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Abstract: A new method based on membrane dialysis/high performance liquid chromatography-tandem mass spectrometry
(MD/HPLC-MS/MS) was developed for the analysis.of hine s-agonist residues (e.g., clenbuterol, ractopamine, salbutamol) in livestock products.
The samples were extracted with ammonium acetate buffer, enzymolyzed by S-glucuronidase/arylsulfatase, and purified with a standard-grade
regenerated cellulose dialysis membrane (RC, MWCO: 1000 D). The residues of S-agonists were infiltrated through the membrane into the
dialysis solution, which was extracted with cyclohexane-ethyl acetate (4:1). The S-agonists were separated with Waters Xbridge C18 columns
using a gradient elution with 0.1% formic acid-acetonitrile as the mobile phase. The S-agonists were detected by positive electrospray ionization
(ESI+) in the multiple reaction:monitoring (MRM) mode, and the quantification analysis was performed by an external standard method. The
results showed that the nine S-agonists had good linearities in the range from 0.5 pg/kg to 10 pg/kg. The limits of quantitation for all f-agonists
were 0.5 pg/kg. The recoveries of these analytes varied from 72.5% to 92.6% at the spiked levels of 0.5 pg/kg, 1.0 pg/kg, and 2.5 pg/kg. The
relative standard deviation of the method varied from 4.1% to 12.7% (n = 6). The method was based on membrane dialysis and expensive
solid-phase extraction cartridges were not required. Thus, this method is economical, highly sensitive, and suitable for the determination of the
nine S-agonists residues in livestock products.
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Table 1 Mobile phase conditions for gradient elution
BHE/min FAaR/(mUmin)  0.1%FEK  hF

0 0.2 90.0 10.0
2.0 0.2 90.0 10.0
5.0 0.2 77.0 23.0
8.0 0.2 44.0 56.0

12.0 0.2 5.0 95.0
20.0 0.2 5.0 95.0
20.1 0.2 90.0 10.0
28.0 0.2 90.0 10.0
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Table 2 Optimized MS parameters.for nine g-agonists
F&5T FATF FAR R B R E

AR

(m/2) (m/2) DPNV CE/eV
CLEN 2770 168.1*203.1/132.0 % 48 38/22/36
RACT 3021 164.1%284.1/121.1 = 48 17/23/30

SAL<.  240.1°. 148.1%/166.1/222.1 48 24/18/14
MAB 3112 293.2% 237.1/217.1 60 16/24/36
PHE 3451, /327.3*/150.2/118 60 18/30/40
BRO 367.1/ 349.1*%/293.0/212.1 60 17/26/42
TER 2260 152.1*/170.2/107.2 60 20/16/40

BAM  368.2 312.2*%/294.2 60 20/26
CLO 2141 196.1*154.1/118.1 60 15/23/38
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Fig.4 Extracted ion chromatograms of nine g-agonists
JE: a: CLEN, b: RACT, ¢c: SAL, d:"TER, e:"BAM,
f: CLO, g: MAL, .h: PHE, i: BRO.
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WADINIREE (X, pgkg) ABEAR, UAPRHEIIZL,
FWEDNEIEIEE . EEIR . Gt fE RAH G R
WEE3Mias. SRR N], ATTROB- AR 12k
Y N0.5~10.0 pgkg, HIKRAKRIIAT0.99. &
SEBRAEaR, 25 RS BRI BT R, B e A
TIERE EPRIIN0.5 ngke.
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Table 3 Linear range, LOQ, linear equations, and correlation coefficients of nine g-agonists in pork

24k K5 B [(ugkg) - £ 2R/ (1g/ke) AL 0% A 4P
clen 0.5~10.0 05 y = 1510000 X + 165000 0.9987
ract 05~10.0 05 y = 679000 X + 25100 0.9975
sal 0.5~10.0 05 y = 1640000 X + 87400 0.9978
mab 0.5~10.0 05 y = 1810000 X + 186000 0.9987
phe 0.5~10.0 05 y = 771000 X + 20200 0.9991
bro 0.5~10.0 05 y = 617000 X + 34200 0.9991
ter 0.5~10.0 05 y = 2690000 X + 465000 0.9942
bam 0.5~10.0 05 y = 4710000 X + 666000 0.9985
clo 0.5~10.0 05 y =1960000 x + 190000 0.9971

