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Abstract. B-Agonists, B-blockers, and protein assimilators are classified as stimulant drugs.

Their illegal use during animal feeding and slaughtering leads to food-borne stimulant drug resi-
dues, which are harmful to human health. At present, methods for the detection of B-agonists
and protein assimilators are prevalent, but those for the detection of B-blockers are rare. There
is no national standard for the detection of B-blockers in food products of animal origin. A
method based on ultra-performance liquid chromatography-tandem mass spectrometry ( UPLC-
MS/MS) was developed for the determination of nine food-borne stimulant drug residues,
including B-agonists, B-blockers, and protein assimilators, in pork, egg, and milk. The optimal
extraction conditions for this method were as follows: The samples were hydrolyzed with 8-
glucuronidase/aryl sulfate esterase in pH 5.2 ammonium acetate buffer. Enzymatic hydrolysis
was carried out in a constant-temperature (37 C) water bath oscillator for 16 h. The
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enzymolyzed samples were cooled to room temperature and then extracted with acetonitrile,
which was adjusted to pH 9. 5 with NaOH solution. After extraction and homogeneous mixing,
the extract was added to a salt package for salting out stratification. The clear supernatant was
cleaned up using an enhanced lipid removal tube ( EMR-lipid), which was pre-activated by
water. Then, anhydrous magnesium sulfate was added to ensure dehydration of the extract and
concentrated to near dryness under nitrogen flow. The residue was dissolved in 1 mL acetoni-
trile-0. 1% formic acid aqueous solution (1:9, v/v). Separation was performed on an ACQUITY
UPLC HSS T3 column (100 mmx2. 1 mm, 1.8 wm) with gradient elution using methanol-0. 1%
formic acid aqueous solution as the mobile phase. The analytes were detected in the multiple
reaction monitoring (MRM) mode after being ionized by an electrospray positive ion ( ESI").
Quantitative analysis was performed by the internal standard method using matrix-matched cali-
bration curves. The effects of the extraction solvent and pH on the extraction efficiency during
pretreatment were optimized. The influence factors of different types of chromatographic col-
umn, mobile phase and dissolved solution in the process of instrumental analysis were dis-
cussed in detail. Under the optimal conditions, the method showed good linearity in the range
of 0.5 to 20 wg/L, with correlation coefficients (7°) greater than 0. 99. The limits of detection
(LODs) and limits of quantification (LOQs) were in the range of 0.3-0. 6 wg/kg and 1. 0-2.0
ng/kg,respectively. The average recoveries of all the compounds ranged from 65. 2% to 117. 0%
with relative standard deviations ( RSDs) in range of 1. 3% —14. 4% at spiked levels of 1, 2, and
5 times the LOQs. The established method was used to determine the quality of animal-origin
foods such as pork, eggs, and milk purchased from the market. The nine stimulant drug resi-
dues were not detected in these food samples. The analytical method is rapid, sensitive, accu-
rate, and stable. It can be used for the determination of the nine food-borne stimulant drugs
residue in pork, egg, and milk.

Key words: ultra-performance liquid chromatography-tandem mass spectrometry ( UPLC-MS/
MS) ; food-borne stimulant drug; residues; pork; egg; milk
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Table 1 MS parameters for the nine stimulants

Compound t/min Precursor (m/z) Daughter (m/z) Cone voltage/V  Collision energy/eV Internal standard

3-0O-Methyldopamine 2.35 168.1 119.1 30 16 salbutamol-D3
151.1° 30 11

Zilpaterol 2.90 262.1 185.2 30 22 ractopamine-D3
2443 30 12

Atenolol 2.98 267.2 145.1* 30 26 ractopamine-D3
190.1 30 17

Clenproperol 4.05 263.2 203.1" 30 16 ractopamine-D3
132.2 30 27

Metoprolol 4.55 268.3 74.1 30 20 clenbuterol-D9
116.1" 30 17

Propranolol 5.30 260.2 116.2 30 18 clenbuterol-D9
183.2" 30 16

Salmeterolxinafoate 6.19 416.4 380.3 30 15 clenbuterol-D9
398.4* 30 12

Dehydroepiandrosterone 7.06 271.2 213.1 25 20 testosterone-D3
253.1" 30 15

Metenolone 7.19 303.3 83.1 30 20 methyltestosterone-D3
187.3* 30 20

Salbutamol-D3 2.90 243.2 151.1 24 18

Ractopamine-D3 4.15 305.2 167.0 30 18

Clenbuterol-D9 4.40 286.1 204.1 30 16

Testosterone-D3 6.98 292.4 97.1 30 24

Methyltestosterone-D3 7.15 306.4 97.1 30 24

#* Quantitative ion.
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Fig. 3 Matrix effects of the nine stimulants
in different matrices
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Table 2 Linear ranges, linear equations, correlation coefficients (r?), limits of detection (LODs) and
limits of quantification (LOQs) of the nine food-borne stimulant drugs

