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(1. RERHE KA E M LRSS EYH ARG, K 300457; 2. KA EARRBHEARA A, KE 300462)

W OE: B @ v aHRED 9 F -2 iR 5k 1 QUEChERS-IR AH €135 - = 5 DU AR FT 5T 1% (liquid
chromatography-tandem mass spectrometry, LC-MS/MS)RIN 7%, 753k  FEMAEEE, H 1% k52
B, JOKBRREEERIT IS I AR, 28 BRI AL PR BB AR AE B4k . SR Kinetex 2.6pm F5(3.0 mm=50 mm,
2.6 pm) @KL, 28 0.1%H BRKIF (AT 0.1%H R B W (BB E eI, T HLIBE 5% IE £ 1~ (electrospray
ionization, ESI+)F1£2 )z v WA 2 (multiple reaction monitoring, MRM) T Wiiill, JEibriEhk e, &R 9
Bl B-Z AR BN FITEAR R I INKE T, AL E A 70.2%~100.0%, RSD 7E 1.0%~14.9% (n=3), # R A
0.002~0.190 pg/kg, ERFRN 0.01~0.76 pg/kg, G ZITEBRAERME , PR A BCREF . ek, B
TEMRLET p-3Z A 379 i 5k B e

K#iA: QUEChERS; WA (3-SR BT 1% 1 B-32 Al BBl fb bk

Rapid determination of f-agonists in meat by QuEChERS technology with a
new purification material
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2. Tianjin Bona Agela Technologies Co., Ltd., Tianjin 300462, China)

ABSTRACT: Objective To establish a method for determination of 9 kinds of S-agonists residues in meat by
QuEChERS-liquid chromatography-tandem mass spectrometry (LC-MS/MS). Methods Meat samples were
extracted with 1% ammonia acetonitrile after enzymolysis, salted out by MgSOy, and then the organic phase were
cleaned up by a new purification QUEChERS material. A Kinetex® 2.6pum F5 (3.0 mmx50 mm, 2.6 um) column was
used for separation, with a gradient elution program of 0.1% formic acid aqueous solution (A) and 0.1% formic acid
in acetonitrile solution (B). ESI positive ion scan was used under multiple reaction monitoring (MRM) mode and
quantified by matrix-matched external standard method. Results At different additional levels, the recoveries of 9
kinds of agonists were in the range of 70.2%-100.0% with the relative standard deviations of 1.0%-14.9% (n=3). The
limits of detections were 0.002-0.190 pg/kg and the limits of quantitative were 0.01-0.76 pg/kg. Conclusion The
method is simple, fast, accurate and has prominent effect in degreasing, which is suitable for detecting the agonists
residues in meat.
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B-Z AR R (B-agonist), AFRERINE”, J&—Abk:
Wk B-R R AR N LA 21, IR AR Ry~
P TIRT E . SORUERARSE . R YRR W R
50 20100 R A (1 98 PR SR A A s A R 0, R AR R
SR BRI COUERH, B-3Z2 R Bl AR 2T T R
Mg NS Ma R, KA SA S-SR sh 7% B8 1 IR 2 25 48
D)1 N D A P T T 9 = B P W B N
SNRLE S PIIRE Sh h AER B R, 2002 AR AR A 55
176 5 iEAEE AR R S AR A K B, B AR A E 30
YIE R TP AASE ILER IR O ARS  UT RRESE T Fh g2
RSN, FR AN AR 2, 4R 12 H, R
235 ST T (B R T S A AR B R ) R
TE PR S S rP ARG ) B2 (A sl 1D

YRR €8 3% 5T 3% 16 FH 5 (liquid - chromatography-tandem
mass spectrometry, LC-MS/MS)K HAT REUE & . HEHME
SR WERR RSO, B R B RTEE F e AT,
H AR I BT 32 JL TR AR, L B-32 AR B 8 7] Ak B A1,
FEAERT A AR, QU SRAR S ETAL IR Y, S Xt Bl AR U
PEPA A T, DR TR R i A T 22 A AT A B
B3 RSN ARSI r e FH AR AR 0 T A B R 3 A VRO AR
B (liquid-liquid Extraction, LLE) ! [ AHZ£H(solid phase
extraction, SPE) [ /3B [E AHZE M (dispersive solid phase
extraction, d-SPE) ™' 43 % EJI i (molecular imprinted
polymer, MIP) "' DL % ¥E Ji% 1% 3% {5 3% (gel permeation
chromatograph, GPC)P%4& )54 . Hrh, QuEChERS J7 L H:
PR (quick) . fAj ¥i(easy). f#'E (cheap). =55l (effective). Ifif
FA(rugged)FH'Z: 4= (safe) (HF &, 2B IZINFT MR . N
AU A AR 2 5 BRGNS0 1) S5 24 % P Al 2

