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Abstract
The environmental and economic burden of food waste demands new preservation technologies to reduce the degradative actions of moisture, oxygen, and microorganisms. Current solutions rely on direct food additives, however, the limited lifespan of these additives combined with consumer desire for “clean label” products has motivated research into scalable nonmigratory packaging that can prevent and detect food spoilage. In this work, curcumin was grafted to polypropylene via reactive extrusion to produce nonmigratory active and intelligent packaging through a solvent-free, efficient, and continuous method. Presence of curcumin was confirmed by attenuated total reflectance Fourier transform infrared spectroscopy (ATR-FTIR), and nonmigratory properties were verified using a method based on recommendations from the FDA and EU for food contact materials. UV-vis spectrophotometry of the material revealed reduction in UV light transmission while maintaining visible light transmission, exhibiting ideal properties to allow product visibility while inhibiting UV degradation. Antioxidant colorimetric assays showed significant radical scavenging in both organic and aqueous matrices, demonstrating potential for antioxidant function in both lipophilic and hydrophilic food applications. Ammonia gas was used to represent basic volatile nitrogen compounds released by microorganisms during food spoilage. When the material was exposed to ammonia gas, the color visibly changed from yellow to red, which was quantified using colorimetry and demonstrated the material’s ability to detect food spoilage by color change. While the antimicrobial properties of the film were tested against E. coli and L. monocytogenes, the results were insignificant compared to control polypropylene. Overall, the reactive extrusion of polypropylene-graft-curcumin demonstrates a scalable technology to produce nonmigratory, UV-barrier, antioxidant, and intelligent packaging to reduce and detect food spoilage, thus reducing the environmental and economic burden of food waste.
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