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ST AR A I B S GABA it i AT A I E, S8 SIS [ S | R R R B
I g TET ) 32 FhESEERESL, MM GABA R kA, S6R %7 IATE 0.01~1.00 mg/mL JEFHINEIEE R RLF, R
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Study on detection and changing rules of y-aminobutyric acid in vinegar
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ABSTRACT: Objective To establish a rapid and accurate method for detecting the content of y-aminobutyric acid
(GABA) in vinegar with high acidity. Methods A method for the determination of GABA in vinegar by high
performance liquid chromatography was established and its methodology was verified. By detecting 32 kinds of

vinegar samples with different raw materials, brewing methods, fermentation stages and storage time, the change law
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of GABA was analyzed. Results The linear relationship of this method was good in the range of 0.01-1.00 mg/mL,
R? was 0.9992, the precision test relative standard deviation was less than 2.0%, and the recovery rates were
96.4%—-103.0%. The precision and accuracy met the requirements of methodology. The content of GABA in vinegar
from different raw materials was significantly different (P<0.05), and the content of grain vinegar was the highest.
GABA of vinegar brewed by traditional fermentation technology and strains was higher than that of vinegar
fermented by liquid fermentation and pure strains (P<0.05). The content of GABA in autumn vinegar was higher than
that in winter vinegar (P<0.05). The accumulation of GABA in acetic acid fermentation stage was higher than that in
alcohol fermentation (P<0.05), and proper aging could increase the GABA content in the product. The attenuation of
GABA in commercial vinegar accords with the first-order kinetic reaction; the GABA content of germinated brown
rice vinegar was 2.29 times that of ungerminated brown rice vinegar and 4.73 times that of polished rice vinegar.
Conclusion The establish detection method has a peak time of 12 min and a resolution greater than 2, and can be
used for rapid and accurate analysis of GABA in vinegar. The GABA content of vinegar depends on raw material,
process, fermentation strains, season of production and storage time. Using a variety of grains or germinated grains as
raw materials, the use of traditional solid-state fermentation, autumn fermentation and an appropriate length of
maturation are beneficial to the production of GABA in vinegar.
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FH B AT L R B R BE R AT, 145 T GABA N
182.3 mg/100 mL AYZEHIES; SR S5 TR F & 285 5
# 7 GABA &5 234 mg/100 mL (975 F5RE, Y20 i
AW s R W R S A R IR T (glutamic  acid
decarboxylase, GAD)¥ Uk B L-4% S R Ak it 32 25 1l
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s KIRER I, XMELATE@L I J2 . HPLC HA RN
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YR BEE R & 5056 L GABA . filln, @ RfraE!e

B A IR AR BRESBSBR A : il & RaE A W WA
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TR AN . IR — U . AN . VKEEIR . SN (A BT
) (1= 245 4 P AL 23R R WD, DAk M (26 = 99.9%,
LRPETHRHE A BRA w2 5 1k 27

1.2 UFE5E%

JHH-4 B IR K R (EIET T AMUER) ), 5804R #Y
BLOHL(FEE Eppendorf /A w)); EE28 &l pH T [#FEF#-TF] 2
B ) A BRZA F]]; Mettler PC 440 J7 42— 401 K[
SRS (CH MDA FR 22 7] ]; Agilent 1260 Infinity IT Prime &
AL RS . ZORBAX Eclipse Plus-Cig f13%41:(250 mmx
4.6 mm, 5 pm)(ZE[E Aglient 24 7]); JLG-TIA ZBAHL(FAEAR AL
AT B A BRA FD); LTIM-160 FEAHE K HL( F 75l
SR o
1.3 /5 &

13.1 GABA #l7 %

BT T GABA XS AN ISR L Ak 2 R R4, ik
KRR AT A TN o B AT AR R A A8 OE P
(o-phthalaldehyde, OPA) . 5 #iii & MR 7% B (phenyl
isoth-iocyanate, PITC) . FHi#ifit4(!"® . DNFB %5, H, OPA
BIATT A F= Al AN T SRl 4y i, PITC MIBEPER . 1l
PITC X i =), PR B M % &) 5% . DNFB fif4:)™
YIkaE, R AR IR A AT AR . SARF ST
K FH DNFB fE i A 0 KAE 10000 r/min 2.0 10 min
Jri, HRE EIERCTRIR AN 1:20 MARHIR G, BURA W
0.5mL, /il A 0.3 mL i DNFB, #3557, 60°CKiA 1 5L
1hjE, BHIEER, HINA 0.5 mL pH 7.0 BBEIR — S 405
R, SBEETPCE 15 min, 3 0.22 pm B,

