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# E: BN JFAk—FEAk: &b (electrochemiluminescence, ECL)R AT S L 46 5 i 22 72 X B, (aflatoxin
B, AFB))., 7538 FERE LI ZAmim Bk, 50 AR g g, fifs BCL R4tk . R
FATEAMR 21558 T ECL iR4UA I r k2= tERE . RIS, S 0T Ru-PEUTLC,T,@Au E &M EL JF5 AFB,
SLFEHUIA(AFB, monoclonal antibodies, Anti-AFB )&k ECL {55484, i) ECL {4t KL [ AFB,
A1 H A EEEY) S ECL 5 S Z M ise frsasg i, SEBL T AFB, YL &R ECL BUF S, 455
ECL iU HA RIFHR e AR b, fEER T, EES S AFB, MEEXTEE 0.1~100.0 ng/mL i [
S RIFMLIERR, KLY 32 pg/mL. ECL {555 AFB, WX EUAE 1.0 pg/mL~100.0 ng/mL 33 Fl N &2 31
RIS R, MHBRA 319 fg/mL, ECL R4UAE T E KM H AFB, &, Jmnds =ik &4
92.6%~110.3%, AHXSARENN 2 0.9%~6.2%. 45 il 4 1) ECL 44w T~ FOKAE & AFB, m R n] 4L
PR, S B 2 R R DA R T

KB WS ER By WAL OGRS MR Pt

hE 3 ES: 0657.1 IR AIEE: A NEHS: 2095-0381(2026)13-0022-08

Rapid detection of aflatoxin B, by electrochemiluminescence test strip method

ZHANG Yuan-Di, LIU Hao, XIONG Cheng-Yi, ZHANG Xiu-Hua, CHEN Miao-Miao"

(College of Chemistry and Chemical Engineering, Food Safety Research Institute, Hubei University, Wuhan 430062, China)

ABSTRACT: Objective To develop an electrochemiluminescence (ECL) test strip for the detection of aflatoxin B,
(AFB)). Methods The ECL test strip was fabricated by patterning carbon ink electrode onto the surface of a polyvinyl
chloride substrate and then assembling them with a lateral flow immunoassay strip. The electrochemical performance of
the ECL test strip was investigated using cyclic voltammetry. Meanwhile, Ru-PEl/Ti;C,T,@Au composites were
synthesized and conjugated with AFB; monoclonal antibodies (Anti-AFB)) to serve as ECL signal probes. Through the
competitive immunoreaction between the AFB;-bovine serum albumin conjugate immobilized on the test line of the
ECL test strip and the ECL signal probes, colorimetric and ECL signals were obtained. Results The fabricated ECL

test strips exhibited good stability and specificity. Under optimal conditions, the colorimetric signal showed a good

kS HEA: 2026-05-19

ESWA: Wdba B RBHEE A N R = 545 H (2023AFA100)

E—EE: WEIK(1999—), &, Wi, FRMFI RN ERRHE . E-mail: 1433029535@qq.com
MBEEE: R (1988—), L, i, 2B, FEFF I B LK . E-mail: chen. mm@hubu.edu.cn



%5 13 3]

SRRk, A LR RO AR PO AS I B I E R R By 23

linear relationship with the logarithm of AFB, concentration in the range from 0.1 ng/mL to 100.0 ng/mL, with a limit of

detection of 32 pg/mL. In addition, the ECL signal showed a good linear relationship with the logarithm of AFB,

concentration in the range from 1.0 pg/mL to 100.0 ng/mL, with a limit of detection of 319 fg/mL. Furthermore,

satisfactory recovery rates ranging from 92.6% to 110.3% were achieved by the proposed ECL test strips, along with

relative standard deviations of 0.9% to 6.2%. Conclusion The developed ECL test strip enables highly sensitive and

rapid detection of AFB, in corn samples, providing a new perspective for rapid mycotoxin detection.

