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Simultaneous determination of 26 f,-agonist residues in feed by liquid
chromatography-tandem mass spectrometry

LIU Jia, LIANG Gui-Rong, LI Shao-Hui, XIE Yun-Feng, REN Dan-Dan, YANG Yong-Tan*

(Beijing Key Laboratory of Nutrition Health and Food Safety, COFCO Nutrition and Health Research Institute,
Beijing 102209, China)

ABSTRACT: Objective To determination of 26 f,-agonist residues in feed samples by liquid chromatography
-tandem mass spectrometric (LC—-MS/MS). Methods Feed samples were extracted with muriatic acid and
methanol solution. And then the f,-agonist residues in the extracts were separated on a reversed phase using a
gradient elution program of 0.1% formic acid aqueous solution (A) and 0.1% formic acid in acetonitrile
solution (B). Using LC-MS/MS (ESI+) with multiple reactions monitoring (MRM), identification of the major
components of the 26 kinds of f,-agonist residues was performed based upon the intensities of fragments.
Results  The recoveries were ranged from 71.9% to 102.9% for the 26 kinds of f,-agonist residues with 3
spiked levels of 20, 50 and 100 pg/kg. The relative standard deviations (RSDs) were less than 11.8% (n=6), and
the limits of quantitation (LOQ) for the 26 kinds of f,-agonists were 10 pug/kg. Conclusion The proposed
method is fast, accurate and sensitive, which is suitable for detecting f,-agonist residues in feed samples.
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N (Mapenterol) A(phenyiethanolamine A)

1 5] & (Isoxsuprine) (PENBUTOLOL
Po- SULFATE) (Salmeterol)
A-Dj;(phenyiethanolamine A-Dy), =97.0%,
, DR.E
, « ( , Fisher );
»[1-3] ( , ); s MCX
, Po- (3 mL, 60 mg, Waters ); 0.22 pum
[4-91 ( ); Milli-Q
2010 1519 22 WREHE
221 ERELH
- ’ B Po- 10 mg
[10,11]
26 fo- -D3
[12-14]
’ A-D; -Dy -D; 4
’ ’ 10 mL , 30
20 p- " 1000 mg/L ,-20°C 26 fo
B : , ,
P 10 mg/L L 01%  -0.1%
br (92:8, viv) 100 pg/L .4
por ’ P 100 pg/L
- : 0.1 mol/L 80 mL,
2 MRS 20 mL
50 mL
2.1 XEFE5RKF , 5 min,
LCMS-8040 - ( 5% 5 mL 95 mL
); ( Eyela ) ( 0.2% 0.2 mL 100 mL
) , 100 mL
30 po- 222 HwTAE
(Zilpaterol) (Isoprenaline) @
(Terbutaline) -D;(Salbutamol-Dy) , 200 g,
(Salbutamol) (Cimaterol) 0.4 mm , s
(CIMBUTEROL) (Fenoterol) , ,
(Ractopamine) -D;(Ractopamine-D;) ©)

(Clencyclohexerol) 2 g( 0.01 g) 50 mL
(Hydrmmethyl-Clenbuterol) , 19 mL 1 mL
(Clenpenterol) (Ritodrine) , 20 min, 7000 r/min , 10

(Bromchlorbuterol) (Clenproperol) min,
(Clorprenaline) (Tulobuterol) ®
(Formoterol) -Dy(Clenbuterol-Dy) MCX 3 mL , 3mL
(Clenbuterol) (Bromobuterol) 5mL , 3mL 3 mL
(Bambuterol) (Mabuterol) , , 5% 5mL ,
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, (50 C) s 0.5 mL 0.2% 1 450 C, ;1.1 kV;
s 0.22 pm
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(1) 3 Z*%'—ﬁl’]’l@
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o . 200 pg/L s
30 C : 0~8.0 min, 8%~30% B;
8.0~10.0 min, 30%~60% B; 10.0~12.0 min, 60%~95% ’ ’
B; 12.0~13.0 min, 95% B; 13.0~13.1 min, 95%~8% B; > )
13.1~15.0 min, 8% B ) )
(2 ;
: ESI(+), : )
3.5kV, : 3.0 L/min : 20 L/min , 26 [ 4
1250 C, 1

R pr-ZHHEFAMEESH

Table 1 Parameters of MS for determination of p,-agonists

(m/z) (m/z) (ms) V) V) V)

1 262.0 244.2% 15 27 -12 -25 2

(Zilpaterol)

