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9 HERE KA (B M2 E e &b 82k
RERFBRAEY 7 T Sh s v B 2 e KR B
FREEA T TERIRLE . AR, Sh IR B
PEER KR, MR 2, R A e A R, BRI R
JRERT i SRRE | v R R e ) 2 2 A P
GIMT T B TR RS R B R AR
AR RAL 507 10 IR S e o AT e ok
S, WA 6 3% - i 3% ( Liquid Chromatography-Mass
Spectrometry , LC-MS) B¢ F % AR B A 43 Fr i g b R
TR ey RS | O A T RSO A, T IZ N
FHT Sl ilsrs £ 552 225k B 0 i D 5 2 Aol T
PES B I SR 2R R A U B
%, G f LC-MS 1 i e 55 25 1~ fkad #2 vh e sl 15
I35 T 3 LTI, 52 M A 00 45 2R %) M A R R
B PRI 5 R FH R T v A AR G 1 00 A i
A7 3 L) 2 O A AT AL B D5 AR IR A AU
ARSCAUXE LC-MS 35 B A T 46z 0 55 25 22 5% B I
TR (it T Ak R ) 5 S e PR AR S AR T T A
() P2 Sl Wy IR B B 24 22 B B A I A BF 5 3 e
Fregid, Iy LC-MS B HHE ARTE & M B i 5% 4
PR iz NS S

| QR 7/ N e ETB I RE L S

BE A A S S5 LA 1) B RN T BR AR
A X R RE A T — 2 A B Ak iR A B
TR ZH 53 5 TR 0T 43 B, DT 38 B R i Ak 1
(. BT, O R Y I T Sl 5 £ 1 i T 04
FHAR = AL W - W A2 B ( Liquid-Liquid Extrac-
tion, LLE) £E AR | 43 0 - W f #6 B ( Dispersive Liq-
uid-Liquid Microextraction, DLLME ) 5 A | [& #H £ 1t
(Solid-Phase Extraction, SPE ) 5 A& | [ A 3 % Bt
(Solid-Phase Microextraction, SPME ) £ A 43 [& AH
# L ( Dispersive Solid Phase Extraction, DSPE) A |
% 1 [ AR A% B ( Magnetic-Solid Phase Extraction,
M-SPE) # AR &0
1.1 LLE #AR

LLE $ A8 3 [ S A om A H R A
ARV R, AR DN 2 43 5 1 e B8 0 7 15 70 o i A
MARTR] , 36 B 43 B Ag ki B i, Bz i F F

