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£8P o B R /N SRR A0 2R R S A B B R i E
AANFY, #meR?, ERTS, RHR, K OE', B B', WL #F"

(CHFRRATRN LXERRGHREEDR TP HTEK TR IBEARARESELERT
HLIHRFHEFLBMAE M 310012
2HL TR B BABRAEMNFLRE  HTfl 316000
SHT A R EFARREE #H b 316100)

WE HaoBMERASBEARAEREEH, K REAM, AEdRLmERA AL, KoETXEAMER
(PRIME ) Ao # 3L 78 B4 K, 55 IL itk HE 3 345 F B — 4R AL, A0 8 €38 S B R385 5 & 11 b 308 /) 58 afo 25 00 LR IR WY 2
A ik, FERIEARA R R, HE S IR AR R FRE 0.5~100 pg/L LB WA E R RIF, K diR
(LOD) % 51 % 0.51 pe/kg A= 0.53 pgkg, & F & (LOQ) 4 5l 2 1.67 nakg A= 1.68 ngkg, B A 4 % 48 5k 47 A4 4 £ 56 B 4 51
# 4.09%~4.48%% 3.84%~3.90% , B 19 4k % E A8 AR M £ 8B K 5.17%~5.73%F 4.23%~529%., 1 5,10,50 pekg 3 4
KF T, Bk 5 AR 20U K 69 B R 8 B 4 50 A 91.2%~93.2%F 91.3%~92.4% ;RSD & 8 4 51 A 4.5%~4.6%F
1.896~5.2%., % JA AR €36 BRI 2 T2 % & b B ARALA WA B, e PR A LU 2h Bk D B AR 2k R EURA
JoAK 7 St @Ak A UL B A AR ok AR AT B

KR EARNERE; MDA BRACKIN; RAREE; BIRAE

NEHS

£ 1R S RN (Robenidine  hydrochloride ) 7F
— R HTER A2 U TR MRS R A
5 1 3K SR XA A S8R AR K 7 SR P
FVF I TIRYT 28461 HUR 9 [ AR 24551, 9K
Eh R R IR Y A FH 25 T B0k ol 7= A S i B 24
PES, FOl AR AT F R TR 51 2 (KT
BB LR =R TR KA B9 GB31650-2019
(B ZARE R B 2R KGR B IR )
WUE AR IAENS B 15 . B LA K rT 2 |
T e 5% B PR 4351 A 200,200,100 pe/ke™, iR
ANBERS R B BRI 3B RO, BT KR
BE LT PRI SOH] DA ST AR ) 2 ) A
ML TR h 28R IR IR 55 5 R /Y 57 58 1
JEI R I TR K SRS i il R R /)N B
Bl FEAERL B2 kB B E ] g S 2o 8O
VERAE M FLIR AR E , D1 B R4 A R W R A
B B R 22 58, Ry PR B B K 7™ it B 22 42 L)
K B B AR RE A K S SR AT i SR |
FIRSL e it sr — [l PRE I E £ ) R R
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AR NICRN k12 /INBERR % B 43 B A R 77 v, %K
7 i T O A R DG U W T LA

BT, XT3l 5 B B 24 % B Y
558 B 43 W 3 B B EK A g W BT (ELISA) (AU
15 — L A AR A T | F Ak 2 WRORE 3 T
WKL . ELISA BA RIS ADoK | 20 5%
fA] PR R A, BRI TR a2 AR B
PO AT, 9 AE O] £ fe g I MT17-KLH Jf- 4%
UK S R ) PR L SR 1) 22 s BB AR, 3 O R
o P2 W BRF 32 3 7 3000 K i Y R SR Y O 9
SAH X T AU, A PSS R 25D
HA e s FHARRE AN, 5%
A0 i HLB /N b SO 03 3 55 i AR
R, JG 20 2 B DA 1 11 Fh4BLBR U AG R JEA 24
3 ARG RIS WP H TR R
JIZ A A — b s 2 AT BRI R 24k B A
Ty i1 P AS AU ST Y — T B FH 9 0 K
M EE R AT 7 R R R AR L By
Y- S USIR FH VRAH 833 — BT 3 ] 457 3R R (] s U
EIKE TP AR R WOR e IR 3 Mk
RS o BRI, =BT 33 3K HH 2 ) R i i A
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PRI PR R AT AR AR AR A AL
FEBR R URL 55 20 B AFAE PR A0 BRI B K
#;’f_’_fﬁ“ﬁlo

