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UPLC-MS/MS)f KGN 5% FasE - X 2 FBUATIAREAT QUEChERS J5 i BEA T J7 BN LT, JF 2 TARifEJr
BREATE A . B . JCHUERIC, P8 pH. PRI, EAHAEI, Wegn S BT RTAR B, FFE
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0.08~0.17 pg/kg IX[a], 3 ANHSEAIIIAR BISCRIE 81.4%~94.6% X 8], FAXTFRE(N 2 (relative standard deviation,
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Comparison and optimization of methods for determination of f-receptor
agonists in chilled meat
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2. Jining Center for Food and Drug Control, Jining 272000, China)

ABSTRACT: Objective To compare the available methods for determination of clenbuterol hydrochloride,
ractopamine and salbutamol, and obtain an optimized detection method based on high performance liquid
chromatography tandem mass spectrometry (UPLC-MS/MS). Methods Two kinds of available standard methods
and QUEChERS methods were employed for validation and comparison, following optimization step by step based on
the principle of standard method. Clenbuterol hydrochloride, lake dopamine and salbutamol in chilled meat were
analyzed by pretreatment including enzyme hydrolysis, inorganic extraction, pH adjustment, organic extraction, solid
phase extraction, concentration, and detected by UPLC-MS/MS. Results The limit of quantitation of method were
0.08-0.17 pg/kg. The recoveries at 3 spiked levels were 81.4%-94.6%, and the relative standard deviations (RSDs)
were less than 8.1% (n=5). Conclusion Compared with the standard method, the pretreatment time of this method is

more than half, and the efficiency of instrumental analysis is improved. Compared with QUEChERS method, it has
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lower limit of quantitation and more stable recovery rate.

KEY WORDS: chilled meat; clenbuterol hydrochloride; ractopamine; salbutamol
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Z A [ R AME A bR ME R0 ATl A 7 AR ME, Hoh GB/T
22286-2008 AL 1025 54 5-18-2008 /& £ i Fl A
7 b A e R B BRI . FEIX 2 M hRiE, AR
I WA . 22 oI TR . ARSI, A
WeHedii . SPE Wik AR E IR HEATANAR 20 Hr, AAL B
P B, AR 248 AR i B R, XXk 2
JBR ARG 52 P Bt R R SR S O, AR, T AN HL
[ A4k (disperse solid phase extraction, d-SPE):: AR GE
K JEH) QUEChERS(quick. effect. cheap. easy. rugged.
safe)ATAb PRk, A 2003 AEREHEH RKS), £ bk 12
FIALIHR R AT BRI TS e RN L AR R A )
Ho BEXT SIS R B R, RN AMIFSE N B R TT R
TIE T2k TR B A sh A I Y d-SPE
HIAHTT vk, BRI SR A Z .

ABEFE B AERS FAbRHETTEE M QUEChERS J5 54T
FeXf, FEIEREEARAY i BE T B A MO AL, TE R UE T %
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Acquity UPLC #8550 AR (61% 1X . Quattro Premier XE
=T UM RS (36 [ Waters 23 F]); SB-800DT #8755
VEHLCT BB Z R AT PR W), MS3 i IR AL (FE IR IKA
2y Al); 3-30K (¥ VR B0 AL (78 [ Sigma A A,
ASPECGX-271/406S 4= A sE A B RS (FEE Gilson 2>
H)); Milli-Q #B2li/KHL(3E E Millipore 24 H]).

R AR Y | e B VT RERER AR
(100 pg/mL, HER). 3 BT [E 7 = A FRE G FR HERR R

(10 pg/mL, FHEE)(3EE AChemTek 23 H]),

. R (ti%aE, 32E Fisher Ar]); HER. |
SEAbih . B JERUT JEEBE (methyl tertiary butyl ether, MTBE)
LR, WER . Zk@rird, L E 258 R FIA R A
), B~ A BRI T il 5 SRR IR R 3 (99%, 75 Sigma 2
A]); Cig Wb (40 pm, IHARE = H); MCX EIFHZE B
(3£ 1E Waters A H))o
22 EWHE
221 BREA

B-Z I RIAR MR AR TR AR S | e
e U T IREEIR S AR MEVE (100 pg/mL) H H B A R 2
100 ng/mL; K758 % D-9, WL EME D-3. T M
D-3 IRAPMEER(0 pg/mL)FBEZE 100 ng/mL, ¥HCF
4 CCYTRARAT, A5 I i T 2 T o o il 2 45 VA 38 051

0.2 mol/L Z.FRE I W: FREN 1.54 g L%, 1Tk,
FEERZE 100 mL,

5%2 K- : BE 25 mL 20K, BT 500 mL %
S, R E A R A

1% ER-K W WH 10 mL l2, ¥ % 1000 mL
R, HKERBZIE.

