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Abstract: In order to study the effect of hypoxia combined with acid stress on GABA enrichment in adzuki bean and mung
bean, germination time, germination temperature, hypoxia time and L-glutamic acid concentration were investigated by
single factor. Based on the stress conditions identified for high GABA sprouted beans, GABA-enriched adzuki and mung
beans were mixed with rice, and D-mixture design was used to optimize processing conditions for these sprouted bean/rice
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mixtures. Results showed that hypoxia combined with acid stress promoted GABA enrichment in adzuki and mung beans.
In sprouted adzuki beans, GABA reached levels as high as 158.32+3.24 mg/100 g under the germination time of 48 h,
germination temperature of 40 °C, 15 h exposure to hypoxia, and L-glutamic acid concentration of 2.5 mg/mL. Mung bean

stress conditions were: Germination time of 24 h, germination temperature of 35 °C, 15 h exposure to hypoxia, and L-
glutamic acid concentration of 2.5 mg/mL, the content of GABA was 141.57+4.35 mg/100 g. On this basis, the sprouted
beans and rice formulation was optimized by D-mixture design as follows: Rice 76%, sprouted mung beans 11%, and

sprouted adzuki beans 13%. Under this composition, the GABA content of sprouted bean/rice mixture was 23.73+1.03

mg/100 g, and the average sensory score was 88.76+2.47. The taste, color, and aroma of the sprouted bean/rice mixture fell

within acceptable ranges, and the active ingredient GABA was enriched, enhancing the nutritional and functional properties

of sprouted beans/rice. This study provided a theoretical reference for the further development of rice/grain mixtures.

Key words: adzuki bean; mung bean; hypoxia stress; GABA; sprouted bean/rice
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FIIFELAS 28, O P AU, S B BERE & 1.33 KkPa,
[T Es 98 2B i B FNBSTR], FF AR IR EL s i R, Z IR %A
TRV TR R B FRAR T AR S R 28, BH R IR [AI B — 1>/ )N
B, PSR AELT/ NS R I — IR IR . IR ST
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1.2.1.2 fREERGERPHAL P AR R Y ELD

/NS 2R A BHIR], 25 E i R AL B R IR

A BRATE] T L-2F 2 R Uk B XT 28 PP GABA & i
FUSEIN ., 2 R8_RIR T 20, B E i R IRJE 25 C . R4
ALERATE] 6 h, L-B 2R M 1.0 mg/mL 5518, #F
FEANE B & IFE] (0, 6. 12, 24, 36, 48 h) X} GABA
B AR R ; B RE B & RTTE] 12 h fREACFERTE] 6 h,
L-B 2R U E 1.0 mg/mL 254 F, W52 A [F 5 & 15
FE (20, 25, 30, 35, 40, 45 C)Xf GABA & HE i
Wi s A RE BA L RTE] 12 hy B RIEE 25 C. - &R
W 1.0 mg/mL 5540, W58 AR AERTE] (3. 6.
9. 12, 15, 18 )X} GABA &+ (5L ; B 2 5 A Bt
[f] 12 h, B LR 25 °C . fRERTTE] 6 h £, 5T
ARFE L-BS R MR U FE (0.5, 1.0, 1.5, 2.0, 2.5, 3.0 mg/
mL)X} GABA & 81500

1.2.1.3 p-ZHET RS EINE  »-FIETTR(GABA)
TrE MR 2 IR Zhang 25 F1 Xu 881 14 7 L G
Aokt HEFRFRINEE R L/ NG/ TGRS 1.0 g, hi

NI R FRIEK ARG R R 50 mL, IR-GWICE T
PR TIR S 2 h, A RS 30 °C. BRI 40 kHz,
A TE E5 B 5 X AR R AT g, IS0 AL FE 10 min
(8000 r/min), W HL FiE# 0.5 mL, HILA 0.2 mL #&
LB, Horp 2 P A B S 0.2 mmol/L. pH9.0, Jill
A 1 mL EZE RS, BN 0.4 mL 1% 9% X
SRR, WEIRYRTS 10 s, TRAWB /KA HITEA 10 min,
SR 57 B A VK A A 20 min, WSS B4

WA Sy E SO s, SERVIIA 60% L EEAW 2 mL,
FIRWERIR S, HAE 645 nm AL ERE S, M 23 N IR
WGRE . GERRLIZETIA: 100 FET3EF0R, Bl mg/100 g.
1.2.2 B & GABA O KRIRIIHIA
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(R DOFUBE T (R,) W A, [R5 484520 505
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il Design-expert 8.0.6.1 &4 rh S3 At e U Al Bt J7 -
R 5T S Ak B A ] kel 3 s 2R U Y sl an

1 .
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Table 1 Chaos design
bSES Ykt YRR (%) Ykl R R (%)
A Kok 60 80
B [y %35 10 30
c WL/ 10 30

