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Determination of 22 g-agonists in pork and pork liver by high performance
liquid chromatography-tandem mass spectrometry

HUANG Hong, XIA Su-Jie, LIU Chang”, WANG Ke

(Shanghai Institute of Food and Drug Control, Shanghai 201203, China)

ABSTRACT: Objective An analytical method was developed for determination of 22 B-agonists in pork
and pork liver, including terbutaline, cimaterol, salbutamol, fenoterol, clorprenaline, ractopamine,
clenbuterol, tulobutero, penbutolol, formoterol, metaproterenol, phenylethanolamine A, salmeterol,
mapenterol, mabuterol, brombuterol, isoxsuprine, bambuterol, bromoclenbuterol, clenpenterol, cimbuterol
and carbuterol by high performance liquid chromatography-tandem mass spectrometry. Methods Samples
were enzymatically hydrolysed and extracted by acetic acid buffer (pH5.2). The supernatant was transferred
and defatted by n-hexane, and then MCX was used as solid phase extraction cartridges to purify. The eluate
was dried and reconstituted. Ractopamine, clenbuterol, salbutamol, salmeterol, mapentero, mabuterol,
cimbuterol and cimaterol were determined by internal standard, others were determined by external standard.
Results Average recoveries of the 22 f-agonists ranged from 80% to 125%, and the calibration curves were
between the concentrations of 0.5~100.0 pg/kg with the correlation coefficient »>0.992. The limit of

quantitation is not more than 0.5 pg/kg. Conclusion Due to its high sensitivity, accuracy and efficiency, the
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method is suitable for food safety control.
KEY WORDS: high performance liquid chromatography-tandem mass spectrometry; -agonists; pork; liver
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Table 1 The parameters of compounds spectrum
DP CE
DP CE
134.6* 70 35
203.1 60 22
304.2 286.2 70 28
276.8 259.1 60 15
107.1 70 20
168.1%* 60 38
*
222.1 70 10 236.2 85 e
240.1 166.1% 20 20 2922 168.1 85 25
148.0 70 26 201.2 85 29
164.2% 65 25 154.1% 70 25
214.1
302.2 2842 65 20 196 70 25
121.2 65 34 327.1 40 19
152.1% 64 25 345 149.2% 40 24
226.2 170.1 64 18 - 20 5
125.0 70 37
327.1% 60 21
2022 75 30 345.2
150 60 32
220.2 160.2 75 25
294.2 60 26
143.1% 75 36
368.1 3122 60 20
160.1%* 30 22
234.1 72.0% 50 36
216.1 40 13
*
237 0% %0 ’ 268.2 194.1 51 20
3112 2932 80 16 268.2 250.2 47 20
194.2 80 16 152 25 21
237.1% 100 22 N
1252 212.1 194.1 10 21
307.2 100 16
125.1 47 30
349 30 17
366.9 204.8% 20 18
293.0% 30 25 2933
305.0% 125 17 2752 20 15
323
249 120 12 227.2 161.1 30 24
284.2% 37 20 286.3 203.9 86 25
3023
150.1 34 29 2433 151.1 65 25
398.3 30 21 305.2 167.2 65 25
232.1 40 30 320.0 237.9 60 25
154.1% 85 26 336.2 238 50 23
2282 172.1 8 18 4192 3833 60 25
118.1 85 35
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2g( 0.01 g), 50 mL
) (50
ng/mL)100 pL, 0.2 moL/L (pH
5.2)20 mL, 40 uL  p-
R 10 min )
37°C 16 h , ,
4600 r/min 15 min, 50
mL 15 mL,
4600 r/min 10 min, ,
Membrana 0.8 um
, , MCX
(3 cc, 60 mg), 2%
3 mL ) s 2%
3 mL s S 5%
6 mL ; 45 °C
-0.1% (10:90, v/v)0.5
mL , , 15000 r/min 10 min,
10 pL, -
3 HR5ITE
3.1 HmBTAEERRE
p- , pH 5.2
p- - ,
B-
, [5.61 20~40 pL
37 C 16 h, 7]
37 °C 1h 3h
16 h , 16h 3h
3h
pH - )
SPE
GB/T 22286-2008""  GB/T 21313-2007"
1025 -18-2008'""
MCX[I]] , [12]
HLB MCX

