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A Lateral Flow Immunoassay Kit for Detecting Residues of Four Groups
of Antibiotics in Farmed Fish

Mi Ra Jo*, Kwang Tae Son, Ji Young Kwon, Jong Soo Mok, Hong Jae Park?, Hyun Yong Kim?,
Gyung Dong Kim?, Ji Hoe Kim and Tae Seck Lee

Food Safety Division, National Fisheries Research and Development Institute, Busan 619-705, Korea
! Southeast Sea Fisheries Research Institute, National Fisheries Research and Development Institute, Tongyoung 650-943, Korea
?Medexx Co., Ltd, Korea Bio Par, Seongnam 463-400, Korea

A lateral flow immunoassay kit based on antigen-antibody interactions was developed to detect residues of beta-lac-
tams, quinolones, tetracyclines, and sulfonamides in farmed fish. Group-specific antibodies showing cross-reactivity
with other antibiotics in the same group were produced in rabbits. The rabbits were immunized eight times to obtain
the maximum titers. Antibodies were extracted from the antisera collected from the immunized rabbits and produced
group-specific reactions with antibiotics from the four groups. A kit was prepared that optimize conditions for the
antigen-antibody reaction, using colloidal gold conjugated antibodies, and was designed to detect the four groups of
antibiotics simultaneously. The kit enabled the detection of antibiotics in the four groups at below maximum residue
limits (MRLs), which were 200 pg/kg for tetracyclines, 100 ug/kg for sulfonamides, 50 pg/kg for beta-lactams,
and 100 pg/kg for quinolones. The cross-reactivity of the antibodies ranged from 10-80% for the sulfonamides, 20-
100% for tetracyclines, 38-100% for quinolones, and 20-100% for the beta-lactams, confirming that the antibodies
were group specific. The test kit was used 30 times to examine spiked antibiotics at the limits of detection (LODs)
and all produced positive results, indicating high sensitivity. The LODs for the assay ranged from 4-20 ng/mL for
beta-lactams, 25-50 ng/mL for sulfonamides, 20-100 ng/mL for tetracyclines, and 30-80 ng/mL for quinolones, and
there were no false negative reactions at above these LODs. In addition, all of the LODs of the developed kit were
correlated with high-performance liquid chromatography (HPLC) data. Our lateral flow immunoassay kit can simul-
taneously detect antibiotic residues from a large number of fish samples rapidly, strengthening the safety of domestic
farmed and imported fish.
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o|2fgt YA E GF FAA L85 HH AlFS
2 ol o] o] AL Abgtol A A% Aol ZHxlof 3
Alofl gt /o] A7 AU WS =SS do7l= T o 7t
A EAE Loz 4t Heoetal., 1992; Mamnez 2009). 1
HER b5 ‘ﬂif& 0131 Ueol A= 5= %“c‘izﬂfﬂl st
of 7587 1Ee A5k 4‘1]3} I(FDA, 2009;
EMEA, 2001) ?-2{uete HA] A5 5 % 01% = A%
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AR W A Zroll et AIGEATH it AR A
Ao) B4 W A BUERE 24b8 shan o] 4 o)
Fasioh @AV 14 dubAel SR ARAA d o
= Zho|Ald ¥ 0. & Micrococcus Iuteaus, Bacillus subtilis, B.
stearothemophilus, Escherichia coli®} 22 t|A&E2] H-&-4
S} 5432 ol o423k Aol thNouws et al., 1999;
Pikkenmaat et al., 2009). o] W2 o] A E 5A]o]
S o qlow AR Aolu AEHETF o n HAR| Woj 9t
T v AAEA o3t H[Fol Al FAdRtEol e
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P radioimmunoassay+= 1 ug/kg o|sl7tA] EA40] 7hsgt
HOPQO]x]DJ WA F2E Fasliol she ofee] Stk
(Faraj and Ali, 1981; Meyer et al., 2000; Al-Mazeedi et al.,
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K517 B4aR=d) o] Eak of2-go] gltk(Ueno and Aok,
1996; Furusawa, 1999; McDonald et al., 2009). ut2hx] 4]
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munosorbent assay), LFIA (lateral flow immunoassay) 5]
Qlth(Franek et al., 1999; Duan and Yuan, 2001; Douglas et al.,
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webA] 2 Aol A= ibE W4 A A
o A3e]y & 4= 9= FU-FA BHS-E o]-83t lateral flow
immunoassay kitE 7'&st3ict. 4 AL A= E7]o] HY
sto] 7iE| gl on 71 3|52 colloidal gold2}te] 2|2 At
Z AL Feolslrt. vl A ]—E«éi%-?%d—oi kit:= 2k stripe]|
FYAE 2 AGH A sto] T4 AlGo] B4 7hs st H A}
Ql3}ol T}, AHkE kit o] 22 iAo & o} sHAA| o] that A
SHEE 2153l on HPLC Zxte} vl #4151t} vhA]
Fo & 7k kit7h A A= oFA ol ol i3t ohE Al HE
7 o2 Ag 7HsTA| =28t
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Bovine Serum Albumin (BSA), Sephadex G-25, Keyhole
limpet hemocyanin (KLH), sulfanilamide, oxytetracycline
hydrochloride, norfloxacin, ovalbumin, Freund’s adjuvant
complete (FAC), Freund’s adjuvant incomplete (FAIC)
gold chloride trihydratex= Sigma (St. Louis, USA)A}o|A]
sk aL, EDC (1-ethyl-3-(-3-dimethylaminopropyl carbodi-
imide hydrochloride), DCC (dicyclohexylcarbodiimide) 2
NHS (N-hydroxysuccinimide)s== Thermofisher (Rockford,
IL USA)AE AE-51%1T). Protein G sepharose 4 Fast Flow
GE Healthcare (Uppsala, Sweden)A} & BCA (Bicinchoninic
acid) kit+= Pierce (Rockford, USAAFE AMS-31ST) 1 9] A
Foll A3t AJeRS Sigmaitoll A ACS 5Fo.& F¢l5te] AL
2519t}