222 Henara

Vo i ARE S 2R B HLAT LA U, VR . FRER
2.00 g MITEEFRIATE, A A TN NARPIR A AR
AW 50.0 L, 0.2 mol/L ZFREL¥% W (pH=5.2) 8.0 mL F -
A Y 5 SR BR TR 20 uL, WREEIRA), F37°CF
WEEKERG 16 ho BEfRIS, WHE 20 s R, INA &R
0.15 mL, 7E 10000 r/min Z514 N 5.0 5 min, K¢ L iEREER
BH O, A 10 mol/L NaOH ¥4 0.25 mL, RS /m
A NaCl 0.5 g fl MTBE-Z R ZBE(1:1, V:V)IRAHEBOK 8 mL,
IE 20 s IRA, BAUIRE 3 min, 7E 10000 r/min {4 F
B0 5 min,

R LIRS — 08, IARRZ0.1 mL, RFES s
1R, Il MCX AR HEA T4k (AT 4 mL
PSP E 75 A/ NVEL), ARV 4 mL PR BSR4 mL F R /K (2:98,
V-V HGEATIRSE, JRH/IMEBICHIIE T BiS, ] 5%%
K-FAEEAE M 4 mL PEBEAE T BRI R4, I 4 i A
0.5 mL/min, JREGEBRTE 40 °C/KIE T &K T HER A
WA SIAH 1% H BRK-IEER(95:5, V:V) 1 mL, IR
57, 1 0.22 um MRS AN, 1R DHUERAE.
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TERALYR A 4331 ) i AR AR 0.5, 2. 10, 20, 50 ng,
BLhI A 0.25. 1.0, 5.0, 10, 25 pg/kg FIFRIERFS, 4k 2.2.2
H T N R, 2 AR W o 53 P AAS: H A B M
HEFTREREZS 115555
224 st FiEAELATA R

K GB/T 22286-20085 Fl 4 k. #1025 5 28 4
-18-2008 5 M R S i S U OVIR ST v 1 0B AR Ty R
Y hg HeSt s
225 BB EM

(1) RO a3 5

Waters BEH-C,g VA (27545 (50 mmx2.1 mm, 1.7 um),
Fiid: 0.25 mL/min, PEFEAREL: 10 uL, FEiR: 30 °C. FRBIHH
B B VR P W26 1.

F 1 35 p-FAHEEN TN AR B R A

Table 1 Gradient program of mobile phase for determination of
3 f-receptor agnoists

B[] /min A: 1%HR-7K /% B: /%

0 95 5

0.5 95 5

3.5 20 80

5.0 0 100

6.0 0 100

6.1 95 5

7.0 95 5

(2) B aft

9 2 5 i W I A% 2K (multiple  reaction monitoring,
MRM), Hi 5% B 1 (electrospray ionization, ESI)IF & T
B, AR S BRI SRR = AR . TR

B AEFLARRA B AN B 4 A 400 L/min, 350 °C,
120 °C, 200 L/min 1 4 kV, BAMEEYHIR BN E] | B
F. FET. MELBRE. fifEmESHE 2,

3 HERE55H

31 MBFH AR

ARG IR 2.2.4 WG 3 FERAT 7o R S R A T AT AL
B, FHAEIR 2.2.5 (BRI T 8T, HEAT T T IEIRIA,
SR 3, TSI R, 2 MARME T RS T E R R
(0.25 pg/kg)EMELLER, BRT 15, Rt —L TR,
SN, TR E AR S S R A E AR S 5 A BT S
RN, TEARS 5 E B4 PR 4 35 5 2 AN BAE L i
QUuEChERS 5286577 87 1 ng/mL A5 3 11.6 B S/N {5 L,
T A E B LASE— 2 P RSN 1~20 ng/mL, 2
3507 0.996, 0.997 #10.995, FHAHAE, H4h, T ik
2 FihRAE IV e € 45, T QUEChERS Jr B Fi B AE 45,
At BRI e PR AR T A B S 4 # . TR IE, AN SR
PEARUE 7322 R T R JEHL-78 HIL T 25 4% HCT BN [ A0 4 B
eFBe, ATkt
3.2 AIEEEMZRSHMLITIE

ARHFFERS 2 PRy T T TR Te, A
QuEChERS J5 i R o #5AE, ST TH aT et Fnr
i ) fg JEL B A A T T e

(1) fRE A AUFSORESR] 5 A H AR
YIRS R EEREA), Hilp 1, 20 3 S Ehm v ®, 4
S SHEVT B, FEEAT T WA 0 e 2o R A
Ko HE 1S5 AT LAE H, AR AR X T PR RE i 1Y)
B R AR o Y, A IR R A R AR
LR .