HPLC 44ff: ZORBAX Eclipse Plus-C5 t454:(250 mmx
4.6mm, 5 pm); P 360 nm, PR S pL, HE 1 mL/min,
1 35°C, AN A: 0.05 mol/L ) ZFRENGE M I (AR 4L
2%VKEEIRIE pH Ky 5.7, WA &R 5%), Fshil B:

80%Z NI VENFRIFH: 0~7 min, A: 18%~25%; 7~14 min, A:

25%~27%; 14~17 min, A: 27%~100%; 17~20 min, A:
100%~18%.
132 BMEILZ

LI EERES T AU R K, BRI 1S h
JE7E7 30 min, Ff HAREIE 35°CAEL BN, SRIFHEIR
20 U/g INABEALREG, FRHCKRTER 0.8% I A i, FFaiH:
WEATHL, REF 28°Ck e, HUUERERR K IE, 13 RE b
Bk R AR TR T 70 (120 g BE771/100 kg >K), B 3 d TPk
B 2 MR AL E) 3.5 ¢/100 mL I 7 d; &5
oIESTE, WRES, Bk 3 R, IR BEESTEE SR 0.8%.
ih 0.3%. KM 0.8%, EIEN; M ERSECIZ
BRITTE 5 /100 mL DAL T ERES T2 MRS ES
AL Z,

1.4 HEEALIE

>k FH IBM SPSS Statistics 22 S/ T8RS 14047, £
Ho % A Student-Newman-Keuls #5, 2 41 [7] Fe 45K F ¢ #6596,
P<0.05 FHLESG IS A BEMEZS, R Origin Pro
2021 R fFikAT 2z

2 HREHR

2.1 KMPRACRIERE

4 0.5 mg/mL ) GABA Frifi it fii A4k 5 ik A7 &k K
4, BIE DR i KRB LE K 350~450 nm Z [H] (& 1),
WU DX 43 B e, R LG T4, e Kok K 360 nm.
A, L 360 nm />4 HPLC Ay .
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Fig.1 Absorption spectrum of GABA

2.2 HPLC 5%k

BRI . UERE R | UERETREE . R oK
VEERR 3 S X IMAR B AL DEA TSI, ARSI B[] L s Wbk ] |
G BRI R SRR SR S PR, Hfk HPLC. 76 1
Hgl I g LR s % S EE TP GABA
ARSI i, A e | R R, 2R el
VEH R 6 MR i, HAGIIE > | R, 4>
B, SR T/, S IR A S5 PRSI 25 Wy s v 2 i
1% fr 48 (19 HPLC 751, WANG 25 22060 il - i v it 18 4 ik
f2f) HPLC J5ik, M ATERSEERImA =R iR . Bk
FRUEAT AL B, AR5 B0 (1) 35 DNFB AT A= 4k I f ki,
KILENRCRIE 40%~70% 2 [7], Hoo] BE PR &5 11 i fi L
ARy FUIES R, W T KER GABA, X3
HPLC (% h AL BTy i B R R AR 235 SR A e, I 9
SR R B AT AR A AT AR AR
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Table 1 Elution scheme optimization
FE i EhAH e = PERER /L R DUET ] /min SR E/min S EE iR F EZ DG
1 LR/ B 7o B2 10 90 19.615 10.44 3.531 [11]
2 RN G 7o B2 10 60 27.009 248 225 [20]
3 RN/ 2N BB EEVEMRL 10 35 18.581 2.06 1.76
4 RN/ 2N BB EEVEMR 10 35 16.077 133 1.02
5 RN/ 2N BB EEVER 10 20 12.058 2.45 1.15
6 RN/ 2N BB EEVEML 5 20 11.896 2.52 1.05
7 RN/ 2N HERTRI) 5 15 12.680 2.88 1.16

2.3 FRERZRIZA )

FH 4 ¢/100 mL R KBEERAECH] 0.5 mg/mL [ GABA Frifiz
SRRV, PEUEERE, A GABA FRiESIE N IIFREEARE
HEIE 1.3 AT BT AR AR A B EREAS I L N R 2 BT, 43
WHIAE 11.894 min, 11.896 min. 11.898 min & ¥ HFrl; 435
FEAIA 3.69., 2.52, 3.67, HARIESEPITIES BRI,
BG5S, RUNZE &SR PCHrvikE,
DNFB FERf AR E &M GABA HATE] N 33 min®,
FHIETE S AT E KK GABA AEHTTT 50 minl™ | 5
HHEEI3E R GABA HWERTA] Ay 24 min!™, 27 4B S AT A
Pl T2 GABA FERY 57 min, HUERF]ZH 40 min'),
ABEFEHERTRE, HRACPR, & AR PR 5