HHT p-52 R0 7008 24 5% B8 3 52 2R FH il AR A6 B T
HEATRE ST AL B . IZATAL PR T 1 2 R A P 25 28 bR,
3 ok B S A FH 7 R B BRI T Y -2 AR B R,
T Lk, BERLAES R, BRI E B, ER RO
LB EEGR, HEEFEEL. B MR, PR
SOP IR, FERTRCK, ANIEEORHE SRS AR . 125
QuEChERS J5 £ Z R Cis Fl PSA FHEMHZE G0, B
SRERAE TR, (HX 50 T IR RE & A A BRASCR AN AR . B
S8R B ISR = i 8 W M ATRL, 35T QuEChERS Ji
PN A AR SR AT R AL B, 255 AE s AR I TS E A TR
M, #r T K W £ B K (ractopamine) . Vb T BE
(salbutamol) . 44l fb Ak (terbutaline) . P4 Th4EE (cimaterol)
TEAEHES (clenbuterol) . % & %R¢ 2 (tulobuterol) . Wi Aii F§ &
(penbutolol) , 0> (propanolol) ., E N ALK (clorprenaline)9
FhEs I B-32 BB W 8 FE A AT i B RIA LR AR

ity R BRI W BT RE T 8, HLAE B S O B0, D0 i
i RV RIS HAF A [ ERCR, IR S5 T WO (il A
HR T 1 e e e R e SRBURE T I AR AR TR | PR, 2
RBGE . HER, it s A S B s A R A TR T,
(7 P 4 g B R/, T 14 2 5 B A D 2 4
RN 8 5 B A I 000 H B9 T

2 MHEREE

2.1 UEESEHFA

LC-20AD = 330U AH 835 A (H 4 & HE 28 | ); API
4000™ PLUS JF ¥ (Fic L M5 55 2 71K ESI, €[ SCIEX 2%
Al); HC-3018 i i 0 AL CLBUP AL h AR AT IR 2 D),
NV-15G 15 (i 45 AWRAL (R BTG SRR BHE A BR A w));
B-260 1EIR/K B (Lo £ AR ); GS60E W figdk &
#H(EHE Scientific Industries); ffkE W AR, Cg 1
. PSA SERICREEHN AR BHA IR A FD) o

FrUEY) . 3E 70 2 2 % (ractopamine) . V) T B
(salbutamol) ., ¥4 flifk(terbutaline). P8 452 (cimaterol) .
45 % (clenbuterol) . Z 1 4F ¥ (tulobuterol) . Wi Afi 435 %
(penbutolol) ., > 5% (propanolol) . 5 AL M (clorprenaline) 9
A RIR G AR W (AW, 100 pg/mL, KEHEFT/R
R A BRA T, p- 7 4 W T 6/ 07 55 0 1R IR 1 (35
Sigma AR, ZNE. R, ZUK(Eigal, Kbl —
I OWRER . ToKERRREE (orHral, 258 AR A R A
Al); R % F K B G AR EK .

R, FERA. FRAWE TS,

22 HHEBIESRILEESH

#6,3% 4% Phenomenex Kinetex® F5 (3.0 mmx50 mm,
2.6 pm); FBIAH: 0.1%H ER K (A)-0.1% B R 415 (B); iiidk:
0.4 mL/min; F:35: 35 °C; #EFERE: 10 pL; BREVERARF: 0~
1 min, 5%B; 1~1.1 min, 5%B~15%B; 1.1~6.5 min, 15%B~75%B;
6.5~6.6 min, 75%B~95%B; 6.6~7.5 min, 95%B; 7.5~7.6 min,
95%B~5%B; 7.6~9 min , 5%B.

BT EMEZE R B ESI+, MMISEHE: 5500 V, &
AETT: 50 psi, ARSI 20 psi, FBIARUETT: 60 psi;
BRI, 550°C; RAEFA: SR EMAE (multiple
reaction monitoring, MRM). 465 1922 S W iR 56 £ 44
W 1.

23 HmBIAIE

FREL 2.0 g(F5 1 % 0.01 )ik T 50 mL B0 A o,
JA 2 mol/L ZFREZ% hilk (pH 5.2) 8 mL FHRGH K 40 pL,
HETR AT 1 min, 50 °C/K MR 2 ho

B R A RS, A 1%20K 205 10 mL
ToKBEREE 1.5 ¢, T3#E#E 1 min, 8000 r/min &[> 5 min,
BRI LW ERA 200 mg MEL R DS P, TR
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BERAT 1 min, EHE 1 min, MEFIBIS mL EIERT 45 °C
ARET, FREM 1 mL 0.1% P BRAKIERER, %4022 pm
JE R THALIE IR 8 .

