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Abstract: A high-throughput method was established for simultaneous determination of 33 S-agonists, six cephalosporins, six penicillins,
three fluoroquinolones, and two glycopeptides in meat products by dispersive solid phase extraction combined with ultra-high performance
liquid chromatography-tandem mass spectrometry (UPLC-MS/MS). After enzymolysis treatment, the sample was extracted with 0.1% formic
acid-acetonitrile (volume fraction), and purified with dispersive solid phase extraction. The resultant sample was analyzed by positive and
negative electrospray ionization (ESI+/-) tandem mass spectrometry under multiple reaction monitoring (MRM) mode. The qualitative analysis
was performed using retention time and ion abundance ratio, and the quantitative analysis was performed using external standard method. The
results showed that the 33 target compounds displayed a good linearity in the concentration range of 1.0~300 pg/L, with correlation coefficients
larger than 0.996. The limits of detection (LOD, S/N=3) were 0.5 pg/kg for f-agonists and fluoroquinolones and 3 pg/kg for the others. At
spiked levels of 2.0~100 pg/kg, the average recoveries were in the range of 74.9~112%, and the RSDs ranged from 2.2% to 10.8%. The
developed method is accurate, sensitive, and suitable for the high-throughput quantitative and qualitative analysis of f-agonist, cephalosporin,
penicillin, fluoroquinolone, and glycopeptide multi-residues in meat products.
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Table 1 Retention time and MS parameters for the analysis of 32 target compounds

Retention Confirmation Cone Collision
NO. CRyfpounyf Formula Mode time/min ion/(m/z) voltage/V energy/eV
225.9>125.1 25
1 Terbutaline Ci,H 19NO; ESI+ 1.75 20
225.9>152.0* 17
239.9>148.0* 20
2 Salbutamol C13H21NO3 ESI+ 1.71 17
239.9>222.1 10
) 219.9>160.0* 17
3 Cimaterol C,H7N5;0 ESI+ 1.96 12
219.9>202.1 10
TR

291



MK EmBHL

Modern Food Science and Technology

2016, Vol.32, No.10

LR

290.9>231.0 20

4 Procaterol C16H2oN,05 ESI+ 2.01 20
290.9>273.1* 15
303.9>107.1* 35
5 Fenoterol Cy7HNO4 ESI+ 2.79 303.9>135.0 25 18
) 234>160.0* 15

6 Cimbuterol C13H19N3O ESI+ 2.71 15
234>216.1 10
) 301.9>107.1* 32

7 Ractopamine CgHp;3NO; ESI+ 4.19 20
301.9>164.1 17
213.9>154.0* 17

8 Clorprenaline C1H;,CINO ESI+ 4.27 17
213.9>196.1 12
227.8>154.0* 17

9 Tulobuterol C,H;sCINO ESI+ 4.67 20
227.8>172.0 12
276.9>202.9* 17

10 Clenbuterol C 12H 1 gClzNzO ESI+ 4.70 17
276.9>259.0 12
322.8>248.9% 18

11 Bromchlorbuterol C,H3BrCIN,O ESI+ 4.87 17
322.8>304.9 12
366.7>292.8* 20

12 Brombuterol C,HsB1N,O ESI+ 5.04 17
366.7>348.8 13
310.8>217.0 25

13 Mabuterol C3H3CIF;N,O ESI+ 5.30 20
310.8>236.9* 17
324.9>216.9 25

14 Mapenterol C4H,,CIF5N,O ESI+ 5.78 22
324.9>236.9* 17
) 344.9>150.1* 22

15 Phenylethanolamine A C19H24N,O4 ESI+ 6.26 15
344.9>327.0 15
292>133.0 25

16 Penbutolol CisHyNO, ESI+ 7.34 25
292>236.0* 17
) 718.2>100.0* 27
17 Norvancomycin CesH71C1LNgOyy4 ESI+ 1.90 718.25144.0 17 15
18 Y i CesH7CLN,O ESI 2.19 7235710017 17 0

ancomycin + .

Y oo 725.5>144.0 15
) 319.9>276.1 17

19 Norfloxacin C16H1gFN30O4 ESI+ 3.88 27
319.9>302.1* 22
. 363>72.1* 20

20 Marbofloxacin Cy7HoFN4O4 ESI+ 3.75 25
363>345.1 22
) | 396>295.1* 25

21 Orbifloxacin C19H20F3N303 ESI+ 4.37 27
396>352.2 18
o 423.9>152* 25

22 Cephapiriin C17H;7N304S, ESI+ 2.25 20
423.9>292.1 15
454.8>156* 17

23 Cefazolin C14H14N804S3 ESI+ 4.10 17
454.8>322.9 10
459>152* 20

24 Cefalonium Con 1 gN405Sz ESI+ 3.55 15
459>337.1 10

TR
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365.9>349 9
402>160.1 12

30 Proctaphlin C19H 19N3O5S ESI+ 6.38 15
402>243 12
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3 1 AZlOClllll’l C20H23N50(,S ESI+ 5 . 1 7 20
462>246.1 12
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32 Dicloxacillin Ci9H17CLLN;05S ESI+ 7.09 17
469.9>310.9 15
furoxi - ES 4 422.8>207* . 15
33 Cefuroxim Cl() 16N4OSS SI- 33 422.85318 7
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Table 2 Extraction efficiencies of targets extracted by different solvents

