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A Novel Quantum Dot Immunochromatographic Assay for Quantitative

Detection of Enrofloxacin
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Abstract: Enrofloxacin as a widely used antibiotic has attracted widespread attention due to its high positive rate in actual sampling. In
this study, an immunochromatographic assay was developed for rapid and quantitative detection of enrofloxacin using quantum dot labeling and
tracking. Quantitative detection of enrofloxacin was achieved through investigating the fluorescent quantum dot nanomaterials combined with
active materials, developing reagents for sample pretreatment, and screening and optimizing concentrations to achieve the compatibility of
quantum dot materials and food substrates. Through the optimization of the whole kit, the linear range of this detection method was 2~1000
ng/ml, the minimum detection limit was 1.80 ng/ml, and the precision was within 10%, with superior performance in accelerated thermal
stability tests (stable for 10 days at 37 ‘C). Compared with conventional liquid chromatography methods, this established method is simple and
rapid with a good correlation among the detection results within the entire detection period of 20 min (correlation coefficient: 0.98). This
research fills up the knowledge gap in quantitative detection of antibiotic residues in foods by combining quantum dots and
immunochromatography technique, which allows rapid on-site screening of large-scale raw materials and promote the development of rapid
food inspection technology.
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BV B2 H TN O V2 RSP 2
Y, WRPEAMER 235 SAEMER, BREZKA 100
ng/kg. ghAHL DX AhAI Y SERRE L, S L B v
o RETE A RH RS, JUHOR AR B =K
TE A, K= IR0 U 254l A J = i BT
A7 AR FH I S L™ 2, Rl i R A4S RN R i
Tt ) EL AR B2 Rt 5= B SR A T X VR TR S A A
AU, A RS ) [ bR, B AT K
ZHOAAE SRS, R H R Rk
ST Js2 B i) i 2B AR AR AN RS THAN A s PEAS I
Bl, A5t B D L 5 AR I 22 VU i 1 AN ik
gk, e ROK FHRE N R ER T, O
R JFRMRIE 2R, P ARk Fa it — o 1Y
(5 BAG I 79

BT RN K TSR B — o
KREZICRS BRGES . REHGEAE . Jefettlr
FIPUE A BE SR E . BT AR i JE TR AR
AL IR AR 4 iR AR A B B R AR R R R A
S, (B RS AR IC AR 2 SZ AL R (1
BRSO, THR BRI, ZREHE .
AT 5 L@ i S = SbRicER . SEEARL
PIREEARAL . AR RS — RIIBOR, B —FhE
W BT SR EATIARI T, FER I R T
PO EACHRE T AL BRI VAT AL, 203 Al
JPvEI T, B Rl A I T RN R G T
B, BTUAARRE T B RORIIAE M, HEHAH TS
M R tEim S R AR B B &, ST mi
R R S A — 5 S E .

1 HRSES

L1 A

THIREF4ER M (NC i) T Millipore; FHFHLT
Y Z M ST Ahlstrom. 45 52 28 FORE T WK 3R
PVC EKMRIEGE T LA —AYHEARE R AR Bk

APURRG R AR RN =7 [ AR EAT IR 2 =] 5240

PRSP 70 A4 SR e FEPTUAR-ENRABOL GREEA 5.7
mg/mL , A AP 1D R 5 BE AR
IgG-ENRAB02 (iK% N 3.6 mg/mL, AP 2);
PRI 25 8 B i 7D B 4T -ENRAGO1-BSA G
N 82 mgmL, fiiFRA ENR-BSA) FIEZLE PR
-ENRAGO02-OVA (¥ £ N 7.3 mg/mL, f& KK
ENR-OVA); &1 RifBk B g nl i MERE A IR A R
ANFVEAEI R BT BARMEY) UG B T EiERn-AE
YIRHA R AR HAhZZ s LA g

Mz (DMF). —HEEWH (DMSO). 4-1fiFHEH
(BSA). B&EH. ZFHE. 1-G-—HRIEHIL)-3-4
Ffk % (EDC). N-#2RIEHEFAMEAZ (NHS) %5
WA E BT T AR 4-(N-Ih SR L% 5 F L) 3
Cuhi- 1-FRIRBEFABE W i (SMCC) {5 T AAT
Bioquest A .