-gHA| QS 9 o] ARESE UV spectrophotometer
+ Shimadzu (Tokyo, Japan)Al2 =743} 31, WELLWASH
4MK 2 Washer& A3+ ELISA+= Thermo Electron (Shang-
hai, China)A} 2 microplate 2|t7]+= Zenyth 3100 2t]7]
(Anthos Labtec Instruments, Wals, Austria)S AM-8}%ich =
3t A A< kit 2|5 7]+ Medexx (Bundang, Korea)AF=
B AlgRrobA] ARESH e H, of fofl ARt FAAIE A
Zal7] 98l AR8-8F HPLC system- Thermo surveyor (Ther-
mo Electron, San Jose, CA, USA)Z E-435}3it}.

FANES 915t} ZF AlD o] Aol hgt & Fig. 13}
2ol ek,

Beta-lactam 312 beta-lactam A G 2] 5% FH 2l beta-
lactam ring -2 3£ 35t haptens 3515t} 4% 20 mg
9] hapten?} 10 mg EDCE Y31 Al-2o]| A 1A|7FHRS- A)7] &
10 mg BSAE 37}s}o] Aol 4] 6027t ¥H-3- A|ZItt. Sepha-
dex G-25 columns ©]-8-5}9] hapten-BSA conjugate S % A 3t
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Fig. 1. Conjugation of hapten and carrier protein. A, Oxytetracycline-BSA conjugate; B, Sulfanilamide- KLH conjugate; C, Beta-lactam-

BSA conjugate; D, Norfloxacin- KLH conjugate.

3 BCA assay kitZ 0]-83}0] ';J‘?Eél A 5 beta-lactam#| &
zﬂ-AH ;(ﬂ_,] tﬂ-x-]] 7H l:ﬂ-»_ Hb‘]— i) :

Sulfonamide 3}¢-& sulfamlamlde 6;}/%4 A 2] amine”| £ glu-
taric acidg ©]-8319] carboxyl residue= HEA|Z] & KLH
carrier protein?} AgHA|A oz ARESFICE I TS 20
mg sulfanilamide-GA2} 10 mg DCC 1831 5 mg NHSE ¥
L Ao A TAIZE REGAIZ] #, 10 mg KLHE 3 7}sto] A2
oAl 6027 HH-S-A1# T, SephadexG-25 columng: ©]-8-5}1
sulfanilamide-KLH conjugateE -2]3}32 BCA assay kitE 0|
£-5}0] thal A Ak 5 sulfonamideA|E AN 9ok a4
o2 Agaler.

