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Abstract: The consumption of poultry eggs has increased in recent years owing to the abun-

dance of production and improvements in living standards. Thus, the safety requirements of
poultry eggs have gradually increased. At present, few reports on analytical methods to deter-
mine banned veterinary drugs during egg-laying period in poultry eggs have been published.
Therefore, establishing high-throughput and efficient screening methods to monitor banned vet-
erinary drugs during egg-laying period is imperative. In this study, an analytical method based
on ultra performance liquid chromatography-tandem mass spectrometry ( UPLC-MS/MS) com-
bined with QUEChERS-based techniques was developed for the simultaneous determination of
31 banned veterinary drugs encompassing nine drug classes ( macrolides, antipyretic and
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analgesic drugs, sulfonamides, antibacterial synergists, anticoccidials, antinematodes, quino-
lones, tetracyclines, amphenicols) in different types of poultry eggs. The main factors affecting
the response, recovery, and sensitivity of the method, such as the extraction solvent, purifica-
tion adsorbent, LC separation conditions, and MS/MS parameters, were optimized during sam-
ple pretreatment and instrumental analysis. The 31 veterinary drug residues in 2. 00 g eggs were
extracted with 2 mL of 0. 1 mol/L ethylene diamine tetraacetic acid disodium solution and 8 mL
3% acetic acid acetonitrile solution, and salted out with 2 g of sodium chloride. After centrifu-
gation, 5 mL of the supernatant was cleaned-up using the QUEChERS method with 100 mg of
octadecylsilane-bonded silica gel (C,;), 50 mg of N-propylethylenediamine ( PSA), and 50 mg
of NH,-based sorbents. After nitrogen blowing and redissolution, the 31 target analytes were
separated on a Waters CORTECS UPLC C; analytical chromatographic column (150 mmx2. 1
mm, 1.8 pwm) at a flow rate, column temperature, and injection volume of 0.4 mL/min, 30
C, and 5 pL, respectively. Among these analytes, 26 analytes were acquired in dynamic multi-
ple reaction monitoring (MRM) mode under positive electrospray ionization (ESI") conditions
using (A) 5 mmol/L ammonium acetate (pH 4.5) and (B) acetonitrile as mobile phases. The
gradient elution program was as follows; 0-2. 0 min, 12% B-30%B; 2. 0-7.5 min, 30% B-50%
B; 7.5-10. 0 min, 50% B; 10. 0-10. 1 min, 50% B-100% B; 10. 1-12. 0 min, 100% B; 12. 0-12. 1
min, 100% B-12% B; The five other target analytes were acquired in MRM mode under negative
electrospray ionization (ESI") conditions using (A) H,O and (B) acetonitrile as mobile pha-
ses. The gradient elution program was as follows: 0-2.0 min, 12% B-40% B; 2.0-6.0 min,
40% B-80% B; 6. 0-6. 1 min, 80% B-100%B; 6. 1-8. 0 min, 100% B; 8. 0-8. 1 min, 100% B-12%
B. Matrix-matched external standard calibration was used for quantification. The results showed
that all the compounds had good linear relationships within their respective ranges, with corre-
lation coefficients of >0. 99. The limits of detection (LODs) and quantitation (LOQs) were 0. 3
-3.0 png/kg and 1. 0-10. 0 ng/kg, respectively. The average recoveries of the 31 banned veteri-
nary drugs spiked at three levels (LOQ, maximum residue limit (MRL) , and 2MRL) in poultry
eggs ranged from 61.2% to 105. 7%, and the relative standard deviations ( RSDs) ranged from
1.8% to 17. 6%. The developed method was used to detect and analyze banned veterinary drugs
in 30 commercial poultry egg samples, including 20 eggs, 5 duck eggs, and 5 goose eggs. Enro-
floxacin was detected in one egg with a content of 12. 3 ug/kg. The proposed method is simple,
economical, practical, and capable of the simultaneous determination of multiple classes of
banned veterinary drugs in poultry eggs.