12 %%

FRYEAE S ARBA . 4B PR E7eHL
Bz miE gL IRUINSEI B LiRShr BB
BRAF]; TEIRIEIRA B i R T A YA s B
AIRAT; BTl B R EEYBECH
PR

1.3 ik

e TE RS EARHERE TR E,  ARPER LA
FER BRI 3% MEAEE (BSA) 1EANR
PR, SARUE S TR SE A B . RS TR AT BRIAH
RTORL DAL A e s A A A b, R T S PT
REIFRIC 5, R A S S TS AR AT DU i 45
By DAABIR I BRI ) 35 A2 4 s e A /)
I E e [EIRHCARE SRl AL TR 5y, 2 ) A R L
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NC JE. &7 mbmiciG AR S, J0A
Z I, AT AT AR H S B B
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1.3.1  hkdu/RIuihk

PAR—¥R FEAR R T 20 PR T ENR-BSA Al
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PR AT 5 SS9
132 HEIEFERMAEX

SEAEAY NPURSARERPUA S RE, PUREHR
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Grifs PURESIRIEET SbRichUiR, GRPUE, #f
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et EEENTAD R R, ARHE R (AR I A 5
EE A £ e A 2
133 BRI %k

DI TSN 2, KR DA IR A S =
5T, LA pH A 9.50, ¥EN 0.1 mol/L FIBERRE 84
-SRI, RIS BT s R NAR R
TN 2% L, I — & =145 & A E
RNRPERE, REAREN 5% 10%, 2500 5%F
10% . WA B (DMF), — F AR TR

(DMSOAE A fifg i), MU PR 25 7K IR A2 S

DAV L FA 120 ng/mL (1) 2B RE A RS it kG il
FEA, DA EANESEAF AT R AR o B O 3, G [
FHAS B4 4 f5 Sib AR Al , - DURSHIIA FE 1)
ZERNN, LR AL FE 2% A
134 T EAFeHEEL

BT RAE PO RBUCZOCHURARL, i
Bt 2 IR BT 2%, LRI v
SRR E L, S AU T BT RbRIC TR A
B 50 pL @A - BUE s U5, 5 450 ul 0.1 M
pH 7.4 1] PBS PR S, HEATHORIEI, SRFEIA
5 uL 100 mg/mL [ SMCC 55, HEFIE 15 min;
AR FTRATR 10000 r/min &0 5 min, FF L3, A
500 uL 0.1 M pH 6.4 ] MES Z& i 8 £ FUGHEF 4
BUG, AR RN EGR P I —E BRI, TR
1% 0.5 hs FEAIN 10 uL 10% ZEERZR )G I 500 ul
S% IR VA, FIRTEEVRS] 0.5 h KRB L K100
R RSB EIE AR 10000 t/min 250 5 min, I
A\ 500 uL 0.1 M pH 7.4 1] PBS 22U E 2 F) 1 mg/mL,
S BOE 4 CHRAER,
1.3.5  FURIRE A VAR REIE

KA SE SRR RIS 5 NC B E R T 2k
PURKEE, B mbme FPUARIREE DL AR 5 2 by
TCE E IR B S IAR G, PR S L IEAS S, DA
500 ng/mL ¥REE M EE AR A PE IR AR BN S
RGeS BURAGIIIR . ICso Z5MHcPERE, iHmAL
WEAE.

X CARAZE & e ()i G A T B AR () 1 BRI E,
FFER AR, REastk, ZRVal, EleR, s
5 P DA B 5 R ek Pt Bl 4 R,

2 ZR5iMe

2.1 FEAMEAT

F4i)5 ENR-BSA FI ENR-OVA VUAHE T ZAH A
W 1 pg/mL AR, HUAR 1 AR 2 L1 pg/mL 3K

254

TERNAIARIRIE, 50 S PIRRDTE SN E AT S5, BT

PRI PE LA 2 A NRRERBIE, MR 15 4K, B Ja Jamiks

W RN AR, GG, THE 1Cs 18,

R ICso FAVEIE B UR DA MIRCRT . 45 R I 1.
=1 EMRRIMEL

Table 1 Results of Pairing antigen-antibody reaction

KEFH IC5) #R/Z/(ng/mL)
Ik 1 366.72
ENOR-BSA .
FAR 2 738.04
Fik 1 223.38
ENOR-OVA .
FiAk 2 528.37

PATHE TR 1Cso {E 1] 15, ENR-OVA H#ifk 1
(204 223.38 ng/mL, IRFEEE RN, BERPE X
PR, PIVE ARSI M 3T 5 SR AR Mt 7T AN
FF & ; ENR-BSA FIFiiA 1 204 1Cs fE N 366.72 ng/mL,
RV, AT E Ak .

