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Development of smart biopolymer films from golden needle mushroom and
shallot peels incorporated with anthocyanins for freshness monitoring of
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Abstract

The global crisis of synthetic polymer pollution and the alarming bioaccumulation of microplastics in
human tissues have emerged as critical drivers for a paradigm shift in sustainable packaging. This project
pioneers the development of a multifunctional "Intelligent Bio-composite Film" engineered through the
upcycling of agricultural waste—specifically Flammulina velutipes (Enoki mushroom) and Allium cepa (Red
onion) skins. By employing an acid-thermal extraction technique, we maximized the synergistic potential of
chitin and quercetin, reorganizing their molecular structures within a 100% biodegradable natural polymer
matrix that ensures long-term consumer safety and zero chemical residues.

The hallmark of this innovation is the seamless integration of anthocyanins to function as a sophisticated
chromogenic biosensor. Our empirical findings reveal that the resulting film possesses exceptional physical
characteristics, including high optical clarity and robust structural integrity. Furthermore, the infused quercetin
acts as a potent antimicrobial agent, significantly inhibiting microbial proliferation. This effectively retards
spoilage and extends the shelf life of surimi products, outperforming conventional plastic packaging with high
statistical significance. |

The intelligcence of the system is demonstrated when food begins to degrade; the film triggers a rapid
and vivid analytical color shift from purple to green and yellow. This transition is directly coupled with the
release of ammonia gas and the Total Volatile Basic Nitrogen (TVB-N) index—a byproduct of bacterial
metabolism. Ultimately, this natural polymer innovation transcends mere waste reduction; it stands as a
powerful BCG-aligned prototype that enhances food security and provides a concrete solution to the United

Nations’ Sustainable Development Goals (SDGs).

Keywords: Intelligent Bio-composite Film/ Chromogenic Biosensor/ Fully Biodegradable Natural Polymers/

Antimicrobial Activity/ TVB-N
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