Tetracycline 3} carrier T2 1224 Aol YA
ratios =0|7] YA FIAL} carrier ©H 21 2] molar ratio
£ 20:12 3}o] AAIF T 50 mg oxytetracycline} SANH
5 mg= 50 mM carbonate buffer (pH 9.2)0]| 0] A20fA] |

A|7F 59F HES-A17] 3 10 mg BSAS H7lste] A2 120
1:3_}%/\] #t}. Sephadex G-25 columns: ©]-8-3}¢] oxytetra-
cline-BSA conjugateS- £-2]5}31 BCA assay kitE ©]-8-5}]
—‘ié‘ A £ tetracycline| & FANES I3 FHO= A
i
Quinolone &-9-2 norfloxacin-BSA Z 3] & Preston (1986)
o] uivl o 7 HEslo] £H]314 ) 10 mg EDC, 5 mg NHS 71
2]11 20 mg KLHE 20 mM PBSof| & 591 &, A0 4] 605
Bt RS- A F T HEg-o] Bt & gel-filtration columnE- ©]-&
5}o] activated KLHES <4~ £2]5}1, activated KLHQ} =2
9] norfloxacing 2 &etsto] Ao A 2417 BEGAI7] th
gel-filtration column<- ©]-8-5}¢ norfloxacin-KLH conjugate
£ 2a513ith o]5 BCA assay kit o]-8-5ko] thil 2l Ak
% quinoloneZ| & YA 0] FA| LS 212t FUCE ARES

ch.
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E7|(New zealand white rabbit)ol A A|71EH-S 3l Liu
(1981)7F AAIRE & 3-&5to] "SI 4579 A=
= ¥ conjugate®] ZF 400 uL (1 mg/mL)e} WK ZA|2l
Freund's Adjuvant Complete (FAC)E 1:12 4] o] E7| 7]5}9|
1A} HE3F 3T} 25 5 Freund's Adjuvant Incomplete (FAIC)
WA 2A|0F Hof 371 HEshaL, 27 (A o' 82 w9t |
oq5 At on WS AT o) E7]9 & Al 4
T 2 Aol tiet SoldAIE EHIst] flsliAl 96-well
microplate©] carrier THA 24 KLHS ZA3A]Z] beta-lac-
tam-KLH, BSAE Z3%HA|7] sulfonamide-BSA, neutravidin
(NAV)Z Z3A17] oxytetracycline-NAV, Ovalbumin (OVA)
ZA%HA)7] norfloxacin-OVAE welld 10 ug/mLE I &3
SR E et X AIZ T Skim milk 4 o2 557 3F 5
2 3|Asko] 37T of| A TAIZF REGAIZA T Al A&
N(PBS)C.& 31 A 2]3}31, Goat anti-rabbit IgG:HRPE ¥H3-

3}

o

Asfeich

FEA BAE flsto]l FE A2 binding buffer= Suf 3]4]
5t %, 0.45 um syringe filter= o] 25}ct #8]¥ A&
binding buffer2 33} Protein G Sepharose 4 Fast Flow
columnef| #-8-5}%t}. Washing buffer2 53] column=- Al
st &, A%E immunoglobuling elution bufferE |83}
o] =3t} 8-&3%F immunoglobuling 20 mM phosphate
buffer (pH 7.2)2 F£A13F - th3 AR wj7hA] -80C of] Ht
shelct.

Z20|E 5 ZEgH g

O -

Colloidal gold (Z&0]= )9] &%= Hayat (1989)2] 54
of wa} A z5FAch HAuCL S 32 557420 1% =7} 57
2591 5,022 um e 2 o 7set. 32 5= 100 mL2

o

Absorbentpad —

Centrol line

(anti-rabbitlaG) > Centrol line—>

Test line 1 —> Test linel T1—>

(beta-BSA) [51-BSA)

Test line 2 Test linez?

