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Rapid methods for the detecting of antibiotic residues in animal-derived food
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ABSTRACT: The abuse of antibiotics in animal husbandry leads to excessive antibiotic residues in animal-derived
foods and affects people's health. Therefore, it is necessary to develop detection methods for antibiotics in
animal-derived foods. However, the commonly used high performance liquid chromatography-tandem mass
spectrometry detection method is complicated in pretreatment and takes a long time. Therefore, it is necessary to
develop a rapid detection method for antibiotic residues in animal-derived foods to ensure food quality and safety.
This paper reviewed the rapid detection methods of antibiotics in animal-derived foods in recent years, introduced the
principles, advantages and disadvantages of each method, and analyzed the research status and development prospect
of each detection method, so as to provide reference for the research and development of rapid detection technology
of antibiotics.
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1 51 &

PUA AR AR . FLRE | O R S U e R
K b i Az B HA B S A s A P A — 2R R AR
BN A R B # e P, I, SR
1M, & POl IR P HUAE R A& B, R sh P i 2
et AR SRR AR KW &4 P ZEbrnsh
Py URAEET b, AT RE 23 U A TR G A, O 2 R A
BELURASS N, PER A R A, L5 Bk, %38
YUEIE Wy b R AE R BR B A -

H RS S 9 P £ AR R AR R O R R,
FH# 2 B 75 ¥ R e OB AH (.38 5 (high performance liquid
chromatography, HPLC) 15 %k AH 4 1% £ B 5 3% 7 (high
performance  liquid  chromatography  tandem  mass
spectrometry, HPLC-MS/MS), #RT, X267 ¥ A7 1E LA Bk

Béa: — 5 T, T EXEAR S AT H A A 2 A AL B, AT 5K
P SRR S R BRI 4 B L AR AR s, 5y — 7 TR
B 28 CLS AT Y 40, BRI R0 BR BB, FERTER
Ko FEFR GB/T 21314-2007M 0 Ji7 IR €033 - A3 K o 1 4
MSIEPEE S b 14 R irmabiE R, B S ETS 2ad
W, FRa . TRTRAREL., #R . BD . BIAREERUEGE
AR BIHE—RIIHTE PR, AR L BT AL
2% b, WA HPLC 8, HPLC-MS/MS J7 B ol 12 H
Wi 2 A WA DA R W 2E 42 o R R I IV SR I R T, AR
WATEY . L. POl ASCE RS S TR S
i PP AR 2R RS B A I vk, I AR A R P
PR I BUR Bk SR AT, DA A 2 R A i 4
R R RIS

2 REENSE

G RERTIN v BB 2 UL i 11 % BT 2 A R i) —
WRFIS7Y il By NRE NS Py I ST E TR e TN S 2 T
WA AR, RIS AT A R AP SRRy Tk R
fATEA . R . AR, RERMR, (HAZPUARIZE 2y
W, I HAERIZE 428 LAk A B A AR 5 UV o
2.1 EEEX G EIRMENE

fif} B 0 % ¥ (enzyme-linked immunosorbent assay,
ELISA)SEAFIH T B R STIAR LS A 1Y Fr 5 E A X IR 9 /Y
R RCHEAL AR, (AR S T R AE RS R e A SRR
T BT R B RS &, AN 55 3 25 0 B AR 0 oA sl bt S 25
A, IFREE YA, R R R A, AR
B R ek BRI R AR R A A H 9%, ELISA F 3
AR SEAE . W Wl k&N, Har
21 ELISA 385 &k 2 2RI FH B 4 ik F R A9 301, B
SHATALFRARTBA, ATAE 2~3 h NI 100 FELPL AR,

EE SNAP 2\ & ] FH B 156 fo 58 FHBOG BRI B AR W & 1)
SNAPSHOT™ ik 24k B U KR R 45, PT7E 9 min 2N
R L AR e ) B-IN RIS . DUBRER . BEIRS . BRREE
REAYREE, RS T &M RAYWE R (food and
drug administration, FDA) & 3& [# /A B 43 #1422 I B 2
(association of official analytical chemists, AOAC)% [E PR/l
FIRIAE, 2 B Al E PN AN AE 25k i A . iR
ARG 7 7RO G G2 T A i ELAT R ) R AR A
Fere vk, BRI, JOFE R AL S0 A, Rl a4
&, AT B AR B LA S, 35 TR AR S A PR A T,
SRTI ELISA Xof 4845 2405 RS A5 1 SR B

