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Research progress on detection of various veterinary drug residues in
animal-derived foods

ZHOU Hui, CHEN Yan, CHI Qiu-Chi, ZHENG Rong"

(Shanghai Institute for Food and Drug Control, Shanghai 201203, China)

ABSTRACT: With the improvement of people's living standard, the safety of food has also received more and more
attention. At present, the food transactions of livestock and poultry are frequent and extensive, and at the same time,
food safety problems such as veterinary drug residues are accompanied. Most of the veterinary drug residues are
present in the growth and processing of this kind of animal-derived food, generally with low residual amount, many
types, complex matrix effects and so on. In response to these characteristics, most of pre-treatment techniques are
developed to reduce the effects of matrix effects, and liquid chromatography-mass spectrometry (LC-MS) and other
mass spectrometry techniques have been used to analyze and screen ultra-trace concentration residues in foods. This
paper reviewed the pretreatment techniques and detection techniques of veterinary drug residues, in order provide
references for ensuring the quality and safety of animal-derived food.
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BAFREZ, YRR LA S GRS
FRBARHY B2 FEAPUERIE BURIZE . PIarEdeE
A RARHEI A, TR AR TG AL . B2 2l
ARSI 2k, Pagy . g PR AL
Zydh . WORPEZ b AN HGR] L ISR ERE,
2y, Wedy . mAMSIAELGE . HII, SR HEIRLE
B 2 il T S &R & iR e R

B2 ] AT s, (et w @R, fRmEeh
FIUHIER, o™ St o SR, —SEOR 3k B R — R b a SR
TR, BRSSP, BRI 2 B R R A
Aiko HERAARE I, FRERVMORE A, ERI

B E %2 W5k B A S IR £ i PR R BB ],

PRAEM 2P . BARITARRTEVE Z2 1y A 1L TE Sh W 3R v il
AR, BAKMEY bR @R, R
JEMRATBERE LA R, TR RN AR R, 1R
AT R AR FURJE T a IR, R K
PRIRTE MG IR, W MOLERG R | K MR b P G
SIS P RT L, 2S£ T 5 BB AT A e A
THEE . B, O TORIPIH R OMERE, FA 1 20 B 255k
BAVEA T AR M, AR BRI e i b A

2 XS SIS B T ) 2 5 B ARG A o
EPTEEHEN. SIPNNE, s, ER . AP
XTI, FEIN L A SN AR AN O A, AR Z R
NG SR TR IAT T 835 M . Ao A 4h
AT SEAE A S IR Ly Hh 2 b 25k B A DN A BRCER LA B A
FOrik, WARHIAL BB VL RALER 23 Mk, LA 45 & 57
SN D5 BRI 24, (R R sl DR £ i ) o 22 e it
— RINAR SIS R i

2 BERBEMEIIERA

P ER BRI A RE S B R SR | 4145 Zini B A
WPy & e BRI R i, A — R B RTALFE A REIEA T
LRI o AT SBBORE, B AL FIRE il 2%, ax sk
RS W B AT R HERR RS B . Bl RO RE Tl &5 ik
AT DA/ R T BR AL BT T4, DT 5 M e 13 1 A R
1 A3 AT H O R ) — B O AR o 8 B AR R R -V A
B (liquid-liquid extraction, LLE), [& ¥ # B (solid-liquid
extraction, SLE), [EIAH#HX(solid-phase extraction, SPE), [#
FATUZE R (solid-phase microextraction, SPME), JiFEA 0% [
B (stir bar sorptive extraction, SBSE), i Ilfi FLifi A A L
(supercritical fluid extraction, SFE), Jil 3 & 7 2§ B
(accelerated solvent extraction, ASE), #A7 i fI 2 LA .
R et A A HLA IR R . A BRAT G, 452
EEBI B, AZBURRES TR KR E B4k, b
B BT ARACEAW T, AR, I R AR

Bt 3 (0 1% S QuEChERS(quick easy cheap effective
rugged safe) S /i) IZ T RS TARY . BN
FESORIAL I, RIS T acE .. X EOoR 2L [F]
FeaURWAERN, WEEN . PR R EBuSRs . 7
RECR R HER . B RRRRAK . AL S
AN 4T, ENIMES = F A SO T3 5
RIRASE, JUHIR & Rt ICrs ) s/ v 300 i 28 LR R
X AL OB S
2.1 R-REBRUE