, SPE

B

SPE

SPE
MCX

MCX
5%

3.2 BIEHANERE

Agilent XDB-Cyg
Atlantis dC 18

3.3 mENfERYIEE

Atlantis dC]g

MCX HLB

5%

5%

5%

Agilent HC-Cyg

0.1% 0.1% - 0.1%
+5mmol/L 5 mmol/L -
10 mmol/L - 0.1% -
5 mmol/L - ,
A,
)
0.1% - ;
R 5 mmol/L -
- 1,
2
34 ZMEHE
, 1
pg/mL 10 ng/mL
2¢g( 0.01 g) s
0.5~100.0 ng/g s
(ng/kg) ,
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B XIC of +MRM (73 pairs): 277.000/259.000 Da ID: clenbuterol(277.0/259.0) from Sample 7 (R-S4) of J130628-22B.wiff (Turbo Spray)

Max. 1.9¢4 cps.
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Fig. 1 Total ion flow chart of 22 kinds of f-agonists
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A 35 FiEEUIEE
(ng/kg) ; , 0.5 5.0 500
5 > ng/kg, 22
0.5~100.0 pg/kg , b- 80%~125%
2 0.5 pg/kg 3
R2 2% p-ZIRHETNEIEFIER B
Table 2 Linear equation and r value of 22 kinds S-agonists

/(ng-g™) r r
0.5~100.0 Y=0.19X-0.00917 0.998 Y =0.153X-0.00604 0.9956
0.5~100.0 Y=0.248X-0.0188 0.9997 Y=0.208X+0.0134 0.9995
0.5~100.0 Y=0.442X+0.0622 0.9993 Y =0.369X+0.0395 0.9961
0.5~100.0 Y=6.44e+004X+1.46e+004 0.9975 Y =6.38e+004.X+1.67e+004 0.9968
0.5~100.0 Y=0.19X+0.0167 0.9991 Y=0.142X+0.0215 0.999
0.5~100.0 Y=0.0786.X-0.00868 0.9977 Y =0.165X+0.0121 0.9983
0.5~100.0 Y=0.382X+0.0661 0.9996 Y=0.331X+0.0477 0.9992
0.5~100.0 Y=0.181X+0.028 0.9952 Y =0.145X+0.0323 0.9933
0.5~100.0 Y=1.89¢+004.X-826 0.9997 Y =1.37e+004X+1.03e+003 0.9976
0.5~100.0 Y =4.39e+003X+4.58e+003 0.9959 Y =3.72e+003X+1.26e+003 0.9967
0.5~100.0 Y =1.35e+005 X +4.3e+004 0.9922 Y =7.09¢+004X+2.17e+004 0.9955
0.5~100.0 Y =0.0682X+0.0027 0.9989 Y =0.426X+0.102 0.9938
0.5~100.0 Y =5.09e+004X +1.05¢+003 0.9976 Y =3.73e+004X+3.51e+003 0.9964
0.5~100.0 Y =3.2e+003X-266 0.9987 Y =2.48e+003X +47.7 0.9952
0.5~100.0 Y =4.04e+004.X-2.83e+003 0.9995 Y=1.01e+004X-952 0.9985
0.5~100.0 Y =9.48e+004X+1.01e+004 0.9994 Y =8.48e+004.X+1.86e+003 0.9978
0.5~100.0 Y =4.75e+004.X-3.56e+003 0.9916 Y =0.661X-0.034 0.9917
0.5~100.0 Y =3.99e+004.X-4.44e+003 0.9993 Y =8.75e+003X+2.17e+003 0.9996
0.5~100.0 Y =5.52e+004X+2.74e+004 0.9925 Y =4.68e+004.X+2.39e+004 0.9934
0.5~100.0 Y =4.36e+004X-1.05e+004 0.9978 Y =3.63+004X-1.71e+003 0.9946
0.5~100.0 Y =5.41e+004 X +4.43e+003 0.9993 Y =3.53e+004 X +9.27e+003 0.9962
0.5~100.0 Y =2.97e+004 X +2.11e+003 0.9995 Y =2.24e+004 X +3.64e+003 0.9985
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F3 22 % p-ZAKH T EIUER (n=6)
Table 3 Recoveries of 22 kinds off-agonists(n=6)