1.2.2.2 ZFEORUREGHIE MG D-Ffuiehsit,
H IR R & EE 3 SRR ORK | i A 41

/NELL g T 200 g, A SRAK W 2~3 k)G, $i7 R
KK A 1:1.6 BBk, —& A A d ik G 2E i,
gl F KR PR B 7] Sk 28 min, AS R B 4 28 ok R 7%
il 22~26 min BRI AT 58 4=28 ik, 4T 36 ZH5C5G,
HSLEBEE 3 AT

1.2.2.3 ZFOCRPURETHT  EEAA L5800 10 £4/8%
BVPHY B, X2 A ORI & T AR R TR
BCE TR ARMES B GB/T 15682-2008, J1-45& 4% o 4%
WO E VRS e mg s ke, ELARTEN ek n gk 2 Br

%2 FEERAGT A%

Table 2 Sensory score table of sprouted bean compound rice
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3 YRS R AT S Y- 4ME, SR SPSS 22.0 X LA
RRAEHATHETE M T 255307, 24 P<0.05 B RITA %
PR AAE RS2 S . FEU R T AR
Design-expert 8.0.6.1 #4711, 53T AEE]S
2 RS9
2.1 REBSERMBLI/NT/RETHELESE GABA B
IZ#H%R
2.1.1 BARHIEIXTLL/NG SRR GABA & i AYF2m
Fr & 1 BI, FTERH AW, €1/ SR T GABA
TR LI, HIH PR ST GABA TSR
HFWEICTLI /NG, T 24 h Z )5, Bi A4/ NG H GABA
HHEHEE TS, FETED & 48 h i), £2L/h3
GABA & EREIRAE 157.54 mg/100 g, KAL)
SIEHT A GABA KEFUER, Mgk & e & #1]
GABA HERWE(E . PR Ry 2 s & R0, 2 iE & i
[E]iAF] 24 h B, Wi TEg G P iE 2 GABA 5 kil £ vk
WS, TSRS GABA SrEIEHA 24 h HEUKEFN
S AER S W PRI SR 2 i R S B SR T I AR, T2
GABA &RA2RI N, £L/NGARRT SR G i &8
WA, B & A5 48 h /& GABA K fl 2
Hs ] A5, 335 AT SCHRES ARS8, 21708
SARAERE R IRI A 48 h, sk S dds & mta] oy 24 he
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Fig.1 Effects of different germination time on GABA content
of adzuki bean and mung bean
T AR FRER R AN GABA & BEAF7E 22 5 . & P<0.05;

Pl 2~[%] 4 [

—a— 2/ a
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2.1.2 BHRIREEXTL /NG ML GABA 152

FIE 2 AN, B AL/ NG ISR T GABA & Er gt
FHIR RN SE TS JE RS, M R IR 35 C B,
%5 GABA & ik Bl KM 142.32 mg/100 g, 4L
/INEAEBE & 40 °C B GABA & Bk 2 5 K1E N
147.12 mg/100 g, Z 5B = HE N, Wi GABA &
P T RE(P<0.05), R EREXL /NG,
47 GABA BRI S/, (RIS AN Bt & o
YEIRIE B &/ KFET GABA FREMHALIRIE N

30~35 CP¥ [FREEEGAE 33.6 °C THIAE)S, GABA
Tl 2.41 mg/gP™, ARSI 4/ NG B R 1R E
WEET LRI R . RSt R, GABA &
A8k S5 GABA S iiid A 2RI A (GAD) |
GABA #; & il ( GABA-T) F1 3% ¥ g 2 W {i & i
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Fig.2 Effects of different germination temperatures on GABA
content of adzuki bean and mung bean
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Lz, Hgnp T A RO E H -, B BiE R
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Fig.3 Effects of different hypoxia time on GABA content of
adzuki bean and mung bean
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2.1.4 L-BEIRUEEXTL /NG GG GABA & hH
s A 4 ATAL B A LT/ 425 GABA SR
Bl LA 2 R e B i 5 n, S ST & e T RE#
o, Y L-BERURE N 2.5 mg/mL B, ZIL/NEE Fligg
. GABA & ikBIEmc K E 5N 158.73 142.37 mg/
100 g P L-AF 2R 2 A 2R I 2 i (GAD) 1) i —
JEEW) o AEANRHS R SN L2528 ] AR S i)
BiBEVHTRES], GABA A IR TR HE (3.

| o=z b 2 b
—&— 4 .

GABA i (mg/100 g)
[oe]
S

0.5 0 15 20 25 3.0
L-A R R (mg/mL)
&l 4 AF] L-B AR EEXT L/ NGRS GABA & &Y
Fig.4 Effect of different L-glutamic acid concentrations on
GABA content of adzuki bean and mung bean

B, dE g A EstTE] | AREERE] | W ARIREE A L-
HEIRUSE 4 DR RHATUT, EBIX 4 4~ HZHEXT
LI/NTGNGEE. GABA &2 3G e, A=
Pa PR EEIR, Wb e T 4/ NG ARE B S ER rE 2%
AR B E] 48 h, B ATEEE 40 °C . {IR&EHE] 15 h
L-A 2R EE N 2.5 mg/mL; 4% GWRE S5 A A ik
[a] 24 h, B A MRE 35 °C {ILEETE] 15 h, L-A5& R
WA 2.5 mg/mL, AT, B RL/NGE sk T
GABA & i 75 15 158.32+3.24 f1 141.57+4.35 mg/
100 g,