F2 p-EEHFRERE. 88F. FEF. HILREMMEES

Table 2 Retention time, precursor ions, daughter ions, cone voltage and collision voltage for f-receptor agnoists

Law {74 Bt ] /min B8 F(m/z) FETF(ms) HEFLHLUE/V i g eV X o7 PR AR A9 S
IR TR S 2.44 277.3 203.2% 30 18 SRS -D9
259.2 30 10
EEARY 3 2.22 302.3 164.2% 25 17 Jw 2 M %-D3
264.2 25 12
T e 1.61 240.3 148.2% 25 19 T ElE-D3
2222 25 10
SARHFY -D9 2.44 286.4 204.2 25 18
ez M k-D3 222 305.4 167.2 25 15
T RE-D3 1.61 243 .4 151.2 25 20

R S
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Table 3 Certification results of 3 reference method(n=3)

o sty 025 ng/kg REEIIAR 1.0 pg/kg WREEMIER 5.0 pg/kg W s
227 UEST OO
FH Blfc%/% RSD/%  [EE%/% RSD/% [FICR/% RSD/%
GB/T22286-2008
BN TR (S 0.997 22.5 91.6 2.7 89.1 55 94.6 42
3 i £ g 0.997 31.8 87.3 5.6 93.7 47 89.8 1.5
Vb T 0.998 15.3 94.4 7.4 99.5 1.9 105.4 33
Al 1025 5/4545-18-2008
EENE K (s 0.998 38.9 104.1 3.5 96.3 7.3 96.3 5.8
KT MR 0.997 25.6 95.3 6.1 103.4 2.5 91.7 1.6
T e 0.998 233 97.6 4.0 85.7 3.4 102.1 3.7
QuEChERS 77
EENE K (e 0.996 11.7 / / 94.6 5.8 95.3 0.9
E Al 0.997 8.5 / / 108.5 3.7 86.4 8.3
YT e 0.995 2.7 / / 91.1 4.1 90.1 4.4
15 -
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(@ )
5 B AR o T A AR AR 28 AR I R 5 SR % L ENGE3 s bl e Sl iyl
120 - ZBRZFE+MTBEFi2)
= o —3
110 | mﬁﬁgégmﬂ Y 1201 A
1ol = RIAE+H R
100 | &2 Hetf
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g\e 3
b SR = 1 J
= o] ¥
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Optimization and discussion of process in pretreatment (n=2)
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Q) 1R LR % IR IR ELERAE: ABFRXT LT
pH=5.2 (I L IRER KRR 1% =& LR 1Y T BE- /K ISR 1%
F R Y R 3 B IBOR A T HL A, AE SEBRER G At R B,
K 201 A K T LA S Sy [ - PR AR TR A T R 3 4,
4 ORI (0 500, 1 FP - /K YR PR s 174 4 TR
BRI I IR 21 L IR AR ZE G o T 3 AR R 4
B, X HER AP0 BN AN K (] 1(b)), BRIARS25
PRE pH=5.2 19 2 IR B K S W IEA THE I

(3) TRIALRHE T i e R BR R 2 1 A0 0k pHL 78 15 A
ARFFERT MR R B (BT T @1k, W ILS bR AL,
MHEE T RE K0, — B EBMERA pH 1HE W
Fuy

(4) BNV R IR EGRAE: ARBF 2 T P ATY
PEEUR A TC E ik, R 1(e)fiR, Al LIE H MTBE-
.18 TR P BE USSR B F 5 DA - R i Y R B e TR
FIRCR, HWARES — SR UL 28], HIARMIE
F 44 NaCl 2h47 10 MTBE-Z12 W5 — 4RI,

(5) TIRIRBOR R G B HAE: AR PRI
BB EAE A B AT T RO, 52 R ) [ A AR E B
B A R T A B I 0.1 mL R, 25 R anE
L(A)FTR . AT LA H, ARl 57 B 15 21 B9 38 7 2 B AT
TR D S AR, (HHERAY I A BB SR I . K

I, AR LT ZEBUR AR Z R AL BR, SO A
FIRIE G5 B LA

L5 b, AESR 4 BT U TR KR Ty T A B
BTG AR BURIL AT 3R . MIELZ T, AR
e G R FRUE T 1.6~1.9 h 458 % 0.7 h, B[] 5445 —
KU B, RKEEETRE,
33 UESEENMK

