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Abstract 
Managing the temperature of food products during storage and transport is essential to maintain food quality and freshness. One of the main problems is the undesired heating of food when packaging is at high temperatures. To address this, temperature-regulating bionanocomposite films were synthesized by incorporating phase-change materials (PCMs) into a Caragennane/PVA (CR/PVA) blend matrix. Polyethylene glycol was grafted onto cellulose nanocrystals supported by copper nanoparticles and was synthesized as a solid-solid PCM.Cu with excellent thermal storage efficiency. The combination of the mixture of PCM.Cu with the CR / PVA matrix makes it possible to produce nanocomposite films with a high heat storage capacity which is summarized in the enthalpy of crystalization and fusion. at 36.5 J/g and 37 J/g respectively. Within a desired temperature range of 0.6°C up to 18.8°C. Plus excellent heating/cooling cycle stability that withstands over 60 cycles. the results of the FTIR and XRD analyzes confirmed the successful incorporation of PCM.Cu into the CR/PVA matrix. The temperature response emitted by infrared camera showed that the CR/PVA-PCM.Cu15 film produces a heating of 5 min compared to the pure 
CR/PVA film. Furthermore, the role of copper nanoparticles in enhancing thermal conductivity and antibacterial activity was confirmed by thermal conductivity analysis of films and bacterial disc diffusion method, respectively. Finally, the CR/PVA-PCM.Cu film offers an improved potential for applications in the field of food packaging, according to the results obtained when maintaining the temperature of the products tested.
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