B R A 25 g (B2 i)
J. Wuhan Univ. (Nat. Sci. Ed. ) 1~9

DOI: 10. 14188/j. 1671-8836. 2026. 0077

BUFEEEREEIREFATEMEESEARL
R A&

N J » = N N . +
B, R KA, EHE LR
1. A KF ALFHTFE, I KX 430062;
2. M KRFE BEREsRIE, H KX 430062

Wi H 3] . 2026-04-22 T 38 (56 % A E-mail: chen_mm@hubu. edu. cn
IELTH LG A RR R S A AR E L4 (2023AFA100)
B I, L A NS B R AR BRI SE . E-mail: houqinyi2023@163. com

O E. ARTFEREHEEEEE N R AR A NA AR REhEREZFMEETERRG RIS
A BB, B kR RO (ECL) EAR 5400 R B, 1T 5 AR A% Ge i 4% 4% P vh (0 28 S o, R R 4 13 R JE 26 ) JE . AR T 9 3 it
T TR TR 0T B 1 € % 490 2 T A AR Al RS T LA O A ST ARG T BT Y PR A ARE o o Ru@SiO, 5 /B J: 1 B i i T
FUIN-GQDs) & & il % 19 Ru@SiO,/N-GQDs # K, 435 5 # i 5 7 & B1(AFB) M % &% R A(OTA) KB F X BI(FB,)
PTG, A5 B 3 B LI #E PRI Ru@Si0./N-GQDs BRE 1 HAB i 1 BE 1 A0S 19 AS TR I B 0, 3 3 8 i - LR 46
ECL ®AZM5"5, 30 7 X5 AFB, \OTA FB, iy [l ih A 0, &6 3 B 4353 2 0. 31.0. 32.,0. 49 ng/mL . Hi% BE 3 4888 F i JH T £ oK
LSBT, AR LR R 96. 0% ~104. 0% o 1% 5 W38 T 2 Fh H B8 85 2 (10 B3 P 4347

Xk # W R EORRIR s RSN A B A 2 AR WA R P 4G

FESES: 0657.1 XERARERD : A XEHS :1671-8836(XXXX)XX-0001-09

Electrochemiluminescence imaging array paper chips for visual and rapid detection
of multiple mycotoxins

HOU Qinyi"?, LIU Hao"?, XIONG Chengyi"?, ZHANG Xiuhua'?, WANG Shengfu'*, CHEN Miao-
miao’?’

1. College of Chemistry and Chemical Engineering, Hubei University, Wuhan 430062, Hubei, China;

2. Food Safety Research Institute, Hubei University, Wuhan 430062, Hubei, China

Abstract: Mycotoxins are toxic secondary metabolites produced by fungal contamination of food, feed, and agricultural products, and
their widespread co—occurrence in foods poses potential cumulative toxicity to human health. The integration of electrochemiluminescence
(ECL) with paper chips provides a promising strategy for minimizing cross—reactivity and improving detection sensitivity compared with
conventional lateral flow assays. In this study, an arrayed paper chip comprising nine independent detection units was fabricated by
constructing ring-shaped carbon electrodes on chromatography paper coated with carbon ink. Ru@SiO,/N-GQDs composites were
prepared by combining Ru@SiO, with nitrogen-doped graphene quantum dots (N-GQDs) and subsequently conjugated with antibodies
against aflatoxin B, (AFB,), ochratoxin A (OTA), and fumonisin B, (FB,), and then immobilized in separate detection units of the arrayed
paper chip. By capturing ECL imaging signals using a smartphone, simultaneous detection of AFB,, OTA, and FB, was achieved,
with detection limits of 0.31 ng/ml., 0.32 ng/mL., and 0.49 ng/mL., respectively. This method was used for corn sample analysis,
and good recoveries in the range of 96.0%-104.0% were obtained, demonstrating its potential for the on-site rapid analysis of multiple

mycotoxins.
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Fig.1 Schematic illustration of the ECL imaging array paper chip for multiplex mycotoxin detection
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Fig.2 The fabrication process of the ECL imaging array paper chip
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the nine sensing zones on the array paper chip
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(a) ECL imaging pictures of the array paper chip for selective detection of AFB, (i), FB, (ii), and OTA (iii);

