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Abstract

Developing bio-based materials from renewable resources is a key challenge in advancing sustainable packaging. Herein, tannins recovered from pomegranate peel waste were exploited as natural crosslinking agents to
engineer bioinspired collagen films. Comprehensive structural, thermal, and nanoscale characterizations demonstrated successful intermolecular interactions, enhanced fibrillar organization, and preserved collagen integrity.
By replacing synthetic crosslinkers with waste-derived polyphenols, this work illustrates a green and circular approach to producing functional biodegradable materials for next-generation bioactive packaging
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