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WE HaBAFRApd BEERAERELH, A KFFA, K@tk R A%, #6813 X B A8 ER
(PRIME ) fo i JU 38 B 3 R | 55 ILBEAF 47 22 4F F Bk — 4R AL, A R iR A0 & 3% 6 B35 2 5 & ) P 2 ) SE Al e 2 Bk SR IR 69 &
M, FERIEXESERI R, BRDEHRERICKINE R ZTRE 0.5~100 pg/l E B AKX Z R, BlR
(LOD) % 512 0.51 petkg # 0.53 wg/kg, £ % ML (LOQ) 4 A1 2 1.67 wg/kg = 1.68 patkg, B A 45 5 JE 48 5447 /4 £ 36 B 5 #)
A 4.09%~4.48%%= 3.84%~3.90% , B 18 45 5% FL A8 AR Al £ LB A 5.17%~5.73%F 4.23%~5.29%, # 5,10,50 ngkg 3 4
KF T, B B A 3R AR ING eI S B 2 A A 91.2%~93.2%F= 91.3%~92.4% ;RSD & B 5 3 A 4.5%~4.6% F=
1.8%~52%, KRR RAEHESKAEEMNETEFZE P ARG HAG, RGBS, 509 %8R 5 s fe 38 SR
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PR ol AR  H R DA RS RS BRI
B RLER) =T B A & Ay GB 31650-2019
(B MR E R 5 b5 25 oK% B i)
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B S P O3 Y SR SR ) 2 v e B AA, 3 a I
92 W SR 3 S 0 K it v PR RR SR Y 5k
SO TE XS T AL . A LSS S R 2R
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J Iz AE A — B TR RS 1 2 5 B R
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PRAE Je R R i AT S B0 T AH A B AL i
FBRRIURL A5 A0 R AR PR A 2D TR B R
_%jﬁ"ﬁ[lﬁ]o

AT e HT 7 24 [ AR DR AL B (Solid—phase
and membrane based extraction, SPME), i id3f
ZEBE TR SRAAL R G i 2 AR A
(PRIME) A FL U8B, HAT PR 4 h 45 . A
(5] R 908 5% 24 JBCIR A €073 — A 0K BT 3% v DR ) 7
PR b R R SR ORI 3 IR /N B TR B, B AE A Y
AR /INBEGR | Fh 1R SR IIFE £ A A P 17 5 B
PRAE R AR AT T

Ji5E
%

1 MREFIE
1.1 5

QRS REeR R WL B T 7/ B S A T

R @RI, 2 =98% , | R WAL A A
A 5 Eh R /INBEGL , 4l B =98% , Bl i T i A BR A
Al B ONE IR (2% ), 52 [H TEDIA 2%
A S0 FH K A HLBH R 18.2 MQ-em Y Milli-Q 7
alizK, ARG R o A a9 ;15 AR 8RR A R
(500 mg,6 mL), S5 3 1 ], ] B Sk U8R I 4 4
A PRIME BURL, I 0 A (sl 46 ) [ 7
12 MUF5EF

WA (53 A (Agilent 1200), 55 [H Agilent 2%
Al H DU TR AL (4000 QTrap), 1 AB
Sciex 2y Al ; i E DML (Allegra X-12), FE[H
Beckman 2> A& ; 8088 XE BAE M K B #8 (HD120-
T8), ¥ [E Prima 2\ A ; i BE PR 3% #%F (Multi Reax),
7% E Heidolph 7\ A ; Waters XSelect HSS T3 4%
(2.1 mm x 150 mm, 3.5 um) , 3 E Waters 22l ,
1.3 #RAERKAIE H

DR s S 5500 I 1) 5 R W B 08 1 mg/mL A £
i AR IR 6 T /N R BT 5 s v it 4 Y, o P
DL A PR 36 S5 B SO0 b R s v 5 VR B TR
B TR .
1.4 FHik
141 FERPCRESHSE  XWIERES (HPM
AR ) | 2 8% R 5 R SR BRAL B L )
S IS AR AT ERALA 02, RE 7Kg VeI L B
M5 5PV G, Wbk 2 43K 45, 53 55 WL IR 241 2L

(C)1994-2022 China Academic Journal Electronic Publishing House. All rights reserved.

