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Determination of multi-residue f-agonists in cooked meat by isotope
dilution-gas chromatography-tandem mass spectrometry
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(1. Center for Disease Control and Prevention of Liaoning, Shenyang 110005, China;
2. College of Food Science Shenyang Agricultural University, Shenyang 110866, China)

ABSTRACT: Objective To establish a method for determination of residues of f-agonists in cooked meat products
by gas chromatography-tandem mass spectrometry (GC-MS/MS). Methods The sample was hydrolyzed by
f-glucuronidase/arylsulfatase, concentrated and purified by MCX solid phase extraction column, eluted with 5%
ammoniated ethyl acetate, and derivatized with bis (trimethylsilyl)-trifluoroacetamide+1% (¢) trimethylchlorosilane,
and then determined by GC-MS/MS, and quantified by isotope internal standard method. Results The linear
relationship offi-agonist was good in the range of 0.05-1 mg/L, the correlation coefficient 7>0.9994, the recoveries
were 80.3%-109.5%, and the relative standard deviations (RSDs) were 2.1%—7.6%. Conclusions The method is
accurate and sensitive, and can be used for the determination of residualf-agonists in cooked meat.
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G pE ) (B-agonists)ZE K HAEL | ERAE M EE Ik
i P2, JFRLE FE ST E 0 TR AT 1 P

HAT, ENAh -2 Ak Jr i . RO £
1% (high performance liquid chromatography, HPLC)®! | <,
it B¢ H 7% (gas chromatography-massspectrometry, GC-
MS)! I I 32 (high performance liquid chromatography
-massspectrometry, HPLC-MS)P! | it 5} 4 % ¥ (radioim
munoassay, RIA)® . MGk G % B 5 55 (enzyme  -linked
immunosorbent assay, ELISA)4E B¢ f 2 0 B i 46 )
RS TREUESE, (BB FRPER B S HPLC R B A XL
K, A5 ZHNEABTR T, WA TR A I 25K
FEXF 2 £ SRS F) ) bR R A T
K e AW A 1S = E W AT BT BT X (high
performance liquid chromatography triple quadrupole mass
spectrometer, HPLC-MS/MS)IEMA& &1 %, A& TH)Z) 1z
T, NY/T 468-2006 ( Sl 2H 24 b LR Se AR 47 2 1l i <
M - Ui ) M2 R RO HE 958 5 24 4t -4-2007 A
-8-2007" 41y 7 v SR FH A M € 3% - ST A A I, i FLAE A
FEHX B s s — A A TR, B E AT 3
BAERTEAE S L P SRRSO L A )RR, A
WF5E R R bR iR S R, SR 0 € 13 - R I 5
ji ¥ (gas chromatography-tandem mass spectrometry,
GC-MS/MS) £ [ Jvj s il # 28 (multi reaction monitoring,
MRM)GI A P Hh Z2 5l B2 Il ) iy ok Bk, T s Ak,
TosE, BEA RLHYHRBR A A T A2 A SL BT 0, ik S M8 FH R B
LMk, LA X g sh P e dlh g4y R 2R gy
L NRELNE S

2 MRS

21 UE5EH

GC-7890AMS/MS-7000B M (i — AR HEFRIEAL |
AHAEHURE B (€ [F Agilent 23 F]); T25 #5584 5 43 Hae (7
IKA A Fl); TurboVapll4: B s FM 45 (3£ E Caliper
25 ), Milli-Q I 4fi7k £ 58 (3£ [# Milipore 22 1l ); XS205 HLF
K¥-(+T4r2Z—). SevenExcellencepH i1 (3 [E Mettler
Toledo A Fl); Oasis MCX EIFHAHA:(6 mL, 150 mg, 3£
Waters 23 ]); HNY-1102CW iR 48 (R BRI g8 A w)

TR . WL kal, 1255 E k2R AT R D),
HEE, ZBROES . HIR(GE4l, SEE Fisher 24 F]); &K (4>
Mraf, EZGERERANEBRA R, p-HIE M IR Y 3
i R T il . 0 = B R i = 9 2 WL 4 (bis  trimethylsilyl
—trifluoroacetamide, BSTFA)+1%(p) = H 3t & ik k¢
(trimethylchlorosilane, TMCS)(3£ [E Sigma 23 7)o

SUARREE | 3 v 2 T e B 24 ke B SR S (R i
CFAPAQC022B-2 CFAPAQC022B-3, & it £ [ 5246 I
HARFWRAF), FeAifh ik (=99.0%). wiLFES (=

99.0%)., YT MEE(=98.5%). LA (=99.8%), HiAi
Fe% (=99.0%) . WAL HE(=99.0%) . KA NI (=
99%). K55 L B (=98.5%) . D3-10 T JiEEE(=99.9%) (&
[# DR.EhrenstorferGmbh A #]); RAFES (=99%). D9-
FARHFF (=99.8%) . D6-3K 78 2 LG N AR (= 99%) (I &K
TRC /A Hl).
22 UEEEH