A5 R 0 Y [ AR B I A B (Solid—phase
and membrane based extraction, SPME), i3
MRS SO, R G XA 2
(PRIME ) AL UB B, BAT PRt 45 i 27 il DA
IF6] K] 108 5% A4 IO A €0 3% — AR TR Jo 5 12 PR ) £
P P R R SR WM Eh IR /N BB AR B, B TR I AUE ST
IR /NBEDE | Hh IR AU R MINHE £ Y 1A 1A 1 ke B M
St —Rh bR AR T

Jise
%

1 MB57R®
1.1 R 5

it fE A B BTN IR T S

R EORN, 46 =98% , i R A A R
A R R /NBEGK , 4 =98% , BT L Tk A R A
A U ONE HR ((iE s ), 28 TEDIA 2
5 S K R B 18.2 MQ - em Y Milli-Q
alizk, AR B o P i ;[ R 8 RS A A
(500 mg,6 mL), S50 2% 1 ], B Sk 8 AR 4 4
A PRIME ZURL, - H 0 M (s 26 ) [ 2
1.2 FEHEE

VAR €835 1L (Agilent 1200), 32 [E Agilent 23
Hy S HEPURAT R L (4000 QTrap), J&[E AB
Sciex 2~ Al ; i B0 HL (Allegra X-12), € [H
Beckman 2 F] 5 B4 20H 576 PR K RS (HD120-
T8), %< [ Prima /A A ; i JE Pk 3% #% (Multi Reax),
4 ¥ Heidolph /3 A ; Waters XSelect HSS T3 %
F (2.1 mm x 150 mm, 3.5 pm) , 32 [E Waters A #] .
1.3 tRERRAIEH

PR B Ay 5 500 TEC 1) B BV B2 24 1 mg/mLL 3R
17 S A A 6 T2 /)N BE B R A5 B T A 25 T, I HH i
D23 1 R SO 4 BRI R o o i YRR R A TR
AR E TAEW .
1.4 Fik
L4l FERACRESH & XA (M
i )G L 2B R R R AL R B O
SR AR AT ER LA 4H 2L, TS KT VRO 258k
M35 5 Ve b J5 , Wbk 22 A7k 43, 43 ik L IR 40 2Lk

al zl

ABEFERL P8 A KR, BT 20 CHR AR A7 %
Mo

1.42  FESHATALEE AR FR UM ) FE AL 2.0 g OF
3 0.1g) T 50mL &0 S, A SmL 90%
(U B3 550) R B /K T 4 M e 25 3 I o T e
PR S min, FEHCE T 80 C/KIAMFA 20 min, B
LA, T 5000 t/min 3 R B0 5 min, #
S8 L RS W T 10 mL i, B0 A rh gk
ZEIMA 4 mL 90% WP BRI W, HE EREEE
B, B0 2 WERHOR, FH 90% s K I e 25 2
10 mL £ H .

