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Abstract; Chloramphenicols, nitroimidazoles, lincosamides, and macrolides are common anti-

biotics used in veterinary medicine. Overdoses of these drugs will lead to residual substances in
animal-derived foods and accumulate in the body through the food chain, thereby exerting
adverse effects on human health. Therefore, regulation of veterinary drug levels is imperative to
ensure the quality of animal-derived foods and safeguard the health of consumers. In this study,
a method based on ultra performance liquid chromatography-tandem mass spectrometry cou-
pled with solid phase extraction ( SPE-UPLC-MS/MS) was developed for the simultaneous
determination of eight prohibited and restricted veterinary drugs and three metabolite residues
across four categories ( chloramphenicols, nitroimidazoles, lincosamides, and macrolides) in
eggs, liquid milk, chicken, and freshwater fish. The main factors affecting the response, recov-
ery, and sensitivity of the method, such as the type and pH values of the extraction solvent,
dilution solution for the analytes, type of chromatographic column, and type and proportion of
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the mobile phase, were optimized during sample pretreatment and instrument analysis. The
samples were hydrolyzed and dispersed in 0. 1 mol/L phosphate buffer solutions (pH 9.0) and
extracted with acetonitrile. The extract was further extracted using ethyl acetate. After centrifu-
gation, the supernatant ethyl acetate was concentrated to near dryness in nitrogen below 40 C.
The residue was dissolved in 0. 3 mL methanol, followed by the addition of 5. 7 mL phosphate
buffer solution. After shaking, the solutions were purified and enriched on an Oasis HLB SPE
column. The target analytes were separated on an ACQUITY UPLC BEH C18 chromatographic
column (100 mmx2. 1 mm, 1.7 pm) at a column temperature of 40 C with a flow rate of 0.4
mL/min. The injection volume was 10 pL. Gradient elution was carried out with methanol and
0. 1% formic acid aqueous solution as the mobile phases. Multiple reaction monitoring (MRM )
was conducted in the positive and negative electrospray ionization modes. The isotope internal
standard method was used for quantitative analysis. Under optimal conditions, each analyte
showed a good linear relationship in each range, and the correlation coefficient ( R*) was grea-
ter than 0. 99. The limits of detection (LODs) ranged from 0. 050 to 0. 50 wg/kg, and the limits
of quantification (LOQs) ranged from 0. 20 to 1.5 pg/kg. With eggs, freshwater fish, chicken,
and liquid milk as the matrix samples, the recoveries in spiked blank samples were determined
at different addition levels in compliance with the current legislation. The average recoveries of
the 11 analytes were 65.3% to 108%. The relative standard deviations ( RSDs) were between
0.40% and 21%. The matrix effects of the analytes were between 0. 012 4% and 46. 80% in four
different samples after purification on the Oasis HLB column. The practicality of the proposed
approach for routine analyses of the eight prohibited and restricted veterinary drugs, and three
metabolite residuals was evaluated by applying it to the determination of these compounds in
animal-derived food samples. The samples, including 80 eggs, 80 chicken, 40 liquid milk, and
32 freshwater fish, were procured from a supermarket and a farm product market. The results
of the positive samples were consistent with those observed with the standard methods. The
method described herein is easy to operate, sensitive, and accurate. It is suitable for the simul-
taneous and rapid determination of various prohibited and restricted veterinary drug residues
and metabolites in animal-derived foods.