R1 M A-ZAHENTS R MM K
Table 1 MRM experimental conditions of nine kinds of
f-agonists

Ew BT FET  EERE REERE

164" 80 23
v 2 O 302

107 80 51

148" 70 24
YT R 240

222 70 15

152° 70 21
REA fhbR 226

107 70 36

202" 65 13
[y 220

160 65 22

203" 65 21
Lt 277

168 65 38

154° 65 21
part sy 228

118 65 35

236" 73 23
W A oy 292

201 73 28

116" 80 23
PN ESS 260

183 80 24

154" 73 23
SNARAR 214

118 73 34

TR ER BT

3 HER55H

3.1 BUEFHHMK

WA B-32 MBS0 B S5 R i, e I B At
TR R AR AR IE RS TR, (TR AR I 100 ng/mL
AR bR VA R, o P B A S R R 1) D AT B U
o 9 il B- AP W BE 8 T I P MAH]+ 8 7 1Y
A8 K B 1 AT I UEAT 118 - Al adE 2
E T D o R e R (BN A R BB u N K E
DL E R RE S SRR IR, BREZHHE 9 B -2 VRSN R Y 5T
AR 1.

3.2 RHEeEREFNRK

FET RE R BN AH 2 LR, SRR R A9 BOAE €633 R 3 A
. CIESKEATREBE Ve, B CIESM T, 9 Fh g-
AR B RVES AT LASE BUAS L W R B RN A3 B . AEAH R R
ST, R CHEVER T shAH L F R 04 55 BE 48, (oA
FEFR AL, RS )5 R 5 P B L KR R AE R
TSI B-32 A S SR A IE 3 A A 7 o A R 4R,
TR B A — E B R R AT LA Ak 0 B TSR,
(i) B Ay PR GIEAG 0 25 SR (B o, FE SRS UK sh s in AT
0.1%A9 iR

9 B -SRI A Z TR, BT T e A
PO RS MR, TEH A Cs GBS AR HEE. Hh
PRUE 9 Fl' p-Z ARSI BB REA BArm S R B AT R, A
1% ] Phenomenex Kinetex® F5 V£ R0 (it . M T
I Crg AT R 7, FS R HUR L[
FEAH, ATDARME non SEVER I RVEEEA T, RS A A
A IR SR AL A . 9 Bl B2 A Sh I 1
P FELAE 1.

3.3 AIRCIEBAERMK

B2 AR B0 700 55 BR 43 BT 14 i A B o B g AR ) G
HUE, BURBEGCR R . mIEL . BIRRRES. A
55 K Fl QueChERS J7 kit A TRTACEE, HorR 3R BOA R RyFhk
FARBL. TR ARG A ORI B B 5 i e A S A
RGO, IR ZHE LA, VPR aT b
Kcft, SEHERBURFPZS . IRBORIAR . THA R . Fi
HRLREIL 4 KR 3 K7, DUIAREDSCR N2 285hr, %
F Lo(3HIEAS R WA IE AR I E AT 9 Ykl (3% 2),
bRk 5 ng/kg, THE BRI IR SE R (R 3),

DI Z ELRE R, LAES 227 05 i /N R AE
RETPAT I Z (LR 4), KUK EMA N £
TC R FE (P > 0.05), HRRAAR ik, A 7 F p-
ZARB SN, AUE R D XA B M (F=20.11,
P <0.05), LS8, His HisPm& A~ HEH T
WBEMEW. S5 EBRYREFE, ARG R
BEBE A3B,CD, M A HZE, Bl 10 mL 19 1%2 620
HRBUR, 3 g TR, kbRt 200 mg.

34 BERBEHANEE

KA R B2 BRI F R
AT SR IRER I SS G 0, I onss a6, |
1M Bo-S2 PRI SR B PN A2 e 32 I, (25 & A RE I 4
B A2

A5 T ANl E g A AT IDBCR 25 SR i 52 m . 3
IREE R 2), 37 °CHEfi# 16 h, 40 °CHEfi# 8 h. 50 °C
T A 2 h R CRTC A B 22 57, 25 A 25 IR 50 °Cig#H
2h,
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3.5 BUARAIXTEE
P55 T QuEChERS ., SPE!HI LLEN 3 A ik
POy ¥k, RIS R LW (K 3), SPE 7 ik 45 R i fE,

QuUEChERS F %45 A %R, LLE J7 ik ISR 45 i i o

G RO A B S B B R R L R R R HH 5
DR ST PR 22, RATIRR AR, SPE LR R
A EBELE, HAZERE AR &R RBERER, /)
TS HIE, FENZEHT EFRVETEAIEL QUECKERS J59522.

