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W E: BE T — F QuEChERS- M & %0 W AH 3 - 58 B¢ 5 3% 1% (ultra performance liquid
chromatography-tandem mass spectrometry, UPLC-MS/MS)[w] i} il %2 A= 2L Hr e il s 24 S FLA I 4 (s AL IS
PREEAN I . S . = SRR = GRS I BT . FadE ARSI 3% =2 2 IE- 2R &
Big(7:3, VIV)IEIRAR L, 28 Cis IHFIGHE)S, KA UPLC-MS/MS %, SMRike it PL0.1%H B R- 26 Rt
#iAH, ZORBAX Eclipse Plus C g (2.1mmx100 mm, 1.8 pm) i HESE 7 1% 08, 6B BE% 1E 5 F U i =
T, 22 Yii(multiple reaction monitoring, MRM)Jy sUHEHA TN . 455R Bl R 259 B HARIHPIAE 1~100 pg/L i
TR EEVEE Y A RAF IR SC R, MRERB(NBIRT 0.9988, KrthBR A 2.5 ng/kg, wwfRHA 5 pgkg. 7E 10, 20,
100 pgkg W EEAKE T, 5 F & W a7 25 18 i 3 7E 86.0%~108.2% 11 Fil 22 1A, AH X A 14 fi 22 ¥ [
0.81%~5.60%. L& Z kst . MR SE, 35 T AL AR B 2 R I Ak B A 0 P A2
K#i8): QUEChERS; HUW 244y, S BORAH (- SRR BT s, AR 3L

Determination of fasciolicides and its metabolite residues in raw milk by
QuEChERS-ultra performance liquid chromatography-tandem
mass spectrometry
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ABSTRACT: Objective To establish a method for the simultaneous determination of fasciolicides and its

metabolite (nitroxinil, rafoxanide, closantel, triclabendazole and ketotriclabendazole) in raw milk by QuEChERS

coupled with ultra performance liquid chromatography-tandem mass spectrometry (UPLC-MS/MS). Methods The
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raw milk samples was extracted with 3% triethylamine acetonitrile-ethyl acetate acetate solution (7:3, V:V), purified
by C,g adsorbent powder, and determined by UPLC-MS/MS with external standard method. The chromatographic
separation was performed on an ZORBAX Eclipse Plus C;g (2.1 mmx100 mm 1.8 um) column with a mobile phase of
0.1% formic acid-acetonitrile solution, and detected under multiple reaction monitoring (MRM) mode in the positive
and negative electrospray ion modes. Results The results showed that a good linear relationship was obtained in the
mass concentration range of 1 to 100 pg/L for fasciolicides and its metabolite, and the correlation coefficients (r)
were all greater than 0.9988, the limits of detection were 2.5 pg/kg, and the limits of quantitation were 5 ug/kg.
The average recoveries of 5 kinds of compounds at the concentration levels of 10, 20 and 100 pg/kg were
between 86.0% and 108.2%, and the relative standard deviation ranged from 0.81% to 5.60%. Conclusion The
method is simple, rapid accurate and reliable, and is suitable for the rapid determination of the residues of

fasciolicides and its metabolite in raw milk.

KEY WORDS: QUEChERS; fasciolicides; ultra performance liquid chromatography-tandem mass spectrometry;

raw milk
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TR AR EAE A . TR S R AR RN SR 5 I A B 5 IR 1Y)
AR Z—, LU R o8 W, FEFA Tz
YIRS . RRIE ARG E, EEMIRAE, SR
59 RE RN, M O™ R s 8 R BT BT R, 45
B Ol 28 B AR KA R,

JIF P W s 2 N B AL AR A A AU, 2T IRIAE, A
R = e e i i e o o G B =W = S SN i B iy
ARPE | BRSO R AR R IR R, PO s 2 3 ok
F, & R 220 SURBUIE . S e . SRR A =
FURIRET R 25 B s b A N TR BT 1
BT, Ko FBOREAWAEFFEATERR . KREEHAEHE
PU B2 sk R FLR AL S, SRR, Ak E A
AR S B, 2% & POl AR 7 i ™ 5 Y 4
Frdik .

