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ProElut PLS-A combined with UPLC-MSMS method for the
determination of multiple veterinary drug residues in food of animal
origin

Xiao Xianguo
(Changsha Agricultural Products Quality Monitoring Center, Changsha 410003 , China)
Abstract: Objective  To develop a universal High-performance liquid hromatography tandem
mass spectrometry method for the determination of multiple veterinary drug residues in foods of

animal origin. Methods Using 80% acetonitrile aqueous solution containing 0.2% formic acid

and adding ceramic homoprotons to rapidly extract drug residues from animal-derived food, The



ProElut PLS-A solid phase extraction column was purified by formula and 40°C nitrogen was
blown to near-dry state, The solution was redissolved with 0.1% formic acid water : methanol
(V/V = 9/1) , The High-performance liquid chromatography was determined by ( multiple
reaction monitoring, MRM ) . Results The quantitative limits of 14 kinds of veterinary drugs
were 0.5-2.0 pg/kg by internal standard method, The average recoveries were 88.1% ~ 118.0% ,
RSD 0.8% ~ 9.6% by internal standard method, 75.2% ~ 115.3% , RSD 2.6% ~ 11.2% by external
standard method, respectively, Accuracy and precision meet the requirements of the NY/T 1896
-2010 standard. The method of this study was used to verify the ability of four different kinds of
drug residues in different substrates. All the results were close to the median of the recovery range.
Conclusion The method is simple, reliable, fast and sensitive. It can effectively screen potential
veterinary drug residues in food of animal origin, and can also be used in the detection of actual
samples.

Keywords: ProElut PLS-A purification; High-performance liquid chromatography-tandem mass

spectrometry; capability verification; food of animal origin; multiple veterinary drug residues

155

TR AR B SR B R 2GR R R AR, R S LARAE T 24 )5 B E A
FEVR AR R R 2 W LA 74, — Mot e m] & F 80 (R 29 B o GO, A2 B AR AE
b A e R AR B . R B GILR, FOVEAI AL &N Tk, Hh
—R 2y n] B AR A B SARAE Tk, WA e R, SR AR
e ™ EA T2, mOnr A AR T 24 1 B B B A5 A o T P R 24 B ] R R
BORNE Y 5y B 22 th 25 SIEIe S A AT A5 R 1 3T APk AR R 341,

S S BE IR IE, A2 A P SR 6 A T A IR P LR, R S A SR T
ENIIHIARAEST R XHATIHURE 55 A E AE AU b o 2 AR I LA 5 4% AR A Rk )=
S B A B B O, AR, BRI B MR A T E AL R, AR LR
TAEHEA B AR, BRI T 3 TR B8/ IRAE M BE S EEX N0, Ao stig = 2
HEBPESIN T H AL AT AT R A AL AT T AL G SR £ 25K B e D
UE, PIFRAG TREIER . AR S BAe I A rh R — N T AR SR A b R 9
AL BT 1A T AR 48 B0 9% 294 22 5, 7 AR A ) AR RN BSR4 I8 O T figf ke 18 2450k



BRI o ER b v 7 9 B AR AS B 5 R R P A, A 56 45 SR i 22 1) o, AT
MG CREJTIRAEAE VAR 545 ©O10F0 5@ 7K 7= it v 45 24 5k B A I 22 360 JAR DG STk, 256
IE] 5 A6 560 s 5 95 AT S, 0 S A T A B T I AT 4% 0, TR AR 00 2 2 285 25 5% P
5 E Ay e R A i v s 5 240, VP AR B U TR A 2 A M SR AL B R R R TR 120,
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ity B T3S E AL SN SR AL, 2R 0 8 = it o 5 24 AN IR AR VRN 40 5k B e ) e 7 60 E
ANTRH SR 2 ASPAT R, 878 IR, ANIRBEE FTRERL . B2 AR I H e A
B, B PURE i 2.00g, 95 RS S A i S 24 ) 10 H RS PORE i, BEANIS PURE L 2.00g,
Y5 F58 7K i a0 AR S 2 100 I B o B £ P, R L 2% 1844 30g, 45N F25.
KPR LA GRITE R OV, FERL . S %4 30g, 45 SYZ20 K9. FITA i
B ERN L3S, RIS, 18 °CIRAF.
2.2 WA 51

