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Abstract

Food safety is fundamental to people’s livelihoods. Traditional detection methods such as chromatog-
raphy and mass spectrometry suffer from drawbacks including cumbersome pretreatment, long de-
tection cycles, expensive equipment, and inability to perform on-site rapid screening, making it diffi-
cult to meet the real-time monitoring needs of the entire food safety chain. Surface-Enhanced Raman
Spectroscopy (SERS), relying on the plasmonic enhancement effect of noble metal nanomaterials, can
amplify molecular Raman scattering signals by a factor of 104 to 1019, It offers outstanding advantages
such as ultra-high sensitivity, molecular fingerprint specificity, non-destructive and rapid analysis,
immunity to water interference, minimal sample consumption, and portability, establishing itself as
a cutting-edge core technology for rapid detection of trace contaminants in food. This paper system-
atically elaborates on the two major enhancement mechanisms of SERS signals, categorically reviews
the preparation and performance characteristics of three types of SERS-active substrates—colloidal,
solid, and composite flexible substrates—and summarizes recent application research results from
six aspects: pesticide and veterinary drug residues, foodborne pathogens, food additives and illegal
additives, heavy metals, biotoxins, and liquid foods. It analyzes current core bottlenecks such as poor
substrate reproducibility, complex matrix interference, lack of standardization, and difficulties in
simultaneous multi-component detection. Finally, it discusses future development trends in direc-
tions such as novel substrate development, integrated combined technologies, intelligent spectral
analysis, establishment of standardization systems, and industrialization of portable devices, provid-
ing theoretical references for the practical application of SERS technology in food supervision and en-
terprise self-inspection fields.
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Figure 1. (a) Schematic diagram of the electromagnetic field enhancement mechanism and (b) schematic diagram of the charge
transfer enhancement mechanism in SERS
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Figure 2. Typical morphologies and structures of three types of SERS substrates: (a) colloidal, (b) rigid, and (c) flexible
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Table 1. Summary of representative studies on SERS-based detection of food hazards
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