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Determination of 30 Kinds of Antiparasitic Drugs in Animal-derived
Foods by QUEChERS-UPLC-MS/MS

FENG Lifeng, HUANG Qian, YE Mengwei, HUANG Yonghui*, HUANG Yan, LIN Haoxue,
LIANG Min, XU Hui

(Fujian Inspection and Research Institute for Product Quality, China National Quality Supervision and Testing Center for
Processed Food, Fuzhou 350002, China)

Abstract: Objective: A method for determining the residues of 30 antiparasitic drugs in animal-derived food using ultra-
high-performance liquid chromatography-tandem mass spectrometry (UPLC-MS/MS) was established. Methods: The
samples were extracted with acetonitrile and 1% ammonia acetic ether and purified by QuEChERS. After purification,
Waters ACQUITY UPLC™ BEH C,4 column was used for separation, and a gradient elution of 10 mmol/L ammonium
formate (containing 0.1% formic acid) aqueous solution, acetonitrile: methanol (50:50, v:v) was performed as the mobile
phase. Detection was carried out using electrospray ionization (ESI) in both positive and negative ion modes using multiple
reaction monitoring (MRM). Matrix-matched external standard quantification was used. Results: Under the optimized
conditions, the 30 antiparasitic drugs showed good linearity within their respective linear ranges, with coefficient of
determination (+%) greater than 0.99. The recoveries ranged from 70.1% to 111%, and the relative standard deviations were
between 0.10% and 9.1% (n=6). The method detection limit ranged from 0.001 to 0.3 pg/kg, and the method quantification
limit ranged from 0.004 to 1 pg/kg. Conclusion: The method is sensitive, accurate, and exhibits good repeatability and
stability, making it suitable for detecting various antiparasitic drug residues in animal-derived food.
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P e 2 B i . SRR | FH 2RI | GO | )
JRm | s | SRR, SRk | JEBERIR . AR
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= PURAT-ERER RIS H AR A F]; ACQUITY
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[ Waters 2 @l ; BT 224 S Hy, 74y 7 KF =2 H
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Table I Concentration, regression equations, coefficient of determination (+*), LODs, LOQs of the 30 antiparasitic drugs
(st PR (mg/L) LM (pg/L) el iy e 25 (7) K PR (pg/kg) FE R (pg/kg)
EZDSTUN 1.00 1.00~50.0 Y=118986X+298045 0.9983 0.02 0.06
VG e /R 1.00 1.00~50.0 Y=4623.8X+12084 0.9995 0.2 0.8
% i 1.00 1.00~50.0 Y=31112X+66997 0.9999 0.02 0.06
WU N 1.00 1.00~50.0 Y=73074X+147955 0.9986 0.1 0.4
ZeTrewkng 0.500 0.500~25.0 Y=43378X+70131 0.9970 0.03 0.1
WESR TR 0.200 0.200~10.0 Y=71640X+18772 0.9997 0.02 0.06
B IR M 1.00 1.00~50.0 Y=27873X-+90090 0.9964 0.04 0.1
5 LI 1.00 1.00~50.0 Y=8064.5X+18747 0.9990 0.04 0.1
AR P 0.200 0.200~10.0 Y=91253X+52608 0.9985 0.004 0.01
L S7N L 0.0200 0.0200~1.00 Y=1E+06X+46316 0.9992 0.001 0.004
2 ke 0.200 0.200~10.0 Y=167434X+76679 0.9996 0.01 0.04
T 0.200 0.200~10.0 Y=115535X+46360 0.9991 0.01 0.02
R 0.10 0.100~5.00 Y=391021X+113444 0.9979 0.003 0.01
P ] 1.00 1.00~50.0 Y=50795X+95961 0.9996 0.05 0.2
SRR 1.00 1.00~50.0 Y=28992X+65410 0.9980 0.1 0.4
SRR TR 0.100 0.100~5.00 Y=263625X+69199 0.9980 0.003 0.01
JEPERIK 0.200 0.200~10.0 Y=83622X+29374 0.9991 0.004 0.01
=R IR 0.500 0.500~25.0 Y=43264X+37943 0.9992 0.02 0.05
LA TR 0.500 0.500~25.0 Y=60166X+41980 0.9980 0.01 0.03
EWT 10.0 10.0~500 Y=419.68X+5611.9 0.9993 0.1 0.4
KIR DU 10.0 10.0~500 Y=5987.1X+121343 0.9986 0.3 1
FEHER 1.00 1.00~50.0 Y=6001.4X-47.666 0.9999 0.02 0.07
AU 1.00 1.00~50.0 Y=57948X+128990 0.9990 0.07 0.2
HEF 1.00 1.00~50.0 Y=13199X+29194 0.9994 0.04 0.1
OitER 1.00 1.00~50.0 Y=36028X+54891 0.9997 0.02 0.05
PREHEER 0.200 0.200~10.0 Y=126919X+53423 0.9994 0.003 0.01
AR 1.00 1.00~50.0 Y=4583.5X+15315 0.9987 0.05 0.2
T Je 1.00 1.00~50.0 Y=24664X+3629.8 0.9999 0.04 0.1
BIREIIR 1.00 1.00~50.0 Y=4606.2X+14766 0.9978 0.02 0.07
RS 1.00 1.00~50.0 Y=6087.2X+63425 0.9984 0.08 0.3