262.0 185.2 15 27 -23 -18

2 212.1 194.1% 15 -10 9 -20 2
(Isoprenaline) 212.1 152.0 15 -10 -15 27

3 226.0 152.2% 15 23 -15 29 2
(Terbutaline) 226.0 107.2 15 23 -30 -18

4 240.0 148.2* 15 25 -18 -28 2
(Salbutamol) 240.0 2222 15 25 9 22

5 219.8 202.2* 15 -23 -9 -20 3
(Cimaterol) 219.8 160.2 15 23 -14 -30

6 234.0 160.2* 15 25 -13 -30 3
(CIMBUTEROL) 234.0 143.1 15 25 24 26

7 304.0 107.1* 15 -11 29 -19 1
(Fenoterol) 304.0 135.1 15 -11 -18 24

8 302.0 164.2* 15 -30 -16 -30 1
(Ractopamine) 302.0 107.1 15 -30 -32 -18

9 318.7 301.1* 15 -15 -15 -15 1
(Clencyclohexerol) 318.7 203.0 15 -15 -15 -15

10 294.7 205.0* 15 -10 -17 21 2
(Hydrmmethyl-Clenbuterol) 294.7 277.1 15 -10 -11 -29

11 292.7 275.1% 15 -10 -11 -29 2

(Clenpenterol) 292.7 205.1 15 -10 -16 -21
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(m/z) (m/z) (ms) V) ) V)
12 287.8 121.1% 15 -30 23 -21 1
(Ritodrine) 287.8 150.1 15 -30 -18 28
13 3232 249.0% 13 23 -18 -26 3
(Bromchlorbuterol) 3232 305.1 13 23 -12 20
14 262.9 245.1% 15 27 -9 25 1
(Clenproperol) 262.9 132.2 15 27 24 24
15 213.8 154.1% 15 22 -15 -28 1
(Clorprenaline) 213.8 119.2 15 22 26 21
16 227.7 154.1% 15 24 -16 -28 1
(Tulobuterol) 227.7 119.1 15 24 28 21
17 3452 149.1% 15 -12 -18 -30 1
(Formoterol) 3452 121.0 15 -12 -35 21
18 276.9 203.1% 15 29 -15 -20 3
(Clenbuterol) 276.9 259.2 15 -29 -10 -17
19 366.9 292.9% 15 -17 -19 -30 1
(Bromobuterol) 366.9 349.0 15 -17 -13 24
20 368.1 294.2% 15 -17 20 -30 3
(Bambuterol) 368.1 72.2 15 -17 35 27
21 310.8 237.1% 15 -30 -16 -24 1
(Mabuterol) 310.8 217.1 15 -30 25 21
22 324.8 237.1% 15 26 -17 24 1
(Mapenterol) 324.8 217.1 15 26 26 22
23 A 344.8 327.2% 15 -16 -14 21 4
(Phenyiethanolamine A) 344.8 150.2 15 -16 23 27
24 302.0 284.2% 15 -30 -14 -30 1
(Isoxsuprine) 302.0 150.15 15 -30 -23 -28
292.0 236.2% 15 -30 -16 -24 1
25 (Penbutolol sulfate) 292.0 133.1 15 230 24 23
416.0 398.3% 15 -19 -14 -27 4
26 (Salmeterol) 416.0 91.1 15 -19 -45 -15
\ D 305.1 167.2% 15 -30 -16 -16 |
(Ractopamine Ds) 305.1 107.1 15 -30 35 -18
25 Ds 2432 151.2% 15 29 -17 -27 )
(Salbutamol D) 2432 225.3 15 -29 9 23
29 D, 285.8 204.1% 15 -13 -16 -21 X
(Clenbuterol-Dy) 285.8 268.2 15 -13 -11 28
30 A-D; 348.2 330.2% 15 -12 -13 22 A
(Phenyiethanolamine A-Ds) 348.2 153.1 15 -12 24 226
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32 EIRIEREMT 0.1% 0.2%
, 0.2%
32,1 RIREHKA ’
©) R pKa R
pH )
MCX
pH 33 FHEMGMTEEREER
) ) 5 s
, 0.1 mol/L : (80:20) , 2 5 10 20 50 pgkg
) 2
@ 10(S/N=10) (LOQ),
) 5~10 pg/kg br-
, , , 26 po-
10 pg/kg 2
05 1 2 5mL , 27 T2 4
m 34 [EWRERRIEEEXR
1 mL ,26 ,
19 mL , 20 50 100 pgkg
1 mL ’ >
302 BRI 4 10 20pgkeg 26 fr
MCX 71.9%~102.9%,
MCX 11.8%(n="6), 10 pg/kg,
, 50 pg/kg
, GB/T 27404-2008
pH 0~14 <0.100 mg/kg 60%~120%
2

