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Simultaneous determination of 3 kinds of f-agonist residues in pork by liquid
chromatography-tandem mass spectrometry
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ABSTRACT: Objective To establish a method for the simultaneous quantification of 3 kinds of f-agonist
stimulant drugs (salbutemol, ractopamine, clenbuterol) in pork by liquid chromatography-tandem mass spectrometry
(LC-MS/MS). Methods The prepared samples were extracted with acetonitrile containing 1% acetic acid and
acetonitrile saturated n-hexane, and then separated by ZORBAX SB-C,g chromatography. The mobile phase was
acetonitrile-0.1% formic acid, with a gradient elution, and the content of f-agonist stimulant drugs was quantified by

multiple reaction monitoring (MRM) mode. Results This method completed the analysis of 3 target compounds
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within 12 min. The limits of detection were 0.003-0.015 pg/kg, and the limits of quantitation were 0.01-0.05 pg/kg.

Average recoveries were found in the range of 71.6%—112.6% at the addition to animal muscle tissue of 0.01-5 ng/kg

with relative standard deviations of 7.2%—-16.9%. Conclusion This method is rapid, accurate and sensitive, and

suitable for simultaneous determination of 3 S -agonist drugs residues in pork.

KEY WORDS: animal derived food; liquid chromatography-tandem mass spectrometry; banned veterinary drugs
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AR R A A 4 TR 2 4 PR
20 2 80 AEAR AR, -5 AR B IR T T 88 A A LA
HAE, [ g-Z KR S HS PR E R, K
W25 BA RSN . iFEC 4% (clenbuterol, CLB), 1
HORAL B2 AR R IR G, NS
Yok B 2S5 nT S LA A B . S AR R, LAk
HIZGH LA VD T el (salbutemol, SLB)FIHT U8 A K5 3 78
% [ i (ractopamine, RCT),

FOESI R4, W, EE. HA, hE
oy oyl T S IEPE S P S 2 R S AR B BR A, JRAR L
FEF BRI IRIE RAE S 2. 2002 4, FRELRBCRTN
[2002]1 = SCHIfALE SRS | U0 T RE . 35 2 O B
FRZ5%, SERtBIATm LAk, SRt A Al 6 R LR
ERIRIAT AR BN T A GE S, (R 24 R
UKEE T AE o, B 2 s AN RSS2 A I TR R 2R .
SRS RS2 5% i O R Sh I & s h R
SRR H P DR S s A3 2 2 0 A ARG I D vk
Gy Wb

B i X7 B 24 5% B 0y A I vk 3 A A I A
PRI VRO € R S SO RO (i R ) g
IR S e AR T B, PR A I AT LA T AT A, (Al T
FCAR PR e, ToikVE R 2 5% B A i IE . BEE I
RALZFE BT BAR B R IGH, JBOR € 33 - B 10 BT 1% 4% R (liquid
chromatography-tandem mass spectrometry, LC-MS/MS)7E
BRI B G Y 2 41 435k B R o B B S A g, a0 R
B PR R R EUE AT Y, B4l BT R
LI ANGHE )75 . Huerta 55U VS, T o0 M a4l 2 rh Z2Fh 2y
Pi S BOBORA €3 ER I BT 1, FE S BRI
¥t BRIG FE A 0.01~0.98 pg/kg. F &G, T — R
SOBAE S — R IBE STV A2 B A R AN A o 2l B
B, JriknR R A E =R  0.05~3.05 pe/kg
1 0.16~10.0 pg/kg. BAT A EARF Ty 12 GB/T 22286-2008
CEPITE a2 F -5 A S 5k B i I E YRR
e RIS ) P 4 A 4245 CLB. SLB. RCT
FEW 1L Bl p-52 VR 3h 390 25 9 1 5% B8 A o B 241 R
0.5 ng/kg, TIIAEXS B-Z KRB HIFZH 1) LC-MS/MS

