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Determination of 5 kinds of veterinary drug residues in lard and pork by
liquid chromatography-tandem mass spectrometry

LIU Lei'", YANG Ji-Wei', ZHOU Ying? LI Jian', TONG Wen-Feng', XU Qiao'

(1. Hangzhou Puyu Technology Development Co., Ltd., Hangzhou 311305, China;
2. Zhgjiang Grain and Oil Trade Co., Ltd, Hangzhou 311305, China)

ABSTRACT: Objective To establish a method for the determination of 5 kinds of drugs (atropine, procaine,
scopolamine, anisodamine and lidocaine) in lard and pork by liquid chromatography-tandem mass spectrometry
(LC-MS/MS). Methods The pretreatment conditions and instrument parameters were optimized. HLB Pro
solid-phase extraction cartridges were used for purification, with 1 mL of 30% acetonitrile and 1 mL of pure
acetonitrile for elution. The residues of the 5 kinds of veterinary drugs in lard and pork were determined under the
following conditions: 5 kV capillary voltage, 540 °C desolvation gas temperature at 13 L/min, 2 L/min nebulizer gas
flow, 1.2 L/min cone gas flow, and multiple reaction monitoring mode. Results The calibration curves of the 5

kinds of drugs showed good linearity in the mass concentration range of 0.1-10.0 ng/mL, with correlation coefficient
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(r)>0.9950. The limits of quantitation ranged from 0.013 to 0.142 pg/kg. Recoveries were between 84.72% and

106.24%, and precision (n=6) ranged from 0.45% to 7.32%. No target drug residues were detected in the tested pork

and lard samples. Conclusion This study establishes a detection method based on a domestically produced

LC-MS/MS system and HLB Pro solid-phase extraction columns, providing a cost-effective and reliable solution for

the efficient screening of the 5 kinds of veterinary drug residues in pork and lard.
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RS ERIE PRI Rz —, R HAE N
KON E) SRR B, P EE AR 2 S 4
EREEAZ 50% 2, IR R 40 B A0 AT S TR
B, AR RS RS B, H et
SE Y e R . TERE SR AR D, S TREHA KR
H . WA E B R, i R MY 2 2k
JZ AP BTG (C 1 HuNOS) . A B ZER(C 7 Hy NO) Al
m%&%ﬁﬁ(CanNO@% M-ﬂﬁﬁ)ﬁﬁlé%{$|3ﬂ%ﬁﬁu, HA %
PV IVESZE | P R S0 | i A Al 2 X O T P
I e o Wl H AR S8 24 B RO ST, 68 IR (C 5 HaoN,0,) il
F 2R H(C14HpN,O) 25 FH I IR R ke 2, i
VAL SRR . R FBEA M RR B A PR YT R A 2y
Ve, DARA AR ARSI, VIR T R RO, SR RIS A%
R TP, SR LRI ARA Y SR, LAl
MEZiE NP aR i, PTRE Sl B YEEE AR, S
FOR 5 B R Z 20021 Hr AR I E S L R A
PRk, MRPEE A A A EEE X,

[#] 1 %5 B (solid-phase extraction, SPE)i: HA & 4%
Bom . APUAERNEAED . T S R SRR, S EaE K
PR ARAERE S R 2 5k B AG I rp e i E ST, AR
T, A A FRAAAR AR AR XS ) o R 2 B 2 5% R 1
K A7AeVr Z B, FAS A A v Ak 30 B 5 1T i sk
PRARERS AT SEBR I o RT A FE X TR 5 i Ab HAE
RGBSR AR, JO & B IEZ KL, FR HAATLRA
R I B T 2 RS, S B 0 P A0SR e DL RS U, GB
31658.19—2022 { & fh &4 B RARME sk & 5 b BT+t
o REED . IR RIZ R e R R
WSE WA A 3E- RIS ) Rl PEP-2 /AR ik
kb, SR, R RT AL By P IR A 2%, Rl £
R R IGE L IR 60%LL ERIRIRESR . PEP-2 ZEHUH:
e 1T SE 5 AT LG e AN I IR B RE I, 2 IR K
R A P02, B A A IS S T 4 AL BE AR
B, AR Z-REELYARETK, bl k85 ssiae
IR P R R BAE P22 HLB Pro DL = 2% B A
W e R B, [ LA SR K R A, XA et L
WAL Py FA A W B R, St e, [T o,

