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Development of a Colloidal Gold Immunochromatographic
Technique for Simultaneous Detection of Quinolones and
Gentamicin in Milk

LI Xiang-mei'?, WANG Zhan-hui', XIAO Xi-long', WANG Zhao-peng®, WEN Kai', WU Xiao-ping®,
XIA Xi', WU Jin—xiao®, JIANG Hai-yang'
('College of Veterinary Medicine, China Agricultural University, Beijing 100193; °Beijing WDWK
Biotechnology Company, Ltd., Beijing 100095; °Shanxi Institute of Feed and Veterinary Drugs Control,
Shanxi 030027)

Abstract: [ Objective ] Quinolones and gentamicin are highly effective and broad—spectrum antibiotics.
They have significant antibiotic effects on gram-negative and gram-positive bacteria, and are widely used
in agriculture in China. Because these two types of drug residues in foods of animal origin may cause
harm to human health, therefore, in order to protect the consumers’ health, it is necessary to develop a
detection method for simultaneous monitoring these two types of drugs residue level in food. A colloidal
gold immunochromatographic method was developed for the simultaneous detection of 13 quinolones and
gentamicin residues in milk. [ Method ] In this study, based on the quinolones and gentamicin monoclonal
antibodies, the colloidal gold particles were prepared by sodium citrate reduction method, and mixed labeled
with same ratio of these two types of monoclonal antibodies. The effect of pH and antibody amount for gold—
antibody conjugation on the strip test sensitivity was investigated. Meanwhile, the coating condition of these
two types of antigens was selected. A colloidal gold rapid test strip was developed to simultaneously detect
13 quinolones and gentamicin residue in milk on these bases, and the test strip using the principle of direct
competition. [ Result ] The results showed that the method can simultaneously detect 13 quinolones and
gentamicin. These 13 quinolones include enrofloxacin, ciprofloxacin, norfloxacin, flumequine, pefloxacin,
ofloxacin, enoxacin, oxolinic acid, marbofloxacin, fleroxacin, orbifloxacin, danofloxacin and lomefloxacin.
The test strip has no cross—reaction to other quinolones such as sarafloxacin, difloxacin, sparfloxacin and
pazufloxacin, etc. At the same time, it has no cross-reaction to other aminoglycosides such as streptomycin,
neomycin and kanamycin. The limit of detection was estimated to be 20 ng -+ mL-1 in milk for both the 13
quinolones and gentamicin, since the detection test line on the strip test completely disappeared at this
concentration. The detection limit for milk sample of these two types of drugs fully meets the detection limit
requirements of China. Samples were detected directly without treatment, and the entire testing process was

completed within 5 min. [ Conclusion ] A parallel analysis of quinolones and gentamicin in 60 blind raw milk
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TURE

samples conducted by HPLC-MS/MS showed comparable results to those obtained from the strip test.

All positive samples were detected while false positive and false negative phenomenon did not appear

with this screening method. The results demonstrated that the developed method is suitable for the onsite

determination of quinolones and gentamicin residues in a large number of samples. Since this method

provides only qualitative and semiquantitative results, the determined positive samples should be further

confirmed by more sensitive methods such as HPLC-MS/MS.

Key words: quinolones; gentamicin; residue; colloidal gold immunochromatographic
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1 M5 HEE®

AIREET 2013 F 1—7 AFEFREROKFE R
PG AP s M AC 4R YR A My R A TR
T 5E Ko

1.1 FERFIFLEE

TR B FUNIPTR  PROR B R BTy
Hy b AT S A M BOR AT PR A R . BRRE R
(GEN) . ##Z (STR) « FHEHZE (KAN) .
WE R (NEO). BUEIVE (ENR) « #HRIFNIVE
(CIP) VA (NOR) « #HME (FLU) K
FIPE (PEF) « YHIIPE (SAR) « ZHIPAE (DIF) ,
PA_E25 0 25 W e . S0 (OFL)
WEWERR (OA) « IRIRIPE (MAR) , P IPE (FUL) -
RILVE (ORB) ~ KBV E (ENO) « IAHIVE
(DAN) ~ ¥#RIPE (LOM) « FIAIPE (SPA)
BRIV (PAZ) « FIMIHFEEE (BSA) , #s&
R4 LA _E 24 34 1 Sigma Chemical Co. (St. Louis,
MO). HRAFAEZNE (NC D) |, FEE Millipore 23 A;
WoKAE PVC EHREEI B L Ehr .
PR B PER T8 Heigoph 22715 MR E