WRDE. ARV E. MRV E. BEDAE. BRI E. WEDE. 25D AE. i
B OwRRS W R Kw 2 k. AN, fLEask. REAEASLII iR
(ZEFE¥1>95%, 7% Dr. Ehrenstorfer AF); HEE, 2 fif. FEE (i, MEE2RwAFD)D;
SRS = FH /K (SE36 =5 — KO ; AR REHUR: (ProElut PLS-A 6 mL) Gt 2 R 4 BR /A 7] ) ; ProMax
BE TR 21 2 2 S a0 P64 13mm 0.22um CA Gl S BHE A R A F]); QuEChERS M &35 i 1
Gt R AT BRA R A (b E B i A AER A R AR B2 RF Gifi s Mettller
—Toledo A7), /&= 0.1 mg; Vortex3 imlief (fEE IKA A#]) ; CFSRE &ML (HAH
SLAT]) ;N-EVAP-12 WA (3E[E Orgnamation A#]) ; UPLC-Hclass-TQD Vi AH (1 £
BRI (GEREIRRFIEARD.
2.3 ERITIE
2.3.1 pRAEVE R

(1) FrdEfd &R ECH] . R E AR DS B AR S, TR IR MR E &, XMETE R



RIS B R TR A BV, OB 1.0 mg/mL RRHERE S, T — 18°CUKAE B A7 -
RO

(2) RASFHEPIRIE (pg/mL) MECH: 55 dER B BUPRAEfE & % 0.1 mL, F R
SEAYE 100ml,  4°C RBOLIRAE . ARIH—MH.

(3) IRA bR LA ECH] . AR SEIG T2 0.1% HIRUK @ HIRE (viv=9/1) FCHili&
FLRE AR E AR, I0H ILAC -

PIRR I RRAE i 46 0 VR A bl o RO ] 5 VAR R, TR At AR 2 B 2 i — A
W .

2.3.2 FESATAL PR

HERPREURE 0 (2£0.05) g, T 50 mL B0, INMAJE & A ARTE G ARE A A1 (1pg/mL)
TRHEIRA], e —Ri &R T, FEAA 8 mL & 0.2%H IR 1 80% £ K ISR IR, T fiE
30s, #7410 min, 10000 r/min fiGi (5°C) .0 5 min, B EIE SmL B0 [ AH 3 BUH:

(ProElut PLS-A 6 mL), WS, HAEMEH 4.0 mL FE, 40°CEM LT, M 0.1%
K @ HEE (viv=9/1) B¥HIFERE 1.0mL, i 0.22um JEME, £ LY,
2.3.3 ik &

3% 4 ACQUITY UPLC HSS T3 (2.1 mmx100 mm, 1.8 pm); #5iE: 40°C; Vi
0.25mL/min; #EAEE: 2 pul; WsiH A (0.1%HER/K) 5 B (0.1%HEE FEE) BEEEBEN, BHEE
VeliAE Pk 1.
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Table 1 Mobile phase gradient elution procedure

I} 8] /ihed %A %B Curve

(min) (mL/min)

iasiis 0.25 98 2 REVY/ e
0.5 0.25 98 2 6
8.0 0.25 2 98 6
10.5 0.25 2 98 6
13.5 0.25 98 2 1

17 0.25 98 2 6




2.3.4 Jii s
HIE 5 51 (ESI+) JHIER T, £ RMIIN (MRMD: BAEHE: 1.5kV: &7
PRI : 120 °Cs LA FVREZ: 450 °Cs VAR REEE: 750 L/h; #EL: 150 L/h; A
FASIE: 0.12 mL/min. SALEVIBREE T @, 8 B X KO R HE AL R F R
=, W& 2.
*2 BETF. B EEBTHRMEMHEFLEEMEER

Table 2 parent ion, qualitative and quantitative ion pairs and corresponding hole voltage and collision

energy
waEm BT THET HEFLALE Tl e
(m/z) (m/z) (V) (eV)