(NorBSA) (oxy-BSA) =
Conjugate pad

(Ab-gold marker)

Samplepad —
T1: beta-lactam/sulfonamide T1:-/-
T2: quinoline/tetracyclines T2: -/-

Fig. 2. Principles of strip design for Combo Kkit.
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TNZESHA Al A ARk Yl antstE A F3oh
pA=9] Fo] FOoH XF FE7F0.01%7F = A HAuCl,
e 71T 102 59t 55717 95k S| ek 1%
sodium citrate 2 mL-& 37|50 FA R0 g
ARLS W 5 SE T 29 F colloidal gold YAH1719} 1
AL AR A AR o 2 shelslgith. 314 2F 40 nm colloi-

2 o032
dal gold $JAHE Frens (1973)2] #PH-S o]g-3to] Agslolct.

SHlet 220/ el 2 X8}

=
=

Q.
[¢]

Colloidal gold®] -§-4-2-0.1 M K,CO,E o]-§-3}4f pH 9.0
2 9% 7} tubeol 1 mLA B55ta A4 244D A
of gt £0]4 I[gGE 3 mg/mLe] =7} & %=% 2 mM borate
buffero]] =%t} &A-8-212- colloidal gold]] 0, 10, 20-150 pL
A Y371 2 mM borate buffer® %= tubeS 1.15 mLE W &
B2} A2 ¥R A ZT). ¥hS0] Bk tubeo] 10% NaCl 50
uLA S 931 vortexdil 142 3 540 nmol| A SH =S =5}
o] colloidal goldE QFYSIA| 7= A 9] ke =431t &
A A 9] oFo] AR =™ pH 9.02.2 9 100 mL colloidal
gold 8215 wh= A WHEAIZ|HA] 10% -2 Fo] A5 7}
3k % 4204 1A17H B MUk T A% 1% A 10%
BSA blocking 8 10 mL& H7Fste] 14174 o BRS-A|Z Tt
Rhg-0] 2 % 10,000 rpmeofl A 3027t 4] 22fste] A4S
< ¥ 23l t4A] 2 mM borate buffer (pH 7.2)Z antibody-gold
conjugateS A Aot B2 33] WHE 5lal 25 42e &
2 mM borate buffer (contained 1% BSA; pH 7.2)= %7] col-
loidal gold2] 1/10 volumeS H7}5ko] A & AJA 4°Cof X
oAl Aol Agsi e,
el ZE

Beta-lactams¥} quinolones<- 1 strip]] 72443111 tetracy-
clines} sulfonamidesE- 1 strip 2.2 424435}¢] Table 13} 20|
Z=H]8F] membrane®]| w5=510] A SFIL 37T A 247t &

Control ling — [m—— Control line—>

T1—> e T1 Tl—> T1
T2—> T2 T2—> T2
T1:4/+ T1:-/-
T2:+/+ T2:+/-
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Table 1. LOD values obtained with lateral flow assay kit and cross-reactivity in each group and sensitivity
i o Cross-reactivity Sensitivity
Kit Antibiotic - LOD! MRL
(%) Ratio (AVE) %
Amoxicillin 20 1.32 20 50
Beta-lactams Ampicillin 100 1.63 100 4 50
Penicillin G 33 1.58 12 -
Sulfathiazole 50 1.57 40
Sulfamethoxypyridazine 80 242 25
Sulfamethoxazole 80 1.94 25
Sulfamonomethoxine 40 1.61 50
. Sulfachlorpyrazine 40 1.26 50
Sulfonamides ) ] 100 Sum 100
Sulfadimethoxine 40 1.45 50
Sulfadiazine 40 1.6 50
Sulfamerazine 40 1.71 50
Sulfadoxine 40 1.79 50
Sulfapenazole 80 2.24 25
Norfloxacin 100 1.48 30 ND
Enrofloxacin 60 1.47 50 Ciprofloxacin Sum 100
Quinolones Oxolinic acid 38 1.45 100 80 100
Ciprofloxacin 42.8 1.54 70 -
Pefloxacin 100 1.38 30 ND
Tetracycline 50 1.88 40 200
. Oxytetracycline 100 1.74 20 200
Tetracyclines . 100
Chlortetracycline 20 1.69 100 200
Doxycycline 50 1.55 40

'LOD, limit of detection (ng/kg); AVE, averages of 30 times repeat; MRL, maximum of residue limits; ND, Not detected.