R 7 1 ARG HH BROK 22 32 00T AR AG R B, K 2 07 A6
W, FE AR YRR AR, ATRE AR BBITESR, FE
B WA TR o A T3 Ak BRI A 2, A
FAERRNAE & RN 3 Flr p-32 AR 3 1 28 25 9 (4 iy
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— o P A AL R S-S A sl 7RI DS 245 g 5k B ARG
Tk, RS IRE b2l 4 R IR ST

2 MHEREE

2.1 X5
2.1.1 AE. KA HAH

Agilent 6460 — H PUZLFF %A (35 [ Agilent 24 7]);
N - EVAP 112 AWk 45 1% (35 [H Organomation Associates
2y F]); 3 - 30K R R R O AL (75 [ Sigma 22 H]); HLB
[EIAHFEBCFE (150 mg/6 cc, 32 [F Waters 22 H] )

¥ T & B (salbutemol, SLB) . 3K 7 £ [ %
(ractopamine, RCT). {4 #F (clenbuterol, CLB)FrfE i
HEHRKTET 99%, #2E Dr. Ehrenstorfer Gmbh /2y
F); LB HEE. QTR OHE . —FE bl IEC be(taikal, %
[ Fisher 2AH]); K. LR . SALEAGH BT 4, JEatksanik
FRAAFD;, HER ., LR (EI%4E, 5£E Acros Organics

AT)E
ARSI R 11 {5 [ N A A 2 SR B S B A
HARN A KT

2.1.2 B

ZIEMWAMIEC &S 100 mL IFE4EF A 10 mL ZJi,
TG, FESE, BRI,

0.1%HF A% (& 5 mmol/L Ze%%): B 1 mL H iR Fl
038 g LB T 1 L A, FIKBMHIFESE 1L,

B MEMM R 8.5 mL 84K, A 1.5 mL 215,
A IRGIRS], BB .
22 KWHE
221 ARBEEREA

FRUERE A AIBC I : 43 BIRE 2 PR R E S 10.0 mg(LA
4T 10 mL AP, FOIERM . 25, Bl
WeBE S 1.0 mg/mL FIBRUERE £

PR TAER P ECH]: A5 0.1 mL 425 bR Ak
HWTF 10 mL FEd, HOBmEE. E%, Bl
10.0 pg/mL [PRAARE TVEA
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P b bR oA 4% TR B v AR W4 B F 20 °CilE
A7
222 HSEraE

FREL 2.0 g(RSHAZ 0.1 g)ifFEGE )T 50 mL BL.OEH,
JIA 10 mL 2B 1%2.8), i€ 30 s, Y% 15 min, S000 t/min
(2599 )& 10 min, W LIEF 55— 50 mL B0 & 5k
FH 10 mL 2 (& 1% )L PR HR I 1 Ik, A5
g . FIERTAIIA 10 mL ZIBRAIE Ok, BIZEEY
30 s, 5000 r/min(2599 g)&.0> 10 min, ZFRIECkE)Z, Wk
TR, 40 cCRIBFBERGE ET . HBERRER, &
AE 1 mL, REJEE 022 um BB, 60,
223 RABEHE-FRAELM

(1) WAHEE S

{44 Agilent ZORBAX SB-Ci5(100 mm x2.1 mm,
3.5 um); FEiE: 40 °C; PEFERE: 10 uLo FRBIAH A 4 0.1%H
REW (& 5 mmol/L ZFRE), Wahtl B NN, HiE:
0.4 mL/min, A TSR BEVERE: 0 min, 1% B; 3 min, 25%
B; 3.5 min, 35% B; 5 min, 50% B; 6.5 min, 80% B; 9.5 min,
100% B; 10.5 min, 100% B; 11.5 min, 1% B; 13 min, 1% B,

(2) Faiksf

BPUR: RS B IR (EST); AR B T,
Wei 7= ESI A RN I, B4 HE: 4000 V;
ZASETT: 40 psi; THRAREE: 300 °C; TR EH:
10 L/min; $5EE: 350 °C; $§3#: 11 L/min; HAhR
ESHIER I(BEF. FEF. WEEEMERETE).,
224 AR ITEARR W K 0944

