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Fig.1 Hlustration of optical biosensors for mycotoxin detection

AFBI, aflatoxin B1; OTA, ochratoxin A; ZEN, zearalenone; DON, deoxynivalenol; CIT, citrinin; FB1, fumonin B1; FRET, fluorescence
resonance energy transfer; QDs, quantum dots; MNCs, metal nanoclusters; UCNPs, upconversion nanoparticles; TMB, 3,3',5,5'-
tetrametnylbenzidine; Au-NBPs, gold nanobipyramids; AuNP, gold nanoparticles; HRP, horseradish peroxidase; CL, chemilumines-

cence; ECI, electrochemiluminescence; SERS, surface enhanced Raman spectroscopy

1.1 ETRAERB[ENEFRSE

ECAE A A AR FIFGN T 2 T8I A B A 5 | R 56155 59722 A mi 52 38 A ARY) 73 A 9 5
Weo DI AT R S 2 B BT DB 522 AR 5O R 2R A
PO CHERE (AT S5 AL s RS GO A R PR EHIRICH) SE DO IR St RZECA LU R E Tk
% (NIREVE I, pH BUBHN GG A % ) 12 T 56 WAL i i SR s A s 20 ol
KR (I S 70 . EERAORR T BB AR MR G B A HLE A5 ) R B LS o7
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PERT , TEDOCAE PR s rh B SR .

BT 8 (Quantum  dots, QDs) — B NERIE SR ERIE R FE 2~20 nm JEFEI N . ZOEIRAER LR
(Fluorescence resonance energy transfer, FRET) &% FRZE AR = B R AL S A Lo C YR E T
FRET 437 1) 352k A T (A RN 32 0 16 % S R et 2 Tl 9 ep 327, T QDs BoA R 4 5
RETTERAE | W v A S A W HUTE FRET (&8 BAT B AR 322 Wang 25004840
KT T RVE N BE R Z B M AEE BOAR L, ZnS &7 s AE N e R IS i 75 538 B 1A B MY DNA 85 I, F
FH AFB1 5 B AMETE S ME4S A IS PO 1) FRET /4 8% ELAG 0w i RO (KBRS 2.67 pg/mlL)
(K1 2A) . Tang 5 R AP AL BRI R SRR L 4351078 4 AE AR RS2 R R 705 MO T FRET
G PEAL IBA K OTA , BT AE AT AE 5 min WSER, KB PR 5 pe/mL. Tt 2R (8] FRET 20%
SHZS A PR B S IO , H LA R Y BA ST TR (150 kDa) FRFRR , B T b2 IR S 30 g 2t BRI T
RE R AL B ROR T 2y T2k Al HRSE /N ZURTTAR (~15 kDa) 1] LA RARALHESZ AR S | $ % FRET &%
R AN, GERBUAR N 53— LT LR 2R br s ml & e L5k b, H Rt & B A R I8 A miaE 1l
PATTREUARECAL . Su ] OTA 9k btk 5t B4t (o 5L A I EE A XU BE OTA RAIHE
FHEA FRET 44 QDs 32K, K T —Fh Aok o iR s, vl RGN 2 5 pg/mL / OTA ., k¥
i (Carbon dots, CDs) & R AF AL T2 44, AL il LIRS R R IE K o Singh 252 F ] AFB1 %
KA 80 QDs DECHIRHE , BB T —Fhkzill AFB1 09773, K th BRI IR E] 0.158 ng/mL. {HEH T CDs 1y%¢
AR5 %2 BN Z P TR IR VL e B I e AN R o 5 22 M L 3l B AR B PR B B s e, B
WIF5E % B0, AR 22 90K AT DN A F9I8 BEFAE 7 T LA BFR B 2402 17 242, R AR A5, Qian 2547 G i
TRTIF & T XUE B B A 7k K CDs Al CdZnTe  QDs MR NAKABEHASS BIARICTE AFB1 A1 OTA 938 AL
1 SCBT AFBL ORI OTA A RIBRSIN . 32759 W] BE A B0 0 B 28 22 51 43 BT 38 FH SRS

