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WBRFBEZREE ELISA ¥ A5 EL RN
INER, AR, I T, BIF, L 4

QAN KRB R, A% 271018)

WE: [E] S&MARREE (FFC) WE i 4Rk, Z Lol BREH 0 EER 4 BLISA Hh
FAFEIRERESA 54 EEEE (BSA) A LFEEE (HSA) ZREBEEEK, B LENEFNEL
AR, HAEEKL A 4 14. 4 %0147, A %)% & FEC-HS-BSA 5% 37 1 = K & RIR1F T M B8 00 4 R 404K
BLFRAG T E R # ELISA el k. [ R]Y JdniFBm A 1: 102 400, HEBHESEREN 0.5 pgnl ™,
RETRTERE N 1 : 6400, BEAR —HU TIEWZ A 1: 20 000, EJIHE F=-0.15164+0.788 (F=10.9859),
AIMTERE K 0.18~500 ngml”, HHRA 0.18 ngml”, #AFuRLE T LR RELFH 4. 86%F0 7. 77%, & XK
RLR S, FLE L FRC AR B A E & A0 7 E R 28 SRR E A 4 0. 094%F 0. 098%, 5 Hwr 254128 R e
FHNF0.01%, KWz hEEARBEN ST, FFC DURE 0.18 ~500 ng-g” ZEX I A pm, B Ky 84. 14% ~
106. 1%, HFRBA 2.1%~5. 6%, (0] Rk E T &HEMN. S FENH FFC fiik, X THHWHAREE
PG A MG BLISA 73k, BEREW, Praseyieill iz B e B, EE. RaEmsa.

KR AARRE; REMN; [EHEE 4 ELISA

Establishment and Application of Detecting the Residues of
Florfenicol in Chicken Muscle by Indirect Competitive
Enzyme-Linked Immunosorbent Assay

SUN Fa-liang, DIAO You-xiang, SUN Ning, MA Yan-fang, JI Wei

(College of Animal Science and Technology, Shandong Agricultural University, Taian 271018, Shandong)

Abstract: [Objective]l The purpose of the study is to obtain special antibody and develop competitive indirect enzyme-linked
immunosorbent assay (ciELISA) for florfenicol [Method] Florfenicol hapten was conjugated with the carrier proteins bovine serum
albumin (BSA) as immunogen and with human serum albumin (HSA) as coating antigen, respectively, and the coupling ratio of
FFC-HS-BSA was 14.4 and the coupling ratio of FFC-HS-HSA was 14.7. Polyclonal antibody against florfenicol was generated by
immunizing rabbits with FFC-HS-BSA. [Result] The antiserum with high titer was 1 : 102 400. The indirect competitive ELISA
revealed that the optimal concentration of rabbit serum was 1 : 6 400, the optimal concentration of coated antigen was 0.5 pg-ml™,
and the optimal concentration of sheep anti-rabbit 1gG was 1 : 20 000. The regression equation was Y=—0.1516X + 0.788
(R?=0.9859), the lowest detection limit was 0.18 ng-ml™, the linear range was from 0.18 ng-ml™ to 500 ng-ml™, and the coefficients of
variation of intra-assay and inter-assay were respectively 4.86% and 7.77%. The antiserum had cross reactivity of 0.094% and
0.098% with chloramphenicol and thiamphenicol, respectively, but had cross reactivity of less than 0.01% with others. The
recoveries in chicken ranged from 84.14% to 106.1%. [Conclusion] The antibodies with high titer and specificity were produced
successfully and a competitive indirect enzyme-linked immunosorbent assay (CiIELISA) was developed for the detection of
florfenicol residue in chicken. The results showed that the method is sensitive, accurate, convenient, and quick.
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[WF50 ) w7 Je*% (florfenicol, FFC) j&—
PR R AR R IEDUAE R, FEH TR AL .
A S KB I ANE TR o R e A 2 AR Rk
Ji T LR SR P = A I SRS, CAEREE
HORFIBAE ], 7R B I R A R (0 Y FH T 5
R S WF R B R JE 2% H AT R i 23 R 247
TE&E B RSN L 8O & & 7 &bk
W, fEfAoddE. PR B RS EBE T3
YRR JE 2 i KBk B PR IR R T AR R
D% Sty A VTR (NI VS SR o D) < |
AR AR F R . (AT AWt ] Har
FRVRL I 7 4 T AT AR 90 S S VR R E
Jitke BAEMEITERE . A, (B4R 2,
RGPERIAG o TEUR oy 27 75 10 BAT N IR TR 47 25 11
SREWARE . AFAEJBURG YR 75 B R A B S .
WM 2 » T BAT i R (45 (HPLCO A,
SRR (GO B, AR -tk (LC-MS) 9
VR A3 - T I T (GC-MS) 7145 3y ik
XA OIS b PR AT A SR iy FLERAE 0B, AR R
i Ak B o, BT NS, ANEAEE R A
FRKEfE . UARBERUIAN ST LG ik Sl
TR A, 58 il T AR M s il K8
FRNTUIR, REEA REEE, JAE
BN TP, 8 s 0 (R B A4 A2 Bl 1 G 2 sl
TR OCRE . CRUA R DG ) R T 4 i e o o
N THUR, G KAl & =8 ke e v Ak,
LI AL ELISA # J5i%

