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Fig.l Chemical structure of valnemulin (a) and tiamulin (b)
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R IR S A, U SO BN e PRIE DT AR R 2 B A AR I A .

ST, ARIGE XA R WRAETRRL BUR S IRENX 3 FARIEEA, XY & A
B AL BT AT ARAK , ST 37—l RO A R WP R B S ORI 2R 0 B 3R 1 1Y
FHAC B = v RO 1 - HR R 5T 1% (SPE-UPLC-MS/MS) i
1 MRS T
1.1 X5k k
1.1.1 i3t

ERERE WK (4ifE>99.95%) M ENEK Toronto AF]. ZRWHEFE (AiE>98%) Ffh

TER R (AiE>98%) W HEE Aladdin A F] . kg H A Z G H 3 E Sigma-Aldrich



AT . MCX BAHAEUE (60 mg, 3 CC) ¥ H 3 E Waters Oasis A Fl . Z/KAMHT4E, H
[ 25 B AL AR AT BR A =) o AAPRHRE il e LA RS R A A7 PR 7] S 4t
1.1.2 FEA

R T CTRUAH 20— S RS 6 X (Waters ACQUITY™ UPLC TQ Mass detector, 5%[E Waters
AT KQ-500E i 75 i s (Rl 75 A8 FR A F]D L 47K 4% (4 E EMD Millipore
AT TR ik Mettler Toledo A7) ). ST 40R B0 Hl (3E[H Thermo A7)\ %
WA (3£ [E Organomation A &) ).
1.2 FF R P AL 22
1.2.1 $2H

FREL 2.0 g M TEPRERE 0T 50 mL B0, AN 15 mL HEERY, BT 75 s e as ol
FHRY 30 min, F EIR SRV ES 0 10 min, FEBA 5000 r/min, WA EIFW, JFETIES
BN 15 mL HEE, FROGE RS 30 min, 1% BRTIEE G, BOS8WEEIF 2 Ik BB,
TN 0.2% R KIEW, HAEEMERZE 50mL & H.
1.2.2 b

M FE 1 mL 3REGR, b MCX BEAHZEEGE, MR 2 mL 60% FH BEKIER (&
0.1% ). 2 mL 5% /KA 2 mL HEEM G MCX BIAHZEEUR:, ¢ kel 285 H
2 mL 5%Z K F BT L, WAL, 50 C/K¥E, ZAMTP. I 2 mL 20%Z 57K
B CF 0.1%MR), 1d 0.22 pm JEIR, f5HE i OB 3 - 8 BE 5T (UPLC-MS/MS) 73 #7
1.3 UPLC-MS/MS 73 #7 %1
1.3.1 it

i BEH Cis, 50 mmx2.1 mm, $if% 1.7 um; BEFEE: 2 pl; J#: 0.5 mL/min;
TENAH A K 0.1%FRKIER, WahHH B AH: 0.1% IR LA, il o) Bk B e i 4% 1
mE 1 fis.

R BB LB % A

Table 1 Gradient elution conditions of mobile phases

i8] Time/min A% B/% ZEJ5A Curve type
0 80 20 6
2.0 20 80 6
2.5 10 90 6
3.8 10 90 6
4.0 80 20 6
5.0 80 20 6

1.3.2 i1
EFR: HBEmEE S, AR EE A 5 MRM; BAEHE: 3.5



kV: BRI : 150 C; FALIRE: 500 C; F4A. A M ymaim <,
flf A <y e A
EIREEAE (2002/657/EC), R, ARBAMYFUER 7 1 MET, 2
NTET UGS INER 2 s,
®2 SN
Table 2 Conditions used for MS analysis

EY) SENE B TR SE BB TR GEEAR A HESLEE REREE
Compounds Qualitative ion Quantification ion Dwell Cone Collision
pair/(m/z) pair/(m/z) time/s voltage/V  energy/V
NIEE 2N 565.33/263.02 565.33/263.02 0.061 22 16
Vanemulin 565.33/163.88 0.061 22 32
RWHE R 494.29/192.01 494.29/192.01 0.061 32 22
Tiamulin 494.29/118.96 0.061 32 34