Extraction efficiency/%

0.1% Formic

0.5% Formic 1% Formic

Acetonitrile
acid-acetonitrile acid-acetonitrile acid-acetonitrile
p-agonists 86~92 85~112 75~91 82~95
Cephalosporins 88~108 86~92 82~89 72~88
Penicillins 89~103 79~91 82~83 55~69
Fluoroquinolones 65~81 82~93 83~91 86~99
Glycopeptides 38~46 75~82 81~88 78~85
24 VfrAAEH R HARYIE AR .
O
PIIRRIE R S A, SR S T UK ool ae
Vi, SR, AT T R BRI TR 3
Ri, ASZI6%5T AR C18. PSA. GCB Al MgSO, s 1
HIRLLA SR LSRR (50 ugke) L 2 o)
ESCCER LR 3, o D24 100 mg C18 #1150 mg 5
PSA, @100 mg C18. 50 mg PSA. 50 mg GCB 1 < oor
500 mg MgS0y, 34 100 mg C18. 50 mg PSA. 20 mg 50 e N o et
GCB #1500 mg MgSOy). C18 [FlAH- 87 AE F2Badit R A I
W ISEARTE R, GCB W AT R0 M8 3%, PSA Tl % 3 TEIECLLLE A 5 BB AE 5 2 BARIEFHEI
FRA PRI, MgSO, IR BR LRI 7K LREZT)

a5, BEARIGH K IE PE Z IR AE SR U A R . S
KRR, 2A5O8LE, RIS ETHA B Rm
BEIR;: I 50 mg GCB 1 500 mg MgSO, 5 (41
5@, BG5S, B p-#shil. HEEE
SESORIAIN B RR ISR B BRI kb GCB &
(HAEG), AR EE, FRCRIEERIAL M)

294

Fig.3 Effects of different combinations of dispersive solid phase
extraction agents on the average recoveries of the five kinds of
analysts

7 (D100 mg C18 #= 50 mg PSA; @100 mg C18. 50 mg
PSA. 50 mg GCB #= 500 mg MgSOy; @100 mg C18.50 mg PSA.
20 mg GCB #= 500 mg MgSO,.
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Table 3 Regression relationship, detected limits, recoveries, and RSDs of the 33 target analytes

Compound Linear Regression equation ~ r*  LOD/Aug/kg)  Spiked/(ug/kg) Avers R RSD/%
range/(ug/L) recoveries/%