Racropamine 1 302.2/164.1-RT: 3.73 min

Salbutamol 1 240.2/148.1-RT: 2.74 min

6e4

Terbutaline 1 226.2/152.0-RT: 2.76 min

2.74 20000
3.73
2e4 4ed
i i o 10000
B led B 2e4 =
0
0c0 b —i 0e0 e Ty '
3.0 35 4.0 4.5 2.0 2.5 3.0 35 2.0 2.5
B} 1E] /min B [E] /min B} E]/min
Cimaterol 1 220.0/202.0-RT: 2.81 min Clenbuterol 1 277.0/203.0-RT: 4.05 min Tulobuterol 1 228.0/154.0-RT: 3.89 min
6e4
20000 - 1.0e5T 3.89
4ed
" iad
L i i 5.0e4 b
i 10000 2e4 0% 4
= - -
0 0e0 ; ; 0.0¢0 = : i =
2.0 25 3.0 35 35 4.0 4.5 3.0 3.5 4.0 4.5
it [] /min i} ] /min i [ /min
Penbutolol 1 292.2/236.2-RT: 6.31 min propanolol 1 260.1/116.1-RT: 5.22 min clorprenaline 1 214.0/154.1-RT: 3.50 min
6e4 |
2e5 20000 5'22
4e4
i
g les %( 10000 904 |
0e0 0 0e0
55 6.0 6.5 7.0 4.5 5.0 5.5 6.0 3.0 3.5 4.0
i} /6] /min 5 E]/min P} [E] /min
BT 9Bl p-sz Ak shinl i S B 1 i
Fig.1 Extract ion chromatograms (XIC) of 9 agonists
F2 EXRWIEITER LGY
Table 2 Orthogonal design form Lo(3*)
FSES
Ve , ‘ - ENEPTE S
AGRBUR) B (BEBUR A F/mL) C (T&51/2) D (5L /mg)
1 L1% LR ZE) 1(10) 1(1.5) 1(100) A,B,C\D,
2 1 2(12) 2(2) 2(200) A,B,C,D,
3 1 3(16) 3(3) 3(300) A1B;C5D;
4 2(LH) 1 2 3 A>B,CyD;
5 2 2 3 1 A2B,C3D;
6 2 3 1 2 A2B;C1D,
7 3(1%ZEKZIE) 1 3 2 A3B,CsD,
8 3 2 1 3 A3B,C1D;
9 3 3 2 1 A3B;C,D,
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Table 3 Recovery rate of orthogonal tests (%)
AB\C\D;  AB,CoDy  A\BiCiDs  AB\CoDs  AByCiDy ABsCiDy  A3BiCsD, AsB,C\Ds  A3B;ChD,

FHrE L Lk 85.2 103 59.4 62.8 107 104 91.4 79.8 78.8
T 103 135 127 92.8 104 118 79.9 89.2 108
AT AR 412 102 452 33.1 109 75.5 83.3 52.9 29.6
[T 105 136 96.3 81.2 108 141 85.4 88.1 105
TS 95.8 93.9 118 101 90.3 106 109 114 95.1
ZIEFRS 77.6 76.1 90.1 78.6 75.3 79 82.6 65 67.8
A B 97.6 99.9 125 114 95.4 97.5 107 106 79.9
N LSS 85.8 94.9 117 104 84.2 96.9 104 97 75.8
AP 87.2 69.2 101 91 72.7 80.7 85.7 95.8 62.1

x4 FRZERBESN

Table 4 Variance analysis of ractopamine

IS S 14 F P
4 0.014 2 1.41 >0.05
B 0.053 2 5.38 >0.05
c 0.010 2 1.00 >0.05
D 0.164 2 16.54 >0.05

T Foos(2,2)=19.0,

wo 0O 37°cnen B 40°ci8n ] so°ci2h
120 [ ]
100 -
L g0 2
M-
=
H 60
40
20
0
A@ Y\@ % R %' % ,%6”&

Bl 2 BT 9 Fh -2 Al (¥ D 2252 R (A i 5 pe/ke)