ABEFEDL P B AT HOR BT =20 CHRBUIR A7 7%
M.
142 FEAETALEE MR AR LM AL S 2.0 g(F
% 0.1g) T 50mL B0 H, MA SmL 90%
CRBL A3 550) W /K V5 W0 BB 26 35 b, oo T
WIRY 5 min, HHCE T 80 C/ARIE M 20 min, HL
BB, T 5000 r/min 55 T B L 5 min, 5
2 EEEWR T 10 mL A, 1208 gk
ZEMA 4 mL 90% W K ilk, HA R OE
B, A 2 RO, H 90% W /K 5 WOE 75 5
10 mL 5 H .

et FH — VR 3 G 8 B IO b A 2 T A D
FEWOHE 5 T B TG ZE MR, SRR 5 DL 1 /s 1k
JEE 38 3k [ R U0 AR OB, AL TR A R L A
40 CRFASWT, L 1 mL HEEE %, EHLGI
1.4.3  WAREIE-FUG SR WA &R B A
0.1% H iR K 75 W (A) A1 0.1% H R 2 W5 15 8 (B) ;
T B VR W 25 - W0 4R 5%B ;0~3 min, 5%~20%B ;3~
6 min,20% ~80% B ;6 ~8 min,80% ~100% B;8 ~9
min, 100%B;9~10 min, 100%~5%B; % # :0.6 mL/
min; FEAE S L AR EE 30 °C.

Jo I 2 A - FEL I 25 B VR (EST) , 1E 25 $
2 B TR IR X (MRM) |, 825 B R 5.5 kV, T
PR 500 °C, U5 N Al 5 S A 2 RO AU, R
K25 psi,GS1 K 40 psi,GS2 A 50 psi,

2 HRESMH
2.1 ERIEEFERKL

1 5 1 [ FE A5 BORT 3o B A0 A5 3R 4o I
FE MR BRI G B 4 AN B BR RERT R VA
BRI ARS8 PRIME [ A A8 BOR £ 3k
BT LA LA el B — 2L 307 R
K4 T H MERAEFERT 10 min & 2 min, /D
SIS N T AR, [RIE 8 T # M SPE vk Ak
JBE ) 6~10 mL, Ha 2 T T W48 Uk B0 9 1) 5 0
B o XA I o3 A, A% g 7 ARG 4 1l
N 92.8%~96.4% , Hi KL [H A1 AL BB 1L & 4 [l
W 91.3%~93.2% (K 1), Wit Jr ik x] #61R H&
R R 2 /N BE B 1) [ SR 25 S AN B 3, 34 o
S & A A A 5K
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Table 1 Performance comparison of traditional solid-phase extraction and membrane filtration with SPM

e %% B AR 3 At gt #7 AL B A8 2 B
X F B A R BE SR BL L —F @it
232 &~ #£ 8T /min 10 2
A A% R =2 /mlL 6~10 x
AL BB L, BOTKE HRMARA ik B A FE S AR A
e e R 1% 92.8~96.4 91.3~93.2

22 RGEGHMRK

DA 2 1 358 B R B2 1 pg/mL 9 ER 1R /1N
BRI R R IR o 5 VR AT B R R
MS 2, 3 5 B A2 Y ey . =
BT mz 336.40 5 MK FIT CLoi £R R /1N BE B
BT (m/z 336.37) A4, I B T m/z 334.23
5 CIJa i3 iR SR IR 7 T & (m/z 334.21) 4H
5, B ma 336 Fl m/z 334 0 ER TR /N BERR A
R FRNUYBEE 7, WAt MS/MS ilf 5 fi 25 4K B
5 8 e SRR /N BEs 1) T2 B 78 m/z
319.8 Al m/z 291.7, LR AN F B 14 m/4z
177.8 Fl m/z 137.9, fdi €Y% (Ramp ) 41X 2 BEAL
Ak 27 H e (DP) Rl 4 RE £ (CE) , i £ 25+ Al ¢
B UL B R S R IR B Rk, IR LA
S5 iR RV B 15— AR Ay i R 1 R 0, B
SHOLE 1, AIRE B 735 B 554 55 S8t
7 ) HPLC-MS/MS 75 A0 A5, T 4 L f 1Al 2 g
HEr A, R ] AR A ) B T A 7 B 1k
- e RN N
23 BEEGHRKL

ABEFE LK B BEA NG A s A H oK A
HOIA T R O RS A B W B £ 5 A B AN O BR AT
Ko RIS R R LG 3 o B R A
T Y LAKR G S i s AR R N B R R
% SE AR DI U X R B8 4, 4 2 I 4 /0, PRIt Sk HH 7K
MG RTBIAE, KA A B RS T HAx
A6 W ) Ok B RE 7 I (8 S e e R VAR
WEAT 5 Wi B B, L4l K Ok KR s 3 1R /)N BE
B TR AR DI ) i 7 (1 8841, 0.1% H iR K - 2 )i
VB T s AR R B A e A e v i — 208
9 Tt i B R AR AR B 0.5% M) 1 R /)N BE A A £
PR ORI 15 55 5 B 22 i i B AR B 3 . R 1Y

(C)1994-2022 China Academic Journal Electronic Publishing House. All rights reserved.

