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Abstract: Antiviral drugs have been banned from being used in food-producing animals in many countries of the world.
Long-term use of such drugs will cause a series of problems such as drug residues, animal poisoning and virus variation
and, which will have a detrimental impact on human health. However, so far, the country has not yet promulgated a national
standard for the determination of antiviral drug residues in foods. In this review, the major detection methods for antiviral
drugs, including enzyme immunoassay, chromatography, spectroscopy, electrochemical sensor, and chip method are

summarized and analyzed. We hope that this review will provide theoretical supports to promote the detection of antiviral

drugs in foods.
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Fig.1  Structures of antiviral drugs

1 EEHK S s W B  E 7

B T £ 2 W B I %€ Cenzyme linked immunosorbent
assay, ELISA) J&3ET 55 PUAARRr = 1 A0 45 4 1 J 38 ik
TairilEr, BEAEEEsm. REUEs. B HRIKE
iR IF HoAZ 07 V3800 G A R ORH iy 17 R i A v ) T
B, AT PRI =Bk —

5 A SN T s S NI BERL 1 T 45K, TER 4
NIGE e = B B AN T s, il 2% T SR s B ik, ##or
TELISAEL, Ht 7 e sh 20 23 G Wb i & = 1)
ELISAII &, HHBER T Z ARG REUE. HEmPE &
TR F L, A E A IR 290.25 ng/kg, IR
HN82.5%~91.0%. ZITIEBRAERE M., PRid. REE
w1, AT U H SR R S Sol A s
L Pt a- TR 7IEBRE A (immunoglobulin, Ig) G
Z L BEPUAR A PUE, R a- T o DU
N, BIEXNPTAIE L (double antibody sandwich,
DAS) -ELISAYL, M TIERHa- TR EER. HITiE
A2 FARIE T )T, AR

2 @ik

2.1 AMHEBRRE

KM% (gas chromatography, GC) =& F H
VTR R AR B TR B T 2 S R SRR A Y Y 43
B TR R AE AT S, BIKGCAE T H
ATk mlm AT e Z G . T K 2 Hbun
K rim, B TK, BRUIGAERE S AT 2 g R

5 A VLAAFRIE IR A, FHATAT A4, A ReEN
GCHEATRE I, #EAHEAE S REAHN BB, 55 AN
VA RS, R LE B0 B 24 Wk AR I 7 1o 2 A
L

Farajzadeh 2"\ & 1 W 52 4 WIRe e (1 GCi% . %07
LUV R 8GR, 1,2- IR AR N TR I R, AR
TR T g A AT A ALV, kAR Ak 43 B A B B TR 1
TN AT I & AT A R R [E) DL %
W ZERURAT, & RIAB TR ES (flame ionization
detector, FID) #EAT /AT kLI o b 5 2 5 75046 FH = AH
A RHBRAG. MUK ESEPRHEME AN, RETA
ERFEF RS, R EEFEANEE (mass selective
detector, MSD) & &Nkt RARENIFE. & RIb

B4 NI E g i LT 2% Celectron impact, EI) 3%

K, HT&emk; FIHFIDAEN &7 2 mleE, Hi
HIR A2 ng.
22 AAMHEORE- TR

GC-Jfiif (mass spectrometer, MS) 7£[FGCyE—
B, PRSI HRIATATAEAMN, HEDRES, HIGC-MSE
W& B 2 2R 2V R IE AR

Herold %" "0l 8 T BN GC-MSi%, I i ¢
FHIERI S B, ZELERIE-DoN R bR, i
FAESEE, HEEEML, EWRETEEATATAEMRNL, 13
BPRUT B R R R AEY), Sk E T RIS
BTSRRI E .
23 WA

WA % (liquid chromatography, LC) J&i#id
WA T EN AR R DI 5] NBEA R G, TRt i i 72
ANZFREMmE MM SRS . Har, e
R RAYMLCIE R EER 2 PR 2%, B %4k
K 2s Cultraviolet detector, UVD) "53¢ Y46 I 23
(fluorescence detector, FLD) "*", SR K #F 70 Hi 9% 15
G W) TE I R I 5 AN OSCRN 58 SR I, DR R TR B i T A
P AR 2 AT AT AR AR A

Jing ShaojunZs" 6 & 7 I 5 &= Wt 4 (1 78 280 AR
- AT E, T AN [F AT A AR (2-2%
AR OBEE . PR ERR-2-IEEE ) 5ATAMEE
(25~60 C) , HZIEPE T 0.3 mg/mLIPHETEEUNATA
WA, 240 CHAF T HHATATAM R AL, L33 mmol/L
iR A (pH 3.0) /HEE (12:88, VIV) NHBIHH,
WS C R BT 208, AEWUR K345 nm R S IK
480 nmALBEATHTIN  1% 7592 (1 R 94.3% ~100.7%
PR 40.1 ng/mL.

