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Determination of 7 kinds of veterinary drug residues in milk by ultra
performance liquid chromatography-tandem mass spectrometry

LI Cong*, ZHENG Yi, LIN Bin, LIU Xue-Qin, WANG Hong-Liang, WANG Chi-Hua

(Huanggang Municipal Center for Disease Control and Prevention, Key Laboratory of Food Safety Risk Monitoring for
Health Commission of Hubei Province, Huanggang 438000, China)

ABSTRACT: Objective To establish a method for the simultaneous determination of 7 kinds of veterinary drug
residues, including ciprofloxacin, enrofloxacin, ofloxacin (3 kinds of fluoroquinolones), chloramphenicol,
thiamphenicol, flufenicol (3 kinds of amphenicols) and isometamidium (1 kind of antitrypanosomal drugs) in milk by
ultra performance liquid chromatography-tandem mass spectrometry (UPLC-MS/MS). Methods Milk samples were
extracted by the mixture of acetonitrile and 0.5 mmol/L ammonium formate in methanol (1:1, V:V), purified by

n-hexane, dried by nitrogen. The 7 kinds of veterinary drug residues in milk samples were detected by UPLC-MS/MS
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and quantified by matrix matching external standard method. Results

The linear range of 7 kinds of veterinary

drugs in milk was 1.0-200.0 pg/L with good linearity (r* were all greater than 0.993). The limits of detection were

0.08-0.44 pg/kg, and the limits of quantitation were 0.28—1.46 pg/kg. Milk matrix had an enhanced matrix effect on

all 7 kinds of veterinary drugs. The recoveries of 7 kinds of veterinary drugs at low, medium and high concentrations

were 47.44%—117.89%, 82.34%—112.84%, 73.15%—117.69%, respectively. The relative standard deviations were

1.46%—8.26%. This method was used to analyze 9 samples of commercially available milk, and no residues of 7

kinds of veterinary drugs were detected in any of them. Conclusion This method is highly sensitive and easy to

operate, and can meet the rapid and accurate detection requirements of seven kinds of veterinary drugs in milk.
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], MX-S B EdR % 4 (L 5L KB Fl); Neofuge 15R Y
BRI REA FD); 2300TH B A5 i T e as (203
/3Hl); MFV-24Plus BVE RRARAL (T M ZEAFD); Milli-Q
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Fig.1 Chromatogram of 7 kinds of veterinary drugs under optimal experimental condition
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Table 1 Retention times and mass spectrometry parameters of 7 kinds of veterinary drugs
ey {4 B BsF 7] /min LB AT X(m/z) ERRH RV i RE R/ eV G B4 I A) /ms
332.1/314* 20 100
. 332.1/288 25 100
BN R 8.44 ESI+ 149
332.1/245 40 100
332.1/231 48 100
s 362.2/318.2* 20 100
AT 8.48 ESI+ 149
362.2/261.1 40 100
360.2/342.2* 16 100
BETD R 8.51 EST+ 362.2/316.2 156 20 100
362.2/245.1 32 100
a— 355.9/335.9* 20 100
WA H 8.98 ESI- 117
355.9/185.0 5 100
o 321.0/257.0* 15 100
HER 12.32 ESI- 107
321.0/152.0 10 100
- 353.9/290.0* 20 100
FIE 2 7.63 ESI- 107
353.9/185.0 10 100
JE—— 460.3/313.2* 20 100
RATEE 12.26 ESI+ 120
460.3/298.1 30 100

o REER T

Pk 1) R RV, ASHIFSR IR 26 () 0.1% FBRIN Z BT TR
(b). 0.5 mmol/L FIRELFEHEW(c). LJF§/0.5 mmol/L HIiR
BB (L:1, V2V) (OVEREREUR, 43 3% [l —Fh 4
A EA TR IS (B — I RE AR I 75 ng/L IR S PR IEV IR0,
RIGMAIEC ek, JEHERRR—IK, FATIE 6 X,
TIEE 7 s 2 i (] e 28 R AH X6 A o i 22 (relative  standard
deviation, RSD), Z55 L3R 2, 58 AR LI BIHEEE ¢ Ay