T FH — UV G S A O A A R U
A 3 5 T 3h 1 FE R SERE S LA 1 /s B
J3E 3 Ao [P R 08 RS A IRORE L 8 U R AR A L T
40 CFAESMWT, UL 1 mL FEEAE % BRI,
143 WAHEIE-FUE &0 WS sl
0.1% H TR /K 7% W (A) FIl 0.1% H R O W5 W (B) 5
b Ve I 464 H0 48 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; i # :0.6 mL/
min; FEFE S wL; AP RF 30 °C,

JFRE A 25 B TR (BST) , IF 3 7 313
£ [ B A IR (MRM) , 555 11 JE 5.5 kV, T
PR EE 500 °C, U5 PR 5 5 B O AU, AR
<25 psi,GS1 2/ 40 psi,GS2 4 50 psi,

2 ZBR55H
21 ERIEEZEREL

A8 G5 11 (361 AF 2 RUR 38 A A 058 25 B 43 oy I
BE DR VEME TR 4 SR ORERT G W Al
RW, B FEK 8 i A PRIME [ A0 A BOR 4T 3k
VEREAT B LS A S AR I ik B A — B B, R
KAGE T H M BAEFRERT B 10 min £ 2 min, />
SCUS N B T AR, [RIEHIE A T8 B SPE iRk Ak
B ) 6~10 mL, fo 2 T FH W48 U v 1) 5 0
B 2R R o BT, 1% 58 07 ik B AR A i el
W 92.8%~96.4% , i 8 [ AH < BURS AL & ) 1m]
WCH N 91.3%~93.2% (% 1), PiRhJy ¥ % £h iR &
R DI 8 R /DN B 17 T i 36 2 S O Wb 3, 34Tl
&SI AT TR 2K
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Table 1 Performance comparison of traditional solid—phase extraction and membrane filtration with SPM

CEAECE S Evlicd AL B A 2 R
R B LA Ak PR AR —F il id
22 A # 8 /min 2
7 A% A 2 fml 6~10 x
A AL Bk LM, BCEKRE HRMRA ik % LA HE R AR A
A A4 &K 5 P 92.8~96.4 91.3~93.2

2.2 RILHZEHHML

DL 8l K B v B O 1 pg/mL R R /1N
B A T SR Wb M VR AT IE B AT
MS 24, o AR B R 2 W e TR,
S U m/z 336.40 5 KT Cliy 35 1R /) BE ik
BT (mz 336.37) M4, 1 B T U6 m/z 334.23
5 ClJE 3 e SRS F i (m/z 334.21) 4
5, W E miz 336 Fl m/z 334 LR /N BE Rl A1
TR A RN B 2, A MS/MS flf 8 fiff: 15 7 B
HE A5 R Kb Eh i/ NEERR Y £ 2T B m/z
319.8 Al m/z 291.7, b & KM T8 10 m/4
177.8 Fl m/z 137.9, ff FIICHE (Ramp ) 18X T GE I
b 7% B (DP) Tl 4 g it (CE) , {8 5E 25 Fil
B UL B TS S R A B ok, IR il A
o R TSR B X A Sk i R PR S R, HLAR
SRR AR B 75 B 5 %3 IS ST
ST ) HPLC-MS/MS 3 AHAF , T4 L HL N 6l 1
AT, R AT AR R [R5 15 4 7 B 1R
Fi 2 T A T AN T
2.3 ‘iGFENMRL

AHEFE LK H B 2 R sh AR, Herp ok A
HOImA T R Sk Bl AL 5 1 1Y) g I A LR B AT
Ko B2 R R, RN 21 38 0 2 B R A
M T2 LK G R it sh AR 5 158 /N B e A R
i SR I ) D o K B -, i 2 R 5 /0 TR R K
MONE R, A I A R g T His
b 1 O B RE 0 N R 8 g 4R v R vk
WS A 5 i) 7 FF 2 B, DA 4ali 7K Ry K R k6 i /) B
R 1 A I i 7 (1 32415, 0.1% H iR K - 2 G
ViR U sh AR A R B Ak B e o {1 fe 5 it — 20 38
BT P RAR AL B E 0.5% ), 3 R /)N BET Fn 16
i AR5 5o R R W PR AR A 3, R Y