— 0.5 mg/mLGABABRUEN
200 - — bR
— [k
2
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Fig.2 Comparison of chromatograms of standard sample, vinegar
sample and standard vinegar sample

JH 4 g/100 mL R KESERECH] 0.01, 0.02, 0.05. 0.10,
0.20, 0.50, 0.60. 0.80, 1.00 mg/mL Ay GABA Z ¥4
FRVATR, AR 1.3 W IEAT A AL B HERER DN . DAV IR
TV AL FR(Y), GABA FHE §h T ik BV S A AR AR (X,
mg/mL)2ZHIARERTZR, 152|272 R ¥=836.78X+9.6148,
R*790.9992, GABA &2 7F 0.01~1.00 mg/mL 3 Fil P £ 14 %
Z R HBR (limit of detection, LOD) A 1.6 ng/mL, &

FR(limit of quantitation, LOQ)} 5.3 pg/mL, % F ¥k H
R
24 HBEERR

BEHLEE 2 FOESFE, SaS G 1 IS 2. WS 1 7ESE 1 d A
55 8 d 25 6 UK, M 2 AR5 1 d AES 2 d AR 6 1K, 4
SR HH RSB A H SR . 45 R E 2 PR, B 1
WS 2 09 H AR % EE S H RDRE % B2 0 A AT B 1 i 22
(relative standard deviations, RSDs)}J7E 2.0% AN, FBIKE
W RLE, M RA R E .

*2 BEERE@n=6)
Table 2 Precision of the colorimetric (n=6)
H P2 B2 H )k %5 B
#;ﬁ'z 7. b
GABA/  popeo,  GABA/  popoo, T
(mg/mL) (mg/mL) RSDs/%
1 1.086+0.014 1.3 1.106+0.018 1.6 1.3
52 0.174+0.002 1.3 0.174+0.003 1.9 0.1
2.5 CEFMHRE

FEFLEL 3 FhEERE, diEmE 3. 4.5, JF4rBIMA GABA
FRUESS, AT ACPRSE VERERIN . 5N 3 PR, AR
ISR TE 96.4% % 103.0%2Z 1], RSD {HE/NTF 2.0%, 14
AR BRI, 2N AT

*=3 ERERIE"=3)

Table 3 Recovery of the colorimetric (n=3)

FES GABA/(mg/mL) ?(”m*’; ff) ;’;{i RSDs/%
0.194 101.3 12
fiti 3 0.245 0.243 103.0 0.9
0.275 102.3 0.0
0.150 102.2 0.9
fils 4 0.159 0.200 96.4 0.4
0.233 99.1 0.6
0.013 98.8 1.1
fiEs 5 0.015 0.025 101.9 0.9
0.125 97.9 13
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2.6 WMFAENRAS GABA £ MED

GABA ®NZ5 AN 4 PR, TETHIAEE 16 R
Kerf, S22 LI N FRI A1.2.3.5.7.8.10 fl) GABA
TSR 0243 mg/mL) &R F LUK RRUR I 2ok
1 A6.9.16 ) GABA &2 (I{E} 0.048 mg/mL) (P<0.05);
AR . R . Ao R AL2, 13 14,
15 FARBERIN Y GABA, TELAIIOK . FUREFIAR MR &
BT A1, GABA i R A7 0.015 mg/mL, A4 H' GABA
FRACH 0.013 mg/mL, BEREHYIEORL, R, KR,
PR TF Y5 % S GABA i & . REERSG AL
B RETY, JOK. ok, ®R . NEERENEN
JRE R 8%~15%Z 820, N2k b 18R 11 5 5 ik i ik
18%7, 25 & B BAEYIRIE T i . J50RE . SR AT AL
WH, W RhER . BERE. FLERDH . EERRTA SR . 7EBSTRGE
b AR, TR T A PR W U R PR A, 2R K
TRBEIRR . BULRREZ 30 d (R, ZIEMR S s
6.2%, A E R A IS EE S YR 2 W E R, it
587 mg/LP® Xk GABA A AR ME TR Y . 2Rk
WEH5TERNEREMER, IFURZARNIRYE
Ji GABAP?, SR LA Fh OB IE A /K SR g SR T o ke
IR, (HER . . RESKRINEARSE K
TE 1%LV B DURBS P9 GABA /0, LIFIBE . A
WEI RS R RS, AR TS R AR, Wk
GABA KRB FIK B . i — 2540 HT, A1 A7 A8 1] GABA
SREE, # 0.3 mg/mL LI E, A777HDMI, GABA & &
e, HFCRHUE/INE N B S F W&k iz, A8 A I
VG, R LA SN G 3 R PR ZE Hk R o i AR K |
FKN TR FAL SR B, GABA S EHML. Al BLUFE
KoL, B GABA S iEik 0.371 mg/mL, X i) BB 540k
MLT B RN A 56, Al S P Ly T A IS 1 A o
AL AR 2L IS, 115 GABA &3k 0.5 mg/mL.
BRSPS R B, DTG RRY . AR AL A, . VAR
1 GABA T BRI/, X 5AMFFR AR — 3,