>

F2 (AR 26 B p-FHRHEFIMEINER. BEE. REBEE. g%, KEEXRBREER@H=6)
Table 2 Results of recovery and repeatability, retention time, standard curve, linear correlation coefficient and LQD of
26 kinds of p,-agonists residues in pork liver (n=6)

20 pg/kg 50 pg/kg 100 pg/kg
(%) %) (%) (%) (%) (%) (min) (ng/kg)
1 (Zilpaterol) 86.7 4.2 879 11.8 905 3.8 1.32 Y=0.1980X-0.0088 0.996 10
2 . 76.5 0.3 78.9 6.5 78.6 3.0 2.77 Y =0.410X+0.210 0.998 10
(Isoprenaline)
3 (Terbutaline) 92.1 5.4 89.5 2.3 74.1 2.2 3.25 Y=0.4980X+0.0042 0.999 10
4 (Salbutamol) 78.9 1.9 71.9 5.0 87.3 4.8 2.53 Y=1.5210X+0.0411 0.999 10
5 (Cimaterol) 834 1.2 77.8 6.6 74.1 4.5 3.48 ¥=0.7102X-0.0101 0.994 10
6 (Cimbuterol) 89.9 7.2 78.9 5.7 83.7 8.6 4.48 Y=1.5102X-0.0112 0.995 10
7 (Fenoterol) 78.9 5.2 88.6 3.6 84.0 1.8 4.81 Y=0.0210X+0.00800 0.999 10
8 83.1 3.5 854 3.8 85.2 6.5 5.09 Y=1.3820X+0.0323 0.999 10

(Ractopamine)
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20 pg/kg 50 pg/kg 100 pg/kg
(%) ) (B (%) (%) (%) (min) (ng/kg)
84.3 0.7 85.4 2.6 81.3 0.6 5.23 ¥Y=0.3102X+0.0191 0.999 10
(ClencYcloheXerol)
10 84.7 0.6 86.3 1.3 83.0 0.7 5.28 Y=-9.05X+0.710 0.998 10
(HYdrmmeth Y1-Clenbuterol)
11 92.3 0.1 99.6 6.4 84.5 1.4 5.93 ¥Y=0.520X +0.321 0.996 10
(Clenpenterol)
12 (Ritodrine)  92.6 1.5 94.2 33 100.4 8.9 6.25 Y=1.001X+0.0201 0.998 10
13 102.9 9.3 99.3 4.5 94.5 5.5 6.26 ¥Y=0.102X+0.0151 0.999 10
(Bromchlorbuterol)
14 (Clenproperol) 85.6 3.7 83.5 5.5 93.4 1.2 6.62 Y=1.302X+0.0288 0.998 10
15 (Clorprenaline)  88.0 4.6 67.8 9.5 86.6 6.9 6.83 Y=0.231X+-0.136 0.996 10
16 (Tulobuterol) 83.0 6.6 85.6 1.5 77.1 6.0 7.12 Y=0.7102X-0.0009 0.999 10
17 (Formoterol) 79.8 4.3 79.5 105 86.4 1.1 7.73 ¥Y=0.0291X+15.0 0.998 10
18 (Clenbuterol) 79.3 5.6 85.3 1.5 79.1 2.4 7.11 Y=2.093X+0.1298 0.999 10
19 (Bromobuterol)  99.5 9.0 95.8 1.4 85.8 9.3 8.65 ¥Y=0.5989X+0.0295 0.999 10
20 (Bambuterol) 83.2 32 89.6 5.7 89.9 1.7 8.89 ¥=2.9398X+0.0790 0.997 10
21 (Mabuterol) 94.2 5.1 91.9 2.4 82.7 1.9 9.07 Y=1.3898X-0.0131 0.998 10
22 (Mapenterol) 79.5 3.8 79.5 4.6 93.3 1.9 9.23 ¥=3.0005X+0.2877 0.995 10
23 . . 93.1 0.6 89.7 2.2 86.2 2.7 10.52 Y=1.18X+0.498 0.999 10
A(PhenYiethanolamine A)
24 (IsoXsuprine)  92.9 5.6 84.6 7.5 90.8 2.6 10.85 Y=1.9001X-0.1055 0.997 10
25 94.2 5.0 95.4 3.1 78.4 6.0 11.21 Y=0.1023X+0.0701 0.997 10
(Penbutolol sulfate)
26 (Salmeterol) 82.8 8.4 81.5 6.5 83.7 4.2 11.31 Y=0.4998X-0.0349 0.996 10
33
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