2N 332.2 314.2%, 288.2 37 20,15

EEVE 352.1 265.1%, 308.1 40 25,15

WA 362.2 318.2%, 261.2 40 15,25

W 2 386.1 342.1%, 299.1 40 18,25

YT R 240.2 148*, 222.1 25 20,10

ERSEIN 214.1 154*, 196.1 25 18,10

[ fL e A A 331.1 316.1%, 239.1 47 20,32

UNYE-D8 340.2 322.2%, 296.2 37 20,15

WEI DS 357.1 270.2%, 3132 40 25,17




AR A-D3 365.2 321.2%, 261.2 38 20,28

LH I A -D3 361.2 343.2%, 283.1 40 25,25
Whih B -D8 394.2 350.2%, 303.2 40 20,25
A4 Z D9 286.1 204%, 268 23 15,10
W &EE-D3 243.1 151.1%, 2252 23 20,10
¥ % BZ-D6 308.2 168.1%, 107 30 15,30
KR HAR-DT7 221.1 155%, 203.1 25 18,12
LEASE-DS 3342 318.2%, 213.2 67 37,35
fatfLEA4R-D6 337.1 322.2%, 240.1 48 20,32

I o AEEET
2.3.5 FEah AL

S VAT I H VR A AR dE TAEMRECHI Y 1,01 5.0 10.0 20.0. 40.0. 80.0 . 120.0pg/L,
NARPDIRAR A BE N 40.0pg/Ls B-ZAANFITIH « FLA A 20T H IR bk TAEWACH] 4 0.5
1.0~ 2.0, 4.0~ 8.0 16.0ug/L, WARIRIRIKRE N 4.0ug/Ls WARMELHIFRME TAERTZE, W
FEf R, WbRkE . FRSRAZ AR (i B0 BsHN gk, AR )S,
SMbREE R MR AT 3 IREEIE .
3 &RE50th
3.1 B HEREE AL

CIER AR A IR, HEAVIEE AR, JERe SRR TR D ISR B
AT BRI AR RIF S 24, sEit il F IR AL 10 L IR I H AR L &1 |
T Ik O PR R VA o 2 R 2 R A A W RIS A S, OAR SR8 PR LR N 0.2% ) R R
THRBUE Y, SLIWE S 0.2% TR 90% LMEK . & 0.2% MR 80% L fEK. & 0.2%H
BRI 70% L ME7K 3 B EUR,  HUECH N & 28 B b &M~ F B R 52, RIS 0.2%
FIRR I 80% LI /K B 9 &rid, YR (75-120%) i F] T J5 S A ik Ak Mgt Asens
TERE T i AL EE h 8 0P 835 0 3R 5 30s, AH EL 5 AE 42 1) QUEChERS $HUJT 102 2R IR 244 4%
Bl 17080, R T SRR S IB IR AL 2N 5 G5B v Re 23 51 A8 — Ve R Bl AR 1S
Blo ASEEGIE B T ZERE SRBUL AR, ISR, AR TR S BUS AR S, $Rmis
WALER R OMRZE & RICEP B & T 10%A 4. Wil 1 iR,
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Fig. 1 effect of adding homogeneous protons on external standard quantitative recovery
3.2 FTT R

EYIERE SR IUBON B AR, KEAFTE T AV MR MERE S b B, T &5 i e
B, O A A iy SRS R A AR USY . AR S TR AR A [E AR A HURE (ProElut
PLS-A 6 mL) {f{LEdh, AEA EBRBERG T AN, SRAT @ 20k SRS B Aok
PERRE R TR, L2 R BET Y ProElut PLS-A Wil Bt BN 5 et , 1Ak ]
H1 30 min 4502 3min, WA KHIHRE 1 RE . GENHK, #4048 ProElut PLS-A {$#{b)5 14
B ECE OMRE) BAMET 75%,

3.3 UK HILAL
3.3.1 B AL k%

A% LT ACQUITYUPLC HSS T3 (2.1 mm=100 mm, 1.8 pm). ACQUITY UPLC
BEH C18 (2.1 mmx100 mm, 1.7 pm) B SOAH ISR 73 B AR, KL HSS T3 i n]
LA 2053 B UL E 14l &, B S 7 0 v /KR B AR P i 32 1 o DR 8 O £ 3 A 1
TR 5347
3.3.2 VLA AR ML 3%