J T OIS S A AR A, B R B
ZECAHE T B B 25 Y)Y B K 5% B & (maximum
residue limits, MRLs). F&[E GB 31650—2019 { & %% 4 [
FhrfE BR AR AR ) W TRmLm s .
B R . S . =S AMAEAFL . FAL PR,
43R 10~45 pg/kg, Horh =GR AMEER B bR R o = AR
IRV, E AT, HRIE R 2 W H 2 8% B A vk 32
A TR AR (3 2 ORI AR - R B ),

2 5k BRI Ab PR 5 vk R A WO AR B (liquid-liquid
extraction, LLE). [&AHZ£H%:(solid-phase extraction, SPE)
143 [ A 26 B (dispersive solid-phase extraction, dSPE)
0T8T i TR TR 2 G ) BB i A B R 2

il

AW AEBGE I E A A BGE! ), LLE b —Fhg i
Mo HR, B —E IS, (AfETEBRER . FERT . B
AR i O SPE R 1o AR R Z I fh 2 1
TR BARME AW B E AL, HA A LA A
FEht /D, IEGHEERE S AL IR A, TEARE . BRI
o U ST FHASCA T2 o AERESRATAL PR 5 16 SPE AT 241
P, (AT TREEfL . AR PR VRISE — RSN,
RIFRFENHS, HAS | FORBORAE i id FPESE T A A
JRHBRPER 2, dSPE J&—FlBr MARE SR B AR, 254 T
LLE F11 SPE WAL, FAARAERI S FBI AL FBH/0  liA
RS, CHTZMATHE . i, 259, L%
B AF 5 AT Ak 38 b 25281 QUECHhERS (quick, easy, cheap,
effective, rugged and safe)Z—FI R, Rl . MAsIKEEAT 5
sk, @it i dSPE X2 BOR A TH AL, BAT IR
e R AR AT RLPR R Y A S, I TR 2k B A
12721, H AT, QUEChERS HiiAbH£ AR 2 I T sh ¥ I £ b
FPORIRNERZS | BRSBTS DY R R 2 A2 R B
FR I 5 O3 AR o A L R IR+ 4 T R i i e 2 )
B BRI 1) 41 T DU AR A PR

AT LT QuEChERS RiAbHREEAR, 456 mauiAH
{675 - BB IR B35 75 (ultra performance liquid chromatography-
tandem mass spectrometry, UPLC-MS/MS), & 7. —Fli[a]Ht
D5 A= L e s 25 ) S ARG A I v, LU it
it A L P U H 2 PR O e SR IR

1 MR5ERZE

1.1 w5

HiE, 2. 2R R (%4, 155 Merck 23 w]); H
. BEMR . — RMe(aikal, Lt scioml# i A R
F]); Na,SO,. NaCl, MgSO,. ZK(sHHral, FEZysEdfbE
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AR, RBEE . eI . SR . =&
IR =GR IR B VS R (BT R 100 pg/mL, R
TR SRR R A | ), & i -N-TA B 5 e (primary
secondary amine, PSA) . C g W[5 (R HE EA/RBHE A
PR, Segs K B AK

WESEE

6495 QQQ H =y 3R AR {0315 5 T i {3 [ T i I 25 B9
“F i (electron spray ionization, ESI)]. ZORBAX Eclipse Plus
Cis BIEFE(2.1 mmx100 mm 1.8 um)GERE Agilent 24 7));
ML204 H, 7204 KGR 0.0001 ). ML802 Hi, F-43#r K
SF-CREFE 0.01 @) Gl LA RF BB 228 w]); XIR VR 5.0 HL
(Z£[E Thermo Fisher Scientific /A #)); SIGMA 2-16K 75 i3 B
DML = 15000 t/min, fEE Sigma 23 H]); DC-24 KIBA
WAL (b1 2 S IR B A FRZS wD ), Vortex-230V i ié
Ik & # (£ H Talboys 72y wl); Milli-Q 8 4l /K A% (3%
Millipore 23 F]); HSS T3 A4 (2.1 mmx100 mm, 1.8 pum)
(3£ 1# Waters A H))o

1.3 SEWAEE
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131 #&mif
HFLEES S I NY/T 4631—2025¢ A= 2L RAEH AR I )

HRAEER, RAEH BT — 4. 4SRN
FHER IR HRLRE S OB SE, 4 cChttis 2R S G T
—18 CCHM TR
1.3.2 wr&®EH %k

HETIFRI S ¢ EFLGRE T £ 0.01 @) T 50 mL BN
BRI, SN 10 mL 3% =22 E-2% 2
BRIEW(7:3, V:V), IRHEIRS], MA I 15 min 5, A
7.5 g Jo7k Na,SO,, MIZUHEH 1 min, 4 °CE&EF 10000 r/min
B0 10 min, WH 4 mL B R ESH 100 mg Cis A9
15 mL P95 BB ES DA T, IREETIR AT 1 min, 4 °C4c 4
T 3000 r/min B0 5 min, HERTRI 1 mL EERES—
15 mL BB BE .0, 30 COKBESRT, K
A 1 mL 5V Rk, 1R, 4 °C44F T 12000 r/min 5
> 10 min, B [ ZTE WAL UPLC-MS/MS %€ o
133 &isu

