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ABSTRACT: Objective To establish a time-resolved fluorescent microsphere-based lateral flow chromatographic
test strip for ochratoxin A (OTA). Methods Based on the principle of immunochromatography, time-resolved
fluorescent nanospheres were used as signal probes to reduce the interference of non-specific fluorescence and improve
the detection sensitivity. Furthermore, the sensitivity and accuracy of the on-site detection of OTA were improved by
optimizing the sample extract and sample diluent. Results The ratio of the T-line and C-line fluorescence intensity had
a good log-linear relationship with the OTA concentration in the range of 1.0-50.0 pg/kg, and the correlation coefficient
r’ was in the range of 0.9981-0.9998. The limits of detection and limits of quantitation of OTA in different matrices
were in the range of 0.401-0.614 ng/kg and 0.973-1.617 ng/kg, respectively. The recoveries ranged from 89.53% to
118.37% with relative standard deviations (RSDs) all less than 12% (n=3), and the cross-reaction rates with
deoxynivalenol, fumonisin B, aflatoxin By, zearalenone and T-2 toxin were all less than 5%, showing good specificity.
The OTA lateral flow chromatographic test strips based on the fluorescent quantitative rapid detection technology platform
could quickly and accurately quantify the content of OTA in samples within 8 minutes. Conclusion The time-resolved
fluorescence lateral flow chromatographic test strip prepared in this study can realize the rapid quantitative detection of
OTA in corn, wheat and feed, with the advantages of low cost, high sensitivity, simple operation, high accuracy, good
repeatability and good specificity, which meets the technical requirements of OTA detection at home and abroad, and

provides technical supports for the development of mycotoxins rapid detection technology.

KEY WORDS: ochratoxin A; time-resolved fluorescent microsphere; fluorescence quantitative immunochromatography;

rapid quantitative detection.
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(Penicillium)EL B 7 Az A 38 i 2 2 M A A = U2, 4
1 7 MR A Y, bR . TSR
MR 25 X A (ochratoxin A, OTA), % WFAY) . 1A
BRI IR eSS E R, B
P SpEREE . M KEBUE . SRS AR R D
] B 982 AiE WF 5T ML) (International Agency for Research on
Cancer, IARC)EVK IS 2B 28808, OTA HyH 3
b2 TR AR, B BRa AR, 1M OTA V5%
AR 206k NN Bl ek B i Bl ™ A VO IR, K
A RS M AN N T 5 b OTA () FREEARE53-51 ok 5
1 3 ng/kg!™ o[ GB 2761—2017¢ £ i & A Fbrife 12
an TP I RE R I ) MUE S . 2R R ILAH LA OTA
PR EARAEN 5 pg/ke, B 5 PRAMAL AL S BT 100 pg/g
B AR BT, BRI, OTA ARSI R IR & AR I A9 Y 1,
el CAGHI 5 4 H R v KR

B, OTA & FMR I i 62 ARk . S 80R
AR T TRORE € T3 S IR TR T SR 4 A Ak 1 I il
R AR R . IR 4 G IR AT S i A ik >0 2 S
TR ATER AT RS R SRR, B
FIRSHI 73k, AR AR TR B ERT . REBUERA S, —
G BRI A ZR P HRG, AR ik
TeH AR 5 352 Ay RS . e e . B
PRI IS VO RO, AR A R . RREME B E R A

PAEE 4 RAMUER R L EAR NG, FHEEHEE
Z B RTAL IR AT OTA Wb AIE 48, Joiks L BUAkE:
P 7 SR 2800 A 8 A M i RS T B B R R IR B AN
L IHRAE NG, WARTREE AR AT PR, HRAEfA
FH R, B TR AR G . (HBA Y
G S MR AN EER G W ok SR B 4 2212, W S I I
JOE IRV, AREMETH A B bRt I g >R 2 i e A 43k
AR BAT AN . BRI . RN 2 48 A L A,
H A SRR Tl 22 B RS 2 AT T BB A 4 1 4R A5 I G
R EEAR R, BrTHae at.

