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Indirect competitive enzyme-linked immunosorbent assay for the detection

of enrofloxacin residues in animal-derived food
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Abstract: [Objective] To establish a highly sensitive indirect competitive enzyme-linked immunosorbent assay (ic-ELISA) for detecting
enrofloxacin (ENR) residues in animal-derived food. [ Methods] ENR was conjugated with keyhole limpet hemocyanin (KLH) using the
carbodiimide method to prepare an immunogen, and New Zealand white rabbits were immunized to produce high-sensitivity antibodies.
Based on this, the detection system was optimized to establish ic-ELISA, the detection performance was evaluated, and spiked recovery tests
were conducted in animal-derived food. [ Results] Under the optimized conditions of coating antigen concentration at 0.25 pg/mL, antibody
dilution of 1:40 000, secondary antibody dilution of 1:5 000, primary antibody incubation for 15 min, secondary antibody incubation for
30 min, and color development for 5 min, the ICy, of the method was 27.76 pg/mL. The detection range was 0.49~1 577.29 pg/mL, and the
limit of detection was 0.33 pg/mL. The intra- and inter-assay coefficients of variation were both less than 15%. The method showed good
specificity in trace detection of ENR, with recovery rates of 93.37%~97.06% in chicken and 87.15%~97.59% in fish. [ Conclusion] This
method demonstrates excellent sensitivity, precision, specificity, and accuracy, and provides an effective tool for detecting trace residues of

ENR in animal-derived food.
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Table I Optimization of concentration and antibody dilution of coated antibody
AR I 4 vk PO BEAE KL N
JE/(pg-mL ") 2500 5000 10 000 20 000 40 000 80 000 =
4.000 5.036+0.485 4.898+0.117 4.8194+0.064  4.205+0.251 2.998+0.137 1.948+0.145 0.06640.004
2.000 4.88840.139  4.8354+0.180  4.405+0.038 3.305+0.273 2.21440.066 1.299+0.245  0.06240.006
1.000 4.9734+0.298  4.814+0.239  4.380+0.034 3.219+0.202  2.191+0.307 1.344+0.183 0.06040.013
0.500 490140.026  4.503+0.296  3.796+0.011 2.786+0.021 1.80340.074 1.093+0.154  0.05640.011
0.250 3.52740.388  2.640+0.330  2.342+0.692 1.49340.092 1.009+0.063 0.482+0.177  0.06040.003
0.125 2.656+1.109 1.75540.440 1.1974£0.190  0.7361+0.020  0.525+0.082  0.331£0.040  0.068+0.011
1400 |
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w g 1200 08¢ » 10 132.87
¥ 2. 1000 < o 15 26.91
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;\ﬁ T § = 045
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0 02 ‘ ‘ ‘ ‘ ‘
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The mass concentration of coated antigen/(pg + mL™) The logarithmic ENR mass concentration/lg(pg *+ mL™)
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Figure 3 IC,, values measured at different mass Figure 4 Optimization of incubation time of

concentrations of coated antigen
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Figure 5 Optimization of dilution ratio of secondary antibody
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Figure 6 Optimization of incubation time of secondary antibody
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Figure 7 Optimization of color development time
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242 NEHIEYE R ic-ELISA 34 [/ —#E Wk A [H]
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(YY/T 1183—2024) 17 Mk A i %) 45 % B (9 225K, i 56 F
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T A e LA A A v R

243 FESREMEYE ic-ELISA 5 Hfh g 45 i 25 25 W 1 32
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Table 2 Comparison between literature reporting methods and test method