IR 1652 T ity ik Hp U2 i A o LR A A BE
AR P MBS A TS B S, R SR FIET T A SR
HIAEAL, ALHE B U5 6 4048 f RN R I8 P R 5, A5 B AR
BRI S AT S TRD RIS 1) 43 B B2 1.0 pg/kg Az 7K-FF (in
o 1B SN 3 5 2 v TR 9 B ) P 8 U PR DL I 2
3.4 J3EIE

ARWFFERF T ISR AT T 30 0F, ALFE kS
FMIZFE, ERR, 5RIE S Fin, bk 5t
FTVCECARE AR IM IO TR s, B EHERA 10 550
I U BEAE A 7 v i BR (limit of quantitation, LOQ). £:5%
IE, i ERRAE 0.08~0.17 pg/kg TEEN, &MIEE N
0.25~25 pg/kg, HLRBANA 0.996, 0994, 0.996, 7E
0.25. 1.0 5.0 pg/kg 3 /MREE AR EICHRALE 81.4%~94.6%11,
[P, RSD A F 8.1%,

®4 REFESFRRRALH S EZN D SRR

Table 4 Comparison for efficiency(costing time) of modified procedure in this research and standard methods insteps.

oRILIWARES 20 1/min - P& /min - 2K 2/min K4 U/min FEAHAEIU/min W4 2/min BB /h
GB/T22286-2008 15 10 20 20 20 15 1.6
L EB 1025 522 45-18-2008 15 15 30 20 20 15 1.9
AT Ty Ik 6 6 6 / 15 15 0.7
100 244 TIRHEE
FiARHFS -D9 MRM of 9 Channels Es+
TIC
1.93¢5
E 3y 3
L BHE-D3
2.22
i
S
\ VT ki
W HEEE-D3
1.61
3.26
0.45
0

0.50 1.00 1.50 2.00 2.50 3.00 3.50 4.00 6.00 5.50 5.50 5.00 4.50 6.50 7.00 7.50 8.00

58] /min

B2 3 Fb B-32 Rl 50 Koxd B R 2 AR 16 5 B F i P (c=1.0 pg/kg)
Fig.2 Total chromatography of 3 f-receptor agnoists and corresponding internal standards (c=1.0 pg/kg)
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Table 5 Method validation of optimized procedure in this study
JER [FHCR (RSD)/ %, n=5
G LM L/ (ng/kg) J7i e s R/ (ng/kg) IES Y e
0.25 pg/kg 1.0 pg/kg 5.0 ug/kg
BN TR (X 0.25~25 0.12 0.996 85.5(2.8) 88.4(2.1) 81.4(2.5)
E AN i 0.25~25 0.08 0.994 94.6(4.7) 88.6(3.4) 90.5(4.0)
VT G 0.25~25 0.17 0.996 91.4(8.1) 85.7(7.0) 90.5(7.1)

3.5 EPRMERNE

XFBF T AR 3 Ab R AR T I 2 aboqk ST Sk A TR
FE, HORAE 8 (R EEREAFEAS . SRAAWFRMALSS 5k
1 2.2.4 FRAW 3 RSB RN LR 8 5VA B RIFEA
FIE, BAREARNEAVELT 2 AT M IE . i 4 Ff
JTEXT Bk 8 HERERARHEA TN 2, 295K % B PHPEAE 5 (5 &
T 45 5 K R, (RAH 5% Jr i 7 e R I aod A w4
T bR B e SR, HA T
QuEChERS J %3R8 T ER M B T &

4 45 B

ARHIFSE 8 ) T [ AH ZEBUAH R R) GB/T 22286-2008
FARAL TR 1025 5244 -18-2008 2 FhAR fE 5 F 5L T
QuEChERS #EBUFL I ik b A7 Hxt, w1 AR BT
PR Ve it P B2 SRR 0 D 1% AEARHE T
JLAh FOR T R ARARAE BRI 1 v ) TR B R AR H
B, AL T BRI TP IR BR B AN IR pH RATHRAE,
HCHE T A A R SRR, AL T RO R A R R,
LA TAGER AT S Wz kb AT T Rk, 15
P E R 0.08~0.17 pg/kg JOHEK, LT EN
0.25~25pg/kg, PR RSN 0.996. 0.994. 0.996, 7
0.25. 1.0, 5.0 pg/kg 3 MEFEEMARIIERAE 81.4%~94.6%
JEREIN, RSD AET 8.1%. %y Pl HUARMERIN 3%, fiE
i 1 B A ) PR 2 AR Af BE KO, HL RS X 448 e ko
BF1A); AR EE H TR 1A QUEChERS 7k, ARFoE ik A
A AR E R . RS
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