LLE S5 # FRIRE SR il B 80K Z — A LLE 1, Ml
AR R, P LAKE A3 B 0 A B KR B B R S /KON TR
wgEslth, R LLE /) 2R, (HFEETFZE0US, 6
MFERHAE R TR R, SE LI, FEi 55§
RAPEAL, M AE B 4B T B A I BT R PR
VAR A B (liquid-phase microextraction, LPME)J&—Ff
T LLE BRCZERUEE AR, J& 8 T 5Lk LLE (96 &5 1 &
2D S ARRE SR (SR )RR A TR 1 7 77 2K TR
(Z AR ) Z A 4T ZE B . LPME 7] 43 A B3 il 2 B
(single-drop microextraction, SDME), HH%s £F 4 AT AL I
(hollow fiber liquid-phase microextraction, HF-LPME)Fl4
HY W W 25 B (dispersive liquid-liquid microextraction,
DLLME). SDME & i AH sl 2 B Hh de faT SR i X, THAE DY
BHLER L, FERIIR, BT 2RSSR, i,
v T S R P A B B AE TR ], HF-LPME J2:
Pedersen- Bjergaard Al Rasmussen 7£ 1999 £ H A —Fii
AR AR, B R AL v s SR R A Ry ik, )
FH AT FLZR I 9 B4R B2 E AT 25 B, AR O
A B4 T UERE 0T . DLLME & Rezaee 26U H 1) —4~
SIOCIRICR S, AR EOKAE S, ZEIOA A A HIGAIE T -
PR BT BILAE T 70 RN A WA R T AR SR,
ST B BT T 2R BOA R, TP AR IR MR . Z
Ji SEBURE 5 AR O R 22 8] A AR BT, TR IR TR 0 I
W T A AR T o0 0T o ZE IO R % S5 KA IR 1Y,
gy . RN S R b, T 43 RO TN K R
AHLEFNRE, MOmE, FEE, ZREmEE, mRES
PRI 26 BT IR ARV 28, (B BT AL, EhE
e R M FLIE 2 S 2L ik o DR, AL 4R 8,
AT BB T IR IX e e i i i AR I AR
22 [EiRZER

SLE HWJJEIEZSIF LLE, HAHTP0E M A s 4 I
Mo K EARESD 52EBOR TR G, PIAEA AR, PPk
Fan 2 BB ZE U . A AEHLERI P T SLE, &
M, SLE i@# R 13+ HHEA Y LLE IRy, #1aniH
FERIJEN, ZEBORNTESY, BRI AMILBIE . H T4
PP, A AL B AT AR TR AR



5510 31 J#

W, S8 IRTE R S Rh 2 AR B A I A o 0 2891

YR AR ZE B (pressurized liquid extraction, PLE)H', HL#% N
ASE, [ /AR & FI0KE 28 BOA R 5648 2 2 0 b, 2T
IR Ny, —AE 40~200 °CHI 500~3000 psi 5517F T 45
% 5~15 min, PLE H i B 1 3 A 3 0 T 246 e 26 JBURE i),
LR T VA R AL BT, BRI RS R AR UE
SRT, PLE FE BRI, "k, XRREIRT
PLE 19 % I ¥ £ Pk A 3E A o o 8 75 40 B 48 I
(ultrasound-assisted extraction, UAE)J&if 12 #8 75 i 4iff Bh i
B . SIS S A R R AR LG, UAE R 57 75 5K
/U [RTEREARGT BB, RIS AT AR S0 T 3R B AT . SR,
MTREIRTUR BT YIRT, 2 AR 5 e Z PR 4
g,

2.3 ERHTEREX

BTN C B TR S A BOR, #1401 QUEChERS
F0ER B W W % B (salting-out  liquid-liquid extraction,
SALLE), A I3 A4 A& KRR bl P i 20 SRR
T2 KR VT Y R U R I AR LA T )
VA BE REAIR, X R R T8 2 B 43 e 5 7K TR 1Y)
BHEN . MR B K EEE RN, BNERE
MLA T RO €635 vh B i WL R S A2 o, B fhsi s
P, HUbRer, I RADIEEREANRET) . TR
FORRAL IR & AL AT PLER, BN SRR S
WEIE YA XL N Z AT T SRR R, BAER B
BRI A 13 1T 205 AN E QUEChERS HI SALLE i 2,
B R AR BT R YOI ARE S b, $ESIR G912
o RIFWCHETE BAA HLAR, BT LA B S, UK AR 14
% (aqueous two-phase system, ATPS)ZEHUE S —FhAL T
FHZ A ) A B R A 28, T S KR i 4R By
. B WIS RS AR BT R R G/, W
FRIAARRZ G A RIE ., RO _FSHERE, miaihsk
PP R ER S5 A T U LI 1A R Ak i LU, S A B 2
BAFE R A WA 3 F R, IR pH AR . 5 At
KSR FARM L, ATPS N ZH A LA .