22 EFERMERETL

FIE NC B E T 228085 0.6 mg/mL Hifk, C 2kt
#% 1 mg/mL DNP #4571, &1 midrichi/s 0.4 mg/mL &
SR BN AZIRAH RN T & AT 0.4 mg/mL,
C ZA47 1 mg/mL DNP i, &1 nibricHREIREE
0.6 mg/mL ik, @PikGing. KRR ERR
AEA BT A% 1 I TS EER AR, MBI EE Y 5004 300+
100+ 50- 10+ 5. 2 ng/mL, FRIEFHFEIALL] T/C 4528,
RN G T ETTE.
R 2 THEALHLER
Table 2 Results ofSelecting the competitive reaction mode

] T/IC #R
REMImgmL) e ik i
500 0.58 021
300 0.60 031
100 0.63 0.87
50 0.71 1.43
10 0.81 538
5 0.83 10.99
2 0.86 19.56

MEREAER TS, PURSINEER T SR PR R
W T/C fHEKN 0.86, F/NA 0.58, F5ECM 1.48 £,
SRS LG, Bk SAREN A AL AT RE,
T/C 530N 93.14, FrLlk#htias&inik: &1 absid
Pk, NC W FRBEPE, 1EAARM R SR,

23 FHAFMAEMA
FEAHT AL FRARACSE RN 3 FroR, VFCiE R A
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&R, FMA—ERER S AER, AR —E
(ORI R VR, (B HT AR EA —E e, 18
DA ESEEOHAE T A, 5% BSA A1 10% DMF 21451,
R N 122.37 ng/mL, 551 120.00 ng/mL ]
FE SRS IR A 22 ey, IR AT AL SR e L4
& HLEAZE AT IR S TR AL .
7 3 IR LG
Table 3 Preprocessing optimization results

FE A oMK E (ng/mL)  ABXT R £ /%
5% ¥ 8% 142.29 18.58
10% ¥ 8% 145.82 21.52
5% DMF 130.06 8.38
5% BSA
10% DMF 12237 1.98
5% DMSO 150.24 25.20
10% DMSO 132.25 10.21
5% ¥ 8% 165.32 37.77
10% ¥ 8% 162.63 35.53
5% DMF 154.56 28.80
10% BSA
10% DMF 142.77 18.98
5% DMSO 165.32 37.77
10% DMSO 159.44 32.87

24 BT AW E&EARCH & WAL

SIS T FK RIE R E A F R 7%,
RSB A SRR T 0. K= R
K, (R R P45 FE R i o (02 W B G R e e i
ERZBIE T ISRAEALIE], SRR, SxfjEs:
ARSI S 6 38 A K PR 22 « 23 2 IR IR R AR,
TEALGK AR b, FAPLRARE K, AR
A& R REE—ANPEIA S 1, RIS 2 T o Es A 2
AR — B A SR T H R WA TR . &
SR R T s R, S50 = R A H iR
BON)TZ 1) EDC-NHS A2 77 1EA H— 1) SMCC ik
Ak, ST RARCHM T . S5 R R IE TS
M B SMCC AR BT B G AR BUR
EDC-NHS B iEbRic ok fa e, A Rai s,
HETF AR S B RN, ST RIe BT B
TEHEMEHEA I, SMCC AR AR 70t R 1A
W FHEONEH . TEEARMC AR b, Sl )5
AN T REBAE AR AL, B AR TS AR S BT
SMCC RAWER MMEBE, T S%IIREE EA 10%
1) B AT AR S (3 PSRRI AT i, kD oRs S
R FAMEER RS B O SR T AURE
PCIR G, BRGSO 8, R
HT AR AN AT R AN AR BOA TR, fRAIESL