S35h, IR RS ELISA AR WEAW kR, LK
PR3 T A 431 B3 38 & W (molecularly imprinted polymer,
MIP) R BT o R RIS BC AR AR Lo iR HAT & LT Bk,
FasE . WM ERRN R £, To A i LA R AT AT 22 A g A
(ELFRAEYR | SUESRIC AT ) S, Wang 2024,
THTFIERARA A 4354 BLISA J7 iS5 R il e 2 vp
(9 P 3F % & &, LOD 4 9.6x107 ng/mL, &1kt [Hl 2k
0.01~100.00 ng/mL. 7> E[ iRt iR 5 g
IRESELA . W RE L RFIERTT, A g —Fhs 4
FREY, Aere R rEr Ry, B gee s .
il 25 AT SR  BE SR, AR, B TR SIS o Wang
S 81 D) 23 F E1 k 28 4 M7 (molecularly imprinted polymer,
MIPs) Jp {5 A= A, SR T 422 5 4 47 A T 6 93 W 92
(bionic enzyme-linked immunosorbent assay, BELISA){; il
B PUFIIRAE B B B VD B (enrofloxacin, ENRO), #5 HiBR
A 1.1 ng/mL, Lhid& FCAREsF BN SR & W A4, mTLL
ARV AMTU A £ R AE, RS EREE, §7K ELISA (]
FHIGH
22 RS RBRHA

ok 4 e R B £ AR (colloidal  gold
immunochromatograthy assay)t-& 1 S s A H A L il ) 2
BrER A SIRCER, AT HEREE, REUER. 2
EMTRER S . BT, CIFR 2 A RR i (4 44k
S, FLIRFA AR Py 1k B 4 A P 2 A B B e T 2k
(T )54 (C ), 5 Lmbric RS HHUR sk
254, B AR L SR L ARk, SEILEE L
SEVEEE A B RIS T B T A A
M RINER . AHEE . MATEE 3 Fyid Z REHR R
JRE A 4 g% AT IR AC S, FEMTCTRATALEE, 10 min PRIT]
BRSSP AUE AR 0, Tl
T 118 TR T T 218 B A 4 S B IR 40 4%, WTHE S min 2
WEHELAR Y 9 A Rt EA I, Ry 20~
40 pg/Lo MM S 2 AT HORERAE () B, A DN ok FEAEIN A,
JUA i B AT 0 SIAG I 285 5, 6 37 W 4 R R HE S A i 4
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R D0 e B T T P T o FR R v Tk S
PUMERG A i, ) IR BH P, RG4S 20 0 PH A T A
5T HE -
23 WHABREMEAR

AR, DL s sl ER bR g B i 9t g
BEEAR, ZRIRRE T Z R0, AP AE R
FO7THHARIFH LTS . 3 si(quantum dots, QDs)
F& B AT BT Ak 22 S5 40U B B A 0O IRER, QDs HAa A
FEMERREE . RAFAE ARSI L I K 5 5 5
A Hu ZEVDR R TSR PO, IR SRR
N, FESL T —FhaT AR BRI RS A 8 A2 AN 11 A
ME R B A R T R BT AU, RS RS,
10 min P4 RIW] S8 BRI, 38 P FHi2E A I DA o
Li ZEUOLR P 22 5% B 0 60k o3 J2 A o [ sf A6 ) A= L o
MLHER. BIEEE . BREEMBEREE, KRk
0.13 ng/mL, WIS, AR FALT 20 min, 6%
ERNTEARRBE R . UGB . BAERME, (ArHA
ks B 5%, MELLT 12 KO A o

3 EMIERSERA

EAER, GRS HAR R R, SE5 0, 1%
AR TC TR A AL B, 5 AR A I R
RS BT R SRR AE RN ST (B R L RIS
BEARSEE G 5, TN TR 14 43— 45 0 7228 Al Bl A 1 v e
A5, XRNERAR 55 G ik B TU A Fa 4G U RT LA A i 245
R BN ARGE SIONE S, BEBOMEBIEES, A8
FATRT R A1 B A R AR R ARG I Sh W
PP R AR RS S RN ARSLTHAED, Rk,
RSB IR A 34 S PR A
3.1 U RIRAI TR E R RS ROR

PAHCIR R iR 5 e 1) A= 0 A SRR 5 AR st 2 DAL St
RS PR R, PUACTE B 9 E TR AR R, B
PR AT LR 22 s TR 1] DL B e AR, X Tk
FHR S FRNPT A R B RetE KAk & o X ik
VEA TR TT: 4 2B Wt IR AE S R M B it rh e A R 4y
B 4G 454k A5 2 732 WA o Lin Z2P9F 581 Ab-MNPs
CS/gold Hi Ak % BHATL fe e A Jake e, AT LADR sk A DU 4 3% v 11
PUIRZEFE B, H R 3% 0.0321 ng/mL, Hassani ZE2UHF5E 1K)
At 99 K UKL (magnetic nanoparticle, MNPs)i4: % 2R ilL % -4k
MR -2- R IR 1Y) HO AL 2 S e R Ik, AT AP Ay 0 e 2 e 1)
3 PSP R AR, R BRIA 0.4 ng/L.