A SCHREE B T A S AR oI\ FY R Tt 1E B 7 B8R H AR AL & P 1) i o, B i [ £ 5
(4131, SEa e BT T I FR RSN AR AR R 0.1% FHRR HIIE —0.1% FIR/K, 0.1% IR 25 —0.1%
FARR /K5 A0 YR R 2R LA o 5 SRR IO P 2 £ R P 7 2% SRS AN 23 R 4 v o W (B
o, HPRMA R T 2R 0.1% HIER FHBE —0.1% H B /K A RIGRLTCHE 2 HLXTFR, 4



BORABLT, VE ARSI IR B AR 1 e 28 4%
3.3.3 Wik SR IL

SRFRAG B T S 2% e LA RAIE 2 U A e, S0 60 00 S 60 o S e (% R i b AT T
I, FE T A B IR B PRI . AR L AR A s X
PSR RN, RILEAIE R 1.5k BRI 120 °C; BVARIARE:
450 °C; VAR RIEE: 750 L/ HESLAUHE: 150 L/h; @i UE: 0.12 mL/min 9
FAR . B RAT AN 7 1 AR SR IRE — A F B AN PR R T2 AL TS S8, iR
R B 8 T A7 L S A L PR TR, 35 T TR A L DL SRR R R, B T EER . BT
(M7 B FAE A ARG P 0 5E 525 FIE M B 7« R 38 AR K58 85 1 S5 MR 1 58 25
TREMBAR. VWL 2.
3.4 FLIU 7R R

UEAESR, BRI £ i o R B SR A T 7 32 I TR A R S 2 A T, — i
S AL R S AT AL FREEA, 1T LIRS AT TRURIRRAS; R R R SR 1 R U
HES7 2 B B [E DA 77V E 0O AR BE B DUAN IR H 43 AR 2 4 AN E FAREDT20, 4
ANEFIRHETVER AR . R i GRS &AM, T YA AR
BN, AKAE S IAE SIS — T PO AR AT RR,  #R ST 2RR B RS R Tk
BT 1 F) A SR 77V PR LA 3

A S T 955 A BRI N 5 (1 45 L [T AE 88,1 % ~ 118.0% Z ], ARy I 5 fr) £ L (|1 ig
HAE 75.2% ~1153% 2 00), HEHIERRE S, 7k RS TR A NY/T 1896-2010 (42
B P SRS TR IS ) b 2R R R Iy i B A v SRR SERRASI TR, T
ARV A T 0 A 20 B A 00 2L £ e TR AR B SR AT S0, BT 78— e R P B9
B T A SR A AR T S A R 22 o BRIAS T ERC ) b vt ih 2, 38 & Kt AN /) 8 R
AR EE o ARSI B R BRI ERR PP O BRI, BEIR S AT AR AR AR S M i R i, A
o AR A G AR A, TOTE RN T AR o« S ARVETEE, (EERE R R A
B, T P AR 2 E 5 A A AR [R) (R A S AR T HEAT S T ELX SRS I S S A B A 2% 11
FarE Ve B R, 75 WIS AS AR I B A R o T AR B TR I 2 K B SRR AR, A SR
BRI A H ARV XT A3 % A 1 775 R 0 RS B 1 ARA R vk, ERLE L A v, A
KA 7] — SRR B ARV R T oK, AT B . (RN TR 3 R R LA
25 UL BE 2o = AR O L SO0 S AR AR S A, N ARIRIE 2 0 B 122,
FIT AR VK B 70 B0 0E R FH PO AR I 2 R
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Table 3 Comparison of recommended standards and experimental methods for detection of veterinary

drug residues in food of animal origin

el H ol ERTE BT ot DR S REEE BT
Ce &R
(ng/ke)
BESAS  RLEg1025 5 . . LRRAER. BT RS 2 LC- 0.5 RGNS

