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Postharvest control of Penicillium italicum on mandarin fruit using riboflavin-mediated 405 nm LED photodynamic treatment with minimal quality changes
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Abstract
Blue mold, caused by Penicillium italicum, results in severe postharvest losses in citrus fruits. Photodynamic inactivation using 405 nm light-emitting diodes (LED) and riboflavin (RBF) has emerged as a promising non-thermal alternative to chemical fungicides. This study investigated the antifungal mechanisms of 405 nm LED combined with 100 µM RBF against P. italicum and evaluated its practical application on mandarins. In vitro evaluations revealed that the combined LED+RBF treatment triggered an immediate and overwhelming burst of intracellular reactive oxygen species (ROS) within 3.5 h. This rapid oxidative stress subsequently accelerated severe lipid peroxidation and mitochondrial dysfunction by day 2. Conversely, continuous 405 nm LED illumination alone gradually accumulated ROS via endogenous phototoxicity, eventually resulting in comparable membrane and mitochondrial damage by day 4. In vivo assessments demonstrated that the photodynamic treatments significantly suppressed fungal proliferation on mandarins, completely preventing visual decay over 6 days of storage without compromising the intrinsic antioxidant capacity and ascorbic acid content of the fruit. Conclusively, the application of 405 nm LED, particularly highlighting its synergism with RBF, serves as a highly effective and quality-preserving postharvest strategy to control P. italicum infection in the citrus industry.
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