2.2 EE GABA FEEFKIRMIZMNK

2.2.1 PRI U RRAOEEST il Design expert

8.0.6.1 M, X D-IRBRHE 45 R (W3R 3) A T5e1T
3 IRENRR T KL

Table 3 Design and results of mixture test

AJCK BHESE CHIAL/NE

o ( R,GABAT # R EVH

%) (%) (%) (mg/100 g) 1357y
1 65 20 15 33.17 84.13
2 65 20 15 33.89 83.81
3 60 15 25 35.26 81.56
4 65 25 10 33.27 82.29
5 60 20 20 36.18 80.16
6 70 20 10 29.78 86.9
7 80 10 10 24.14 86.9
8 65 10 25 33.12 85.47
9 65 10 25 32.39 83.39
10 70 10 20 28.46 88.39
11 60 10 30 36.89 84.36
12 70 20 10 29.79 90.9
13 73 13 13 26.15 93.99
14 70 10 20 28.26 87.18
15 60 20 20 36.27 80.44
16 60 30 10 37.36 79.54

ST, 3845 GABA (R ) FUERE 43 (R,) 5k
(A) . BIREE.(B) . BIALI/NG.(C)ZRIIER, 47
AFESLFRAE R, F1 R, ZIal3 )y R U

GABA % & (R,) =24.1A+37.29B+36.85C—4.13
AB—8.96AC—3.16BC+16.7ABC—3.39A%B+3.39AB>—
9.28A%C+9.28 AC>+12.54B2C—12.54BC>

JRE PRSP (R,)=87A+79.72B+84.45C+23.41 AB+
9.47AC—7.7BC+10.97ABC+45.89A’B—45.89AB>+
28.66A%C—28.66AC*+1.06B>C—1.06BC>
2.2.2 BRI ST BT GABA S [RS8
M 22581 (L3R 4), AR AL A i 24 (P<0.0001),
H A (P=0.1580>0.05) A {2 35, FRWIZA AL
BE R UT, WLANPLE BB R*=0.9964, JE I R EH
R?,47=0.99 11, 1d W IZOAR Y J5 A AT L Al I R 2 7
RECELS GABA FMEHR, HIL AB. AC X144
SRAE NS B 2E /K- (P<0.05) .

# 4 GABA E&PIHFREFZ5

Table 4 Variance of regression equation of GABA content

JrEKE B AW ¥y F P
Y 238.06 9 26.45 186.20  <0.0001°
RELME 23093 2 11546 81279  <0.0001"
AB 1.08 1 1.08 7.63 0.0327
AC 5.14 1 5.14 36.18 0.0010°
BC 0.65 1 0.65 4.58 0.0762
ABC 0.28 1 0.28 1.99 0.2077
AB 0.11 1 0.11 0.74 0.4225
AC 0.94 1 0.94 6.63 0.0420°
BC 0.99 1 0.99 6.94 0.0389"
B2z 0.85 6 0.14
SR AT 0.30 1 0.30 2.75 0.1580
a2z 0.55 5 0.11
BaRE 238.91 15

MR ZER B, P<0.05; AL ZEFW B, P<0.01; £S5/,

IR B PPy AR )y 2553 HT (LR 5),
FZRETRING B.35 P=0.0037<0.01, HZHLI51(P=0.3943>
0.05) A 35, P BRI 45 SR SR A P cdy . [A]
A PR FR L R?=0.9458, Ui N {H R® i 728 S5 v A4

25 BB 20T

Table 5 Variance of regression equation of sensory score

FZRIE FHM AHRE Yo7 F P
A 224.78 9 24.98 11.62 0.0037"
RELE 14761 2 73.80 34.35 0.0005"
AB 34.78 1 34.78 16.18 0.0069™
AC 5.74 1 5.74 2.67 0.1532
BC 3.86 1 3.86 1.80 0.2286
ABC 0.12 1 0.12 0.057 0.8195
AB 19.24 1 19.24 8.96 0.0242"
AC 8.98 1 8.98 4.18 0.0869
BC 6.986E-003 1 6.986E-003 3.251E-003  0.9564
FR2: 12.89 6 2.15
FA I 1.91 1 1.91 0.87 0.3943
a2 10.99 5 2.20
RS 237.68 15
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94.58% JEHASHE A. B, C3 MHEZRERrg IR, J
A AN RE FHIZ AR R e . RIS (AR i
Wi W AEL =2 (] B 2P 56 ZR 4 38, BRI, T m] L Ok
T 25 S AR BORH S E T Z A S 2R, HHp A
T AB TE 25 SR PUSRCE Y ERE R TR B E AR
JH(P<0.01).
2.2.3 —InAF LR S T B HT ZERCKR R
3 FECkl 4T, il 3T Desige Expert 8.0.6 #4421 /1Y
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Fig.5 Contour and response surface diagram of the effects of three factors of mixture design on GABA content of sprouted bean rice
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