1 #RIERZE
1.1 NBE5RH

HI9321 MR)% i, 5[ HANNA A7) il Sy fii bk o
(CJ-781C ) , LTI AR s BEHT 4R
(27DM) , HEI1433%%; U-3000 LAMARIY, HAL
Ay 722 e edeE T, HARRE; AR, &
R, 4i)%>90.0%, Sigma 775 AL HE A
(BSA) , & =>98%, Pierce 4%%; Sephadex G-200,
Pharmacia /= ; ZFRRANE, AR %%, L5l
HBRAF: N, N-ZHIEF B, AR 2, Rt
WTHRAR; Z1ETH, AR 2, 4R
FIEBRAR T K, AR 2, 258 1b A7)
HHRAF.

1.2 AImEMERSEE

KINIRARET Y % FFC-HS-BSA i J5i Al
FFC-HS-HSA 4T, [T SDS-PAGE ik Hi ik Fl4%
AMARRIAT S5
1.3 HERH&

& 2 2% 3C WK [10] HE AT PUO S 1 & . A
FFC-HS-BSA 1E R i, SEibAT it fus, Sy
HNET R TR S 0.8~1.0mg %), 3 G
Ina Gz, LSRRG 2 Fnam s 1k, ik $) e
KOG, OIER MY BB . S IR - B R A vE A
DEAE 214 2k aifb B, AN 0.01%
SR, 33— T70CLRAF.
1.4 [83ZELISA RYEIL
1.4.1 [A#ELISAXEARREF SHCBR[ISIN AT
YEHEAT ELISA $:4F, A ODygo {8, AP EZ (A
FHVEBIER 3 7%, BEK 3 min; 7 ODygo fHA%IT 1.0
i, PIN {ELE 2.0 LA EJf RO R 10 s W 45 A A A
5E ELISA N 55 A 1225 s -
1.4.2 GHIE i THERENH T HTkE
TEHATINGE , 1E+E ODagonm AT 1.0 27 H 5 BV M7
OD sgonm 1ELAH 22 852 K ) BB B ISR HT LT (R E, A
ELISA J W IR B AR TARMR L
1.4.3 HIREREEFEEEGHE ISR R
TAEMREAME, 43 % 4CiE . 1.2.3 f1 4 h(37°C),
DU EEPUMLE A B HEAT ELISA WU , AR 45 1 ODagonm
B P B AR B ]
1.4.4 HPEBRA A B EHHFE AEEH, 1%0)K.
1%HSA. 2% W5+ 5%F I3 + 5% AR W1 A 3t PV
37°CH A 1. 2. 3HT4h, I OD4gonm fHEFE 5
A d5F P VRORD B PAT B 7]
1.4.5 B _HMGRBE ARG RE BEHE
1:10000. 1 : 15000, 1 : 20 000. 1 : 25 000 F#%E /%,
37°CHHAEH 05, 1. 1.5 F1 2 h, 3L ODjygonm fHik
PR AR P E AR BRI FH ]
1.4.6 FURGVRRE 7 # R IEEfet o] kiE &
PRI JE 37°CHI40°C, 437LL 05, 1. 1.5 F12h, AT
LGN, I ODagonm (ELIZEFESR ALK S WIS [AIFII o
1.4.7 KM B G AL BRENEE KD
J& 5+ 15 F125 min 435I 0.5, 1 f12 mol-L™ H,SO,
LB RN, W ODagonm A1 H F5 16 JEGH) e €4 1N ) K11
LIRS
1.5t RHIME