ShA IR P A 3 A RT AR B HLON. Jung
GO - IR (VZRR) - V(L) =
12 99) VBN $- OB, >R H & B WA IE e B RR , 25
A R RCRRE 35 - HR R T ( HPLC-MS/MS) K [F]
ARSI 68 £ | L H o R b A ORI |
TS 3 45 12 PR a2l B IZFARTE 5~50 pe/ke 3
PR DY 2 M OC RO A, B 0T 80N 3 P (99, 47% ~
51.98%) , I HA T 61. 58% ~ 119. 37% 2 [a] (AHX}
PRifE2E <19.05%) , £t BR A 1 FR 43518 0.3 ~
1.6 we/kg Ml 1.0~5. 0 we/ke, HA A A0 HERGPER
B REUY . BAR LLE BOR X S256 45 P 2%
TR RS AT AR RORE 7 H B AR = 1Y
A ML, B AL fE ) RN fb v B M AR 455
IR T 2 U A 2k 1 S R A A AT
A P R T R R S HEA TV R ZE I, B i AR T
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W25, WESE kB, W pH PR B A% D 50
M W A P XS 245 1) 43 B ZE U3 27 500 L # IfL
HRIN 40 L ¥R 0.2 mol/L A HC IF VR A (pH
H4 6. 8) , AT RAFRAEMAERHCR . J. 1. Gao %5
fHAH A 1 - T 3 -3 - 3L mkome -3 - ZE 1 iR 46
([C,MIM][NPA]) FESE 1- K3 - HT BLmkms g
FBNERER ([ C,MIM ][ BF, ) iX 2 FleS F IR IR AR
BT, R T AT T AR RS R R R
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WO XHRE il R AT v Ak, B I 405 4 8 1 R A 33—
ERIBC T3 (UPLC-MS/MS ) ARG A P b 11 Fh i
LRSS 258, AT R B, R 250 HE 20 ~ 400 pg/
kg Y0 B P B LA R 2R M 56 2 A s BRI
B4R 0. 1~1.0 ng/kg F10.2~3.0 pg/kg, HAE
50 pg/kg.100 pg/kg Fl 150 pg/kg MARAKFE T, H
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TR BT FAS S e 5 AR 53, AT 3% 2k i) B
(921 M. Nemati %2 ¥ & T —Fh 3L TR L A
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TR TR 28 1 PO TR A 3 R o v DU O 3R 21 44 24 1)
B, WS R B, IR 80% ~91% , AR AR 22 <
9. 8% AT AR B H R ( (0. 1~0.3 pg/kg) FIE it
FR(0.6~1.0 peg/kg) . BLAM, VEA—FhHLAIK) DSPE
HOR , QUEChERS £ ARFI L GEH) LLE £ AR $2 8 H
PP JE FEEATER T B ) P B 7 3EORE 5 T
JF A AR ELAE FH AR 2 I 2 ek 10 H ARG, BLA 34
L= NN e A 2o KB I A I S
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A ARSI B AU 25 T AR YAl
SERD AR IIG R T M R 0T W R R 22 I ke
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FRAALL , M-SPE HARRAE T AE | H BT LF A7 2
EBRTEAL | EAE BRAe DRI AE TR, HICA OB
FEZE, BA RN RS . H. Wang %70 F
F IRMOF-3 47 Si0,/Fe, 0, & BURGE A2 B
454 UPLC-MS/MS $ AR BT R FH T K | 3756 7K
P 10 FhsTEER S 25 R PSR, I
2B BARARE H PR (0. 005 ~0. 010 pg/kg) FlE &
FR(0.100~0.200 we/ke) , PR EISCR Y FE 80. 8% ~
112. 0% [8], H 5 4 v 0 52 B0RE R0 4 1% HE
P 38 FH 6 RS R i v Sk s s T 2 24 4 1Y)
Kl . M-SPE $ AR ] sk S £ FH K & LI ) ol 2>
o it Ak B ARG PR3 118 15 G Bk A AT N 5L A
R AL BUHCR AL 23 32 B BRI A2 ZE B T
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25 IR AE 60% ~ 120% 22 18], HHAT R4 iY B 3Pk
(KT B3 7 22 < 20%) o 36 7% 52 2% ) Oasis®
PRIME HLB [ A0 %8 HOK: 55 8 5 25080 AH €23 - U 2
¥/ 3% U3 BF = 43 BF B3 ( UPLC-Q-Orbitrap
HRMS ) B¢ ARG I 2 22 BT A S
TOIFAESh IR i 45 Fhed 2558 B8 %7 TR 1~
2000 g/ L 78 [P, e 00 -5 24 35 S 0 I 4 i) e Pk
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R AL A T L 4 R ERR ., LA LSRR,
LC-MS B+ AR 7E & & 3h W L 40 21 2 Loy e 4
2R R St B R A aE A

A, LC-MS B HIE AR A 7] T 46 I 7K 7 & v
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FHF TR A DU AN ] 2 8 7t (2R TR 8 PR A ) Bok™
ai (i £ B840 FIER ) o o4 Tl 2425 22 5% B (E0 45 e

BE2R DKM SLAR R ORIR N ERSE s va R 2E Y
WBRAE) A ik, 581 A SE R B A 24 5% 7
IINTEE SRR B, B AR A K 6 8 36 22. 5%, o
(O S SR NEE AR QYN E T N S N e
B ECRIE ANV EFH Rk, Q. T. Dinh
ZEPVSR A QUECHhERS #i AR 5 UPLC-MS/MS # A A
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RN LAY pR U rh 22 Fh -8 24 5% B (A G e R
TN  BRAT Ik e 28 25 ) 46 ) R AT R, 45 2R 3R
B, 38% W 3Z A FEAS /0 A 1 b 24 sl AR i
R, LA A gk ik R a5 = (13% ) o ISk,
WR ZmHR TR Pk Bk~ egLE 6
P R S A 0 P 4 0 ) e R B 2 43 31 36 ek
18 pg/kg 13 pg/kg 13 ng/kg 4.8 ng/kg 4.2 pg/kg
F10.59 pe/kg, B UL EHRIE T H, 2% 07 L TE 2 i
i fif -5 24 5 B 43 BT Hh B R e A T T

IR AN T B A TR £ 2R IR T I
WA KB FUKFE G R RS
A= B O T AT M A 0 AR Bl 2 B
Sl i % 52 2, C.R. Casey P R 2
NE— KW (V(LNE) = V(OK) =8 : 2) SIS, 28
DSPE i R+ J5 454 UPLC-MS/MS i R sr 1 B
4 N BRRE TR A s 112 R 25 B A A
Tk B A S S 2 e I B T AR