TURE

L, 8 Kendro AF]; HTHT K-, Mettler-
Toledo {X#F A HLI B s VIFL zQ2o00, L
SHRAT]; B-3060 WEE-T-f, 3 BioDot AF], ¥

R AL FD-1B-50, JLAUIHEE BRSLR AR A BR A 7]

1.2 REEHH &

R FPIR — ik il 4 o B 100 mIL WL
AR, FERFEE BRI TS DL A 1 mL 1% (w/
v) MRS, SKHERBIBLE, B 2mL1% (w/
v) HURPERIR =4, — I A IR . 42k
FEPEANEY 15 min, BERERREE S0 i AD,
LB TS AT, 4 CORRAEE

1.3 &iFmEms&

ARG LB E BUA PR L A AR 4 pH H
APV KA 100 mL JBAR S R AT
i/ INGSFRE T B IR, M 0mol - LY
K2CO3 I pH 1H#E 8.5, AT IER A 10 mL HIAZE
IKFRERNRAPUA, BEFE 10 min 5, A 20% (w/v)
BSA YR 2 mL, ZEZEHEFE 10 min, 4 C 12000 r/min
B0 30min, 75 BT, FH0.02mol - L' PBS (5% JERE,
1%BSA, 0.5% M3 20, pH7.4) K& RAATIIEE
VB2 100 mL, KR IF R E IR H bR
FLH, BN 40 w L, SRTEHAS VR TAL S
HRILB, BRI SRS Sada s B A

1.4 FESWRMEEEGHEE

I3 IR 0.05 mol - L' pH 9.6 FBREREL 2% 1k
(CB) ~ 0.01 mol - L pH 9.0 ] Tris-HCI Z& A1 0.01
mol - L pH 7.4 MBHIRERZE M (PBS) VE N ELMEZE
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IR, KRR RE RS 1 BioDot-3060 WEE NC i I,
PO =B A ZR R N R AR 5 43 i £
BEEH NC BT 37 C T4 2 h JF0REF 37 C TR
%, WP L e R M R -

1.5 @imidiz

200 o LFTEEDIREAIABALE S, Fedeok Ik
T 3—a AERLE e VA, KAy ptaiss
FAALH, 5 min J5 RIPTEREE R AT ZE R W 1.

C

B LT3 GEN T

PEREE QNS T2

A o

[HF megative  FEHE Positive

B 1 REERNERTER
Fig. 1 Schematic description of detection results of the test strip
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ASHITFER P T AR — B30 I Al 8 PR B VA
JBAA S R NS TR =T A A K. BEE
AR A N, AR AR S RIS
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RIEARAAR o F AR UL A N IR A% 1) R BLUEERT
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ZWRE
F 1 REE&HRK/NERE
Table 1 Selection of colloidal gold particle size
PRI A Y SR BAEN Farl R
Trisodium citrate (mL) Maximum absorption wavelength (nm) Color development (T1/T2) LOD (ng - mL™)
1 527 ++++++, BOAIER Deepcolor  ENR: 40; GEN: 40
1.6 520 +++++, BEMRIK Color depth ENR: 30; GEN: 30
2 518 ++++, BT Good Color ENR: 20; GEN: 20
2.5 517 +++, B8 Color general ENR: 10; GEN: 10
3.5 517 +++, B Color general ENR: 10; GEN: 10
5 517 +++, 24— Color general ENR: 10; GEN: 10

HIZE 1 ATAL, AN 2 mL 1% FPmR =4, it
RN B AFAG IR i A B e AR AS . FIZSAT T
il 5 B AR SRS —, RrARIE A, AR A Se
PR AAE 1 48 A R T