{635 F:: ZORBAX Eclipse Plus C (2.1 mmx100 mm

1.8 um); PEREAARH: 2 pL; AEil: 30 °C. WBIHH A 4 0.1%
FAAR-KIEW, B M. WiE: 0.4 mL/min. B4 B PERFE T
0~0.5 min, 95% A; 0.5~3.0 min, 95%~5% A; 3.0~4.0 min,
5%A; 4.0~4.5 min, 5%~95% A; 4.5~7.0 min, 95% A,
134 JRik&AF

B PR ESLIE; Hdir=: IR, iy
2 J v W I (multiple reaction monitoring, MRM); BN H
JE: IEEF 3500 V, 75574000 V; &R E: 450 °C;
TEEAREE: 210 °C; THRUE: 13 L/min; B0 :
400 °C; # S 12 L/min; Fil RS 1.
1.4 HIELIE

AT K 4448 MassHunter (Version B.09.00) L/F

i RAEFIAL BEECHE, Microsoft Excel 2013 S8 i H120H7 5,
Origin 2021 £ &% .

2 HERESR
2.1 {UEFHMKE
2.1.1  JRig&agthie

35K 0.5 pg/mL MRHBLIR A . BUEEMIRE . SURRUD
W . =GR Ik M R = SRR IS e B ME VS VR AT R A
PLIE B 7 F 2 R0 mvz 100~700 Y0 BBl N BEF T— 2
FUgEBEE, BIxMLE ik, 5804 By s
FEFIM+H FI[M-H] W&, DLoFBs et e+, T
TP, RO R GRS AR
UORIE 8 FAE e M s, i s B B AR i B
TR B T wli A e AL, UL S MBS
HERE 1.
2,12 E#FMR

ZEH 5 P ERS TR EART, RFEEET
ZORBAX Eclipse Plus Cjg (2.1 mmx100 mm, 1.8 pm)FI HSS
T3 (2.1 mmx100 mm, 1.8 pm)@iEtlxt H R4 o B4 8
ER . S5 KB, MUREMD A = SRk fE ZORBAX
Eclipse Plus Cyg B354 I #4208 F HSS T3 4, HH
FRor Hr I Sm N AE 0L F HSS T3 @ik, Hukss
fifi Fif ZORBAX Eclipse Plus Cyg (i, 5 F AR Hr#m
BETREELE 1,

&1 5SHEGSTHRNRIESH

Table 1 Mass spectrometric parameters of 5 kinds of analytes

H AR5 4 £ B3 11 [ /min plIEER 5z HIAE +(m/z) B BT (m2) 3N AY fli A RE eV
T B A Ji 2.99 [M-H] 288.9 127.0%/162.0 -380 —28/-20
TRk A9 2 4.68 [M-H] 623.8 126.9%/344.7 -380 —48/-40
A0 R 428 [M-H] 660.9 315.0%/344.9 -380 —40/-44
SRR 3.53 [M+H] 359.0 274.0%/242.0 380 40/40
e o 1T 3.16 [M-H] 327.1 181.9%/146.1 -380 —40/-44
T RN ERE T
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Fig.l Total ion chromatograms of 5 kinds of
analytes (10 pg/L)

Cog oI55 A AL HE 05 F B RK S 4,
AP IAE R RR . HRREM RS, LIRS
TR, W aiEEE R, SEEEIY . AU %5
T 0.1%F BRAKER-ZM5 . 5 mmol/L H 4% K -2 5/
5 mmol/L ZIRE/KIEW-2LNE 3 FImshAxs B AR A i
M B AR, SR 0.1% /KR - G 1E R TR sh AH I,
KEBS BR3P i me R fec i, HLETEREE . R, 78
ORI R, R EE 0.1% P R KA TR - G 1E i 3h
AT
2.2 BTRLIBEMEML
22,1 RIGKA ik

AN AN . EAREERY R, AWk
T E FIRBOAT FEA R, . CROERH. WEE
MG AR, SRRy, HAVIERAM
YEF; PR R PSR R, B TR B A
B, AHLR . BEERSE TR, 5 A ERREE N
LERNTR], WA R], e AR i A S SURAN IYe ) A
XSS, ZARBUARIE AR . AMREETHE., &
I LR R LA T - 218 TR AS [R) A2 6 1 R0 1 R 4
BGAIEEX 5 Fl BRSBTS USRS . 25 R R (&
2), RS- B3, VIVIEIRIRE, 5 Fh BARHT
PTG IR AE 50.9%~88.0% 0 Bl 1N, HHuss Bk |
T AR