Terbutaline 1.0~200.0 y=956.2x+243.4  0.9992 0.5 2.0,5.0,20.0 78.6,86.4,953  5.7,3.2,2.6
Salbutamol 1.0~200.0 y=1608.3x+456.1  0.9995 0.5 2.0,5.0,20.0 82.6,93.5,90.8  6.5,3.8,43
Cimaterol 1.0~200.0 y=1178.1x+386.4  0.9996 0.5 2.0, 5.0,20.0 86.4,92.8,102 4.9,5.1,4.1
Procaterol 1.0~200.0 y=335.3x+182.7  0.9983 0.5 2.0,5.0,20.0 88.7,98.5,94.6  6.3,4.8,3.2
Fenoterol 1.0~200.0 y=324.8x+1264  0.9978 0.5 2.0, 5.0,20.0 838,104,954  58,72,44
Cimbuterol 1.0~200.0 y=1342.8x+572.1 0.9998 0.5 2.0,5.0,20.0 108,88.3,91.4  85,54,3.7
Ractopamine 1.0~200.0 y=902.3x+277.0  0.9990 0.5 2.0, 5.0,20.0 917,112,985  6.3,74,55
Clorprenaline 1.0~200.0  y=3502.1x+729.3  0.9996 0.5 2.0,5.0,20.0 852,889,107  3.6,4.7,2.9
Tulobuterol 1.0~200.0 y=4401x+913.4  0.9995 0.5 2.0, 5.0,20.0 914,964,869 44,63,3.7
Clenbuterol 1.0~200.0 y=2680.3x+624.7  0.9994 0.5 2.0, 5.0,20.0 92.6,89.6,103  42,3.8,3.3
Bromchlorbuterol 1.0~200.0 y=1787.1x+543.4  0.9995 0.5 2.0, 5.0,20.0 89.3,85.9,94.5 54,64,4.7
Brombuterol 1.0~200.0 y=2025.5x+642.8 0.9991 0.5 2.0,5.0,20.0 93.8,91.9,111  42,38,5.1
Mabuterol 1.0~200.0 y=2432.6x+716.8  0.9995 0.5 2.0,5.0,20.0 89.6,95.8,106  6.2,5.3,2.2
Mapenterol 1.0~200.0  y=3887.5x+824.0 ~ 0.9992 0.5 2.0,5.0,20.0 86.7,86.4,953  4.7,3.6,53
Phenylethanolamine A 1.0~200.0 =543.4x+189.9 0.9983 0.5 2.0, 5.0,20.0 91.8,103,95.7 10.8,7.2,3.5
Penbutolol 1.0~200.0 y=3787.8x+892.4 0.9997 0.5 2.0,5.0,20.0 95.6,98.5,103  3.7,42,3.6
Norvancomycin 5.0~300.0 y=321.4x-128.7  0.9962 3.0 10.0,20.0,100.0  75.4,83.8,79.6  7.8,8.9,6.6
Vancomycin 5.0~300.0 y=210.8x-131.3  0.9974 3.0 10.0,20.0,100.0  83.6,79.8,82.5  8.5,59,8.8
Norfloxacin 1.0~200.0 y=558.0x+124.5  0.9987 0.5 2.0,5.0,20.0 82.6,91.8,88.5 3.8,54,29
Marbofloxacin 1.0~200.0 y=882.1x+241.8  0.9991 0.5 2.0,5.0,20.0 86.4,89.5,924  53,44,6.1
Orbifloxacin 1.0~200.0  y=1489.3xt473.5 0.9989 0.5 2.0, 5.0,20.0 96.5,88.6,854  58,2.9,3.1
Cephapiriin 5.0~300.0 y=311.2x+121.4  0.9975 3.0 10.0,20.0,100.0  85.4,79.8,92.7 7.3,5.6,3.3
Cefazolin 5.0~300.0 y=406.1x+187.6  0.9981 3.0 10.0,20.0,100.0  86.3,92.4,93.5  6.2,7.8,3.9
Cefalonium 5.0~300.0 y=387.4x+179.2  0.9990 3.0 10.0,20.0,100.0  79.4,88.5,95.7  3.6,74,6.3
Ceftiofur 5.0~300.0 y=514.4x+223.3  0.9988 3.0 10.0,20.0,100.0  77.5,89.6,85.3  5.5,3.8,4.9
Cefoperazone 5.0~300.0 y=418.8x1t2104  0.9972 3.0 10.0,20.0,100.0 84.7,92.4,88.5 5.2,64,4.8
Ampicillin 5.0~300.0 y=513.0x+248.6  0.9993 3.0 10.0,20.0,100.0  92.5,883,82.6  3.5,84,7.1
Penicillin V 5.0~300.0 y=559.7x+302.4  0.9989 3.0 10.0,20.0,100.0 91.3,87.5,924  8.3,3.9,4.2
Amoxicillin 5.0~300.0 y=514.3x+266.7  0.9993 3.0 10.0,20.0,100.0  79.2,885,914  7.7,65,5.2
Proctaphlin 5.0~300.0 y=426.4x+172.4  0.9995 3.0 10.0,20.0,100.0  86.4,95.3,989  5.3,42,3.7
Azlocillin 5.0~300.0 y=880x+582.2  0.9996 3.0 10.0,20.0,100.0  103,89.9,954  9.1,85,2.2
Dicloxacillin 5.0~300.0 y=515.2x+318.7  0.9990 3.0 10.0,20.0,100.0 92.4,89.3,91.5 103,7.2,5.5
Cefuroxim 5.0~300.0 y=285.4x+192.5  0.9977 3.0 10.0,20.0,100.0  88.6,74.9,97.3  6.3,52,7.8
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TEbRHERN 2R, 193] B AR RIS 1% 7 FEATAH 5¢ R 2K
(), FHEFRER (LOD, S/N=3), XfBHIkEE
AT 3 ANACEIINFREICSRES, 6 AT SE 45
RN 2. RN, & BVRTEAH N B A,
LEPERIE R BN 0.9962~0.9998, LMERRRYF, 7E
2.0~100.0 pgkg BIIIAR KSR, SRR A
74.9%~112%, AHXIFRHEIMZE N 2.2%~10.8%.

2.7 SEPRAE S E AR

RAATHENE T TN NAE R PR KR
W Wl BERSS B, SEGIRERTATIIRE 2 WK, 2
At b3k 33 M EHAMEE

3 ZHig

NS VAN B T Nl
(UPLC-MS/MS) [RIIHlllE Pl i 16 Fi -3l 71
6 ML 2K, 6 FIE R R, 3 Pt A 2
PR PUAE R 0%, BERARE, UL 0.1%
HR- CIEPEEL, oy BB ARG, @R |
JRAE SR, SRAFE I R RIERRRE, A2 I
HFRE L BT, & TS5 p-EshFIF 2 2541
AR ZR B TR TR DU 5E o
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