KR T (Upconversion  nanoparticles, UCNPs ) J& FREHIRBERLA G 4% b s BEDC & SRt
SEYORBR, BA RS | TRORLTAM IR . RO L GRREELE . RSS2 IAEERE N
S S AT A R Ve R AR, T2 T P SR RT MR . Zhao 25T R UCNPs 11
S0 RGBS FLR LAE MR S IR B0 M SO E , U 4R A HLE 42 (Metal-organic
framework , MOF ) X8 Bt 4% B 407 W BRFRE 1 11 UCNPs YRR RE T, 454 T-2 B B AEAE ) 5l Bk s & 5
 UCNPs 7GR E M T T T-2 B £ 4600 AY FRET & RO A= YL ees 46 B T 2 0.087 ng/mL.
Lin 238 UCNPs 1E R O GHRMEMTE 4% DNA (Single strand DNA, ssDNAE 5454t I, FIFH TisC,Tx
MXene % ssDNA B UCNPs &5 R HT T FRET 8046 K il CRISPR/Cas12a X i Bt /44 517 51
D) H UCNPs FAEM ) ssDNA FEHE UCNPs 72§ MO ; DON FA7ERT SiERLiRSs &, Al
M) CRISPR/Cas12a {fith . %5 %X DON [z H FRM 0.64 ng/mL. CRISPR/Cas HAT FLEZH IR W BE
71, B EA R o 9 K S E A e DI M, 5 T 4R 0 T2 Wi A= A% s A, ELA AR

A : B
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1 F  Aptamers can '9
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Fig.2 Application of fluorescent biosensor based on nanomaterials in mycotoxins detection: (A) Fluorescent
biosensor for detection of AFB1 based on ZnS QDsBO]; (B) UCNPs solid-phase fluorescent sensor supported by
"Gold-nanocap” for OTA detection"*!”
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FHER) 2007 R % e 35 B AR B S CRISPR/Cas12a A28 v | 35 T3 B AA (1 /N4 S0 B0 50 2 46y
CRISPR/Cas12a XA U1, Rl B BA AL BORA S 5 DR, #E—204 8 T CRISPR/Cas TE R B R
R AT AR R P o ER AR AR R 7 I of 1 S (R P o S5 B T ARSI VR KA ) 5 1 32 A
e £ R 4 LT (0 1A TR M, S0 A5 SRS O RS Ik o AR DRI I, Kim 25141 D5 A S 40K i
(Gold-nanocap ) ) UCNPs #5535 8 5 — H JEREE ke (PDMS) I, M8 T3 F FRET (1) EIAEIRAF H T
OTA KGN . 38 1 18 O A4 3 UCNPs FJE K5, JC OTA B} 1& Bk 5 AT ARZS , UCNPs R B e K H) , &
SR, OTA fAERT I FUAIE B G- VU SE RSG5 H , 1 KR FE T UCNPs K . A TR
ISR 12T I R B T A 1 SR A T S IS (181 2B) .

HE 4 JE 4K A 7% (Metal  nanoclusters, MNCs) , 4 AuNCs, AgNCs 1 PtNCs %5, RUHARAT 0 57 R
SRV BAETERTIE . RAFIKIEYE . B S/INEY A G U SR IO IR TR B AR BT I N T
AW TR IR AR I M B LK EK (Polydopamine nanospheres, PDANSs) BEUS I [ff ssDNA
K NMM 2GRk 43 | 3 AT 4% IR 40 K 5 (CuNCs ) 2898 K bR 286 . FIIZERE , Guo 2514 4%
CuNCs BHi7E OTA & FCAR A B AME (CuNCs-cDNA) | o 4 RFETE OTA B, CuNCs-cDNA P 53 it A 4%
ST B AU XE LAWK BFF 72 PDANSs I, &S HR A9 26 A OTA J5, OTA T2 445 43 it 7R 3 54
CuNCs-cDNA 5, # PDANSs W}, fiff CaNCs ZEGREAL, -2 fff NMM M PDANSs R, 5 tb[RIAT,
OTA 5ifi Biik4s & S 2ud BRI R Ak TN G-PUBEIAR , 7T 5 NMM Jeplgh & I eRoe e & 5. %1
T BRI A T AL SRR B A HE BRI 2 0.045 ng/mL. Wu 25190 i By T7 4% 1% 4 M 6 B 09 2086
P8 R 3 kT DNA | ZEfcR AFB1 ZE7ERT BRI A fih & SRS FRAGER T 1945 5] K i AgNCs A i
WP TP, 1R R DGR E S AFB1 B A9 X B R R A OC , SEBL T AFBL (2 A, 2R PES R
1 pg/mL~100 ng/mL, £ HBR{KZ 0.89 pg/mL.