EHAFEER CERL B B 48 e
HRES, 2RI IIIREE 0.5, 1.OFI2.5 ng/kg3NKE
AP HIRAFRUERR, FAKTFEENE6X, THHEH
SR ARG . AREIREEAKCE T, SR R

1 72.5%~92.6% 2 [a] , FH X} A5 1w 2 (RSD) 7E
4.1%~12.7%2 (8], Ui ZITERA R R, fR
SEVERIE M, 564 RT DAL & 77 il OFhB-SZ M4
AR HE A ZER

303



MR BRI

Modern Food Science and Technology

2015, Vol.31, No.11

R4 9M [-ZHEMENF BRI FE R ERE (n=6)

Table 4 Recoveries and RSDs of nine g-agonists (n = 6)

2k TR E 41K #N it 4R
lug/kg) EDKEM%  RSD/% EKE%  RSD/% EKE%  RSD/% EKE%  RSD/%
05 743 10.2 80.3 108 78.2 9.2 77.0 10.2
CLEN 1.0 765 6.7 75.6 5.4 755 73 705 7.0
25 83.9 5.1 80.3 5.9 81.9 5.6 82.3 4.4
05 728 125 73.2 11.8 79.7 11.7 743 127
RACT 1.0 725 73 72.1 8.3 755 78 775 9.2
25 78.2 8.6 773 7.4 765 76 73.2 6.4
05 765 6.4 75.3 6.7 785 9.4 765 7.4
SAL 1.0 81.4 7.2 87.4 5.2 85.2 75 86.4 75
25 89.6 7.2 91.4 6.2 84.6 6.3 926 41
05 736 9.9 738 115 76.6 11.9 764 9.9
MAB 1.0 74.1 5.4 76.3 75 74.6 74 75.2 75
25 75.4 6.1 79.8 8.6 82.4 55 84.1 6.6
05 725 121 77.9 1.7 745 11.6 736 124
PHE 1.0 77.0 8.4 74.0 78 76.0 8.1 779 9.1
25 79.8 8.7 81.3 8.1 80.1 5.7 79.2 8.2
05 733 103 773 9.3 75.3 1.3 732 9.3
BRO 1.0 774 8.2 79.1 8.7 77.8 8.9 74.9 7.3
25 78.3 6.9 82.3 6.2 81.3 6.9 77.2 7.1
0.5 75.6 8.9 78 112 75.4 9.9 743 10.2
TER 1.0 795 6.4 71.5 8.4 76.9 6.7 773 85
25 80.7 45 75.7 5.9 79.7 5.9 783 5.9
05 74.8 10.6 72.3 86 78.2 126 80.1 8.6
BAM 1.0 725 85 745 7.2 721 95 786 9.0
25 76.1 5.8 785 6.8 721 75 82.2 6.3
05 75.4 1.2 785 8.8 76.4 1.2 81.4 106
CLO 1.0 80:3 6.3 82.3 6.6 83.2 7.3 80.5 5.3
25 883 6.1 89.1 5.1 84.2 6.6 81.7 5.7

25 SEFRAF
5 PHMGRE R SR (S BN SURAIMER R

Table 5 Measurement data and RDs of clenbuterol in positive

samples

FE AZERE FAFRET % AASF Ay £
Ao I(ug/kg) M AE (ug/ke) 1%

1 225 241 6.87

2 2.83 2.74 3.23

3 3.76 3.62 3.79

4 425 4.47 5.05

5 2.63 2.85 8.03

6 9.62 9.41 221

R FH AT AN SR 7273 Sl 36 T 5 ) 20473
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