KEY WORDS: aflatoxin Bj; electrochemiluminescence test strip; biosensing; rapid detection
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FLTR B 2 2 th 220 B AR A B AT 1,
Pz YR L R R AU S, SRR B,
(aflatoxin B, AFB))#{ [® % % 4 #f 5% HL ¥ (International
Agency for Research on Cancer, IARC)#1 55 1 25 A 23808
Y1, FEIR AT AT W i e Fn o 0, Mk, 52
IIXT AFB, (155 A, PRHASI XS T IR i e 2 AR
TR A TR L B, T AFB, 8L BIB R %) 32 3%
7 1% 2 Tl EK S 8 W R s 9 U SRR ) 1) 37 2 G 92 2 A 1k
(lateral flow immunoassay, LFIA)P'Y, Hirp, BT fefAg:!—12
FPEIeHAE I LFIA J2 HAT AFB, Al AL S )y i v
B FTBEAR . X7 75 B AR — (5 S 4 A=, e
A 1R BRPE, RGP S A TR, 7T R S BUR M
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AR, WU S LFIA BONBS P a7, H
RIE T & ZFoUE 5 00 EHRAUA, S -2k
R 7 U E A A RN A A Y A 2 S B 1 B A K =4
S AR B T RG] R, SEELT B T AL
g TR DL B AT . RIS T X iR, (AR
(A K 2SR ) B3 56 5T rh L I P 4 5T ) T AT R 4
9% AFB, IR & 5 R A

H, k2% & Yt (electrochemiluminescence, ECL)YE iy Hifk
SRR, T A2 RO A R T AR B R R A, S
AL A S R S R P22 SR R g R b . R A
B . R IUEE [ 58 DL ROE s T IR LSS, ECL Al fA
5 LFIA FMiss &, etsiisisks i 1712 627,
fE5ER) ECL 4G« 32 B2 0 At JoT 22 ) B3 il Eb #4269 A
IRACELS 2 SRR EEA AN 1 o A0 Pl A T R £
FaEs, B B A 3 AR BRI T R R 0 )z
Fo i, BTN DK S8 Ak e e 55 R A 5 il R 2F 4 25 5t
%, R T — R RETHLAT B 55 32 19 ECL sUgit 4t
00 BRI T HRBE, HS2 IR T RS S S 8um R
AR, MELAE 2R i AFB ) RS MR .

T, AT E 7R R A LA IR T ] F Ak
AR, Lk AIBAR, IF 5 R 2l gt s gl %, o
il T ECL i{4t4%, FT FERFESH AFB, BXUE5 P4
W, ¥, AT Ru-PEVTLC,T@Au Z &M EHERES

il

WEF, XIOES ECL MERESEAT T3RIE. R, Ri%fE s
WETS AFB, g BEUAMER, 5 BECL RATAAIL i)
AFB-BSA U5 ASE P HBE RN o 453 e 4 2 T 4L
A MERE ECL B2 E, SCBl T AFB, B9 @A
ECL W& Zhit o AT AFB, B P AR I 5 (o5
Jrik, A T ECL ARAUAAE B dh 2 0 b i H

1 MR5ERZE

L1 #E5RF

I 2 Ji W (polyethyleneimine, PEI) . 4 If i H &
(bovine serum albumin, BSA). — % H 3 & HL H L Eh iR ik
[tris(hydroxymethyl)aminomethane hydrochloride, Tris-HCI] ,
PR £ i 75 2% #i ik (phosphate  buffered saline with Tween 20,
PBST). A& ~/KEYI(HAuCL » 3H,0). AHERE: . FRALEE .
R (Aral, RiRIRL T AL RHE A TR AR, A(2,2°-
IGENIE I )(2,2° - IR M I £ 7 (D) 7S SV R = (S AT 40, 405N B /R 3%
T AR A, SRERILER(TI;AIC,, 4L 99%, dtattailr=F)
HABRA R, BEREh R (orrsl, b TAY TR
A RRAT]); AFB, . Ml EE5: % (ochratoxin A, OTA), E KR
M5 (zearalenone, ZEN) ., FXit-7; 2 (deoxynivalenol, DON),
AFB, 4 Ifil ¥& [ 25 1 18 8% 4 (AFB,-bovine serum albumin,
AFB|-BSA). AFB, H.iEPUA(AFB, monoclonal antibodies,
Anti-AFB)) . £ $t Bl % 2 BR  F (goat anti-mouse
immunoglobulin, IgG)(4#fr4l, £E nnxcSigma AEWRHETHT:
HIRAT]); AR 4EZ K (nitrocellulose membrane, NC i) |
Wl . R ZIfi(polyvinyl chloride, PVC)(HP [ _FifgA—/k
YIEARGIRA ). FrAEBEIME AL Milli-Q Raaifbry %
B BAK (FFHR 18.25 MQ-cm)tHil
12 HF5RE

