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i E.: ARhddan g Ee gLl S8R AE y-2 A T (y-aminobutyric acid, GABA ) &%, 3t
5 GABA ¥ 34A8 KB & AT E , 25 REA W TR P HIR GABA ©Fi5 %) (184.38+0.46) mg/100 g,
BEBGLEGHAR T GABA A FTiAZF (19549+081) mg/100 g, BF & T (P<0.05).
Lt R, &k w3 a3 5T VA R E4R S8R P - 2B L2 B ( glutamic acid decarboxylase, GAD )
&M (P<0.05), #74) 3526 B2 ¥ B4 285 (succinic semialdehyde dehydrogenase, SSADH ) &4 ( P<0.05 ),
GABA #:£ 8 ( GABA transaminase, GABA-T ) EMH A3 5. Rk, AN S EEPLETRBTH
w5 GABA X34 B 5 R L) G EH LM P GABA 69 B #Y,
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Effects of Short Time-High Voltage Electric Field Treatment on the Accumulation of
v-Aminobutyric Acid in Germinated Buckwheat

YANG Shang-ru, XIN Zhen-zhong, WANG Yue, WANG Yul<
(College of Food Science and Engineering, Shanxi Agricultural University, Taigu, Shanxi 030801, China)

Abstract: The short-time high-voltage electric field treatment was used to increase the GABA content of
buckwheat after germination, and the activities of GABA shunt enzymes were measured. The results showed
that buckwheat was soaked at 35 °C for 3 hours, after treatment with 1.0 KV/cm high-voltage electric field
for 30 minutes. The buckwheat were incubated at 25 °C and 80% humidity for 24 hours. The content of
GABA in the control group was (184.38 + 0.46) mg/100 g, and the content of GABA in the treated group was
(195.49 £ 0.81) mg/100 g, which was higher than that in the control group (P<0.05). Compared with the
control group, high voltage field treatment significantly increased the activities of glutamic acid
decarboxylase (GAD) (P<0.05), inhibited the activities of succinic semialdehyde dehydrogenase (SSADH)
(P<0.05), and increased and then decreased the activities of GABA transaminase (GABA-T). Short-time
high-voltage electric field treatment can enrich GABA in germinating sweet buckwheat by affecting the

activities of GABA shunt enzymes.
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547 ( Buckwheat ), J& T2 F} ( Polygonaceae )
747 J& ( Fagopyrum ), FE A Ef5F (F. esculentum
Moench ) 5973F (F. tataricum ) PI-3% 55 5 F,
TEFR E s = FE ARG Tz A SR — A
ORI E TR R AR, K GABA X AEA
HHELPEIIRE. TERHESIYIEN, GABA 1EH
IRV 2B BT, AT LARRIR M oiG v, JF 5k
PR ARG &, e A BT A BRI AE R 35
Bl N PSS & B e R (S S E N = [ P A )
FERM . Rk, BRERY . KU, UK
KA FERR 45 % KA W K 5 GABA 7 i 2315 2
AP, BRSSP R, MREL AR
BERRAN A KA B R B AR 5 s BT
WS RIS TR LA, EaES
R TR TR X LTS BRI RE
Fr B B R TR R ALY Bl R AR TS
PEXG I, ZRREHE RIS, 5oREH LA H
AL, EIRROREBUE, G5 GABA TEN
) Z R Re i & AT, M P R T
TN, GAD R mEFEI &L D GABA
AN 2/, MRl e YimERes . £
PRGN , GAD LR FRAF R Y L-A 2 R 5%
£ GABA; GABA %44 GABA-T HIMEALIE il 3%
HIFREWE (SSA); SSA i#f—L 4 SSADH fifbIE
BCE AR I AN =R RAIG PR, X IR AR
GABA D) &3 B S A T4 1 7T L4 i 4
SCEEEYE, NIMTSEmI 5] GABA I, IR T
FitFEi Kk B A= GABA HIRES) o

HER A BAATE—E Y, URSEANEFR
P, M A R N -130 Vim, BRI HL
RGN YR AR A E —E ., ENSML
PR O Tl v e R I A0 B SRR L Kk S
GABA BRI, (HEZHREY], JMNnE
JE LI A B 255 i R A R 0 & L AR,
P Ad A A5 2 UL 0 v s R 3 b B AT A4 A 9 R
B BRFR L, IS BRI R AL PRASCR AN A
i 7 B A B B SR & A mR
H, 37 P DA S ok 007 il ) 1 A A, S o T A 1)
A, HE— A R B R A A AR, s

SRR H R HATAA R, 25K
A PR A 3o R Ak G ) T O v i, % A A RO
PERRR, I BT LR R (A IRk &
1 W 57 450 ok R Pl I A B A S T, 4 OR
FERAIE B HL I AL B AT LR S R R T a-YE R
fitf . SOD. POD [ #:!Y,