FREM, A 5 mL &, WHE 30 s, #7532 HL 20 min,
LA 4000 r/min 2.0 5 min, FiHREFLES — 50 mL
BT, R TIN5 mL1% @K R BRE
PEE—IK, B0, A3 2 IR DIEW, fFrgdfb. R H2E
WHINAZE A 200 mg JL/KGREZEE . 100 mg C, g Fl
100 mg PSA fYES.LE A, JRHE 2 min, B0, B 5 mL
LR R _ESER, T 40 °C ZREID T, A 1.00 mL
50% ZNE-/KEEWEH, ik PTFE 3N, AL,
1.2.3 WAHEIE-PERTIESA  WAH AR 64
% 4 : ACQUITY UPLC™ BEH C 4(2.1x100 mm,
1.7 um); ¥ BhAH: A 5 10 mmol/L H 2 4% (&5 0.1%
L) 7K, B "R ZNE - (50 :50); ati: 0.30 mL/
min; AL 40 °C; PERER: 2 pLs YEARE: 0~1.00 min,
10% B; 1.00~9.00 min, 10%~95% B; 9.00~12.00 min,
95% B; 12.01~14.00 min, 10 % B,

ST S5 H BTSSR O B Ui 2
J2 7 W A =5 i BRI B : 400 °C 5 i BV I
10.0 L/min; 1 THE(EST: +4000 V, ESI : —3000 V);
FALR PR : 2.5 L/min; TR FEH: 10.0 L/min; i
FEFINRLEE: 600 °C; B PEE T i 3+ AHA BTG =

LR 2.

1.2.4 EMERGERANEE g PRSP 7R R AR
T, EEEAOP A B A B Bk ) 5 3 T DU AR
VAR N, B AR R B8 B A, R 25 E£2.5% LAY,
ARSI S (AR T BS TR B, N Y S BEAH 2 ST IT
FCARUES AR B T2 XS RiF
2= N AT G LA 2K AN FFEBE>50% B,
VR e KA 22 9 +20%; 24X B FFBEA- T 20%~
50% H}, SR A9 B KA 22 SA1£25%; 24 AR X 2 1 = B
AF 10%~20% B}, FVF i KR ZE +30%; AT
BT < 10% B, SRFri R Im2E +50%, )

FE AN F AR 1.2.3 W AR AR, DAIE)T T
PCPR TR B S i AR AR, LLMETHT AR S P A AR, il
FRUE TAE NN EZ sSAUE, Fe MRk e b 254
MIER R B
1.3 #EAIE

UPLC-MS/MS Bt 45 LabSolutions %3 &b 34 4%
ST ARl £k . S5 5, S Microsoft Excel &b
HEEE Mzl E 2 . 15 A Origin 2018 A 1A #ff:
2257
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Table 2 Mass parameters of analytes mass parameters of analytes
s [zt E2 R E (min) - BEF(m/z) FEFm/Z)  EETFIHREY)  BEHEEE(V)  TORF3HREV)  ESIFiR

