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Effects of Salt Stress and Ascorbic Acid on the Accumulation of

y-Aminobutyric Acid during Kidney Bean Germination
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(School of Perfume and Aroma Technology, Shanghai Institute of Technology, Shanghai 201418, China)

Abstract: To optimize the process conditions for enriching y-aminobutyric acid (GABA) in kidney bean under the stress of exogenous
factors, the effects of the addition of exogenous factors on the GABA content in germinated kidney bean were investigated by response surface
methodology on basis of the single factor experiments. Meanwhile, the mechanism of GABA accumulation in kidney bean was also discussed.
The results showed that except for sodium chloride, sodium glutamate, calcium chloride, ascorbic acid and pyridoxal phosphate all significantly
promoted GABA enrichment in kidney bean during germination. Under salt stress (3.00 g/L sodium glutamate, 5.37 mmol/L calcium chloride)
combined with the treatment with 0.17 g/L ascorbic acid, the GABA content after germination for 24 h was the highest (303.60 mg/100 g),
which was 4.39 times and 2.12 times the GABA contents in the kidney bean seeds and in the control kidney bean treated by deionized water,
respectively. During germination, the amount of accumulated GABA in kidney bean was positively correlated with the activity of glutamic acid
decarboxylase (GAD), and the increase of substrate level and the concentrations of Ca®" and H' had positive effects on GABA accumulation in
kidney bean under stress treatment. In this research, salt stress combined with ascorbic acid treatment increased effectively the GABA content in
germinated kidney bean, which could provide theoretical support for the development of GABA-rich kidney bean products.
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75 (Kidney Bean), W45 (Phaseolus
vulgaris L), MFRIUZEE., JEGS, 2019 4 12 H,
BECA ERRALN G, SRETEMETRLAA
3.7%10" hm?, M7 EZ1N 3.1x107 t, Hrp IR E A4 R
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FEL R SEOF 30 g 72255, A3 BN L Fi4h
VIR T A5 (Monosodium Glutamate, MSG). &
W54 (Sodium Chloride, NaCl). & 4t%5 (Calcium
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WFREWRE (1. 24 3. 4. 5 g/L); PLP (0.5, 1.0.
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Table 1 Factors and levels of response surface analysis

3l
KF MSGEEHRE CaCLKE  AsA RERE
Al(g/L) B/(mmol/L) Clg/L)
-1 1 2 0
0 2 4 1
1 3 6 2

134 GABA A4 &&N &
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Fig.1 Individual effect of incubation time on GABA content and
GAD activity in germinated kidney bean
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Fig.2 Effects of exogenous factors stress on GABA content in
germinated kidney bean

E: AR B FEEATEFRE(P<0.05).
22.1 MSG REREAHLZEE GABA &4
M

B8 L-BEBRINTAEY), MSG WfftERLr, &
KPR E AT DI GAD R, KItsEa A M
FEEFE MSG K55 GABAPY., REKE MSG X}l
RZ=SH GABA EEFmINE 2a . MHEE
TR, AN MSG IINXT GABA A o E e ik
YEH (P<<0.05).MSG Jii & EAE 2 g/L LA NS, GABA
FE5 MSG FEIRE ZHUH R RS, iR
BIREIER 2 gL LIS, GABA & &L FAHEIE M,
JR RN 7+ S5l T4 & CIk BIRATRE,
I8 JER A7 o AR B () B N s e 7R v TR R
3 hn, MIMZEAMBEEECRE ), HEEEFRYIE
e, (I AR IS B 2 2R 1, AR T GABA
&SI, BT ARSI R ER A T
H GABA &IN5, MSG FrEKELE 1~5 g/l
i, GABA H®ZERAEE (P>005), m&iE#EF
MSG EAERINEN 1 g/L.
222 NaClREX#H X F 2 GABA S ZH#a

HIGETRY, NaCl BHaxHEmeg &, 4K
KBNS RS2 ] e S E BT oS,
TP TR T &Lt GABA HI7P=4E . AFERE NaCl
XTI R Z G GABA [R5 W1 2b s . AHEL B 1