HsHIE) 239 iR (time-resolved fluorescent microsphere)
R FRRIR I DIREROR, ORI T E 06
T, HAEYOCHCRR . Stokes MR (>150 nm) HAEEHa K
LR, WX AR UGS SRS R2O6GE S,
2 S |21 22 o L D VW e | L R 8 o 10 e O 5
PRGN RAFE D UTAESR, JETF R A HEROLER B2
MrEe R Z A FEEYY © BR8E . S b 40, HCT
OTA R E > . p5 il PSR B LURR + B2 6 R 1 R A il
5%, BRI BT RELP, LT —Fnl 5 B A6 2
227 & (aflatoxin B;, AFB;)Hl OTA {9 B[] 43 H#25¢ 't fe
EATIRACSs, Jo rRRE BB A B8 DOBIRET AL
WATIEAT, 37°CHEE 3 min; FRIEFIRACHRAE A RLAL, 37°C
N 7 min, ERAERRBBE, Roiat a1

FHTF UL EBSE, ASHE 5T B 8] 23 B 2¢ Stk b ic i
Fesete OTA PR REHUABI IR F45 68 b, @l il m Sy
EATVE AL A 9Ot E BRI AT &, @it —2mE



5512 4]

FIRZE, S5 MR A IR FEOEMRZ T 4R L 4023

SCRLIEST —Rlt OTA 32 4+ B ] 23 B MR JZ A il 4t 2%,
MIMTSEBA I TR . /A2 | ORI B bl OTA
BRI, ASHI A AR A 55 P32 22 A e 0G24 I 5 I
PR &AF 0, S OTA I B A N R (HH AR S e

1 MR5ERZE

L1 #R5RF

oK NEE L WRARTERL A AR (R Rl (distillers dried
grains with solubles, DDGS). Bi¥ £ K . FKREFIME
MR T A5 55 R A il AR A

1 E EE E B OTA &2 5% (0OTA-bovine serum
albumin conjugate, OTA-BSA). /NPT OTA HsufEpiiA. 11
FHNE 1gG . BRI FFUSEANRTMERCEARAR 200 nm, &
TP FEA-COOH, #A K 365 nm., Z4TK 615 nm)( k-
VG AE PR AT BRZS v); Sartorius CN140 A FRET 4 3 i
(nitrocellulose filter membrane, NC [I)[5% £ 37 ( | ) 51
F PR F]]; SBOS 4L . SMA31-40PVC JEEMNR . CH37K
(B SARAEYRHCR R )

45 113 145 M (bovine serum albumin conjugate, BSA) .
1- 2, H -3-(3- — F 3 0 35 75 35 ) 5 — W M [1-Ethyl-3-
(3-dimethylaminopropyl)carbodiimide, EDC] ., N-¥:5: 3% 315k
WP 1% (N-hydroxysuccinimide, NHS)(3E [E Sigma /A Fl); 5
B =52 HLE L e b BRER(TRIS hydrochloride, Tris-HCI) |
Tween-20, proclin300(43 4k, [EZ54E Bk AR A BRA F);
OTA FRUESEW(1.9 pg/mL) ., NIt 2 (deoxynivalenol, DON,
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Fig.l Schematic diagram of ochratoxin A time-resolved fluorescence lateral flow chromatography test strip
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0.1% proclin 300; fLALJEHESAFRRRE A PBS Z&#1(0.1 mol/L
pH 8.0), IMA 1%L . 1%HFHET . 0.5% BSA. 0.1%
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Fig.2 Effects of sodium chloride concentrations of extraction solutions on recoveries (n=3)
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1 TFE pH #ARNENLERS pH 6 HARNEEREHEIRZE(%)

Table 1 Relative deviations between samples with different pH and samples under pH 6 (%)
DL T 5t i A DAL IE FE 5 B
FE ARSI
2 4 6 8 10 2 4 6 8 10
&S —~199.80 104.20 0.00 -21.21 2857 320 3.76 0.00 -10.23 1.83
DDGS -24.28 7.31 0.00 ~6.88 -12.6 —-6.20 3.37 0.00 -4.94 -2.02
S s 30.24 2225 0.00 —75.44 -51.04 -137 -2.62 0.00 0.38 -6.29
FREH -18.52 —4.73 0.00 -1.75 -523  -8.59 10.89 0.00 -8.38 ~7.43