FEEWN, EEFE TR R 5 1R S IR R
. NIZEE, T HA T T EFEAZ A . wATSER]
T ARA = i AR X2 7 SRR s AR T O i
= YN N TR S-S N E 75 el 6] P B
2RI R A T R S SR AR B,
G AR SR I GABA & 5 H42
Ft, DUAR BRSBTS R BB IS 0 7 i 2EAS 52 1)
JE R AN A T AR B S
FEME, AR AE S ARG, AT A B
NI B,

1 #eERE
1.1 XA

F5E: NS ARG GABA fRfEdh: JEat®
KERHEABRAF; DUBIIREN (43Hral ). REET
ORI ERA) 5 WA (srHral ): K
W R Iz A A R AR (st ):
i ERRHCA AR Tkl (s ): db
AR T AR A H A 2R IR ( GAD )
ELISA X7 & Lo mEAEYBHEARAR; M
¥ GABA #: & ( GABA-T ) ELISA ik & .
Y 5% 3R 1 MY SU8F ( SSADH ) ELISA {7 & -
VLB S A PR A
1.2 NE5E&

R R ETR (0 V~—30 KV ): K HH 4K 3CH
FEHLIE) 5 LDZ5-2 AU [ 3 P 2.l Jbat
FHHRE WA AT ; P4 BISHEEETT: R
IR A PR 2S5 LRHS-250- 11 %Y 5 J 15
Kigef . iRt Y i R AR s ZTIRER
PEHL: bR RHME K AR A IR A F] 5 KQ-250DE
RUR PR B VeAs . Rl s AR A IR A A
424R MR RE LWL : T2 E eppendorf A H];
SpectraMax iD5-Z I REMF RN : 243 TAUAR( I
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PRI PRI S8 | R/N SRR R RL, Z 5
HAKVEYE, I A ZEI IR AR A kK,
AT B B AT & 0 A5 R I TR T IRV 50N
b B FER R G WK IR , BRI F i % .
iR ad 5 B RRIERFRL S K ik, Uk 2 3R ARG
WS IFIR . hyead B SRR T4l T SR E ST
s IR DR RS & B K 5. A
PRI i B FE AL TR R 5 1 R A
WG FRAE T, WCEEEEN 25 °C, MEEH 80%.
Bige 0. 8, 16, 24, 32, 40 h J5BUH S FRFE S
B T80 CUKFFFIN . 75 T i AR A FH s v
HTEIGRT, ZEHHZRemmIugmeE, B
RIS E] R 1 min, REA BRAILA EIC I 2647 —4it
FEABYRE, BRSO AT 80 H . 45 2 ke Sl ks K
FH¥BEAS B E . BOBORAE, DIRFIIE o

GABA B T/K, WET CREEA LT,
A FI HZE AR S AR P Y GABA #F47T 828,
FREL3 g MBI, IIVKIRAIEEA % 30 mL,
H AT RE TR A R 78 18K AE 35 CRISHF
TEA RS 30 min, 25 FHE.OHLE
5000 r/min ) Z4F T B0 20 min, BUEHFRRE SR
B L1740 . GABA 5% ALZJERR7E Berthelot
J N I 8 2 3 FL R, i Berthelot R 47
ME BR300 pL FHEFERESLHEIBUR L A 0.1 mol/L
DU R 280 2% P 200 uL, 6% 75 A 400 pL,
7.5% IR ABREN 600 puL. 7K 10 min, J5 UK
5 min, MARIAWIEER, BEMA 60%EE 2 mL,
FEPEAS 645 nm AbIN & IO RE

Tt P R P IR G2 X 7 6 v R I Y
1.3.2 S RH g AL HE T =

TG TR F Y L A e S = A AT
e 1 FL 37 194 P AR R A FH 2R ST ' T A 85 4 A
IFRHAE R B, WK 1.5 m, & 0.8 m,
W WACPATICE TR 22850 K — R
Wl 5 e e B PR A3, LI 3 A A Al 5 b
FHEE , 24 R YR B2 S5 P A AR A ) — A 8 R HL 3
1o R HL B AT T AR 7= A 1 i e S k) 28 SO HL S
YER, JFar A R, Bos g TAER b 2

T8 H3d KR 3T

WA B S A SRR S A T i He
kb3, R AR S I SRR T AR AT
w3 W A RE R, FERE TR
CER T T 51 I E WSS 9 B Rl T VA 5 RS ]
SN e HEE AR, TG )
M, AbPR— Bt A] 5 OCHT IR, A RS Y
T NG IR IR
1.4 HBUESWH