Key words: ultra performance liquid chromatography-tandem mass spectrometry ( UPLC-MS/
MS) ; solid phase extraction (SPE) ; matrix effect (ME) ; isotope internal standard; veterinary
drug residues; metabolites; animal-derived foods
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ACQUITY™ UPLC ## i ¥ A 3% 1% ZEVO
TQ MS JF %1 . Acquity™ UPLC BEH CI18 (& i 4}
(100 mmx2. 1 mm, 1.7 pm) ( £[E Waters A7) ) ;
VORTEX Multi Reax = i ig #5312 21 #% (1% & Hei-
dolph A ] ) ; Milli-Q # 4l 7k £ 4t ( 3 [ Millipore
/A7) ; Legend Mach 1. 6R =¥ ¥R 5.0 AL (32 [H
Thermo Fisher A #]) .
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Je#%-D, HIEZE-D, M E-D, HEMME-D,
WEASIAE-D, 4l KT 95% , 14 F 7 [E Dr. Ehren-
storfer /3] AL R R A A8 R A GEER 2%
A LHZE A-D, HHEME-D, FOREH-D, 4l
YIRT 95%, W H & K TRC 2~ al; HlE, 20
MR LR TR (B 4l , 5 [E Merck A Al) ; £ R 4
({6384l 26 [H Sigma-Aldrich 23 7)) ; oK BERR A —
(o pral, 1 25 4 A AL 2R AL A BRA R ) 5 N-
P Z ez (PSA) . C18 HUKF (¥)°h 50 pm, £ H
Agilent /A ]) ; Oasis HLB [ AH %€ Bk (200 mg/6
mL, 5 [E Waters A F))

1.2 BAi&HESH

A3 FRIC 1T bR i S R 28 P bn il o,
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TRA TR R AR, B BERC,

HERf R B IR TR A A ofE B A W 10,50, 100
200.500.1 000 5 5000 pL, £ 10 mL &&=fiT,
JIA 500 L IB & [ 2E AR, H 109% HH BEK %
WERZZE, WM % 0.1.0.5.1.0.2.0.5.0.10.0
5550. 0 wg/L I RINRAAREA R, BB
1.3 #HSEETE

FEMRET ARG AR HIX T S5 4& 57T,
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TEK, INEHERRIC, T-20 CHRAF .

PRI 2. 00 gCK5H6 2 0. 01 g) ikAE, & T 50 mL
RWIHEIEBOE P, IMA 50 pLiR& AR N
(100 ng/mL) J& , & 30 min, J& il A 5 mL pH
9. 0 BEFRELZE vPIA W, A IENR ¥ 5 min J5 , FEIA S
mL Z %, IR 45, L 10000 r/min ¥ % B0 10
min, L FERTH—DEOE S, A 10 mL 2R
LR W TE 30 s, BHE 432, LA 10 000 r/min ¥ R
250 10 min, B_EJRWAK T 15 mL RN & 08
T 40 TLRLR KRR ZIE T, 5B Y H]
0.3 mL HEEEfE , INA 5. 7 mL BFREL 22 ik, 1R
SR EEE I

Oasis HLB [FIAHAE HUH S 4K kA 5 mL H 5
mL 7K |5 mL pH 9. 0 (B R 5% h i MOk Ve 16 1L,
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¥ LRI R 2 1% L5 1Y Oasis HLB [E] 0%
BUEE |, 38 L0 W, A 5 mL 4l K ik vk 5 i+,
BEJ5 FH 6 mL HEZ 4y 2 WRVE L, sl fi i 1 ~2
mL/min, e T 40 TLA /KBRS T, H
1.0 mL 10% HEEK (JEhmA 100 pL FEEA ik i
FEAIA 900 wL B 4l7K ) 7 W E 75, 1R 21, LA 10 000
r/min LG 5 min, B EVER, EALINGE .
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{0 1% 4 . Waters ACQUITY UPLC BEH C18 #F
(100 mmx2. 1 mm, 1.7 pm) ; #i& .40 C; FEMH=E
TR .10 °C ;7% . 0. 4 mL/min; W 3AH A: 0. 1% H
PR KW ; T s A B H B, B RE R AR ¥ .0~3.0
min, 90% A~60%A; 3.0~3.5 min, 60%A~15%A;
3.5~4.0 min, 15% A~10%A; 4.0~4.5 min, 10%
A~90%A; 4.5~6.0 min, 90% A, #FERE.10 pL,
1.4.2 Jig &

B TR WSS HL RS (ESL) U B 41E R,
2.50 KV(TAESF) M 4.0 KV(IEBTF) 3 B FiR R .
150 °C ; By 7SR :500 °C 5 s #7121 000
L/h; filf 38 < 3% & 0. 13 mL/min; £ & M W il
(MRM) B, Rl (8 B 255 B4 SO I A ilf
e ML EETESHOLE 1,