PR 2 LA 8 TR Ry R, e U A A 1)
A PR B S f B, I B R R AR
PRIE A BAR IR AN T A ] BE S 1 28 24350 40
fifk S b, AL PRIt v TR A ) 24 R B P — 2
Fl FOE S kA St S - KRV
(W) = V(K) =8 : 2)#H4E 4 PRIME HLB [&4H
RO AL, EENT T PR R A NIBE T S | e i
TR | 588 = 28 5% 36 M 255K B (1) UPLC-MS/MS
Rl ik, S5, 36 Rl 2578 0.5 ~20.0 ng/
mL YU P2 R AP I ZRPE R (RP>0.999) , 4
FRANSE BB 20510 0. 10 pe/kg 1 0. 20 we/ke, 165
AL 3 ASASREINAR K- (0.5 pe/kg 1.0 pe/kg Al
5.0 pg/kg) BRI Ky 70. 8% ~ 106. 9% , Fi X AR i
22(n=6) <5.3% . % IEEAE T B MR E S | W
WS BSS SRR E B -, T[] X e P Y 36 2 g%
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BAFEATRN, S. J. Lehotay 25 5% Fl UPLC-MS/MS
AR LG HE VG e M 2 75 ot $a0 i SO Py |
MKEEE AR AN i v ) 186 Fh #4245k B b AT 4007, &
PULE 10 pg/kg 33 wg/kg A1 100 wg/kg MARAKFET,
ANTR] P 83. 8% ~ 94. 6% F #4245 [l F 2y ik T
70% ~120% 2 [8], X BR i 25 <25% , 1T i J £0 2N
BII£ PR R 0 v 24 22 B B R L

ST TR 2 L R R T 1) B 2 2R R 28 4y
TEE T 22 50, SR GE R 2 5k FH IR AL & 1 5
TR CIEGT, LA BN AN [ £5 24 22 5% B4 %) [) Bp A%
i QR (ENCIli N E ik G i DV E M SR SR PP A5 e pE
T EAE R . SPE 2 AR ¥ b ROCR BT 5 BTk
AL, {FLET 5354245 5% B8 55 71 RH 26 BUME Rk [ 7 1 o £
MSBOL R EAK, M Z T, DSPE AR 154
R R B, TR — R 2 22 5k R el i 2
ROy (R T RE 15 A RRitE— D4 T, wi
BUB B B BT b B R R ST 75, B 24 43 B o 5
T Ve PSR i e — T X L R OF AR, A ok il 7
EVERR AT TG T, X 23 H 258 185 B 22 4 XU e 1Y)
HZGER R T BT IR TS, DLEE ST & TR R R I
REMERG 2 A 3, SCB X P 28 B HL ) o 8 2 5%
B 11 4 T M B 2 4 XU 5
2.2 BERHEHBGPELGZKBKRN

FEP G R R R v B2 i R B XS
25k R I B A R, SR R WK QuEChERS
HR Y UPLC-MS/MS A AH 45 5 460 38 25 v 1524
FREA  FLAT R BR MERG AR S A X Xu S5
A B A e Ak = 2R WU I AR A S e R S5
UPLC-MS/MS AR S B T X 25 v 22 -5 24 5 BA 1Y)
R, % 7 A BRAK (0.1~ 3.8 pe/kg) , 7 2 ~
500 pe/kg TEFEINLPERLF(R?=0.999) 3 FH T34
P2 BRI R A, AN, C.F. Wang
VT LC-MS B AR ) I & T M ik e
Je VIS RIFN RS B- NI SE 7 R
258 R R I 12, 2 i A i — AP R T

BEAb, SR FH QuEChERS H A 58 5%
VRORH (233 — A M 25 — H3 I DU T 5T 3 ( UPLC-ESI-
MS/MS ) HEARAASE A 1Y 5 146 U S 2 v A B0 P
K(UAHER BKREE SMERMBIRER) M