Key words: ultra performance liquid chromatography-tandem mass spectrometry ( UPLC-MS/
MS) ; QUEChERS; veterinary drugs; poultry egg

BENEFRMES, AT ENRRES  WACFR S, S EN S H AE3m, B & &
MHALE R REFR TR R Z AT BN R eZORWE LRI, MiRmEE &, Mg
—RESRA R, AR BEEY R AT ESRE AT IR IR RLE  FA A SN

SIRZRSL LRI, IS, ZEr ik RO AR AR K IREE R, R SOROR (i - ER IO BTk IR e 2 B v 31 e a4
JHE2Y. (435 2024 ,42(5) :420-431.

ZHU Wanyan, ZHANG Hongwei, CHE Lizhi, XU Wenyuan, LUN Caizhi, XU Jiufei, XU Hao, CHEN Wei. Simultaneous determina-
tion of 31 banned veterinary drugs during egg-laying period in poultry eggs by ultra performance liquid chromatography-tandem
mass spectrometry. Chinese Journal of Chromatography,2024,42(5) :420-431.



<422 - 1,

i FH2E

FEER AR 2 1 RS R R S 2 i R R B
AR . GB 31650-2019 (£ il %2 4 [H Zbrife
a2 R R AR R ) W R — s 2 7
FEPEEWAEA, JF HAE GB 31650. 1-2022( £ %
SEFARE &5 41 P2 AR IR Y h
R T R S A S T A B KR
FRIE(MRL) , 5 1 F1 T 31 Fh =328 H 5 25 1)
YRR 2GRS R KR B R, X 31 Ry
SN LA SR B v B R B B PR S R 1
245, 5 RV T B A S BT B 5% R R
F1 N MBANLES BREEAXKRERE

Table 1 Classes, names and maximum residue limits
(MRLs) of the 31 veterinary drugs

Class Name MRL"/
(ng/kg)
Antinematodes  levamisole ( Z&HEBKBE ) 5
Antibacterial trimethoprim ( B &5 0E) 10
synergists
Macrolides tilmicosin (X% &) 10
Quinolones danofloxacin (iLFRIPE) 10
enrofloxacin (B i&VHE) 10"
ciprofloxacin (R HPE)
flumequine ( & H 1) 10
oxolinic acid (MR ) 10

sarafloxacin (VPHI7PA) 5
lomefloxacin (#%3EV0A) 2
norfloxacin (¥ E) 2
ofloxacin (£ RIPE) 2
pefloxacin (55 A) 2
doxycycline ( Z V%K) 10
sulfadimidine (i} — F &I ) 10
sulfadiazine ( fiffi }i¢ W% g ) 10?
sulfathiazole ( fiff Iz EME )

sulfamerazine ( fif i FF 3 M5 B )

sulfameter ( fiffifi 7 420 W I )
sulfamonomethoxine

(R A o) HR U e )

sulfachloropyridazine ( fifi[li¢ 5 MkER )
sulfadoxine (fifi[i¢48 — F S MEIE )
sulfadimethoxine ( fifi [}z — B 0 MEIE )
sulfamethoxazole ( fiffi i B 3 S Vs )
sulfaquinoxaline ( fif iz s I )
thiamphenicol ( %) 10
florfenicol-amine ( A€ % i) 10%
florfenicol ( A JE% )

toltrazuril sulfone (3G HEEFIN ) 10
diclazuril (HhFEERF]) 10
Antipyretic and  aspirin ( B & VT ) 10
analgesic drugs

