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Research progress of detection of ochratoxin A in food based on
fluorescence sensor
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(College of Food Science and Technology, Hebei Agricultural University, Baoding 071001, China)

ABSTRACT: Ochratoxin A (ochratoxin A, OTA) is a secondary metabolite produced by Aspergillus and Penicillium.
It has strong nephrotoxicity, liver toxicity, neurotoxicity and immunotoxicity. Due to its stable physical and chemical
properties, it is difficult to be effectively removed in food processing. OTA is widely present in various food materials
such as grains and grapes and other food raw materials, and their products, which seriously threaten human health. In
recent years, as a research hotspot in the field of life sciences, optical sensors have attracted the attention of scholars.
Among them, fluorescent sensors have been widely used in many fields such as enzymatic reactions and immune
reactions due to their simple and fast advantages, and OTA detection technology for instrumental analysis,
immune-analysis and molecular biology is produced. Based on the recent development of OTA fluorescence sensor
detection technology in food, this article reviewed the application of different technical principles, nanomaterials and

fluorescent dyes in fluorescence detection, and introduced them from 3 perspectives: Technical classification,
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application characteristics and scope, so as to provide reference for OTA detection and development in related

agricultural products.

KEY WORDS: fluorescence sensor; ochratoxin A; nanomaterials; fluorescent dye
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Table 1 Maximum limits of OTA in food in some countries
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R | RS rER, (EARSL AT AT A | AR,
BRI H A SR . 2 SR o T BOR R A
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WENWE, BT IESIRERNNAR, PR AR PT
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HIIE R BRI, TTREAS T FRET #EFE, 990K %1% 1%
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HARAE, BEEIRIRAT SR A, AT S8 ORGSR 1,
I F R 07 1 1 OTAGE 145 OTA 45 45 H BUR IR,
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Fig.1 Principle of detecting OTA based on FPA technology
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B} (8] 43 B2 643 AT (time-resolved fluorescence analysis,

TRFA)ZIT A& TR 5 R i 1) — R RO AT EeAR . %
ARV R ITTE LG GO T ehmicy, Akt
REFNTY, REAaE sG55 EmE, ERKHFmIOE
HEHMARBEAS AR, WisBm H R, RRETF
FaZS ) GIEIE (I FRET ., FPA), TRFA 5 AR R 254
Wy B A 1 9 Ol 2 i RN K 9 3 6 52 7 2 % (Stokes
shift), FRABEK SRR 2 DSERHTE S IE, FimAE
S BRI B A R BRI R S s S A TP
TRFA HiAR )12 T8 5 E R R R AR, 3%
TR JFHEASIR],  SRT 43 Ay G 2 K I A2 T 2 A3 A A
A% U il dn ZHANG 2 UOF) #4213 k6 M

TRFA # AR BT E 4% (1) 5 OTA-E (OB B G-DUBE 14 7k &,

EIRE 2R, DAGREIXT OTA MR PR . 5
FaZs RS CTERE M FR (40 nmol/L)AH Ft, TREA 2 A (46 ) B
(10.8 nmol/L) Fh AR A 1 R U = 249 4 1% .

Fifi 5 Rk 2 R AR ) R, 45 T B 2 AL SR AR R I
RIEHFSE KB IHF OTA A 7k R A AW,
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VAW P R S it Y S N TE S

2 YRMBLE OTA M B R
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1 LASLAIR B 0 5 3R AT W A e 33t R VR 2 e HR T, (RO
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B G L4k, TR R OTA 2GR At HiAR
WS T BRI, iRk BRI S5 1 2 R e AR
BTz N T RO AR
2.1 HRMEEY A

YORFEHAEREXT OTA ARG I 2 oCE 2 . HEl
CL BT TR I KA B FE B AR AL . T a4
JEDKA RN _E S e ok 4515,
2.1.1 Bk

g A At #}(carbon nanomaterials, CNs) 24 M 4519 H,
L TR, AR AR . SRR TR ANOR
HZBERRANAAST S 2R R oo B —Fh 4k
ANUEHIA F, XFP L R g5y K RAELFR
SHHERE . B HE R A A OSSR AR 2, TR A
SRR RS AN ARG A A AR SRR AR B e, TIAN 25146
B T 1B AL 9 KR F 1) DNAL(Y OTA I&E (R E #MFn
B AR BT ) DNA2 (OTA i&{K), P KA st H
FMAEXT, &4 FRET, 26K, A OTA J&, HTF OTA
HiE R RS SR RE G, WEEFTHF, FRET IR, 2¢
JePRAE, AT IR IR H 1 .