mZk 4 PR, R SR R REREA, 43 il R s BORG
K . OREKRES A ZEREKAES, 3 FOKES GABA 2R
13 (P<0.05) X T2 TR EE BRK, REKBIE AR &R E
1o U0 [T s b O 3 1 S 4 B J2 BRI T K A K g
FIRARBU MR EECY, VA 4 R R, Bt TRl
KWL BEUE— A P B RE KBS A9 GABA it Rk & 2F IR Y
GABA JZJ5REK 1 2.92 551 3k flif5 & ZEREK S Y GABA
SEARKFREKEEY 2.29 4%, BROKESH 4.73 £, [RIE, 45
R, AERE) b LU/ R TR 3 0 R R 2R K S
H GABA & iHESLE0E A& ZFREKES Y 2.43 5. X5
JICAE A RN R WP B AN & TR (B A G . ARG s &
BEGE R /NI AR 2 G R, o i . ARE . B
7. BERE . BEPRT . FLEREH . ZEFRAT B At o,

201
#x4 TEREEHTN GABA S E
Table 4 GABA content in different samples
R P Ly OABA TR
/(mg/mL)
Al M b AN 0.37120.006
A2 TLIMEHYL Rk, FEk . MK 0.130+0.003
R M = /A
A3 g R BRI 0003
PN
. Tk, HE, INE,
A4 11 F -5 FH BT, k. B 0.013+0.001
A5 WL Kok 0.121+0.000
A6 it ] R 0.017+0.001
. INEE, Tk, ROk,
I
A7 Pu I jg e O Bk Bk 0.412+0.001
. R, K&, ¥id,
A8 1Ty N 1 0.339+0.005
A9 ] A fit Al 1 0.092+0.009
A10 IWARME Rk, Mk, 8k 0.151+0.007
. KoK R, A
S
All AR B re W G 0.015+0.009
EABE B RS
Tl
Al2 TR Wk ok ND
AR . WA
Al3 I &R i, Ak, & ND
FHWIHE . ROk
Al4 G| ﬁﬂé@*ﬁ: AT ND
it
Al5 VLR SR (R K ND
Al6 R ﬁj@%ﬁ\m?ﬁﬁ] 0.036+0.005
it
ek Sl it I 2 d
i PN S 2 P S r—— 0.075+0.002

FIREREK | BR R
W BERR A

BEK T S a6 wE AR 0.155+0.003°

l\*Hr\vT-_l‘:x e ,3\—»7\:% o M ) ) b
REFREKEE  SCER = R W R 0.355+0.007
REFRRIREK . Bk
REREOKEE B RERH R2 . ORBEL /N. 0.862+0.004°
Kl
- o SREE BB el
SRS PN — ND
K FHYTES) S SN 0.041+0.007¢
. - FEK L BRIz L ORHE .
5] LR N 0.123+0.003
" S Wk BRE KM .
PERCNEE i FHYLES) i e 0.099+0.006
- s , WA BRE L ORME .
FE SRR 7T RANL . .005*
BERERCEBULIE  BUTES) PN 0.332+0.005
i, — Wk BRE KM .
2 ARE R BUULES N 0.263+0.007
S, % N3 AN S .
9 AERyEEmS  BULES) i e 0.415+0.005

TE: ND FnR K A F/NG TR BAT et 28 5(P<0.05),
IEE
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FH15E