1.4 Hrife ih 2 i %
HERFRIN 13.31 mg ERIRIKJE WDMARHER T, H Z VMR E AT 25 mL A&+, i
il AR JE W MR FE M 500.0 pg/mL % 570 #ERIFREX 12.50 mg R 1E RAsEYI L, F N
I ERT 25 mL AR, FCHIRZRW B Z KN 500.0 pg/mL BORE: OSSR
FRIIR & Wb PR AN 22 0 TR 3 i 45 VTR 45 T BGUR JE D MR 2 00 B VK 2 34 04 250.0 pg/mL VR A AR
HE AR
W TR S WM AN ZE W T IR FE N 250.0 pg/mL [¥178 & b v AR WUR PE R 7 AN IR BB 1
(0.25. 1.25. 2.50. 12.50. 25.00. 62.50 F1125.00 ug/mL), FREX 7 1725 AARFEF & 2.0 g,
BY_Bad 7 ANV 6 T VR B AR TAE VRS 4 mL, ARIKEEINE] 7 643 2.0 g IS AR, Ffi%
B 1.2 hog s 7 4 ERR AT A B, A3 B AR 0.01. 0.05. 0.10. 0.50. 1.00. 2.00
H1'5.00 pg/mL [R1IR J& Wb AR Ze b B 25 TRDRERS R & b v TAER . NI FE TR 2 ANFAT,
APATRERE 2 810 SIAMRIE 6 137 FIEC SRR i, BRASTS IR S b AR, HoAth sk 32
L, ENS AR, % LRAE R 0.22 pm 3EME, £ UPLC-MS/MS 43#7 .
1.5 J5 i HIUERf B S5 R 2
2 L& BTk R JE Wb MRANZR 00 B 3R IR I PRV VR BETE 5~200 pg/g, LA S e RO ARSI AR
A RE RV I FH DOE BT e S5 O, A58 70 0 B 1.25. 12.5 BLJZ 62.5 pg/mL 3 MK IR
ARl TR BIRRE T, S RIm 2 EIRE RN 2.5, 25.0 LK 125.0 mg/kg 19 3 4
ZIIRINIK T o BERVEDRHERANIREE TR 6 /N TAT, FASPATRERE 2 8, THE RN AR
A
1.6 HiEab 3 55ty
AR AR Excel 2010 Giit 4 S A BEAT e BEANTH 5L, S5 IR DLSFIME R R R
2 GRS



2.1 JNEREAETE

TR 1.4 (PP BREAT A3, g5 R EOR, TEREEN 0.01~5.00 pg/mL WREJE P, IKjeld
MREIbR I 26 77 F2 4 y=315.8x-21 855.8, HHIKXFREL (R?) =0.998 8; W B & MAs#E £ J7
FEN y=552.9x+59 124.5, R?=0.996 1.
2.2 JPEHIAT IR & e R

ARG i 2 TR JE AR AT R A 25.0 ng/g, ZRUDE R AR A 5.0 ng/g, KPR
BIRT 3 G HREL: IRJEWMAIZR I B R 1€ BRI 0.5 ng/g, EERKT 10 FHEERLL,
T 2 I B o3 A 7 PR RE A R
2.3 JPVEMIUERGE SR

ART7IECARC G ARRE 4 TR A BUR S TRRA R O R, BRI 2.0 g FRDRE, 23 AN IR
JEWAMRAZR WD T FRIRE N 1.25. 12.5 PLI% 62.5 pg/mL VR A bRk TAEW 4 mL, %18 “1.2”
(IR AR 7 Y R 4 A A T, B NIRRT 6 1K, S5 R L3R 3 TE IR IN/K TR 2.5~125 mg/kg
JEE P, IRy 85.17%~94.55%, MHXAR#EMZ (RSD) N 2.56%~7.65%, Z&
W E I EIRE N 84.69%~99.36%, RSD A 1.57%~4.95%. I H, B2 AtakHaREE (& 2)
AUVEH, AR A RE DM MBED R, ARSI R ik &l (& 3) &
AULE H, WETRAREE HIA G40, RUTZINE FERRE, Rel 2 B P oME 255k B A I 43
WP iEPERERI R .