22 giiffREpH ENREEOAENHEER
RAFEZENER pH BEFREESAEXRKE
PR R A R IR 2,

17 2 AR, pH R A O RS2 AR
K, ¥ pH M 5.5 0, FUACRRERIRSHREL, (B
AR A G R TR AN  A AL e T S A R
5 ug- mL’ B, FRSREIRIUAANTRE. 2 pHE

% 2 AR pH EFFLE A BT R B #I0

TE 657520, JUAHERN 1030 pg - mL', i
AL B, (HIIA 50 ng - mL™ RIFRIBR
FZAI AR . 24 pH EAE 8.5—9.5 Z[A], REUE
B2 BT, RIIRRYREIL S 20 ng - mL'e {H pH8.5
AR SR T pHY.0 LA be L, FERIERAIY
BERH BRI pH BT R IR T T BE— 25 001E,
GERFEW, Y pH K85, PUAHEAN 10 wg - mL
JRepAR I, IR ARAAS RN 2 AT B B RS

2.3 SWEINEWEEHITE
AL TR AN G S R AR 4% o A RS T PR Y 52
Mt R 3,

Table 2 Effect of different pH and antibody amounts on limits of detection

Bt PH
Antibody amount (g - mL-1) 5.5 6.5 7.5 8.5 9.5
5 NS NS NS NS NS
10 NS >100ng - mL™ >50ng - mL” <20ng-mL' < 20ng-mL"
20 NS > 100 ng - mL" >50ng - mL’ < 20ng - mL’ < 20ng - mL”’
30 NS >100ng * mL* >50ng * mL" < 20ng - mL" < 20ng - mL"

NS: 7% % No stable
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® 3 BRBEMEHZFNEEER

Table 3 Selection of coating buffer and coating condition

R

Ti g BAafE PUA Antibody amount (ng - mL™)
Items Color development 5 10 20
N FEHE TV C LB 3
i b Ploce oo +f&§iﬂ?ﬁt § Cld%i\% N -
Coating buffer ace a long time, T, C line would turn yellow
Tris-HCL ++ 4+ T CLEIHUT, Cline would spread + *
PBS ++++ + +
kT 37C2h + 4+ + + +
Coating condition 5~ #Z Overnight R N +

—: BAT% Negative; +:

S5RRW], KA PBS AFEIMIR#H 2 CB A Tris-
HCL RURELF, B 7R A pH (H At
REJFAE NC IR _ERIRFIIRCR . WA G NC B
37 C T 2 h IF 37 C T BRI Z 2 A8 R R
BEEIAEY, R, AT ERER ], i 37 C T
#E 2 h BT TR

2.4 REFSHHTHE

2.4.1 F IR E

K RPN LA AN WA T AR A A R
T E ARG AR o S5 R 20 (P00 A2

2 SRR R R T
Fig. 2 Strip test for the detection of ENR and GEN in milk

PATE Positive; +: F5FAME Weakly positive

RG24 ENR AT GEN BIR Ik & 1)
N 5ng - mL I, KL A AR, RN 20-20
ng - mL' DAEIREERS, T1 A T2 AL 5 41 5
R AR S AT WA ENR A GEN AR IER
AEHN 20 ng - mL'.
242 SEX PSS ARSI R A

SERINR 40 ARG RN E 2R oA 3 R4
KAN+ NEO. STR JCaZ X Wo XS WEIE AR 25 4N
CIP~ NOR. FLU. PEF. OFL. ENO. OA. MAR.
FUL. ORB. DAN. LOM I3 W IR, HXX
12 FPZG YRR BRI AT €A 20 ng - mL'o X H AR
TEEAZEZ5MU0 SAR DIPs SPA PAZ HTEAs XV o

ENR #1 GEN BRIk ENEZGHIRE S 518 0-0, 5-5, 10-
10, 20-20. 50-50 2 100-100 ng * mL-1

The spiked levels used were 0-0, 5-5, 10-10, 20-20, and 100-
100 ng + mL-1 from left to right. The level of 20-20 ng + mL-1
ENR and GEN in milk causes complete disappearance of the
test line
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Table 4 Cross-reactivity of the test strip