/(ng-g") 1% /(ng'g™) 1%
0.5 113.944.5 0.5 105.245.9
5 109.4 +3.6 5 118.8+ 6.6

50 105.843.7 50 107.3+4.5
0.5 121.8 5.2 0.5 102.8 £3.9
5 99.8 +3.3 5 116.0 4.1

50 102.7+ 3.8 50 99.6 +5.1
0.5 87.4+3.5 0.5 922422
5 110.6+ 2.8 5 111.74322

50 102.943.4 50 108.6+3.1
0.5 93.5 £6.5 0.5 90.15.4
5 98.0+4.8 5 110.745.3

50 102.1+4.6 50 106.7+4.6
0.5 82.3+4.3 0.5 86.1 6.1
5 106.243.4 5 104.0 +7.8

50 104.0 3.8 50 105.043.5
0.5 115.0 £5.5 0.5 98.1+4.7
5 106.3+ 4.8 5 103.346.3

50 97.0+ 4.9 50 103.1£5.2
0.5 84.7+ 6.5 0.5 87.543.4
5 117.1£4.9 5 109.3+5.8

50 106.5+ 4.3 50 104.5 £6.7
0.5 90.8 5.2 0.5 82.0 +5.3
5 113.143.3 5 108.445.2

50 105.2 4.7 50 119.8 3.7
0.5 121.048.8 0.5 104.8 £7.8
5 113.3+ 7.5 5 112.8 £6.9

50 106.8 +6.9 50 114.2+5.4
0.5 114.5 9.5 0.5 89.1 7.7
5 111.246.7 5 96.9 +8.5

50 110.6 +6.8 50 104.246.0
0.5 87.8+8.3 0.5 89.0 £7.8
5 114.4+ 6.3 5 111.0 48.5

50 100.6+ 5.5 50 124.8 £7.3
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%3
/(ng'g™") 1% /(ng:g™ %
0.5 115.5 7.5 0.5 110.6 £10.3
5 103.2 +4.5 5 109.5 £7.4
50 106.6+ 5.2 50 123.3+ 7.5
0.5 96.8% 3.5 0.5 122.8 5.0
5 113.14 4.4 5 108.6 +3.8
50 107.6+ 5.4 50 110.8 +4.4
0.5 105.6+ 10.2 0.5 87.0 £8.9
5 104.548.9 5 108.6 £10.6
50 104.6+ 5.9 50 103.3+7.4
0.5 109.7 3.2 0.5 122.745.7
5 113.2+3.5 5 122.0+6.4
50 105.4+ 4.1 50 121.743.2
0.5 100.243.8 0.5 116.7+4.9
5 106.7 +4.1 5 93.446.1
50 106.6 +5.9 50 106.8+6.4
0.5 122.846.7 0.5 114.2+3.7
5 99.2 5.9 5 89.3 +4.4
50 95.3+4.4 50 103.1 £5.2
0.5 124.048.1 2 87.543.6
5 98.9+7.2 20 102.943.8
50 96.0 +4.4 200 114.143.0
0.5 90.1+7.4 0.5 85.4 5.6
5 116.5 6.6 5 111.7 +4.0
50 106.9+4.5 50 109.2+5.5
0.5 85.546.7 0.5 123.6£7.2
5 105.5+ 5.0 5 99.9 +5.7
50 104.7+ 4.2 50 113.1£7.3
0.5 100.5+9.5 2 123.6+10.8
5 89.145.9 20 87.248.2
50 88.3+4.9 200 94.3 £6.5
0.5 112.245.3 0.5 116.4+6.9
5 109.4+3.8 5 110.6£5.3

50 103.6+ 6.7 50 114.0+6.1




1164

22

[13]

4

+ A8
L=

: , MCX ,
21

, 0.1% - ,

s 5 mmol/L -

27 3k

(1

(2]

(3]

(4]

> > >

B- U1
Zhu J, Li B, Fang XM, et al. Analisis of 11 S-agonist residues

, 2005, 26(3): 129-137.
in liverkidney and meat by gas chromatography-mass
spectrometry[J]. J Chin Mass Spectrom Soc, 2005, 26(3):
129-137.
NY/T468-2006 -
[S].
NY/T468-2006 Determination of residual clenbuterol in animal
tissues gas chromatrgraphy /mass spectrometry[S].
11 Po- .
193-201.