W R BGE IR SR TAER, A 2.2.2 Fikabais
P13 0 P B BB A S A v T VR O 5 R, A R TR A P M 1
Ve, f33EMILACPRIERZ LC-MS/MS 8T, H— 1k
FESATHERE 2 W o LAFE ST VG BC AR I T AR IR MR B M B AR AR,
A PR I A T T E R L O A AR AR, 22 3 DG
PRk
225 FEMIE

TR B 55 05 28 B 43 i) e S R AR R b v 22 . TR
WZSEREM 2 g F% 1%, 10 £5F0 100 1% E &R (limit of
quantitation, LOQ)3 M FEACE- R IR & bRk TAEM R T
TN EDSe B, $IE 2.2.2 1 2.2.3 BT AT RE S A 35

BTN E o ARIEA W 0 e TR AR, FF 356 5 D A v
LRAT XTI AU, SR TSR I A [l Wi 2 A X o o
25, BAWRBERE S 6 AT, 1S3 d EAE N, iHE
SEXENE . H RS B H DR
226 FEFALAR

iz 2.2.2 F12.2.3 7R J5 k5 AR iR S A TR AR B LA
KA A3HT o

3 HRED

3.1 LIWEMHEEF
301 AR &AL

FAH AT S VR B, B2 2R Ci,
o CoFMZRE L, MR, Frl & AHRE, APk
TFHRBERAZES . AR Acquity UPLC BEH Cig Fi
(50 mmx2.1 mm, 1.7 pm)*5 Agilent ZORBAX SB-C; it
(100 mmx2.1 mm, 3.5 pm)f 43 ZHCR AT T L. Acquity
UPLC BEH Cs HEIETE 4 58 HA #i2; ZORBAX SB-C g f
TR BN, BB, IR B, &5
#FE ZORBAX SB-C g #

TRBIAE T 0 B AR AL S 0 00 £7 B B ) FIETE | 51k
BRI RS . ASZE R B A I S A AR 2 T
1k, LIRS ZLT 00 43 B A 1 R AU . fE B FHEXT, 0.1%
F R /K S T(E S mmol/L ZIRER)FI 2B i shARET S T 5
PERIZESE, A 0.1%F Rl et b A IFEIE B TR R i
B, R MHH] T A 5 mmol/L ZERE AT LAk 31k &
Y IE B TR T MBI R SIS . B, ARSER R4
SR 0.1%F BRKER (7 5 mmol/L ZIRER) M2 i sht,
AR A MR R 25, LV, SRIEITH 259
PR, SEIXRR . SBT3 B R
3.1.2 LA

FFRUEAHER I 0.5 ug/mL BIZIE-K1:1, V), TEIF
BB TR, BT & BN, e His
YIRS, RS R R Tk . FRAS
TS P B A, i B RS YRR S
AIRETE B, ARHE IR B Al LAMERf E PEADE & .

xR1 BMHUESYRIGERYE
Table1 MRM parameters of compounds

aEy H, B (EST) BEES F-(m/z) T BT (m/z) WL R/ V T RE RV P A5 ] /min
CLB M+H 2772 203.0%/132.1 120 15/30 4.1
RCT M-+H 302.2 121.1/107.0* 120 20/35 3.6
SLB M-+H 240.1 166.0/148.0* 80 10/15 2.2

o ONEEE T
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EETHMBERXEAZEEM 0.1% F BRI W (&
5 mmol/L B R %) A I shAHXT A3 BT A 74385 . ESTT R R H
MRM Wi AR S50 LU AT R AL B4, SCh g
TEECHR R TGS . TR A PR e R ) BT
FEREEmE 1,
32 #HRELEREMK