32 ST R AMAKEIEE A IR
S BB AR
43 F BN B AR A BRI R R R, 515 T 4E

WHERRESHT I R TR T ], 43 Bl 3R A W sl R 3 AR
BUBAFON T, R AOK BRSO TSR BT Ry e dt
155, 2 B 45-G T il 4 i s R ABUE A A= AL s, k]
T8 FH T B R 15 (A B AR 2 R T A A IR AR T
WFFE I . Wu ZEP2IE ] 7 — ol 3 P AR B B ke A
YRR I I E R 8 R Tl T N R e d B R
(aptamer-MNPs)7E 4 4% £ & 55 & (chloramphenicol, CAP)Z
AT 5 I 5 45 99 K 590K A% 92 B9 B 4b DNA(upconversion
nanoparticles-cDNA, UCNPs-cDNA)ZE &, 2% 615 5 i,
MEES P CAP B, aptamer-MNPs il UCNPs-cDNA 5
CAP #5ify, DS M, M SCsix e i b a5 %
SERKI, KR 0.01 ng/mL; Zhang &N 4 T IET
AIE #REFFT GO B TCARZE G0 P A% Ik 4G 4= 4
A EE X, WM 1.26 pg/mL; Torkashvanda 252445 T
FET 03 BN B G WAE 22 BE R 4N KA 3R TH [ A Ak Ha Ak
RS, AT LAz rIE, FIFRAS] 0.55 nmol/L.

SR, 43— BNl 3R G W) A B A7 78 BV A I B A T 2% (1)
B, T A AR AEAE S R BE o e (i TR, {5 DL 43 B3
RA WAL IS B R R B TT AR B B AR L AR H R H
R TE S S WF ST v BE, 1 R SE B k)

4 SIERMEA

4.1 FTEEBH SHIEHA

P12 7% (Raman spectra) | OGR4 F BN 577 A 19
WEARE, 15T X T4 F RS R s mfE B, ik
B F 2 S ARG B (AR AR EO0E B TR R
AR/, BB A5 SR 5, R 2 ek, Fmig b
5 3% (surface enhanced Raman spectroscopy, SERS )il i fi
FHARTADRLAE B9 990K 8 R PR (45 4 L B A 55, i 7
X LR RER I 4 14 245 S B0, 7EAR KRR
WA T H P2 WML, 25, SERS RT3 Z 40
W S &, RIS SR £ A 2 e
DU T3 4 JEL

SERS Hilll £ i e A 2R 5% B AN T 2 X R o AL 2,
HAfarE il &, b iR2s, e ntalie, Sk miE
61, He 4PN SERS SRZOIR AgNPs BEHI, i B b
. NN EMEAER 3 FdiEER, LOD 4 20 pg/mL, #
S SCPS AR A KV A R M s LS, il B AR R
ZIREHUAT 4-MBA 20 % s @ il e R e, JFEIR
TR g JE AR SR 1 Bt b, A b2 ARic e 2Tk
Aok, KA EE R FIRER. FURE%, LOD
SR 2.6, 2.0, 3.1 ng/mL, FWEKT 90%, FM%T
A S WA A FR R BRI T T E A AR RN
SR HEACA DR R (dh 4 R iR 5 ) s
R SERS AUV, HSZPRIFFT i F LRG0
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A SERS ML RN AE, HRAE—ERE RIRE T
SERS I IZ W

Ak, 78 SERS R4 ARWFFE o, Yo s #r i
SR A G B B 2 SERS i PRI A 2R T 45 B AL
Pr K ILAEA, SERS HJEANYLE T SERS {55 M5, [F
Al TR 5 S RvE M EE %, IrUsRIr &
TR, HRBIEMEEARE SERS frllHe ARy & e
7T
4.2 ELSMETERA

ITLLAMEIEH; AR (near infrared spectroscopy, NIS)i i
PRI LTAMEE, BT RS EIRE 5 A [R5 FR R
KAEREEME R, JFEN 5B s, B3k EY
FIZEME B . BREL O AL BRI AT E e, FIGHHfb2Aik