1.2 EThatRRRlETESE

b e 3% 25 R 58 D R R AR 5 U T A R e R AT e R B AR Ak I B B e I R €5 TR
RO A AR A E R AL o S B k. H B B s HAG TR | (IR A R S 5B s 7
PRI T . B A A FNEREE 15 Y W P S A L 4 2 T B T, T T e (AL TR A 4
KBRS B Ryl 1 55 2 AR (Localized surface plasma resonance, LSPR )N AY 53 43 & 44
KA BHRILELAT B TS M A AR A AL

B IRANKRL T (41 AuNPs FIERA AR T-(AgNPs ) ) B TR 10 X1 REB 7 A AR B R e 1 1)
TG b e R 38 5 LR i (B LSPR) , o AR B (o . SR R4 FRCR AN . K
AN TARFIR SRS HR 25 [l LSPR 1 i 84k, 724 AR Al LA e AR A 501 Zha 59206 OTA —
PibRic7E A 2558 EAL Y RIS PE R Cu,0 /TR (Cu,0@AD,) -, FIIF Cu,0 fEALE AL TMB 7745 ) TMB*
M%) Au-NBPs, OTA HIIIA LS 3 E E L Cu,0@ADb, BYHHE/ | 138 Au-NBPs AU % | £EFf LSPR IR
RS KL | ng/L~5 pg/L, IR 0.47 ng/L(JE 3A) o He %571 FR B4 i VA FY
LR MBI B AME BT E BRI (ALP) 2258 i OTA R SIHRE . OTA fAAem 5@ ik & S8 5|
MR B, e B IR I WP AEAE R ALP AR BUIR IR 2-1 PR T /K A 2 S R R B R i R , 4 ke
MnO, 49K B IR JF, Mo, Mn® 55 AuNPs F=A4: B4 A Z0A8 3 1207 R0 OTA oA H BRI &
5 nmol/L(¥13B). T AgNPs Lt AuNPs BiA TR HBA 55 0497 O 5 BRI 7 5 258 A48 A0 T SRk
Lerdsri 25 B0 T —F A5 1 HL T AYTE T (PCPD ) 175 % AgNPs SR HOAE Bl AL A% , T AFBI 4
ATRRAEASIN s JC AFBI B, PCPD 545 (i TG BCIRSS &5 AFBL AEZERT, 1T AFB1 53 Bk A & o
Fbk 8 PCPD U525, 3115 AgNPs B4 (i H: LSPR & 2E 37484k, 1207 k6 BRI E 0.09 ng/mL, /4
DA BRI N RIS (AR e L RT3 — R Rl A5 T 7 SR oA
HIAEAEIN R, T3 A A2 AR L e P A B B 25 vk 3 s AR AR 1 o e, 38 W LA 2 i 2
ZHKA R B R NS G 00 1 R LUAR e AL IR B 4 5 A

YRRt 2 ELAT SIS T Bl 8l 1 2 W KA R, T A 536 7 %) R Y0 B R ™ 19 2% 14 T A
WL b BA R W S (G A AR S R 7)oty M R A E ML I . FRT, 90k R A 4R
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Fig.3 (A) Domi-colored immune sensor based on Au-NBPs for detection of OTA™; (B) Colorimetric
aptasensor based on alkaline phosphatase (ALP) induced aggregation of AuNPs!¥