Tetracyclines

Sulfonamides

Amphenicols

Anticoccidials

* From the limit regulations in GB 31650. 1-2022. 1) total of en-
rofloxacin and ciprofloxacin; 2) total of other sulfonamides; 3)
total of florfenicol-amine and florfenicol.
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Table 2 Reference retention times (¢ ), MS parameters, LODs and LOQs of the 31 veterinary drugs
Drug tp/min  ESI Parent ion (m/z) Product ions (m/z) Fragmentor/V CEs/eV LOD/(ng/kg) LOQ/(png/kg)
Levamisole 2.28 205.3 178.1%, 91.2 100 20, 45 0.6 2.0
Trimethoprim 2.51 + 291.4 230.2%, 123.2 120 25, 30 0.9 3.0
Tilmicosin 4.01 + 870.0 174.0", 132.1 200 50, 50 0.9 3.0
Danofloxacin 2.79 + 358.3 340.3* , 82.0 100 25, 42 0.9 3.0
Enrofloxacin 2.99 + 360.0 245.0" , 316.0 120 27, 27 0.9 3.0
Ciprofloxacin 2.62 + 332.0 314.0", 231.0 120 25, 25 0.9 3.0
Flumequine 5.92 + 262.3 244.2* | 202.1 110 20, 40 0.9 3.0
Oxolinic acid 4.27 + 262.3 244.1" , 216.0 100 20, 35 0.9 3.0
Sarafloxacin 3.22 + 385.9 299.0" , 342.1 100 15, 25 0.9 3.0
Lomefloxacin 2.77 + 352.0 265.0*, 308.3 120 10, 20 0.6 2.0
Norfloxacin 2.58 + 320.0 302.1%, 233.0 120 24, 24 0.3 1.0
Ofloxacin 2.62 + 362.0 261.0", 318.0 120 26, 26 0.3 1.0
Pefloxacin 2.74 + 334.0 233.0", 290.1 100 10, 20 0.6 2.0
Doxycycline 3.41 + 445.0 428.2" , 154.0 120 27, 40 3.0 10.0
Sulfadimidine 3.10 + 279.0 186.0" , 156.3 120 22, 20 0.9 3.0
Sulfadiazine 2.32 + 251.0 156.0" , 108.3 80 16, 22 0.9 3.0
Sulfathiazole 2.46 + 256.0 156.0", 108.1 80 15, 25 0.9 3.0
Sulfamerazine 2.76 + 265.0 156.0" , 172.1 120 18, 20 0.9 3.0
Sulfameter 3.14 + 281.0 156.0 , 215.1 100 18, 18 0.9 3.0
Sulfamonomethoxine  3.44 + 281.0 156.0" , 126.1 120 20, 25 0.9 3.0
Sulfachloropyridazine  3.60 + 285.7 156.0" , 108.1 80 12, 22 0.9 3.0
Sulfadoxine 3.80 + 311.0 156.0 , 108.2 140 25, 30 0.9 3.0
Sulfadimethoxine 4.74 + 311.0 156.0" , 108.0 140 25, 30 0.9 3.0
Sulfamethoxazole 3.91 + 254.0 156.0" , 108.1 100 15, 25 0.9 3.0
Sulfaquinoxaline 4.70 + 301.0 156.0" , 108.1 80 15, 27 0.9 3.0
Florfenicol-amine 1.32 + 247.9 230.1", 130.0 110 10, 15 0.9 3.0
Thiamphenicol 2.65 - 354.0 290.0" , 185.2 110 10, 25 0.3 1.0
Florfenicol 3.38 - 356.0 336.0", 185.1 100 10, 15 0.3 1.0
Toltrazuril sulfone 5.72 - 456.5" 120 0 1.5 5.0
Diclazuril 6.05 - 407.0 336.0 120 20 1.5 5.0
405.0 334.0" 120 20
Salicylic acid 2.17 - 137.0 93.0", 65.3 80 15, 35 0.9 3.0

* Quantitative ion. Salicylic acid: metabolites of aspirin. # It is difficult to obtain suitable product ions of toltrazuril sulfone, so the
parent ion was used for quantification.
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Fig. 1 Effect of different extraction solvents on the
average recovery of each kind of drugs
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SR . TE/K-ZE 0. 1 mol/L EDTA 5 ¥k-2 0% .
0. 1 mol/L EDTA ¥ K-3% LR Z N 3 Fh 42 BUA K
Hh LSO AN B i ) S 2 o 17, R IR X 3
FREEIGA R, B 24 U AH 25 AN K, HLB B 47
Foli 2 G HEIUE