A, FFEN T LN CHE AR & A 400 (9 21 SN,

R AN AT G ) 2 A7 AR A AL A3 X R 4L 4 1 T .
NIS i F 2N sh Witk & b d: R A, (EAER0R i 75
sCTHE, MELUA ROMIT, 4530 200 SRS A S U5 1 £
AR F AR AN I 2 B R BRI, NIS F 2 54kt
SOTIREA, A RESEBURE S AR A 1 B M T, Lé
DL NIS SAbspit e s o mrsk, WMEHE, s
VUMK SR e 3 P R A AT, R AT AT
s, KA SR I LL AN, SR IE S E e vy A
W 75 85 2 AR SR I EA TR IE FHPETEAN, 25 SRR
RUGGIEYEE RBON 0.975, HXHARHEZE N 12.8%, FHXT4rHT
W2EH 6.1758. KW NIS € BT FYPITHFERN S RE
AIATY, REARASE VE R U BE S T . LT ANIETE A i
REA WD, TCTFEM AL | AT SCBURE S 7R 2R 00
IYHT, TCHARER, SO IR L A SRS T Ak
BARMAW & e, REOE R R, NIS 7630k & b
AR FR A ELA B VS T o

5 HtrB BRI AR

51 &SR ER

A R R AR L, K B TR A
YERM A (5 B0 F(DNA . BRI, S8 i fe kot i
SIS RO AT R G, AR, ORI, AT
ST FAR S 11 o 38 DR LA, G I AR
AR B A FT . BTSRRI 0 A
Freanhla . B2 DA AR,

Li UFR T —Bh a4 I &Rl iy al Ak A 4
WO, XA bRy A R BEAT R, K R AT gk
0.05 ng/mL, [EIHN 80%~120%, &S XTHE S #HAT KA
BB A0 1 o Knecht 25131 FH fdoe A8 1 14 - SR i 4%
PSSR, AT LASEERAWORE S 10 Bl B-IN BRI SS | B2
MR R I B Sk, B2 5343 BrAEm A

2 5 min, FMBRAE 0.12~32 pug/L Z 6] RS AP0
AN R —FH R S g kB AR E YA AR, kR
WHE R, SR, HHETAEYS FBORA B i fE e —LE R
MESR TSR, WAV R AN HEA G . RS
FRic R xR
52 HMIARNBFRERRIERMFHFRA

it 20 88 U5 B 1% (ambient mass spectrometry, AMS)
Tor A Le T R TR I vk, N B I A AT 1Y 4,
AT RAR KT 2 R st ], R — AN A A TR LR
[ B 3 £ 1) e Wi 18 o ot E i Wa o 9 B = S 1
ALEETRT B, AW BT I TRE S HTAL . HARAE
mi L FHYE AT, A I B AR /N o FORE R X 5
FALII RS FHE b o BT F 5 (ambient ionization) 9 FF
RRIAEH T W 208 F IR SIS R B AR R, BRTe
ARE RO FIRC AT 40 ZF0P0 & LAY Rk
He 55 2% 125 -7 (desorption electrospray ionization, DESI),
52 B B 2 M B 5 P8)(direct analysis in real time,
DART). 4%I55%% (paper spray, PS)E) 4%

DESI HRU&EE T b5 2 1 A0 A IR 2 AL P Rl
AR, 5 R H I 55 8 A 0 T R S R L R I, XA
s AEUS T RAORT, 25 2 PR R, KRG
A A S IEIT 48T . DESI-MS BB B4z | HROE (19 i
TERE ST AT AN R 2CRORE i (48 R BEIE S, T80
FHT 254 BT s Rk B2 4 A o A LGt 1y i =88 U8
i, ez rE A, &R —E MR e
% DESI-MS ZERuil £ dl rhi Ak 28 0 1 25 2 ) SRR B
PEFEBAYE . Nielen ST 4y 2 SPR 5 H 1
DESI-MS #iA, AR, K. FE(50:50:0.1, V:V:NIRE
TERIVERRIR R, FT LA A bl v i U T AL AR A

DART & 41 i st B AL A CE T 3 7 IR U 1
RIS 1 RAFEHE 11 2 8], SRR ME S 7 A
RAEWIRT, SRl LR i 3 s A, - R () i Wi -l
FEGL R AL G 5y T8 T4k, SEA TG 40T o AR S Y
AbPRL BRI AL, EARE S RS (U L WAL A FE
WRBATER . BTl DART-MS AT LU T 0 & S A dh, 1
FATE R, ¥ BB i 4 B4 4 B 0, o i
A AR A O L R A A G B S
FES . VIREWII T R E R T | R
WE ., T mEn | f e R E | R RENE | R
SAUMEWESE 7 R AR Z 9 DART-MS/MS K 532z, A6 HiBR Ay
0.1~0.5 pg/kg.

