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Determination of 9 cephalosporin drug residues in beef
by ultra performance liquid chromatography-
tandem mass spectrometry
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Abstract A confirmative method to determine 9 cephalosporin residues in beef by ultra per-
formance liquid chromatography-tandem mass spectrometry UPLC-MS/MS was developed.
The sample was homogenized and extracted with acetonitrile and water for 1 min at 14 000
r/min centrifuged at 10 000 r/min and 4 C for 10 min. A total of 2 mL saturated sodium chlo-
ride solution was added to avoid foaming during the acetonitrile evaporation the acetonitrile
was evaporated below 37 C using a rotary evaporator and then cleaned up on an Oasis HLB
500 mg 6 mL SPE column by washing with 5 mL water and eluting with acetonitrile-water
7:3 v/v . The eluate was blown to dryness under a stream of nitrogen and adjusted to 3.0
mL with water. The separation was carried out on an ACQUITY UPLC™ BEH C,, column within
5 min analyzed by UPLC-MS/MS system with external standard method. The limits of quantifi-
cation LOQs of cefuroxime ceftiofur and cefalonium were 10 0.5 and 0.5 pg/kg respec-
tively the LOQs of other cephalosporins were 1.0 wg/kg. The recoveries of cephalosporins
ranged from 74.2% to 119% and the relative standard deviations RSDs ranged from 2.9% to
15% for the spiked beef sample. The method is quick easy very sensitive and suitable for the
determination of cephalosporin residues in beef.
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0.2 1
1.0 0.05 0.05 mg/kg ’ 92%
7
0.2 mg/kg - 3:7 50
1.0 mg/kg 0.03 mg/kg mL 200 mg/L -18 C
0. 04 mg/kg 0.05 mg/kg
0.01 mg/kg 0.02 mg/kg * 1.2
2.00 g 50 mL
i s 20 mL 3 mL 14 000 r/min
- o8 Il min 4 °C 10000 r/min 5 min
9 - 10 mL 2 mL
11 - 2 mL
3 37 C 2 mL
12 - 14 - 1.3
3 Oasis HLB 500 mg 6 mL
5 mL 5 mL
9
5 mL 8 mL - 70:
- UPLC-MS/MS 30 3 mL
1 3.0 mL 0.2 pm
1.4
1.1 1.4.1
AcQuITY™ Micromass- Acquity UPLC™ BEH C,, 50 mm
Quattro Ultima™ Pt Waters x2. 1 mm 1.7 pm 30 C 10 pL
3K15 SIGMA Milli-Q A B 0.05%
Millipore 0.3 mL/min 0—0.5 min
HPLC Merck 5% A 0.5—2.5 min 5% A 30% A 2.5—
9 4.5 min 30% A 90% A 4.5—6.0 min
1 9
Table 1 Mass spectrometric operating conditions and retention times of 9 cephalosporin drugs
D Parent Daughter Cone Collision Retention
Tug ion m/z ions m/z voltage/V energy/eV time/min
Cefapirin 424.0 292.0 18 15 1.98
151.9~ 22
Desfuroylceftiofur 487.0 241.1° 31 29 2.30
167.1 19
Cefquinome 529.2 134.0° 26 15 2.41
324.1 16
Cefalonium 459.1 337.0" 16 10 2.50
152.0 18
Cefalexin 348.1 157.9° 15 8 2.79
174.0 12
Cefazolin 455.1 323.1 21 10 2.86
156.0" 14
Cefuroxime 423.0 362.0 16 7 2.95
318.0" 8
Cefoperazone 646. 1 143.0 " 16 35 3.46
530.0 12
Ceftiofur 524.0 241.1° 31 18 4.37
210.2 23