PR, HES P E A AR F AR S Em S Y
B IECR . ARSLEG HAS T K- R, VY. M-
2R M- 2. 1(49.5:49.5:1, V/V/V). Z -2 Z k-2 K
(49.5:49.5:1, V/V/V)SRBUA AT B I 28 (8 2A), RIBGA T
A 1% R ZRGARBUBUR AT o ARSEES LA T PR A |
T | DR FIAS K A s 1) &2 (] 2B), R mRE4R
BUOK ZN5- 28R 2. li5- 2. B2 (49.5:49.5:1, V/V/VYBHHEIREL, Fr
A AT HT G Il S A R R o A T AR UE SR A IR ER T,
SEHG T A IRBURACE (K 20), 455k 1 IRBUABESE
ST AR B, 2 WAREUE, Rl % AT i n 2y
10%~20%, K HETANE I LAk 5 R A 2 IRERBCE SR EL A3
Wi, ARSEEGIAT 206, BEE. IR BRG] .
FH s — S R e TR S VR RN BE T (] 2D), SR R IAE
CIE-HEEQ:L, VIR S R 2 i, 25
VR 2R, BRI R, FIFUREL. LA R,
B S%E K NG - RE-2K(47.5:47.5:5, V/V)FIH -
ZEAMREG:T, VVRKIRBERL, R AR B R B 2 T e

x103
*2.169

BT
3.3 ERMEARERZ

FEWCAE 655 SRR TS Ty vk R, RS0 R v B R
T . AT H IR Matuszewski 251178 7 BOBEAR
RPN A5 o 45 5 S 7 0 TR R A A R TR0
DRI AR A 9 R P 6 J DC P o il 28 12, K30 S AL A
SO 3 kA A TR DU JC bR v 2R B 2RI . AR
FBOMENA G FE R 2, ERMETEEP, M5 REHHEBK
F0.99, FMIH I RAAHCH: R AT
34 WKWHRFIEEMR

HHE 20 A28 IR L I LR i (8, SR, %
S/N Ay 3 B 5 iy A R B 52 A H R (limiit of detection LOD),
PLS/N 2 10 B X R A RS 8 o LOQ, WILAZHZH 3 Ffi
RS LOD Ml LOQ 43 HI7E 0.003~0.015 pg/kg Fil
0.01~0.05 pg/kg, BARZERILFR 3, ARAHSC SO, SRt
2 ST 7 — ol 1 M 4 B 0 3R A €00 3% - R K 3 [
Ko shppiavE it 76 P25k, RACHEME Mg™
FIRTAE TR 28 MR BRI, PH 8 7 50 460 [ AH 25 B R 641
Hrp g2 IR 25 )58 B (SLB ., RCT ., CLB)AYSE it )R
4 0.1~0.3 pg/kg, PIZSFER BEINENCR K 64.4%~107.9%,
AHXTFRUEIR 2253 A 3.9%~20.8%. Geis-Asteggiante 2"
SR FE R e 5O - R I T vk o

SLB 240.1>148.0

x10*

L0 r *3.514

RCT
05 r

M AR

302.2>107.0

x10*
"4.034
1.0

i 4

0.5

CLB 277.2>203.0

It [&] /min

P AR 2 BRUEI R R IR (R 5 1 LOQ)

Fig.l Chromatograms of several veterinary drug standard solutions (The concentration was 5 times of LOQ)
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m JE-HEE:L, VIV)

BR 2 fE-FEE(1:1, VIV)
[HEE-—E (37, VIV)

O ZJE-HF%(47.5:47.5:5, VIVIV)

160 - C R [ #REeR 100
» [HEE-— P EE(3:7, VIV)

140
120 |
100 F i
80
60 I
Yt
20
0 I L
RCT CLB

SLB

[N /%
K%

[l

SLB RCT CLB

TE: A REGRERIRIBCR ILES B: A IRK 7 AR BOICR He g C: 3RO, D: A RIGEBA R eI RE 1 A9 LA
K2 AT BRSPS R

Fig.2 Optimization results of pretreatment conditions

*2 BAOERLEMREREHZETEER. BEFFEMEXAER

Table 2 Linearity ranges, correlation coefficients, regression equations of matrix-matched calibration curves in swine muscle

Ew LMY/ (ng/ ke) [al 5 J PSS
SLB 0.01~2.5 Y=0.31X-0.03 0.9956
RCT 0.05~5.0 Y=0.19X+0.02 0.9976
CLB 0.01~1.0 Y=3.11X-0.17 0.9934