B-Z A3 A -18-2008 S/ N Ch VBB MCX &A1 MS/MS

il BRI A
BRESAT GB/T LA NN HLB [ I HL LC- HPIHL: 3.0 Hhbrig:
2 37 T Ees) 21312-2007 L 4. MS/MS QS DN
Y] AL 8.0 AR ).
6.0 hib AR )
KPRV 1077 5 S5 7K i 1E & e i LC- 2.0 A
TERARZY) A 7-1-2008 T Htil MS/MS
KrE=@ L GB/T 5 K77 HR P S A R A [ AR LC- 0.5 W FRi%(D5-
ERSNG 19857-2005 T Htil RIS — S P bR MS/MS LEAL.
(%3 SHBC R S A A D6-FafifL
MCX FE[E FHEEEL AL
SRR AT B [EAHAEHUE (ProElut LC- M RS 2454 MR ([
H -2 A PLS-A 6 mL) #{LEE S MS/MS 1.0v B-S2Msh  fiEWAR)
B M 7 FLEFLR 0.5
KLY, L& LT ey hhbrid:
REE 2.0, B-ZAWE)

A fLAEALR 0.5

3.5 LRER

AR BE S HAESEI R W FRZE &, KIS RaIER 4, LIREE )5k 45 SR 35 LA n =l 4
FAENHENRHE . I AT &5 FAR AT IR IE R A, & NI U B S0 K s i 07 7%
RE PRI, R,
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Table 4 results of this proficiency test

P T/ T H 4% W E HE (B i % HRE bR HEER

B Uil (ng/kg) (%) CEeZETEED
(ng/kg)
BS8/4R RS At ND ey
W s 2.98 3 99.3 70-120% Eri
KL B 4.78 5.5 86.9 70-120% ey
7SI 17N A H ND Eik
F58/75 P4 DL R At ND ey
Bk R 70.5 85 82.9 60-120% Gy
EANTAR A 77.3 90 85.9 60-120% ey
g DRU S A HY ND Exi
F25/8 6 ik XU 26.20 25 104.8 70-120% ey
HEW R 14.26 14 101.9 70-120% Eri
BRI E ARA ND ik
KRR A HY ND Eri
Bk R At ND ey
KR E A HY ND Eri
SYZ20 K9/ LERSE AR ND Gt
fn (SRR P 2.98 3 99.3 70-120% i

E:ND ARFmM, Big ERKREH.
3.6 HRiERIZR 2]

ARSI 0.1% FHERK @ R (viv=9/1) BCiil p bRy bl th ZRia i, ol v R 70 H I
FE 55N 1.00 5.00 10.0. 20.0. 40.0. 80.0 . 120.0ug/L, WHIIRFRIKIE N 40.0ug/L; B-32
EEhFITE . FLEASTHEKE SN 0.5, 1.00 2.0, 4.0, 8.0. 16.0ug/L, WARIIEFRIK
JE9 4.0ug/L o [RI B T 65 7 TR il 22 A J5 V2 AT A B0 1S 49 30 1 2 (R O, TG AR A [ ok 2
RIAMRERREI 2. 2058, 14 N EAMLEWTES BYEHE N 23 RIFMARER R, X
FREUHAE 0.995 LLL ZRIE RN 7 FERIAH G REL R 5.



®S5 14 HBHHKEESFREMEXRY

TableS Linear regression equations and correlation coefficients of 14 veterinary drugs

10

11

12

13

14

e

RS

W NERE

v L

SRR

BRI E

LEAS

Kt fLAE i 4%

5 LR

(PR

Y=0.892265X-0.0791229

Y=0.560727X+0.0244168

Y=0.812591X-0.0400167

Y=0.896182X+0.0391325

Y=0.794203X+7.23857

Y=1.23701X+3.66397

Y=0.866536X-1.55439

Y=1.16915X+2.80804

Y=0.997477X-0.615652

Y=0.883063X-1.06282

Y=0.668885X+0.623058

Y=1.0117X-0.103859

Y=0.980732X-0.149401

Y=0.656032X-0.068161

LIES S

0.9981

0.9983

0.9969

0.9996

0.9988

0.9985

0.9993

0.9958

0.9975

0.9997

0.9961

0.9980

0.9997

0.9997

5 IR

GMrik)