{4,754 DB-5MS Ultra Inert #8 2 iE A BANE €4
T (30 mx0.25 pm, 0.25 pm); FHIRFRFF: EIREE
100 °C({#:4% 3 min), LA 10 °C/min F+Z 280°C({#:33 10 min);
J5i247: 300 °C, f&#F 10 min; S SaisE < (AE >
99.999%), N 1.0 mL/min; PEFECIREE: 280 °C; #hEE
FE RATRERE . LRI 280 °C; MERRARL: 1 pL;
HFRERD: 70 eV; HL s B PRI (B, DUZFT IR
150 °C; B FIFIRE: 230 °C; FNZER: 10 min; FHHEH
Z RN I, A S AT > 99.999%), A fE T
i 1.5 mL/min; K ikhE: 2.25 mL/min.

23 ELWHE
23.1 #Had&ERERE

I 200~500 g BAN (W . 28 F), HAZHRHHLEH,
443 B 50~100 g, AR SR, BUFE-18 *CUKFR N IRFE .
232 HonBafg

PRI ZEREYS] 5.00 g BEGLTF SO mL .04, Jin
50 pL 1.0 mg/L B-SZ AR F NARE A, #E 10 min, fil
A 15 mL 0.2 mol/L pH 5.2 Z.FR4N-BEBRZE whi, &AL
A1 20 s, JIA S0 uL A28 E T T it/ o LB A TR AR,
1 37 °CHEEAM PEHR 16 h 5B AT, 8000 t/min B0y
10 min, Z0H B2, 2.0 mol/Eh BRVATIA T 2 2.0£0.1,
FE7E 8000 r/min B.0>» 10 min, 23 FIEW A
233 HamEtk

Oasis MCX [EAHZE AR FHFR B S mL. 7K 5 mL.
50 mmol/L 52 5 mL iGfbiEF, 5K 10 mL _EiF R s ke
F had#E, FH S mL KBERRZR, AR T 5 min, 5E
FH 5 mL FEDKYE, AR5 10 mL 5%ZE A0 28R 2 Ea kil
£, 7E 50 CHMAL PR E ST
2.3.4 HoeiTh

) W 46 /R 0.1 mL HFZEA0 0.1 mL A= H JEfiE
=GO WM +1%(p) = B S E REBE, RAWIRIR G, #
60 CHIEIRAM AT AE Y 1.0 h, ¥ FE iR T
GC-MS/MS 53+ #7 .
235 AR & e B &

o B 45 TR I T B (100 mg/L), 45 0 Bk B0 7 7 o
1.000 mg, FHHFEREZR 2 10 mL 25509, VKA 4 CIRAE& .

AT P R B TR (1.0 mg/L), RSB FRIUE N ARA% e
fh 1.000 mg, HIFEEARZE 10 mL & &I Al 8 L
100 mg/L fi#5 &, FRRRRAL 1.0 mg/L ¥R il
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PR TR E, BBARESE IR AR E 100 mg/L
F 10 mL R, A S0 uL 1.0 mg/L NAR{E A, H
WEE S, BOE R 0.05, 0.1, 025, 0.5, 1 mg/L brifEZ 751,
T tfi 2 ) i 2B 25 BRI b 1 AT A (2.3.4)

3 HER5HH

3.1 MR

HRIEARIS E IR IR 2257, B-Z RS 7RI AT 43 R 2 e
R R, 7EShYI 2 20 2 DUBR R B0 1) 50860 26 A T T
HiAWER AT, WS 2 i 2 DA A P R
WL RAFAE, FF AT AARRNYD T 1z B LA BT R 0 5 9 i TR 2047
FEo PRIULFE BB AT K AR, (AR I A 58 sk M AL 4L P
TR T IE SR AREL, SRIGIE B-Z AR B F
PRI K AR 7 vk TR A K S R K R, AR SIS R R K
fife =, TR T/ 5 S AR MR A AE pHS.2 IS M dR
1, IR FFE pHS.2 i ZFRESE M P R 1T
3.2 MR

e A R AR R TR S A R, 2 R TR
AR R — B AL R, il sl B p & A 2 Ak
N, AEFERIE Y . BENEAL . R SR KB A
fp st RN KAy TS e SR AR KA, A FBR R
AR KBRS RSN T A, L Bl i AR
WS 3 i A it A A A 2K A L TR KA AT, 5
B B-Z IR shFGR R A K2 8 FIR W, Frlh
FE 5 A RO A B R BURNS (L e T2,