PS-MS H 5% [ 9% K241 R.Gra ham cooks SZ 5605 FF
K, KT REAS S I BN 40T L, A R e R RS R
YERR, TE40 SR HE W55, 43 AWy ite A ST A 7 A,
REA RGIA TR 1 2 P B A M0 200y Tk B fRT LB
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Mk, AT LA A 2R T S PR R AS AT R Y 20 A A
WMo FATE AT B A AR5 T N TR R TS 4
ARSI 24 e O g A, — s A 5 R 3 i 252 4R
K, LA S B 2L 5 Y | AR
5 B DRSS B IR R RET BRI L S, Ay
F- B AR AR5 I Y R AR e g T P i g
W AT AR PR A 6 R A A B b R B R AR I, B e G R
TRE, REA AR A 18], S s IR E £ b o RO TR
ENrStylllE e il S e

5 B 4

25 b, B X Sl IR A BT AR 2Bk B 1 R A T
TIEFRRZ, R A5, W WA vk, ELISA
G 0 SR AHORE FVRR S, RIS A, (R AT AN
IR AR, IR G IR R B L R IR, (A5
P PAYE, T A B UE . A AR I B R N 2,
REPER . ML . FERTEFED, ML, TCEE
SRS, 38 T & A R SR R R A R 4
TENIE R A W) FAZ R IE A, A3 RCR A MTLIAFI 20 1 e,
TESHYIIE R S BT AR 0 B ARG I AR LA AR Kk i
71 SERS i JCHE G BT AL BRAH B FE LS AT LTS
o I S M AR, BOMER ST, B S b RO
MR, T LS AT R0 o s M, FEHTAE A T
HA KK RS 0] AWy i H R e DA R Ry T8 1
ML, HaFERBY, Btk RS, MorEF
TR TR A U R S 3 A R R S BRI — P A AT B R
FEE S BT A RS D T A AR R A Y . BRI,
FESERRI I, F5ARHEAFFE A LA SRS 22 5R k428 1y )
2, WAT LR ik O AR, HAAN TS, MR E
YT ARG I 5 5

SE 3

[1] ZRIEEL, skt sfRs, & PUERGMBARVIRHRD]. L7 4T,
2018, 47(9): 973974, 9717.

Zhu ZW, Zhang B, Shi BG, er al. Advances in antibiotic detection
technology [J]. Liaoning Chem Ind, 2018, 47(9): 973-974, 977.

[2] Gorla N, Garripa OH, Larripa I. Chromosomal aberrations in human
lymphocytes exposed in vitro to enrofloxacin and ciprofloxacin [J].
Toxicol Letters. 1999, 104(1-2): 43-48.

[3] Lebel M. Ciprofloxacin: Chemistry, mechanism of action, resistance,
antimicrobial spectrum, pharmacokinetics, clinical trials, and adverse
reactions [J]. Pharmacotherapy, 1988, 8(1): 3-33.

[4] GBI/T 213122007 b &2 EZARME ShPIETEE S b 14 Rz
Y5 SRR 7 DB BT ST i AR 2R R BB A [S ]
GB/T 2763-2007 National food safety standard—Determination of 14
quinolone drug residues in food of animal

origin — liquid

chromatography—mass  spectrometry/mass  spectrometry: Maximum

pesticide residue limits in food [S].

(3]

[12]

[13]

[14]

[1e]

Zhang YL, Lu SX, Zhao CB, et al. Preparation of anti-tetracycline
antibodies and development of an indirect heterologous competitive
enzyme-linked immunosorbent assay to detect residues of tetracycline in
milk [J]. J Agric Food Chem, 2007, 55(2): 211-218.

FREES. B S B B0 7 i 22 A G v (R O T 3R (0] AN R
FiAR 2 Be24R, 2018, 18(1): 121-125.

Xing WW. Review on the application of enzyme—linked immunosorbent in
food safety detection [J]. J Liuzhou Voca Technol Coll, 2018, 18(1):
121-125.

PR, S, NI, AE. B MR A A £ A Hh Y
REF[T]. B RRE, 2006, (12): 920-923.

Xiao W, Mai N, Wang XF, et al. The application of enzyme-linked
immunosorbent method in the detection of plant food safety [J]. Food Sci,
2006, (12): 920-923.

WA, FRFE. FLIFLH T hUA R 25k B PG E AR 0],
[EFLAh Tolk, 2004, 32(12): 30-35.

Guo J, Zhang HP. Rapid detection technology for antibiotic and veterinary
drug residues in milk and dairy products [J]. Chin Dairy Ind, 2004, 32(12):
30-35.