2 HR5ITE

21 TEFBRFIENERE
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(v/v) B TR V5 R R s VR V5 R, %5 8 3% 39 % 1
Yy R E S R R, 25 BRI BE A T
S CIEVRFR ST LS8N, FR JE 75 i e 1o Fl 0 JE 44
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40% S, AT 130 A 340 A o o AR g HL TR Ji 9E 1)
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Sor s, 51 AR % e (B S W T AL 3 10%
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VS TR AE AT SR it ) 8 A5 711
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SIS AN ARSEAT T, AR S
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REEDL . S5 A, LAk sl K b iin A 2R 8% K
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Table 1 MS parameters for the 11 analytes and 9 isotope internal standards

Analyte ESI tR./ Parent ion Product ions Coll.ision Cone voltage/ IS

min (m/2) (m/z) energies/eV \%
Florfenicol amine (A48 %) + 0.84 2481 230.1*/130.1 12/24 30 florfenicol amine-D;
Metronidazole ( Hfigm) + 149 172.1  128.1%/82.0 14/22 30 metronidazole-D,
Ronidazole (% filismk) + 1.55 201 140.0* /55.1 12/20 24 ronidazole-Dj
Dimetridazole ( }i3Efmk) +  1.68 142.1  96.0*/81.0 16/22 36 dimetridazole-D,
Thiamphenicol ( il %) - 22 354 185.0*/290.1 20/12 30 thiamphenicol-D5
Lincomycin ( #kA] 25 %) + 243 4074  126.17/359.3 28/20 52 lincomycin-D5
Florfenicol (2% ) - 2.89 356 185.0" /336.1 18/10 36 florfenicol-Dj,
Chloramphenicol (54%5%) - 371 321 257.0/152.0* 10/20 30 chloramphenicol-Ds
Erythromycin A (£ZL% % A) + 425 7345 158.17/576.5 28/20 48 erythromycin A-Dg
Erythromycin A enol ether + 428  716.4 158.1%/83.0/558.3 30/42/20 44 erythromycin A-Dg
(LIFE R A MR )
Anhydro erythromycin A (4R A) + 442 7164  158.1*/558.3 30/16 38 erythromycin A-Dg
Florfenicol amine-D; ( #AJE% 14-D5) + 0.83  251.2  233.1%/130.2 12/24 30
Metronidazole-D, ( Hfi§#-D, ) + 1.49 1762 128.1*/82.0 16/26 30
Ronidazole-D; (&fiik1-D;) + 155 204  143.0*/58.0 20/12 24
Dimetridazole-D, (13 f&I-D, ) +  1.68 145 99.0* /83.0 22/16 36
Thiamphenicol-D; ( F# Z&-D;) - 22 357.1 188.1%/293.1 20/12 40
Lincomycin-D; (#AIEZ-D,) + 243 4104 129.1%/362.3 28/20 52
Florfenicol-D, (Ji7&JE%-D;) - 2.89  359.1 188.1%/339.1 18/10 36
Chloramphenicol-Dy (5% %-Ds) - 371 326 157.0%/262.0 18/12 30
Erythromycin A-D, (L% A-D;) + 425  740.5 164.1%/582.5 32/20 48

# Quantitative ion.



- 410 - &) Tk 539 %
SUKI LI K A LUK A RBERE S AL K A \D
B AT SRS, ARG, AN % 0] 50 I
B, EUK- SIS R AR s TR . 12 /k 6
BB P AR WP ER AR SWRNGE 5 |2
SR AROE SRR MR AR E E 0] T
VRSO, (P BR A A BRI 4. 5 4%, RN D, ] S 0
PR RN PR L R U IS BRRE R A R S ] \
fi%. T LA A A LA AR A RUK R 0] ! m B
LT A R e NS T I W Y S .
A SLIAR A RSBEREA VI A SR 77 76 0 54 e 1 2 3 ! 5