DRI HLf LioailFeN | 6 0 B SRR Y REPL R EEPUN
S THT 1 5 7 o2 G ) ok nmol/mL 5~1 000 0.12 XA £ / [31]
DAL A M nmol/mL 1~400 14.72 A / [32]
G5 T B30 A4 I 2 A ) 1 ng/mL 25~1 000 61.1 X 1A / [33]
T 4 e 2 BT ik mg/kg / 3 X 1A ENR-BSA [34]
fb2F B G 5 1 ng/mL 0.35~1.00 0.03 A0y X AR ENR-BSA [35]
S RALHE ic-ELISA ng/mL 4.16~24.08 2.11 X A ENR-BSA [36]
ic-ELISA pg/mL / 0.59 A ENR-BSA [37]
BT 42 94 K Wik: ELISA ng/mL 0.16~500.00 0.24 215 ENR-BSA [38]
I Ty ik pg/mL 0.49~1577.29 0.33 XA ENR-KLH
T RRSH PR T
%3 ic-ELISASEZELTE I PR RAG R IC,,
o . LOF 4 . 4 1165.75
Table 3  Precision identification of ic-ELISA o 8fi 786.62
P e A 2 < 08 sk e
AT T o
A (pgl_(;;j N ODys, (pglhiii/ 1) ODys %g 0.61 :332” 3333
1 31.40£0.26 1.22740.003 28.18--0.87 0.986--0.006 jf 0.4
2 33.33+0.52 1.264+0.018 36.52--0.46 1.101--0.009 =
3 35.9540.40 1.14940.006 28.56--0.43 1.0614-0.023 0.2F
4 35.22+0.59 1.47940.007 34.60£0.61 1.15240.001 05 10 15 20 25 30 35 40
SEAME 33.984:2.04 1.2800.141 31.97+£4.23 1.07540.070 ENRJT &3t ok B2 % 50(E

CV/% 6.00 11.016 13.23 6.511
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Table 4 Cross reactivity with other quinolones

HAbvs R EI 2258 IC,/(pg-mL™") X R/%
b A 2 113.40 1.31
KRV R =20 000 <0.2
AR B =20 000 <02
=R R =20 000 <0.2
WAL =20 000 <0.2
b & =20 000 <0.2
Pt 2 3 A 0 =20 000 <0.2
RV =20 000 <0.2

2.4.4  TER GRS B R AR S Ak S AR B R4
B, 28 ic-ELISA far il 22 il 9 il i 2k . 181 9 BroR , Bifi 5 W
LT T A3 0 A0 308 K, X 11T A1 30 VAT G A, Y I B ot 1 &
10 7 8 9 e BOR U R AIR, b 64 57 B 5 PBS AR
FAF T 1Cs B AT, ELAM M 2 3 A W) &, R LR
RAEAESE TR AN o P, B 28 39 R B 5 Ak B85 R F PBSS
T % 64 % LATH B HL 36 R 4

LA [T i o5 A A S 2R 0 s R {5 G S R R v
A 22 5, AR [l IS0 56 45 S a3 5 IR L XS PR R £
PALRE S B4 A (R0 43 500 N 93.37%~97.06% F1 87.15%~

The logarithmic ENR mass concentration/lg(pg + mL™)
SIS ROV §R

Figure 9 Elimination of matrix effect in chicken samples
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Table 5 Actual sample addition and recovery experiment

. m}m@ KJ‘I)”JHHJ e 2% QTT/%
(pg-mL™") (pg'mL™") /%
PR 50.0 48.43+4.06  96.87+8.11 8.38
25.0 2426+2.13  97.064+0.09 8.78
12.5 11.67+0.91 93.37+0.07 7.80
a1 50.0 48.804+1.62 97.59+0.03 3.32
25.0 21.79+1.80 87.15+£0.07 8.26
12.5 11.65+0.65 93.21+0.05 5.58

97.59%, 78 5# R BN T 10% , 375 JBRFR i K6 I 7T 322 32 (1)
S0 BB P, 15 BH R 56 T v 1 o A
3 g5

5T SR B W e i T R Y B — A AL I
B G EPUIR A A e B VE 25 K A R T AT
R RN RN 7 W 1 o 3 i B o W o R L R N vl 1]
P 5 v Wl I G W BRE 9L o 1 Tk B R S TR R 0.49~
1 577.29 pg/mL, fig KK BR 4y 0.33 pg/mL, B A B 1) R
AECRE b PR B 1% 21 50 ) I B AT ODs 18 1 25 5 R A3
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INTF 5%, FLA BT 0 RS % B R e M 7R R B A L
ZENES SRISE ST O Y B IR ARSI R TN EI R e e |
49 93.37%~97.06% £l 87.15%~97.59%, 5 F R B K /N T
10% o 5 B0 F Sl £ 565 53 20 5 T B3R 2k I AN
B R A N BN 8 T S B R R AR L RE S N
i e A AR TP L U B RGE B R S R O A R A
FR A . Ao AE B VD B i R ARG o BT 7 v v B
A — R AT N B il & B T T e PR S
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