DS (i U B IR T B I SRV B R L T
B BAFRE ., BRI, TR IS 25 7E 1~100 wg/
kg JER &ML R RIF (R >0.99), & 1 FR K
0.010~0. 174 pg/kg, =& 7 PR K 0.034 ~ 0.576 pg/
kg, ZEAK L 3 M IFR K (5 wg/kg .50 pg/kg il
100 pg/kg) RIS R T 70% , B i 2A
e 1) SRR RN AT I HER . Tk 2
JiEF OasisR MCXx3ce (60 mg) [EIAHAE UM X RE T
PATHRBURIEL , 3454 HPLC-MS/MS $ AR X A ]
BROYHE M RGE) Ty 2o ek e R DR
0 5 P R DR s R 2 Y R DK e A TR, e R IX 4
Tl 25 25 75 & & b i oF 1l Ry 85.98% ~
97.38% , Krilll R4 0. 03~0. 33 pe/ke,

FeE R R R I IR S B RN
&, M. H. Petrarca %[4” i# 1 QuEChERS ES N
5528 K AE B WA €8 5% — D9 AR AT AT B JR] 5T
(HILIC-QToF-MS) £ RS A1) 7 2 s B 4y )L 2R
ol it P B 12 b fhe 2I 24 (g R i g T
W ik e TP AINSE ) o B, R BRiZ 0 vk RO v, T
TEBARIK T (10 pg/kg) T 52 BE T 26 1l i v itk e 28
PAZ B R 1 i R AU

o T s 2 E 2 A o s 2y
ZHR B ST I R SOR A . ARECT A S
PrAR | LC-MS/MS H A PRUEA w8y R A5 i i 4%
PE TR B 2558 B L Ry R B RAEA,
B[] o Xof 85 2 v 22 Rl TS AE 2 24 5 B A 7 Tk 1
G3HT, HLRTR o354 24 5% B8 Kt BRAIE 2= K A
BT PRI Ry B 208 B LA o ) 56 5T T e A X
55, H TR W 98T R QUEChERS 77 45 &
LC-MS/MS HARTEA [] & 5wy ab Pl 7 v 5 ¥ Ak 2%
TR R Rl E 7 8 B 25525 5% BR W] s 43 A v iz
Bz OBk R LR B2 B L i rh B 2 22k
B WS R o Tk
2.3 MERHEBGHELZ KB

P2 P AT R B P 25k R T 2
R a5 . B CLJi S UCR B 2L =
RGN ARAE Sy B BB, T 45 G UPLC-MS/MS
BRI T AR b Z2 -2 5% B AR 3% 1k
ARG N -HE 245 (14 35 35007 359 SR = 209% ~ 20% , K 4 B i



FEK,F A WRER BN LRGN P AEFEN G A€ - USRS R R <13

BRI 0. 1~3.8 wg/kg F10.2~6.3 pg/kg, Al
FHF DSk I A 7% v 9 445 25 5% B9 . M. R. Jadhay
LI LC-MS/MS AR H T AR Fh e 4= 13 78
FfrEa 25 5% B A0 2 A AT, & B T8 L T A Ak
Aty B ERS TR 2R W R RN AR W R 4 i e 2 5
IR BRI AAT . T Li SR S B IE C BE
FIf5 UPLC-MS/MS ARG G 1Y 7 45 Il 2 17
H B-INBEREZE (VIR 2 BT B3R R I B R B
W TR HER G 6 28255 B R IiZ T A H K
W (1. 7% ~11.1%)  H AR (2. 5% ~10. 4%)
YIRS 24 [AU # o 65. 9% ~ 123. 5% , K % b
2:<10. 8% , HA faj . 207 AT SRR A
BRAEWIAN  E RS ISR AT 5%,
RIC2 5% B I AP AN 25 200, g A 3 £
=y 207 e 2 55 BR R DNy 3 iR AT R B, R B
HPLC-MS/MS Fll UPLC-MS/MS $ A& FHYL T 45
FHER P 5 HAR T ZEA A Ak SO0, 18 T R & E
PRYIIRIM 34T, S. B. Ye %5/ FIH] QuEChERS 44
AR5 UPLC-MS/MS $¢ AR AHEE G 1Y J5 v A i = 45 v
19 s 375 i 25 25 90, Je BRI 86 24 g 1 [l g R A
73. 4% ~114. 2% N, E IR N 5 pe/kg, HEE
b, B AES F A PRIME [ A A HOH: 5 9
A — R IR DU BRAT SB35 B AR AR S5 B 19 5 12 A6 D) 4
WMWY 33 Fh (WK -2 A 70 R ER
Fa2e) B2 5% /i, R %07 vk B Pkt | el |
B AR SRS, B R R 0.1 mol/L
) Na, EDTA ZZ i W AR TR 0850k 5% ISR £
YENREUAR, 28 NaCl f1JE7K Na,SO, 47 ) C18
W RIS, 454 LC-MS/MS 5 AR I IT & T
ik P R DA T 2 R e SIS s T 288 R U A R 2
50 Ffr-i- 2555 B8 BRI 5 3% i DR A 38
T v 245 55 B A DRHURS T R H R A
W2 B G b B 1 BT B A O e T4
WO R A7 1 P56 B 2 55 24 % BR 40 B 24 SR i Bt
S, FL ) B R A B T TE AR
PR, LC-MS $ AR % 5 SPE,QuEChERS %54
ARABEE A TR 5288 B H b i B 2R 88 . TR
AW 25k B AR I SR i L SRS VR, IR
B EKES SRR R TR M)