VBA274
20171221-Blank 02 MRM of 4 Channels ES+
B 341 565.33 > 263.02 (Valnemulin)
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Fig.2 Chromatograms of blank feed



VBA274
20180105-STD 50ppb 002 re MRM of 4 Channels ES+
- 1.25 565.33 > 263.02 (Valnemulin)
5.41e5

L B B A o Ml B A A A s s A B L A Ml N B A A AR RS AR RS AR RRO A ARSI
0.20 0.40 0.60 0.80 1.00 1.20 1.40 1.60 1.80 2.00 220 240 260 2.80 3.00 3.20 3.40 3.60 3.80
20180105-STD 50ppb 002 re MRM of 4 Channels ES+
- 1.14 494.29 > 192.01 (Tiamulin)
2.15e6
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Fig.3 Chromatograms of matrix with standard solution (0.05 pg/mL)

R 3 AR A BRSO MR 2R T R IR

Table 3 Recoveries of valnemulin and tiamulin in feed samples (n=6) %

Fic & kst YR TR A5
TRk Formula feed Concentrated feed Premix feed
et Supplemental  FIWCE MR Bl HSHE BUKE HIXHEE
Compounds | el(mgkg)  Recovery  MEfii%  Recovery % Recovery il
RSD RSD RSD
Rk 2.5 85.17 3.5 87.76 4.75 94.55 6.91
Valnemulin 25.0 93.73 4.95 87.56 2.56 94.07 6.66
125.0 93.88 6.23 87.02 7.65 87.1 5.3
RUWER 2.5 84.79 3.32 85.68 4.31 99.36 245
Timulin 25.0 84.69 1.88 84.81 3.82 95.13 2.82
125.0 91.71 4.05 95.83 1.57 91.7 4.95
30 @

3.1 BRI

TR it PR T 2 o 24 0 AR A ) BS54, A A LI EE N 0.05 png/mL (¥17R
EARFE SRR AR AV, Geith 2 PRI IR R AR 1 257 263.02 FIZR DT K 1)
TET 192.01 &R R : KB IMARAE S 1§ B 263.02 “FHIETHA 12 353, i1
BHEE AR AE VA0 7 1 - 263.02 SFIUETIIA Y 11 6805 ZR WD BRI AR AE & (17 1 192.01 11
SERJUE T AR 51487, T AADEHEE BT AR AR M) T B8 1 192.01 PRI HIAH 44 116. H T4
JR IR T AR YA R B, B ARDRLRE BRHR J& b ORI 28 b 1 31 3507 A 1 0 8082, it A A IR
SR T 2 FVEDRERE S A IR JE W AR AN Z 00 B 3R 1) D7 ik s i b v il 2R 2E AT MR AL IE
3.2 [l AL EURE e 2

ARG I, A 20 A AE B 44 A PR 2 7 A A PR i T AR 200, 3 o A 95 4
WETEAR S AR T e DA R T PSS — R I, FEXFE LT, ARIRTE 225 Skl o


http://dict.youdao.com/w/standard%20solution/

PEEAl b, 22T 3 PR I MCX B AHAE U 3CC (60 mg)+ 6CC (150 mg) 1 6CC (500
mg), S5FKI 2 Fh 6CC R 1 [ AH AL B 75 2250 2 (P Bl , R4 3CC (60 mg) #
A% 1) B AR A O 100 S5 7T 5 AT BR B R RN, I BLAS BT SRR 45 1 . Rk, MR RIZ
TR, ARG R &L T 3CC (60 mg) X AR MCX & A2 B0 FH T 1aDRHRE
HPES A
3.3 LRI