Cui ShuangjinZ:" ' FIFILC, 724N K256 nm4it,
LREE/K (85:15, VIV) NiishtH, 1@idC  ERE Xy
SRR 4 NI 2l S 36 S WIEAT 20 BTl 28 o %077 BA
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9,10- A E-2-TE it & (ASCZ) (ENATAEMRT, FHiEd
SR B0 UE T AR R T A RE S KRR AR s oAb, i
AT AR 2 5 WS A ) B AT OB, AR R
FEEBR-2- TR E G, AR ) S A ML A AT A
HORTR=2 e T N T S 0T 7 N - A 1 e /Y [ 792
EEWIR e, BAHH R 20 ng/mL.
2.4 YRUHI O R IR

H AT, 80% LA I [f 47097 55 24 1 vk B9 4G W 5 vk 24 7
VAT B ICFBE (liquid chromatography tandem mass
spectrometry, LC-MS/MS) %, HEA 73Rt
RS KRG, B E . I S5 a5
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7T MBUREFRAGMNRE R . 2K MM ER, @
IR A RPH S F 22 (mixed cation exchange, MCX)
IRk, RABHE Amidea ik, @it MSHEATH
W, KRN0 pgrkg.

W ShE e B BRI 2. 2RI . TR
G =& ORI G4 FRERBUE I L C s SRS 758
# (strong cation exchange, SCX) . HR-XCPHE T
AZHFIMCX 4 b [ A 2 U 4607 30, BARE 4 f)
[0 R AR, BRI 2 0570.2 mol/L 3 IR VA AN
PEECH A, MCXE AR R B A k7 50, W5 s
R E W E . BEMhE . LK E . RokRE. Bl
2R RGN . AR ke SRS Fh b 2
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DA FF B/ 1 % = 50 20T A 40 B 2 RS A v 1 4 1 o e £
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P I R BE G B B B Rl 1% = A ZIRE
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T 5 X A 4 I e AR TR B AR R R, e RN
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A, HFIE KSR 7 Fhbum E 2R 2 ik
By PN T LR R % R (131, VIV
RNERIEF], R EWHE T (polymer cation
exchange, PCX) [EMIZREBUR 44, 5248 5 b & RIkE
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B0 JE, 15 RERPIIMN A SR (graphitized carbon
black, GCB) FIC, 47 70 HL [ ML BG4k, IR AWK
A5, BT LC-MSIE M 2 3G PRI JFF Hh (0 ) B 5 AR B
B, ERCE N83.5%~120.6%, WPAIF R BRI
HFR91.20 pgrkg, XA AL HBRN1.54 pe/kg, %7772
PR WERDRE, FTHT H S ik
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easy. cheap. effective. rugged. safe) J5 ik [F#EHL
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1 490.02~1.0.0 pg/kg. EINEERAEA X fifE, IF H AT
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NIREAER, £MgSO,MNaClE:Hr, it C W
oAb, mZORAE BRI, 4 NI b e R 4 NI 2
IR R 43 51 91.02 ng/kgM0.67 pg/kg: 25400
1% &1 RGBSR . C o
N-TN 3 4 — % (primary secondary amine, PSA) JH
BRI A, T A P S e I R R, AR R
0.6 pg/kg, ZIFEAEEATIGE, HUHEHIFE R . QUEChERS
T3 A o B A A BUA R AR R, R RS
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RENLI B, HERERE TR MAARRR . A HLA
THFED,  DRLAE B it 20 ks I 75 T ) R Rk
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IV IE O 34T 0070 ARE ORI s X0 PR RT3 2 v 4 I e e
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e E S % = R ORIE IR, R IE
UG B 7 S A B Mg, 0 A 2R o ) 4 W1 e e Bk
B, ZTERR IR N2 ng/ke, [EIUER N88%~99.8% .
MR AR EBAE T, R s, HhTaRERE
B, FHEANB N T ATA AR RS, B AR
T8 AN [ A A B X QUEChERS J5 ik, 1R AN 28 46 00 i 7
RABONPENEETTIRER, Bk, WREERNEE
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AL, oy P EE R A AR A Wk ) 2 AT AR UE
A, B, FIEFARSAEABRAF BTk, HiFE
AR P 1 1 Tl I T I e PR R E 5 AR AR U A 58 A AL
NFIEHEMREZ, 1% LR IR C  RIPS AR
BHA A BE AR, SR FEOES S, EAMSKI,
%7 V2 R W 1 1 b ) 5 X6 PAT v ) L S5 b A A = A ke B
&, R0 pegkg.

G U S O ST T AE R AL LC-MS/MS VI 5 WL
P A A2 b S Wb vk B R, Rl T ERL (Y
RIS S B Ok 2, B 4> IS, R
HELPCXOIBFIFILIER, HUE SRS,
Vet PRl Sl R AT A )4, A E R s A
¥ E EAEPCX AT A 1 & Wbt ik B 22.C o7 & il
FEAR AT 2 5, @I MSHEATAI . &7 R R R
83.3%~93.6%, 4FMEERN0.25 pe/kg: SN
A E T B IEN0.5 pg/kg. M7 RE I R L A0 R B S
ALXTRE i BT I, BRAETIE . ENE 7.