2.4 [EHEZEEL

SPE J&— 2 AR S il AR, S 2AE0LT,
SPE L4 T LLE. MREEFESE AT, #RAAF
PRSI EA T b, — R HIRY SPE A A HLB AL Cis £k
Tt AR AR AT B £ FI PR B8 A1 55 BLE T & I A X e i
BHUFETRYY K AT (carbon nano tube, CNTs)? | 4313k 58
4 (molecularly imprinted polymer, MIPs)2UHIREPE RS K]
TGk [ FH £ B (magnetic solid-phase extraction, MSPE)J&—
5L [ AR AE B HE AR, R FHRGPE L SR FRIR R . 1 AL
A AE R4 8 L AR IORIAZ Fe; 04, WA TOHLEL
AR, AR . A AR . ORISR ML, Tk
ERT VU E ReAME A, LIS B RE 77 . HoAth [ AH AR B

RS TS [ AR ZE B (solid phase microextraction, SPME)FI
T FHA% W% BFF 25 B (stir bar sorptive extraction, SBSE), 7£ 2 Ff
BOR, WA R B ARSI b, JF HELIU e o) i
W REAEAH [ A R PR . SPME SR R MR SAI A R — 45 4k
RESCN N SE, AT TS . RS A o P 4R ERL
I3, SBSE SR FVRAT R H RLrk S bE s S PR,
R W Rk BRI RS MR 5 ) R A SR
KAEFT, Ban BRI 1E FOR B 01 . 55 SPE AHLE, SPME
SBSE #EME, W/b T XRE SRS R . DRI, AR AR
i€ NSEERE ¥ ey € SO 1B = (S G Y
BN B S AR A I A0 BT I B 3

2.5 YRR MIZEEL

20 W) AR W B #€ B (fabric phase sorptive extraction,
FPSE) 2 iff 5| A B GRZE I R, SR SR B %
iz -5 B VIR VR B 30 ) T A2 6 P ) A A 2 sl R R A R
FPSE I F&H, Wik 58 1 £F 4k 2 sl SR Be b kL5 00 D7 e A
— RO AR S SR SN, BRI E T A
WIRE, WEERZEWIFE 4~10 min, RIFHBESH
PRSI/ R Z UGS S PRI .
1B FPSE 2GR ZH EAEERE . R(CTEE). Cip Al
i #0% . FPSE i FMRER, IR IR, k=4 ]
VI35 | AIRRESL, 95 &R G AL R4 . FPSE iKY
A AR AR IR B R T R, PP RE I 45, 5 SPME HUAR,
P T AT B AR R P Bl BRI IR SRR,
S S (8 Ak 2 R B A U AR 23 25 £ R I LA Ok
2B R LBl e

3 SMREEIE-FUEFFRIEKAKRA

2% BR PRGAL 5 1) J5 VAT T W0k (microbiological
method) . FFER G0 58 W ff} 92 (enzyme linked immunosorbent
ELSA) . & & & % & J2 M % (gold
immunochromatography assay, GICA)., 4W{&E4s. )2
{0,325 (thin-layer chromatography, TLC)Z:R4=1 . i iEM &
J5 ¥k R R M AT B BOSHOR . R RE R B R
TEHOARFEMERE 1 3R BUE LA S o —, BES
kS 2R B A A b RO E I . e T, R
5 0 WM % - = DA FF AR BT 3 (liquid
chromatography-tandem mass spectrometry, LC-MS/MS). &
AH 8 3 - DU R K 2R M 2 F Bk B (liquid - chromatography
coupled to quadrupole linear ion trap mass spectrometry,
LC-Qtrap/MS) . & AH €0, 3% - 10 A% AT - " 47 B [ 57 3% (liquid
chromatography-time-of-flight mass spectrometry,
LC-Q-TOF-MS). S {4 3%- i (gas chromatography-mass
spectrometry, GC-MS) . & 40 & H ¥k - i 3% (capillary
electrophoresis-mass, CE-MS),