1 ERSLS 1.50 2432 150.2°/94.2 22/22 13/11 19/16 +
2 M F e R 227 191.1 150.1°/109.2 27/12 20/26 30/22 +
3 B i 2.93 201.1 140.17/55.1 14/13 13/23 14/21 +
4 U 3.29 3492 188.2°/162.2 12/12 28/24 21/18 +
5 Z KM 3.50 205.0 178.2°/91.2 30/30 20/39 23/18 +
6 EAIA I 426 201.9 175.27/131.2 30/29 24/31 20/14 +
7 WIT IR 5.46 316.1 159.1°/284.0 21/20 40/17 29/21 +
8 1L 5.53 415.6 120.27/138.3 26/25 21/20 25/27 +
9 AT PR 5.56 237.8 206.2/136.2 15/23 10/26 23/15 +
10 L ST 5.98 249.8 218.2°/176.2 30/16 18/26 24/20 +
11 FR 2 6.30 296.1 264.17/105.1 10/14 24/34 28/20 +
12 FRA TR M 6.50 314.1 282.17/123.2 14/15 24/36 28/23 +
13 FAP A s 6.87 266.1 234.17/191.0 12/12 20/33 16/19 +
14 R s i) 7.18 312.8 203.2°/174.2 20/20 1729 23/19 +
15 il 7.22 333.9 155.2°/138.2 20/20 21/26 29/27 +
16 Pi S 7.32 299.9 268.1°/159.2 15/30 23/35 21/30 +
17 JEPERIK 7.76 446.6 383.17/415.1 28/30 20/13 28/30 +
18 X S 8.31 358.8 274.1°/198.1 22/23 34/27 30/22 +
19 FE S M T 9.27 418.2 372.2°/204.1 20/20 25/44 20/21 +
20 BT 9.84 640.1 199.1°/528.2 22/40 27/11 23/40 +
21 KIR LG 9.92 556.1 167.2°/538.3 34/34 24/18 30/40 +
22 TIREH R 9.95 693.6 461.3°/479.3 40/40 54/55 24/25 +
23 AU L] 10.1 613.4 377.3'/359.3 28/20 39/37 28/27 +
24 HER 10.1 773.6 431.3°/531.3 26/26 51/44 23/40 +
25 OitER 103 935.5 877.57/895.6 26/20 34/54 30/36 +
26 MEHER 10.6 787.6 431.2°/531.4 30/30 45/45 20/30 +
27 fE I i 5.57 288.8 127.1'162.2 13/18 25/22 12/10 -
28 fiFime e 7.09 264.0 217.1°/144.2 24/30 14/17 23/28 -
29 BEAUR 8.13 4719 186.27/166.3 22/22 23/45 12/30 -
30 SR 9.10 660.9 315.17/344.9 28/28 33/35 21/11 -

T E R T

2 FEREDR

2.1

PREE SE: R4

2.2 GiEXHAML

2.2.1

AL A SRR

AWETER M 250 22 R v 45

S ) HGE A AR LA 50% SR BE L B 24
2H 1.0 mg/L 1Y B AR AR HIBGE AR, 70 5 e £
IE. T TR T — A, #E s HAREE )
HIREE T AWTTRE MR Z 8 HAR 25 IR T
LSl N R R Y- A S (U STALE SN 1 S e e
FCHCER B2 A5 S B s IE F A A S5, A1 [M+H]
[M+Na]"s /N o AR 2578 G 3 AR R &1 Sz
SR, NGRS | SUSUMLING | fEMRJE R ZEA3R
IR G I KA G T LT S 1 [M-H] o RS
B 19 B & 5 I — 52 1Y Al 48 B8 & #E 1T Product
Ton(MS2) #14#, FAF45 FI 19 " ZRE s 1, 1EPE 2 4>
{5 2 80s HoT 3/ e v 28 55 R 20 s il
BT FRRAS RN A RERS TR RS 1, SR R
WA AT AN A PSS I T ZAT 1/
JE AR R AN AT 3 WL, E B E RS T
x 2.

e P % 55 e 1 I Ak A ), B BT ST 2R C18 K
T3 (A A FEAT R . ARBFSE % 5T ACQUITY
UPLC™ BEH C,4(2.1 mmx100 mm, 1.7 um) . ACQ-
UITY UPLC™ HSS T3(2.1 mmx150 mm, 1.8 pm)#
SIERCR . SRR, TEAHIRIRE S R RS
YIHE T3 M8 C g AE B IIGIE I TE R R 25 5, (HXL
BRIRIIR . KR DU . PV i PEFE BEH C g AF LY
FERema i OG F T3 A. EHL T3 AR5 b S i
FA L C, g Ao, (RS 55K BT 8 BE AL 5, PEIEAE
AP AR o B R L AR R A B B TR e A
FEPE, AFFEERE: ACQUITY UPLC™ BEH C,, il
FEAE R 53T