MERE RN AR F | Ze ek Bk AL AR
BE KGR BN REIS 25 TE 4 FPELEOA B IR
FHZEANK I HA 4 85 24576 20 £ v i £ B[R] i
e IC T A 3 AP AR HUA R (Ik 10% ~ 15%) , X
AT REAE R FESEECAT , I A KA , (5 5855 78 70 70 B
HFIFREIE 25 (3R I, 73 46, Fh AT 4 2 B KA AT LA
7 S K S PR T, FEARBE I T4, &% AR 5 245 7
SR 7] v B B A5 i T LAl 3 A A R A 3k
VAR B T X — 5 . KA AN EDTA i, 58
N Z IR T 40%, 1A 2 mL 0. 1 mol/L

EDTA W5 , 58 185 R W ISR IR S| 65% DL, M
V2 P (SR A I RN, X R
RHEHTIZEZ Y 5 5 &8 8144, A EDTA
WG, &R B Pt S EDTA &4 454 K, A
K5 ) 85 R sl T2 25 R ok . IRIL NG
A T B SIS Y5 B AE G T, H A
WCR A T = Bl e 25 245 W 1 TSR A 5 20% /2
fio A EIIA RS2, AR TAEREM 0.1
mol/L EDTA ¥A-3% LR NG (28, v/v) 1E Rk
TR
212 FFIEE

A TAE R QUEChERS J7 ¥ v FH 1 Ak )
C.PSA NH, % 1b4H  GCB #E17530 5, Ko
HIREEYI N 1.0 mg/L 19 31 F & 2518 & b5 o vp 7]
V(UL 1.2 799 R B Ry i VR BE 39 2R 20 pg/L 1)
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Table 3 Effect of different extraction solvents on the matrix effects of the 31 veterinary drugs %
. H,O- 0.1 mol/L EDTA- 0.1 mol/L EDTA-acetonitrile
Drug Acetonitrile L . .. . .
acetonitrile acetonitrile ( containing 3% acetic acid)

Levamisole -73.4 -46.8 -42.4 —-44.7
Trimethoprim -63.7 -53.6 -51.4 -50.2
Tilmicosin 56.3 68.9 76.2 73.5
Danofloxacin —-45.5 -30.5 -34.1 -35.9
Enrofloxacin —-48.7 -21.3 -13.5 -15.0
Ciprofloxacin -62.3 =522 -49.5 -47.4
Flumequine -37.8 -17.4 -14.6 -12.4
Oxolinic acid 30.3 18.9 25.7 26.5
Sarafloxacin -42.0 -50.0 -48.7 -54.3
Lomefloxacin -14.3 -17.1 -16.2 -18.7
Norfloxacin -53.3 -41.4 -37.8 -39.8
Ofloxacin -19.2 -13.5 -16.7 -17.3
Pefloxacin -42.7 -32.5 -28.8 -27.1
Doxycycline 35.5 38.7 30.6 26.6
Sulfadimidine -30.8 -27.6 -32.4 -35.0
Sulfadiazine 12.4 8.9 4.6 0

Sulfathiazole -33.4 -28.7 -33.9 -37.6
Sulfamerazine -40.5 -36.4 -42.0 -44.0
Sulfameter -23.2 -13.6 -16.7 -18.8
Sulfamonomethoxine -20.9 -16.2 -15.6 -14.6
Sulfachloropyridazine —-15.1 -8.4 -10.4 -9.1
Sulfadoxine -13.8 -15.3 -14.1 -13.0
Sulfadimethoxine 16.7 13.8 16.4 17.6
Sulfamethoxazole -15.4 -12.3 -14.5 -10.9
Sulfaquinoxaline 23.6 -8.7 -6.7 -39
Florfenicol-amine -60.6 -57.0 -64.0 =72.0
Thiamphenicol -15.2 -14.7 -12.6 -16.3
Florfenicol -18.9 -12.6 -11.9 -8.9
Toltrazuril sulfone -14.4 -16.5 -18.3 -17.8
Diclazuril -17.6 -15.3 -12.6 -11.0
Salicylic acid -11.7 -11.7 -13.8 -15.1
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Fig. 2 Multiple reaction monitoring (MRM) chromatograms of the 31 veterinary drugs
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Table 4 Average recoveries and relative standard deviations (RSDs) of the 31 veterinary drugs in egg,

goose egg and duck egg samples (n=6)