HIREL 3 K, Kb 1BM SPSS
Statistics 23.0 #f4 .
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21 ESEEBHLENHFHELE GABA =8

Al
2.1.1  HLIZHREEFIT M4 GABA & it 152 1
FHFRAFRLAE 35 °CAMF TR 3 h, FtFEFFRL
HE, BEERAE S, S ENEE A S
U ETIN 877 1 e = e TR 3 £ 74
J#40,0.5,1.0,1.5 KV/em }%-0.5,-1.0,-1.5 KV/cm
(iR TR L7 B AL B 30 min, 28 H 340 H R (KRR
TREE 25 °C, WRRE 80%MYZ&IF T H5F% 24 h, LItk
& 0 KV/em AbERE s (Xt IR . 3Rgeab SR ani&l 1 fr
7R o TEAHIRIHSZR R AR5 ) Ta A B (SR
GABA FEZEFALE (P<0.05), XHE4] GABA 7%
H (171.68+0.45) mg/100 g, 35 0.5 KV/em Ab
FHZH GABA 7 (181.82+1.37) mg/100 g, 375 1.0
KV/em AbFHZ] GABA 175 (190.18 = 1.37 ) mg/100 g,
1.5 KV/em 40340 GABA && (192.12+0.52)
mg/100 g, FLIGALEIA 525 X HRZAH L GABA %
wHEFEE (P<0.05); iR 0.5 KV/em £bF4 5
Yk 1.0 KV/em 2034 22 55 2% (P<0.05); 5%
1.0 KV/em AP 53750 1.5 KV/iem AP 25 5
ANEZE (P<0.05), RIGLEREH . sMNEIEEY
AL R A SR W R R R 4. GABA 1T
Jo TE—E IR EIEHN, BE e m,
FFRW &5 GABA &, (A2 5505
R R —ERER (1.0 KV/em~1.5 KV/cm )
GABA W& &0 ERT; Inid KU 5 )
XF H L S I EM R SR Lt B e A: GABA
1) P 8 JC B 5
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Fig. 1 Effect of electric field intensity on GABA content in
buckwheat after germination
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HMEFET GABA FiERARE (P<0.05);
15 min 6P 4H 5 60 min AP E F G E
(P<0.05 ), & AL HEE] 30 min DAL,
A0y R HL 3 A B s ) R SR o GABA Y 75 i
T ER W, R EIR RN #FES 1.0 KV/iem
(L7 AL BE 30 min DL E, H GABA & & 15 8)  3%
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Fig. 2 Effect of electric field treatment time on GABA content
in buckwheat after germination

2.1.3 WAL PEEHFEE] % 40 h N GABA & &1y
4k

A ialge 2.1.1, 2.1.2 AT 1.0 KV/em =&
HL 3740 8 30 min, 7815 A8 MY [F] B e A% X 3
GABA & FBBIR MR . IR T AR
JE WFEAZ Ab 3, [R5 B R 28 5 1 A A A B ) i
FENXTIRAL, BERE 8 h HURE—k, M 40 h Y
GABA &8 b, 25K 3 Fis. GHFRE &
40 h WH GABA FiEItdk e TR

P, HAE 24 h ik B, ARG B R IR
GABA & 1h (184.38+0.46) mg/100 g, 3
W PR SR GABA Fimik#E] (19549 +0.81)

mg/100 g, TERHFFIA %L 16 h )5, @3E GABA &
R ERE (P<0.05), HEHEZAHEY F GABA
S TR (P<0.05), HFFHIA 24 h
Ji GABA & & T IR FEAIC,
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3 EIFAEEHFHEL 40h H GABA TEMER
Fig. 3 Changes of GABA content in buckwheat after electric
field treatment within 40 h of germination

2.2 HIFAEITEHFT GABA SHMEXERFMNE
AR
2.2.1  HIIGALEIXT AR W A B D GAD G TERY
Al

GAD 1] DRt Eit Wi & it B GABA G
Mo (A 1.0 KV/em /5 & H 374 B ERFE 30 min,
FEXT & 40 h N GAD JEPEgEA I E , 45540
Kl 4 iR, e R IZAELS ETFE I & 40 h Y
GAD JE MRS T ARABEL] (P<0.05); #FR1E
RilJ5 GAD A E K& IEE, W&V GAD itk
FEAR, ZJEAWrtm, 7EWi % 24~32 h H[H] GAD
EYERR . 32 h )5 GAD WG TEFRAR ., &R At

261 —— L

»s| By TS
_24f
= S
5 23} / _—
H 2t
\.la.u . {/?/
< /
O 20t
19+
B 8 16 24 32 40
iR B [E]/h

