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Abstract: Mycotoxin contamination in cereal grains is a widespread problem, predominantly characterized by the co-
occurrence of multiple mycotoxins. The sensing detection method based on surface-enhanced raman spectroscopy (SERS)
technology has been widely proposed in the research of mycotoxin detection. In this review, the recent advancements of
solution-phase SERS sensors for both individual and multiplexed mycotoxin detection are systematically analyzed, and
pointed out that the construction of nano-gap structures, magnetic probe enrichment, internal standard correction, and

enzyme cycle amplification strategies are effective approaches to enhance the detection performance of SERS sensors. The
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research advance of SERS sensors based on lateral flow immunoassay for rapid on-site detection of mycotoxins is

elaborated, and the advantages and latest developments of bimetallic nanoprobes, magnetic composite nanomaterials and

three-dimensional membrane-like nanomaterials in multiple detection, anti-matrix interference and signal stability are

respectively explained. Finally, it is pointed out that the preparation of SERS substrates with strong Raman signals, stable

performance, good repeatability, and low cost, as well as the reduction of sample matrix interference, are the key technical

issues to solve the practicality of SERS sensors. The development trends of SERS sensors towards standardization,

intelligence, and multi-scenario integrated application are clarified, providing reference and guidance for the research and

application of SERS sensors for mycotoxins.

Key words: mycotoxin; surface-enhanced raman spectroscopy (SERS); immunosensor; aptasensor; lateral flow

immunoassay (LFIA)
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Table 1 Application of SERS tagging detection in mycotoxins
HIHHR FEAIE T TR RE SERSH T4t EZ BTN
BN Ni@AuNPs-$L il AuNPs-4-MBA-Hi 1k [26]
A, AuNSs-cDNA AgNPs-4-ATP-Apt [27]
AFBL e CS-Fe,0,-Apt Au-DTNB@AgNTs-DTNB-Apt [28]
e CS-Fe;0,-Apt Au-DTNB@AgNRs-cDNA [29]
AEA Fe;0,@AuNFs—cDNA Au-4-MBA@Ag-Apt [30]
U Fe;0,-20/3Au@Au-apt AgNPs-DTNB/cDNA [31]
Tkt ] T % - AuNPs-4,4'-dipyridyl-Hif& [33]
WY | £ Fe;0,@AuNFs-cDNA Au-DTNB@Ag—Apt [34]
ZEN ES S MSN-Apt Rh6G-AuNPs [36]
5P S AuNSs-mAb AuM @A " -antigen [37]
FARTI] Fe,0,~Apt Au@Au-AgNNSs-4-MBA-cDNA [39]
OTA EARTL] MXenes-cDNA Au-Ag Janus NPs -MBIA-Apt [40]
EART] PMPs-HpDNA AuNS@4-MBA@Au- Apt [41]
EARTI] Au-4-NTP-cDNA Au@Ag NPs-4-ATP-Apt [42]
OTA, FBs, AFBI K AuPRHEATIE1/2/3 AuNPs-MGITC-—#i [43]
OTA, FB1, DON FOR, A, Tk Glass-AuNPs-$J511/2/3 AuNPs-DSNB-#/0141/2/3 [44]
AuNPs-NBA-Ji {41
AFB1, OTA, ZEN kK, ANE, Tk SICPM-#7J51/2/3 AuNP-CV-Hiff2 [45]

AuNPg-MB-#ifA3

¥:: MBIA=2-Mercaptobenzoimidazole-5-carboxylic acid(2-%i 3L A4 H-KME-5-FR 2 ) ; MGITC=malachite green isothiocyanate(fL£E £14%); DSNB=5,5-dithiobis
(succinimidyl-2-nitrobenzoate ) (5,5- A% WL (BEHATE W Jiie He-2-fi5 FE AR # LR ) ) ; NBA=nile blue AJB® #5A); CV=crystalline violet(%5 %5 ); MB=
methylene blue(W 3£ 1% ) ; 4-NTP=4-nitrophenylthiophenol (4-i L4 #7 B} ) ; CS=chitosan(FEF M) ; SICPM=/Z 2 1 A1 6T iRk .
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Schematic diagram of SERS sensors for AFB1 detection
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Schematic diagram of SERS sensors for ZEN detection
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