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$£ T B2 (y-aminobutyric acid, GABA) &t I Jr ik, Fosk  RHUUTES KB ARFES, £225.0:(8000 r/min,
10 min), #FI(10 min, 25 °C)JF, X ARG, BB MHAERGSA . SEK-3:08 -1 (hy drophilic-lipophilic
balance, HLB)itiid = [ AHAC 0400 3 RS a] i) b 3R UL AORE S BT B AR, TR 0L fk HPLC-ELSD {3 J5 v 55
PSRRI, IR RN T Z Ry R R AP GABA SiliE . &R A
SPE-HPLC-ELSD {ll:& GABA, 7£ 50~2000 pg/mL J5i 4 ¥k 3 11 Rl N 26 1 46 A5 B 4 (7=0.999), T4 [ i % 78
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Determination of y-aminobutyric acid content in edible enzymes from
medicinal and edible homologous sources by solid phase extraction-high
performance liquid chromatography-evaporative light scattering detection

HE Jia-Yi', WU Xiao-Yan', WANG Peng-Ze', ZHANG Song-Zi', JIA Fu-Huai'?, LU Wei'"
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ABSTRACT: Objective To establish a rapid analysis method based on solid phase extraction-high performance
liquid chromatography-evaporative light scattering detection (SPE-HPLC-ELSD) for determining the y-aminobutyric
acid (GABA) content in edible enzymes from medicinal and edible homologous sources. Methods Fermented

panacis quinquefolii radix liquid was selected as a representative sample. After centrifugation (8000 r/min, 10 min)

YRs B ER: 2025-02-05

EETH: EFRHELUFAITRITH(2023YFD2201300)

FB—EE: MF1E1992—), 2, Wi, TR, FLEMEHT R, i L2 580 M. E-mail: 18892626459@qq.com
BIE(EE: [if5(1990—), B, Wit, WA TR, FEBFT )7 mAE R 5% 4, E-mail: 190980997@qq.com



200 B dn 2 4 R R I A 4R

%16 &

and ultrasonic extraction (10 min, 25 °C), 3 kinds of different sample pretreatment methods—non-purification,

dispersive solid phase extraction purification, and hydrophilic-lipophilic balance (HLB)-based solid phase extraction

purification were compared and optimized. An optimized HPLC-ELSD instrumental method was developed to achieve

accurate content determination. The method was then applied to determine the GABA content in other medicinal and
edible homologous enzyme products. Results GABA was determined by optimized SPE-HPLC-ELSD. GABA showed

a good linear relationship (=0.999) in the mass concentration range of 50-2000 pg/mL. The recovery rate ranged from

85.93% to 96.30%, with a repeatability relative standard deviation of 0.87% (#n=6). Conclusion This method is

efficient and accurate, suitable for the quantitative analysis of GABA in various medicinal and edible homologous

enzymes. It also provides a new approach and reference for GABA determination in complex matrices and for

detecting small molecules with strong polarity and low ultraviolet absorption.

KEY WORDS: medicinal and edible homologous sources; y-aminobutyric acid; edible enzymes; solid phase

extraction-high performance liquid chromatography-evaporative light scattering detection; solid phase extraction
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21 [A) YR P T 3R 2 8 DA B R A << 25 2 ) 5 H
SRR R JEURE, 280 R I SO W E ] R I AR O iR AR,
TS A R A T P I 0 B PR 2R 2 ) 2 T
IR A 10 K e, AR H T AR SR M i sk 428 12,
AR LA FRRBR,  [R) I PR RL . 4 v A Wi 1k
R P 25655 05 T 4 HA AN AT RAR I A -0 T R
(y-aminobutyric acid, GABA)Z—FPdEEE AR A RRIT 4k
BT, TCHRAE A . igfiete A3
TIYRlE R At O FF A5 5 1 L A 8 2R IC I S 1) 22 i
W, DR B R 20 D' I 1 RO €2 3 5 MG I 7 HAT 48
KRR, AAE R ABE A=A A | R B A& A
(- TER )y A T o, IR B B AR AR
. SIGEAEMEE | FEI R HOR R AR L T R
GABA Kl 7 % T4 mblt KRR R B, A R LB
AR 2 At HA EE A IS SCRI N