EAE—ERNEE N, #iRE T S SE ARSI 5,
SN SEIR TR 7 . BT RARIC YA R R AL
VREE, s 4 OB B A5 bR ic s b, RITT5E
JRE T RIRRE

25 REMRLMER

LAy 500 ng/mL HBTHE A E N PHPEREAS, 45
M ICso 1, ML EOUEEE R, a5aHmbric TZ,
TEMIRFEIEAZ SR 45 R a4k 4 Fhw.
* 4 FEVREERZ LR
Table 4 Results ofscreening appropriate concentrations
BHORE AFTR SFHGRE ME AW ICsy/
A(mg/mL) JE/pg /Amg/mL) /% [R/(ng/mL) (ng/mL)
0.6 26.72 22.72 402.55
100 0.4 16.30 17.40 363.57
0.2 12.77 10.31 300.82
0.6 22.62 12.62 32275
1.0 75 0.4 10.68 7.31 276.34
0.2 16.62 4.74 241.72
0.6 17.88 11.4 324.62
50 0.4 8.51 5.86 252.52
0.2 14.35 2.16 202.45
0.6 18.96 10.63 331.85
100 0.4 16.37 7.74 274.36
0.2 15.58 3.21 220.97
0.6 17.67 517 278.92
0.5 75 0.4 10.25 3.13 253.62
0.2 10.88 1.45 204.22
0.6 14.36 323 258.21
50 0.4 6.64 1.23 202.36
0.2 9.12 1.67 193.27
0.6 13.31 9.28 264.14
100 0.4 10.24 443 238.92
0.2 14.33 324 205.36
0.6 25.57 7.45 305.15
0.3 75 0.4 10.67 3.75 22431
0.2 18.33 1.31 195.46
0.6 25.52 5.53 286.42
50 04 18.31 2.18 233.62
0.2 20.44 0.75 205.14
UK IE LR RS HUR TR, Wik
Pk BT FIREE,  FRici B A R L R4
TIRBATAARIREE . MR L _ESCIoAG IEE nT fn, s
BRI S B K ZiER CV &, Rl
ASBEI AL, FTLAIESRE 021 041 0.6 mg/mL =ANKFE A
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AT SEGHE RN SRR IIVR B 2 VAR S,
FIT DA CAR PR B A et gl 2 5 M e A PR
FE, SEEARKIMBRTGE R kg 7
SEFHURIREE,  [FIRE SRS 2 1A 50
A UL, R 0.5 mg/mL, FRidiRk 50 pg,

TEIREE 0.4 mg/mL BHVERERA: SRR 1.23
ng/mL. FEEMR/INN 6.64%. 1Cs IKEME N 202.36
ng/mL, FFAEER] ARSI T RE, P DLk #R a0l
PURIREE 0.5 mg/mL, ARICPUAIRE 50 ng, BIEEFR
TCE R EE 0.4 mg/mL 5 RiA .

26 FEAMN

y=-0.865x+1.556, R*4 0.997 tl& 1 Fizx, EERIN
BIKEREARIAR A 17N R RIS A SR, s
HERH !,

2.7 ERRIRILAAT

R GRS S5 R, XA &t T
PEREVEI: SeARATIURR, FE%PE, LM, RBICE,
T M DA SAa st EUAS I 25 S0 R B
271 AR H TR

Fo HEAH DA I AR LR, Al 20 IR S {EREA TS
S AEASI FRR B2 4 1.80 ng/mL.

272 AEBMHARKMTEE

LS 086501556 M PELL RS IS IR 5 .
1o} R?=0.997 AR R AT AL, ARAEYD BRI 2 1 CV<10%,
s TR EESR . SR R HASIA i 5 Sk P 2
%ﬂ ' WK 2 fis, RPN 0.9993, i RBlT, Killkeh
3 0.0 L L 1 1 1 1 ‘{Eaﬁo
1200
03 y=0.988x-3.4999
= 1000 - R?=0.9993
o o0s 1.0 1.6 20 25 3.0 BED 800 1
Log C,, / (ng/mL) ;E( so0l
E 1 RE AR ErhZ *é 2001
Fig.1 The logarithmic standard concentration curve &
N, . 200 -
SR E N 500 ng/mL. 300 ng/mL. 100
0

ng/mL. 50 ng/mL. 10 ng/mL. 5 ng/mL. 2 ng/mL ]
RE VY EEARHEVIISL, N T el 2R 48 A I i 22 PRI R 1D
EMAHERRIE, RAKEE S T/CAE 7 MIELLL ¢ NI
X HE R 7 R0 bR v ek AT b3, AR

0 200 200 600 800 1000 1200
SEBRIRIE / (ng/mL)
[ 2 MR ESIFRRE L MESER
Fig.2 Linear concentration comparison result

=5 BEMREMER
Table 5 Results of precision and linearity

Ko B IR EAL/ (ng/mL)
ZI K ER 1000 500 300 100 50 10 5 2
T/C AAB R F- R /(ng/mL)
1 0.053 0.13 0.24 0.68 1.33 7.58 14.21 25.84
2 0.057 0.14 0.25 0.76 1.51 7.04 14.40 26.69
0.055 0.15 0.24 0.73 1.53 7.02 14.00 23.03
AV 0.055 0.14 0.24 0.72 1.46 7.21 14.20 25.19
SD 0.0019 0.0096 0.0051 0.039 0.11 0.317 0.19 1.91
CV/% 3.49 6.96 2.09 5.32 7.24 6.08 1.38 7.60
Ao IR 987.52 512.31 285.45 107.36 63.57 8.56 471 1.98
273 wEHE YR DL e B AR [ R