R EON B ARE G W7 (iS4 E IR R AT 5%
WA K, R ARBIFSE L 0.19% F R K — 2 15 A i 3l
A4S H AR A P15 204 800 8 AL 1 s
F A TP B AT R BUE R LS min Z 9, FhER /N
BERR AR B2 RIS 2 R A s (| 1),

8

545 5
Intensity/cps

8 8 88 8

8

‘.L Sl ettt aialiabiel bl

2 4 6 8 10
s i)

Time/min
1 EI1H R AR 3 B AR i - B B B TR RE U R
HEBSEMMER/NNERZE BIEE
Fig.1 The chromatogram of berberine hydrochloride

o
B
E
E

and robenidine hydrochloride acquired

by SPM HPLC-MS/MS

2.4 EHRZFEBGERAEESEBRAEROHE

AWFFEE T C18 HLB Slica Florisil 4 fi#E
BORCR AT IR, A& 2a TR | 6 B SR RN ER
2 /N B ) 82 B R M AT SR AR, e AN ] R 2
BUR PO SR 2 A, SR AS ] SEORH A JoT )
HARb AP R m gk, &R C18 X kg
SR I 8 2 /0N BE 6 7 [l A 3R 43 03 ok 65.7% Al
66.9% . 4 fit ] HLB HUEHEF , H A5 A4 4 1y [l
YI7E 90% L) F . Silica 1 Florisil Xt £k g &4 28 AT
B 2 /N B i ) TR R O S N A Ok 38.
9% ,42.5%F1 33.6% ,33.4% ., W BEE—Ff R4
WA ), R AR 1 HE RS 0 1 B A 9 1 Tl
A —E TR, A 5Tk A B S 22
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W, 3 T 1~5 mL B9 YR BEA TR . 25 2R A
2b Fir 7R 3 R SAR WA 1 R /N BE B Y (0] Wi 2% il %
P B A B i L o, 24 AR RAE 3~5 mL

100

80 Bt

60

40

HIES
Recovery/%

20

0

Clé . HL.BI . Silic-a> F[or;is.ill

(a)

i, H AR BDICRATE 90% LA L, BEHRAS BN W
B IBUSCR OB E 3 mL P e AR AR

90
80

70

—o— EERSTAN —m— Bh NS

In] g
Recovery/%

60

50

40 1 1 1 1 1 1 1 1 1
1 2 3 4 5

A B
Methanol volume/mlL.

(b)

B2 ERIREZERER (a)f0 5% &R (b) T & B S B0 2 B /)y BER, B 45 2 i 2 1
Fig.2 The effect of sorbent of SPM (a) and volume of eluting solution (b) on the recovery of berberine hydrochloride

and robenidine hydrochloride

2.5 FRAEMZ KMSEEMG R EER

TE P TR TG % BR 1Y S 1 R O O A B
JoT o 3 o T FE R B R 0.5,1,5,10,100 pg/L 1
AR R AR IICFN 0 18 /N BE IR & Ar vl TAE W IR 17
JpRAR g L TR (y) S A A | X I )
Y VA AR O A B Ol B AR AR s IR ME N £, AR
PER] I 7 B SR BRI O R B (r) . A I 3
£5F1 10 A5 15 W8 L6 (S/N) o 22 900 4 1 A i FR
(LOD) I # R (LOQ) . Hi3e 2 Al il in &5 R &
B, ERWR /N BE AN ER PR S R IITE 0.5~100 pg/L 1)

Pri R B NLERR R, MXERE >
0.999, ZIrEXF AL A ket i R B L AR
iz /NEEGI ) LOD F1 LOQ 43514 0.51 we/kg il 1.67
pekg, ERERFEEMUY LOD M LOQ A 0.53 pe/ke
1 1.68 /g, A F G N7 A [ AH 108 B A RO AH €2
T £ R ST R AR A TR R A R R T A
FHE R, WX K S RO £ 35 BT A ST
(18 ] I 2 7K 7 i e 1 SR IR S A 4 1
(% LOD H 25 pelke.