212 FF A

BT S (quantum dots, QDs)f&—Fi ARG AR T, H
HAE—MAE 1~20 nm Z ], S5H /78R, XRhESHRT R
R HE T R OROoR . BT A AR R TR, BERIER
B, TEMRBOGEE | 28 XTFR & G5 LA O ST Rk 2= B Ad 1)
fe i 24 S R AFREEY . HEe A G v A+ )L
¥, W AR S bR TR SRR . & S A D I R
{HEF AR e & k2 A, HEA —E Wi S
FESEBR N AR R, BT RS AE N S (R SR 20 IR,
ERIFE K BRI S s AN A R DN 5 B 50

HAy, T8 FE7Oul R RO BRI AT
W/NFAE AR, Rt AT FRET £AR, HAE ki
R YEIOR SIS R RE A SRR b AR T AR AR B
B0 7HOU ZBUFI ] ZnCdSe/ZnS(H% /58 )it T S A Jkr
TEH (R EIETETE 520 nm AL FI 610 nm Ab 4351 Ay & o Finfes
2140, LIPLFK R B EPLAE F S APT OTA BRI
T A OO o ZEAR ] A R B RUAS [R] 1Y) & 4
PR T MDA, Y TR TR AN EYOE
FRic G Wi B 434 5 7 o
213 & B ARMA

45 JE 90K #l (metal nanomaterials, MNs), % 218
S YKL T-(AuNPs) . #7 G42K T (AgNPs) IR 44 K 4 T
(CuNPs), ki 7 R~F/NF 2 nm B, st STE 4R a0 oK%,
HABKMN Stokes 85 . & & NEHCEMICRE M, WAL
PR VAL R R e 1 R AP, ALIZADEH %153
FIF OTA il Cu®™, Co® il Ni*" 4545 Hil 5 9 6o B A8 Ak
P, FFR—F PRI N T OTA TG IRER A
2.1.4 L&A KA

FEERAK AL B (up-conversion nanoparticles, UCNPs)/g&
BRI CHURATAL, T LAY S EGE 2 800~1000 nm)
A B KOG TE 350~800 nm)PY ., HRTFTHIFH N 22
B2FE T onE MR E R A Y, HA R R,
HFEARGOCBERA . SEREMMITENR . KIOtHEGMS £
kI, R R TR LT AMEIX, KPR 5 A5
it /N ST LA BN, ERAR AR AR A 2 T AR
Pz . DAL ZECT S A A%/ AR oRL
(CS-UNCPs)ff) OTA & (AAENRERIMA, F A BIEHGONE
BRI, EIARA GO Z I m-n WERUWER{E CS-UNCPs
M GO HiHAEIT, 514 T FERT, 338 CS-UNCPs D&M K
M OTAfFFERT, WA OTA SR FIELS G, 458 IFMESYH
FaslaiBHIGH: 5 GO FElL, FRET fEATN A, 2e6KE
22 PREARGHE

ARG RE R FERPER, R PR BT
OTA #lffadFerh, MABACRATRMERIAR, ARG N 3
AN, BISSEESHOR . 1R B BRI E R
22.1 HEAHRKEFTHARAM

MR OTA V5 IRy, DX 7 i R i
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b, R E) T BRG] AOKRE AR A BRI GKALR
N, AT A R R R B 95 S R 43
e 5 Bk T HEPS,

WF5E K B, 4 Kb L A 0 1o 2 e ] LA S 9 1R
SRR T FE R OC . X, AR RE(SI0.) 48
KMRRT AgNPs R N 12 o &R IR H 5 R
P o Rl S g T o B R N N A g =24 B YA A 1
T 5 653 F 32 3] 4 2 TH I8 19 52 i (0 6k 3o R
B RSTERARR) . FEYIESr T B 4 R 2 R B
LS BLT, AT A R s R AR e e, TR S A
DI [Fh=0)) N
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VER#ENHER], QDs - HAT MR L F R G2E PR
SARGEARLFO 8 H L RS A P A A AR AN
ZEG1T IR AT IR . QIAN P& T —FhL
(55 LRI CLIER, IR hWIFD CdTe &1 AL
PRI 2k 66 251 CdTe & F S FE OTA GG K |, 1EN
SE(F SN A KRG CdTe BT BB ZELE Si0, . 40K
KiF (AuNPs)Z KK & 7E Si0, %1, H55isk b B AMZ T RRE
(cDNA)4S & . %A OTA WD T, OTA i {A 5 cDNA 24
22, f#i ¢QDs 1 AuNPs #HEHEIT, MIfikZE FRET. ¥ OTA
TEFERT, OTA HiERZ &, AU G4, gQDs FB4r Bl 21
W&, dEm AW FRET, 25 CA s A T4l OTA 1)
S, IFRRE S - 35 DSCR A 94.0%~97.3%