o AZAI7] 5 ARG
Kit M=

Sample pad, gold pad, membrane % absorbent pad (SM-
18150, 4% 30 cm, Millipore)E S E2Z5E &0 2 20|
2 M2 27ok900] £ 7ol 60.8 mm7} H7| sto] S}
2H 7}=(Adhesive card)ol] ZH3}1th Sample pad (2 <30
cm)+ sample pad buffer (5 mL 20 X PBS, 5 mL 10% BSA
2.5 mL 10% tween 20, 37.5 mL water) 50 mLZ #| |3t & 3
ColH 2 A A2 B s}a AT ol %
HE ZZ cutter”] 2 4 mm 7| A =SHA Al sE] stripS Al
2kt et 229 strip< kit device a1l Wil AFEHS o217
£ o]&sto] =9 AlAIE kitE 2 Hok3lT
Kit 7t

Beta-lactams, quinolones, tetracyclines 12|11 sulfonamides
A 9] AESHA|(limit of detection)E A& ST 2F 3HAY
A9 =r ¥ 382 124 7] kitZ= antibiotic detection kit

25712 o] goto] ATE TEAFAL), AT} TE7|= ratiogt

o] 1 oAl uf P40 Auprh koA B3 1 vighel g &
ﬁiiéﬂﬂ4 A e,
T HAES 98 &4 WX 2% 1g& 228 o)

0}01 %13‘7] o - &3tstgict. A3 Al &5 microtubec] E
31 12,000 rpmof| A 105-7F A2 a] gt 5 Abzolo] 7k Al 9]
A& S0 GAAS spikingsto] 309 ¥ Aasto] oF
AT e = Ax S Fholsteith

et 2k AG Sola Ao 1 ARk TAS
A& McCaughey (1990) HL Bt 2 5}o] H715}Act w A}
HRZhe ofef o] Abel ofa) Ak,

Cross-reactivity (%) = IC, value of antibiotics/ IC, value of
other compound X 100

Aol A=A il FAY=E FoiA
2](Olive flounder, Paralichthys olivaceus, 500 + 50
AP L2(AE 150 cm X 0] 75 cm)ol] FolA] AR

= vke ;Ho] 9=
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3t T} oxytetracycline2 1A% & 200 mg/kg body weight,
amoxicillin> 80 mg/kg body weight, sulfadimethoxine 10
mg/kg body weight Y oxolinic acid= 60 mg/kg-body weight
£ Aol 1 Lol Y lTh A Fol8S AR A
oA g FAE sh= 455 Ast] AlzAre] Haggy

oln] X 1% o] A 88K Treves-Brown, 2000; Jung et al., 2008,;
Son et al., 2011) .t} =2 =t g2 A3} 0|9} o] HiEof
A AbE -30°Colstoll A Hatstlar, A ofufjofl ARg-st
k.

ol o] A AFR oI §lsto] alszolx] 7k Agol
£ HIAI7] F BALE ol §atel ARE FAA O S
o] Yot FojH Aol oA Y22 FAM Edliule
A 9] of F-of mp3{of| A 23] Zjojub=A] o T3f &l & ¢
alsict.

ATET YA A o] A AR Thelel] Sfste]
24, 2AZE A3} Sofl APAR 7 obA SAA] & L5t
= A FIeto] 2 w5 WekE HPLCR S48k oteh. AFet <
S wA7]of #HSAR 5 AA ] A A7RA] 20T ofst
of Hastich

SAZ0| oSt kitet HPLC H|

OIS et kit EA1517] 919 chet 2ol AR
sho] A5 Ak HAA R 1 g2 3| Flsto] ==
£ 5 mL< 718} homogenizer= 6,000 rpmol| A 38-7F o
A ZALE o] FH AL 8,000 rpmof 4] 1087 LAl E2] 5o
AZN-E Holal 40°C heating blocke] 222 lateral flow
assay kite] A& & FQof 120 uL A4 & covers ZL 10
21 RESAIF T W0 2hRH kitE 2]H 7] of AFelste] Axt
£ A5k

FAlEl i3t AFgEAS HPLCE ©]85f0] tetracy-
clines, sulfonamides, beta-lactams ¥ quinolones< Korean
Food Code (2013) ®iof) whe} ofefj &} o] A A5}t