MR R B R4 A, AT 3554 ELISA
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Mz, HlEARAEZ. CLRSIFBEE (1 000, 500,
200. 100. 10. 1. 0.1, 0 ng:ml™) ] FFC Frufkiizh
SEIERRRE , DL E FFC LS 0 ng-mI™) ) ODagonm
{H#3 BIBy 8, H.HJG FFC A AT ODaggnm 1H A
Bo» AR IR L) FFC FIHIRT ] ODagonm 1EA B, LA
4552 Y=BIBy WP AAE, LA FFC IR0 HOA BEAL KR,
efilbrrEh 2, LA BARATI R (LOD)
NAERE L b Bo-2SD Tt FFC % (SD K
FFC KIEE 0 INRFRUHER)
1.6 HBEERNE

DAL Py i 2 RO R 5 2 SR 3R s i T VR IR 5 1
FFC 5 —hrdEAE SR B LR [ — PR W AE 4 IE S,
AL AR 5 RAGR R AL R 25 F A& T AN R
Wb AR R AL B A 3 Ik, R B IR AR e R R Rt A R
%,
1.7 ZXREERMNE

RS A H G Th R A R
B BN, BV MREEE R KK
HEVHE, 455, FIBER. HHEE. wRe
SEAERPUARAE SR 5854 FH 384 ELISA 3:05E
P XF FFC (19 50%4 i3 & (1Coo ) FH 5S4 H 1Cs05
A X RN ZE (%) =ICs (FFC) [ 1Cso (3E4+H)) X 100%.
1.8 [EEANE

L7435 g SIS AT, I\ FRC A 2834 15 2 500
200. 100. 10. 1. 0.18 ng-g™*. AEGHHEE A 15 ml
ISR (84 : 16, vIiv) 5N 1 min, FEIKZES) 10
min; 5 000 r/min &> 10 min, B3 ml L35 1 ml 0.5
mol-mI™* NaCl ¥ T BB iR AT, I 3 ml LR &
g, WWsh 1 min, FE S0 ZER, W FIZKH,
¥ LR RS T 1 mlECkS, B 1 ml
PBS, JiEiEIR%% 1 min, 5000 r/min .0 10 min, 584
7 LEANAE, BUREAFHBE TR . 4% 1.4 105
TR, VA REA M R .
1.9 LC-MS7£5 ELISA J& LA

5 EZbRUE (GBIT 20756-2006) FiLiE T frsh#)
ML R AR R E R P IE RN e
Bk B R TR IBORE €G- R ISR I o AT L o D P AT
TR IR P RN B % & i, R e Hhnke
WIEWE N 1. 2. 4ngg?, 4% T AR MLkt HbrvEds
IR 54T T LC-MS VR 45 Lk AT L
BRIE.
1.10 ISRHERETNE