25 EBUEHKIE

BHE HIKR— R BME A BIEIE, DSk ER
HLIZ ARSI B 2 B RO, B TR 4
W E . RRUEMEL . WHARE AR A, AT RMENLCH)
BRI, HHTHERMEZ, EE5 R
SEVERRAS, M2y 7 HAE R A 7T T2 B .

ReichovaZ: PG g 7 F F I 5E & Wl b g . 4RI
LW FEENIFRE RN BME BIKITIE, B %S5
BN 2 X3 MEAE Y, LAE S mmol/L H R e
LEEK (L4, VIV) HHMEE, EEMEEK210 nm
ib, K tHBR0.35 mg/Ls A d i 7E A0 A o
o-BNB- IR WIS SRR 4% &1, I EAT 4L 0 .
Laborde-Kummer%:™* B 408 B ik =0 2 7 7 g R 3 b
WM& &, ZTES T KNS5 min, BAERE
e HEFREE S AT R SRR A, R PR e SRR
43 280.97 ng/mL553.24 ug/mL.

3 bl

3.1 arkfEE

3 e JEE VA 3k N A 0 0 TR T AR K bl —
SE AT Y RO FE BSOS BE, 6f HEAT E R E
BONITVE, BAENRTZ ERHEG . REEE.
I3 AT RAR AR A

Rizk %5 2003 4 $2 H FH 48 41 50 e e FE i Rl
TE S ARG I B 25— R R S NI e i PR T LB
FREE A F AR, ZilfE R ERERE T LEHER,
PR — R 0 Sn i P A — L & 1)
(R S WIbEiE . K P RE TR RR S A IR T R
HLfT 5 7 2 A D E330 nmi K Ab A e KW, 1% 571
ECE 5 (99.68+£0.92) %, (100.3+0.75) %.

(99.840.76) %; Raut"O it % 4h ) e 1 it
280.5 nmPE A AL AERH I E B A Al S, oAl 135
HIREE4~24 pg/mLYGF N A LR ERE, ZIEEAE
faiff. REUZE, KR ~0.342 pg/mL; MustafaZs " F]
B 5 3% =5 7E pH 9.0 F B R 22 i 1 v P 5 240 4 15 7
BRI 2% A1 T290 nmi KA e KOOGS, FEAEK A i
Mg/ HEE (1:99, Viv) 5 (11D RN BI %5
YITE287 nmi KA BRI IS, AT 5 BT 3 0 = )
&, HECR S HI899.32%H198.77 % 1AM 4 Il ke e /8
pH 3.0/ %A1 N u] 53 M % &40, #5295 nmifk KAk
D5 FEMR ' BE mT T HERf o2 .
3.2 IERAAMEEEAR

T 4ME1E (near infrared spectroscopy, NIR) J&
—FHAERSR PR B E AT ROR, BAPOE . BRAEE
B FER D AEFE R AT RIS R, ik
SRR RS2 B ATTH S

Dou Ying %" F| FINTR 45 4RIk, 008N T4
SR T e R, B SE®RE, RAE
D3] ARSI 52 4 WIRERL (K /s Titova2E g . T
NIREH -0l 5E 6 NIBE G i 2

SR A I AT A g iR R R R R K AR R
FES AT A, I HZ A AR5 EAR A DU 2 R A T
BEATHEY G, BRI T TAER; A, BB
PREEAS, MINIRIE (45 R 27~ A2 . Rk H #l
NIR 7 VELE B i 22 Akl 7 TS AR AR B2 B

4 RALEEERSE L

FEL A 2 A TR 2 £H AR 05 5 ol DN 21 2 R o 40 2 1
FHOE S S I BUB ST T R, AR e R
HLOWE AR, T H O R

SalemZ& 5L TS M BB AN A7 88 2 10 B8 Tk B |
W il £ Ak 22 AR IR, T I 259 B N R B Hp 1) 42 W1
o FE R R I ) R BV S, A B S TR L A
PE RGBS sz e, HOB s BT 52 RS HE PR N
0.19~2.08 pg/mL, %A@ M TE, FHEK
AAG, BT CAFH T SEBRRE b AR 4 A e AR e b AT £ 25 2 0
5 A TalaliZe ™ H B- TR W RE 15 U R B HRLAR I 52 24 9
SRR &R, fERILHIpH 4.0 BSRR SE 2 vhis i
2% AR G PR 6.3 X 107" mol/L, Bl ~94%, #H
X BRI I 22 0.68%,  HLHLAR I3 B 7 dn K aA3 M H, %
R R FAERAE.
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