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Chemical analysis of residual antibiotics and antibacterials in livestock products

Yuko ITO

Abstract: One of the major roles of public health agencies is to ensure safe products for consumers through analysis of residual
antibiotics and antibacterials in livestock products. In this study, the chemical analytical methods were established for tetracyclines
(TCs), penicillins (PCs) and sulphonamides (SAs), which have been widely used for livestock as veterinary drugs. Taking into
consideration their application in the inspection systems by the prefectural government, UV-HPLC, which is commonly used in
health centers, was selected as the determination method, and LC/MS/MS, which was used for the highly sensitive analyse, was
employed as a confirmation method. We established a simultaneous confirmation method for four kinds of TCs in bovine tissues.
Both the simultaneous determination method and a highly sensitive identification method of six kinds of weak acid PCs in bovine
tissues were developed. Multiresidue analytical methods were also developed for the simultaneous determination and confirmation
of SAs in animal liver and kidney. In the present study, the combined use of a simple and reproducible determination and the highly
sensitive and precise confirmation of residual antibiotics and antibacterials in livestock products was successfully established for the

inspection system. This should provide high quality analysis for ensuring safe product improvements.
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Figure 1. Structures of tetracyclines.
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Figure 2. Total ion and mass spectra of tetracyclines fortified at a

concentration of 0.1 mg/kg in bovine liver under MS/MS conditions.
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Figure 3. ESI tandem mass spectra of tetracyclines fortified at a
concentration of 0.1 mg/kg in bovine liver. A) Oxytetracycline, B)
tetracycline, C) chlortetracycline, D) doxycyline.
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Figure 4. Total ion and mass chromatograms of residual
oxytetracycline at concentration of 0.58 mg/kg in bovine liver
under MS/MS conditions, and its ESI tandem mass spectrum. A)
Total ion and mass chromatograms, B) ESI tandem mass

spectrum.
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Figure 5. Total ion and mass chromatograms of residual
chlortetracycline at concentration of 0.38 mg/kg in bovine
muscle under MS/MS conditions, and its ESI tandem mass
spectrum. A) Total ion and mass chromatograms, B) ESI tandem

mass spectrum.
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Figure 6. Structures of penicillins.
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Scheme 1. Clean-up procedure for analysis of penicillins in bovine liver
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Table 1 Recoveries of penicilins from swine muscle and bovine tissues

Swine muscle

Bovine muscle

Bovine liver Bovine kidney

Penicillins Fortlied Recoveryd C.V. Fortfied Recoveryd) C.V. Forilied Recovery®) CV. Fortified Recoveryd) C.V.
(mghg) (%) (%) (mghkg) (%) (%) (mg/kg) (%) (%) (mg/kg) (%) (%)
Benzylpenicillin 0.5 85 1.4 0.5 92 29 0.5 82 42 0.5 83 47
0.1 80 4.4 0.1 83 7.0 0.1 86 7.4 0.1 82 58
0.05 84 6.6 005 77 6.4
Phenoxymethylpenicilin 0.5 90 0.5 0.5 90 24 0.5 88 14 0.5 82 18
0.1 89 23 0.1 82 4.8 0.1 83 4.1 0.1 86 78
0.05 89 33 005 84 5.4
Oxacilin 0.5 89 05 0.5 86 19 0.5 91 14 0.5 92 32
0.1 95 2.6 0.1 74 35 0.1 96 3.4 0.1 92 4.2
0.05 82 32 0.05 80 39
Cloxacilin 05 85 0.5 0.5 85 18 0.5 91 29 0.5 89 29
0.1 85 2.6 0.1 86 31 0.1 92 8.7 0.1 30 2.7
0.05 93 37 005 82 4.0
Nafcilin 05 86 15 05 89 17 05 84 17 0.5 80 35
0.1 86 33 0.1 85 26 0.1 84 3.8 0.1 89 38
0.05 93 4.2 005 90 5.2
Dicloxacilin 05 77 17 0.5 83 4.4 05 73 3.1 0.5 79 59
0.1 73 16 0.1 71 2.6 0.1 89 6.4 0.1 89 4.3
0.05 80 5.7 005 79 6.4
a) average of 5 trials.
C.V.; coefficient of variation.
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Figure 7. Typical HPLC chromatograms of bovine liver samples. a),
bovine liver (control); b), fortified at a level of 0.5 mg/kg each of
penicillins. Operating conditions, column: TSKgel ODS-80Ts (150 x 4.6
mm, 1.D.); mobile phase: acetonitrile-0.02 M phosphate buffer, pH 6.2
(4.3:5.7, v/v) containing 12 mM cetyltrimethylammonium chloride;

flow-rate: 0.8 ml/min; detector; UV220 nm; column temp.: 30C.
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Table 2 Diagnostic ions and ES| MS-MS conditions for penicillins analysis