Y=451.048X-36.3024

Y=459.537X+5.38879

Y=568.749X-73.4851

Y=563.936X-32.7141

Y=163.558X+686.167

Y=163.173X-100.076

Y=188.283X+174.811

Y=45.8974X+18.3286

Y=164.077X-435.875

Y=172.095X-245.021

Y=74.6138X-122.119

Y=184.087X-165.631

Y=1935.13X-212.237

Y=272.64X+90.92

HRAH

0.9999

0.9995

0.9983

0.9997

0.9963

0.9977

0.9958

0.9955

0.9974

0.9985

0.9992

0.9972

0.9993

0.9966

3.7 BRI X
A SEIREAT T VRN IR 56 R AR 632 X v B PR 4 P« AR AL H 79 MRL 5K

AN EERE DT TR IR P 5 D0, AE 2 A RR S TR I 3 AN IR InAE - A KF 885 4

AT, RAASERINERATINGE, 14 FEZMN L SMRERICREHE Gt 45 R WK 6. L4

ghE BRI, AR TTIEAE 3 AR EEIIS N B KR N FRyk oy 88.1% ~118.0%, RSD 4 0.8% ~9.6%,
ANERIEIS IR R A 75.2% ~115.3%, RSD N 2.6%~11.2% . J7 i3 UERf & FIKS %5 B 24 1] ki
JEAS I EL K
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Table6 Accuracy and precision experimental results of different quantitative methods for 14 veterinary

drugs (n=5)
ia=; AL/ wINAKF P bRk SR
(pg/kg) ) IR/ % RSD/% 4 YR /% RSD/%
1 T 1.0,5.0,10.0 91.2,92.9,95.5 6.7.6.0.4.8 75.2,78.8,79.3 7.8,8.9,5.2
2 T M 1.0,5.0,10.0 99.8, 100.7, 100.2 8.5,9.3,5.6 75.3,79.8,85.2 10.5,9.4,7.3
3 FeTr % % 1.0,5.0,10.0 98.2, 102.3,101.1 2.8,1.52.7 78.9,77.5,82.7 5.6,4.4,6.2
4 SR RN 1.0,5.0,10.0 88.1,90.2,91.3 9.6, 82,6.6 80.6,82.1,83.7 11.2,9.9,7.5
5 BRI E 5.0,20.0,100.0 107.8,110.2,115.1 8.9,7.6,5.3 110.2,107.5, 99.8 10.6,7.2,3.1
6 B R 5.0,20.0,100.0 93.8,100.5,110.4 7.6,8.9,5.2 85.8,88.2,96.1 8.6,4.2,54
7 HHE 5.0,20.0,100.0 105.7,99.8,115.6 3.8,2.54.8 80.9,88.3,95.6 54,5.6,4.4
8 Wb R 5.0,20.0,100.0 100.2,108.1,118.0 7.8,3.2,6.9 108.1,100.3,102.5 9.9,6.8,3.5
9 TR R 5.0,20.0,100.0 99.6,101.1,105.7 5.6,7.2,3.6 82.3,77.7,101.1 5.9,6.7,2.6
10 gD B 5.0,20.0,100.0 102.3, 102.5,99.5 2.6,5.3,4.5 110.2,103.4,110.9 54,7.1,8.9
11 B e 5.0,20.0,100.0 93.8,95.6,102.5 6.6,7.2,4.3 100.0,102.1,115.3 3.2,5.44.7
12 IR 5.0,20.0,100.0 95.3,101.9,104.2 7.7,5.1,32 100.2,105.7,105.3 9.6,5.4,5.2
13 Lens 1.0,5.0,10.0 99.2,103.0,110.0 56,4333 76.6,80.4,85.6 5.54.93.8
14 Rt L 4 1.0,5.0,10.0 99.4,100.0,101.1 2.5,1.8,0.8 89.3,93.5,100.2 434529
4 g

ARG FIIAESEB FENT TSR FH A5 0.2% PR 1) 80% £ Jif /K VA TR0V o B 5 247 Jt - PRI A2 Y,
FH i A% ProElut PLS-A [ AH A BRI 204k, V305 3¢ FH ASC TR s 5 sh A0 v £ v v 14
TS 29 BB R AJTIE R, Pl s 5E, ERIR DY 0.5~2.0ug/ke, Bm AR
WARIE N 88.1%~118.0%, RSD A 0.8%~9.6%, AFMmiLIIMEINZE N 752% ~1153%,
RSD 9 2.6%~11.2%, #E#EERIKE2 BERT & NY/T 1896-2010 (-2 5% B S it = i =45 1l 40
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