AR 70 SIEAY Y SIRALY Y BRIEG KRR G B A HLE R A Kt S A
P B LI — K, 88 A 1,0, A B T2 AL R 8 A , il B (0 EC E A LA A ARG I B4 155
L0364 Qian ZEPVFIHT AuNPs (25T A AL PIEEE P, 454 TMB AE R Y M TR AFB1 f9 1L
AL RAS R BRI E 35 pe/mL. % JEA VLB (Metal-organic gel, MOG) A ZFLIAREE M , A FE 1
MALIG PR 5. Li 259700 PINPs 7128 T4 )8 A MLBEIE (PINPs/Fe-MOG) |, F-1&4 FB1 & Bt , 5 i 2k &
WiFE HAME | A8 T FBL & B L WG S . FBI RETERT 36 iR S T AMESE 4 , i PINPs/Fe-MOG
PEIHEAL TMB K Hy0, BAA N 3 FB1 AAAEMT, FB1 558 BoAAR 26 A B0 5 | IR 45 ke o 4 245 538 I
&, TR AMNE S IE BRI B G B G BEER LI 456 PINPs/Fe-MOG , JTLiEMEAL i (0, %7 146
HBRATR 2.7 pg/mL. A, TEGK BRI T WK DNA 0] DL 5 9 R BRI HEALIR P . Ly 2595 R 3R,
W2 B OTA & FCR ) MO, GHKAEAEALIC Y TMB 19 58 €20 52 7 118 376 M I 35 4 5, X OTA (&G H BRAIK 2=
0.069 ng/mL,
1.3 ETUEENBUELLERBIRNERSE

k2% &t (Chemiluminescence, CL)J2AA & H L Fh ) o0 W IS0 fh 27 S 07 J8 5 1) i et AR A BRAE 2 00R
A AFE IO S Ay F I RS B A e R i DIOE TR B SR RS . CL B/ Mg &k, nl
DLkt O e B A A2 i . B oK R R CL LA, 8% H,0, A fb)s & i el
(B 425 nm) , (HHR TR (QY) AR (1%~5%2 [8]) 7 BIAL BB T, 1AL K 2Kt Ak
Wil . AR BB AT U e Al 2 S S N S8R | iR 2R R s B2 10700 Fan 251706 BSA 14
M E R PURMEMTE AgNPs b, I8 L e e B3t i o FIF HRP A9 TG X B B R A 710
A, 06 HRP [ , Yk CLIEY &6 ; M T AgNPs F 4 & TR (SPR)IE S CLJEY) & S 14 &
2, H B S [AIE B TE 5~20 nm Z 8], A5 i SPR MU RO A EF=A 0 CL; 8455 1eG PUikds 7
G554 T EUE E W HRP W TiE 25 HRP R VeI G TRkl CL =4 . ¥ izorik i Fashs 3 M
F#EEZE (CIT. AFB1 A1 OTA) A [RIBF R , Kt FR 43314 0.39 . 0.44 F10.83 pg/mL([& 4A),

B Ak 27 & G (Electrochemiluminescence , ECL)J&7E BN it il — & I L2415 5 )5 BIR7E
W THT B R AR Bl 3 e s 7 a0 4 A 2240 I B A OR A, PRI B3RS P2 AR ) R e S . ECL
KA BHARFIR R, EES AN (BENE . 235507 T (Ru, e lE&9) 7 99k k
(BT St maksE) 77 MBI R TR (Th* . Eu™) 78745 Li S0 1 16 vk SO A 3ok
HEE Ru(bpy)32+ﬂl:}§§%§(l‘ﬁc) , 20 o 1] 4 3 A R H A Y R R el A Ru(bpy)32+$ﬂ Fe fRE 28 2
Ru(bpy)s*" # ECL, FIH A B 2441 88450 T 155 Ru(bpy ) > Z A A %0 He, T R I B AR RE it 2k L 1
ECL &R, 6 AuNPs 5 7EAE M i F AR FR TR [81 2 B AMiE | Fe-Apt 5 HAMELAC A [ 7F R 1
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A B
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CL immunosensor array CL imaging a ! !
1 < m
2 248
3 2-step competitive - | AH ‘ (b \
immunoassay