o Product ions 2 Precursor ion 2 Cone Collision Ret. time
Penicillins [M-H] [M-H-CO2]" [M-H-141]" M-HJ" voltage (V) energy (eV) window (min)
Benzylpenicillin 333 289 192 333 23 8 2.50-3.40
Phenoxymethyilpenicillin 349 305 208 349 23 8 3.41-4.00
Oxacillin 400 356 259 400 20 10 4.01-5.00
Cloxacillin 434 390 293 434 20 9 5.20-6.25
Nafcillin 413 369 272 413 23 9 6.26-7.00
Dicloxacillin 468 424 327 468 23 9 7.01-8.00
a) (m/z)
Y—aF 3R 7o~ ML FERBRL, 0¥y a) b)
- - 1903 mvz 327 Dicloxacitin 1003 1rvz 327
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Figure 8. Typical mass chromatograms of the fortified liver sample
monitored at [M-H-141] under ESI LC/MS/MS conditions. a),
fortified with the 6 penicillins at the concentration of 0.05 mg/kg; b),

bovine liver (control).
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Figure 9. ESI tandem mass spectra of penicillins fortified at a concentration of 0.05 mg/kg in bovine liver. a), benzylpenicillin; b),

phenoxymethylpenicillin; ¢), oxacillin; d), cloxacillin; €), nafcillin; f), dicloxacillin.
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Figure 10. Structures of sulphonamides.
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Tabie 3 Recoveries of sulphonamides from animal kidneys and livers

Recovery, % (C. V., %)3

Fortified at 0.5 mg/kg

Fortified at 0.1 mg/kg

Swine Bovine Chicken Swine Bovine Chicken

Kidney Liver Kidney Liver Liver Kidney  Liver Kidney Liver Liver

spzb 936 942 97.2 942 89.6 748 754 840 858 75.8
(35)  (25) (13) (3.2 (4.4) (46) (5.1 (.1)  (42) 6.1)

SMRb 940 910 97.8 924 90.8 730 740 836  86.2 78.8
3.4)  (46) (1.1)  (28) (3.3) (48)  (4.6) 4.0) (5.1 (2.8)

SDD® 950  93.0 982 936 89.2 866 826 838 848 78.4
4.0) (3.0 (13)  (23) (4.8) (55)  (49) B9 (A7) .7

SMPDb 93.4 94 96.4 884 81.8 872  80.0 876 8638 74.4
36)  (37) (12 (3.4 (4.5) (52)  (6.8) 69  (5.7) .7)

iz 924 910 952 908 81.8 848 756 %02 866 74.8
33) (32 12 (24 (4.0) (52)  (4.8) @1 @) (5.5)

sMMxo 962 982 97.8 932 92.8 79.4 720 %02 876 79.0
(B2 (3.0 (1.1 (3.0 (4.2) (63) (6.5) (38 (5.1 4.7

SMxb 942  91.4 96.4 938 90.6 750  80.6 86.8  84.2 81.4
(B.4)  (47) 09 (24 (3.4) (49)  (6.0) @1 (5.1) (6.4)

b 88.4 872 918 877 81.0 86.4  79.8 798 822 70.8
SIX (36)  (4.4) (198  (1.7) (4.8) (44) (5.6 (B7)  (58) (6.9)
b 91.4  89.4 906 926 89.4 808  78.0 866 846 81.6
SDMX (33) (38) (22) (35 2.2) (47)  (6.6) (49)  (5.8) (5.1)
sab 87.8  89.0 90.8 958 86.8 812 788 792 792 85.2
4.1)  (48) 27)  (23) (2.8) (5.7)  (7.0) (37)  (55) (6.2)

a Average of 5 trials.

b SDZ: sulfadiazine, SMR: sulfamerazine, SDD: sulfadimidine, SMPD: sulfamethoxypiridazine, SIZ: sulfisozole, SMMX:
sulfamonomethoxine, SMX: sulfamethoxazole, SIX: sulfisoxazole, SDMX: sulfadimethoxine, and SQ: sulfaquinoxaline
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Figure 11. Typical HPLC chromatograms of various animal kidneys and livers. Operating conditions, column: L-column ODS (250 x 4.6 mm,
1.D.); mobile phase: methanol-acetonitrile-0.05 M formic acid (10:15:75, v/v); flow-rate: 1.0 ml/min; detector: UV272 nm; column temp.: 30C.
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Figure 12. ESI LC/MS/MS analysis of residual SMMX at concentration
of 1.07 mg/kg in bovine kidney. A) Monitored at UV 272 nm, B) ESI
MS/MS spectrum of the residual SMMX.
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Figure 13. ESI LC/MS/MS analysis of residual SDD at concentration of
0.48 mg/kg in swine kidney. A) Monitored at UV 272 nm, B) ESI
MS/MS spectrum of the residual SDD.
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