, 2007, 28(4):

Jin YE, Guo DH, Zheng Y, et al. Determination of 11 f,-agonists
in foodstuff of Animal Origin by Liquid Chromatography with
Tandem Mass Spectrometric Detection[J]. J Chin Mass Spectrom
Soc, 2007, 28(4): 193-201.

[ ,2007, 28(10): 577-581.

Zhang GH, Lai WH, Jin J, et al. Principles of immunoaffinity

(3]

(el

(7

(8]

9]

[10]

[12]

chromatography and its application in food safety monitoring[J].
Food Sci, 2007, 28(10): 577-581.

3 p- [J.
216-219.

, 2013, 34(8):

Wang Y, Xing LJ, Hao JY, et al. Determination of f-Agonists in
Cooked Meat by HPLC-MS/MS[J]. Food Sci, 2013, 34(8):
216-219.

9 p- [J]. , 2008,
26(6): 709-713.
Sun L, Zhang L, Zhu YL, ef al. Simultaneous determination of
nine S-agonists in animal derived foods by ultra performance
liquid chromatography—tandem mass spectrometry[J]. Chin J
Chromatogr, 2008, 26(6): 709-713.

s . - .

, 2011, 27(9): 1146-1149.
Gan S, Shi XG. Determination of f-agonists in Mutton by Liquid
Chromatography[J]. Mod Food Sci Technol, 2011, 27(9):
1146-1149.
Lee D, Williams MI, Churchewell DR, et al. Multiresidue
confirmation of p-agonists in bovine retina and liver[J]. J
Chromatogr B, 2004, 813(1): 35-45.
GB/T 22286-2008 p-
[S].
GB/T 22286-2008 Determination of p-agonists residuals in
foodstaff of animal origin liquid chromatography with
tandem-mass spectrometric method[S].
GB/T 21313-2007 p-
- / [S].
GB/T 21313-2007 Analysis of f-agonists in foods of animal
origin by high performance liquid chromatography tandem mass
spectrometry[S].
1025 -18-2008 p-
- [S].

Department of Agriculture Bulletin No.1025-18-2008 attaching

standard  Determination of p-agonists residuals in animal
derived food by liquid chromatography-tandem mass
spectrometry[S].

5 5 5

20 Po- [J].
, 2009, 19(11): 2461-2467.

Cai ZX, Jia XF, Pan HF, ef al. Simultaneous determination of



4 . - 2 B 1165

PPN
20 pr-agonists residues in animal tissues by ultra 'ﬂz%la 1

performance liquid chromatography-electrospray tandem
i, BIEEAW, EEWRRAEA
EmARIH.
E-mail: huanghong8907@163.com

mass spectrometry[J]. Chin J Health LabTechnol, 2009,
19(11): 2461-2467.

[13] Bing S, Xiao J, Jing Z, et al. Multi-residual analysis of 16
[-agonists in pig liver, kidney and musle by ultra performance
liquid chromatography tandem mass spectrometry[J]. Food Chem, x4, 1+, BIEEBIE, TEWR

FEARGR. Baaih.

E-mail: ccchangchang@hotmail.com

2009, 114: 1115-1121.
(UAE % 8 R #%)

Y RY RY Y Y Y HY HRY ARY HRY Y HRY Y Y Y HKY) HY ARY ARY HRY Y HRY Y Y oY Y HRY AR ARY ARY HRY Y Y Y oY oY) oY ARY ARY HRY Y Y Y Y oY) Y 7Y ARY HRY HRY RY Y Y Y Y oY) oY Y R R

BIEERSE

5 3 912

Wb, xgemy, Rk, TEE, b4

( , 210095)