AgNPs ¢ CIT @ AFB; 0 OTA

Rows 1-3 were for sensing of CIT, AFB, and OTA. =
I I o0 @ ~~ v A~ A
DMOAP APTES GA LC OTA Linkerstrand Specific aptamer Locker strand

Fl4 (A)BRARRIT (AgNPs ) ISt 0 25 S L R BRI I S A 2L 75 (B)IET p AT
TS BRI E R AR OTA

Fig.4 (A) Silver nanoparticles (AgNPs)-modified high-throughput immunosensor for simultaneous detection of

(7],

multiple mycotoxins'"’; (B) Liquid crystal apta-sensing platform based on p-shape molecular switch for

detection of OTA'

PR AR SRS SIS R OGRS AFBL fAAERT 5 Fe-Apt 56, (LB B il , S 80 fh 2
ECL {5 5 W 5 T B iZ AL a8 1 FRAR ZE 0.03 pg/mL. Wei ZEB0F] FREME Ui0-66-NH, FOGCLTA 191y
FAR AR AL IR o3 I FH T 5 AR G B OTA |, JTTT & T 1B HER AL 2 OGRS AE IS S e
30 min PNEIATSE AL OTA AYBEAZAGIN 45 1 PR M 4.38 ng/mL.
1.4 ETREIEENEHFEVERERNERSE

RGP Z Y61 (Surface enhanced Raman spectroscopy, SERS) J&:5& FRFM A F-H23T . W B 21 52
S 2 R B AL B 14 4 T 200 K 55 ) A HREL RS 22 TT (U AuNPs 1 AgNPs ) | 47 8 B A5 3 3808 1 43 TR 2ok
AL SERS HAR A IS TF TR | RS2 B P LA ] IR TS, EAZOGE  JEiE
B EEIR | 75 BB R Z A7 G AR AT 580 i S i LR A ) 45 SERS HAR IR , — i
SIAGEKBALRE BE S5 8 , 7= K “H IR RIS S IR . i T RO (5 5 A M ke
PEAG, T LLGE 3 25 6 B 9ok AR A IR RE . Li 2557 DNA 9K 8% 1 3h 5 5 WA AgNPs HHE
B MY AFBI & B SERS AL RS K 1 FRAK 2 5.07 pg/mL. Wu ZE58F ] Ti;C,T, MXene W ff B4 E
BEARMEIA Y AuNPs —3RIK “PE” fiff SERS {55 351458 ; 1 AFB1 A77ERT, AFB1 5@ AR &, S5k

“PUE” N TiSCoT, MXene LS, SERS 55 MK 1ZIE UL ARG HBRIKE 0.6 pg/mL, L AETEF N

0.001~100 ng/mL. MXenes —ZEG KM BHEA LR TR . Sl PSR AR K MG S5 L35 78 SERS 40
T B Sy, (RHGE R J =R 5 5 52 BIVE 22 N RS0, NI 220900 . S IOE3i B R MAX AR 46 2>
SN SERS 1R IR I PERE . PG TR 20 210 A ORI S R MME i i, LA R MXene TEA: LGS T 1)
SCHIME. Wang 25 %H H OTA & LB i G A0k 2 A Cy3 1B B4 DNA THBEIL AuNPs BIZ43S i %
OTA FGFN R MG R AL 2 WU (FL-SERS ) U AE WL IR , 5L 500 S5 5 15 B ARG AR AN ] 35X OB
U R 2T A% s T e o vy L R 2 35 P S ik LBt e 1 s o
1.5 EFEEERAEEEKVEFRSE

W (Liquid  crystals, LCs ) f&—FAG 4N T BEME I I, HAT Y245 1 Sk . XU A R B il
JF AR R IR0 T AR BT 5 1T LA LR b PR B AL 2 R B8 AR I e fe Al
55, LEL A RWLEE . Khoshbin MARLLAI I OTA i Fic s S H B AMEF EE T BA R IE A DNA 4549 LU
e o F A P HES , P B AR PR Y, OTA FE7E 5538 FURZE G 3R DNA 2548, W fh o T RUUHES ], fm i
JEHK . A DNA Z5H9 6 4T 7 I R RCR R TR, 6 BRBE ARG EE 11 DNA 2540748 4k, S ) H A
Tl DNA 858951 DNA XUEE 1 p 89 DNA 25450 Horp p 8 DNA 45449 BA SRR UR (9 4B) K
HBR 3 51 0.63 . 0.047 F10.0078 amol/L.
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2 AFAYERB[EPHERSERNTINA