Oasis MCX HERHE — iR & B4 R B 7 52 e SOHMR B 71, B Ak & P HAT 1R ma ) i 3
PERREGEE . B4R T B 7 AC A SO E AR . VAR /T b, X T Oasis MCX [
FAREBURE AR, — RESCRR S A U R . /KR R /K A Bon] JL B AT B AR 014), - B kAT
B ARG IR R, AFREELTUEN, EHX Oasis MCX [H A ZE BT LAE,
B BN B EATBE G, 584 T LAV BRBE S BONE,  [R] B 45 B s 1 [ W
3.4 FIRABOK IR 13 £

S SR AN T8 TR JE Wb MR AN Z b B 3% 1 B B B JB0 TR 10 vk 4 22 SR FH R AN, T KT
T E BB AT 3712514012711 50 °C43 AN B2, A I XK J& Wb AR Z8 20 R 2 24 0.10 pg/mL
VRS A AR BCR T B3 3 MR REAT 1 &R AR P MR 52, 5 A2 I IR 4 B PR IT ) £
0.10 pg/mL VB & brE TAEMAH G, R IUAS [ 1 7K I 1L B 6 IR JE i MR R 22 ) 18 36 0 I8 5
M, 25K 4 fros. HL, AT RERISACE, Ak e KR A 50 °C.

4 AFEKIBIRE FIRJE MM Z2 2 T8 3 I [

Table 4 Recoveries of valnemulin and tiamulin at different bath temperatures (n=6) %
KR EE IR IR
Bath temperature: 37 ‘C Bath temperature: 40 °C  Bath temperature: 50 °C
et ek AIRHERE BCE ARHEME ECE MR
Compounds fii% RSD ffi% RSD fi% RSD
Recovery Recovery Recovery
KRB WK 99.35 7.25 101.35 8.12 97.27 8.64
Valnemulin
RWHR 97.72 427 97.85 4.60 96.58 4.63
Timulin
4 4

O AR 2 mL 60% FEEAER (& 0.1%H 2. 2 mL 5%H KW 2 mL
FHEEIMk e MCX B AHZEBURE, 2R )5 ] 2 mL 5%%0K B TRE e, AT 79 3I3R 1551k
) IR SR DR AN ZR WD B 2 B SR DU, B ST 1 [ AH A= B AR I o

@ ARIEL MR LR ESR R T4, id UPLC-MS/MS 4387, #5771 58 Sl E 1H
BER IR B WM Z2 W B R I 77 1207 E TR IR JE W MR 22 Wb v 2R ARG IR 43 73
25.0 1 5.0 ng/g.

(3 KIBWHM R T R IKELE 0.01~5.00 pg/mL Y6 N LMK RRLF, RR¥KT



0.99. 7E3 MK (2.5, 25.0. 125.0 mg/kg) FHHATIRINRLE, IRIEWMI EI R
N 85.17%~94.55%, RSD 7 2.56%~7.65%, Z=@bTEHRKIAIUE Ty 84.69%~99.36%.,
RSD 79 1.57%~4.95%

@ % b, ARIGE LI SPE-UPLC-MS/MS B AF (1 8, ERRE . ol R T4kt
IR JE WD ARANZR 00 T 2% A PRI E B3 #

225 3k

[1] BECKER M,ZITTLAU E,PETZ M.Residue analysis of 15 penicillins and cephalosporins in
bovine muscle,kidney and milk by liquid chromatography-tandem  mass
spectrometry[J].Analytica Chimica Acta,2004,520(1/2):19-32.

[2] BERRADA H,BORRULL F,FONT G,et al.Determination of macrolide antibiotics in meat and
fish  using  pressurized liquid extraction and liquid chromatography-mass
spectrometry[J].Journal of Chromatography A,2008,1208(1/2):83—-89.

[3] BOGIALLI S,CIAMPANELLA C,CURINI R,et al.Development and validation of a rapid
assay based on liquid chromatography-tandem mass spectromtetry for determining macrolide
antibiotic residues in eggs[J].Journal of Chromatography A,2009,1216(40):6810-6815.

