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Abstract

Photodynamic inactivation (PDI) using visible light is a promising non-thermal technology for improving microbiological food safety and extending the shelf life of fresh produce[1]. PDI is based on the excitation of endogenous or exogenous photosensitizers by specific wavelengths, resulting in reactive oxygen species (ROS) generation and subsequent oxidative damage to microbial cells[2]. Among visible-light technologies, 405 nm light-emitting diode (LED) illumination has attracted considerable attention because of its antimicrobial efficacy, residue-free nature, and applicability to food systems. Previous studies have demonstrated that 405 nm LED-mediated PDI can effectively inactivate major foodborne pathogens, and mechanistic investigations have revealed oxidative damage to multiple cellular targets as a major basis for its antibacterial action. More recently, interest has expanded from bacterial control to the management of spoilage molds in fruits and vegetables. Postharvest fungal spoilage is a major cause of quality loss and economic damage, while conventional fungicide-based interventions face increasing limitations due to residue concerns and consumer demand for safer alternatives. In this context, 405 nm LED illumination has shown potential as an antifungal strategy by suppressing spore germination, reducing viable fungal populations, and delaying visible mold development on fresh produce. In particular, recent work has demonstrated that 405 nm LED treatment can effectively control Rhizopus stolonifer on tomatoes[3]. In addition, combining 405 nm LED with natural photosensitizers such as riboflavin offers a practical approach to further enhance antifungal efficacy. This keynote presentation will summarize recent advances in 405 nm LED-based PDI, from its broader significance in food safety to its emerging application in controlling fruit and vegetable spoilage molds. Particular emphasis will be placed on antifungal efficacy, possible inactivation mechanisms, and the feasibility of applying this technology as a sustainable postharvest preservation strategy.
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