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Abstract
Food packaging is evolving from passive protection toward systems that simultaneously preserve food and report quality changes. A key challenge is that multifunctional films often suffer from component incompatibility and weak coupling between preservation and signal output [1]. Here, we developed a gradient-structured polysaccharide film via interfacial co-precipitation, spatially integrating chitosan, curdlan, zinc, and curcumin into a unified architecture. This design overcomes pH incompatibility while preserving bioactive functionality. The optimized film exhibits high tensile strength (~55 MPa), improved water resistance, and enhanced antioxidant and antimicrobial activity, effectively reducing decay and weight loss of blueberries during storage [2]. These results highlight that packaging performance depends not only on composition but also on spatial organization and mass transport within the matrix. Building on this, our ongoing work investigates how multilayer structures regulate the migration of spoilage signals and determine the reliability of visual readout [3]. This study advances structurally programmable, signal-responsive packaging systems toward predictive performance in real food environments.
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