[4] CARRETERO V,BLASCO C,PICO Y.Multi-class determination of antimicrobials in meat by
pressurized liquid extraction and liquid chromatography-tandem mass spectrometry[J].Journal
of Chromatography A,2008,1209(1/2):162-173.

[5S] HERMO M PNEMUTLU E, KIR S,et al.Improved determination of quinolones in milk at
their MRL levels using LC-UV,LC-FD,LC-MS and LC-MS/MS and validation in line with
regulation 2002/657/EC[J].Analytica Chimica Acta,2008,613(1):98-107.

[6] BOSCHER A,GUIGNARD C,PELLET T.,et al.Development of a multi-class method for the
quantification of veterinary drug residues in feedingstuffs by liquid chromatography-tandem
mass spectrometry[J].Journal of Chromatography A,2010,1217(41):6394-6404.

[7] ZHANG G JLFANG B H,LIU Y H,et al.Development of a multi-residue method for fast
screening and confirmation of 20 prohibited veterinary drugs in feedstuffs by liquid
chromatography  tandem mass spectrometry[J].Journal of  Chromatography
B,2013,936:10-17.

[8] HUANG Q S,LIJ C,XIA L J,et al.Residue depletion of valnemulin in swine tissues after oral

administration[J].Analytica Chimica Acta,2010,664(1):62—67.



[9] SUN F F,YANG S P,ZHANG H Y,et al.Comprehensive analysis of tiamulin metabolites in
various species of farm animals using ultra-high-performance liquid chromatography coupled
to quadrupole/time-of-flight[J].Journal of Agricultural and Food
Chemistry,2017,65(1):199-207.

[10] 1 ZE 46 R IR IR J& Wb MRV S v YA 1) % A Joit B2t 98 [D] At 22 6 18 3 A7 5K HE T b R
K%,2011:10-11.

[11] FEAREE, 7K 2R BL UL A A8 A5 ROBUR € i vk DR A I A A 21 b 28 b 1 R B B (D). 0 Ak
2£.2009,37(5):718-720.

[12] GUO H B,LIU K Y,LIU Y H,et al.Molecularly imprinted solid-phase extraction for the
selective determination of valnemulin in feeds with high performance liquid
chromatography[J].Journal of Chromatography B,2011,879(2):181-185.

[13] GUO C N,WANG M R,XIAO H,et al.Development of a modified QuUEChERS method for the
determination of veterinary antibiotics in swine manure by liquid chromatography tandem
mass spectrometry[J].Journal of Chromatography B,2016,1027:110-118.

[14] 88,5 57 SR B, 55 VBORH €0 1% - A5 156 o i 32k ) 7 X 21 24 v VR JE Wb AR B (00, 73 M 4k
£,2010,38(7):1031-1035.

[15] BOHM D A,STACHEL C S,GOWIK P.Validated determination of eight antibiotic substance
groups in cattle and pig muscle by HPLC/MS/MS[J].Journal of AOAC
International,2011,94(2):407—419.

[16] Tk A, 2R & U, ihout, 55 e S50 - R RS20 2 & LI b R IR 2R B [1]. &S
HAE 2012,44(8):21-24.

[17] LTI HLWANG Y Y,LI X W,et al.Determination of valnemulin in swine and bovine tissues by
ultra-high performance liquid chromatography-tandem mass spectrometry[J].Journal of
Chromatography B,2016,1014:102—106.

[18] BOHM D A,STACHEL C S,GOWIK P.Validation of a multi-residue method for the
determination of several antibiotic groups in honey by LC-MS/MS[J].Analytical and
Bioanalytical Chemistry,2012,403(10):2943-2953.

[19] RIZZETTI T M,DE SOUZA M P,PRESTES O D,et al.Optimization of sample preparation by
central composite design for multi-class determination of veterinary drugs in bovine

muscle,kidney and liver by ultra-high-performance liquid chromatographic-tandem mass



spectrometry[J].Food Chemistry,2018,246:404—413.