L AR R RIBE ) R0 Ll AR SR8 R £ in ) 43 il e 10

IR A, 4% 1.8 HIJTVERAT AR, M A Hx
HE MR TSR S 25 ik R i
2 HRE5SH
2.1 AIMEMEREEE

LAMAREE (1. K 2) SR N THUR 5K
WA BEAS ) T3, AN T2t 54 N Tt
JE PR R AN 138 B I S A 2 B TR R P g 0
WL, ISR N L. SDS-PAGE Hiik P (K 3.
B4 SR N THURIKEE N T BSA, BB T4t
JRR PR TR AR O, D UE B AR .
4 AR 5 FFC-HS-BSA I FFC-HS-HSA
PR GGG ) 14.4 1147

W2 Absorbance (Au)

U L
200 300 400
i 1 Wavelength (nm)

1: FFC-HS-BSA; 2: BSA ; 3: FFC

1 REREIMEALIZE
Fig. 1 UV scanning spectrum of the immunity antigen

W4 Absorbance (Au)

200 300 400
S Wavelength (nm)

1: FFC; 2: FFC-HS-HSA; 3: HSA

2 BHEREIMIHEAIEE

Fig. 2 UV scanning spectrum of the coating antigen
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kD
97.2

66.4

443

29.0

20.1

M: Maker; 1: BSA; 2: FFC-HS-BSA

3  fYZ[H SDS-PAGE FiKk[El
Fig. 3 SDS-PAGE of the immunity antigen

kD
97.2

66.4

443

29.0

20.1

M: Maker; 1: HSA; 2: FFC-HS-HSA

4 B#HR SDS-PAGE k&
Fig. 4 SDS-PAGE of the coating antigen

2.2 ELISA ZHEHMIL

2.2.1 FLlERN EHEIUR i E TERE
I 5 a2 SRAS RN TS ARG BT
10 pg-mlI™ i, #t FFC M2l 1 ¢ 102 400, 41,
WehUR SR A 0.5 pgeml?, Bl i s TAE
WA 1 - 6400,

222 BAEMERGELHENHHEE SHRE
W], 37°CIE N 2 h Prf3 ODagonm 4 1.02, H PIN
Mfid N, okt 37T°C el 2 h Vb Pilsm AR bk iy
8]

223 HUEBAHMEEEHHEFE 1% K.
1%HSA. 2% W] i3t AT IS I B ODggonm 1EAR T~ ANEt
B, B RN B 5% LIS . 5%l i W3t 4]
i) ODagonm fEL G 22 5, BHEAE s AN AT, BT
N HE AR TS, R BRI R, B

IR WL GRS A WO B 5% B0 WA A Jt PV
5%/t IR W eSS 1A 2 h B PIN {Ef5 ey, B2 %t Pl A1)
2 h,
2.2.4 ERAF UGB LACE R A YA BEbR
PUAiEE 1 : 20 000, 37°CAEM 1 hif, BHTE ODagonm (E
A1, A IS R ODaggnm (HE A, P/N {Hf
K, HOGFEMEER —HUMREE R 1 : 20 000, EHImF a2
1h.
2.2.5 FURPUARRE F FRALIET Fobt E Y
ODgonm fEL7E 1.0 ZiAT I8, Frow B ()5 37°C 1 h H140°C
05 h, 4T &R, #ik$E 40°C 0.5 h fEAHLET
A B 3T T A N il 55 RS [1]
2.2.6 KU B ERE LB NETE SRE
B 4 15 min J5 0 2 mol-L™ H,SO, ) ODggonm 18 55
K, HPIN 5K, HOkFeey WGt [ 15 min,
LW A 2 mol-L™ H,S04.
2.3 trEZ%

IR (R D, SfibsEihge (Eng) £33
LR PEIA] ) 7 Rl Y=—0.1516X + 0.788 (R*=0.9859) ,
ICso=79.3 ng-ml™, HALALMFE (LOD) =0.18 ng-ml™,
2P 0.18~500 ng-ml™,