Fig.2 Recovery rate of 9 f-agonists with different enzymolysis conditions (standards concentration 5 pg/kg )
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80 QUECHERSJ7 B seEji LLEJ 3
160 [ =
Fe]
140 | ﬁ
% x
[ =5
8 = B 2 & = & =
S 00 a a 2 & = ¥ a
M = R a -] 2 = = =
S = - a -] 2 = = =
= et & & 8 & & = ¥ Qi
G l 1 o v B N
¥ NS | B v 1 =] NS
60 [ g H NG NG g N N
v 1 & 1 N < | N NG
> il NS 4 N - i NG &
0 = = N=E = NEE ] = NEE W=
y ¥ ¥ R 9 &
)gj?v & &8 & LS
B3 Gk )y X% 9 F p-sZ A B ShFR [l R SE i Cinbs it 5 pg/ke)
Fig. 3 Recovery rate of 9 f-agonists with three purification methods (standards concentration 5 pg/kg)
3.6 FIEREEEMEIYER 3.7 FHAEZMSEE. KUER. E=MR

TERR B A A RE i, 430 )R i FPAS AN 2.5, 10 pg/kg
3 AR 9 Bl p-Z SRR SRV I, R
JEARUE RN ZRSMPRIEEA T ISR g . 256K 4 WTLIEH, 3
ATRE AR I8 A XS BICRTE 70.2%~100.0%, RSD 1E
1.0%~14.9%.

il P BA P B R 0 o b YR ) 4R RS L E 0.5~
10.0 pg/kg RANILPRUEGE T, SEREREIN . DL B AR & &
B ORI T AU AL BR(Y), W R BR(X, ng/kg)%
HIARERNZE . DL E B G 00 i B 7(5  LL (S/N)=3 i
MR, EMEH(S/N)=10 B A E =R, 9 F HAMEEY
MLk R, MISEREL, K BRI E BRI 5.

FT4 9 p-FHHENFIMAREIYZRF RSD 4R (n=3)

Table 5 Recovery rate and accuracy of 9 f-agonists (n=3)

& WK EE ((ug/kg)  AEXFEILHE/%  RSD/% &Y T SE (uglkg) AR IR /% RSD/%
2 93.3 13.9 2 90.2 14.9
B EARN ] 5 84.6 8.1 ZIEFRE 5 88.3 2.4
10 88.0 32 10 89.2 6.3
2 78.0 8.3 2 85.9 143
T 5 70.2 8.5 WA RS 5 81.6 8.7
10 75.4 3.8 10 78.7 1.0
2 83.8 12.4 2 87.7 10.9
FEA fth AR 5 78.0 4.8 NN ESS 5 88.2 3.9
10 72.7 4.7 10 79.5 22
2 94.8 8.0 2 97.1 13.8
PO RS 5 87.6 3.9 ANABK 5 100.0 4.6
10 89.1 3.7 10 95.0 7.1
2 92.3 12.1
TARFED 5 92.5 4.6
10 91.0 2.4
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Table 6 Regression equations and limits of quantitation of 9 kinds of f-agonists in pork

st LM R D3 K R/ (ng/kg) J5 € 1 R/ (ug/ke)
EITE Al Y=3.07¢*X+2.42¢° 0.9994 0.013 0.05
T Y=2.94¢"X-3.65¢ 0.9995 0.016 0.06
AT AR Y=9.65¢’X+2.41¢° 0.9998 0.096 0.38
TRy Y=1.55¢*X-905 0.9997 0.190 0.76
TR S Y=6.58¢*X+1.47¢° 0.9808 0.014 0.06
TR Y=7.38¢"X+1.06¢* 0.9977 0.016 0.06
W5 A1 g 5 Y=2.02¢°X+8.24¢* 0.9899 0.002 0.01
IRYE 7S Y=2.46¢*X+5.98¢° 0.9938 0.015 0.06
AT Y=3.75¢"X+3.08¢ 0.9999 0.020 0.08

3.8 EERHEmAQNI

TEEE RIS T, AR i BB A . 2R BRI
SRR P EL T IR R CInbR 8 S pg/kg). EGZE R %R
B, EMFEAMHT, 9 #HRL A WIEE R IR EE
79.6%~93.8%, RSD A 3.8%~10.3%; - J5 K& I [A] i A7
74.7%~96.8%, RSD H 2.7%~11.4%; F [ A [ 45 78
74.6%~89.7%, RSD Jj 5.8%~9.1%.

4 &

AWFFESL T SIS 9 b -2 A sl 5%
Rl i) LC-MS/MS #6:ill J5 7% . FERTAL B R rp, SR P i A
UL 1%5040 S5 R R IBOBOG B S BEF THR L, B B0k A4
BHE T, BRARRIGE, HoRCREr, IR il EsL
AR KA, BE— 2R e T 9 Fh -2 R r
PRl IR 2 AR W, 2 IR MER . RO LT
FE kR, T2 NLA LI -2 AR Eh 77 5k
BB

SE MR
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