222 WEIAHIIEER:  AHFTE LA TR ZHE-7K A
FH s 7K A S Tt B 0 43 B SOR S AR BRI O, A SRR
B 2 BN e ) B S, 244 L DG B ] B L T AR
HLPRERy e A i 2o i o T A R SR A HLAH B
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ZRgetss /b ARG FR AT 55 A SR E SIS 2 M i v v
P, DktMgE | Eh AR TRV T ok, WO EER A
FH BN R IR GASTIWE N B LA . M P BRI £ 0
F LA A 50:50 Bk, 4524590 1 43 88 B 55 08 B B e 42
AL . AT RFR ST HAR 259K A EST AR =i
ATASIN, IR AT LA ROSGER Y, 325 BT T 1k e
77, BEERI N . AHF S BAMEG KR IR DG . =44
RIAME | BIPOBE T SIS RIR . SRS, FhER . W
I E VRN BAFERE RS . AR
PRk, W RREL A W P I NH, ] SE 4l 5 (a4 v
FIREFRILES &, My (g i BE R P7, &esi
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Table 3 Recovery and precision of 30 antiparasitic drugs in pork and grass carp at different labeling levels (n=6)

o Ik le i
(ng/kg) MBI (%) RSD(%) ME(%) I (%) RSD(%) ME(%)
AL 2.00, 5.00, 10.0 75.6, 88.5, 88.4 6.1,3.5,5.7 -13.6 80.1, 85.5,82.4 3.8,5.6,7.8 -152
HPg R /R 2.00, 5.00, 10.0 82.9,92.5,93.4 5.2,3.2,0.78 -19.3 83.0,93.5,93.2 3.5,4.4,27 -19.4
UL 2.00, 5.00, 10.0 85.4,92.0,95.4 43,32,42 -23.6 86.6,91.0, 96.0 42,15,29 -18.7
XK R 2.00, 5.00, 10.0 71.3,73.5,72.4 8.0,4.9,1.7 19.0 75.5,78.0,79.0 7.6,5.1,32 1.98
ZETEMR I 1.00, 2.50, 5.00 87.3,97.5, 104 4.7,33,3.5 -11.2 88.6,97.0, 96.6 44,2.6,19 -17.8
i SN 0.400, 1.00, 2.00 92.8,96.5, 100 2.6,2.6,19 243 91.1,96.0, 103 27,21,13 211
LS 2.00, 5.00, 10.0 105,103, 105 3.7,4.7,3.8 15.0 102, 103, 99.6 13,27,33 281
5 LT 2.00, 5.00, 10.0 82.1,90.0,97.8 72,2.9,4.2 ~13.0 84.6,96.0,95.2 6.9,2.3,1.1 439
LR T g 0.400, 1.00, 2.00 95.3, 100, 106 5.0,3.1,1.9 -10.6 91.1,97.0, 104 5.1,2.6,3.4 1.66
L Sl 0.0400, 0.100, 0.200 90.1,92.5,95.4 3.6,3.9,3.0 147 90.0, 88.0, 97.6 3.7,3.8,3.4 272
FH s 0.400, 1.00, 2.00 102, 98.5, 98.0 3.8,4.6,4.9 -10.1 98.0, 98.0, 99.4 3.6,3.4,1.6 2.95
SRR A 0.400, 1.00, 2.00 100, 95.0, 96.4 3.4,3.6,1.7 -233 98.0, 98.0, 101 12,0.84,13 -2.96