K-35 18- (hy drophilic-lipophilic balance, HLB)ji
b AR A ORI P R A i SR ORI 28] HLB
FAHAS IR |, 30 3ok W B0 S Al 5 AR S v, AR A (8
PE, N AR R AR S A A DLV R B e
A NS 2 R UG T RE S AR ER SN A
WY SN, A S — i 58 MG I &8 A R FE T
AR TE BT eh, T HAR FOR 22T e RS, BA 1 i )
B, T AR R BE R A O s A e T H e 5 A T e
HAMLRAE . B VA 802,

AW BIHTE G SR FH AR A% - i ROBAH 385 - 25 0
ﬁﬁﬁiﬁiﬁmﬂ(solid phase extraction-high performance liquid
chromatography-evaporative light scattering detection, SPE-
HPLC-ELSD) W J5 =0, BF X 3 B 45 0 52 4= 1 24 6 R &
2R ) GABA HEFT /0 AFrA N, {124 8 W) Pl A= 1 K I
TR PP A AR AR R R RS AT . ANART LA & A o
RN GABA KA — Z B i %, [RIIf o ml LA 24

BRI TR ST B b P e T RS SR Ny AR S
Y4 5 1 E PR A — bR B A i A
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1.1 {YEEFRF
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Agilent 1260 =530 A 7% (3£ E Agilent A7),
Alltech 3300 7% & ¥ 8l 43 4 U #% (35 B Alltech A #] );
SBL-10DT i fH IR I BRAILCT R 2 A MR A R A HD);
XH-C RUGERIR A #RCH N B ER 1 15 A BRA Fl); ASE-12
F-Bh A AL TR B (R R R B ER A FR A ] ); ME 204
I RF-OREE 0.1 mg, Hi PR -FER 24 Hl); GWB-1 8
LKL riE AR A PR F]); Bu210-51 52505 2K
R (LR R W TR AR AT B F]); MLS-830L 1= JE7%
TR TR B [ R A (B B2y 7 A (9 ) AT B A 1], VORTEX
20K B ML R WSR3 = (AR & A BR 2 7); RE-3000B JiE
BRI RS T); PRIME HLB J@id=X AL
IHE(6 cc/200 mg) . Oasis HLB 43 H[EAHZEEAE(6 cc/200 mg)
LR FR RN (R i) PR ], XSelect HSS Ts Atk
(4.6 mmx 250 mm, 3.5 um) . XSelect HSS T; (4% (4.6 mmx
250 mm, 5 pm) . XBridge C,g (7% 41:(4.6 mm»250 mm, 5 pm) .
XBridge C;s (41:(4.6 mmx150 mm, 5 um) ., Atlantis T; {fji%
(4.6 mmx250 mm, 5 um) (3¢ [E Waters A 7)),
112 #&5RA
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A il 2 o

“IRCTR(ERELE, I IRV EYRHABRA A, FR((E5
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GABABRERR[ BN 99.0%, 27 22 SE 00 F (1) A PRI
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Fig.l1 Process flow diagram
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{034 Waters XSelect HSS Ts #E(4.6 mmx250 mm,
3.5 um); PEREAFR 2 ul; AER: 40 °C; WEANAAGE 0.7 mL/min;
ELSD AL 95 °C; AU 1.8 L/min; ¥4%5: 4; i8
FFIFI8]: 35 min; B 45 5 ASM AT Bk ORI BE VL
MR PRI S AR AN R 1 s .

x1 BERBRER

Table 1 Gradient elution procedures

- W A Tzt B
(0.1%=FRZFRKFW)/%  (0.1% =R LR EERIR)/ %
0 90 10
5.00 90 10
25.00 10 90
30.00 10 90
30.01 90 10
35.00 90 10

1.2.3  #50f Saif i B h)