Tetracyclines A G2 o] FA] 70| EDTAZ} ¢34 trichloro-
acetic acid (TCA)Z 7ot FA8}sE 3 LalEelstal of 7]
hexaneZ 7}l $&3t0] 53¢k tha Sep-pak C , 7HE 2] 20|
5 52+ 4 82xA HPLCE EA41519)t}. Beta-lactam 7|
4 A& 59 amoxicillin?} ampicilling E=2 F=&319] TCA
2 EeES JAA7|AL diethyl ether® &3t T2 44184
3l HPLCE2 E41519it}. Sulfonamide A9 o] FA|E &
2751z sulfonamide”| £ acetonitrile® &3+ % C, 57!
A2 A5t HPLCZ E41513t}. QuinoloneA| 8 o] FA| &
o] TCA 892 713t ¥ acetonitrile= &3} H-H Fufjs}o
LC-MS/MSZ EA3}3itt.

o

4 Ad FAAA S FAS AFAA BT 253 1HH0 R W
o5to] 8xp7HA] HABLITE 22} WA HE] HAW O g1
Qe AL 1,0008)5E 22138 4(2-fold dilution)] 2.2
256,00081714] 3] A5te] 7HE SIS At 4 A H | A
T 22 72} ol & A AR H 7 2= T8
= 7 ASATHARPAA)). o= durd o8 Fajgfo] &
of vla o @ Wslgel Azte] Hastrh= AS &
ATt webA] Fig. 32 827hA] HAAIZ] th 27 Fof] 4
AEE Zol FEAHL FRIUS Al A 7Pt vt =B
o] F=3ict.

gHet 220|E 59 28

o

Colloidal gold= 40 nm&] YA=7]7} A4 0 2 colloidal
gold probe®] AAkol| AREE| L QlojA] E Ao A% 40 nm
9] A715 A™slaL, 11 oA Fig. 49 o] AxAWH
Ao g gholgl 5 ALE-3klt). Chandler et al. (2000)E 1eG
AEA AR AL 2230 JAANE Do7]= YAL717H40
nm 51712 714 s steka B askgick 4 AQe] Gk col
loidal gold 3Afell A7t A1 2[4 JA|s 2745H7] 916f salt
titration-& A A|FSITE FAE T - = H7Iske] RESAIY $
10% NaCle H7FS of A2 Wsbr} gl 24 A= 2
A3t Beta-lactam &A= gold 1 mL 3 5 ug, quinolone
A= 7.5 ug, sulfonamide A= 7.5 ug 18] 1L tetracycline
FA= 10 uge d7kske] AgkAlAk ¢4 ¥ antibody-gold 2
AE €= 4 AUk

2| 23135t A 9] & gold YAl 2o antibody-gold A7
A o] 44 dip-stick FE 2] kitS A& sto] SAJO02 FEH

Absorbance at 450 nm

1 2 4 8 16 32 64 128 256
Dilution (x1,000)

Fig. 3. Maximum titration of anti-serum by ELISA (8"). A, Tetra-
cyclines; ®, Sulfonamides; o, Quinolones; A, Beta-lactams.



164 Zue} - g

Fig. 4. Colloidal gold observed by transmission electron micro-
scope. The diameter of those particles was calculated with 35-40
nm.

5 722)3 2t Age] qEAQl FAR0) 2 SEE Agslo] b
~E Bjolo] WIE A7l BIat3). 4 £59) antibody-
gold W5 sHAA| 0] S} Z7FRE MET) ofe ) AL
shelgt 4= 9191th(Fig. ).