B i PR AR AR B W 20 A RO S R

assay,
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F R AR (- T (HPLC-MS) BB T . 20 42 90 4F
RUEH, LC-MS 1kl ge 153 7 W4 s, KT
e . AfIARIER AR A TP AR SR I 2SS B TR . mAL
YRR € 1 - — R O A T ER IR 5 335 (HPLC-MS/MS) RE 6 X ik
TS YA TR B € R AT, SRR AT AR AR G —
HR BT . il RILFES, LC-MS U@ RE4
SIS B H ARSI W 43 MY (high resolution
mass spectrometry, HRMS) 5 A, ] 40 & 47 ) [8] JiT 3%
(time of flight mass spectrometry, TOF-MS)F/1 Bk i i,
AL B AR & YRR A& P A T R RO e, e ST
Bl R AT N B8 AT PR A, Tk 26 5 i A
ARSI AT SRR 43 B FE SR . BB s T LA Ecds
PEATAST RAE, A LC-MS 43-Hr iR 1A G B .
TEEL b LA 53 BT 5 T, P A s K i T B, REFRAS
PR, EEEL, MR FEE RN AR, e
ok B RS AR TE AT AL S BT AN . B,
A S A A (0 3 2 0 B AR B A e L B o3 B HL 2 e
ORI KPR . B2 0 A s B2 EAE S LA
LR A R S 1 5k B R TR £ BB
3.1 REEBIE-ZEMNRAFEIKRE

WA Bk - = PR AT A R BT 3 (liquid
chromatography-tandem mass spectrometry, LC-MS/MS)E.
A XTE HAG G AT o B B3R T, AT RIE me/ke,
P2 ngkg KV, HARBUER, EEEMELGHAUR 7158 5
FERe BB AR R, R T LR
KD AS BEAT 3BT, QSR MR I A, (H XS TR IR fE K
V- R R AN R, O AR AR SZ BIBR ], 1 LC-MS/MS
Xt gl TR e | e A Tz Y, AR
KT QuEChERS #21, ¥k, iiid HPLC-MS/MS {2
HOE T AR 3SR R R A NI GERE . &R 2R
KN a5 . I, BT 6 BTN REZS )
Msk Rt UL, AR SRS d S TR LC-MS/MS
SRR A A K7 b LB AR 7 s v 2 2 P Y
B, R T AT EICR RS S . TR E
Jok S 7 R R R % - B I R DO AR T S, RN
bR i, PREHETRIE T E T AER SR WA
T - = DU A B0 S5 i ) T R A i P LA I
FROVERRL, B, ARSI Th A3 Tz HON T .

3.2 RHAEEIE-TURAT &M ST R
WM 6 - 0B FF 2k M BT B R % (liquid

chromatography coupled to quadrupole linear ion trap mass
spectrometry, LC-Qtrap/MS)5 LC-MS/MS #tt, HEA

RG-S WRRAES, REMIRIN X 2R (&Yt i
WELL R0, 954N T LC-MS/MS FEiZ EAEHIFI . i,
P SR TR R ARG 1 A v 33 sk . Sai 4514

3 2ok R AU (8 1% - e - B B3 1) v () 0 E S )
TEPE R S 25 Fh BBk shiR A0 23 Bl B 32 RBE 7 o 127
FHSREAL RBRICI 9 4> Bo- B sh ) FAAE 2 = PR, 48 Ry
Py ARG 5~200 pg/L, FHRRBCA/NT 0.995. %
Pes BRI, 25 EFIERI 25 55 AR S == i br At
fho FALA I IR Hy 46.6%~118.9%, HIXFARifE(M 2 H
1.9%~28.2%, WP, JHFEANE EREAC 48 Fh/rHrdy i e e
FR(CCa, a=0.01)JELFE N 0.05~0.49 pg/kg, ¥illGEF(CCB,
£=0.05)EFEI N 0.13~1.64 pg/kg. &L T 110 Fl
SRR AR, QAR IE ARSI REG I . L
3.3 EHEEIE-CITRE RE