PER25 5% B 0 mISCR AR, Ak, Z IR 5 25k A
S SRS A L pH (A 41 2 B8 A BAE H
PN e [RDSC 3 T DU A 3R 26 65 2 5k BR e ML 45 1 R
Y A ik XSS 238 O R ok, S B3 28 R Lol ot v 22
P2 A 3 ] AR R SR AFAE — 28 B PR R, T
TEPETR AR IO o 2 5% B PR O AR R
2.4 HttzhiEEEmPEASHBEKRN

B FaRPAZE RS W2 BRI A A S R
TG e I S BT S R
Fi ) F F§ QuEChERs R 5 UPLC-MS/MS 5 AR A
S5 77 I PRSI R S i S S A
an TR IS TR S A 39 B2 Bk ER A R A
FE R4 0. 01~0. 30 mg/kg F10. 03~0. 85 mg/
ke, %07 B B A AR PR RO &AL IR
IR B R - SRS (VR R) = V(L) =
0.5:99.5)$E M5 Z-sep+iFtfb & Lb AR LS & (W J5
TG DU BT JRE AR ity v S 2 AR B T A T 132 AR
2R 3% = 3 BSOS RO A T TR R b 2
LR BRI T A, A R BT ST Y B, -
SRR B AT i T 20 AR BT
o 3 LU BT fige oA T AR R AR R R F
P M, QUEChERs £ AR 5 LC-MS/MS £ A A
S RS I 7 1k 320 7 R oS S A ) e s e
ER PG T B,

AN Sl U5 P Bt R o A A 2 S O, ST o
W RS IR 5 25 2R B LC-MS B H] 4>
My e 225 JG s i R AR 22 (0 2295 L LLR
JUAERTT QA S AL 3 5 24k BR S B B ik |
FEBTVCRCROE S o R, A LC-MS B H AR 47
SRR 2 2R B B AT W RS
IEE S SREER R EN S AEN SRS FEE
YERT ERBTVE T ASTR) B i U5 T 5 o 4 i A i
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Research progress on matrix purification combined with LC-MS method
for the detection of veterinary drug residues in animal-derived foods

JI Baocheng'** ) YANG Lanrui'** ,HAN Yu'?? BAI Yanhong"*’,XU Xu' >’
1. College of Food and Bioengineering , Zhengzhou University of Light Industry ,Zhengzhou 450001, China;
2. Henan Key Laboratory of Cold Chain Food Safety Quality and Safety Control ,Zhengzhou 450001, China ;
3. Henan Collaborative Innovation Center for Food production and Safety ,Zhengzhou 450001, China

Abstract; The research progress in matrix purification combined with liquid chromatography-mass spectrometry
(LC-MS) method as well as their applications in determination of veterinary drugs in animal-derived foods was
reviewed. Among various matrix purification methods, liquid liquid extraction ( LLE), dispersed liquid liquid
microextraction ( DLLME) , solid phase extraction ( SPE) , solid phase microextraction ( SPME) , dispersed solid
phase extraction (DSPE) , and magnetic solid phase extraction (MSPE) are mostly widely used in different animal
derived foods such as meat, eggs, milk, and their products. However, there are still some limitations, such as
weak matrix selectivity of LLE, limited applicability of DLLME, moderate purification efficiency DPSE, poor
reproducibility of SPME, and time-consuming operation of SPE. In the future, the detection technology of
veterinary drugs in various animal-derived foods could be further studied in terms of establishing simultaneous puri-
fication methods for various kinds of veterinary drugs, developing novel and efficient matrix-based purification mate-
rials, and enhancing convenience and automation in matrix purification process to meet the urgent needs in screen-
ing of multi-residues of veterinary drugs in animal-derived foods.

Key words :animal-derived food ; veterinary drug residues ; LC-MS ; matrix purification technology
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