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Nanozyme-Based Biosensors in Intelligent Food
Packaging
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/Abstract \

Nanozymes, as a new generation of enzyme-mimetic catalysts, hold considerable potential for transforming
intelligent food packaging. Nevertheless, a substantial gap remains between laboratory-scale success and the
practical industrial implementation of this technology. Using a systematic framework, this review examines the
functional mechanisms of nanozymes—including peroxidase-, catalase-, oxidase-, and superoxide dismutase-like
activities—their structural classifications, including metals, metal oxides, metal-organic frameworks (MOFs),
covalent organic frameworks (COFs), molecularly imprinted polymers, and carbon-based nanomaterials, as well as
the major types of nanozyme-based sensors, namely colorimetric, fluorescent, photothermal, electrochemical, and
multimodal sensors.

The applications of these sensors in monitoring the freshness of meat and seafood, particularly through hypoxanthine
determination, and fruits and vegetables through antioxidant-capacity assessment, are critically reviewed. Their use
for detecting contaminants such as aflatoxin, bisphenol A, and pork adulteration, as well as pathogens including
Escherichia coli (E. coli), is also discussed. Particular emphasis is placed on identifying research gaps, including the
limitations of single-target detection in complex matrices, the limited consideration of solid foods, insufficient
selectivity, and challenges related to migration, toxicity, and regulatory gaps.

To overcome barriers to commercialization, strategies such as green synthesis based on a circular-economy
approach, surface engineering using bioligands, development of multimodal sensing systems, and integration with
artificial intelligence and advanced communication technologies are proposed. Despite the major challenges
associated with industrial-scale implementation, nanozyme-based intelligent, safe, and sustainable food packaging is
expected to offer promising prospects, provided that safe-by-design principles are followed and transparent
regulatory frameworks are established.

Keywords: nanozyme; intelligent packaging; biosensor; food freshness; food contaminants; enzyme-mimetic
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