NGy, AR, BOLE. G HoREFL I A R B2
FREARN AP R[] B AR TR T4, 2018, 9(4): 776-780.

Li XH, Li HX, Duan YJ. Application of immunoassay in the detection of
antibiotic and veterinary drug residues in milk and dairy products [J]. J
Food Saf Qual, 2018, 9(4): 776-780.

Li XM, Shen JZ, Wang Q, et al. Multi-residue fluorescent microspheres
immunochromatographic simultaneous determination of
macrolides in raw milk [J]. Anal Bioanal Chem, 2015, 407(30):
9125-9133.

LF, MR, BRAN, A5 DUBRRZEHUAE R VST s R )], 1L
T RE, 2018, 46(8): 15-21.

Jiang L, Zeng K, Shao J, et al. Advances in the rapid analysis of

assay for

tetracycline antibiotics [J]. Jiangsu Agric Sci, 2018, 46(8): 15-21.

Wang S, Yong W, Liu JH, et al. Development of an indirect competitive
assay—based aptasensor for highly sensitive detection of tetracycline
residue in honey [J]. Biosens Bioelectron, 2014, 57(21): 192-198.

Wang J, Sang YX, Liu WH, et al. The development of a biomimetic
enzyme-linked immunosorbent assay based on the molecular imprinting
technique for the detection of enrofloxacin in animal-based food [J]. Anal
Methods, 2017, 9: 6682-6688.

ARHs, BEFIRE, ARWENE, 5. 245% B Oy vk LB T 0], A
PN TR, 2018, 2(6): 42-48.

Deng JL, Lu LX, Xiong XH, et al. Comparative analysis of rapid detection
methods for veterinary drug residues [J]. Chin J Biopro Eng, 2018, 2(6):
42-48.

RARERS, RERELSE, BRI, 5. FLah o 2R R ORI AN 7 i
¥, ik Tolk, 2018, 39(9): 135-139.

Zhao FM, Xiong YT, Qian B, et al. Study on detection methods of
colloidal gold of multiple antibiotic residues in dairy products [J]. Food
Ind, 2018, 39(9): 135-139.

T, BIER, R, 55 BAE G ATk R 25 4 vh e
WM ZGERER ). PR IA, 2013, (11): 45-49.
Wang YP, Zhao ZM, Wang SL, et al. Colloidal gold

immunochromatography was used to rapidly detect fluoroquinolones in



3396

LR

G A A

81

[17]

(18]

[19]

[20]

[21]

[22]

(23]

[24]

[25]

[26]

[27]

(28]

[29]

[30]

milk [J]. China Dairy Cattle, 2013, (11): 45-49.

Hu GS, Sheng W, Li SJ, ef al. Quantum dot based multiplex fluorescence
quenching immune chromatographic strips for the simultaneous
determination of sulfonamide and fluoroquinolone residues in chicken
samples [J]. RSC Adv, 2017, 7(49): 31123-31128.

FER, Yk, FRIRE, S5 AR T TS Qe R I v A
BT[] B AEHE, 2013, 34(23): 357-362.

Jiang XS, Xu LY, Lu LQ, et al. Advances in the application of biosensors
in the detection of food contaminants [J]. Food Sci, 2013, 34(23):
357-362.

MRS, PBJYZE, SR TS, A5 ARFFREEA BT A: 3 075 Ytk R oA
T HEE[T]. PR MR ST, 2017, 9(5): 24-31.

Chen Q, Bing NC, Xie HY, ef al. Research progress of antibiotic pollution
in different environmental media and its detection methods [J]. Environ
Monitor Forewarn, 2017, 9(5): 24-31.

Liu X, Zheng S, Hu YX, et al. Electrochemical immunosensor based on
the chitosan—magnetic nanoparticles for detection of tetracycline [J]. Food
Anal Method, 2016, 10(9): 2972-2978.

Hassani NEAE, Baraket A, Neto ETT, et al. Novel strategy for
sulfapyridine detection using a fully integrated electrochemical
Bio-MEMS: Application to honey analysis [J]. Biosens Bioelectron, 2017,
93:282-288.

Wu SJ, Zhang H, Shi Z, et al. Aptamer—based fluorescence biosensor for
chloramphenicol determination using up—conversion nanoparticles [J].
Food Control, 2015, 50: 597-604.

Zhang S, Ma L, Ma K, et al. Label-free aptamer—based biosensor for
specific detection of chloramphenicol using aie probe and graphene oxide
[J]. ACS Omega, 2018, 3(10): 12886—-12892.

Torkashvanda M, Gholivanda MB, Malekzadehba GH. Construction of a
new electrochemical sensor based on molecularimprinting recognition
sites on multiwall carbon nanotube surface foranalysis of ceftazidime in
real samples [J]. Sensor Actuat B-Chem, 2016, 231: 759-767.