FTE R TERaE s . AR e s, feas i 2R
EANEE =Pl 5

AHIEFE AT X R R IR 2 = B LR, ARGk
AT A B T VR B AR 3 B 2 A, ST T . AR
AR 2GR A ARNR R . A7, SR HLB
Pro SPE FEAE N fbbt e}, ik 3 2l 7 e 20 B8 b 2
7= S R ) SN T SR i1 B S R ES DGR 1 REER TR G
= Y M AT 3% A (liquid chromatography-tandem mass
spectrometry, LC-MS/MS)*¥- 57, FEGRIER I 2 flUE 15 w]
SEPERIETRE N, AR TR A . RN [
A A A I AR T ROR SCH%, A B T AR i 11
ASCER AR, L {68 1 20500 T A 3 7y B T S R A
HURG JF J 5 1R B e o 2 4 W A 4R AL T S i BOR T B,
FLA B ST FA A A

1 RS

1.1 MR TS NEE

R SRR F RN T 3 RS T (L
M. E ), M H YIRS

BUHEah . SR AREE . RS, FIZRE
PRER R (BT R FE 240 100 png/mL, KHBT/REEFHEA R
A, HEE. IR . ZIG (ks 8 Merck A Fl); BER
AU WRRR A P BEIR(MTAE, BRI RN A
B2 FD

HLB Pro Z B(/M1(200 mg, 6 mL)., 0.22 pm JEE(
LT SRR B A BRAS FD); PEP-2 ZE BN (500 mg,
6 mL)(RHEEAEA/RBHE A BRAH); Oasis MCX 3cc
(60 mg., 3 mL), Waters BEH C,g fA.3%4E(2.1 mmx100 mm,
1.7 um)(3& [E Waters 24 F); ULC 510 #5808 A 3513 |
EXPEC 5210 LC-MS/MS(Ht /N it & R 4L & JR A IR A ),
TGL-16M % D LA R AR HT); BSA224S-CW T3 43
Z —F-(f# [ Sartorius 2 1 ); 230V-EU PLUG iR 16 &) %5
(32 [# Labnet 23 rl); Cascada I #8241 /KAL (3£ [E PALL A #])s
1.2 KWHE
1.2.1 AT

OB 638 A A5 TR IR, —18 °C R RAF . FREBUGRFE
2 g (£0.05 g)F 50 mL B4, A 0.1 mol/L R — &
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BLE PP 20 mL, 60 °C/KIE I 10 min, WHE 1 min 5
&% 10 min, 4 °CF 10000 r/min &.0> 10 min. fEHHFEHE
10 mL BEVEWES — .08, A 0.2 mol/L BifR A —
HER S mL, IRAIEH .

il 5 mL HEES 5 mL /Ki&{L HLB Pro #BUNME
(200 mg/6 mL), FHL4ER 4 HIBOMZL T2 BT, 3 mL K
WREEIFH T, #H 1 mL 30%ZJE 5 1 mL 2h 2 )5 v i It
W, WERB R, & 022 um A HLE IERE, #4t
LC-MS/MS %€ .
122 mABEELH

Waters BEH Cj5 4i5%4: (2.1 mmx100 mm, 1.7 pm);
Wi 0.3 mL/min; FERERE 2 uL; WShAH A 4 0.1% P BRI IR,
TBIAH B B METRRRET LR 1.

1 BEXBRERE

Table 1 Table of gradient elution procedures

i} [ /min B A% TSI B/%
0 90 10
0.5 90 10
4.5 5 95
53 5 95
5.8 90 10
6.5 90 10

123 RiEsH

SR 12 474 2 Sy B B 25 H B (electrospray ionization,
ESDIE & TR, BAERIE 4.5 kv, REMHHE 13
L/min, WM 1.2 L/min, RS & 0.55 L/min,
FAAR PR 2 Lmin, EEFSIRE 540 °C, 2500 Wi
(multiple reaction monitoring, MRM)#Z, £5-4kE 1 Wi il
Tt R EESHOLE 2,
124 #7 th &0E & B4

i 30% L IEVERORBTHE Sy . S E R REE.
RS AR 2 R R A AR R B 0.1~10.0 ng/mL
B AOFRAE ARt LC-MS/MS I E, DA 254
IE B 5 a0 1 i T AP A AR (Y), i 0 DG o o VS TR
W T RS AR (X, ng/mL), ZiIbruERZE, SREIHF
5 YuE RE.