R T g 0.200, 0.500, 1.00 89.0,91.0,94.2 3.4,45,3.5 125 92.0,93.5,98.8 26,43,24 1.91
M s ] 2.00, 5.00, 10.0 97.0, 93.0, 99.2 43,3.7,4.5 —-7.20 95.7,94.5, 104 2.6,2.7,1.8 -8.36
E il 2.00, 5.00, 10.0 76.2,82.0,81.2 44,69,6.5 ~143 75.1,80.5,82.6 5.5,3.1,2.4 -193
pie S 0.200, 0.500, 1.00 86.7,87.5,91.8 5.1,4.5,54 -8.70 85.1,86.5,89.8 1.6,2.6,0.89 ~135
JEBERIR 0.400, 1.00, 2.00 103, 98.5,99.2 6.7,4.5,5.3 -9.50 97.2,103, 103 2.1,3.6,2.7 224
% 37 1.00, 2.50, 5.00 84.2,82.5,89.4 5.4,6.8,4.3 -8.70 83.3, 83.5,90.6 2.6,2.4,19 227
284 TR 1.00, 2.50, 5.00 86.4,84.5,82.6 6.3,5.7,6.0 -15.4 90.1, 93.5,99.2 3.3,2.1,2.8 -175
LT 20.0, 50.0, 100 80.8,73.0,72.6 6.4,5.4,5.7 -24.1 75.3,75.0,73.8 5.0,2.6,3.0 -20.8
KIR D5 20.0, 50.0, 100 70.2,73.0,75.2 5.1,4.2,5.5 -17.6 72.2,75.5,72.6 44,2.3,29 ~154
TRET R 2.00, 5.00, 10.0 78.0,91.0, 87.6 8.1,4.1,7.3 -18.3 77.7,90.0, 88.6 5.6,4.2,4.6 ~12.1
AU 31l 2.00, 5.00, 10.0 70.9,72.5,72.2 2.4,34,3.6 -20.0 72.5,77.0,74.2 2.8,13,2.6 -19.0
[ 2.00, 5.00, 10.0 72.1,75.0,78.8 5.1,2.9,2.5 222 72.6,74.5,74.2 3.0,2.5,2.9 ~15.0
OitER 2.00, 5.00, 10.0 75.3,74.0,73.4 3.7,4.3,6.5 -19.6 76.2,79.0,75.8 3.1,2.7,2.3 ~1.83
P LR 2% 0.400, 1.00, 2.00 77.8,71.0,83.2 7.7,7.9,5.1 124 80.3, 83.5, 88.4 6.9,5.3,4.7 ~14.8
B G 2.00, 5.00, 10.0 72.6,105, 89.8 6.4,2.7,4.7 11.0 73.9,92.0, 89.4 53,1.6,3.3 -21.1
il Je 4 2.00, 5.00, 10.0 110, 108, 109 59,5.5,4.8 12.0 106, 105, 105 29,3.1,26 -9.19
LETRARIR 2.00, 5.00, 10.0 98.3, 104, 106 6.3,4.2,8.0 9.00 97.4,98.0, 103 6.2,54,1.3 ~6.59
S 2.00, 5.00, 10.0 75.9,81.5,87.0 6.8,6.7,5.7 ~7.90 74.6,78.0, 88.4 5.6,2.3,5.3 -15.5
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Table 4 Recovery and precision of 30 antiparasitic drugs in egg and milk at different labeling levels (n=6)
wam HkRAKT- iR S
(ngrke) % (%) RSD(%) ME(%) % (%) RSD(%) ME(%)

ESTIN 2.00, 5.00, 10.0 91.4, 84.0,98.6 7.2,4.9,6.0 -11.0 88.0,89.2, 88.5 0.12,0.33,0.19 ~18.6
VG JE IR 2.00, 5.00, 10.0 90.6, 108, 107 4.6,6.7,6.3 -13.0 93.9, 03, 102 6.4,3.5,3.4 -187