K5 BRI GABA ARYES 50.0 mg(WEHi % 0.1 mg)E
25 mL I, NS ARRG R B 20 2 . DAL
FIARUE SR AE RV, B B SR TR B BN TR R
4 °CH[ {47 24 h, % .
124 H:maras

HUPG 72 Rk B i s At & B R 5, 8000 r/min B
O 10 min EBRIE M X UUHE, IRAHAIG, HEFRSE
1.0 mL £ 10 mL A& P, Ak 8 mL, 25 °Cill i 42 Bt
10 min, FEFEFRETH, %25, W3 mL FER, 55
Je R ARG S A A BGS A HLB 3 1o 2K [ A 4K B
3 MRG0 4b  3X, Bt K AHIERR(0.22 pwm), 4 °CH]
A7 20 h, & RN
125 A%z

3R 2 pL A S IRE A HPLC-ELSD {4, LU
PR BRI ) 2, AR 0% B (BLSD (14 I (B 554 i ik
JEE X B R PE R, 5 AN () 25 6 ) Y £ Y I 35 R
) GABA & .
1.3 #HIEAIE

ARG5S R Agilent OpenLab CDS H {4347 4 1% 45 5
MRS AL B . b, S PATEE N 3 K, 4528
PISEI(EARR, Fif 33 Mocrosoft Excel 2010 Fl Origin 2016
A B I B B R R 2
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HERFEEARREAMREARE, KBRS S
D, A RKEY . 25k, Wik, 3R UG
SR AR T8 T GABA AL Il LR K,
HERERT . AR UUTIVES RRERCIFEA, 58 T At
BRI, BRI EAL . 4> 8 E A A B
A1 HLB i3 = [ A A 3 FOR B R itk =X, Doz
EISCRVE N 25 R FAET-B . BARENSCREE S ILE 2,

FESA ALY, HbRIEAEE—E LR T, JE4
ARG, A TRIE B, AR RISCR A2 R 43 Ty =UR
TR MK, R PE i b 325200, 4% 58 A 2 150 & A 2
BugbRERS I L BRAES P ROERE . BRI . . EAES
T FRARIE LR )8, SRTAH T HLB 3 =X [ AN 2T (]
e G5 R HAT 3 [B] i HLB 3 22k =X [ AR 25 U4 L ZE ke
hET A FE A S (R RO T AR R B AR, OISR
ATHFERSMAA MLIER . NI SO TR 2%
EREMEULM S GABA MR 240 5 M, HLB 3@ 2 2L [
FHEEBCEA B, ARRIFEEY aiEEILE 3. |
M, PERE HLB i =X B AR A BUE MR g fb ik
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Fig.2 Comparison of sample spike recovery rates under different
purification methods
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Fig.3 Chromatogram of GABA under different pretreatment

22 BIEHNEESHK

IEF 2 IRIE Kk Wk T 2 ke, S GABA /K
PEGF, MRPESR I REE, 6RO 43 B il AR P A 1 23 0 3] i
TG S TR AT AR 0 IR A R R e
BEAT T AL, S5 HOXEAS R 26 35 AT [ X Select HSS Ts £
(4.6 mmx250 mm, 3.5 um) . XSelect HSS T3 #:(4.6 mmx250 mm,
5 um), XBridge Cig (4.6 mm*250 mm, 5 pum), XBridge C;g (4.6 mmx
150 mm, 5 um) . Atlantis T; (4.6 mm=250 mm, 5 pm)], 223t
LR FEE R R, A H B B AR K
P XBridge C 4 Al Atlantis T ORI 2R 1) (3541 %1 F GABA
IR BARICRAS B GRK HEAR B RO AP 1Y XSelect HSS Ts £,
GABA 2RIV iU S 2 ST 4y J A, S0 E & o 1 3.5 pm
/NKIAE R XSelect HSS Ts #HHAHELTF 5 pm B4R &8
. TEAALJE ) 0.7 mL/min AR ST, /I 3.5 um /)
BRI S BA S W e R . BB HEER
FEGh T GABA TS 2% Tl Rl o B = 1.5, s
B E>8000, iff & 158 fE 2K . RAET XSelect HSS T,
FE (4.6 mm=250 mm, 3.5 pm), AT LU A ) 252 R 95 A
B R A AL GABA WA ZUIR B AR 343 B

