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The packaging industry ensures that products are stored safely, minimizes waste, and extends shelf life.
Bio-based smart packaging has the potential to achieve both sustainability and real-time monitoring of food
quality, leading to environmental and health benefits. Smart packaging, which integrates interactive
technologies to enhance the shelf life of perishable foods, has become a growing research topic. Traditional
packaging, with its limited biodegradability, can contribute to environmental pollution and waste.
Consequently, there is an increasing demand for sustainable alternatives, influenced by changes in
consumer expectations, product complexity, and attitudes towards sustainability. This study examines the
general principles, mechanisms, and prospects of sustainable smart packaging materials, such as wood-
based, protein-based, and microbial-based polymers. The importance of bio-based smart packaging in the
food industry is emphasized through various scientific principles underlying these novel indicators,
including pH and gas indicators, biosensors, time-temperature indicators (TTIs), and gas sensors, focusing
on improving the quality and safety of food products. Compared to traditional fossil fuel-based packaging
materials, most bio-based smart packaging offers similar functionality. These new materials enhance the
safety, efficiency, and sustainability of the distribution and consumption of packaged foods. Therefore, this
review can serve as a valuable resource for researchers, manufacturers, and consumers in reducing
environmental impacts and promoting sustainable food packaging practices.

Keywords: Bio-based smart packaging, food quality monitoring, sustainable packaging solutions, smart
packaging technologies.