Kit M 2 ®7}

AA|D ALl SA A kitE HARIsH ] flaliA 2712
stripof] 7+ 2A| o] A HE e & 5 Sl stipS
gk tjupo| o) A5z A0 & T A}l 53iTh. Beta-lactamatt
quinolone Al E-E- $t stripol] 72435} 3L sulfonamides®} tetra-

cyclinesS TH2 3t stripol] A5HgIch M g, A%HA) o

() 4 10
A

CUAY - BES B QRS - A - 9K - ol

S, fid e olS 22| Aok 2o m MA e g & 7t
7 M2 JAA =S 23sto] 4 mmE stripS ARl kit
tjuto] o] Yo Fig. 63} 2o kitE A|&Fet¢iet. it o] d
9] B 3 A|(Kandimalla et al., 2007, 2008; Zhu et al., 2008; ; Le
et al.,, 2011; Douglas et al., 2012)52 1 7] = st Al 9] &
AR stripE Al 28] 2A8EAAL, Al of g FAAIE A
2514 Sakich. whetA] B Aol A] et kit 7HHsHAA
b2 4 A2d] A FAI0] BT 4 Slrhs AHE 7}
A3 9lck.

o= AIZHH kito]| beta-lactams, quinolones, tetracyclines
712]31 sulfonamides YA = FFgoHS HESAHAH
100% $Eoz #s 7t =5 AE3A(LOD, Limit
of Detection)® AA3F 1L, WH-A17] kit 2T 7|5 0|83}
o] AWE W53 9 7] 9] A ratiogho] 1 o] uf
positive, 1 19t W= negative?] A7} oA &, -2
5 104 A sl Hf ratioghS P& AYHE Table 2
of| Ureb it

7+ Al d YA 9] o xH-75]-8-7]=(MRL)-2 tetracyclines--
200 pg/kg, sulfonamides2 100 pg/kg, beta-lactams-= 50 pg/
kg, quinolones+= 100 pug/kg © = &3 ofsh7HA] Z&0] 7t
salct. ok, WA 2t Ad-Sold g} 1Y) 4
7o) WAL A =5 13t A3k, beta-lactams A= amox-
icillin, ampicillin Z12] 31 penicillin G£} 20-100%, quinolines
3} = enrofloxacine 3t 57119] quinolones &4 A o] thaj
38-100%, sulfonamides 3}4|+= sulfathiazole 2 Z &5t 15%9]
YA} 10-80% L&) AL tetracyclines &A= oxytetracycline
2 T 459 At 20-100%9] wARRS0] Q= 3
Al 71 SolA] A S 2 d o= lSiTh =3t 7} 7 kit 9
WA E=E 2Rlsh] S8 54 Al=E A gsto] kit A3

() 24 40 (- 10 20
c D

Fig. 5. The strip test for the detection of 4 antibiotics. A, beta-Lactam kit, amipicillin 4, 10 ng/mL; B, Sulfonamide kit, sulfadimethoxine
100, 200 ng/mL; C, Tetracyclins kit, oxytetracycline 20, 40 ng/mL; D, Quinolone kit, Norfloxacine 10, 20 ng/mL.
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Fig. 6. Lateral flow immunoassay of fish samples. A, (-) Control sample; B, (+) Beta-lactams; C, (+) Sulfonamides; D, (+) Tetracyclines; E,

(+) Quinolones.

Table 2. Concentration of antibiotics detected in feed samples. Comparison of results obtained by lateral flow assay kit and HPLC

Oxytetracycline Sulfadimethoxine Amoxicillin Oxolinic acid
Sample HPLC — —fn—  HPLC  —fi—  HPLC  —f—  HPLC i
Control 0.0 N 0.0 N 0.0 N 0.0 N
After 24 h
1 0.104 P 4.901 P 0.253 P 0.164 P
2 0.343 P 6.289 P 0.319 P 0.504 P
3 0.148 P 3.845 P 0.178 P 0.240 P
4 0.248 P 6.288 P 0.291 P 0.164 P
5 0.079 P 8.245 P 0.704 P 0.148 P
6 0.048 P 0.555 P 0.197 P 0.156 P
After 72 h
7 0.018 N 0.035 N 0.017 N 0.052 N
8 0.017 N 0.020 N 0.039 P 0.030 N
9 0.018 N 0.025 N 0.015 N 0.032 N
10 0.014 N 0.030 N 0.028 P 0.012 N
P/N, positive or negative.
S0 PAAIE spikingsto] 3071 HHE st FJAITE 2 obF W2 Gl(<10%)E2 ZE=TH(Zhang et al., 2007; Jeon

e = A E 29159t} Tetracyclines, sulfonamides, beta-
lactam & quinolones kit =57 A& H=5 100% oA
B2 HEY 5 % tH(Table 1).

