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Abstract: An ultra-sensitive lateral flow immunochromatography (LFIC) method based on europium nanoparticles
(EuNPs) was established for the simultaneous and rapid detection of aflatoxin B, (AFB,), zearalenone (ZEN), and ochratoxin
A(OTA) in medicine and food homologous materials. By optimizing the key parameters such as the mass concentration of the
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coated artificial antigen, immobilized line position of the coated artificial antigen, mass concentration of the coated goat anti-

mouse IgG, buffer pH, and immunoreaction time, the developed method could achieve the ultrasensitive and simultaneous

identification of three target mycotoxins in one sample after a simple sample pretreatment. This method demonstrated a high

specificity and sensitivity. The visual limits of detection of the AFB,, ZEN, and OTA standards were 0.5, 4.0, and 2.0 ng/mL,

respectively. Their linear ranges (IC,,~IC,,) were 0.03~4.61, 0.12~8.47, and 0.09~8.26 ng/mL, respectively. In the detection

of mycotoxins in ginseng, astragalus, and angelica samples, the mean spiked recovery rates of the three types of analytes

ranged from 90.02% to 109.39%, with a relative standard deviation of less than 8.50%. The coincidence rate between the

actual sample and HPLC method was 100%. Therefore, the developed EuNP-LFIC method is suitable for the on-site rapid

monitoring of mycotoxins such as AFB,, ZEN, and OTA in medicine and food homologous materials.
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Fig.1 (a) The EuNPs-LFIC detection schematic;

(b) Schematic diagram of the EuNPs-LFIC results;

(c) Test results of the EuNPs-LFIC reader
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Fig.2 (a) Optimization of AFB,-BSA and GAM-IgG coating
massconcentrations; (b) Optimization of ZEN-BSA and
GAM-IgG coating massconcentrations; (c¢) Optimization of

OTA-BSA and GAM-IgG coating mass concentrations
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f) ZEN-BSA F1 1.5 mg/mL ] GAM-1gG K, #H
X5 5 ELAE B K. OTA %02 )2 ik 4K 45 11
iR Eox (B 2c), 1M 0.6 mg/mL ¥] OTA-BSA
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Table 1 Optimization of artificial antigen line position

LR @A

w5 R L KERL e g
/(mg/mL)
OTA-BSA T1 0.6 10303 +£0.22 043
1 ZEN-BSA T2 1.0 11 043 £0.31 0.53
AFB,-BSA T3 1.0 11 563 £0.20 0.57
OTA-BSA T1~06 11735 +0.39 0.57
2 AFB,-BSA T2 1.0 11 621 £0.29 0.59
ZEN-BSA T3 1.0 11 875 +0.27 0.65
ZEN-BSA Tl ----------- 1 () 10154 +0.18 0.42
3 OTA-BSA T2 0.6 10247 £0.11 0.51
AFB,-BSA T3 1.0 11 024 £0.27 0.55
ZEN-BSA  TI 10 93244024 039
4  AFB,-BSA T2 1.0 10782 +0.20 0.50
OTA-BSA T3 0.6 11 140 £0.19 0.58
AFB,-BSA Tl ----------- 1 O 10342 +(0.28 0.41
5 OTA-BSA T2 0.6 10210 £0.25 0.48
ZEN-BSA T3 1.0 11 749 £0.30 0.56
AFB,-BSA Tl ----------- 1 0 10438 +0.27 0.50
6 ZEN-BSA T2 1.0 10409 £0.28 0.49
OTA-BSA T3 0.6 11 642 £0.22 0.57

231



MR BT

Modern Food Science and Technology

2024, Vol.40, No.7

222 RIEBJLESE) RAL

G N ] 2 B AR AR S AT 45 R, B
SN ] R RE K, 7 e AR BT 43 5 TR S IR 4T
it WK 3a s, 8RB 20 min DL,
T/C Bl I (] R A K, BRRER K . B2 20 min B,
T/C {HiX %] 1.0, 20 min 2 J5 T/C {8 3 L &A1k
A B ] 3o 2 s ol ik € 8 SR AR, KU SR
AN H B 37 DRG0 (0 A0 Ao LI A 28 S o i 1] 34 4%
20 min.
223 S iRpHIEAHAL

2Pl pH H 2 T BB R BU AR 45 A 0 s 1S
Ak, TR PUR BUA 2 W A AR . G 3b
B~ B pH KN, T/C (A 8568 n 5 %
R H . MMl pH EN 8 B, T/ICH&H KN
0.8, (AL, PUIRPUIAR S S A ZAE A IE BRI 3t
17, pH RIS IR BT = 0K s M e B P s 1 BEAL P
SR B A pH B NN 8

a 137 mAFB, OZEN DOTA
1.0F = & £, i

0.8

T/CIH

0.5F

03F

0.0

20 25 30 35 40
i} 18] / min

b 10 marB, OZzEN @OTA

0.6

T/CIH

0.4

02F

0.0 —

pHIH
E 3 (a) REREMERMAEWL; (b) ZErmik pH EHLL
Fig.3 (a) Optimization of immune response time;