T SEE 56 25 R £ S 68 190 2 e R S 1 T 1% o ol 2 PR e
BRBEYE) GAD TEHIAR, B4R IRIR
165 GABA B F. [GHEREH L ERK, WL
HIFEFRBITE 60 d. H ARG & BERIRERAE 30~40 d, 1LIVE
TRl it 2 2 T RN AR AE. 20~30 M%), K Ik ] 14 & 1% 7T i 75
GABA Frigib— B IR A B s RN |
P — ALY 15 d, BT SR [RIRE SR P 60 R ROk,
HJE AR EESH GABA T #AK(P<0.05). SRESHILLFIHE
S N ERH R, 2R IR R, LB
BRI B —, X T GABA & EAR T4 MBS 1 5
HZ—,

MR 4 FIH, fEESE BRI AT, KREBE™
YK GABA &8 B Giil2425 5 (P<0.05), /KN GABA
o 0.041 mg/mL, BEK ) GABA &4 0.123 mg/mL,
H LR GABA FE4 0.099 mg/mL., 26 IR K 2 7H
REEFIEE R LB, L GABA RNWT B, HBESIR LN
GABA EZIK M B, X0 H F&ai ks &£, &H
J R, WK PR U B A R, SRR e ad A B[R]
MR A, PIPR A KRR GABAL &SR SRERD)
M2sie—8, A5 B EPY BRI ANR, XAl fE R
TP EBSA RS IR LB TSN . W BRI /Y
GABA % 75 T-HEL i (P<0.05), 32 WA 2 77755 I 18] (1 4E
K, BEPH GABA SWHAEVTIEY EMmUiE, W& 4
WAL 9 AERTE RS GABA S RBEET 2 HiEn
AL (P<0.05), X AREZE 9 AREEEMAEY T GAD FEW
WEIRE ., MG &, BSARETHHMEYERESD
EH R,

e 5 FR, BALEE A8 S REI I S,
GABA &84 T, TEBFEIREIFE BN, A8 1) GABA ¥
JE A AR B AnC) R R B (DA EE R, R=0.9993,
FE—RN E N, EEM T1,=693 d, RUIEE D
GABA M35 GABA WE M — K A %, BRI EREH
GABA &, k.

XEET W FHUA A EEEE TR, BS AN 0.077 mg/mL,
Wil B[] (9 S, iy 1 B 1 T — 2P B RS 2R
(AL, (§75 BS~B2 () GABA S E ARk, {THgszagls)
WFSE T HVLERE S SR o i, KB 8 FEMRMR R . 5 4F
W2 3AERAR; XFAER, 5 FRIRES R, 8 IRz 3
SRR, EIRR AR A B1 B9 GABA &t B KT B2
(P<0.05), XA fER GABA SifJFE & A T SEhifE i 1 it
o PR ORI BT RS, R IR IR S R AE BRI 6
EMRWT R WL, BT ES, — 7 A ma
YIRS H R L GABA, 75— 7 TH GABA S5if JFbl & &
FRLAEIN, S A AN Y EUTvE sl

®5 IERTEIR GABA & EHIFM
Table 5 Effects of storage time on GABA content

iR P Emgl OABAEHE
/(mg/mL)
F =
A8 CRIH W o R B 0.005°
o, 3k
=03 s i
RUER255d LpiAE o A I 0,003
5, ki
25 Y7k =
R 314d AR RE, B 2 45£0.005°
o, Bk
TR 2R InC=-0.0017-1.0816, R>=0.9993
S . Wk, #hiz . ok .
Bl 20124F  VTIMITEE) B i i 0.348+0.005
. s k. Bk, ok .
B2 2018 4% VIJREHVIEST N - 0.748+0.052
2019 4F VTS . )
B3 VTV @HFW PN 0.240+0.016
s R Rk, Bk, ok
B4 2020 4% VLAREHVIEST N - 0.198+0.001
2023 T . )
B5 A VI E&FW N 0.077+0.007
3 &

ARG, T B h GABA [ HPLC-£84M& T )7 vk,
WGy WIS IR A 12 min, K 85 AR BRI 22 /N F 2.0%,
WS 96.4%~103.0%, 2% WS 26 B FER B R 47, 35
TR A 1 PR 0 0 LS AG I A 4 M T 32 Rl
BEHE T GABA &, 455K, giST GABA GRS HE
BEIEORE, 20, BERR. AEP=ZET . OB RS, A
BS ) GABA & TR EE(P<0.05), DLFAE . TERE M 5ok}
MBS H GABA & NRERG 1 K6 BRI ERIE BE Y GABA %
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