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B E: BR &7 S SO 65 - B BRIk (High performance liquid chromatography - tandem mass
spectrometery, HPLC-MS/MS) IR0l 2 4 P s e e B . ST 2 U . U0 T REmE . FRAifhbk . SNARAK. R
Fe% . ZAREE R R P AR B 0T A 2 g FEAAESLINA 8 mL 0.2 mol/L ZERAH/K AN 50 pL B-
AR T, 37 CCOKIRAL B, 1 UBS AR SRR S B, AU AL AR Y pH 2 9.5~10, 25 mL LR LR 73
PIRARE, Wedn, FIIECKiBRIE, R HPLC-MS/MS Z W WA, Ahbrihd &, R wieRy |
T MM, VTR . R ARRI R ETE R R 0.5 ~ 5 pg/kg, ENABM . AEiEREE | ZATVERD MBI D BY
RMEEEY 0.25 ~ 5 pg/kg, HRREIIKT 0.995, VT HEEE. Fefifibk . SNABM . AEHFRZ MBS Re % 1
K FR A 0.25 ng/kg, EEBRHA 0.50 pg/kg, "RHES | ERLEME ., AR HRHRHR 0.15 pgke, EmfR
o 0.25 pg/kge MARIEICR A 82% ~ 105%, AHXIARUEN 2N 4.65%~16.18%(n=6). &R ZIFIELATF. Fifl,
PR, Wi, G THR TS SRRSO, VT REE . R Ak . SRR, ARERED . BARS
ARG Af 4 27 B B i B RG DU

KRIA: OB % - IR IR TG B2 B, R S

Determination of eight kinds of f-agonist residues in pork by high
performance liquid chromatography-tandem mass spectrometry

LI Li-Zhen, WU Xue-Gui', LI Xiao-Mei, HE Chun-Hui, ZHANG Li-Ji, WANG Fang-Gu, QIU Xiao-Yuan

(Hainan Willtest Technology Co., Ltd., Chengmai 571924, China)

ABSTRACT: Objective To establish a method for the simultaneous determination of the clenbuterol, ractopamine,
salbutamol, terbutaline, chlorpromazine, fenoterol, tulobuterol and penbutolol residues in pork by high performance
liquid chromatography -tandem mass spectrometry (HPLC-MS/MS). Methods The 2 g pork samples were added
with 8 mL of 0.2 mol/L sodium acetate aqueous solution and 50 pL of S-glucuronosylase in a water bath at 37 °C.
After filtration, perchloric acid was added to remove protein, and the pH was adjusted to 9.5-10 with sodium
hydroxide, extracted twice with 25 mL ethyl acetate, then concentrated, and degreased with n-hexane, detected by
HPLC-MS/MS multiple reaction monitoring mode, and the contents were quantified by external standard method.
Results Clenbuterol, ractopamine, salbutamol and terbutaline had good relationships in the range of 0.5-5 pg/kg(r
> 0.9950). Chlorpromazine, fenoterol, tulobuterol and penbutolol had good relationships in the range 0.25 ~ 5 pg/kg

(r>0.9950). The limit of detection of salbutamol, terbutaline, chlorpromazine, fenoterol and penbutolol was 0.25
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ug/kg, and the limit of quantification was 0.50 pg/kg. The detection limit of clenbuterol, ractopamine, tulobuterol was

0.15 pg/kg, and the quantification limit was 0.25 pg/kg. The recovery rates were 82%-105%, and the relative

standard deviations were 4.65%—16.18%(n=6). Conclusion This method is economical, simple, rapid and accurate,

and suitable for the determination of clenbuterol, ractopamine, salbutamol, terbutaline, chlorpromazine, fenoterol,

tulobuterol and penbutolol residues in pork.

KEY WORDS: liquid chromatography-tandem mass spectrometry; f-agonist; residues; pork
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B-Z AR AR AN, R—REA R ES
ARG, TG D TURL A 2 2 R B A S W SRR, HBE
WRTE R AR R LS R RSB CIE o] 4 R R e
B ORBYRL R R E BRI, BRI R R BN
T A8 PG Ak SR AR S AL, N p-2 ki h 77
KW sh v, alfe s sl i, SR
HoDE R, DU, B BERE R NUEE, 5] &R
BLAEREIRPT, R R R E G TR T4 176 5280
5193 SONERIEE 1519 S4B A5 1L p-s2 R sh
FZAE R AR S, R g ki sh w2
YIC A 24F, EAERIZEIRE R, RIBA A T HEUR)
#, AT B TR B OR824, B IR RI 252
PRSI 4% U AEAT T AR A T o E TR -2 A B sh il T
PR SR A AR i - B T vk U L S -
Rl AR st R A e E TR
VRS . T -2 R B shRI ot A N Sish ) SR,
S Al hy B WS R0 W B R 5 ), - I T
it e — o T L6 TS TR T K 2 A7 1 8, 2 T LA AE
AR FR YU A ) BB BRI A W OB R DT, T AR -
ZARB R — et A TR AR A S AR ik
OIJEA PRI 7 5%, %O SPE /MERA s, H
SPE /N AT BEAEAE 0 2t (7] R 55 3 LAk B i 2k, TR AR F
FARM R ERTIEE NS, HHIEC LR SPE /i
etk B R RO (- TR A, AR i
ULk . (R0 Pl WERR, R - IR I
FRAE T RE A RLIN r