%2 MRM &%
Table 2 Parameters of MRM mode

B2 f+F 1B = S Bl
/min (m/2) (m/2) eV
237.2 100.2 16*
EaERHE 59-46-1 2.48
237.2 164.1 18
_— 304.2 138.2 23%
AEEM  51-34-3 2.96
304.2 156.2 17
. 306.2 140.2 27%
2508 55869-99-3  3.10
306.2 1222 30
290.3 124.2 27%
FI$ES:  51-55-8 3.31
290.3 93.2 36
235.2 86.2 23%
FZRHE  137-58-6 3.40
2352 58.2 38

TE N ERE T

1.3 HIEAE

5 EXPEC 5210 LC-MS/MS Bt & i) — AL $icdi b
FRAC T 3 A 8 I % S0 4 SRR AT 4 BT (B 3 5 R
RGBT, P miRE 6 4717, 4RFR T
PP R 2, IR S R N I E, s A
Xt FR i 22 (relative standard deviation, RSD); fifi | Office
2024 AT HE AL PR 5 FA 4% o

2 HREHR

2.1 HEIREBSEEM
2.1.1 EAFERGESLF

4y #% A HLB Pro. PEP-2 }z Oasis MCX 3cc 3 fifr
SPE /INFEXS A& T /4% PMARFE S TRAL PR, BB 3 fi
Ro LABIBSCREE A AP HESR, 458U 1 PR, HLB Pro
ZERPUNEFAL 5 FEE P EIRERAE 96.29%~113.41%Z 1],
PEP-2 b, MM . IR . 7R B o T [l
BAE 56.12%~93.74% 2 8], TiF 2 FHECRUCY 0.81%;
Oasis MCX 3cc ZEHUME EERUERAEE, EFIIAE 20.00%,
AFFE GB/T 27404—2008 { SE8b = FrEfshil s &3k
W) AP ER YR /> B <0.1 mg/kg B, EISCRR A HIE
60%~120%Z[]), PRIZEEHLB Pro 2K HU M A7 e AL AL 31,

# 3 7A[E SPE HE &L E
Table 3 Purification steps for different SPE columns

5 ik AR /mL ik e S22 3CHk
HLB Pro 10 mL HEE, 10 mL 7K 10 7K 3 mL, 5%H i 3 mL 30%ZE ML LES 1 mL [18]

PEP-2 10 mL HEE, 10 mL 7K 10 7K 3 mL, 5% i 3 mL 30%ZJiE 2 mL [19-21]
Oasis MCX 3cc 3 mL HEE, 3 mL 7K 5 FAEE 3 mL ZKHEE 2 mL [18]
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Fig.l Effects of different SPE columns on method accuracy

2.1.2 HLB Pro F R ARHAALE BbEx

K L HLB Pro Z£ I/ N X 48 11/ PO INAT AR & 2647 i
GhER, BAKERMEERANEE 4 IR o LI 2% AR AN
FebR, 45 BaE 2 iR, HLB-3 4 5 ffb 4 4 1 i R 1
96.29%~113.41%2 [f]; HLB-1 ZH¥ & R F | INE 75 . &
W . BT AR 2 R R EDCRAE 57.79%~86.62%;
HLB-2 4% RE . IS, R FIE S AR
Z R B BCR T 0%, RAEVEML T, HLB-4 4135 R |
LLVBE A AR R RURD BTG 7 58 LR AE 50%~100% 22 [17]
i) Z -~ B ENg# 8 0%; HLB-1, HLB-2, HLB-4 #{ ¥ ~
A AR E B AR IR 2R, UL I HLB-3 41 A9 % 43k
11k

%4 HLB Pro ZEEUNMERFL LR
Table 4 Purification steps of HLB Pro extraction cartridges

413 Tk FfE/mL ik Vet Z:75 3Lk
HLB-1 Ja 5 7K 5 mL 2 mL /5% % 7K H [28]
HLB-2 Jc 5 Jo J [25]
HLB-3 10 mL FIEE, 10 mL 7K 10 7K 3 mL, 5%H % 3 mL 30%ZNERAEZES 1 mL [18]
HLB-4 10 mL Hf%, 10 mL 7K 10 7K 3 mL, 5%H i 3 mL 30%ZJiE 2 mL [18]

140.00 sHLB-1 s HLB-2 s HLB-3 cHLB-4 0.2~0.3 mL/min FH 4B RERCT, i 25 S46(i%, {H.0.2 mL/min

120.00 TR T WA (RN, DAREFE . TR AE 0.4~0.5 mL/min A,

< 100.00 TR ST AR A i, IRIILAA A R ECA 0.3 mL/min, %
F S000 T ORI L BRSBTS SR () 3); TR A
g 6000 IS HEEAT Tk, B A, 32 kA 4