B4 BRIZLEXNHFHRILES GAD FIEHMN
Fig. 4 Effect of electric field treatment on GAD activity
during germination of buckwheat
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RS TFRE W RV GAD (G PEZE I WS T
XTHRAL ; Wik 40 h NEFEH GAD i Pt 555
' GABA B fe R AHOCH:
222 WAL FERE SR A G R GABA-T T 14
(14 5% il

GABA-T 2t 5+ GABA /it 1k K
SSA. ffi [ 1.0 KV/cm 5 & HL 37 A0 BEEFF 30 min,
FFxF Hil % 40 h N GABA-T G HEdEA T 5E , 45
e s fios . YT e ER A A, Wik 0~16 h
Wi, AbHEEFER A GABA-T I B & & T
XFHEZL (P<0.05), fHUZARXTIZ B B Rt IR i & i 2
Ht GABA W IAR A REARAVE I, D 05 P2
R TS T AV GAD WM
i GABA ML E , Kit GABA 17~ A= H3 1T 46
FACHHTIMEDE T GABA-T i PR ; ZEW % 16 h
J& GABA-T G2 RIFEML, JF HAEW & 24~40 h

AT AL FEZH H GABA-T 3 5 i 251K T % B 41
(P<0.05), XF|FEHFFHAH A GABA B
2 XTHRZE T GABA-T 16 PE S 90 8 B Y 5
TG AR AR A
L1t —a— X4
- B A B

o 10} ) .

% 09} / T~
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© sl ./
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B 5 RAHLEXNHFHLZITED GABA-T FHEHM
Fig. 5 Effect of electric field treatment on GABA-T activity
during germination of buckwheat

223 IR IR FE T AT R SSADH 4
(14 5% il

SSADH /25 GABA Uil 3 i Jm BR 19 Y
fiti o fHH 1.0 KV/em & B A BT FF 30 min,
FFxF Hiill % 40 h ) SSADH iR e, 45
WK 6 i, kR4 FE SSADH
PERARAR T X B, FEALFEZHH, 8~16 h [HI[A]
SSADH i PR W82, HEMZ i T2 B B
GABA-T iE P8 , Kt 4E i SSA fifif SSADH

WP SR SSA Bk iR, ZEkE
GABA-T {EPER#AR, SSA & Wi/, SSADH it
RA%; XFHEZH Y GABA-T 1 24~40 h 3l [ {34545
EETE, TEICIIE SSADH PR B T AN B
20 (P<0.05),

1.00 F —=— R4
A g
09|~ bl
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= L [
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Fig. 6 Effect of electric field treatment on SSADH activity
during buckwheat germination
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ZIFE R, AN e v 37 2 3 AT DL SE i)
FFEY A MEE A, AR HE R A Az A5 B R
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2, AR 3 F R AT LA A ) 4 e R
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ST , 3 AT AT 8 40 AF DG il 2R Y T4 L A
IR AT ARG, AN R
PR HORAEFRA AR L, FHFRA W A5 GABA 1Y
TR ERT, R A SR R R R AL HE AT
DI Al FR Lt B b A GABA BYRE T . i
Hh i e L GABA R S % rh i) 2 Fh IS 7 AR
s, fEHE T ETIEY LR GABA MR R R EE
M2 R WF 5T R IR FRAE T & 2 d AN H GAD T 7%
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M3 Ca™ B Ho0, b2 il sl it J 4 4b 3
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At R0 & J5 GABA 1 = Fifi 5 FiL 7 AL BERT FEL 37
o E BG4S B $E T, (B AE R B8 —
(1.0~1.5 KV/em) J5Toikdkgedim, Hghm
Xt H B S SRS R SR GABA SR L
ERM (P<0.05); HLigAb AL 30~60 min [H]Ff
¥ GABA SEILEEZER (P<0.05), HilLn]
PR FEEHFFE B B A SR A ] 1.0 KV/em & HeAb 2
30 min, EHFHRWALEELE AN 1.0 KV/em B9 5
JERLZAL B 30 min, ZJ5fEIREE 25 °C, ¥ 80%
KT WA 24 ho &z XALHSEHSR T GABA
FEIAE (195.49+£0.81) mg/100 g, X4
Fit S GABA ik #| (184.38£0.46) mg/100 g,
25 E (P<0.05),
1o R L I A B 25 g e SR GABA AR S %
W ) TE M . R A PR E E SR Rt B e GAD
MG PES B s GABA-T 16 M & i 45 242
T, E I AL RAL X SSADH i
RARRIMEIER . ¥ & B Ei3E GABA &
5 GAD WG PERI I — @& WA, RS GAD
TR FE &k R GABA TR R EREE,
[Fi] B -th, 2 B 725 Fs L3738 40 5% ] GABA 32 I A DGl
i MR IR BIRT R IR A R GABA I E 4.
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