Improving controlled-release antioxidant properties of tea polyphenol nanoparticles-loaded gelatin films by adjusting encapsulation efficiency
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As the concerns on environmental problems increase, the development of edible films based on renewable and biodegradable environment-friendly natural biopolymers to substitute traditional synthetic plastic packaging films has been the current research focus in the field of food packaging. However, edible films generally show poorer mechanical strength and water vapor barrier properties than those of plastic polymer films due to their own physical and chemical properties. Moreover, the protective effects of pure edible films on food are limited. These all limit their industrial uses. In this study, gelatin was used for the formation of edible films. Gelatin films incorporated with tea polyphenol (TP)-loaded chitosan nanoparticles (TP-CSNs) with three different encapsulation efficiencies (EE, ~50%, ~80%, ~100%) and particle sizes (140, 170, 240 nm) were prepared by three different CSH concentrations (0.5, 1, 2 mg/mL). The mechanical strength and barrier properties were enhanced with increasing encapsulation efficiencyies and particle sizes. The stability of TP-CSNs was maintained during the film drying process from the analysis of free TP content in the redissolved film solutions. Nanoparticles appeared to be homogeneously dispersed within the film matrix by microstructure analysis. Composite films showed no significant difference in visual aspects, while the light transmittances (250-550 nm) were decreased with incorporation of TP. TP-loaded films had ferric reducing and DPPH radical scavenging power that corresponded to the EEs. Sunflower oil packaged in bags made of gelatin films embedded with nanoparticles of 80% EE showed the best oxidation inhibitory effect, followed by 100% EE, 50% EE， and free TP, over 6 weeks of storage. However, when the gelatin films were placed over the headspace and were not in contact with the oil, the free TP showed the best effect. The controlled-release tests in 95% ethanol showed that the free TP had the largest release rate followed by 50%, 80% and 100% encapsulation efficiency. Also, films maintained their structures in the simulant. These results indicate that the sustained release of TP in the contacting surface can ensure the protective effects, which vary with free/encapsulated mass ratios, thus improving antioxidant activities instead of increasing dosage. The results found in this study can be used in better designs of active edible film/packaging systems.