w251 252800 S L R S ANRA A s B2 AN (L, RS A 2 P A2 o, IRt | ik
RS . 2. A APRRENICHL 45, A5 KA AE s i HAp 258 an 88 22 | e &5 Ao il
ZEFR, B TS Y i 7 R AR . P, SRR 2y i A LR R 2R TS 4 1 RGN J7 12
WA o AT AR LTI BEA GIAHIE P 2Rt . BCRR R 375 S8 DL LSO TSI O 7 3R 1
B A MR
2.1 REMESEELRLGH

O BT &2 gy, B R 2b Tk M R SR, D R R R R T Y,
FEA M AR Y, ATXEE T AFBL KGN, Sun 255 | A BLAT 5 ECL PR RE M Py Bk 24 e R Y
ZnCdS@ZnS T KRR SHOKICHR K FE e A & i SR IR T JCHRIC Y ECL ARpef& s , FAG:
HBRATRE 0.01 ng/mL (1] 5A) o Hu % F AR H bR AFB1 5 [ 5@ AERARA DT SE 4% £ i 4
PRICHITTA I BRI i T SR Z TR PR AR IR . 1R% . FERIALE 4 e & ek o2
BERIZ5HE, 15 min PYETA] A HR L AE R A HH FRAK 2R 0.1 ng/mLo BE4h, o T [RIAS 528 AFBT H AL
JE BRI, Jiang 457 FRPBSCRNAA IR, (DPN)AF HE F1/ LE G 002 PR EHIG T AFB1, DPN 7631
Ik R R RAA O HALEEE R, Rl DPN B 28 S (i v, 5 F A5 8 T3 HLY0, /)
AR BN A T AR e TR S IS B AR KR 0.03 ng/mL(1 5B) . BR
AFBILAb EF RSB S IS Y ZEN, O 192 ZEN (Rl G, Li 558 Hy e T —Fh
LT ) HE5w 4 JU R ) 2230 TE WE SRR ET HOAR (MBPA) | 51 AREERAE Jy 84 i 5 P — U E A AR
B IR HU RS BRI ) G AR IE SRR IR PO R B “HU/ N POLME S AT il K RE b ZEN &5
FHUAR I TE S S, 2 PR g 70 15 AR A PG, 20 min PNSEBE T 36 Mk B RN 20 4T A PR
k% 2.03 ng/mlL..
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Fig.5 (A) ZnCdS@ZnS QDs ECL immunosensor for detection of AFB1 in nelumbinis semen™”’; (B) Pressure/

colorimetric dual-readout immunochromatographic test strip for detection of AFB1 in coicis semen and

.. 97
nelumbinis semen'®”’

2.2 BERMIHERLGH

WESE . BREZ . BERE . A, B, A (R T AR 2 s e A S i R B i
TR (L AR E LG BRI i R T R A AR R 2 . IR
SRR Y, P IR A B, RRAM N Tl R P RN . R . KU RIS SRR A S R R
AR PMIRIE SIS 72 HERR AR A AFBL KO 44.4% PG YOKT N 5.42 pefkg, FREG Y
K 55.09 petkgo AR —FN G BT AR, Al AT SRR fof s HE MKt | sl B PIRE . AT AL
A SRINT, T AERE ) 2 PR R R A TS Yy XL ARBL & REEA T O A SR IR B LB . Zhang ORI
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PicoGreen Y4k} 5 ssDNA 256 1] & 819¢ 6L M AFB1 5 PicoGreen 5u 45 A 16 FOAR RO 5, M T TohRid
()2 EIE PR IR FH AR R £ AFBL BRI, K PR ZE 0.1 pe/Lo A RIFEE S, 252 15 ¢
W RE R . Khansili % 28 % (Cur) IREALAY TiO, NPs T4 7E 2 REE I -+ (Ti (Cur) O,Bent)
b AT TS R R E IR R (AFs) AR CA i b (LS , Tio, #2151 T Cur 55 AFBI 945
A 877, Ti(Cur)O,Bent 7ERRPEIRSE N5 AFB1 A A B 2K B RS 7 & AR S 45 4, TR WSO & A 5
¥, Bt AFBI Y 8 39 I Vs (2178 8 . %07 AR R BRR = 4.37 ng/mL.
2.3 ERMRIRAH

