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Abstract
Bread waste represents one of the most abundant and environmentally impactful food waste streams [1, 2]. Bread is a multi-component material comprising biopolymers, including starch, proteins and cell wall polysaccharides, whose high molar mass opens the potential of fabricating biomaterials.
This work explores the valorization of stale bread into biodegradable packaging materials, including flexible films and porous gels, in comparison with wheat flour and commercial starch. We performed a comprehensive investigation of molecular changes and interactions of wheat flour biopolymers during breadmaking. Baking induced significant macromolecular transformations, including starch molecular weight reduction (from 42.5×10⁷ to 6.4×10⁷ g/mol), gluten network formation (evidenced by CLSM), and increased bound polyphenols (from 61.5% to 83.5%). These changes notably affected material properties. Bread films exhibited lower tensile strength, elastic modulus, and degradation temperature than wheat flour counterparts, but presented significantly higher elongation at break. For porous materials, bread-based aerogels showed better porosity, but inferior mechanical strength compared to those from commercial wheat starch. The gluten network constrained porous properties, as its removal substantially increased specific surface area (up to 79 m²/g) and other porosity parameters. Results of this work will be cornerstone to upcycle the stale bread matrix and its constituting biopolymers into biodegradable packaging materials.
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