Compound Linear range/(ng/L) LOD/(pg/kg) LOQ/(pg/kg)  Matrix Linear equation 7?
3-0O-Methyldopamine 0.5-20 0.3 1.0 pork y=0.015110920+0.00214252 0.9972
egg y=0.00603772x+0.00149372 0.9966
milk y=0.0127182+0.00247736 0.9993
Zilpaterol 0.5-20 0.3 1.0 pork y=0.2064492+0.0151934 0.9986
egg y=0.1381012+0.00342916 0.9995

milk y=0.2117762+0.0164704 0.9960
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Table 2 (Continued)
Compound Linear range/(ng/L) LOD/(pg/kg) LOQ/(pg/kg)  Matrix Linear equation 7?
Propranolol 0.5-20 0.3 1.0 pork y=0.07306392+0.0038951 0.9987
egg y=0.1801352+0.00280754 0.9986
milk y=0.07394712+0.00527138 0.9982
Clenproperol 0.5-20 0.3 1.0 pork y=0.0386475x+0.00076196 0.9989
egg y=0.118687x+0.000713237 0.9970
milk y=0.0352792+0.00118618 0.9990
Atenolol 0.5-20 0.3 1.0 pork y=0.0622948x+0.00392713 0.9986
egg y=0.1303832-0.000330244 0.9994
milk y=0.06167492+0.00596514 0.9971
Metoprolol 0.5-20 0.3 1.0 pork y=0.172068x+0.0133167 0.9983
egg y=0.5429152+0.00151761 0.9999
milk y=0.174471x+0.0174125 0.9973
Metenolone 0.5-20 0.3 1.0 pork y=0.108278x+0.0205757 0.9999
egg =0.168793x-0.00348651 0.9992
milk y=0.1097832-0.00169571 0.9996
Salmeterolxinafoate 0.5-20 0.3 1.0 pork y=0.183648x+0.0116977 0.9987
egg y=0.5211942+0.020523 0.9993
milk y=0.1765112+0.0131412 0.9982
Dehydroepiandrosterone 1-40 0.6 2.0 pork y=0.0138347x+0.0166979 0.9975
egg y=0.00661188x+0.0141375 0.9954
milk y=0.0134266x+0.0211796 0.9941
Y. ratio of the peak areas of compound to internal standard; x. mass concentration, pg/L.
F3 BABE FNERPIMRFEENENRAYHEREMEZE (n=6)
Table 3 Recoveries and relative standard deviations (RSDs) of the nine food-borne
stimulant drugs spiked in pork, egg and milk samples (n=6)
Spiked level/ Recoveries/% RSDs/%
Compound - -

(pg/kg) Pork Egg Milk Pork Egg Milk

3-O-Methyldopamine 1 85.5 89.3 72.2 10.7 6.0 10.1

2 79.3 84.8 69.2 10.8 4.4 4.4

5 71.7 75.7 65.5 8.3 3.9 2.9

Zilpaterol 1 89.0 83.8 76.7 9.7 5.1 5.1

2 80.0 79.3 80.7 13.9 4.7 6.3

5 76.0 71.8 68.7 14.3 5.9 2.9

Propranolol 1 117.0 111.0 113.0 1.6 3.4 4.7

2 110.0 110.0 111.0 8.3 3.3 5.5

5 108.0 110.0 113.0 3.5 3.2 7.8

Clenproperol 1 113.0 111.0 116.0 3.7 1.7 3.9

2 108.0 112.0 114.0 7.3 3.1 3.2

5 101.0 107.0 115.0 1.3 2.0 1.7

Atenolol 1 82.0 78.7 69.2 14.0 4.2 10.7

2 75.9 86.7 76.0 14.4 12.5 5.8

5 72.7 89.6 69.2 13.9 5.0 1.3

Metoprolol 1 117.0 115.0 115.0 1.7 2.7 4.6

2 116.0 112.0 113.0 2.1 4.1 4.4

5 113.0 111.0 108.0 3.2 3.5 7.7

Metenolone 1 75.4 70.3 78.0 10.0 3.8 13.8

2 72.7 92.4 71.6 11.5 8.4 4.0

5 65.2 75.8 66.3 2.5 8.0 3.6

Salmeterolxinafoate 1 73.9 80.7 83.5 7.2 3.4 12.5

2 72.0 65.4 80.4 6.7 5.1 6.2

5 70.9 73.9 87.2 4.4 7.2 11.7

Dehydroepiandrosterone 2 74.3 106.0 73.7 13.6 4.3 8.3

4 81.0 103.0 83.1 13.8 5.0 8.3

10 82.7 86.8 85.1 7.0 8.0 5.4
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