PRV SRS b EEA ML T . AT RN . R A S 2 R s R e
G RIGY , Tl B N T ek | B BB S B R R R v s O o T SR R
LA R AR, Wa ST R T T7 IR B = SR U IR A )k . S AFBL )
R RRE PR R S HRETHE AFBL BUAFEAE B &I F T Il & 5 SL sk BU R 5 78 T7 SMITERAAR B R, I
TR U 2 07 A XU 7 My i T A TR Bk DNA ;3 BB Y BB DNA AR UK fish % e 221 T7 41
it 8y B ) B ICAR S I, AT S8 B — TR A 5 A 5 TR B, A 2 S g 2B A i) B DNA T /E A AgNCs
A LA , 76 NaBH, 1 AgNOs A27E T SCEEE M5 5 IR0 AR e 207 A S BR PTIRZE 0.19 pe/mlL, H
TAHIRCH AFB1 A RIS R 94.6%~104.7%
2.4 EBEEELGH

KRG (AN S ph . IR SRS ) R R 2 M i B A 0 R EE SRR, TR
B PR IRA R EE, 5 R 2 HEETERTIGY. AERCESE OGN T AR S 25 & SRR
P ZGHIFI g AFBL i K250 iR 96% MFE M A FE AFBL V54, i T LM Z B LR R R M
IR, Huang 25" FI45 4 FB1 F DON $UIR 4 98K AL 4 T HA P4 T L0 582 Mk gt 40
T[] A P Fh B 2R iR SR O R A HE BR A 5.0 ng/mL,  KEI AT ZE 5 min PN 5E R, FH1Z 4R 2R )
47 #2555 HPLC B — 20k 38 F FALERE S BTN . Ry 7 9080 £ 3 R 2 R e
Kl | Zong 25 @ AT 7 AuNPs 2 HI4155 &5 L) HRP Fl 1eG 7 Ak & 61 S h545 (HRP@AUNP-IeG) ,
FI R BeA S 0K (TSA) OB 5 2R 40K B8 2211 HRP JUFRTE HRP@AuUNP-IgG J& [, el 5 S5 18 ,
5K 50~57 i5, 45 B 2 Aoy e AL AR 5, vl FHF 20 A2 il AR S IR B CIT. AFB1 AT OTA 11
[ ARG , 46 HH BR 4314 0.06., 0.08 Fi1 0.08 pg/mlL.
2.5 FhiEzhit

SR 2 G E LR . BEARMIR SRy M THE S EEWER R ES L%
A5 SECE TR RS X A0 R ] e SR AL HPLC RS Ak R A SRR I < 16
64 BN 2, o 6 Fh 24 W25k th Bt & 5 2 K th R 0y 37.5%, Hrb flde . ¥ | AL
Fr AU P AT 13U T (P EZG ) BRERRE. (F HATE T sh 24 v g ih B 7 25k R s A
SREG> | LR By 15 Y 2 T e BRI 5 AT ST , I T 58 36 sh 25 0 S bl PRER 25 A B 4 4

SR, T v 24 rf BT B A I A AR SCIF 5T 18 AR 7840, T rp 244 S RN T i M B 2
TG YR iR T A E B RAAEE X P 2 R 2 A I S TN DA S R AR I K R TN
KA G A A S 1 2 v LR B R AN A A DS ST B i i . AS R 3E 5 B 432 15 U LT 3
RAEESR RN FE— AR 20 5 5 MR R WAEER . EThMh o HER A
A 2RI IR R RR S, BR T TT & h 2544 vh 20 BB R DU v . e A R IR o) T s
BRVE 8 38 T R 200 b B R R 1A