UV-2700 B42E40 03 S0 B T (H A By HuAL S A BR 2
F]); RPEL-B {54 =X H Ab 2 R OGA A (75 42 i 04X 2 A
BRZF); HM3030 =4 AU BEMmE 42 . 2Q2002 FiHi fiti 1 3
Yol SRR A FR A F); FEI Talos F200 i 5 F F
B 4% (transmission electron microscopy, TEM) ,ESCALAB
250Xi X O £k O H F fiE i {Y (X-ray photoelectron
spectroscopy, XPS)(3 [E FE Bk L /R BH: 28 H]); XPE205 4
PrR-F(HE I 0.001 g, Hii LHAREI-HER Z A R)); 4 CIe
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1.3.1 #Hesh &

(1) Ru-PEI f4 %,

4 1 mL 0.01 mol/L B(2,2’-FRMLE)(2,2’ - MERE )VET (1) 75
TR LA S 0.5 mL 0.1 mol/L fSMREHANIR S TH+HE 2 h )5
JIA 1 mL 20 mg/mL 1% PEI K¥# 455 Ru-PEI £ 5 W) -

(2) TizCoTy KA A

B CHR[31189 75 4 M TisC, Ty: 7E 4 mL 9 mol/L £
BRI 0.2 g FALEL, BEHEZESERWMAE, A 02 ¢
Ti;AIC, H7E 35 °C LY 24 h, il FHBAEK Z IR
HRAR, HE LI pH 2490 6. £ 3500 t/min 358 N
> 5 min, YUEEHHCT 100 mL ABAi/K A, B 2 h,
e, 78 5000 v/min F5 N EL 30 min, W LR, 155
THC T APK R HR, FAER DN T 4 CCokAf T A7

(3) Ru-PEI/Ti;C, T,@Au & &M BHI A K

# 1 mL Ru-PEI 5 1 mL Ti;C, T, 49K H 2 BRI
A, #8730 min J5, FBAKERIIESR IR 8T
5 mL 4k d, KA, #EFFRE 0.1 g HAuCl, « 3H,0, &
%2 1 mL B4k B 10 uL HAuCL, % (10%, w:V)
JINZE 3 Ru-PEL 5 Ti;C,T, 49K A 5 mLIB &80, =
I+ 10 min J57E 9000 r/min 738 T 5.0 10 min, JIIEST
BT 2 mL @Baikd, T 4 CokAHR A, 535
Ru-PEV/Ti;C,T,@Au & & F B8R -

(4) Ru-PEI/TisC,Ty@Au-Anti-AFB, {5 S 4H4 i

4% 100 pL Anti-AFB, #R(FTREEE 0.1 mg/mL)AILA 1 mL
Ru-PEVTLC,T,@Au 48L& 1, 25 °CH¥ & 2 h, 147]
Ru-PEV/Ti;C, T@Au-Anti-AFB, AE MBI . BfEIMA 100 uL
BSA #(10%, w:V), JEE 30 min, L 9000 r/min #5.0> 10 min,
WCAEBIEY, HFH 10 mmol/L PBST 4% mik Y% . )5 T
SPHCT | mL PBST i, 4 °CIRER -
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i 20 mino REA TG, 152]LL PVC RER M E 2k
Wl 28 = M tl, =R TIRMAT.