Rt PR R BOHCR, IMABREZK., =2, B
R A 1 PR BOR BRI, 5 SRR A5 T B AR b iy
PR . 5 R 3), BRI BRI i st
M v ) T B 22 T B A B K g B B4k, 3G9 1 S5 5L BT
A FIECRIEG . T = Z XS YRR 2
FHRTE, RIRAT R T = 25 B AR5 A ¥ i e 1tk 5t A
(B 3L | RIS &, Wb TP E AT . FUIRSEY
X3 AL o LU AAS [R) Mk BE T = 2 e Xt [BTAT 2 1) 5
3% =R IE-C R T (T:3, VTERIRBUR I, &1k

AW RN ZTE 71%~101%2 0 . R, %/ 3% =2 %2
Ji5- 2R L TE(7:3, V)R TR AE R B
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Fig.2 Effects of different extraction reagents on the recoveries of
5 kinds of analytes
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Fig.3 Effects of different acid-base conditions on the recoveries of
5 kinds of analytes
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AFURESOK S R, SR ISR, 2 G 5KE
AAVE i, PSR ERATSON B RO . AR BT 3
FhERAT AR (NaCl, JE/K Na,SO, FIJE7K MgSO,)* HAR
PRIBGICR 12 m 25 R RI(E 4), RAITEK NaySO, #47
T, 5 B BRI AT HY EIBCRTE 80%~101%3 Fl N o TR
JH NaCl F1JE/K MgSO, FEATERMTIN, BLIREMN i A 52 URLATY
W BRI R Z A K . NaCl HA K& B FomE, T
BN SR, T RE S UL e 1) i AR AR B T RS,
R MERg st . JO7K MgSO, AT BRI K MERICRAERPE, HOK
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BRI B 22 FLAS K5 0 Ty B W K Pk 25, Tl
T I i ) i /K PSR, T RE R RN B RS R, L
MEBEMIRL AR o A, AREMIIG TS 2R, O
IFENERLE, TOK MgSO, MK I 1% Jey et $A i vl i 32
TR I i o DR DR il R (9K 23 BRI HANSE I 5 i
SR, B FETOK NapSO, AT #: 4T

et i ] SR
i XY =AM (] =S ki
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Fig.4 Effects of different salting agents on the recoveries of
5 kinds of analytes
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AFUE GEA . RN B TR RS TR YR,
AHFFEHEEET dSPE I PSA Fl Cyg MR Y 25 22550
55 PSA MLk, Cig REA R BRAFL R BURR G | B NG A2 11 5%
e, EXTEER BT S R . AR i —
£XT 25,50, 75 mg Cyg W BHFRINT H AR RICR A5 o
SERR (L S), B C g fl I AIE I, = SR A MR 1 [ i
FM 90.1%KIE FHEE 72.5%, HAr 4 R BAR a4 [l
BIE 81.3%~953%Z [0, LRGHIEHSUR LR NA, &
S 8 B TGRSR 25 mg C g W FFRIET 7141k
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—
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Fig.5 Effects of different Ci5 dosages on the recoveries of
5 kinds of analytes
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K P TR €0 3% B R €0 33 - B I S e e ARSI 43 A
Tor 2R FE AR L Ml 9r i o 3 0 0 v 22 R VA R P R AR s
T, DRGSO RS, RIRHERRZe T30, R4 HA
B oS B e SR . AL B I — R HAT SN FLAZ A T,
REMEIL IR ROk . AN Y . L RE v, W R B AR
AT R E RS B0 T oK, A 1A A IR BRI DA DE D B
e AS B (R I SR FH o ASBIFST I 8F 0.05 pg/mL IR 45
WEVE T 40 )i S B LI R, 25 2R R4 S fal L 308 M (5 /K
WRNUE K. AR . BUKERWE . skt
BRI BHE R . 251 R B, SRR A PR IEE IR
FALE, 4 FhLFLIE BT B bR #r ¥ — 2 W FHE R, Rt
YE S5/ N TR TR B 8 B, S SCRALAGI e %) [ i 6 A, X ]
66.8%(& 6). H L, HHERAMMIEEEZ 0@ CRUFT
12000 r/min 5.0 10 min) 5 202 PR LR BUR H i 24 5 .
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Fig.6 Effects of different microporous membrane on the recoveries
of 5 kinds of analytes
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M £ B A ol P, SR A T SR MR Y R
A FLIETON S Rl E AR 52, SR FRUREDGE I [0 (15 75
(ME=2E JFobr o i 2 R 3/ SR b ol i 26 23 1A T ME 13T
WU, 25 ME<1, ULWITEAESER IR0, 45 ME>1, 1iH]
FEAESL TG SRAAN; 45 0.8<ME<1.2, i iAh ME 453,
AT LAZW, 45 ME<0.8 8 ME=1.2, W] ME #3%, 78
52 B 55 2 P IR X 245 SR A R I 43R4 10 png/L (1 20
TRA AR O AL 2L (8 B DG AR v ARV, AS g
BAEFFHI ME. S5 5R8R, =GR F B R 3
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Table 2 Linear equations, coefficients of correlation, limits of detection, limits of quantitation and MEs of 5 kinds of analytes
fe &2 LAk Bl (ng/L) Ltk MIXRB() W/ (ugke)  EHB/(ugkg)  MEs
i L 3 15 1~100 Y=115649.8X+17555.0 0.9999 2.5 5 1.26
TR Y 1~100 Y=264258.3X-24070.6 0.9988 2.5 5 1.02
A E U 1~100 Y=553.26X-295.0 0.9995 2.5 5 1.01
B 1 S L 1~100 Y=246229.9X-70422.7 0.9996 2.5 5 1.15
= Sy L] 1~100 Y=14726.X-10468.8 0.9996 2.5 5 0.88