%1 FFC ci-ELISA #&im
Table 1 The results of ci-ELISA of FFC

FFC (ng-ml™) ODgonm B/Bo Ig[FFC]
1000 0.293 0.285 3.0
500 0.412 0.400 2.7
200 0.460 0.447 2.3
100 0.520 0.505 2
10 0.659 0.640 1
1 0.832 0.809 0
0.1 0.941 0.914 -1
0 1.029 1 1

2.4 FEEEWE

EEE7IIIIRTERE VAo 7T T ES % A NI A 1 8 @
F 2. w0, FEERIETEHE N S AFRIERRE BIB, ALY
A5 5 R AT 2.61%~7.08%, HHLIHAE 5 RAAE 4.60%~
10.5%.
2.5 RXRMNEHNE

M5 45 FR W, Pt FFC PRS0 e % 2
AR TINERMA RN ZE 574 0.094% Fl
0.098%, HHEWNAE X R NWE<0.01% (K 3) . H



5 3] PN RS X P RS JE % ELISA RS 5 2 (¥ 28 7. K% o 1817

*2 EMERKETHESERTRAH

Table 2 B/B, and intra-assay and inter-assay CV

FFC i HEPIRZ Intra-assay HEIAR 2 Inter-assay

Concentration (hg-mi”) )1t BIBo sD CV% Bt BIB, sD CV%

500 0.401 0.026 6.48 0.411 0.043 10.5

200 0.452 0.032 7.08 0.450 0.038 8.44

100 0.508 0.027 5.31 0.503 0.032 6.36

10 0.642 0.024 3.74 0.638 0.062 9.72

1 0.804 0.021 2.61 0.813 0.057 7.01
0.18 0.912 0.036 3.95 0.914 0.042 4.60

FHE Mean 4.86 7.77

R3 MEAIESBRERENZIXRER

Table 3  Cross reactivity of florfenicol and antibiotics

Fz 4 FFCEBRPRGRFMEIILE (n=6)

Table 4 Recovery rates of FFC added in chicken muscle

i i) i rhR AT SR % IR Kk i EfES R
Antibiotics ICs (ng:ml™®)  Cross reactivity (%) Added FFC (ng-g") FFC detected (ng-g”)  Recovery (%)  CV (%)
2K Je % Florfenicol 79.3 100 0 <0.18 0 0
S % Chloramphenicol 84620 0.094 0.18 0.191 106.1 5.6
FATA 4 2¢ Thiamphenicol 80929 0.098 1 1032 103.2 52
it — PR Sulfadimidine >108 <001 10 9.374 93.74 25
. 100 98.45 98.45 2.1

TR 555 2 Streptomycin sulfate  >10° <0.01

200 177.0 88.50 3.4
PR K% % Gentamicin >10° <0.01

500 420.7 84.14 4.2
% % Kanamycin >10° <0.01
JU¥f 2 Tetracycline >10° <0.01 - o

2.7 BEPEAKXRBESEELISASLC-NS ST REY
4143 % Erythromycin >10° <0.01 b

30

S22 penicilli ~10° <0, § S S o de v
F&K Penicillin G 10 0.01 ELISA %5 LC-MS il bRy In o] i 4 &5 Bt
1Ay B i 6 S Y N IR
PP A2 Norfloxacin >10 <0.01 72 5, FiRFEW]. ELISA VEIE B B Z AR AR
A Enrofloxacin >10° <0.01 IR % >84%, 5 LC-MS V=0 4: S A W4, I

BRI, 2GR IR S I i o
2.6 [ERENE

M 4 R]HESXS R HARIN) FFC M BEAE 0.18~
500 ng-g™t Bl I, 29 R Lp gl [RDAE,  [RIICR
84.14%~106.1%, &5 RECH 2.1%~5.6%.