W7 G R JZ M IR AR A TAL BAL R AN T . BB i i
T Tris-HCl 28 A+ 30 min, TN AT, BEE,
PEAE RS A ) E S 2.3 emx0.5 cm Al 1.7 cm
0.5 cm IR SF, Ak, ¥ 60 pL AFB,-BSA 51T 60 ul 1gG
LA 2 pLl/em BYMEEEAF HIBER T H+F NC B E, 4051
TE AN ZR (T £R) B2k (C £8). B il 45 i NC B+
37 °CF T4 2 h HPUIEI T R 0.5 em K/,

R £ B JETF AT NC BEORS  7E E Z2 b i 28 = F
e b, orb T S O o P SR AR A = AR A A AR,
SR H MRS IR S 3 BRI 72 PVC JEAR B, 20l 5
NC BiE &2 2 mm, R3] ECL {4045
1.3.3 ECL X442t AFB, #omli #2

# 450 pL Ru-PEU/Ti;C,T,@Au-Anti-AFB, (BB 5
50 uL ANV AFB FRIEEROR G, S E S min, X
100 pL JRAWHINT ECL 4R AEATSS, UV 15 min
J&, A 100 uL PBST S8l byt b2, Bl RHAIRIC %
AL S . ARAE ECL 155, ¥ ECL iR44& B T
%0 ECL A, FF7E sl XI5k 30 pL 0.1 mol/L PBS
(PH 7.4)Z% v AEFTIE N 0~1.5 V, 433555 %09 100 mV/s,
TR 7, JeHAFHEE N 800 mV HIAMF Fidsk ECL
{55 . ECLIR4C4460 AFB, 19 s BRAN& 1 i, 24 AFB,
HAERT, AFB, 565 Ru-PEUTI;C,T@Au-Anti-AFB, {55
WRETRE S G, B8 T 28 1 AFB,-BSA i3k AIf S4R-4E
Wb BE BARY) AFB, W AR, T AL Z HTE
[RIi} ECL A5 S Bk, S23 AFB, HLBRI ECL BUE S .
1.3.4 Jmirwfcfa 2

B 5 g Bl TOREIRE, A 20 mL ZEE-KER(1:1,
V:V), BIZUIRY 5 min J5F 6000 r/min &> 5 min, B3
W PBST 22 MM ke 10 %, 203l ACK R EE Y AFB,
PR, WEfl A R EE (1, 10, 50 ng/mL)AYIIARAE
MV, AT EORAE S AFB, (R
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Fig.1

Schematic illustration of the ECL test strip for dual-signal detection of AFB,
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2.1 Ru-PEUTi;C,T,@Au E &M K EIRIE
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FITESHIEATRAE . 25 R, 5 Ti,CoT, 40K F i3 2 45
FH [ 2(A)], Ru-PEVTi;CoT,@Au & A 4B TH 2 30 H B
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X J2kii (energy dispersive X-ray spectroscopy, EDX)Z
KA 2(0)], EE&METRIEAA C. Ti. Ru. N, Au
TG, #H Ru-PEVTI;C,T,@Au MIHI%5 .

Wil Zeta HLHHNE S AT LIRSS — A RAE T
Ru-PEI/Ti;CoT,@Au B &M BH & L. W& 3(A)FR,
TisCoTy WK H Y Zeta B2 }9—26.8 mV, 1 Ru-PEI K Zeta
HLO R 363 mV. @t EERE S, i sin
Ru-PEI/Ti;C, Ty #Y Zeta HL{ii 4 18.6 mV, 5 Ru-PEI/Ti;C,T,
HHEE, Ru-PEI/Ti;CoT,@Au AT Zeta FLAZZE K 16.5 mV,
FW Au NPs BN ENAEFE Ru-PEUTICo T, K1 . $241-
AT TR SO RS 45 SRR W, TiCo Ty ZHK R T b RRAIE MR AU,
4 Ru-PEI T Ti;C,T, 49K F FJS, Ru-PEUTI;C,T, 1E
285 nm 1 460 nm 4t H B8 Ru-PEI BT MERAE IS & 3(B)],
43 5 & F Ru-PEL FPECAA . ) LB A4 J - e PR HL o
HERIRTRY, HAh, Ru-PEI/TiCoTy@Au 49K 5 4 b i 42
HP-AT WIRSOETEA H B Ru-PEL FUEREN I, B7E 530 nm
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PARFRELE 4(0)], FREARTHI& 0 2 A0mam & = i HA
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HGE TR ECL ERE, SR B fb)E i
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Fig2 TEM images of Ru-PEI/Ti;C,Ty (A) and Ru-PEI/Ti;C, Ty@Au (B);

SEM-EDX elemental mapping images of Ru-PEl/Ti;C,Tx@Au (C)