Sy MEHE A 104 1004 500 ng/mL (K. . =
(6B B A HE T N2 a2 RE S R, E
NREVE AR DORE A AT IR I IS S0, 2 8300 &)
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6 EIEIGLER
Table 6 Results ofrecovery experiment
AR E/(ng/mL) (n=10)

A iR PR &R
10 ng/mL 100 ng/mL 500 ng/mL
9.87 89.77 514.77
8.85 103.28 529.84
9.35 85.76 472.92
11.25 112.74 484.63
11.55 107.58 552.74
9.54 110.25 462.93
9.62 95.33 533.73
10.72 98.53 467.68
10.32 84.62 459.28
10.28 114.84 554.14

A 10.14+1.41  100.27+15.38  503.27+50.87
ECE%  85.5~1115 85.16~115.38 89.17~108.14

HARE
/%
274 #AEE M
WRIEFE G T 2HNE— R, RAF&1E 5
4 CHERA, 37 CLRAF3d. 37 CIRPfF6d, 37°C
TRAF 10 d SRERdd, BHTHILEBIR L, e itk
SERINER 7 Fon. BHEHETR], AIESEEG, &Sk
I A AR HE PR S DA% R B 407 mT 45
W, B ATRRETE 10d LA, HRIEIRE 4 CHlfa
SEMRAT 1 AR,
R BEMERE

Table 7 Results of stability assessment

85.16%~115.38%

JR 4% SeAR A/ (ng/mL)

pk FARAR TR R?

/(ng/mL) &4E 10 ng/mL %14 500 ng/mL
4°C 152 0.9992 9.62 490.28
37°C3d 136 09987 10.73 525.58
37°C6d 162 09881 11.11 554.27
37°C10d  1.84 09832 11.48 576.91
275 ARRM

WHBAR ARSI %, X 110 MEAR
I BEAT R i B AR VR RO LRI, &b
WK 3 froR, MHRERECH 0.98, AHRMEELF, ERIA
JrFE AT IVERE T R 2R . SRR IR e E
FHEE, B s AR AR L AT S i AR SR B0 P AT 5 5 1
fasElE, WSEELUREID BRI E R, T LAY
JR A <R I D R A A AN R . R IBUEE
(RS GR SORHGHIH R (52, 5 22 SPE /IMAERFHE B i
ATEARREI R AT AL DB, AS DN [E)38 ) 7 40 min A

EARTE R (AT AR B AR BRI AT BRI,
BRI FEATHEHIZE 20 min LAY I 7T 58 Sk il &
VRIS E, BIERNRAeGI S ma &Mk

AR
600 -

5 y=0952x+3.176

E 500} R=0.98 :
@ N=110 o
< 400} oo M
¥ 300l :

= e’

£ Yot

L 200f Y

= e’

% 1000 e

% 100 200 300 400 500 600

B A PR B / (ng/mL)
& 3 AFGESSAENTNESER
Fig.3 Comparison of measurement results between this method
and the reference method

3 g

R B PR B R 25, DB
Iz, RS T Bl A E R
RGEAEN, JCHARAK I H 2 R R T,
SR T S OTHEN. i TiamEiEL, X
LR R BMOS LU, S FREHERAR R
PRAT RIS T B A PR HE (K S Kt I
Rl Sz e sk U314, AR50 SR B R (Rl oK 52 S
BHET IMEME BRI, e T AR R K
JCRERE PESRAN G B EMTRICEAREE . T SAAARAI L A
gity, BT TRTAEEBGRINE . PUARRIEEAR . NC
HR I B 58 A SEACHIN A 5% R BCI& AN 7T,
FEXT ARG G HEAT B AR, AR
VEREHEAT FRIRIT FEANGRAIE, AT TR 7 i MERE B9
i, ASIN A 20 min DA, HERAERIS, A STEDRIK
g B RER, 5 00 G AR 5% R 808
0.98, g & KA BB PUERIN ) ER . AEBARTT
1, EAXOCAORA R S S BRI RS R
R ET R ACHIN T H g AR TCIE DL £ i B CE 77 T 7L
Bb, BA—EEIHTE. AR R R T
RATINITE AL T 1, 5 IE D i S T R T
RMARSENTRNIE 6, DK E TRzl TES
FEZREE . AR T H b, HEShfr dh Pk
KA EAR A
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