ML, AT ER WRR BTN ER BREES
FH i s 5 25 ) (R W T 4 P U RS 22, 5 Wi o o
BT SCHRT HRAE , B 3 Sh AR A5 F T FR AR e R bR T
B 2 IR 0L ) 2 R M D S AR A5 T Y 7.5 AN
5.4 1% B BRI TL AR A LR, K
HFOMAZIKRAIE A, L, SRk AH oA B R, %
TN E AT A AER BPNER R
JeF LY RO UL, R H 6 T e ik 59
MRS R B - AURCE (B REE A i [ M+H | "I JE
A TR0 ) E bR Al & 90 [ M+Na ] W I ng ™,
X IE B TR, BRI a8 IR e R
THORE  BGEHE 0. 1% H R /K I WA K AH . DL HH
A HUAHET , 27500 $y A W T 34358 G HeF e, o o A,
Wi, HAR R A G S5 A 4 H R A B2
IR B, IR A2 0. 1% H /KBTS
HBEVE TS, LA B 11 FhERRR 258 AR
W MRM i ] LA 1,
2.3 BIAMIEEMHRM®L
231 REUR K pH A1

DRI B X B o R S X 4 A 11 AL RR
B2 KA I bR W, A AR AR i b B 5 1000
ng, 2t 4% F ALK B W 53 1IN 2 DUTE B8 5
Ja TR CTREEE, S8 KB, 18R A AR
MRAT 8 R R HCRAR, s BDCR/N T 4% , FRil4)
AP TSR], AN R PR B ) 1 HR R

P SCHRD RIS, R R A TERRE SR T AR
FE P R 5GBS N R, R pH 7.0 1)
IR ER 22 MR A N B AR R AR U B T 2L R A
FACH sk 25 % B pH 10. 0 (O BR R
G PR MR BOR I S5 1F R, R G IR C TR TR B 22
e s v ) AR R PSR ] R R | AR PR
U, BRSBTS VA TR R HE U
ALREAR G 1Y 43 HIORE &, 350 5 A DL 42 ik AR

1/ min

E1 11 #EREARREYWHEBFREILE
Fig. 1 Total ion current ( TIC)chromatograms of the 11
prohibited and restricted veterinary drugs and
their metabolites

1. florfenicol amine; 2. metronidazole; 3. ronidazole; 4. dim-
etridazole; 5. thiamphenicol; 6. lincomycin; 7. florfenicol; 8.
chloramphenicol; 9. erythromycin A; 10. erythromycin A enol
ether; 11. anhydro erythromycin A.

FEATEEIZS Y, IR B WA RE AR i 25 S 45 6 R
PR AR T MR BGE, 8 Lik2EE T
HRIE A SCEHE pH 6. 0~ 11. 0 HYBERREh 28 vhi A/
SR, B 2R pHAE T, LR LTRXT 11 FhifE
PP BC 0% 25 SR WL 2, S5 5R SR Uk )
PH {E X AR AT 25 R B BUSR 1 R e 45 W Wk, B B
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B b SR %) [ SRR A, U R 2R S
e 5 R A e ) B UK 6 7 pHL (B RE AN K, -3

1204 —#— Florfenicol amine
] —0— Metronidazole
100 7 © —e— Ronidazole
£ 50 _ —O— Dimetridazole
\E' 1 g —A— Thiamphenicol
% 60 ] ¥ —*— Lincomycin
3 ] % —¥— Florfenicol
& 40 4 . —v— Chloramphenicol
i —®— Erythromycin A
20 — —O— Erythromycin A enol ether
] —4— Anhydro erythromycin A
0 T T

6 s 1o 12 14 16
pH values of buffer solution
2 BEERERZE R AY pH EXT 11 MEREHR
IR B K 0

Fig. 2 Effect of different phosphate buffer pH values
on the extraction efficiencies of the 11 prohib-
ited and restricted veterinary drugs and their
metabolites
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Fig. 3 Effect of different purification methods on the recoveries of the 11 prohibited and restricted

veterinary drugs and their metabolites (n=3)
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Fig. 4 Matrix effects of the 11 prohibited and restricted
veterinary drugs and their metabolitesindifferent
samples
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Table 2 Linear equations, linear ranges, correlation coefficients (R?), LODs, and LOQs for the