251y . IR GRS _

- The concentration of standard solution (ng * mL-1)
brag 5 10 20 50 100
GEN — - + + + +
KAN = — - - - - -
STR = — — — — - | =
NEO = — — - - - -
ENR  — — + - + |+
CIP — - + + + +
NOR — — + + + +
FLU & — — + - + |+
PEF  — - + + + | +
SAR | — — — — - | =
DIP — — — — — —
OFL  — - + -+ + 4+
ENO  — — + + + +
OA — — + + + +
MAR & — — + - + o+
FUL  — — + - + |+
ORB — — + + + +
DAN = — — + - + |+
LOM — - + + + +
SPA  — — — — — —
PAZ  — — — — - | =

—: BAE Negative; +: PRTE Positive; +: F5PHE Weakly positive

3 Wip

AHIFGE ERARGE T AR < S8 JEAT U5 16 A I A
WA T A 2R AN R B2 3R AU SR B o 2005 4F, Jin
5 [22] HIE T AR b BROK 25 3k B A A e
G, 2008 4, Zhu %5 P HRGE T AL
H 12 Tl T RS 25 W B A U A AR T 1o TR
SMR S AGE AR R, —BCRE R
i, RSB B S AR BRI TR,

TURE

2.5 EHN

BERLAME 60 B3 EHE, 239 HPLC-MS/
MS ST B R BRI ] HPLC-MS/
MS HAGIHE 6 S FHPEREA. H, Kl 10 5
FEAS GEN 156 ng - mL", 17 SFEA S GEN 98
ng - mL"', 26 SFEAE OFL12.5ng - mL", 335
FEAS GEN64ng - mL", 45 SHFEAS GEN 189
ng - mL’, 52 5FEARS OFL45ng - mL", HAbE
AP, ARSI RS HPLC-MS/MS
MR IZE e 2 G SRR IE T T4
PEREA SRR, EAR BB B AR A B
R B R AR IZE R LA 3.

I ™ e ———i— —

E 3 MoEFREFKRNER
Fig. 3  Strip test for the detection of some blind raw milk

samples
XA AR B S S, R AR AUt L
FE o ANBFFEN T REAE— IR AR L IR]IbAG P 2%
24, Sl BB B S AR R TR T,

FERE SR BUARER IR IC IR A pH A LA

HJE, SERE—EG P HURE B FE R pH
B, RIHATRERE—EILIIRE, XTI
BIFEREIAT AN 9« 18] 1 ¢ 1 FHTEEK. FEREN
MR AR RERGI RS, RSB R
LR pH E. ABFSEF IR T HUAE H T
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FobRC e PR AR R AT IRCR . 45 RKH
REAtRICHBMPRIE AR & B SR TUA T INRRE,
JE R A N 1 R 1 S SR £/ 28 U TR D oY
PUARR SR, RORCRARNERA —E S Habric
2, s ZAY A SARTUAN IR G0
FRE, X ARES PP S R AR UL 25 5 (1 LA
RA-FEARR. PMRCERS, A —TH
T A-FERY ISR, TS ECRRRUE . MRS
FRIC B B TR IR AE W B PR F B AR
I AR pH M BRI OL T, X BT
HURFERIRAY o XA — MR A3 T 2 5k B A T Y
W, A A B RT3 5 A SR

ARG XA S BB GEN AT QNS Ll (r
BT TS 55 GEN HUREARAE T1 (8,
QNS FURELHAE T2 VB, A5 T BT
. RUEOMMEIBAEZER.

N T EAE SRR E R G IRICHRENE, A
WSS R T AR DU T e e Mk . KR
TEARPUA 45 CHERE 15d J5, RBLAAUEA WAAF
IS 45C 0 d BUEERIEARTZE S, 4RI
TR A RICIE R AT

References
[1] LiXM, Chen Y Q, Tang S S, He J K, Shang Y

H, Xiao X L. Residue Depletion of Gentamicin in Swine
Tissues after Intramuscular Administration. Journal of
Agricultural and Food Chemistry, 2009, 57: 7356-7362.
(2] ZhuY, LiL, Wang Z H, Chen Y Q, Shen ] Z.
Development of an immunochromatography strip for the
rapid detection of 12 fluoroquinolones in chicken muscle
and liver. Journal of Agricultural and Food Chemistry,

2008, 56: 5469-5474.