(b)-(d) corresponding statistical analysis results

Statistical analysis was carried out using the z~test: ~p << 0.01, p << 0.05
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Table 1 Spiked recovery experiments for different mycotoxins
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i fE/(ng/mL) [/ % RSD/%  Kth#/(ng/mL)  EE#/%  RSD/%
5.0 4.9 98.0 1.7 4.7 94.0 3.2
AFB, 50.0 50. 1 100. 2 1.3 48.8 97.6 1.9
500.0 502.0 100. 4 1.2 499.9 99.9 0.8
5.0 4.8 96.0 0.8 5.4 100. 8 3.3
OTA 50.0 49.4 98.8 1.2 50.6 101. 2 1.2
500. 0 501. 1 100. 2 1.5 500. 3 100. 1 1.8
5.0 5.2 104. 0 2.2 4.9 98.0 1.5
FB, 50.0 49.8 99.6 1.1 51.2 102. 4 2.4
500.0 499.7 99.9 0.5 500. 8 100. 2 0.9

7 "HPLC

FAE @I FE CI8AE s T 2l AH W I —KIR &

R (70: 30 RBUEL) , i34 1. 0 mL/min; #FFE & 20 pl..
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9 ECL B2 408 A 76 I i 2 (9 1838 ) 122 H AR
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PRART A A IR T, O 22 b 31 11 25 3% 1 BR 3 PR A
Mgt T AN TR
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Table 2 Comparison of rapid detection methods for mycotoxins

iRl RES iRl NE R LR PEJE E / (ng/m1LL) LOD/(ng/mL) 6 0 3
WU HL A ECL 4% 8% OTA 5~100 2 XU 1
i o N AFB,: 0.01~25 AFB,: 0.01 .
0 378 B 2 )2 B 0 AFB, . T-2% % POGTIREES
T-2:0.02~50 T-2:0.02
e T AFB;: 0. 5~30 AFB,: 0.027
2 THI 1 58 7 2 O - AFB, . E RS (ZEN) | .
i o o ZEN: 10~1 000 ZEN: 2. 768 = 1
00 378 B 8 2 B i X it 5 2 (DON)
DON: 50~2 000 DON: 20. 987
AFB;: 1~1 000 AFB,: 0. 31
ECL A% 451 4008 A AFB,.OTA .FB, OTA: 1~1 000 OTA:0.32 JIRIBLES
FB,: 1~1 000 FB,: 0. 49
3 % iE 1521-1560. DOT:10.1111/1541-4337.12562.

ARSI 3o 20 2 Rk B AR, B T — i ECL AR
GV B BT X AFB, JOTA FilFB, il #i
b G E A% A o BT ) 2% 1 ECL AR M 9 4% R
ELA 9/ b 7 A B 5T, BB A8 S8 B 9 A RE AR 11 [n] i
R, A v A 4 B O TR B A B4,
B G A 3G 58 ECL 94 Kk & & 4 B Ru@Si0,/N-
GQDs FE NSN3t 2 B 4500 T, RBH R R 1
ECL mi pi PERE . 454 8 R F AL R E A ity g iy
ECL W14 %o 9 15 1 5 S 30 T % AFB, .OTA Hl
FB, 3 518 7 20 a0 Ak = 22 R B A I, A
B35 4 0.31.,0. 32 #1 0. 49 ng/mL. % ECL W%
B 5 A0 R 2 B0 O 57 1) o B 1 A R 2% ROk
i S T A P L Sk 22 B TR EE I B P
i A SR HE TR I HCR T S FE B A W 4 2
R A R A
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