AR 3% - KA TAT [A] B 3% (liquid  chromatography-time-
of-flight mass spectrometry, LC-TOF/MS) 3 #¢8E 7114, A b
TR miz ARG, RESARLF A EST Hi i
F BT EZHATE F . Dasenaki 2514 E 2 IF & —Fh
Iz BT R 5 1 T T Mg 2 A2 W) o %5 B TR R AL
TRAH €335 - DU B AT - "R AT I A] BT 1% (UHPLC-Q-TOF/MS) EL 4
BRI E T AR A I 2 143 R 2R, %07
DS 2 Rl BE AT (00 78 PRy A TR UE . B B A s
AL R P I ), A A SO e P PN S ake P 4 [ 2Kk o
8, PR TR A %E . Zhang FUR A
1 RO R €8 - DO AR AT - AT B[] J5E 1% (UPLC-Q-TOFMS),
TR T —FhE PG 1 2 R R Wik, T £
Hh B2 R i S FE S A A o R A T 90 AR 2y, R TR
14 ADF, WARATEER | KIFNERSS | BERS | WE TR s |
PURRZRE | B-Bhi] | -S| BRERR] | -3 AR5 BT
PEBCER . BERCBTIHOR | AIERKESE | SRR pkmEe | fig gtk
W 2SR A . FEBCA BARAE L RO,
QuEChERS ¥ VA A TRE R il 45 o ORIt . R |
HERREE . EAEVERI RIS B TR IiE . AR E s T
AR =T G N i 1V 1 S O < L1
(HPLC-Q-TOF-MS)MI & #4 A Hh 31 it p-32 138 8 7] iy 6t
DU, s A A B A3 A T IR, AR LSS I
BT, 7E 18 M s s R A B TR ALK
SR 31 F p-Z RIS . TSR AT QUECHhERS YT
Ab PR TR, A A R RORCRE 1 - DO R AT - AT N [R) BT
(UHPLC-Q-TOF/MS), BRI A 625 33 FpE 25k &
5B ik
3.4 SHEGIE-FUEHKARA

S 1% - T B 2 K (gas chromatography-mass
spectrometry, GC-MS) EZ W TR A 2k . #AFEm
IR LGP TR . —REESR A BT AL & P 43 BEAIR,
X PRI, R, A RS, HiEH
Pz BB, R I, BH2E R AR A Wi i R
GC-MS/MS FELT 3T R o 49 Sin 21O )iz
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FM M - A AR £ Ak 2 HL B T3 (GC-ECNI-MS)
BT, KR AT AR A s R K -2- $2 R (QCA) . TEX 548
BRI 7 3 e Bty B, R AT ORI R FH AT T 4 R
Tian ZEBIIEEEY . FURNERY . EhMRAKATEER . MR
PERAAN T PGSR, KA Py-GC/MS AR 1 S il
BN 7K 5 P k2R R AR R ) . Py-GC/MS IR
ﬁﬂmﬁ.ﬁﬁiﬁﬁﬁﬁlhzﬁ$ﬁﬁ¢ Xt e
WEAT TEE AN, SRETELN, Xg LR
Py-GC/MS A] FIFWF5E & i 15 G (I A O 45 e i &
PERERE . B, Lozano W@ it LC-MS/MS #i
GC-MS/MS Xt Fear#ir, il 2 T e b iy 322 Fhfb2#2 5
FRER, IFX SRR BRAG 2 Al Ak e .

3.5 EMERIK-FR

B YN Ik - R ijé?(capillary electrophoresis - mass
spectrometry, CE-MS) EZ Ml F &b & 1 gl 2s, IS
FRIHEH: . CE SRt Pl | Mk sres, i %U*ﬂﬁﬂ:?ﬁ%%%
D (CE FE5iE M TR BRIVEE S . CE A9 R 2
W2, H2S5 MS 456K LI %I‘LﬁﬁB’JTEO
CE-MS 5 75 73 B 55 Fl o 8 5~ A 4 LA K e AT T A S A e
F #4552 Moreno-Gonzalez %1 3 it B 404 HL Ik PUAR AT
& 47 B (A i i% (capillary electrophoresis quadrupole
time-of-flight mass spectrometry, CZE-Q-TOF-MS){ll % 2} 7}
FEA T 15 FhhizE KR Y8 FURR R KA G 7 Fil
METETR 2SI A W) o 2T IR T LA — RGBT P RIS 2 1
MS/MS &, T AL AR 1.

WiE AT SR ROR B R TR, Kl 2 E8 A B
Bro RN, BN BT OO A TR S, TR
ik 5 % e, o m] R T R A A AR A B IER L M 1Y
AL AT, BB Ok B R B A ES T, AT LA
F BRI B AT, A3 SR 1% & T T B N
R ™A B A TR R

4 B

S PR i R R R SR I 5 3 P B S 2 I
JESy 2 ANTrTE, — ok il S PR AR A A BEEOR,
TLRE SR 3 HTIS T AR, AR A IR AN Y R B
J& KRN 2R AN Tk o Pk, SoR—MRiiE, R
B R PREUE P Z R YIAR BAIIEOR, G L
TR 2

SE 3
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