(B) .
Ti,C, Ty ——
Ru-PEl —
Ru-PEI/Ti,C, Ty —
i Ru-PEVTL,C,Ty@Au —
R
=

500 600
P /mm

300 400 700 800

AR Zeta FLAL(A) B 2R 5-T WL O (B)

Fig.3 Zeta potentials (A) and ultraviolet-vis absorption spectra (B) of different materials
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{F5 7. ECL-AAEREERANE S(A)TR, XE A
BRI BB A BH ECL & 5, AERAN 1.5 VA RS/
FAM% ECL 155 . Ru-PEVTiC,Ty@Au E-&#8H# ECL ML
HAT &% Ru()-PEVTLC,T,@Au Hi 1k 2= 4 1k 24 1%
Ru(ll)-PEI"/Ti;C,T\@Au, I # — 2 & i 7 1L B ik
Ru(Ill)-PEI'/Ti;C,Ty@Au PL K K& 43T N FEbid FE, poa:
BURZSHY Rudl) -PEVTCoT@Au, BRI Fid 4 ECL
MR, %58 T ECL IRAUAH NC IR 55 X s =
HRIRZR ECL {5 S A % 30 uL Ru-PEI/Ti;C,T,@Au 4
MRRE BRI F AR, 43Aid 5% NC B S5 A5 1Y ECL 4%
BELERNE SB)T/R, NCIEE 5, ECL{ 5 LR EER, £
W NC 57 20 R SR Ak RkhER = Al A9 BCL MEREJGHA B3

2.3 EWFHMK

X ECL AR 4% SN B[], A 2% wpii pH LA Kl L
FESAT T Ak . N 6(AVIT/R, Bl Sy SN A ) B4 384 o,
ECL 559 ZBWiEsE, 6 12 min FHERR AT
FE o I, R 12 min FE4 5 SRR 04 B N 1) o BEAh, A
WIZE bk pH % Ru-PEI ¥ ECL )i ELA B35 540, 4n&l 6(B)
FR, YIRS v 9 pH M 5.5 3K F] 7.5 B, ECL 5%
AR . SR, pH E— P HE K E 9.5 B, ECL {5 5Bk,
Eth, ¥ pH 7.5 Y PBS ZErhid A TIR 2tk . RIAT,
5T WOk AL X ECL IR 20 . JnlEl 6(C)RiR, f—
UGRBRAAHEHALR OV, B it 5 & F 7 (1 3 K, ECL {5
SR, (E 1.6 VBHAEIR . HE R R4S K,
ECL {55 F#A%, RTAREIE th T3k & i rL A 5 1 i Al S e )
IR K, 238 ECL {55k, Bk, #4#% 1.6 VIENE
SRR R R
2.4 ECL IR AFB, 80 M4EGETF R

TERAERSEIR 554 T, #F95 T ECL IR4R4%T AFB, Y
G ERE . 4 AFB, fF7EM, T AFB, 4§
Ru-PEI/Ti;C,T,@Au-Anti-AFB, {5 SR E 454, SES T
[- AFB,-BSA Z5 & /D, BT IF & I ECL IR4U4BENS
SCER AFB, LA AT ECL SUSEAHT  AnEl 7(A)FTR, BE#T AFB,
WRBERIEIN, T 4k B 4003 8% . 7€ 0.1~100 ng/mL

@) .

®

HHLf/mA

{"T\ﬁ %{'"T X B T o 04
Sl O TRl b BEEL S

EW

B) 0.4r

c
0.2}
B Of
0.2}
LAAN |

TN, HEES S AFB, BRI ECE RIFIMZMECR,
LAEEIH TN Y=>5.481gC+16.0 (PeE ZEL r’=0.8932)[ &
7B)], KA 32.0 pg/mL. AR, £ 1.0 pg/mL~100 ng/mL
JWHEN, ECL {55 B [IE 7(C)], Ltk 5 fEh
Y=-1.731gC+4.58 (r*=0.9958) [ 7(D)], ¥:HiFR% 319 fg/mL.
IRGE SR, il 5 A9 ECL 4005 1 3 HLBE 3 ek R IR A6:
M 558 8 10 Hr AFB, BIRE DT o M PTHIEERY ECL 4t 5%
5 AR R IR B A L R ECL R i % AFB1 G 1 e
TPXFL, S55RaER 1 iR, iRy ECL 44 fE R i IR
AL T Ly T SR A R Ik B, ELBRAERRIAE . AR
AALHE, A AFB, B sk AL 747 0 T H.

