaCl ¥ JEE R CaCl, ¥k #REE Hnx)
KEFFL /NG GABA &= W] W RS, S AH BAR #EE
Fo ATERSEN W58 & B CaCl, A4 B T35 5 F A &
A, AFEEa I EH . 2SoME Na - 4H R )5
g Ca? B, S Na #e BEHS N, Na'/Ca® Fu (i
AP SRR, IRy ZR IR Ca®' 238 3o 20 i 53 IS
PN BB 538 T T A LEIEET D, AR HE Ca M X 5458
T4 G = GAD s M, DUT IR 2% 2R G
GABA™!, SR Ca™ [ it it GE AR 125 40 g X K
NO,; B, #hFELUMEN Ca? BUAS I, PRI A Ra e
P, BEAIRER A N S TR E AR,
2.7.3 Hetse e X 5uE FIFH Design-Expert
13 BAF X [ YA ASE Y PR A7 Y 53 Hr 45 2 . S 25 ) [a]
A=0.810551, CaCl, & J& B=0.179352. L-Glu ¥ /&
C=0.21802. NaCl ¥ )& D=0.638318, ¥ P4 [H 2% 4
B F il S PR N - & 2P ] 57.72 h, CaCl, #
B 4.36 mmol/L. L-Glu ¥ J& 3.22 mg/mL. NaCl ¥
J& 65.95 mmol/L, iA N L-Glu Be-& 8 & 28 &
% CAPP 21/ GABA WEAME T 2S5, fE a1
FAEZE CAPP £IL/N5. 1) GABA & & 166.111 mg/
100 g, 2 T B UE TSR 0 r] Sk, R i EH el T4 7y
etk T 2S8R & ZEBTE] 58 h, CaCl, ¥k &
4.4 mmol/L. L-Glu ¥#& ¥ 3.2 mg/mL. NaCl ¥k &
66 mmol/L. &M iR & ZFAMSEETT =R
UGTESLSS, 4545 A 2 CAPP 41./hE. GABA & i
S BRAER (160.23+2.91 mg/100 g), FRISE 555k
{EPAHXTIR 224N 3.54%, PiH iR T BL& 8 by,
HA SLBRR A -
3 g

ARSI R ER S TR B LT/ N
Fh I G ER A T IR R 2R 4 GABA 11
SN, R IR ARV A5 B T4 90 kV, 120 Hz, 20 min
APRLT/ NG FPFEAA P TR ZFESE GABA. NaCl.,
CaCl, 1 L-Glu #{EHH R UK ZFEEE GABA 1Y
YEH, H NaCl>CaCl,>L-Glu. F-F] i 3 i e i
FE2M4 M 2 ZE ] 58 h., CaCl, #¢JE 4.4 mmol/L ., L-
Glu ¥ J¥ 3.2 mg/mL. NaCl ¥#&JZ 66 mmol/L, It 551
T2 CAPP 21/ GABA & h:4 160.23£2.91 mg/
100 g, 2 JFCRHT /N GABA(22.5+0.2 mg/100 g) [
7.12 4%, UiBH CAPP ZI/NEAE K ZEFE A, HLL L-
HAERFERALH, WA S GABA &, 20
VUERH T8 2R Rl TFRTL /NG S SR RS, A
HEA AR F 2SR IE L AT LT GABA DIREE i
AEHr A RS RIS SR (HXT T LA 2 RIS Eh
il CAPP 21/ K 28 5 5 GABA i F2 AR Py 11 25
T R BifgE 1 AR AR 2 EEREE, IR AT 4L
/NGRZFE AR GABA ML, JS2En] X GABA &k
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