Drug Spiked/ Egg Goose egg Duck egg
(ng/kg) Recovery/% RSD/% Recovery/% RSD/% Recovery/% RSD/%

Levamisole 2 90.1 8.0 92.3 7.3 83.2 8.9
5 81.8 10.2 85.3 6.4 88.0 7.3

10 98.3 4.2 95.2 7.0 91.2 10.0

Trimethoprim 3 75.5 2.0 82.3 34 73.4 6.3
10 78.5 1.8 90.2 7.6 84.2 5.5

20 93.5 5.9 84.3 5.1 78.1 4.8

Tilmicosin 3 81.6 13.8 78.3 10.9 80.4 11.1
10 93.6 15.2 85.4 7.5 86.8 9.1

20 95.2 11.9 90.1 9.4 92.0 10.3

Danofloxacin 3 80.7 15.0 83.5 8.9 81.3 7.4
10 84.7 6.1 76.7 11.2 77.8 6.6

20 85.9 4.1 80.6 7.2 90.3 3.8

Enrofloxacin 3 73.5 11.3 70.7 10.6 69.3 9.8
10 77.9 7.9 80.6 8.5 75.9 6.3

20 81.6 2.8 78.2 6.7 82.3 8.0

Ciprofloxacin 3 69.4 12.3 72.3 8.9 68.5 11.8
10 76.1 8.3 80.2 10.2 75.4 9.8

20 82.0 5.5 78.9 7.7 83.7 5.6

Flumequine 3 83.3 7.2 90.5 8.4 87.4 9.4
10 92.9 7.9 86.7 5.1 84.3 6.5

20 102.3 3.8 95.6 6.3 96.0 5.8

Oxolinic acid 3 92.3 14.2 88.6 9.3 89.1 12.3
10 86.9 8.7 96.3 11.5 86.7 8.9

20 94.2 5.4 94.0 8.4 84.0 9.7
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Table 4 (Continued)
Drug Spiked/ Egg Goose egg Duck egg
(pg/kg) Recovery/% RSD/% Recovery/% RSD/% Recovery/% RSD/%
Sarafloxacin 3 71.7 15.2 67.5 13.3 66.2 16.4
5 73.3 7.9 72.3 9.4 70.8 13.2
10 81.6 3.2 78.2 6.8 74.3 8.9
Lomefloxacin 2 71.0 9.4 70.4 8.5 68.3 9.6
4 75.3 11.9 69.8 6.8 73.6 7.3
8 79.7 6.5 78.6 5.3 81.0 8.4
Norfloxacin 1 73.2 5.6 68.5 8.5 65.7 11.0
2 78.1 3.4 73.8 4.8 68.4 7.6
4 83.5 4.8 79.1 6.4 75.5 4.8
Ofloxacin 1 79.7 6.9 80.3 5.8 76.7 7.8
2 85.3 5.0 84.5 33 80.6 5.0
4 90.4 3.2 91.6 4.1 87.6 6.1
Pefloxacin 2 79.7 14.5 70.3 15.8 61.2 9.4
4 79.8 12.8 74.9 10.4 70.5 8.7
8 86.4 12.1 81.7 8.8 78.9 10.2
Doxycycline 10 69.2 14.7 70.3 12.3 66.8 13.4
20 67.2 10.3 68.4 9.2 72.3 11.6
40 73.5 6.3 75.9 10.5 74.0 8.7
Sulfadimidine 3 91.7 5.6 88.6 11.3 85.7 8.9
10 86.8 11.9 97.5 8.7 90.6 3.4
20 94.7 10.3 104.5 5.1 97.3 4.0
Sulfadiazine 3 68.7 10.6 68.5 12.3 70.4 10.6
10 71.4 12.0 74.3 8.9 73.0 8.2