2 MHEREE

2.1 {UEF. ERIAnA R

1200 125 BB A (2354 (3€ [#] Agilent Technologies /A H));
API3200 = PUZFT %I . Analystl.5.2 Software(3 [F
AB Sciex A H]); AB204-S HL K-y AR -FEF 24X
A MRAF; TTL-DCH ZMAL (L5t 2R & SR B
), LXI-IB AR KA 2 8 0HL. TGL-16G-A G5
VR B DAL R SRR,

il

N, R, IECke(migal, Jbat e RERHE A R
Al); EEBRLG L, KETRNE B 2= A PR A FD);
R (it ali) . -4 2 A I 1R T 1/ 07 ZL B IR 196 1 (sull fatase
activity < 20000 units/mL) (f&[E CNW A +l); wiefsEd | 3K
WA ERE . VT BREE(L Y =95.00%, f#[E Dr.Ehrenstorfer
GmbH A rl); FrAiflibk . SN, EREY | ZAFE
B WA RS (Al = 98%, b HFLERE SR R A
FRAFD.

22 tREMEEIRECH

Ay BIETRIE B AR IR SRR ST 2 B VDT REE
FRAMAR . SPNHRAR . JETERRD . ZATRRD . WA AR
WS, F G5y SIBCHT AT 100 pg/mL {459 o
23 HHEAESSL

FREL 2.00 g BESL, A 8 mL 0.2 mol/L ZMR4RVE R
(pH=5.2), A 50 pL - % Ml E R 1T lF, 37 °CKIBIRG
16 h, BEfFECE 22, R4, 4000 r/min #.0> 10 min, B
BB T 808P, AR pH £ 1.0£0.2,
4000 r/min .0 10 min, ¥ L3R EB 25— .08,
A 10 mol/LNaOH ¥ % 13 pH 9.5-10, JI A Z MR ZHE 15 mL,
WHEIRA), F¥R% 10 min, B0 10 min, B EIF R ZE O
B, B FEKMAFMAZIKRZE 10 mL, B2, &%
10 min, #.0» 5 min, FIFF A, HIKRTF, IIA 3 mL
SIEWAMIECKE, W5, A 1 mL ZE-0.1%H FRIE R
(V:¥'=10:90), % 1 min, 12000 r/min &5.0> 5 min, FFiFC
PeZ, TIEid 0.22 pm A3 AL RS (R e R0 A i - B 1k
JERE 5E o
24 RERFEMN
241 &S

A AglientPoroshell 120 EC-Cg(2.1 mmx50 mm,
2.7 pm); AR 30 °C; HEAESL: 10 pL; WEIAH: A h
0.5 mmol ZfR#:-0.1%H Rk, B A ZIE; BhEEVEAR N
T: 0.00 ~2.00 min, A f£FF 96%A4E, 2.00 ~ 7.50 min,
96% ~ 4% A, 7.50~8.00 min, 4%~96% A, 8.00~14.00 min, A
T34 96% A%, JiEk: 0.30 mL/min.

242 JRig&At

B IR HLBE % B T (electron spray ionization, ESI),

IE & T3, £ 0% W (multiple- reaction monitoring,
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MRM); HBIZEHLIE: 5500 V; BT IRILE: 550 °C; AT
JE7: 20 psi; FALSHLIE: 55 psi; FHHAUMBS HLIE: 45 psi.
W 5T B TR 22 SN M A A g 1 iR .