(b) Optimization of buffer pH
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YU s E A, AT T/ICERR. A3
7 AFB,. ZEN. OTA. DON. FB,. CIT f1 T-2 &
KETHARETR (Fs5a), @it & T/C 13
5 73 7 5K LF 4 EuNPs-LFIC 45 k. 45 B B oR
(& 5b), AFB, %f T2 & i) T/C fH. ZEN X} T3 4
) T/C {8 1 OTA X} T1 & 1 T/C {£ ¥/ F 0.20,
DON. CIT. FB, fl T-2 # & %f T1. T2 fl T3 kb
1) T/C{EI KT 0.80, DL &5 KK, KuFIEH
EuNPs-LFIC J5 ¥ % AFB,. ZEN Al OTA ) ¥ i
H R IR

2.4 JAwE dsE

) 283 HPLC 480 3ok (1 [ P4 R 5 p o i AS [) i
BRI A R AR, AN R R AN
6 K. BuNPs-LFIC LRI E S EE M, nTLLH
X FRAERZ (RSD) For. SR ER (K2), H
B B 2 1T 3 B A 90.02%~109.39%, RSD
T 8.50%. LSRR, ARWFILE I EE TR
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*® 2 MAREERHAFB,. ZENFIOTARY Bl 2T E
Table 2 Determination of recoveries of AFB,, ZEN and OTA in labeled samples

A R (ng/kg) FHAAME + AR £/ (ug/ke) F#EICE £ RSD/%

AFB1 ZEN OTA AFBI1 ZEN OTA AFB1 ZEN OTA
1 0.00 / / ND / / ND / /
2 2.00 / / 1.96 £0.08 / / 98.00 + 3.87 / /
3 4.00 / / 3.90+0.17 / / 97.50 £4.24 / /
4 8.00 / / 8.24 £0.35 / / 103.00 £4.33 / /
5 / 0.00 / / ND / / ND /
6 / 2.00 / / 1.99 £0.11 / / 99.50£5.76 /
7 / 4.00 / / 3.87+0.12 / / 96.75 £3.21 /
8 / 8.00 / / 8.46 £0.31 / / 105.75 £3.64 /
9 / / 0.00 / / ND / / ND
10 / / 2.00 / / 2.05+£0.10 / / 102.50 £ 4.86
11 / / 4.00 / / 4,14 +£0.22 / / 103.50 £5.37
12 / / 8.00 / / 8.33£0.28 / / 104.13 £3.35
13 0.00 0.00 / ND ND / ND ND /
14 2.00 2.00 / 2.03+£0.13 2.05%0.10 / 101.50 £ 6.25 102.50 £ 4.75 /
15 4.00 4.00 / 420+0.10 4.18+0.15 / 105.00 £2.34  104.50 £3.55 /
16 8.00 8.00 / 7.74+0.28  7.81 £0.23 / 96.75 £ 3.59 97.63 £2.98 /
17 0.00 / 0.00 ND / ND ND / ND
18 2.00 / 2.00 1.87 £0.02 / 1.91 £0.06 93.50+1.32 / 95.50+3.24
19 4.00 / 4.00 3.89+0.16 / 3.77£0.10 94.25+4.23 / 94.25 £2.65
20 8.00 / 8.00 7.69 £0.36 / 7.73£0.34 96.13 £4.62 / 96.63 £4.37
21 / 0.00 0.00 / ND ND / ND ND
22 / 2.00 2.00 / 1.93+0.10 1.95+0.06 / 96.50 £5.23 97.50+3.12
23 / 4.00 4.00 / 427+0.10 4.22%0.15 / 106.75 £2.34 105.50 £ 3.58
24 / 8.00 8.00 / 8.45+£0.28 8.27%0.51 / 105.63 £3.31 103.38 £6.18
25 0.00 0.00 0.00 ND ND ND ND ND ND
26 2.00 2.00 2.00 1.89 +0.05 1.97+0.13 1.92+0.06 94.50 £2.89 98.50 £ 6.43 96.00 = 3.34
27 4.00 4.00 4.00 385+0.21 4.03%£0.17 4.16+0.22 96.25+5.34 100.75+£4.12 104.00 £5.22
28 8.00 8.00 8.00 8.34+0.31 8.28+0.28 8.37+0.36 104.25+3.67 103.50 £3.34 104.63 £4.25

JE: ND AEA#E.
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Fig.5 (a) strip specificity detection; (b) strip specificity
analysis results

2.5 5 H AR 7 i 8 AT

itk — 5 AF BuNPs-LFIC J7 ik 04T 2k, ik
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Pt BIAS ) EuNPs-LFIC J5 ¥4 2] % .
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Table 3 Comparison of actual samples detected by triple
fluorescence immunochromatography and HPLC

PR AR S HPLC/(ng/kg) EuNPs-LFIC/(ng/kg)
%%  AFB, ZEN OTA AFB, ZEN OTA

7 482 557 ND 439 592  /
21 645 729 736 678 784 7.6l

E: ND A& A4S,
3 Z5ig

AT TERGPUR MBI R T —FMAH T 1]
3 2 R UE BRI A = O g E AT IR 4R 4%
g R, A AT AE 20 min P SERGIE, XT
AFB,. ZEN 1 OTA 7 RIIRAS H BR 435108 0.5+ 4.0.
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2.0 ng/mL, A EE 23 508 0.03~4.61. 0.12~8.47.
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FE 5P 38 045 TR N 90.02%~109.39%. 15 N2
TR 2 VA 5 S PRt i EU TR B R A R, SOt S
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