2.3 BIE S #ER MR B AT A 5 0 1 sE TEAE
23.1 A FRA R R

A3 BIFRIE OTA V5 4L/ NERE S . FARFER . JOKHE
WA 10 4y, EY(1.0£0.02) g, 288 1.3.2 RIS, Rk
Fi OTA B[] 53 Froe el 2 it &b kil 435184 10
03 T 15 Je At i E 25 R 3 A5 bR 25 (standard
deviation, SD)>N#; Hi BR(limits of detection, LOD), LA%E %,
RAFEIIEN 10 FpriE2E R 2 R (limit of quantitation,
LOQ), 4553EM, /N OTA Y LOD #1 LOQ 4344 0.614
1 1.617 pg/kg, Tk OTA 1 LOD #1 LOQ 43514 0.401
1 0.973 pg/kg, FKH OTA 5 LOD FlI LOQ 434514 0.602
11501 pg/kg, BIEAK FRIBREFREN 3~5 ngke, FH
OTA B[R] 43 BES LM TR JZAT AR 1) R T R AT, REASH
JESE R i RN T R
232 KMWEES

SPRITETC OTA TSR/ NERERL . FRAEML . SORMESL
HESID OTA ARUESHEHE, Iibs/K¥-R 1.00 2.5, 5.0, 100,
25.0, 50.0 pg/kg, SRJEH OTA B Al 3¢ eI =ikt ac
P AR B B e v BE R ARG, AR 7K (kg RO BCAT o
ABAR, T 261 C VIR 1 EUIE A A b il bnai 2R, 11
RLRPEAROC R SRR, Tk /NEREKRILMEE
¥4 1.0~50.0 pg/kg, EIHITRESMN: Y=1.0192X+0.1818, #H
X BB r=0.9998( K K ); Y=0.9983X+0.1172, #H % F %k
r’=0.9988(/NZ%); Y=1.0998X—0.1022, #H3EF %L r’=0.9981( %
oK), RILMCR AT H LM
233 AT Gk

HERRFRI(1.0£0.02) g JC OTA IS YL/ . EK . K
KEES:, 2RI 1.0, 2.5, 5.0, 10.0, 25.0, 50.0 png/kg 6
MRBEIKF B OTA FRUEMEI(n=3). OTA W[l 73 #E5dk
M 2 BT R AR RIS R, R ES Y OTA 1Y
ISR TE 89.53%~ 118.37%, 3 AFATRYZE S 228K, tHRIARXT
e 2 (relative standard deviations, RSDs)/NT 12%, #=HH
FZ I TR) 4335 SO T 2T IR AR A% I MR 2 5 1k R 3o
234 HEEikeate

AL 2 A~ OTA 15 4M/NGE . ok KOKBER, 47
BIZRH GB 5009.96—2016 H 55—k S 5 FZ T4 LR
AR TE FUABI ST H 4500 OTA IFIR] 43 B¢ S MR 2 A ik

AUSLIEATREI, REAFES L E 3 NPT, SRR
PRI ZE R G B (FF B BE=x/y=100%, x: OTA H[RI 5 HE¢
HMZHTRACSE 3 ATIEE SR P, y: AREREE 3
R I 485 5 10 S-S54, T R O vk R &5 R A A RN
87.28%~116.23%, 3 M FATHAES REUNT 10%, FF51E
[E5/508
235 FiEHEFHESN

HT 2558 OTA BRI HES M2 BT AR RS Sk,
334 OTA. DON, FB,, AFB,. ZEN. T-2 it 6 Ffrif LAY
LI BE R M NI G BB 85 RIS e ok v, B
IKF-H 5~1000 pg/kg, #8J5 FH OTA B[] - HEa Gl v 24T
RACAUEA TR, 2 2 ARG I 45 SR 2 IS ] 43 B9 e i
TR G HA R DL 5 F ECRBE R A9 U
(I (/AR BE < 100%) B /N T 5%, 283 RZEUNF 10%,
RS R AT

®2 TXNRREEX

Table 2 Table of cross-reaction rates

R AR 5 SR/ % A5 R Y
1 OTA 107.85 5.36
2 DON 2.95 2.38
3 FB, 4.80 6.21
4 AFB; 0.65 7.65
5 ZEN 3.30 4.78
6 T-2 0.50 9.21
3 4

ASBIFE LA 8] 53 BEDOCMOR R SO, BT a4
T B B ST T OTA I ] 3 RS OEMR 2 Hrifat s, IF
FHF AR R 35 OTA (- Hessk s ARSI - 38 2ok X
SRR A AL R IR AR B B AL, 465 T OTAK:
)61 R AL AR o AT T 2 BRI [R] 43 B e 22
Prikat sk rI7E 8 min A SEIRE S OTA BYE A, 78 &
KL INEFIROKIETR 9 LOD Hy 0.401~0.614 pg/kg, ik
T OTA (R AR E, BALRMEEETE . Witk . A
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