®2 HBNEFEMEBRIFMENEEE FREHE BHRMESR
Table 2 The linearity range, calibration curve, LOD and LOQ of berberine hydrochloride and robenidine hydrochloride

- ) o ¥k PR (LOD)/ % EF(LOQ)/
fe bt &ML E /g L AR A W 2 HE R (r) 1 X
pg kg pg-kg
EY 0N 371 0.5~100 y =2538x + 132 0.999 5 0.51 1.67
EXE B SN 0.5~100 y =1749x - 52 0.999 2 0.53 1.68

26 EWESHEE

FEZS B R 5 LT R i A £ R SR DICRN
1% /N BE B TR 5 s M VRS VL ) 4 T TR B 43 53 Oy 5
10,50 pgrkg IIMBRAE Al o AR H8 1T A 19 4 317 1 F0
I 25 R R A 2 B AN ISR R BN s ok
SESEATINAE 6 UK, EE AN 3 B 76 B W )
514 5,10,50 wetkg FUIEOL T, Eh B2 /N EEGR H

FH 845 % B RSD A 4.09%~5.73% , #; iz & K K
(9 H AT H (8RS % B RSD 4 3.84%~5.29%, 3 Tl
FE vk FEAKSE R, BR R /N BE RN R R S R DI [
K H =91.29%~93.2% ,RSD<5.2% ., 45 F- 6 W , 1% K
D7 B 55 SRR E | AT HE RS %5 B R LR AT LA
T A £ PR v [) B 00 6 2 /)N B g 7R SR UK
5% R I ELR
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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
At T & AR R R ‘ EIM%%:E& -
pe kg™ HAE + AR £ RSD/%
3B DS BE A 5.0 491 +0.22 4.48 5.73
10.0 9.85 + 0.41 4.16 5.25
50.0 484 + 1.98 4.09 5.17
ERUE N 5.0 4.87 +0.19 3.90 5.29
10.0 9.72 + 0.38 391 4.66
50.0 48.5 + 1.86 3.84 423
x4 TAHE RPN EERE N5 SN AR B4R KR AR E R E
Table 4 The standard spiked recovery and RSD of berberine hydrochloride and robenidine hydrochloride
in blank fish meat sample
o & R E g ke
ot 5 10 50
SR &) RSD/% DK /% RSD/% =A% RSD/%
3k R DN BE A 92.6 4.6 93.2 4.5 91.2 4.6
SN 91.3 1.8 92.4 52 92.1 5.1
2.7 SKBREEmET 2 £ X M

R AR 7 3 08 T 45 7 i B £ e £
A5 12 HOCHEAT R, 25 SRR BB R & 0BT
JE PR AT BE ¢ (1) 5 R /1N 5 B8R 1R Sl A A 8 11T 1
P AT K FR G P I A 338 & (2) H
BT HRAE T 1D X055 25 78 FR FE Ml r 14 RS 7
0 BERS™ 25T DL LA AT B G
1A 2 — 28 Xt AN [R) oK SR AR K 7 i AT A
M KA R AR AR

(1]

2]

3 Hig
B3 i B PEIME [5 AR 28 ORI B QU8 4G

S B 0 PR AR B AR R BRI e BR AR Y
IR RAL, TEORIESER R /)N B AN 6 IR SR AL
ORI T R 2 1 AR ], 4 T
LU FIAEAE T 455 WORH (3% A3 3K T 3k 52 B
0P R R PR /N BE A R SR IR k. AR
FURATSERGI 7 4R A 20 R AT B BT, AT
AR 01 P v £ TR S R A 8 15 /N B el 5k B 114 A 0
T3, K i B A KU A R R ROR S

MR&, #otk, BEMR, . SRR 4 Fit
TR HL 24 o8 bR B R A 0 R BOR LR )], & TF s
4R, 2017, 21(1). 41-43, 57.
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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 Conirol, 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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