Effect of water activity on mechanical properties of wheat gluten-based edible films
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The application of edible films, as thin layers on food or packaging surfaces, is an eco-friendly technology able to increase the shelf life of foodstuffs by reducing water and gas transfer phenomena, or by releasing active compounds during storage (e.g. antioxidants, antimicrobials). However, one of the main issues related to their industrial application is their inherent water sensibility since are mainly constituted of hydrophilic biosourced materials. The aim of this study was to better understand the effect of the water activity (aw) on the mechanical behaviour of two wheat gluten-based edible films, which differed by lipid incorporation, and containing 25% (protein basis) of glycerol as plasticizer. In particular, WG (no lipid incorporated) and EWG (lipid containing films) were prepared using solvent casting method described by Marcuzzo et al.1 and adapted for lipid containing films. Water vapour sorption isotherm at 25 °C, mechanical properties (tensile strength, elongation at break and Young modulus) and glass temperature transition (Tg) were determined in the aw range from 0.11 to 0.84. Water sorption isotherms displayed a reduced ability of EWG to absorb water compared to WG. Mechanical property measurements revealed a structural change from glass-like brittle to rubber-like behaviour in both films, as a result of water plasticization when the aw value of 0.43 was exceeded. It was also observed that the incorporation of lipid substances was able to reduce the cohesiveness and to increase the elongation of films, especially at high water content (more than 250% at aw > 0.75), indicating ability to decrease the intermolecular interactions in the polymer network. DSC results evidenced that the structural change in WG was a consequence of the Tg depletion induced by water plasticization. Contrarily, it was not possible to detect any Tg in EWG films, because of an endothermic peak between 45 - 65°C, attributed to lipid fusion, which overlapped the glass transition of wheat gluten. The strong effect of water sorption on the mechanical properties is not necessary negative. In fact it could give the films a high versatility and could allow coating development for a wide range of food products with different texture requirements. However, in case of bio-based packaging development, the water sensitivity could compromise the packaging performance. To that respect, a good strategy to minimize this effect could be to place it between two bio-based layers having a more efficient water barrier properties, such as poly (lactic acid) (PLA) or poly (hydroxyalkanotes) (PHA) as proposed by Schmidt et al.2 with PET and whey proteins.
References:
1 Marcuzzo, E., Peressini, D., Debeaufort, F. and Sensidoni, A. (2010). Effect of ultrasound treatment on properties of gluten-based film. Innovative Food Science & Emerging Technologies, 11, 451-457.
2 Schmid, M., Dallmann, K., Bugnicourt, E., Cordoni D., Wild, F., Lazzeri, A. and Noller K. (2012). Properties of whey-protein-coated films and laminates as novel recyclable food packaging materials with excellent barrier properties. International Journal of Polymer Science, ID 562381,doi:10.1155/2012/562381.