TICR, ZEARh. BT AR UL R 0 S TR i h AR SR R A
BABHERT]. LB, 2018, 46(18): 22-24, 28.

Ma WIJ, Jiang JR. Advances in the detection of antibiotic residues in
animal—derived products based on biosensors [J]. J Anhui Agric Sci, 2018,
46(18): 22-24, 28.

Craig AP, Franca AS, Irudayaraj J. Surface—enhanced raman spectroscopy
applied to food safety [J]. Annu Rev Food Sci Technol, 2013, 4(1):
369-380.

He LL, Lin MS, Li H, et al. Surface-enhanced Raman spectroscopy
coupled with dendritic silver nanosubstrate for detection of restricted
antibiotics [J]. J Raman Spectrosc, 2009, 41: 739-44.

BRGE . T ARG 2 IR B0 S8 R 2T A AR DA I 5 3 ok
FE[D). b RMEIHATRE, 2018,

Fei DW. Rapid detection of chloramphenicol antibiotics based on surface
enhanced Raman scattering [D]. Shanghai: Shanghai Normal University,
2018.

Lé LMM, Eveleigh L, Hasnaoui IE, et al. Rapid discrimination and
determination of antibiotics drugs in plastic syringes using near infrared
spectroscopy with chemometric analysis: Application to amoxicillin and

penicillin [J]. J Pharm Biomed, 2017, 138: 249-255.
BAF, 7, 20, & AT HERIELSDEE I $

[31]

[32]

[33]

[34]

[35]

[36]

[37]

[38]

[39]

[40]

[41]

[42]

[43]

[44]

[45]

[E AR, 2012, 12: 124-127.

Zhao WQ, Gu Y, Li XD, ef al. Quantitative analysis of penicillin in milk
by near infrared spectroscopy [J]. China Brewing, 2012, 12: 124-127.
BN, O, R, S RIS b e 3L A A
[7]. HERLA T, 2014, 42(2): 3840, 43.

Mu XT, Dong WB, Wang LL, e al. Application of specific biochip in
dairy products testing [J]. China Dairy Ind, 2014, 42(2): 38-40, 43.

Li Z, Li Z, Sun S. Visualized biochip and method for simultaneously
detecting a variety of antibiotics, illegal additives and biotoxins, America,
14/893, 756 [P]. 2016.

Knecht BG, Strasser A, Dietrich R, ef al. Automated microarray system for
the simultaneous detection of antibiotics in milk [J]. Anal Chem, 2004,
76(3): 646-654.

Espy RD, Teunissen SF, Manicke NE, et al. Paper spray and extraction
spray mass spectrometry for the direct and simultaneous quantification of
eight drugs of abuse in whole blood [J]. Anal Chem, 2014, 86(15):
7712-7718.

Shi RZ, Gierari ETME, Manicke NE, et al. Rapid measurement of
tacrolimus in whole blood by paper spray—tandem mass spectrometry
(PS-MS/MS) [J]. Clin Chim Acta, 2015, 441: 99-104.

Lu HY, Zhang H, Chingin K, et al. Ambient mass spectrometry for food
science and industry [J]. Trac-Trend Anal Chem, 2018, 107: 99-115.
Takats Z, Wiseman JM, Gologan B, et al. Mass spectrometry sampling
under ambient conditions with desorption electrospray ionization [J].
Science, 2004, 306(5693): 471-473.

Zeng SS, Wang L, Chen T, et al. Direct analysis in real time mass
spectrometry and multivariate data analysis: a novel approach to rapid
identification of analytical markers for quality control of traditional
Chinese medicine preparation [J]. Anal Chim Acta, 2012, 733: 38-47.
Wang H, Liu JJ, Cooks RG, et al. Paper spray for direct analysis of
complex mixtures using mass spectrometry [J]. Angew Chem Int Edit,
2010, 49(5): 877-880.

Nielen MWEF, Hooijerink H, Marchesini GR, et al. DESI mass
spectrometry on a surface plasmon resonance bioaffinity chip [C]. Poster,
18th Int. Mass Spectrom. Conf, Bremen, Germany, 2009.

BaiY, Zhang JL, Liu HW. Direct analysis in real time mass spectrometry
combined with single—drop liquid-liquid—liquid microextraction for the
rapid analysis of multiple phytohormones in fruit juice [J]. Anal Bioanal
Chem, 2012, 403(8): 2307-2314.

