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ABSTRACT: Objective To investigate the effects of high-voltage electric field (HVEF), acidic electrolyzed water
(AEW) and their combined treatment on y-aminobutyric acid (GABA) enrichment in germinating Fagopyrum
esculentum. Methods Fagopyrum esculentum seeds were respectively treated with HVEF, AEW, and the combined
AEW+HVEF treatment. Morphological indices (100-seed weight, germination rate, shoot length), GABA content,
and activities of glutamate decarboxylase (GAD), y-aminobutyric acid transaminase (GABA-T) and succinic
semialdehyde dehydrogenase (SSADH) were measured at different time points during germination (0, 8, 12, 32 and
40 h) to analyze the effects of different treatments on GABA enrichment. Results All treatments increased GABA
content in Fagopyrum esculentum, with the combined treatment showing a more significant effect. Under the
combined treatment, GABA content in germinating Fagopyrum esculentum reached 198.72 mg/100 g at 24 h of
germination, which was 35.6% higher than the control group, and 8.3% and 6.1% higher than the AEW and HVEF
single-treatment groups, respectively, demonstrating a significant synergistic effect. The dual regulation of the
combined treatment promoted GABA accumulation by activating GAD activity and inhibiting GABA-T and SSADH
activities. Conclusion This study analyzes the changes in enzyme activities of the GABA metabolic pathway during
Fagopyrum esculentum germination, revealing that the combined treatment of HVEF and AEW achieves efficient
GABA enrichment through a dual mechanism of “activating synthesis enzymes and inhibiting decomposition
enzymes”. The findings provide a new method for developing functional germinated Fagopyrum esculentum foods.

KEY WORDS: acidic electrolyzed water; electric field; Fagopyrum esculentum; y-aminobutyric acid; enzyme activity
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Mréa, iR IR E); TR (G prat, Kt
LR IERF) ), GAD FFHK 555 W B 75 (enzyme-linked
immunosorbent assay, ELISA)R & (175 ihE AR A
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2.5, ARCESTEWSE 101 mg/L.

pH: I pH HRE; Aais: MEike; fibid s
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ZEMRKIRML 3 WA, IR 25 °C, 1B 0% H 1 & 40 h);
(2) AEW (35 °CIRPEFEAR/KIR L 3 h )5, fEIREE 25 °C, W
80%FRE5% H il & 40 h); (3) HVEF (35 °CZEM/KIZ 13 h J5 3
% 100 kV/m HVEF 43 30 min, 7EiREE 25 °C, {2 80%
BSR40 h); (4) AEW+HVEF (35 °CRRM: L iR /K R
3 h J5#% 100 kV/m HVEF 4b# 30 min, 7E#REE 25 °C, i
& 80%IREE T & 40 h).
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Sl % T (24 h) AEW-+HVEF B4 b FIZH 7ok 8 5 T CK
4, AEW 5 HVEF S g B 5 F CK 4. iX %W AEW
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AR, AR, AREEKETRE, XA
AEJE H TR N8 SR TN FE 5B AL 805 s 2P, Ak
PR B A K B B SRR 2
2.1.2 I LR H K ESH

I FEE A WA & B AR AN 3R 2 Fiom o B8 SRR R
16~24 h, 7£ 16 h I &R0 HH T L R B E ST CK A, H
A A FOR el 81.33%, 7E 24 hiNFTH & F ik— 4R T,
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*1 HFHAHEENE
Table 1 The 100-grain weight of Fagopyrum esculentum
during germination

®3 HHFHEAMEFK
Table 3 Bud length of Fagopyrum esculentum
during germination

Wik HhE/g

B+ ) /h CK AEW HVEF AEW+HVEF
0 2.42+0.18°  2.45+0.18°  2.43+031°  2.44+0.01°
8 3.74£0.12°  3.74£0.05°  3.74+0.05°  3.74+0.12°
16 4.19£0.03°  4.20£0.01°  4.21£0.04>  4.22+0.12°
24 4.42+0.01°  4.46£0.03°  4.44£0.07"  4.49+0.02°
32 4.53+0.08°  4.54£0.13°  4.53£0.02°  4.55%0.06°
40 4.56+0.01°  4.55£0.01°  4.56£0.02°  4.57+0.01°

H: R/ FZRACR A N 2 57 8.3 (P<0.05), % 3 [l

*2 MFEHAHEBELR
Table 2 Germination rate of Fagopyrum esculentum
during germination

ik R H/%

f5F 7 /h CK AEW HVEF  AEW-+HVEF
0 ND ND ND ND
8 ND ND ND ND
16 69.67+1.20° 74.33£0.33° 78.67+0.67° 81.33+0.67"
24 84.67+1.20° 89.00+0.58" 88.67+0.33"  91.00+0.58"
32 100.00° 100.00° 100.00° 100.00°
40 100.00° 100.00° 100.00° 100.00°

T AE/NE TR YN 22 5 2.3 (P<0.05); ND Rl 4R
RGBS IO AL, 353 7.