TURE

1 R FHIRAR 5 B AT . HPLC-MS/MS
POPRIREAAT TR, 25K, R HIXm
Jiik, BATERES TR, [FIR e AR LR
PRI BN G2, 8 B 38 1 25 R AAH A o
SEPRERAEE R Y, TR FH IR <5 G 2 FE AT R
BEFTELZ OO, e ARSI AR, AT RASR
 HPLC-MS/MS JTIERFE L QNS T GEN [ 1
BN

4 i

AHTGE ST 1] R A A 13 bk v
B2 25N ROR B 3R 5 B AR S S B SR AT T
I R WIZ T B 13 R B2E 25
PRKEF ZE AR BRI A 20 ng - mL'o A WIREARE 1
fill, JTEHAH, BAGMIRE 5 min A5EK. R
FZHIA B IR A AT AL A7 5 35X il A e A
BEATORF FOAGIN , 25 SRR W], — & B S5 SREE AR,
FWNZIAAGARI T IE R T 5, & T IR
A A DR AN 535 o

(3] SHPIIRE P 2 B ok B R Ol A 2
& [2002] 452355, 2002 4F 12 H 24 H .

The maximum residue limits of veterinary drugs in

food products of animal origin. Bulletin of Ministry of
agricultural [2002] no. 235th, December 24, 2002.(in
Chinese)

(4] Shaikh B, Allen E H. Overview of physical-
chemical methods for determining aminoglycoside
antibiotics in tissues and fluids of food producing animals.

Journal of the AOAC International, 1985, 68: 1007-1013.

IR R eI AR S 34

WwWww. wdwrrbio.com



Bd Il

'-H:tj

Wit

§§iﬂ4% 2014.11 NO.5

Science Popularization

(5] Boison ] O, MacNeil ] D. Chemical analysis

for antibiotics used in agriculture. Journal of the AOAC
International, 1995, 4 (6): 256-259.

[6] Haasnoot W, Stouten P, Cazemier G.
Immnochemical detection of aminoglycosides in milk and
kidney. Analyst, 1999, 124: 301-305.

(7] Loomans E EM G, Wiltenburg ] V, Koets M.
Neamin as an immunogen for the development of a
generic ELISA detecting gentamicin, kanamycin, and
neomycin in milk. Journal of Agricultural and Food

Chemistry, 2003, 51: 587-593.

(8] Brown S A, Newkirk D R, Hunter R P. Extraction

methods for quantitation of gentamicin residues from
tissues using fluorescence polarization immunoassay.
Journal of AOAC International, 1990, 73: 479-483.

9] Bucknall S, Silverlight ], Coldham N, Thorne

L, Jackman R. Antibodies to the quinolones and
fluoroquinolones for the development of generic and
specific immunoassays for detection of these residues in
animal products. Food Additives and Contaminants, 2003,
20:221-228.

[10] Huet A C, Charlier C, Tittlemier S A, Singh G,
Benrejeb S, Delahaut P. Simultaneous determination of
(fluoro) quinolone antibiotics in kidney, marine products,
eggs, and muscle byenzyme-linked immunosorbent assay
(ELISA). Journal of Agricultural and Food Chemistry,
2006, 54: 2822-2827.

[11] Bhogte C P, Patravale V B, Devarajan P V.
Fluorodensitometric evaluation of gentamicin from
plasma and urine by high-performance thin-layer

chromatography. Journal of Chromatography B, 1997,

TURE

694: 443-447.

[12] Long Y H, Hernandez A, Kaale E. Determination
of kanamycin in serum by solid-phase extraction, pre-
capillary derivatization and capillary electrophoresis.
Journal of Chromatography B, 2003, 784: 255-264.