3 HER55H

3.1 AIRCESESL
301 AR e R R AR

A S LR U1 s o T R TS ) R 25T L
B, BN B HIAR A R, DU AR AT, brifE
TRIES 5 5% B AE R TR S 38 B LT, 2 R BE AR X
FH SR BEAIG, 30k P 20 T S A v VA TR o

3.1.2 pH At E R H

TOERE G, AR OE T pH XHEA4 BNl
AW, SCHU BRI T RRE. Sef? | knsn
Jie . A AR U AR B AR A R i R T e B R
AL RS pH X I SR A TR ST o AR S
JkRHE 2.5 uglkg, Wit 4 A pH JEE B 8.9~9.5,
9.5~10. 10~ 10.5, #F47 3 A FATIAR, BRI 2. B
SR pH X35 Z MUK . FRAT AR . VD T RRERRZ I R,
TR AN, pH 7E 9.5 ~ 10 JEFEIN, DUFP LA (]
WK HAEX R, BIAS 255 A NaOH i 3R BUR I
45 pH £ 9.5 ~ 10,

#1 HERULAPHNRESH

Table 1 Mass spectrometry parameters of each target compound

ErRes Hirfb &9 EEBS T (m/z) FEF(m/z) HEALHLE/V &L GENAY
1 T B 302.284 164.189,107.024* 41 47,23
2 FARFRY 277.141 202.973,258.972%* 41 23,15
3 E AR 240.234 222.132/148.164* 31 25,15
4 AT bR 226.258 152.148,125.078* 46 33,23
5 ANABAR 214.160 117.976,153.946* 41 39,23
6 RS 304.176 135.017,106.998* 31 27,41
7 ZATFRE 228.129 119.028,153.970* 31 30,23
8 WA RS 292.010 133.016,236.063* 51 37,23
T A ERE T
F 2 A[E pH MRH p-Z 1 ah T EIULER (n=3)
Table 2 Recovery rate of f-agonists at different pH (n=3)
pH Vi
Hird 89~95 9.5~10 10~10.5
9 B/ (ugke)  FEE%  FS O KBNE/(gke)  EIREY%  FS BIME/(wgkeg) Y%
D 1.05 42 D 2.79 111.6 D 3.04 121.6
BT AN s p2 1.40 56 P2 2.89 115.6 P2 2.13 85.2
D3 1.12 44.8 D3 2.55 102 D3 222 88.8
P 0.645 25.8 P 2.19 87.6 P 2.12 84.8
EERRILIN P2 0.703 28.1 P2 2.13 85.2 P2 2.02 80.8
s 0.549 21.9 s 2.02 80.8 s 2.03 81.2
D 0.749 30.0 D 2.08 83.2 D 2.14 85.6
T P2 0.966 38.6 P2 2.14 85.6 P2 2.07 82.8
D3 0.648 25.9 D3 2.10 84.0 D3 2.12 84.8
P 2.28 91.2 P 2.20 88.0 P 2.87 114.8
FARFEY P2 2.52 100.8 P2 2.36 94.4 P2 2.49 99.6
ps 2.27 90.8 s 2.03 81.2 s 2.02 80.8

TE: BRI 2.5 pg/kg, prv p2v ps IR XTI pH ST 3 S FA7 A
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3.1.3 AL

il SPE #+ib/ME B 5 B AE T4 %E & SPE
N B A [ 5 R Ao A SR AN [, 25 P ) S R 2 1 T
J5, PR B AT IR ZS, SO IE O ke B
BRI AMAER R BT o TR R B PR S R A T S % 1
CUGEFN SPE /IMT M LR HEAT LU, 1F O b bR WL IR
1 A1 SPE /INE i AL AR UL L 2. B Sl AR vk B2 4 2pg ke,
Z0F O e LR IR L DL IR 30 MRS AT I, IE O
M SPE Bk 22 T80/, S gs Ak, HiEd
B AR R4, RTINS SPE A 3 1R 5 | e g e A 25K
IAEB O LA, B T bseR, BT 2455500k 0 ) 34
Wis Yy, [R5 A .
32 MURFAMEEMR

XoF ) 1 A i S 0 b AV R 22 A A PR R 0.25 ~
5 ng/kg FRAVARUEMZE, [FEFIEFT RS H R A2 = BR 5 I,
gER LR 3. K 3 ERERYW: WY L EM.
T e BE R A AR I R AT 0.5 ng/kg ~ 5 pg/kg e

1.3¢4
1.2¢4
1.1e4
1.0e4
9000.0
8000.0
7000.0
6000.0
5000.0
4000.0
3000.0
2000.0
1000.0

i 137 42

WEINA B MEN R, AR, BHES . 20
B FIE A o B P 26 VE ] 0.25 pg/kg ~ 5 pg/kg WREE
BN A BT R ME G R, MO REI KT 0995, st
¥ WO, ZARES KRR 0.15 ng/kg(S/N > 3),
EEFRN 0.25 pg/kg (/N> 10), 10T B . Ak |
AIRAR ., B RS | B RS R R 0.25 pe/kg(S/N
>3), B 0.50 pg/kg (S/N> 10), i HBRAE R
T ] R o o SR P
33 FAREMEIBEE

SR BRI A o AR vk AT 8 B, LAY R BR M 3 i
Wil A B S a3 ANV, S v
W, Ry | EnZEME . YT IR, R i
TR 0.5. 1, 5 ngkg, SINAH ., JEHEFRS | 24y
BRI RS IR A 025, 1. 5 pgkg. HAW
TASHEAT 6 AFERLTATIZES . LU I3 ISR FAH
P2, IR IR 4, R EE YT Ry
82% ~ 105%, AHXTARAEM2EH 4.65%~16.18%.