[20] KANDA M,NAKAJIMA T,HAYASHI H,et al.Multi-residue determination of polar veterinary
drugs in livestock and fishery products by liquid chromatography/tandem mass
spectrometry[J].Journal of AOAC International,2015,98(1):230-247.

[21] KANG J,FAN C L,CHANG Q Y,et al.Simultaneous determination of multi-class veterinary
drug residues in different muscle tissues by modified QuEChERS combined with
HPLC-MS/MSJ[J].Analytical Methods,2014,6(16):6285-6293.

[22] STOLKER A A M,RUTGERS P,OOSTERINK E.,et al.Comprehensive screening and
quantification of veterinary drugs in milk using UPLC-ToF-MS[J]. Analytical and
Bioanalytical Chemistry,2008,391(6):2309-2322.

[23] BORRAS S,COMPANYO R,GRANADOS M,et al.Analysis of antimicrobial agents in
animal feed[J].TrAC Trends in Analytical Chemistry,2011,30(7):1042—-1064.

[24] ROBERT C,GILLARD N,BRASSEUR P Y,et al.Rapid multiresidue and multi-class screening
for antibiotics and benzimidazoles in feed by ultra high performance liquid chromatography
coupled to tandem mass spectrometry[J].Food Control,2015,50:509-515.

[25] T 18, ERR, 25— 0h, 55 8 m SO (1 - 5 IG5 i R s Aar U P o F) IR JE 0 bR B B (0],
rf ] 24 4 76,2011,45(4):24-27.

[26] NIESSEN W M A,MANINI P,ANDREOLI R.Matrix effects in quantitative pesticide analysis
using liquid chromatography-mass spectrometry[J].Mass Spectrometry
Reviews,2006,25(6):881-899.

[27] YEOEHE 8 A AR Je Wb PR 2 b B 20 0 B o AU € - A3 R 1% A M) 77 325 A 2 3 [D]. it
AR SO ARE R AR K 52,2013:15.

Determination of Valnemulin and Tiamulin in Feed by Solid Phase Extraction-Ultra Performance
Liquid Chromatography-Tandem Mass Spectrometry
WANG Fengqin  YANG Yuanyuan CHEN Chuhao HU Yuhan LU Zeqing WANG

Yizhen”

(Key Laboratory of Animal Feed and Nutrition of Zhejiang Province, Feed Science Institute of
Zhejiang University, Hangzhou 310058, China)

Abstract: This experiment was conducted to develop a fast and effective method for the
determination of valnemulin and tiamulin in feed by solid phase extraction-ultra performance

liquid chromatography-tandem mass spectrometry (SPE-UPLC-MS/MS). After the feed sample



was extracted by methanol and cleaned-up on a Oasis MCX solid phase extraction (SPE) column,
the valnemulin and tiamulin were separated by a Cig chromatographic column with gradient
elution using 0.1% formic acid in water and 0.1% formic acid in acetonitrile as mobile phase, and
finally quantified for the external standard method under the multiple reaction monitoring (MRM)
mode in the positive ionization scanning mode using electrospray ionization (ESI). The results
showed that the limit of detection (LOD) of the SPE-UPLC-MS/MS method developed in this
experiment was 25.0 ng/g for valnemulin and 5.0 ng/g for tiamulin. The correlation coefficient of
linear calibration curve for valnemulin and tiamulin was over 0.99 within the concentration range
0.01 to 5.00 pg/mL. At the three supplemental levels (2.5, 25.0 and 125.0 mg/kg), the recovery for
the valnemulin was between 85.17% and 94.55% and the relative standard deviation (RSD) was
from 2.56% t07.65%; the recovery for the tiamulin was between 84.69% and 99.36% and the RSD
was from 1.57% to 4.95%. The results showed that the SPE-UPLC-MS/MS method developed in
this experiment is simple and sensitive, and it is fit for the rapid and quantitative determination of
valnemulin and tiamulin in feed.
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