% i 2.00, 5.00, 10.0 108, 106, 109 3.9,3.2,3.7 2.00 103, 107, 100 43,1.622,19 41
UK IR 2.00, 5.00, 10.0 70.6,75.5,75.6 48,72,22 7.00 76.2,80.7,74.0 0.45,1.8,3.5 17.9
ZETEmk s 1.00, 2.50, 5.00 106, 107, 105 53,5.3,5.7 ~2.40 104, 95.3, 89.0 22,34,15 -6.5
5% S7N L 0.400, 1.00, 2.00 105, 106, 104 6.2,3.0,5.3 —6.40 102,99.2, 89.4 42,1.9,0.63 -11.0
BIEIRME 2.00, 5.00, 10.0 104, 103, 106 52,2.4,45 -1.60 109, 107,97.9 1.8,0.18, 1.1 18.2
1L 2.00, 5.00, 10.0 72.2,71.5,73.9 7.8,7.3,6.9 -5.70 109, 109, 96.1 0.79,3.5, 1.0 9.88
AN TR 0.400, 1.00, 2.00 106, 103, 106 2.7,34,5.0 3.00 109, 109, 102 0.95,2.1,0.12 -1.95
U5 SvN 0.0400, 0.100, 0.200 99.2, 101, 103 4.5,4.4,6.9 -1.80 100,97.2,92.6 0.20,0.43,1.6 ~13.9
FR 23k 0.400, 1.00, 2.00 104, 98.8,99.9 2.4,2.9,6.5 -1.30 104, 104, 97.2 0.70, 1.8, 0.59 7.53
TR TR 0.400, 1.00, 2.00 99.6, 96.4.,96.7 3.9,2.9,5.7 1.00 107, 107, 96.0 0.33,0.54,0.36 12.9
(5 S7N 0.200, 0.500, 1.00 101, 98.0, 96.9 3.2,5.0,5.1 -3.30 92.1,87.1, 83.4 0.40,2.9,0.10 -21.0
A ] 2.00, 5.00, 10.0 102, 108, 106 4.0,52,5.1 6.00 93.3,93.4, 89.1 0.80, 6.6,2.4 -20.8
SRR 2.00, 5.00, 10.0 89.4,91.7,84.0 3.8,4.4,72 -10.0 91.3,81.2,84.6 6.5,0.74,5.8 224
PAY ST 0.200, 0.500, 1.00 90.5, 95.6, 96.4 43,64,7.1 -5.50 98.1,101,93.8 5.5,1.6,0.69 -12.8
AEFERIR 0.400, 1.00, 2.00 80.7,99.0,92.1 5.5,7.6,7.1 ~7.30 84.4,90.6, 88.1 1.8,6.7,2.9 -193
% ST 1.00, 2.50, 5.00 75.4,70.1,73.2 6.7,6.6,6.5 -2.30 92.5,87.9, 88.8 1.4,1.7,20 -15.9
B4R s i 1.00, 2.50, 5.00 72.3,73.0,72.4 2.4,2.6,44 ~15.1 103,108, 101 3.2,7.0,3.6 -11.5
LEE T 20.0, 50.0, 100 81.4,83.8,87.4 3.4,4.0,6.5 15.0 84.1,82.8, 85.7 5.6,4.7,6.6 8.73
AIR UG 20.0, 50.0, 100 72.6,73.9, 85.0 6.2,53,53 4.00 82.4,79.8,82.5 2.1,52,23 10.1
LIREE R 2.00, 5.00, 10.0 75.6,81.5,81.2 9.1,4.0,5.5 -173 97.0,87.7, 83.6 6.6,1.5,022 13.1
EDRURTL il 2.00, 5.00, 10.0 87.0, 89.3, 86.7 5.2,4.9,6.1 -8.30 73.3,80.3,78.3 0.40,4.6,4.2 -1.72
HhER 2.00, 5.00, 10.0 87.3,77.1,82.0 5.4,44,5.0 -15.8 75.1,74.0,76.4 3.8,42,13 -15.8
2Y5% S 2.00, 5.00, 10.0 89.6, 95.4,98.0 46,13,28 9.00 82.2,71.8,78.9 6.7,3.7,2.5 -3.85
L & 0.400, 1.00, 2.00 85.1,79.7, 74.4 2.8,5.1,6.7 14.0 82.1,72.1,72.4 8.2,3.5,1.5 ~14.4
TE BRI 2.00, 5.00, 10.0 89.6,92.4,96.9 33,7.1,1.1 1.00 101, 111,95.9 0.90,0.73, 0.42 1.05
T 4 2.00, 5.00, 10.0 103, 108, 108 53,6.8,23 6.00 106, 109, 107 32,29,13 2.42
BIZERIR 2.00, 5.00, 10.0 84.5,97.5,99.4 7.1,54,18 2.00 99.5, 109, 96.1 43,2512 3.20
SR 2.00, 5.00, 10.0 72.3,74.0,73.4 1.9,14,13 -2.80 96.3, 102, 99.2 22,1.3,1.0 -16.7
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