223 AEHHERHA

VE BRGNS, GO F AR e 25 I 5 Sy B S 11
L 1Y o S =Y R R IDOREEE 2 G (R URER IR S
BRI T SO P K RE ST . W AT LK RE T (N
COOH. -NH,. AEYFR | 5 FMER)BIMHBIGKRN T A
FAHREERGINY A PTG BRI (U 6-FRIEDER)
£ FRET fiHA, 9KFEMES FRET 52 (402 fe faf 5 HLRciy
B, Bilhn, GUO S5O HUBE 40 K £ (single-walled
carbon nanohorns, SWCNHs){E 3214, 24 OTA f#1ERf, OTA
5@ R RS, W FAT G-UEER, Bk Y
SWCNHs 54, BEERIINEIZE . AFEFE OTA B, (&4
SYBR Gold HYi@A S5 SWCNHs 4545, fEAEikoent, &4
FRET, #¢I6VK % B FATFLI  OTA A2 sAsin,
TR BISCRAE 91.5%~108.3%2 11, #iHFR A 2.3 ng/mL, &
T RAFEIRIIPERE

Wi 5 2 A A 0 1 T, 9 A i 18 ARG 00 S I
P o BRADICR SRR Z AR, A A PR AR R R AL
FE o BRAh, BRGS0 20 2 B A 1 9O A
A FIRRSE M, DAL AR I A R 5 o 3L T4,
YR M RGBT TT KBS T KK, RIRGKH AR T

ZURBLRURT 19 R 1k, DT 8 — A5 4 2l 9¢ O % I 4 4L
AR JE o 5 EFTR, ST AORBR A Y& IR 149 & SR IE A
T AE N RIERRESS, NLARSEWTFEIT A4 Tl B 9 K A4
ot HE— S A A IR B A

3 RHRRMRICHEE

31 fRicE

TE R 29 A% B AT AG I B, DR A% R AR B 5 6 2
I, TR, BT LA TERLIR W R O B AR L SOt
A, SR 7 ARG S o AR AR 10 28 KR A 1 8 H AN ),
A4y R AR ICEL S 2 hR g A,

AR IC S R DAL AR T B — PO S B T
OTA &R —MAE R (5 5 ol . YFeR I (OTAVFAERT, OTA
B ARe A G, BUE S R AU, RIS
S AL IR EIRE IR H . R AL RS A R SR
KA, ESA R . BRAERBOT ., LAY BAAR I C AR R
BN DK (Turn-of)BE, — R ZEAH Bh 4K A RHE
RN K, W QDs., AuNPs 2581 SHAO (%]
FIFH GO 1l OTA & AABHG T —F T4 OTA 1y R
DGR, FHWE 2 iR, PIRIZEEY ssDNA (H1 A1
H2)i#4T DNA [ 43, Hrh H1 FZOERFRC, H2 &2 OTA
ERANE 2a fF7R). [ 2b 2 OTA Kl 72, 24 OTA 7778
B, SRR S U, B RGEIR-OTA EAW), A
%% DNA 438, A GO J7, 26K, 4 OTA AFEEER],
HI # H2 B [ 22 ToE% GO WM, 28 s Br 4
ZFRH OTA BYRIBR AT 3% 4.59 nmol/L.

