Influence of water vapour on the structure and the functional properties of chitosan based food packaging films 
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For the past 10 years, research on polysaccharide based edible films and coatings is driven by food engineers due to the high demand of consumers for longer shelf–life and better quality of fresh foods.1 Nowadays, the development and the application of bio-based films has also gained a great interest because of their environmentally friendly nature. However, polysaccharides such as chitosan are very sensitive materials to liquid water or water vapour,. due to their hydrophilic nature. Since it is known that the addition or removal of water may cause phase transitions in the macromolecular structure of edible protein films, the knowledge of water sorption isotherms has been also important for predicting water sorption properties of polysaccharide edible films , to improve the stability and to avoid quality changes during packaging and storage2,3. Contrarily to proteins where changes in the structure has been well studied in the literature,  there is no many data about the organisation of chitosan based film matrix as influenced by the water vapour. The environmental conditions of foodstuff are usually higher than 50% RH and the humidity inside a food package can reach nearly 100% RH. Thus, the aim of this study was to investigate the influence of relative humidity on the functional and barrier properties of chitosan based polymer systems. The water sorption isotherms of chitosan films were determined at 25°C in order to check the sensitivity of chitosan films to water vapour. In addition, changes in the structure of chitosan film matrix caused by the presence of water molecules were investigated. Firstly, the water vapour sorption in chitosan films was strongly influenced by RH. The equilibrium moisture content in all films strongly increased above RH>60% (from 16.8 gH20/100gpdm for RH 49%to 45.9 gH20/100gpdm for RH 84%). Regarding water diffusivity (DW), determined from sorption kinetics, as the moisture content increased up to 50%, it gradually increased up to ten times. Finally, while the moisture content of films continued increasing, DW gradually decreased. Depending on the relative humidity, at 25°C water diffusivity in chitosan films varied from 1.8×10-14 to 15.4×10-14 m2/s. In addition, during the equilibration process, changes in mechanisms of sorption/desorption were noticed. This was attributed to some reorganisation in the structure of the chitosan macromolecular chains, as confirmed by from XRD measurements, which showed that the crystallinity degree was influenced by the environmental humidity. These structural changes influenced by RH also highly impact other macroscopic properties of chitosan films. When films were exposed to dry and humid air, significant changes in oxygen permeability occurred. PO2 exponentially increased from 1.05x10-17 g/(m·s·Pa) to 4.33x10-15 g/(m·s·Pa) when RH rose from 0% to 98%. Water sorption in chitosan is therefore a complex phenomenon which together with moisture level significantly impacts film properties. 
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