HEFE AR 100 ZFE255R ., FICRIERITE 70% B < 10%), AHIFFEHH L 1) 7 P DL 77 B R A, 7€ 12 min
- 120%, ##id 100 For P EE 1 <25%. H p- PIRIRTSE 1 3 Al B ARE A P10 53 B350 BT o A ARG 1 ik,
ZARMATHIZE 2R B (SLB . RCT ., CLB)H IR I Bl 7E AT ST A 5 T R T T AR B ), AG &
76%~82%, (HAFERAIEIL L RCT 45522, Jinks Bk BEINR M, ER . ATEE,

LIS BATE R R A 40%, 76 48 5256 55 UF B (1T 1232 A A
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®3 AABAT 3 FHELMRNRFEE (ng/ke)
Table 3 LODs and LOQs of three veterinary drugs in muscle

(ng/kg)
wEY LOD LOQ
SLB 0.003 0.01
RCT 0.015 0.05
CLB 0.003 0.01

35 EME. BEEMENMY

FREUES FARESL, 3 1A%, 10 £5F0 100 £ LOQ 3 MR EE
AT EIBORES, AR EEACERIE 6 AN TAT, a8k
3 d g, HOrkmEmE AR S A R LR 4. 76 0.01~
5.0 pg/kg FIVRINTERIN, 58P ICERA 71.6%~112.6%2Z
(], H ARG % AN H )RS %5 B2 43 9 R 8.0%~16.9% .
7.2%~14.5%, FH T AERROTEE, T SEBRARR S A o

3.6 EPRAEMAHT

R AT PR 1Y 11 A58 AR R4 T A BRI 43-#T,
Krmzs R 3 s, Hb 5 AR RCT &, o 1 6 pH
PERE A0 22 507 W 1 P DL L 3045 R A GBY/T 22286-2008,
o A7 1 ARG RCT K, KiRoh 9%, fifefi%
BB 25 S . 45 R I SCER R E (1 )77, RCT A =B N
0.3 pg/kg, SLETUHAA 2 MM RCT K ill, K2k 18%,
WK B BAPE 2 SR . MR LB A 1558 250 57N
GB 2763-201K B il % 4 W FARUE £ 5 A 24 Je KB B PR
) USERE, 451k RCT ZEsh g h i fii i, ROXH s
B NRZLRE RCT EK . Ik, X FEfh iy
B BA 45 R ok e B BB B, SR FH AR 5 vk O A I 25 51 6
7 RCT HORE 23R A 45%, SR, ASHFST A AG AR A 258 faed
AN, WTRERECMAE IR 22K, (NS AT SR,
AT DS T R 2 SRR, AR A A% A
Rt AR BT

K<) AR

R4 FEARM I MEANEWEMFEEHA, n=6; BHIE, n=3)

Table 4 Recoveries and precisions of 3 veterinary drugs in swine muscles (inner-, n=6; intra-, n=3)

et BN E(ug/kg) I3/ % H PR3 BE/ % H )45 % B2/ %
0.01 112.6 8.0 10.4
SLB 0.1 101.9 11.8 112
1 71.6 13.1 9.3
0.05 96.6 15.1 145
RCT 0.5 98.2 13.2 12.8
5 98.4 16.9 7.2
0.01 74.1 10.4 7.4
CLB 0.1 83.0 9.0 12.9
1 104.7 12.3 9.3
x5 ERIIAHEENER - x10° SLB
Table 5 Results of import and export meat samples B o5l 240.1>148.0
=
A= Hem izt ) W /(ng/kg) = -
1 A RCT 0.11 1 2 3 4 5 6 7 8 9 10
2 WA - x10°
g CLB
3 P 3 g st 277.2>203.0
4 K RCT 0.06
5 A - <107 1 2 3 4 5 6 7 8 9 10
7.5 |
6 A RCT 0.32 @ RCL 3.521 302.2>107.0
= 5.0
7 A RCT 0.53 g
= 25
8 e )
9 Lae - 1 2 3 4 5 6 7 8 9 10
10 i RCT 0.05 Ff ) /min
11 A - . .
K3 6 S BHMAR M MRM &
EREVSE N iR I

Fig.3 MRM chromatogram of a positive sample No. 6
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