504 563 - 848 075 7 1 S —— 2 3 82

O.O-Hz‘ 098 148 106 240 323 __3931
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Fig.l Negative sample diagram of n-hexane purification
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Fig.2 SPE column purification of negative samples
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Fig.3 Chromatogram of eight kinds of f-agonists after purification with n-hexane
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Fig.3 Chromatogram of eight kinds of f-agonists after purification

with n-hexane
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Fig.3 Chromatogram of eight kinds of f-agonists after purification with n-hexane

=3 AT L-ZHEHFIEMER. @EHFE BXER. RUR. EER

Table 3 Linear range, regression equation, correlation coefficient, detection limit, limit quantitation of eight kinds of f-agonists in pork

[latg?] MV Hl/ (ng/kg) EYE oy MR REL r i i BR/(ng/kg) FE R/ (pe/kg)
TARRS 0.5~5 ¥=0.0.9792X+0.012 0.9961 0.15 0.25
BN S 0.5~5 1=0.9704X+0.044 0.9967 0.15 0.25
YT e 0.5~5 ¥=0.9625X+0.053 0.9971 0.25 0.5
AT bR 05~5 Y=1.007X-0.011 0.9962 0.25 0.5
N9 N 0.25~5 Y=1.063X-0.140 0.9955 0.25 0.5
JEiRERS 025~5 ¥=0.9714X+0.103 0.9958 0.25 0.5
AL 0.25~5 ¥=0.9958X+0.005 0.9998 0.15 0.25

I A 45 % 025~5 Y=1.076X-0.226 0.9962 0.25 0.5
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R4 EATSHM p-ZEBIFIRIRE . FIHEWE, 8t
FrEIRE (n=6)
Table 4 Concentration, average recovery, relative standard
deviation of eight kinds of f-agonists in pork (n=6)

BIRIE FIGEICR X R o g 22

S =t /(ng/kg) 1% /%
0.5 82 9.25
1 SARFRS 1.0 99 10.00
5.0 85 9.94
0.5 90 11.32
2 XnZlK 1.0 99 5.68
5.0 88.6 8.76
0.5 88 16.18
3 YT B 1.0 104 7.98
5.0 87.6 10.05
0.5 90 10.55
4 AT AR 1.0 84 6.33
5.0 85 10.92
0.25 88 9.14
5 AN 1.0 102 8.75
5.0 94 8.85
0.25 100 9.40
6 JEiRRES 1.0 98 6.76
5.0 89 9.56
0.25 90 6.31
7 ZATFE 1.0 101 9.41
5.0 95 4.65
0.25 85 9.20
8 WA R % 1.0 105 9.89
5.0 99 8.85

34 FHAEWIE

SN RE ST Fext, JH 2.3 AR BEATRIALBE, 4 2.4
ARSI S A TR I, S AR e B RIS e 22 B e B A 43 )
5. 3 pg/kg, WHRERRAMZE R 50H0 478, 2.55 ng/ke,
FISCR A TFNN 95.6% . 85%. A Jr ik i A 45 S 433l
H4.97, 2.41 pg/kg, FENSCRATFIN 99.4% ., 80.3%, 254
A AR ER
3.5 SEpReEmal

SRR TR T 40 A& RRE S KA F AFE S
MRS | 2B VT el FRfifbk . SR
MLHEFRS . AR T AR AR BRI, 2 SR8 R
BHE

4 HZw5itie

AR5 L i B i - ST i A S B P v e AR
B KON VTR FEATAR . SRNHEAKR ., AR

FET | ZANEED FIME A R B AR E A vk . e A R TUE
MW EMA)E, F NaOH A pH 2 9.5 ~ 10, Birfbs
YIBUS AR E B R B, SR IE O B ik T S 30 05 Jot
R, BRPERIGE, defbrd 4, RBicRig s, B
BRI A, GE AR AR AR, T AR R
0.15 pg/kg ~ 0.25 pg/kg, EwfR 0.25 ug/kg ~ 0.50 ug/kg,
FRHENR 2 4.65%~16.18%, i 2 B FIRHEER , L4
e MIfE. PRER. MERE, A THEATRARS . KR
- N 3 (AN R (TR 10 NN 77 NN | 7 S 22
TR R A R TR A o R VD I B 2R s PR v Sk
J5, WSS R AR AL A AR By T B AL, B8 T AT bR
T HAEAH .
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