11 prohibited and restricted veterinary drugs and their metabolites

Analyte Linear equation Linear range/ ( ng/L) R? LOD/ (pg/kg) LOQ/ (png/kg)
Florfenicol amine ¥ =0.08982-0.0035 0.1-50 0.9992 0.050 0.20
Metronidazole ¥=0.19202-0.0171 0.1-50 0.9972 0.050 0.20
Ronidazole y=0.15352-0.0172 0.1-50 0.9982 0.050 0.20
Dimetridazole y=0.18942-0.0155 0.1-50 0.9968 0.050 0.20
Thiamphenicol ¥=0.09492-0.0163 1.0-50 0.9927 0.50 1.5
Lincomycin ¥=0.13112-0.00838 0.1-50 0.9988 0.050 0.20
Florfenicol y=0.07562+0.0049 0.5-50 0.9971 0.25 0.80
Chloramphenicol y=0.20782+0.0066 0.5-50 0.9981 0.25 0.80
Erythromycin A y=0.1283x-0.0116 0.2-50 0.9991 0.10 0.30
Erythromycin A enol ether y=0.07052-0.0099 0.2-50 0.9969 0.10 0.30
Anhydro erythromycin A y=0.14142-0.0336 0.2-50 0.9914 0.10 0.30

Y. peak area ratio of the analytes to the internal standard; x: mass concentration, pg/L.
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Table 3 Spiked recoveries and RSDs of the 11 prohibited and restricted veterinary drugs
and their metabolites in real samples (n=6)

Analyte Spiked level/ Recoveries/% RSDs/%

(pg/kg) Egg Fish Chicken Milk Egg Fish Chicken Milk

Florfenicol amine 0.2 97.9 89.7 98.4 94.0 11 13 10 14
2.0 93.4 92.9 94.5 92.5 1.4 2.2 6.2 7.2

100 97.1 100 94.0 92.3 6.8 2.4 11 4.9

Metronidazole 0.2 92.5 84.1 84.1 86.3 2.0 3.7 2.7 3.1
2.0 91.0 83.8 71.9 81.5 33 1.5 1.1 33

20 98.2 95.9 107 103 5.3 6.3 2.2 33

Ronidazole 0.2 92.5 95.4 98.7 93.7 4.5 5.0 2.8 6.8
2.0 96.2 95.3 95.8 93.6 2.0 2.9 2.0 4.8

20 94.4 93.5 107 94.8 1.7 1.9 4.0 7.3

Dimetridazole 0.2 99.0 105 100 102 7.8 2.8 2.1 5.1
2.0 100 98.2 94.0 97.3 2.1 4.8 1.4 3.6

20 96.5 97.7 83.8 104 6.7 7.2 5.2 6.9

Thiamphenicol 2.0 95.0 99.8 97.7 98.4 6.2 2.8 1.6 4.6
10 102 97.4 101 103 0.40 1.2 2.7 2.4

50 98.0 98.8 98.4 98.6 7.0 8.9 5.8 2.8

Lincomycin 0.2 102 91.9 89.7 85.8 6.2 9.9 4.1 3.3
2.0 97.5 91.0 94.3 90.5 5.0 3.9 5.6 0.94

50 83.6 76.7 77.8 95.0 1.5 5.4 10 8.6

Florfenicol 1.0 98.6 100 101 100 6.9 9.6 11 10
2.0 102 99.1 99.5 98.3 2.5 2.07 2.90 33

100 104 103 101 100 2.4 1.2 5.3 4.4

Chloramphenicol 1.0 102 107 108 106 3.4 2.0 1.7 0.76
2.0 101 99.5 103 102 0.55 3.2 3.1 4.2

10 103 101 103 107 5.3 3.0 4.2 2.0

Erythromycin A 0.3 87.5 93.5 90.7 94.7 4.7 4.2 1.1 5.5
2.0 86.4 93.9 92.1 93.7 0.88 2.1 4.2 5.2

40 104 102 100 99.7 5.5 0.8 4.2 5.6

Erythromycin A enol ether 0.3 65.3 104 84.4 82.1 11 4.2 15 8.1
2.0 76.1 97.2 71.2 90.2 13 4.2 21 11

10 86.9 99.9 83.2 90.2 14 3.9 10 7.0

Anhydro erythromycin A 0.3 101 86.3 98.7 94.4 2.7 5.5 9.3 6.0
2.0 105 94.6 96.6 98.8 0.44 12 6.2 7.4

10 105 95.0 102 108 8.8 16 4.4 0.85
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