AEW #4125 8 2% (P<0.05), Ui MAPR HVEF B4
3. ZHANG %P5 B AEW b B AT LS o i 1 B85 [ it b
R R, R R, 465 R BT, [FE AEW Ab3
A DL R P R A AR, AT R E & U CHANG
LU R HVEF LbBE AT G5 1o b2 4n i s e i, 348
SR, NS E IR IS i, O RTARR I 1 e 37 o IRV 4
IR A A, 4R R P2 AEW+HVEF B4 4b B AT
RE A 1o R M PR B A I 3B A, i — 2T R Rh A
iR, (RS S A
2.1.3  #IH A A Ko

ZER A K SR AR A0 2 S5 A, AR A
Sy HF AR R A PMRIVE RS, TR R e 2E K AR e
3 R BIRIFIRJE & A ZF KBS 1T i 8] B 36 i iy 3
fin, M 16 h 9%y 3.06 mm % ETFZE 40 h i1%) 4.73 mm,
HNZESBE, RYTEFEE LR35 MARENE) .
5 R FAM LA AE W R rh R B, HEFK
JeE R, RO RE N B K F R (46 R R BT, (H
Yo} ZE 0 fe A B T SR R

2.2 AREIEIEELETE GABA BIFN
TEFEE W LI GABA 884N 1 fiR, CK

W% ZEK /mm
A} 6] /h CK AEW HVEF AEW-+HVEF
0 ND ND ND ND
8 ND ND ND ND
16 3.06£0.08°  3.06£0.06°  3.12+£0.10°  3.10+0.06°
24 3.97£0.06°  4.03+0.12°  4.00+0.05°  4.07+0.12°
32 4224038  4.24+0.10° 4.25+0.08°  4.24+0.06°
40 47340.13°  4.7740.12°  4.73+0.12°  4.77+0.06"
= CK
200+ e AEW
Ao HVEF X
v AEW+HVEF Ao
’b-\n L
g 190 F % fﬁb
) 4b
£ 180 " {E
i
<HI | | '3
=
2170+ % i
]
_ 8
160}
1 1 1 1 1 1
0 8 16 24 32 40

i & A /b

TE: EHAR/NE FREROR B35 22 5 (P<0.05), T,
K1 FHFRI IR GABA i
Fig.l Content of GABA during the germination process of
Fagopyrum esculentum
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PEFEFH o 2 ZEMRD 7R B 2 GABA I RIL& Y
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U130, ) R 4 b 20 e R T S L
HVEF i 120 L 37 030 40 P R T, 4 e Al e 110241,
RHTFFR8E &, BLAk, 7€ 24 h B, AEW+HVEF 4]
GABA 7 5 ik I (A [(198.72+0.75) mg/100 g], #en} B4 #2
11 35.6%, % AEW Fl HVEF 4b FR 26 43 B4R 5 8.3% 1 6.1%,
i m T HAb L (P<0.05), X nlGEJE T AEW Fl HVEF
(OB a8 £, 0GBl 3E GABA R % . B2,
AEW .HVEF 24 RE(R 57 & i 7 GABA R &,
[fBf AEW+HVEF B¢A b BAE A RIS, vl B 4R Tt
GABA WEfH &5,
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2.3 FEEFTFELEHTF GABA &R HEXEBEFMN
A

GAD BB F AR AN GABA KE R, H
THE I GABA WA AR W 2 PR, EFEE
B R, £A0PEH) GAD iGtE, B shEA k. [ER45
AEFRZH GABA #1781k 5 GAD & MHE#aH HAT A etk
HVEF 4B & 0130 B 2 90E GAD ISR S2 8 K;
Ja WX R GABA it s T CK A, MR TFEG AL,
AEW Zb PR3 i3 BRL 3R FE GAD 11k, 182k GABA
HHAO %P & B AEW AbHE AT LIHE R GAD & PE, M
M BRI ) GABA LR . 7 AEW+HVEF B A A0 P
T, GAD & HAE ] & i B h 4R | K, [ GABA %
B A B B w16 (4[24 h 1 (198.72+0.75) mg/100 g] X M,
GAD itk 5 GABA A MU IEAH G, GAD G PR, ik
BEPRIR B GABA MIBCEM S, X5 CHEN M fif
5% GAD 1£ i GABA & & —3%.

26}
A
[ 7} Vzg
24} 8
a
@ Vb va Xa =€ va
=2 X k
= c
a 20F
5
15l ® = CK
o AEW
oc 4  HVEF
16 v AEW+HVEF
0 8 16 24 32 40
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Fig.2 Activity of GAD during the germination process of
Fagopyrum esculentum
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WK, HVEF 407E 16 h G s sig(l, (A5 seilsh TRE,
B> T GABA W4 A AEW AAERT P i 3t T
AR . SSADH BTE LA LW 3B s, iR
AL, CK 4AER & X SSADH 16 L4 R, 76 5
gk BT, Higidfish GABA 7M. AEW 2016 & 5 %
P, RIET GABA 4iff, X—B & RS AEW 41
GAD FAEJ5 TS P 8.3 T B 5¢; HVEF 2H s M 38
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Fig.3 Activities of GABA-T (A) and SSADH (B) during the germination
process of Fagopyrum esculentum
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