3 ZiRSRE

o WA TR LA W O PR A48 1 T B D03, E B A I b 25 4 Fh I LR R R 1A T
Heo B EHS E50 ARME S 1] A M T i m RS Rk . AR T AR R LA E )
PR AT AR R T HUS TR AL R A HURRIL A T 25 s H R R AR I e 75 2 Bk (1) 9Kt
BHIEAR . ROTHI SV BRI 5 B B S | A oKOB ARk A 2 1] 37 BEL AR 3 1T R A 2 2 R R T o
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HARaE R U S 45 & AR R RS E TEAR A 5 32 RIS AR F IR . TP A AT ke . B
WAL RE PRI E S | PR A AR 2 eV R AR AR BORL . (2) i T 28 5 2 AL B
3, FHAT A 1 T 45 R 2 b vh B RE A A D A AR s o ln b kb S R R
SPHETOCH AR S, PO AR 2 AT S BRI RS
WAFAE T, P, 75 2R v 285 B3 B AN TR e 65 1 R BRI 1 , 3 ind Al £ e el N 0 2 e
PEREASEIR , T ZRAG B e (BB PE UR UK . (3) F AT T EC B 7 3 A9 Ul oo P A ek AT 32
BIE 2 BRI, AN A 7 TR RISAR 5, T3 P A5 AR S R A2 RS R AR AR o it — 42
P BT RPUNICHE CINGRGUAR | EAGURS EDUASE) OG- 2 A MR AR I B A, LA e iR 5eiR
BITCIEBIRRM A e P S SRR O A I SR A M7 1o ()RR P 2R R RE R A
XHEIRAR B RHPERESE Hh T S 2R, AT LIS S RORAEHOR SR THE AR Z A bR TP fE . Beoh B
BHEETHL. 3D FTERE AR FAHLEOR BT, ik Se i 4 MEORS5& fHA By T30 | (AL
A Gy RGE T T E AT R B A I ' A M AR T
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Nanomaterials-based Optical Biosensors for Detection of
Mycotoxins in Traditional Chinese Medicine

YU Jing'?, YAO Zhi-Hao’, HE Kai-Yu?, XING Bing-Cong', WANG Qiang’, CHENG Ke-Jun""?,
WANG Liu™*, XU Xia-Hong
Y(Zhejiang Provincial Key Laboratory of Resources Protection and Innovation of Traditional Chinese Medicine,
Zhejiang A&F University, Hangzhou 311300, China)
NInstitute of Agro-product Safety and Nutrition, Zhejiang Academy of Agricultural Sciences,
Hangzhou 310021, China)
Lishui Institute of Agriculture and Forestry Sciences, Lishui 323000, China)
“(Key Laboratory of Traceability for Agricultural Genetically Modified Organisms,
Ministry of Agriculture and Rural Affairs, Hangzhou 310021, China)

Abstract With the rapid development of traditional Chinese medicine (TCM) industry, the demand of TCM is
increasing. The quality and safety of TCM are attracting more and more attention. Mycotoxin pollution, which not
only affects the quality, and in serious cases, also may cause carcinogenic, teratogenic and mutagenic effects on
human body, has become one of the key safety issues of TCM. Rapid and accurate detection of mycotoxins in TCM
is essential to ensure the quality and safety. Optical biosensors have been widely applied to rapid detection of
mycotoxins due to their advantages such as simplicity to operate, fast response, high sensitivity, and good accuracy.
Notably, nanomaterials are extensively used in optical biosensors owing to their unique physicochemical and
catalytic properties. This review summarized the optical biosensors for mycotoxins in recent years. The principles,
application characteristics and construction methods progress of optical biosensors were emphasized. The optical
biosensors were classified into fluorescence, colorimetry, chemiluminescence, surface enhanced Raman scattering
and polarized light for detailed discussion. The effects of the main matrix components of TCM on optical biosensors
were comprehensively discussed. The challenges and perspectives of optical biosensors for detection of mycotoxins
in TCM were highlighted. It was aimed to provide guidance for sensitive, accurate and convenient supervision of the
quality of Chinese medicinal materials.
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