B-Z RS FE— 2L A P (pKa KT 9.0), 1
G P F S A AETUME MCX X L& 9 (pKa
2~10) A B i e B o TERR I 4514, MCX /ST AT
—SEFRNE ) p-2 Ak sh A AR R W B E T 5%
R CBREWAT p-Z R F R R M B S5 Ve, %

PERCR R4
3.3 (THEREFMBTEMEAIEE

F GC/MS & -2z Ui sh 703 5 R FA A A= Ak R LA
P A AR AR R A AR AR R S = R R B Ik
(trimethy] silylation, TMS)!?°!,

AWFFEEBATAEIRE N 60, 70, 80 °C, AfA:MTIAl
30, 60 min, TEAEZAF N AT AL BN &AL, 3
FSLBG 26 PR 4E R A X b, 45 SRR WIAT AR TR 60 °C, ifIR]
60min  Fi 25 S 1 (RS M B SO T b A5 . 3k T g
S TS A A R R BB /NQ200 uL), 7
B SR, S R E PR, TRREN TR
AR BTN Y R -
34 BTREEIEEF

P BT URIRLE, MT B 1k i B s A A W R BR AE B TR
b, PP IRRESREE, OF AR e b S TRk
KU A EE T 28 TIRIRE 451 230, 250, 300 °C
B B-sZ RSl R A AR o7, SIE 28 SR LR B Y
TR EETH s, B2 (A sh 3R i A 40 g o Jo A - A A B
SARE, T AAR SRR B IR A i 22 Ry 230 °C,
35 FRiEs#Hemr

ekt B2 BRI AT A 1A T 44 i (scan), R
AT A= W OV — SR 2 W o 3 e o 11 3 A B 7,
FEZ2 RN W, DAk Ai AR i e M A e X Rl
ARG, G AR R B AL RRE B TR
FEBIERIAE, 2R IR SHOL R 1. 2 R
S B T ] (b) ) S 5 B S A0 T 1642 5 - (selection ion
mode, SIM)KIFE LB T (a), K5l HER LA PIHE T
P s, AN, WE 1. S aisiidm
SRR R R A S e AR LR 1.

®1 p-EEFEDRTENS R EENMRMEBERSH

Table 1 Model parameters of multiple reaction monitoring (MRM) for f-agonist derivatives

b &£ R L7 £ B2 1 1] /min JE B X mifEREEeV MRS RiERER eV
1 ZATFRE D9-FLAEFFE 11.655 86.0 > 30.0 10 86.0>57.0 10
2 HAiF % D9-FLAEFFE 13.497 86.0 > 30.0 10 86.0>57.0 10
3 R D9-FEAR S 15.479 86.0 > 30.0 10 86.0>57.0 10
4 D9-SE RS —_— 15.901 95.0>31.0 10 95.0 > 66.0 10
5 SRS D9-FEAR RS 15.963 86.0 > 30.0 10 86.0>57.0 10
6 D3-Vb T il —_— 16.181 372.0>73.0 25 86.0>30.0 10
7 T D3-7b T i 16.193 369.0 > 73.0 25 86.0>30.0 10
8 TLACTR R D3-7b T i 16.977 100.0 > 43.0 20 100.0 > 30.0 20
9 KA N D6-3k i £ [ i 20.218 178.0 > 107.0 20 178.0 > 135.0 20
10 PETi % D6-3 7 2 1 i 21.451 86.0 >30.0 10 86.0>57.0 10
11 ETE Auliis D6-3€ 7 2 i 22.790 250.0 > 58.0 15 179.0 > 73.0 15
12 D6-3 5 £ 1L % —_— 22.793 256.0 > 62.0 15 267.0>73.0 15
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Fig.l1 Total ion chromatograms of S-agonist derivatives

3.6 EFRMN

LN (matrix effects, ME)F2 35T ag3L82 T30
AR EFMEEYN S BAME AP se g m s sk, M5
T Ay i 7 L3860 sk F B G2 P2 2 1 R R T s v
VW AR e TR (A) 55 VA R B R A T W R H
FrAb G i E AR (B)AY LA, ME=A/Bx100%, ¥%%<)5151
SRV (ME) . ME KT 100 2277 5 BRS8N, /N T 100
FRILFNHIZLN, ME BEEZE 100, FBHILFAON /N,
VAL R B

FHH 2.2 LR AU AN 2.3 S RTALFE )5k, 9 Fh g-
Z R s R AL OB S Y LS KGR AL N, ME {H 7E
113%~292%2 0], FA BEARES ME (85515 292%, W 2,
RAGE. . FZE p-2ikishi H’J%Jﬁxi 5
ANBE(P > 0.05)0 FT LAk 1 JE FRIN, X R d 45 5 152 )
Jof 39 FF AR R B4 25 H%Fﬁ?ﬁ@ﬂﬁ%ﬂﬁ?ﬁi?ﬁHﬂéﬁﬁnﬁﬁ%‘?v\]ﬁ
e, BEA AR ESURME B-52 1A 70 5% BRI R v i
3.7 FHAEMZGMTEE. HXEH. RNRAMESR