40.00
20.00

0 N N E N RN
EERE LR ARARESEW PR AR
ey

El 2 HLB ZEHUEEA 7] e A A0 B0 T i if 2 1y 32 )
Fig.2 Effects of different purification steps of HLB extraction
columns on method accuracy

2.1.3 B EMHMHA

poRZ ST IS N < NS N =4 N =2
Z R HERE &, IiE TR 5iE0.2. 0.3, 0.4,
0.5 mL/min), fifERE. iS4 BHMERIEG.0, 4.2,
44.4.6.48.50.52kV), KFEMTIEE@00. 450, 480,
500, 520. 540, 560°C). ZZfL WA (1.2, 1.4, 1.6, 1.8,
2.0 mL/min) , ZEFISFH(6.8.10. 12,13, 14, 15 mL/min) .,
SRS FRH0.6. 0.8, 1.0, 1.2, 1.4 mL/min)%fFJ4E 5, . %
BRI REER . LR ER 2 B 2 B R
BISEI . SRR, MMEHE 1 PRSI EE, e
0.2~0.5 mL/min & Bl N W58 53 &8 1% 00, & B i 7¢

FRIEE TR, PRIBGERE S, TR R,
FAREARE S BB 5 S, T B TSR, S
Sk, ALY A I Y e R B TR SR (%S
BOHAT BRI, SRR MEME SR S kv, £
IS 540 °C, 2246 2 L/min, 225X 13 L/min, 2K
A 1.2 L/min B, mapi 3 5 f5(E 4), (50 HIEF 3~5 %5,
22 FFEEWIEER
221 KRB

EFXF LC-MS/MS Kol it 2 I8 R4 N (matrix  effect,
ME )Xo 0100 235 57 v FBE 14 5 Wi %1, AR AF 5 3 e 375 791 5 31 o
A it T S AP ) BRI PPAG B R I L IR, AR
Bl . BTG S AR 2 e i S A R 8 ME. TR A
ME/%=(AM/AS—1)x100%") . 31 AM 35 b i 0 1o
H; AS A FIFRIES B H . ME MZEXHELE 0%~20%2Z
[ 22 B] ME %59; ME KF 20%22 8] ME B @0 52kt i
SIATHERME . A5 A0 5 IR, Fh SRR 5 gy
Y) MEs FYZEGHEAE 12% 0PN, HERRJE B0 5 25 L v
H T4k
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Fig.3 Extracted ion flow diagram of the target before and after optimisation
MRM 123
100 - ffe ALy 23 146e3cps 100 fiifl)s MRM
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Comparison of response before and after optimisation of mass spectrometry parameters at 0.1 ng/mL
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WIS R T BARPI G R RS R 6
iR EERE . AREE . IR FERS AR 2R
PAE 0.1~10.0 ng/mL ZAPETE N AL R E (K TET
0.9981, M CHR RIT

BARBIRAPRHEM IR, DUEM . SN=3 2 10 &}
M & LOD 3k LOQ. J& ML ih iy R I . AR A5
LR B BT FR] 22 (R LOQs 7 0.054~0.142 pg/kg;
REPEE LOQs 7E 0.013~0.043 pg/kg, M%7k R

£ F8 B B] /min
ZH0RT e i N X B

B, PR FRE P A e 2Kk
223 FEMHEESEKE

TEZS U 508 0T o A — 8 MR AR i, H%
B 1.2.1 FirAbEE =0T 0.5, 2.0 5.0 ng/mL 3 4N
FIAR L SE B (n=6) . Z5RWFK 7 B, BimIEmH, [l
WAL 86.45%~105.25%, H P RSDs 1 1.58%~6.50%, H
[A] RSDs 7E 1.02%~7.32%; & A 3 5 ff, o] i R 78
84.72%~106.24%, H M RSDs 1E 0.46%~4.94%, H [&] RSDs
1E 0.45%~5.89%. K% B RAF, W RRMT K

5 EEefE. LESH. FEEH. MERMFZFEEREH/ERER+TH MEs T/ (n=6)
Table 5 Evaluation of MEs of procaine, scopolamine, scopolamine, atropine and lidocaine in lard/pork matrices (n=6)
R EE LARE Y
Aoy
AM/cps AS/cps MEs/% AM/cps AS/cps MEs/%