JH5 BT A% 9 BECL iR AR 470 & 24 3L it P B 1k,
53 31% 10 ng/mL ) AFB ARAEA AT 100 ng/mL (¥ OTA
DON. ZEN DI BAT TR A A TRERE A . anfEl 8(A)
fiiR, RAATE AFB, f£1EIN, ECL [5 5 WH MK . 25 ke
REMTH#ZEN ECL 55 I B m, FZ ECL ik
Yo% AFB, HAF RIFHI AR S PERMRE T o SR IRl—Htt
R 54~ BCL R4 5% 10 ng/mL ) AFB, #£47 ECL {5
S, 25K, ECL {5 5 im B A — 3, AHXIFRifE(m2E
0.03%, % ECL IR4UHARIF I EIMEE 8(B)]. AT,
% ECL RN S T IRAAA RIS, ECL SR JCHA .22
5, RIS MG RS B RIS PEE 8(C)].

2.5 SEFRENXRFERT AFB, MEREYSOUR

SR AINBR A2 T iR ECL IRAUAE £ ok
FE A FFRS I (0 T 3E FFIE o 78 6 KRR S P 20 SIS el v Jig
(1. 10, 50 ng/mL) AFB, FRuiE it mA I . 252k
2 N, ST AR RNl 92.6%~110.3%, RSD
/T 1.8%. ECL BT IMBRIEIE Ky 99.2%~102.4%, RSD
INF 6.2%. PSSR Ti% ECL R4LA HAT KLU HORGIvE
it SR AL AEINE . WAL, SRS AR SR 2T
IRARFIANA(ER 3), 7K AFB, 7K°F+(0.001 ng/mL #I
0.01 ng/mL) T, RAARVFHER ECL AU RS A 20k
B EARY), RHIFTRI% ) ECL X484 R BUE & TEmvRAr
JKFETF (5.0 ng/mL 1 10.0 ng/mL), BFP 7B A8 25 5 —3,
KPR ECL IR 25 n] 58

(C) 0.4
=b <éo.z.
45:; 0
#
0.2
N N N . 704 i i i 3
08 04 0 04 08 08 04 0 04 08
LR/ V L /v

i ARVNE FRERIRA A IE R
4 RREZBBIEIRA) K CV HIZEB) Kbt RER E 1 (C)
Fig.4  Different patterned electrode shapes (A), CV curves (B) and electrochemical performance stability (C)
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Fig.7 Performance characterization of ECL test strip for AFB, detection
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Table 1 Performance comparison of different methods for AFB, detection
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RRERS 0.05~100.00 ng/mL 47 pg/mL [34]
HAERZS 0.1~3000.0 ng/mL 70 pg/mL [35]
LRI~y & h7S 0.5~200.0 ng/mL 170 pg/mL [36]
LRy 5 #7 S 1.0 pg/mL~1000.0 ng/mL 585 fg/mL [37]
H @B 0.1~100.0 ng/mL 32.0 pg/mL
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Table 2 Spiked recovery experiments of AFB, in corn sample
bR/ ECL 4tk e ik ECL i4t/% ECL =X
(ng/mL) K& /(ng/mL) [m] R /% RSDs/% K {E/(ng/mL) ] %/% RSDs/%
0 KA H - - 0 _ _
1 1.10 110.3 1.4 1.02 102.4 5.1
10 9.26 92.6 12 9.92 99.2 6.2
50 55.00 110.0 1.8 50.54 101.1 0.9
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Table 3 Performance comparison between the ECL strip and the colloidal gold immunochromatographic strip

ke i Ji 4 G IR MR AR 2% ECL &4t 5
AFB: FELHE /(ng/mL) K6 {# /(ng/mL) RSDs/% K8 /(ng/mL) RSDs/%
0.001 EN it - 0.0014 2.1
0.010 A H - 0.012 3.4
5.000 5.12 3.60 5.02 5.3
10.000 10.46 3.88 9.92 6.2
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