PRER I B0 A AR & 0 AE A AR L iR B AT 52
WA, PR ASBFSE LA 0.19% H R 7K - 2 i A it 31
B AR & WS BE o L E @ik
A W R RBUEN S 5 min Z N, $R R/
BEm A £ R SR IAS B R A 0 1 (181 1)

w £
=2
> 2
&
=
L
Time/min
1 BRI PR 2R E & i - B R IE R RE I E
HBREFMALR/ D EREKXE RIEE
Fig.1 The chromatogram of berberine hydrochloride

and robenidine hydrochloride acquired

by SPM HPLC-MS/MS

2.4 EHZFERUERAIEZEESRBRERNOTE

AWF5EE T C18 .HLB Slica Florisil 4 A&
BORCR TR A& 2a B | Eh R S R A £
T2 /NS Bl P TR B R R A T SR ARLARL, ol A ] S} 2
WU W3 ISR AHGET SR AN ) 0B ot X
HArfb & R s ma ik, 5 R C18 X £h iz
SRR IO 8 T2 /N B B 119 [l AC %6 0 50l k- 65.7% F1I
66.9% ., i A1 HLB UL H AR kA 9 1 [l i
¥ITE 90% L) I, Silica 1 Florisil i & B2 & 4 KA
R TR /N BE B 1) R BRI S N By 38.
9% ,42.5%H 33.6% ,33.4% , W LR —Fh B I A9 2%
B, AN R R R Y s vaOeT 1 B AR 9 1 Tl i
RA —EFEEE R, A STk FH B S A
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W, e T 1~5 mLL A9 F R A7 e, &5 R An
2b FT7R £ R SRR IR 66 1R /N BTl 1) 1] i R it o
B R R J g b T, R AR A 3~5 mL

i %
Recovery/%

(a)

i, H AR 0 SR AE 90% L L, BE B 45 1 7
MR IBCHCR , B E 3 mL O BRI e AR AR

ME
Recovery/%

AR
Methanol volume/mlL

(b)

B2 EEEEFERER (a)F05E R & AR (b) Xt 3B &2 ANFN £ B85 /) 52 48 B 4 2 1) 521
Fig.2 The effect of sorbent of SPM (a) and volume of eluting solution (b) on the recovery of berberine hydrochloride

and robenidine hydrochloride

25 trEMZ LETEEMKGHR. ESR
TEFH TS TG 8% BRI 25 1 A R Ol 28 Sk
T o 43 e O Bk B 0.5,1,5,10,100 pg/L 1Y
AR IR AR MICRD 3 1R /N BE TR TR & A e T ARV W2E AT
IbR RS DA TR () R PR A | X 1L 1 A
YE TR VR0 VR S R R A bR s il 2, A5 Hh 2k
PR A 5 # RS A SE R B (r) . A BILk 3
5 F 10 5 15 W o (S/N) B 52 B0 B 09 46 3 BR
(LOD) FZE S FR (LOQ) . HI& 2 n i, ilgn 45 R 3k
W, ERER /)N BE AR IR S R TE 0.5~100 pg/L 1)

JoT A RE O R N R O R R A, MR >
0.999, Z 7 kX G Wk i R U L bk
iR /NEEG Y LOD F1 LOQ 433128 051 pgke 1 1.67
pelkg, ERER KN LOD Fl LOQ 4 0.53 pgrkg
1 1.68 wglkg ., A5 4 37 1 [ D8 R 2 BUG AH 2
iy B IO T3 o AR A T R R A R R T A
AR X iU SO R OR35S
F4) ] B 3000 7 7K 7 it v 6 R S AR IO B ARG ) T vk
1 LOD 2 25 pelke.

F2 HEB/NEEMBBRIFMEEEE AEHE BQHRMESR
Table 2 The linearity range, calibration curve, LOD and LOQ of berberine hydrochloride and robenidine hydrochloride

N . , ¥ sk TR (LOD)/ & FF(LOQ)/
] 205 B fpg - L AR A% AR (r) 1 1
pg-kg pg-kg
2 B D SE A 0.5~100 y =2538x + 132 0.999 5 0.51 1.67
3 B AR IN 0.5~100 y =1749x — 52 0.999 2 0.53 1.68

26 EWESHEE

FE 25 [ B B 5T TP A R R R AN &k
12 /N BB TS 5 s ME VS VL ) 8 O o Wk B2 49 Sl o 5,
10,50 pg/kg M IIARAEE o R 8 i i) 4 3 77 35
T2 25 1 0 A5 4 5 B A [ml W R 6, s ok
SEEATINGE 6 WK, 45 RN 3 BN 78 TR R T A
HA 5,10,50 we/kg B OL T, Eh R /NEERR A H

(C)1994-2022 China Academic Journal Electronic Publishing House. All rights reserved.