MK EmBHL

Modern Food Science and Technology

2023, Vol.39, No.8

TR, MR NaCl #in%) GABA A2 o o e gk E
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pH {E N 4.0~5.0, FUMTE KBS FE 75 4EFFIR T FR
P RFEFERIRE AsA MR 255 1 GABA [HI5401
WKl 2d fis. GABA Fabid AsA WIS
JaaTHE . AsA EIRFECE 0~1 g/L 2] GABA &=
AR, AsA FIEEAE 1.0~4.0 gL B, BiRZEE
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EEILFIEE N 269.46 mg/100 g, FH] PLP AL
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FrEbEE PLP IREMTIE 2 T s, RN PLP WK
(8 It FI - 150 GABA BB CIG 1, (HIX B uk
T PLP IR RIFEH 1) GABA [ykEM, 45 FATE,
it PLP AR EMER, AEEEILIENEE
GABA 19461, TH4EAEZE B 1 SRR S B (T4,
A E MR GABA &k . il =&k
1.0 mmol/L 4843 Be IRV Al GABA &1k
BIFZERTA 1.5 544 . UESE T 44K B Al 2R
GABA . X35 S POVLE fIF 7032 W imont % 2 i oK
GABA ‘& SRR, U T AR EE PLP figeA: 3
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RNT PP R = GABA & &, LAMSG
JRERIE (A). CaCLIKRE (B). AsA JiEHKE (C)
JEAE R, UL GABA JFiE 7 3N SH , Box-Behnken
RGN EE R R 5% GABA LM RNE 2. K
FAEFE s M ERTENT 17 NS, PRSI &
X} GABA 5 & (B A RN 38— VKiZ A5 [l A sk
IEE R, 53 % KK S GABA & &2 [ 218
7R AT 20 (ANOVA) DL & BN
TR H A RS B FRRER I 2 IO R
HORE S AR RN IS B G ES WA IRa Vs A ClUS b it
(55 R 22
231 ZAREZRAXW AR GES

R 2 PEIEIAT IR GRS R LA,
A LIS E) MSG i E (A). CaCLIKRE (B) il AsA
JREWKE (C) 5 GABA &2 I8 XA 5 HE:

Y=-135.93100+187.188254+80.93350B+84.96725C
+6.200004B-19.432504C-.95750BC-43.241754>-9.20231
B*-16.27175C°

IR AR T 2250 (B 3) R P<<0.001
B AR 25, RALIAE 0.05 7K AR E

(P>0.05), UtHAEEST IR A SIS FE R R AT,
FEZEEHREETH GABA S&EFEE K&K &M 178
AFVEE o DRI AL T DU T TR & 25 & GABA 2%
tEGL. — KT Ay B XU NAE R, B3I
KT (P<0.001), 1 C 52 N (P>0.05);
TR AT B CPIABIR KT ZHT AB. AC
THAEMES, BC X HAEHARESE.
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%% 2 Box-Behnken i Iii& it 4R

Table 2 Box-Behnken design and test results

Ko MSGAEREA  CaCLREB  AARTHREC GABA 4%
Ag/L) /(mmol/L) A(g/L) /(mg/100 g)
1 3 4 0 290.1243.05
2 2 4 1 308.45+3.57
3 1 4 2 240.87+13.12
4 2 4 1 310.42£2.16
5 2 2 0 209.87+14.35
6 1 6 1 222.35+2.47
7 3 6 1 285.91£3.05
8 2 4 1 312.46+4.89
9 1 2 1 189.9448.55
10 2 6 2 279.294+4.27
11 3 2 1 203.90+3.36
12 2 2 2 226.27+11.90
13 2 4 1 300.89+1.10
14 3 4 2 241.60+8.55
15 2 6 0 294.5543.66
16 2 4 1 295.66+8.70
17 1 4 0 211.66+5.80
3 BB FES R
Table 3 Regression analysis of variance
% R P Aa g R BT F1& P1E BEM
AEA 29 573.94 9 3285.99 71.93 <0.000 1 **
A 3 069.75 1 3069.75 67.20 <0.000 1 ok
B 7 945.56 1 7 945.56 17.94 <0.000 1 ok
C 41.27 1 41.27 0.90 03735
AB 615.04 1 615.04 13.46 0.008 0 *
AC 1510.49 1 1510.49 33.07 0.000 7 ok
BC 250.59 1 250.59 5.49 0.0517
A? 7 873.05 1 7 873.05 172.35 <0.000 1 *x
B’ 5704.93 1 5704.93 124.89 <0.000 1 wox
c 1114.82 1 1114.82 24.40 0.001 7 *
KE 319.77 7 45.68
PEVE 120.37 3 40.12 0.80 0.5530
iR £ 199.40 4 49.85
& Ae 29 893.7 16