PITF &8 (hte N R ALRIE 25 L ) 2020 i DU 8 0
9101 “4# I iESS S = U F GB 5009.295—2023 &
h e A E AR E AL2E AT RIS ) ) R E A N 2
PEATAR B 2 B IR IE A5
23 ETEMER

AR b IR OUAR e (R b A B (3 A5 0, AU P
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Fig.4 Chromatograms of method specificity
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AL 50, 150, 300, 600, 1000, 2000 pg/mL A
[ B 6 T GABA FRifEmn R, IR B RE s A
HPLC ™, i@ ELSD ol (a5 AR, LA JST e B 1) X4
HREARAR(X, pg/mL), VIR ECH AR (Y), R
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FHRAE 3 RBCEYIME, ATk mla 22, mAqs
LR PR A5 Y=1.6245X+3.1926, HHX:F%L =0.999, %
B R, JEEAE, & TSR GABA &t
KPR il 14 AT

25 HWHRAMEER

ASCHR ARG PELRR G ek BR300 3 s 7 ol 9 AR 1 8 R TR
BE, DA 0% (5 1L S/N = 10.0 B X1 ) GABA ¥R EE1E
S R, DL S/IN=3.0 BTN GABA YEE/E A H PR .
AR LA RIS WU R E S 15 pg/mL B,
S HBRN 4.6, WA H PREESK, BRSO EVRE N
30 pg/mL B, EERREH 111, e Rk,

D5 A BRI A B FeHR Ry vk, X T
WS RN AR RTRIG, F 2 Fe 5 b 3 @
TERI, 7520 VE 7S R B S GABA iR 5 43 )
20 pg/mL F1 40 pg/mL B, 2 S/IN=3.0 Fl SIN=10.0
R, B S  AAG H BR A E RRR
26 BEELTE
2.6.1 BEHEEA R

HRE Tl 4 VT 2 2 T TROR: it i BV YRR o A it V5 TR
(0.6 mg/mL)¥¢ RGBT S5 R BGELLHEFE 6 IR, id3%
0,15 0 1T AR N, ST SEAH X AR UE W 22 (relative  standard
deviation, RSD). 45 5L HE i I WL S2lE#E RSD R 0.73%; #r
HE S VA SEIERE RSD Sl 0.39%, 26 BA )7 1 gk 55 7
HIREE T
262 EHMFE

EHURIAL R (PG 2 R B, B 6 YR Sl AL R
A AW L R, BT IR E A, R F
GABA %81 RSD {4 0.87%, WA B2 MR,
263 FRMEEEK

H RSN R, EFRALRE, AR A
A NGl =R W @ N R E Y S i il i | RV €54 AN = S iy
R, LR PATICN 3 R, FBE AT RS EE . 25 2 N

S N BAEEANTRI S0 H T 6 2 1S Bt vp R B A — 3,
6 IRIZIZE L RSD o 2.73%, FF6 )RS 2 B 2 48 oK .
27 HmBRBEMER

T EIR . ADCH AT R M Sl A ST Ad
S B VGRS R BERRE AW, TR VR TR e M B 2R,
Wit —E W ERE H SRR, 0 00 5. 10, 15, 20,
25. 30 h (B IA BEHEA T HERE 2 BT, G0 SRAENE ) GABA {45
U TRIRR, 25 SSHE S VA IRAE — 28 A2 T [B) N IR e 1k o 45
RIAE 0~20 h [E BN, GBAB IETRIFREEA L #7451k,
[T 5 kAT AR RSD 7E 0.97% i E o, MiJE4E 25 h,
30 h G B th L GE 12 A0 T RS . [AFEAREE SR . okt
SERIT AL ST 25 h F1 30 h 5 T AU 20 3 T I 1.4 %A
3.6%, AL, AHE S HTALEE RORE SR, EEIR . Rt
B A S5 T A 20 h AT %40 #Tr, LLIR BB fE
EODER Ty oalll EocE:
28 MRAMER