5 BAPREERBEESE LC-MSES ELISA SENEH ELEL

IRJHERA ARG % FE AT Gk B 0 B IR 23K
2.8 HRMNESER

20 13X A T AR JE 5 ik B R R 45 R W% 6.t
2 6 Bl T A BUR B 2 B R I ol 305 ng-g ™ L
AREE SN T W AR 3 A, TR B I
X A G IR

Table 5 Comparison between LC-MS and ELISA of florfenicol in chicken muscle

™ FFC R JiE

ELISA 75l 2 ELISA method

LC-MS iLill5Z LC-MS method

Added FFC (ng-g™)

SRR Recovery (%) CV(%)(n=3) SE IRl R Recovery (%) CV(%)(n=3)
1 93.7 25 99.0 53
2 98.4 2.1 100.0 4.3
4 88.5 34 108.0. 7.4
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Table 6 The result of FFC detection in chicken muscle

X I SKJR Source of chicken muscle WK JEFEHTL B Value of FFC residues (ng-g™)

I ZL R KT A shandong meat product factory 305 236 186 102 84 37 1.2 0 0 0

I ZHE A i) A shandong meat processing factory 246 102 73 21 0.4 0 0 0 0 0

3 it

XA NG TR R B, N THUR A

JERBEM)—, BUR U H R e B ORI RN
FEretE. #WRBHE L My, RS IEARK G
Jite, D ZR0RE S B R ARSI AE B TR A B
TP . T RORE % 7 T4k REJCRIE R
5, AReHESEOMHEEE, LAUEHH T SOE. A
KR RATRENE, e FRC LRI NV, £z
AL, ISRk FFC-HS, K5 FFC-HS 5
BSA (HSA) 1l i Wi izt AH %, “E R FFC-HS-BSA
(FFC-HS-HSA) B4 . Bk s b a4k £
FAFLIRUR R, PSR . RAR A TR I Y Bt
B, RMNIE S, T HAE 4CKE R AR, B
THEAPRAEBYER N . EflE N TP G 2 G i
THAF T BB PR R e hiih.

A B B A VA, AR BT A S
8 2% SR AN T A7 A0 AN RV RRE 138 X i),
SNBSS R I R T4 (HAS X AR 45
T, ARSI IR T (R 45 R 2R B A
BRSO, VN T 0.1%, R P3RS PiiAE:
SR AP R B A R TR NG, Lk
K IIAR E FT5E 0.18 ng-mi™, 40T A B S b v A T
WA -T2 (LC-MS) 52 LA G K e % 1) 3
MK IR E (LOD =1.0 ng-g™) . 1My H A4S 2Ky
EEA TN AR R SRR R FE A T
B AL DY, ST I R S i S KA R
HEATPOETRGE . H AT MBA H0E R JE %14 ELISA K
M7k, MR ELISA Bl kit £, 55
AT [ B 25 ELISA KL IR & (R g b v
oA 0.24~250 ng-ml™, KB (LOD) 2 0.47 ng-ml™,
FES AN MR 70%~130%) AHEL, AHFFT T
(A B ELISA R J7 VL HAT B mn IR vERf R 2%
FEv RS R —2 000 B E5R =B ST
T A

4 g

AWFFUENL KT JE 5 B ELISA LI J7 28

MK IR (LOD) =0.18 ng-ml?, i (1Cs) =79.3
ng-mi™, AT F AT R BUR DU 7 VA R R, Hie i
B v TR 11 B0 S 2 3 e 1) e g ke P PR A
(MRL) =100 pg-kg *; 7F 0.18~500 ng-ml™ Ju [ A,

LML R R (RP= 0.9859) , Kyl se, Pt
P CV )y 4.86%, “F-3HILIA] CV by 7.77%; 7639 P
1 FFC ¥ & 4 0.18~500 ng-g™ I, [R[ir % 84.14% ~
106.1%, Z5FRBCN 2.1%~5.6 %. XLEHERIAA
TR0 7 A B i B A ci-ELISA J5 kR L

FE R RS, R AT S 2958 B W (R 2K
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