+ the quantitative ion.
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90% A 6.0 min 5% A 2.2
1.4.2
ESI 8 Ciq -N-
Orochem C, Oasis
3.20 kv 110 C HLB
380 C 500 L/h
50 L/h 0. 15 L/min Oasis HLB 60 mg 3 mL 3 mL
2.9 kV 1 mg/L 1 mL 3 mL -
7:3
1 80%
Oasis HLB 60 mg 3 mL
2 Oasis HLB 500 mg 6
2.1 mL 5 mL 8 mL - 7:
- 4:1 3
0. 05 mol/L pH 8.5 -0.2% 80% Oasis HLB
3:7 -0. 05 mol/L 500 mg 6 mL
4:1 0.01% 2.3
1 mL 2 mg/L
20 mg/L
200 wg/L
2 000 pg/L
50% 100 50
205 1 0.5 ug/L
-0.2% 1 000 500 200 50 10 5 pg/L
3:7 C ng/L
-0. 05 mol/L A
4:1 - 2
70% ~ 121%
- S/N 10
- LOQ
29
Table 2 Regression equations correlation coefficients r linear ranges and limits of quantitation LOQs for 9 drugs
Drug Linear equation* Correlation coefficient  Linear range/ LOQ/
r p.g/kg p.g/kg
Cefapirin A =199.45C +77.04 >0.9999 1.0 =200 1.0
Desfuroylceftiofur A =101.33C -95.385 0.9999 1.0 -200 1.0
Cefquinome A =41.9938C - 12.992 0.9974 1.0 -100 1.0
Cefalonium A =224.54C +93.64 >0.9999 0.5 -200 0.5
Cefalexin A =129.47C - 67.539 0.9969 1.0 -100 1.0
Cefazolin A =106.98C - 94. 852 0.9982 1.0 -200 1.0
Cefuroxime A=1.201C +50.815 0.9959 10 - 100 10
Cefoperazone A =149.26C - 65.177 0.9996 1.0 -200 1.0
Ceftiofur A =603.07C - 162. 14 0.9998 0.5 -200 0.5
%+ A peak area C mass concentration pg/L.
2.4 2MRL 3

LOQ 1

MRL 2

100 pg/kg 200 pg/kg 3
2g
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10
RSD 3
74% RSD<15% 9

n =10
Table 3 Spiked recoveries and relative standard
deviations RSDs for 9 cephalosporins
in a blank beef sample n =10

Added/ Found/ Recovery/ RSD/

D
e pe/ke  ugks % %
— 1 Commission of Chinese Veterinary Pharmacopoeia. Veteri-
Cefapirin 1.0 0.798 79.8 9.1
nary pharmacopoeia of People’ s Republic of China. Bei-
30 26.43 88.1 7.5
jing Chemical Industry Press
60 54.31 90.5 6.9
2005 78
Desfuroylceftiofur 1.0 1.192 119 10.4
2 National foodsafety resource database
100 101.2 101 5.7
2007-06-28 . http /www. fsr. org. cn/Index. asp
200 196.4 98.2 4.0 .
3 Dillon P P Daly SJ Browne SJ et al. Food Agr Immu-
Cefquinome 1.0 0.776 77.6 9.6
nol 2003 15 3/4 225
40 35.81 89.5 7.4
4 Okerman L. Wasch K D Hoof J V. J AOAC Int 2003 86
80 77.12 96.4 5.4
Cofal 2 236
i 0.5 0.394 78.8 15.0
eratomum 5 Yasufuku K Makiyama I Fuchimoto A et al. J Jpn Vet
10 8.274 82.7 10.8
Med Assoc 1999 52 321
20 18. 64 93.2 7.6
6 Schermerhorn P G Chu P S Ngoh M A. J AOAC Int 1998
Cefalexin 1.0 0.742 74.2 11.7
81 5 973
2 168. 4. .2
00 68.6 84.3 3 7 Oliveira R V De Pietro A C Cass Q B. Talanta 2007 71
400 385.9 96.5 2.9
] 1233
Cefazolin 1.0 1. 181 18 10.2 8  Evagelou V Tsantili-Kakoulidou A Koupparis M. J Pharm
30 43.22 86.4 6.0 Biomed Anal 2003 31 1119
100 9053 903 33 9 Holsiege D M Puschner B Whitehead G et al. J Agric
Cefuroxime 10 8.294 82.9 7.0 Food Chem 2002 50 406
20 18.95 94.8 63 10  SN/T 1988-2007
40 40.04 100 3.6 11 Makeswaran S Patterson I Points J. Anal Chim Acta
Cefoperazone 1.0 0.802 80.2 8.9 2005 529 151
100 101.1 101 4.9 12 Becker M Zittlau E Petz M. Anal Chim Acta 2004 520 19
200 196.3 98.2 3.2 13 Fagerquist C K Lightfield A R. Rapid Commun Mass Spec-
Ceftiofur 0.5 0.545 109 12.1 trom 2003 17 660
100 95.11 95.1 4.7 14 Daeseleire E De Ruyck H Van Renterghem R. Rapid
200 197.6 98.8 3.2

Commun Mass Spectrom 2000 14 1404