WA — 8 X ] N 1 8 S E S50, DAB 8o ik
PRI T R R AN [ S 36 2 ) A SR, 405 5 % BRLLE ek A 1k
£0.05 mL/min, Z/<HE 0.3 mL/min A& #ER, ELSD 54k
AR BN+3 CCRISHTT, ARG RIBUE R A 1 i 0 AR
IAPRFEX AR R AT, GABA (i B i i7E 8642~9314
XEIPESN; 5F0Em 4 n o 8T 1.78~2.11 X [i]
P Bl DT RS A SR A, AR I 25 i Ao D 45
UEBH J5 s it PR
29 ERMEER

PERCCL WA G PG 2 R R, 43 S AAS [m] e B 1
filK. . & 3 FhbRAES, HAIbE RE S AT Ah B R
AR s, RS TERIE, TR [
5L, DB SA T IR e R I . FLARSE W3 2, AN
W BE TR B bR BRI 85.93%~96.30% 4, 34 [H]
W TE BB AE 89.40%~94.35% 2 1], RSDs 7 1.86%~3.90%,
WL BH A S A7 7 TR T R AT

®2 MREWERSIEER

Table 2 Results of spiked recovery rate experiment

MWL FF= BIAR R g ARMERE IR eg IES R ng /% RSDs/% VIR /%
1 1.00 150.5 221.4 94.53
2 1.00 150.5 75 215.6 86.80 3.90 89.60
3 1.00 150.5 216.1 87.47
4 1.00 150.5 284.3 89.20
5 1.00 150.5 150 290.1 93.07 3.26 89.40
6 1.00 150.5 279.4 85.93
7 1.00 150.5 334.6 92.05
8 1.00 150.5 200 343.1 96.30 1.86 94.35
9 1.00 150.5 339.9 94.70
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PEEURPUE S & R Z AN 10 SREFF T R 2
[ 5 I B 2R 7 S A T8 R PR AT 9T, S5 SR A 7 i mT 1L
i T 2 ORI SRR 25 R R R it GABA
MG & o #lr, i RAE, M sE, HiEA T 250
R R BE A AORE LRGN . ELARKOE 1 L3 3. AL %
GEATHE AT A SN I A b oy i, R AR SR A
Z | B RBAR A S R R, kIR B A R A
KriioR B W A e ek, etk Fik 10
FEHBEZE M GABA SE 14047, KBS Eds
LT QB/T 5323 MR R ) X F GABA MR 25K, W
HERAASBI ST BE I A 14 £ PRI 28 1 20 e Jy M i o

=3 ZMAREIREAEESTRD GABA NESR
Table 3 Determination results of GABA in various edible
enzymes from medicinal and edible homologous sources

g FE 2P it GABA &
/(pg/mL)
1 LA R T U 20240101 314
2 RZ R 20240101 127
3 NS R 20240201 1251
4 VIR BT 20240201 4109
5 R R R 20240301 555
6 R B AR R 20240301 258
7 HE R 20240301 194
8 W e % 20240401 4989
9 R F R 20240501 484
10 M ¥ & R 20240601 2221
3 % ®

AWFFE ST T —FP T SPE-HPLC-ELSD [ €435 43 4
Jrd, FTLATAE | R o v o b X 2 ) VR T
R GABA PEA 4 HT AR o A HE T SR Ak 2B i A
SIS AT SRR B, A IR AR R B T
Yere s, FRSCRE R . BIEES . Fet@ o SR
R M B, A7k [ REIE F 1 oAb T Al SR & %
. RREN . GABA JFUR K5 44 5L 5 T & GABA [19315E
PG ET 5™ b GABA WYE LT, W] &2 2R bl vh sl
PE | REE S AR 22 /N o B 22 T A2 e T AR I — AT Y
WA

EE P
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