ZhRic B IS (R PG RE R ARG R B hRid 242800
FEE, AR5 B AR 5 o B i s R) B 3 AGI 3 A wE
FeA5 5 BBes, TS B A B A9 bR ic BN &,
AR Z T OTA RN S IE & FH 2 AR 105, IXFERE S 4T
FEARSN AR 3R B o Z RNy SR 1 25 . AR iC 2 v e i
FHREME 7 R TE A AE DNA WIS I Sl ik P e K ik
M, {4 ssDNA B R A A A9 F, %A
KA H FRET JFETCT fildn HAN ZE72H8 7 —Fif
BT ) FF R 006 e 40 B R G OTA 9% ety il 3
fiin . OTA SBIRAEM T HER R M . OTA fA7ERT, OTA K H
T RTEREER R I LS 4, BEI, 151K H 25 (cDNA)IE 5, 24
Wiy 0E, cDNA T[S 5 pl-F, p2-Q 5| &4 B,
FRET MM IHZR, 26055, AMBR AT i5 0.63 ng/mL,
mIfcRE . ARSI 3k, SRS A: 4
KM Cy3 DSHhriciy OTA &R S OTA WSS, T
SR IR B PR IR 1) FANT S JC IR B, B G(E AR
AL SEBNT OTA F) % s A4Sl

FRICEUG B RS SC NS OTA (R s, 15
A, et . B TR AR IO S A R
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MREYE, WS IAME SR Z M SR R T, R
ROTIR IR, RIS 30 A R R R o AMTIHETR K
IR ERE b, AR FOBFE R T 55— BT R, B Aehs
AR o
32 FARicE

TR T AR IR L, JET AT AR T A5
A, BRI IO 5 RS T Z 1
SEH AL AR, DRER MM A IR Sgieiteh, A
F—SEAT RSO A U, BT OTA fR . R
e R A e R BRI LA S ™2 R R 4 i o
BIEHTICHIR, BN R F L. RRNE
PRICRURRHE AR FIDIRERELAT 93 4 28, Ik 2 B

TehRiC AL G BR 25 %] OTA SE IR B4 347 My bR,

3%,

PRI A4 P, AT LB FRRE R B 1] P 285 SR A A
M, T 2o Hr, BTl AT, JhRIC B A
PG E A 2 ORI —RA NS R
R E R R, N E 26 ST, Lv &Pt
FififAk . SYBR Gold FIZEESMIEG (Exo DIF K T —Fhak
Sefh s, 24 OTA TE1ERT, OTA 5E R Rt 4&, 55
M AT G-PUBEIR . 24 OTA AAETERT, Exo 1 LKAk
PTEREM, AR A SYBR Gold, WHE-&4 OTA, N
IR (DO CHR B L X RDIE AL B s X OTA Y&
TR FRAG PR (16.5 nmol/L), LB INARAINZEI H B
B0 TSR, SRR JC R TE B TR A A R T R R A A
BOR L ORAURMEME R RE AL A S Z K S OTA K4
FRET, F*AE700E S b, TR %, RAG
T TCARIC YR}, RS SR R Oy R A

b
AN H SV H2 BBOTA S50 GO @ ROXHUK
<y
¥: a: DNA AZ1%E; b: OTA K2
K2 HF GO Fl DNA A%k OTA
Fig.2 Detection of OTA based on Go and DNA self-assembly
. VN
Bk WHR-EREEY ﬁiﬁk ﬁﬁi OTA k- E;ﬁiz{:%om DNA
0 0% 04 @8 +
OTA&E A
1-F DNA 1-F )
PR e PLE oA
p2 Q p3 L2l e

B3 SETREEE R NI OTA

Fig.3 Detection of OTA based on cascade strand displacement reaction
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Table 2 Classification of common unmarked dyes according to action mechanism
{OSESL TR
) 55 dsDNA %454 : SYBR Green I, Eva Green
AT G

St G-I RS &

55 ssDNA %54: SYBR Gold. SYBR Green II

N-F LNk — N R 1X (N-methyl mesoporphyrin IX, NMM) ., #ififiZ T (thioflavine T, ThT),

IBEI % (thiazole orange, TO)

4 HFiLS5RE

ASCLFRT BATHE AL BRI OTA Kl i i F,
FE AN [EI ARG DU B g KA Ak %) iy FH AR B e el 3 D vt
IR AT () A L RS AR H, DO AR A
TETRIGE BB . Stk . REES, HotFEARRI Al 5
BRI o DAL B AR AT 58 AR 2 R, A
WA — e R AR, B, ORMBHE R S TR
PR, ARSI DA R OBAR L RST 48 2 5 23 X Jk
bR A s . R, BT R A s g
R B Py, TR AR MAEE IR, AE G
R ST AL T S W AL B S AR = S N W 3l [=he
BIR R E IR AR B R TG B A R . e, 2OBRE A
AABH T B I SE B0 AR, BRI T 28 e L IR AR 5 AR it
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