[13]  F, REH . mRENE BEGERIE 4
FETRIZE 2 . 2 AT Ak | 1997, 17(6): 371-373.
Yin C, Wu Y T. Determination of four quinolones by high
performance capil lary electrophoresis. Chinese Journal

of Pharmaceutical Analysis, 1997, 17(6): 371-373.(in
Chinese)

[14] Liao L, Rao Y, Yang G X, Huang X H, Zeng Z L,
Zeng Z L. Development of HPLC method for multiresidue
determination of 12 quinolones in egg. Scientia Agricultura
Sinica, 2008, 41(8): 2419-2424.

[15] Amound A I, Clark B J, Chrystyn H.
Determination of gentamicin in urine samples after
inhalation by reversed-phase high-performance liquid
chromatography using pre-column derivatisation with
o-phthalaldehyde. Journal of Chromatography B, 2002,
769: 89-95.

[16] Clarot I, Chaimbaul P, Hasdenteufe F.
Determination of gentamicin sulfate and related
compounds by high-performance liquid chromatography
with evaporative light scattering detection. Journal of
Chromatography A, 2004, 1031: 281-287.

[17] Preu M, Guyot D, Petz M D J. Development of

a gas chromatography- mass spectrometry method for the
analysis of aminoglycoside antibiotics using experimental
design for the optimization of the derivatisation reactions.

Journal of Chromatography A, 1998, 818: 95-108.

IR Ed R eI EIRAS 35

WwWww. wdwrrbio.com



w1l

?ﬁ qﬁL % 2014.11 NO.5

Science Popularization

[18] Hatano K. Simultaneous determination of
quinolones in foods by LC/MS/MS. Journal of the Food
Hygienic Society of Japan, 2004, 45(5): 239-244.

[19] Cherlet M, Baere S D, Backer P D. Determination
of gentamicin in swine and calf tissues by high-performace
liquid chromatography combined with electrospray
ionization mass spectrometry. Journal of Mass
Spectrometry, 2000, 35: 1342-1350.

[20] Loffler D, Ternes T A. Analytical method for

the determination of the aminoglycoside gentamicin

in hospital wastewater via liquid chromatography-

CURE

electrospray-tandem mass spectrometry. Journal of
Chromatography A, 2003, 1000: 583-588.

[21] Zhou P, LuY, Zhu ], HongJ, Li B, Zhou ], Gong
D, Montoya A. Nanocolloidal gold-based immunoassay
for the detection of the N-methylcarbamate pesticide
carbofuran. Journal of Agricultural and Food Chemistry,
2004, 52: 4355 — 4359.

[22] JinY, Jang ] W, Han C H, Lee M H.
Development of ELISA and immunochromatographic
assay for the detection of gentamicin. Journal of

Agricultural and Food Chemistry, 2005, 53: 7639-7643.

i EXERBE (FERLFZE) &E
( RfE%RIE MEIE)




st Il

Professional services

CAVARSS

EmZERITRRAE

LB A A IR AR TR 2P 6, BAEHSMHATR, MR HEEE AN K
BB E R S MR R TTR

& =

. . I-li........é ....... : —i! ....... \‘f“! P PE{EIRIE ------- BEnE

— qe B
ARSI REHEWIH nw

ERI M

Lov g
RERSENE

FREA MR, B EREL YRR, AR SRR, TR
et SCREUARREN. BRSO AR —IRILIRS, MBI TR T B S
IS . 4G PR SRS A B 90028

. 400-860-8088
24 INETAR S5k
(‘ INEef B SR 13911340259

IEm#HiRHRTEIRNBIRZE] 37

WwWww. wdwHbio.com



WIS
HimHER

www. wdwHbio.com

IEmdiRHRT AR INBIRZal

Mok JEERERTHIEEXILFEE 156 SHXFHIMRRBFREE IR 9 Sk 3 S
M. www.wdwkbio.com f£E . 010-62987854 82782819
AR& 4. 400-860-8088 13911340259 HIiE: 010-62974201 62668360