EEF 4.98¢* 5.29¢* -5.86 9.45¢° 1.05¢* ~10.00
LR 2.83¢* 2.78¢" 1.80 2.63¢° 2.87¢3 -8.36
R 3.86¢* 4.09¢* -5.62 5.17¢° 5.78¢ -10.55

g 6.03¢* 6.48¢* —6.94 1.06¢* 1.14¢* -7.01
IERNT 5.65¢* 6.36¢" ~11.16 2.00¢* 2.22¢* -9.90
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Table 6 Linearity and sensitivity evaluation of lard and pork matrix methods
N Ferim AL TR
S 4 e tene! — I
() [(ng/kg) M(ng/kg) () Mugkg)  /(ngkg)
Y=38495.8122X+ Y=32936.2698X+
P A ~
TERE 0.1~10.0 1587 7854 0.9984 0.016 0.054 731 6303 0.9983 0.004 0.013
. Y=18673.2164X+ Y=19735.3949X+
REE®  0.1~10.0 3322907 0.9981 0.043 0.142 1070507 0.9996 0.014 0.043
s Y=13760.8401%+ Y=19244.7371%+
I 0.1~10.0 PP 0.9990 0.035 0.117 265.9196 0.9994 0.006 0.018
- B Y=22026.2824X+ Y=45626.8337X+
B it 0.1~10.0 338 6380 0.9987 0.040 0.133 1656.8364 0.9998 0.009 0.028
Y=85676.7768X+ Y=95095.6224X+
| S ~
FZEH  0.1~10.0 57313468 0.9992 0.017 0.057 3086.4863 0.9984 0.006 0.019
A H BR(limit of detection, LOD); %€ % FR (limit of quantitation, LOQ).
=7 MEREWERILLESR
Table 7 Results of spiked recovery test
4 T B B WAL
/(ng/ke) 1%/ % H 1 RSDs/% H 18] RSDs/% B /% H P RSDs/% H 18] RSDs/%
0.5 86.45 6.50 7.32 89.25 3.47 2.88
R E 2.0 90.73 1.88 2.06 106.24 3.54 3.69
5.0 95.68 2.35 1.87 84.72 3.16 2.75
0.5 96.61 6.24 5.56 90.26 1.72 3.01
R 2.0 91.88 1.58 3.02 92.39 4.94 5.89
5.0 101.18 3.96 3.68 89.99 2.50 5.01
0.5 92.44 3.33 421 87.56 3.33 3.46
IS 2.0 92.50 2.89 3.37 98.82 3.93 4.22
5.0 105.25 2.87 2.33 91.22 1.90 2.65
0.5 89.14 5.47 5.02 96.81 1.35 0.96
B4 2.0 92.75 1.97 3.01 103.55 4.12 3.78
5.0 100.98 1.84 1.02 89.51 0.46 0.56
0.5 88.42 5.12 4.43 87.64 3.70 2.58
FlZ-RMHE 2.0 92.40 1.95 2.78 92.67 433 4.56
5.0 91.55 3.23 2.96 95.10 1.17 0.45

224 KRR 4R

Fok B 3 FhETT ARG SR A R ST, BT
BAMESE M, R IRAE T m A B U R AR A A T
WK, 5 Fl2h 45 7 A0 78 1 A il TE YR 0, Te2i 5% B
T,

3 4 1

AT AT NP BRUE Ty A R ] R A S
Tl 2449 % B ST %) [T e S O AU R AR 0 10 8 A A S 55
HEIR R, QT kT —Fh BT EXPEC 5210
LC-MS/MS M i 55 R BB &R RS0
LR AT o R 22 [R5 5 R i St 4 ko

{8 200 mg/6 mL ¥ HLB Pro <IN I AL AL AU S%
4, 5 T2y EIERTE 96.29%~113.41%22 (8], SZPrfnbrg:
905, 2.0, 5.0 ng/mL [ FICSZEE Y, R IR AR [T
R IE 86.45%~105.25%, & P FF & i Ax B0k R 7
84.72%~106.24%, TRALEAH IS5 S S5, RS
3~5 i, FEMER A RE . RESM. WS, B
FEMAFI Z RE R LOQs i 0.054~0.142 pg/kg; HE AL
R ARSI BTG AR 2R
LOQs 4 0.013~0.043 pg/kg. 7 0.1~10.0 ng/mL £&VEE
AR R B R T T 0.9981, Leik R FEimEem H
M RSDs 7 1.58%~6.50%, H[A] RSDs 7F 1.02%~7.32%; 3%
W R H P RSDs 7E 0.46%~4.94%, H [i] RSDs 7E
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B TP L R . RRUE M BT, IO AN
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