SRy T I 25 B A58 17 %o M R SR A, AR AT AR 4
25 FIRE AR OE LS, R R NbREE R, & g2 ik
PBIGHIAE 0.05~1 mg/L WLV, LRPESC R AT, HIER
B or>0.9994; LIEMELL S/IN= 3l ﬁ/ﬁ*’\"ﬂﬁﬂ(hmlt of
detection, LOD)} 0.1~0.3 pg/kg, LA S/N=10 57 &E

FR (limit of quantitation, LOQ)} 0.3~0.9 pg/kg, W3 2.

350
300
£ 250
Qg 200
B 150
4 100
50
0
Xx
4%%@\; @%&»«%&%@
EYAFR

B2 9 p-Z AW S RE B (n=5)
Fig.2 Matrix effects of 9 kindsoff-agonists (n=35)

3.8 FARWERMBEEE

AR ARSI 3 ANAS 6] ST LR BT 1) 9 B B- 22 (A 8l
FIBRER T, KB 6 WPATSER, B8 HE
F IRDSCR ARG 2 1, S5 R LER 3. 45 3 R R
e B BTN 7K B9 81 24 7E 80.3%~109.5%22 1], RSD 375
10%LAIN o 1 /2 GB/T 27404-2008 { 52536 28 i 4 b 3 -
ARG ) BBk

I FIE A AR I 45 P 5, AT DA 8t ek 2
FE S FERTALER | AT Ak DA RN I 5 2 AR R P A iR 22,
Xof A Sl A 3 R A TR s
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Table 2 Linear ranges, correlation coefficients, LODs and LOQs of the method
e eamaR LMV Fl/(mg/L) R iy LIEE Y i BR/(ng/kg) FERBR/(ng/kg)
1 ZATFE 0.05~1 Y=1.2279X+0.0082 0.9998 0.2 0.6
2 DRSS 0.05~1 Y=1.1377X+0.0040 0.9996 0.2 0.6
3 KRGk 0.05~1 Y=1.3537X+0.0267 0.9994 0.2 0.6
4 SRS 0.05~1 ¥=1.0622X+0.0233 0.9998 0.1 0.3
5 W EE 0.05~1 ¥=0.9732X+0.0383 0.9998 0.1 0.3
6 SLACTR T 0.05~1 ¥=0.3189X+0.0245 0.9997 0.3 0.9
7 AN 0.05~1 Y=1.2054X+0.0791 0.9997 0.3 0.9
8 YEM R % 0.05~1 ¥=0.2948X-0.0141 0.9997 0.3 0.9
9 AN S 0.05~1 ¥=1.3814X-0.0526 0.9994 0.3 0.9
3 FHEAREERFIEEE (1n=6)
Table 3 Recoveries and RSDs of the method (n=6)
2 ug/kg 4 ng/kg 10 pg/kg
b el /AN
B /% RSD/% B /% RSD/% BN &I RSD/%
1 ZATEES 93.6 7.6 99.6 34 97.2 5.1
2 OARE% 89.3 52 105.0 3.8 100.8 2.7
3 EREIIIN 108.2 4.9 109.5 3.4 94.8 42
4 RS 98.5 2.4 94.4 1.5 101.1 3.5
5 T R 105.4 43 102.5 3.3 106.6 2.6
6 AT E 85.2 3.5 89.7 5.7 88.4 2.9
7 RN 93.6 6.3 104.1 2.8 102.0 43
8 YA 80.3 5.1 97.9 6.4 96.2 3.7
9 BT Al 96.3 3.5 105.0 3.8 99.8 5.6
39 IRERHTR 4 2B

AR 7 i DA T 41 W) S ) AR 2R 3 P £ i A T
20 37 YA T REGER L 6 (X BVE RS IET T TR
M, BRI 20 rREsh th S RAG I g2 sk .
- s B A T B, SISO | ST
B i 2 % B TR A R S b A T T, LA SR A bR
M, WA 3,

AN SCIE o A i A B A R A SO A5 R A e,
A7 T M = DR S S E AP R O Tl B2 (A
S BJr k. R 2 RN IR, [ 2R R AR
e, HARBUE S, PRl vk, sEABOH BRI
PHPEBLG SRR o PR 22 2 A M A B At mT 5 e )
SR, PRIRED A2 AT B A
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0.9 H
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5} [B] /min
T ¢ B 22 SO DU (MRM) B8 -3t P R AR 139 22 52 07 I (MRM) G B T I, il )3 5 I3k 2.
P 3 RS RURE S IR Y 22 S 07 00 (MR M) 8 13t 14
Fig.3 MRM total ion chromatograms of sample and spiked sample
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