20 73.9 6.4 81.5 6.0 82.0 7.7
Sulfathiazole 3 71.2 5.9 69.0 12.1 67.4 9.8
10 76.7 13.9 73.1 8.7 75.0 7.9
20 76.0 6.4 77.2 5.9 80.4 6.0
Sulfamerazine 3 74.1 16.3 76.5 13.5 72.3 12.3
10 80.4 12.8 82.4 11.3 78.5 9.9
20 85.4 9.4 90.1 8.8 85.7 6.8
Sulfameter 3 71.7 10.9 82.3 8.4 78.4 6.5
10 84.1 13.4 87.6 7.6 80.2 4.5
20 84.5 8.2 93.5 5.4 88.0 2.1
Sulfamonomethoxine 3 79.5 3.6 80.6 5.6 82.3 6.5
10 88.1 10.1 90.3 6.0 79.1 4.8
20 85.7 6.9 102.1 4.4 89.7 3.9
Sulfachloropyridazine 3 77.0 17.6 73.4 12.3 70.9 8.9
10 78.2 14.7 82.1 8.7 82.3 7.4
20 84.2 7.0 79.3 6.5 86.4 6.0
Sulfadoxine 3 83.3 8.2 78.3 7.8 83.1 8.2
10 87.2 12.4 86.0 8.4 86.7 9.1
20 92.0 5.7 95.5 6.0 92.4 5.5
Sulfadimethoxine 3 87.5 2.7 83.5 6.5 79.6 7.3
10 86.9 10.5 90.5 4.8 85.4 8.0
20 90.8 5.0 93.0 3.0 92.4 7.1
Sulfamethoxazole 3 72.3 6.9 70.3 8.4 72.6 6.8
10 84.3 13.4 77.8 6.3 80.1 7.5
20 89.0 4.0 86.7 5.0 84.5 6.0
Sulfaquinoxaline 3 61.7 8.2 63.4 10.5 65.0 8.2
10 66.1 12.2 70.3 8.3 69.4 9.4
20 75.6 4.1 76.0 5.6 75.7 7.0
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Table 4 (Continued)
Drug Spiked/ Egg Goose egg Duck egg
(pg/kg) Recovery/% RSD/% Recovery/% RSD/% Recovery/% RSD/%
Florfenicol-amine 3 85.3 7.4 83.5 6.1 81.0 8.0
10 88.0 8.2 90.2 3.4 87.3 6.7
20 90.1 6.1 89.2 4.6 92.2 3.1
Thiamphenicol 1 93.9 10.8 89.4 6.7 90.4 6.5
10 99.7 10.3 95.0 5.2 93.5 4.7
20 101.9 2.3 105.7 2.8 96.1 2.5
Florfenicol 1 86.6 11.4 83.4 9.3 85.6 10.3
10 85.0 4.1 87.2 7.6 90.7 8.7
20 96.9 1.9 93.5 5.9 91.5 6.2
Toltrazuril sulfone 5 63.4 10.6 65.3 8.6 67.4 9.7
10 66.4 8.3 72.1 7.8 69.0 10.3
20 68.5 8.0 74.0 5.5 65.2 7.3
Diclazuril 5 68.4 10.2 70.4 8.3 66.3 10.2
10 74.3 7.0 68.5 9.9 72.1 8.7
20 75.0 6.2 74.6 6.8 76.0 7.0
Salicylic acid 3 73.1 11.4 76.4 12.4 80.2 13.5
10 83.5 3.1 73.1 13.0 82.1 11.7
20 88.2 4.2 85.3 9.4 89.0 8.7
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a positive sample
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