Jeon et al. (2008) ¥ Chafer-Pericas et al. (2011)-2 ELISA
ooz IS A=k e, o] ELISAHES Al
e T 4 e FES 7L Qe skl 54 Al
£ A=5h7] SRt ol 2 Ao Al et vk

et al., 2008). O’Keeffe et al. (2003) sulphamethazine Ay
AE &= kit= A|2ske] urine Al =S 252]d 3 A3 cross-
reactivity7} sulphamethazine?t 100%0©]%11L, YHZ| 145
sulfonamideZ|+= <59%°]3}ith ¥HH Zhu et al. (2008)- 12
fluoroquinoloneA| &4 A £ strip testE §+ A1}, cross-reac-
tivity2} 7 =34 (Limits of detection)”} Z+2} >50% 4 >5 ng/
mL (fluoroquinolone| & %-2] pefloxicin) 0.2 2 19} gAY
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A F5 chE A, 23R fAsct
Duan and Yuan (2001)= ciprofloxacinE ELISA ®H o2
F4319 31 Zhu et al. (2008)-2 quinolones A A|E- immuno-
chromatography strip 0.2 2415} t}. o]& Bily W5
MRL 3 ofsp7HA] b &8s A5 4 A2y sttt
o] 74 AL & Al B o] FAAIE AT HRlolH 7150]
L ol ke A EES HESHlh
Ao A st strip kit WPH-2 HEor HupEAL o
T YA, TR AR oY PSS HdihRe 8w
(MRL) ol8te] 52717 4%
e AihE g 4 glrks

Kitet HPLCS| H|w

& 83t
FHYEES YFEASAL lateral flow assayE ©]-8-3t

kito] chat 2% 2345 Table 22} o] v]3 E45}g]ck.

FAA AR7} EolE o) FAIRE HPLCR o] §3 4k
A3}, oxytetracycline 0.079-0.348 mg/kg, sulfadimethox-
ine 0.555-8.245 mg/kg, amoxicillin 0.178-0.704 mg/kg
71831 oxolinic acid2 0.148-0.504 mg/kgZ 21 =it} 74
urEl kitol] BUT AR S Hgelo] umat AT}, AETA
FTh 52 G50 ARE positived Lrehfgla 1 olat
+9] g=2 negative® UE o] HETMA o9 sl A
L kite} HPLCO] Zubr} o33k AbbAdo] 919tk O'Keeffe
et al.(2003) E 1o A+= urine A|ZofA sulfonamide| &2l
sulphamethazineo]] tfsle] LC-MS/MSZ H| w3t Ay} H=
SHAIZ(LOD)S! 100 ng/mLe|| 7}7k2- so A B2 B3
o, B do|AE sulphamethazineS =] A] kol
sulfonamide#| & 10Z¢f tfs}to] O'Keeffe et al. (2003)E =
ZHE (sensitivity) 7} 1] Folwh 2 0 2 BHelE|gith. Zhao et al.
(2008)2 enrofloxacing H 2l chicken®] muscleof #H5F-3l=
enrofloxacin lateral flow colloidal gold immunoassay strip
o2 $ajsli LC-MS| 4 Anel wmalgich. F B4 1
119} A3} %k enrofloxacin®] o] Bl AE = o ol
#o] ket Alkale] gl 202 Uhebrich. wheba] 4aRe 2
o= sl HPLCU LC-MSMS 492 A SS 2415}
7] Ao thde] Al &&= kitE 55to] 232 Yot At =
ool FRrEA T AZFE o] U A A Q1 S A ol
Ao AR E

olgfgt A4S Tl = ol T kit o7 AlmETt
ofu et FA1t Atz ZHF 7Hs/d o] W tetracyclines, sul-
fonamids, beta-lactmas ¥ quinolones gAY Ao thafj 4| = 7+H
SPRALE 414537 B4jo] 75 e A 0% ARET Eal, 3
288 kit Ak ofAIA W A|Tg o) fol A A8
Sko] Al&5kal A ShHA = FAl] WS GO AlRE 227
gol 7Hset kit Al 483t d A o2 7|t E )

A - ARG - A% - A8 - ole
A AR
AT SIS 0] A §1(RP-2015-FS-002)0] of3)
e glom), olel A=Y
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