E: FRTERRE, P<0.05, EATEFMEE, P<0.001.

2.3.2 Box-Behnken X3 X ZAEF 57
X R R 5 R Rt i AR A Y 3 R AT R
DR 3% 2 A1 A2 ELAE FEAT W I 49381 = 4 L T 1
S LR ST AE KT T I, PEIR A2 ELAE
BENE SRS SR, R EmENNH
AT B 3 AT LA Y, SR RS HAR R/ MR :

218

MSG 5 AsA>MSG 5 CaCl,>CaCl, 5 AsA, X5
23 el M 4 RAH AT o

EH ] 3a 7T, Wi ST R4 PE LR U, RIRAE AsA
JREIRE N 1 gL 4% T, MSG JFiEIKR R CaCly ik
FEZ HARHRZE, 1E CaCLIREERIKIS, GABA & &
bEAE MSG sk LIS hnmi g 0, %5 CaCly WeBE 1)
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FE, GABA & &=IGKIRE MR N LR AR S 5, B
BIZEAREREE CaCl, 7, MSG JREIKEXT GABA &
AR EANE; B 3b SRTE CaCly WA 4 mmol/L
T, AsA FEIREEA MSG i iRk A2 HAEH &
F, 1E AsA FRRIRERIKR, GABA & &Bi%E MSG
IR RGN0, BEE AsA Fisik B RITHE, B
MR PEE TG B 3¢ \B/RTE MSG BN 2 gL
1A T, CaCl IRFEEAT AsA JREIKFE KA HAF A
B, UL AsA FTEIREEXS GABA F & A (15200

P AT BT LA 5

PR T R R

& 3 REEZEZE/ERY GABA & & S/NuAbNm R E
Fig.3 Response surface map of the interaction of various factors
on GABA content

233 EIARA RS R
245 Box-Behnken 3025 R, 255 548 GABA 1
RETZN MSG FiEKE 3.00 g/L. CaCl, ¥KE
5.37 mmol/L. AsA JiEE 0.17 g/L, it [R5
TRAR 2 K 255 GABA 8N 306.04 mg/100 g, 5%
TR IS H SEBRil s BN 303.60 mg/100 g, RITESR
fifrits (3.00 g/L MSG- 5.37 mmol/L CaCl,) Hip[A] 0.17 g/L
AsA FER, iR 24 h £ E GABA LR EMILZE
GHRL (69.16 mg/100 g) F2: B T KA kK= H
(143.44 mg/100 g) 7372 1 338.98%41 111.66%.
o AEL AR S AE AR T 1 B 3 2 (AR = A
B, B S R mT DAAR G b Y00 25 52 1 e 2% A4 A
GABA EEZ AR R,

3 Zig

AW FAE R R 2063, iE2H Box-Behnken
SRR PURIANERF MSG. CaCly AsA F
PLP WK G 5 GABA, 4 MSG JFigEKEN
2 g/L, AsA JEIRE N 1 g/L, CaCl, A 4 mmol/L, PLP
9 1.5 mmol/L B HBURAER &R, ik =srh

GABA W& &7 MAZEEARLN 3.02 3.11. 3.02 A
3.98 fi%; ZEHEE GABA MR T 28 MSG i &
JE3.00 g/L. CaCl, ¥ 5.37 mmol/L. AsA Jii Bk E
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