AT BE R AR N B AR T, ASHIF 5 SR 2L B T AL RR
TR R THBE ME.
232 HMWEE., vERLEEER

#3 5 MBS TN EHEERBENRAERZE (0=6)
Table 3 Average recoveries and relative standard deviations of
5 kinds of analytes (N=6)

L T H7 W PRECR AR
PEARZS AR LT RICH 1.5, 10,20, 40, 100 pg/L ST (ng/kg) 1% 1%
1) 22 90 35 S DG OB v T ARV, LA B AR (14 o Y5 YA I 10 903 170
WRE(X, ng/L) RS ARAR, 2 i P AR T (i I iR (Y) I 20 963 150
RWAERR, Nk BUH TR A bR 2, 153145 B bR o o3 =
SIS AR DG R E(r) . 45 RERML, 5 Fh H AR T : :
PIFE 1~100 pg/L I LS P 5 RUAFROZRME G 2R, A 10 88.2 300
ZH(r)H 0.9988~0.9999., L) 3 fFF1 10 f5{Z 14 L (SN & 45 LB 20 93.4 140
B WHIRG R K 2.5 ng/ke, EHBRM 5 ng/kg, F54 NY/T 30 86.0 2.80
1896—2010 (H-245% B2 5230 % o i il A ) oo ik R 10 103.3 1.50
U /R 1/2 MRLs (MEER . BAREEILER 2. SR " 1023 0.81
2.3.3 BEHEA KA E
DA B AR A M0 024 FURE i X 4 07 5 100 868 340
IS, %58 v ) HER IR RIS 96 18 . e 3 URAIOK 10 0.4 560
S, AR5 10,20, 100 pg/kg, BEARINEEE 6 P47, it SRR IAME 20 89.1 2.70
BHINAR EOSCR ARG 2R . 25 R, A3l 5 MRS 100 86.9 420
T 90 19 F- 2 [l I E 86.0%~108.2% 2 1], RS %5 J 35 7 10 101.1 1.40
0.81%~5.60%Z 18], Jy i 0 i Hff i FIUKE 2 1 vl LA 2 GB/T EE— " 082 i
27404—2008 (565 B ARG S FAR A ) iy
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Fig.7 Fragment ion mass spectrometry images of 5 kinds of analytes (5 ng/kg)
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Fig.7 Fragment ion mass spectrometry images of 5 kinds of analytes (5 pg/kg)

2.4 SEPREERANE

KAWL TR, XS ERY 35 (R Uil
PEAT 5 R RGP RGN, 2 RR K BURE b S B
LiE2E7/05 450 e 38

3 4

AW QUEChERS i AbER 5 2 1% FH T A FL ek
Ha 2 B AR P A ARG, 3 2o X i A PR L e fb i AR
T AL g A AT Ak, EEr TR 5 BB B2 K&
HACH I UPLC-MS/MS, KB 2.5 pg/kg, iR
h 5 pglkgo 17T PREE | MER VTSR, AT AL BB
W eis 244 K HLAR i 5% B S A At A

SE B
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