FLH 8] 4% 2 B RSD 4 4.09%~5.73% , £ B2 A 25 A
B H AT H (685 % B2 RSD 4 3.84%~5.29% ., 3 Flt
Jr it FE KO, R R /0N BE R b iR SR K [
MR =91.2%~93.2% ,RSD <5.2% . 45 B £ W , %K
U Rr S SO E I ol R S = DY
Tl FE A o PR v ] B ARG 00 6 2 /) B il 7R SRR IR
B BH LR
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Table 3 The intra—day and inter—day precisions of berberine hydrochloride and robenidine hydrochloride
at different mass concentrations in fish meat

TR & mAw R B A& L

&

EREE

kg B+ AR £ RSD/%

3 B A 5.0 491 +0.22 448 5.73
10.0 9.85 + 0.41 4.16 5.25
50.0 484+ 1.98 4.09 5.17

P TSN 5.0 4.87 0.19 3.90 5.29
10.0 9.72 = 0.38 391 4.66
50.0 485+ 1.86 3.84 423

x4 zZa &R/ SRR A0 B S AN AR B0 2R K AR X AR R =
Table 4 The standard spiked recovery and RSD of berberine hydrochloride and robenidine hydrochloride
in blank fish meat sample

I AF IR E R g ke

14 5 10 50
EREN RSD/% ERE RSD/% ERE RSD/%
2 R B A 92.6 4.6 93.2 4.5 91.2 4.6
ETE BN 91.3 1.8 92.4 52 92.1 5.1
2.7 KEREEMEN 2 £ X W

R AW FE 7 3500 15 i i Bl £ £ M0 £
12 HERBEATRCI , 45 ROR B PR AR 6, 0B 11
JELATRT BE « (1) R /N SRR R S8 4 AT D Bt
PUHLZGLE K = IR B A+ B (2) B
FIT LB B 1T X5 24 1 3R SR P 94 fek P O A A
BRGSO LU AT DR G
SOV 3R — 25 6k AN [a] it ol AR R A A 7k AT A

WR&, Btk BEERE, . AR 4 Fht
TR 2 ) 00 bR R H B 00 R RCR WL ER[T]. U s
Fii, 2017, 21(1): 41-43, 57.
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¥ 38 33 A PEIME [ AH 2% UM £F 208 I 45 5
SEE A AR A AL B R R AR Sk BR A
AR RAL, AE R E R R /DN BE RN £k R S AR A
BUSCRAGRTR T R Y 29 T ¥Rt ], 8 T
TR AEEAS B L 4575 VB0 €235 H IG5 3 72 2
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Fast Determination of Berberine Hydrochloride and Robenidine Hydrochloride in Fish Meat

Zhu Xiaofang', Yang Huicheng?, Wang Pingya’, Zhao Qiaoling’, Chen Kang', Xue Jing', Shen Qing”
(‘Collaborative Innovation Center of Seafood Deep Processing, Zhejiang Province Joint Key Laboratory of
Aquatic Products Processing, Institute of Seafood, Zhejiang Gongshang University, Hangzhou 310012
*Zhoushan Institute for Food and Drug Control, Zhoushan 316000, Zhejiang
*Zhejiang Marine Development Research Institute, Zhoushan 316100, Zhejiang)

Abstract Traditional solid—phase extraction (SPE) and membrane filtration technology are complicated, and time and
labor consuming. In this study, the PRiIME and membrane filtration technology were integrated to realize the integration
of operational steps before sample injection, and the relevant technical parameters were optimized. A quantitative method
for the determination of berberine hydrochloride and robenidine hydrochloride in fish was established by liquid chromatog-
raphy tandem mass spectrometry. The results showed that berberine hydrochloride and robenidine hydrochloride had good
linearity in the range of 0.5-100 g/L, the detection limits (LOD) were 0.51 g/kg and 0.53 g/kg, the quantitative limits
(LOQ) were 1.67 g/kg and 1.68 g/kg, the intraday relative standard deviation of precision was 4.09%-4.48% and 3.84%-—
3.90%, respectively, and the intraday relative standard deviation of precision was 5.17%-5.73% and 4.23%-5.29%, re-
spectively. The recoveries of berberine hydrochloride and robenidine hydrochloride were 91.2%-93.2% and 91.3%-92.4%,
respectively, at 5, 10, 50 g/kg concentrations. The RSD was 4.5%-4.6% and 1.8%-5.2%, respectively. The liquid chro-
matography—tandem mass spectrometry (LC—MS) was used to determine the residues of target compounds in fresh fish on
the market, and no positive samples were detected, indicating that berberine hydrochloride and chlorophenguanidine hy-
drochloride were used well in aquaculture.

Keywords solid —-phase membrane; berberine hydrochloride; robenidine hydrochloride; chromatography; tandem mass
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