PRI DS, BEU B RIS T B R A AR ICR . 1t
S, PEBGR a FHRIBGR b A2 5 IRRVESGR AT BORSCR B
by, RAANEEIMIRIELY), RIS AT WA h St
KT AE 4 FIRIBOR T, SRR b AR d RCRAIR T,
7 FEZGH AR ESCRIEAS A AT B 20K . (HATTISR
O d SR BRIV LAY ISR T B GR b, DRI R
W d AR RS BRI
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Table 2 Recoveries and RSDs of 7 kinds of veterinary drugs after different extraction process (n=6)
- P a FEIBORK b FEIBOK ¢ FEIBOK d
SFEIEAR%  RSDs/%  CFXIEMEER/%  RSDs/%  PIEMEER/%  RSDs/%  FHEIEER/% RSDs/%
TS A 67.29 3.69 82.01 3.57 48.71 3.83 90.91 3.14
B & 97.02 4.41 106.82 4.93 80.11 4.23 102.96 2.37
AR 102.29 1.66 106.63 2.56 73.22 4.18 103.96 1.96
iR 97.91 4.11 95.79 5.40 67.68 2.82 102.04 2.13
AER 98.71 5.91 104.80 5.71 71.73 3.44 117.69 2.18
wARJEH 107.83 6.35 107.25 5.41 83.05 4.97 116.02 2.02
RATEnE 62.48 4.60 75.29 4.44 50.30 3.34 73.15 4.39

24 ZMXER RERSE=ZR

Fiz B AR TAE SR U A 32 5 VG i VR 5 b v VR T,
DL 7 -2 i) B e B MR AR BR (X, /L), X Ay 0 Tai
FURYPABFRNE IR ER 2. SR BN, 7 FhEZ4E
1.0~200.0 pg/L VLRI EA RIFHLIERR, HIXRE
(MR TF 0,993, ZHILL 3 F5H 10 5501 (SN
H B (limit of detection, LOD)A17E & FR (limit of quantitation,
LOQ), 7 FE 2y LODs 4 0.08~0.44 pg/kg, LOQs K
0.28~1.46 pg/kg, W3R 3. KA SCR B3 TXT 1L,
SRR 4. FEATALHL b, ASWEGE AN SCER 7 i AR HR SR A
FEICABRAG AL 0 )7 =X, $RIOR L322 Fh IR & 1 5%,
{HBR NG Ak R 22 2R [ AH A BUER AE O eV 25 B 7 i o
AHE T OB 1) B AR 2 B i A 20 98, AR5 (1 FTAE . BeBR
REFRAERRIME, BEAb, AH AL SCER A 1 A0
25, AW IRIET RN 3 N2 RG 7 Ry, HAET S A
Sl T HAFS AR T s i 2 A R & JEE Y LOD, Ji
HORAEAEE, AU AR S T 2R 9L 5 b A R R A
B BN, AW RIS A ZdEER LOD WAL T

GB/T 21312—2007 { Stk it 14 Findsiti 25 ¥ 5% &
RN Ty 3 OR3-S/ BT i ) Al GB 31660.8—2019
MIME. ASBF BRI 25 LOD &AM cmk, 250 AR
EAREAE, L HEAE R, LOD 5T GB 31658.20—2022
CE R EEREME ST 5 PR 24 S AR
YIBRERERIE  WORE (- RIS ) O(E, UiBITADESE
st — ek, AN S A R FHOEE %19 LOD Ik
FER . LA K 7 FE250 LOD, AT HA RiT
R, REAS T L A=W 22 A BT R
25 FENERESHEEE

FE RSy V2 PV IRE S TG . TPy & 3 NIk
FEKERI BRI S . VDAL | BRI T LR A I
ACFIBRAEE Hy 5.0 pg/L, Hep 4 M2 7.5 pg/L, 7 FhE2h
B R CETERIREE /M 15.0 ug/L. 75.0 pg/L. &bz
WA TINE 6 IR, T3 MM RSD, 45503 3, I,
R 3 AR IAR SRS FIh 47.44%~117.89%
82.34%~112.84% . 73.15%~117.69%, RSDs }J 1.46%~8.26%,
HER B RGBT, RO SE BRI A 5K

#3 THEBAELPERTH LODs, LOQs. EULZEFN RSDs (n=6)
Table 3 LODs, LOQs, recoveries and RSDs of 7 kinds of veterinary drugs in milk matrix (n=6)

5.0 pg/L 5% 7.5 pg/L 15.0 pg/L 75.0 ug/L
o LODs/ LOQs/ - he He e ne e HE
= 2N M2 AT 2% M2 AT 24 M2 A 22
(ng/kg) (ng/kg) PRIEE, pongee  THEEMES L opoe,  TRENCES Lo
% % %