Morlock GE, Ristivojevic P, Chernetsova ES. Combined multivariate data
analysis of high performance thin layer chromatography fingerprints and
direct analysis in real time mass spectra for profiling of natural products
like propolis [J]. J Chromatogr A, 2014, 1328: 104-112.

Avula B, Smillie TJ, Wang YH, et al. Authentication of true cinnamon
(Cinnamon  verum) direct real  time
(DART)-QToF-MS [J]. Food Addit Contam A, 2015, 32(1): 1-8.

Hrbek V, Vaclavik L, Elich O, et al. Authentication of milk and

utilising analysis  in

milk—based foods by direct analysis in real time ionization—high resolution
mass spectrometry (DART-HRMS) technique: A critical assessment [J].
Food Control, 2014, 36(1): 138-145.

Vaclavik L, Rosmus J, Popping B, et al. Rapid determination of melamine
and cyanuric acid in milk powder using direct analysis in real

time—time—of-flight mass spectrometry [J]. J Chromatogra A, 2010,



g1

FIZL, S50 Sk £ bl ip T AR 25k B 0 pRage ARGy 2k

3397

[46]

[47]

[48]

[49]

[50]

[51]

[52]

[53]

[54]

[55]

1217(25): 4204-4211.

Li Z, Zhang YW, Zhang YD, et al. Rapid analysis of four Sudan dyes
using direct analysis in real time—mass spectrometry [J]. Anal Methods,
2015, 7(1): 86-90.

Self RL, Wu WH. Rapid qualitative analysis of phthalates added to food
and nutraceutical products by direct analysis in real time/orbitrap mass
spectrometry [J]. Food Control, 2012, 25(1): 13-16.

Self RL. Direct analysis in real time—mass spectrometry (DART-MS) for
rapid qualitative screening of toxic glycols in glycerin—containing
products [J]. J Pharmaceut Biomed, 2013, 80: 155-158.

VPR, SRS TTRE S B A 3 0 S B A BT IO A B R B 5E (D).
Jent: PR A, 2015.

Xu S. Real-time direct analysis of antibiotics in complex matrix samples
by mass spectrometry screening technique [D]. Beijing: China University
of Geosciences, 2015.

Zhang Z, Cooks RG, Ouyang Z. Paper spray: A simple and efficient means
of analysis of different contaminants in foodstuffs [J]. Analyst, 2012, 137:
2556-2558.

Su Y, Ma XX, Ouyang Z. Rapid screening of multi—class antimicrobial
residues in food of animal origin by paper spray mass spectrometry [J]. Int
J Mass Spec, 2018, 434: 233-239.

Jeng J, Shiea J. Electrospray ionization from a droplet deposited on a
surfacemodified glass rod [J]. Rapid Commun Mass SP, 2003, 17(15):
1709-1713.

Gong XY, Zhao YY, Cai SQ, et al. Single cell analysis with probe
ESI-mass spectrometry: Detection of metabolites at cellular and
subcellular levels [J]. Anal Chem, 2014, 86(8): 3809-3816.

Deng JW, Yang YY, Xu MZ, et al. Surface—coated probe nanoelectrospray
ionization mass spectrometry for analysis of target compounds in
individual small organisms [J]. Anal Chem, 2015, 87(19): 9923-9930.
Deng JW, Yu TT, Yao Y, et al. Surface—coated wooden—tip electrospray

[57]

[58]

ionization mass spectrometry for determination of trace fluoroquinolone
and macrolide antibiotics in water [J]. Anal Chim Acta, 2016, 954: 52-59.
Gomez—Rios G, Tascon M, Pawliszyn, J. Coated blade spray: Shifting the
paradigm of direct sample introduction to MS [J]. Bioanalysis, 2018, 10(4):
257-271.

Da SLC, De CaTC, Pereira I, ef al. Molecularly imprinted polymer—coated
probe electrospray ionization mass spectrometry determines phorbol esters
and deoxyphorbol metabolites in jatropha curcas leaves [J]. ] Am Soc
Mass Spectrom, 2019, 30(10): 2051-2059.

Li TY, Fan LS, Wang YF, et al. Molecularly imprinted membrane
electrospray ionization for direct sample analyses [J]. Anal Chem, 2017,
89: 1453—-1458.

Liu YH, Yang QX, Chen XT, et al. Sensitive analysis of trace macrolide
antibiotics in complex food samples by ambient mass spectrometry with
molecularly imprinted polymer—coated wooden tips [J]. Talanta, 2019, 204:
238-247.

(TR LK)

1EZ T

%, MTHRE, TERRSGE
ABMSERBIH.
E-mail: TianHJITX@163.com

K OUg, B, MiRA, EEMRAE
ASFHLE.
E-mail: fengzhang@126.com