WRV A 0.13 0.42 66.51 8.19 90.78 2.35 90.91 3.14
BsT R 0.42 1.40 71.11 8.26 83.12 1.46 102.96 2.37
R 0.13 0.44 117.03 4.18 88.34 2.43 103.96 1.96
HER 0.29 0.98 47.44 6.58 86.24 1.59 102.04 2.13
AEX 0.38 1.28 117.89 5.17 112.84 4.06 117.69 2.18
FAEH 0.44 1.46 77.72 4.01 109.77 2.71 116.02 2.02
RN 0.08 0.28 91.77 4.41 82.34 2.66 73.15 439
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Table 4 Comparison between the detection method in this study and published methods
FE SRUEY] AR FE 5 = LOD/(pg/kg) Sk
LS ] FARJEFE 2% % A R L BR+1E 2 ke R AR 0.5 [21]
41 S T RIS 1% iR Z 5V W+ HLB [ FH 2 B k: 0.6 [24]
A LA AR 60%Z B 7K R+ WCX [ A A Bk 10 [27]
44 RAAENE 50%ZBRK T/ 21 (1:499, V:V)+IE 2 Sebk g 5 [28]
XA, GE [DRIREES 80%Z i /K W +HLB [& FHAEIBUR: 0.05~0.10 [29]
X i e P2k K/ R ZBE(1:30, VIV)+IE O be g 0.05~0.15 [30]
VAN S A 2 1% H R 2L V6 -+ HE 5 R I I 25 B v A1) 1.0 [31]
BiE R A 2 Cis [ A A BURE 1.5~6.7 [32]
A ENE 0.08
A4 T e e /0.5 mmol/L H R B HT R W (1:1, V:V)+HIE O Be bR AR 0.29~0.44 ENT S
UM T S 0.13~0.42
2.6 ERXMN 27 RREM

R e, SRR YR, XYt HBR ST
W B DN A T WA P R DR o T4 1 25 BTV TR
TR 7R b 2 S A [ S i R, e AT {1 B
B2 B ST 3800 AR 55 - 43 BIHE 50.0., 100.0, 200.0 pg/L 3
AN R BE IS A A %G 7 R 2 I LN, A5 R B oR
7 Fh B 25 (R RSN N 109.65%~157.68%, W3 5. FFsL
BER T 115% N BTG sR AN, A Y Hoxt 7 FE 2 4 3
LTSRN o AR R WO AL B SRy R it i AL 25
2, LG IAR ISR K T 115%, 5 [FREf OB ZE
B SCHR A, R — B0 70, al e R IR IR R R T
HLIBE 25 L B R, S BOL T sk . H ARSI R 2 3R R
B TR B SCER Y B LN AR T, Tk AR
Xf 7 R 2GR T N, DR, SR TR DG B An o 2k
AT LU AR 53 BT 45 R 1) o e P R PT S

SR T A 3 5 DG AR o R 208 IR B A1, B
J0T 100 pg/L 5255 U b 0 58 51 5 W 43 7 F—20 .4 .20 °C
TS ACE 7 d, DAFETVATORCE 7 d J BTk B A L
TR b e B 00 R RO 22 TP A AR v, S5 IR LR 5. B
WERAE—20 °CHT 4 °CIRE T CE 7 dJ5 i i R 3t e DL TE,
s, JEEA TR . FEFUATRTE 20 °C T ALE
7 d A, 2RI T R A X 22 A 4 A KT 5%,
Ui B S TRV R R IR T AR R AR . L, R AR UE
TR SR B R P, 3T D A v VA YR 224 B B
2.8 SRR

FEESCG Tk, A3 B rE O BT B, L.
wab, TR R 9 3 KRR WIS TR, 4
FBIR 7 REZG B RAE 9 O A= WkE i G H

#=5 1THEXREFNPHERYNMFDEFFROREN

Table 5 Matrix effects of 7 kinds of veterinary drugs in milk and stability of milk matrix solution

s ST Y%

20 CHEFE I A= 5 HE B W e g 1k

IR 1A/ (ng/L) 7 d JE A/ (pg/L) AT 22/%

ENISRAH 121.13~137.97 100 77.61 -22.39
Bk & 109.65~120.71 100 51.84 —48.16
ORI A 131.22~144.75 100 82.43 -17.57
HiER 150.32~157.68 100 63.47 -36.53

AR 127.99~133.56 100 119.58 19.58
BAEH 139.59~150.58 100 73.38 —26.62
RAFENE 139.34~147.63 100 68.44 -31.56

3 7 B W R R ZE B, — W SE R 7 RS2 i A LS 5k,

AMFFEHTF UPLC-MS/MS FF2& T —Filt [ Hsf 46 0 2 175
PR TR IS | TR S B 2 R R RN B AT A

K T4 T T AL FRERAE o A IS R T R S 2
LODs 4y 0.13~0.42 pg/kg, LOQs 4 0.42~1.40 pg/kg, WEAEET
22N LODs 9 0.29~0.44 pg/kg, LOQs 24 0.98~1.46 ng/kg,
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AAIENER LOD H 0.08 pg/kg, LOQ K 0.28 png/kg, AHH T
AR S A 57, ASE S8 AR T 980 0 i Tl 28 45 2 1R
FAEKER) LOD 5 LOQ. AMFRWAFTEANRE, HIEERTE
R BE KT A AR [ SR A, SR8 3R R 2 B AR,
AL G 2 LA kel .

i b, AWML, mAL REL IR AT

Z E 2R ORI 5 ¥ BAT M R, DR D Syl e
W2 I 2R AR IS B A

SE 3
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