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Abstract
[bookmark: OLE_LINK91]Kombu (Saccharina japonica) is a nutrient-dense brown seaweed, but its utilization is limited by low nutrient bioaccessibility and undesirable lipid-derived off-flavors. This study evaluated the effects of enzymatic hydrolysis followed by lactic acid bacteria (LAB) fermentation and LAB–yeast co-fermentation on the nutritional, metabolic, and sensory properties of kombu slurry. Enzymatic treatment disrupted the protein–polysaccharide matrix, releasing fermentable sugars, peptides, and amino acids that supported microbial growth. LAB fermentation, particularly with Lactiplantibacillus plantarum, achieved high cell viability (up to 8.33 log CFU/mL), produced lactic acid and γ-aminobutyric acid (GABA), and reduced off-flavor volatiles such as hexanal and 1-octen-3-one. Metabolomic analysis revealed the formation of bioactive compounds, including D-3-phenyllactic acid. To further enhance probiotic viability and aroma, LAB–yeast co-fermentation using Lacticaseibacillus paracasei or L. plantarum with Pichia kluyveri was conducted for the first time in kombu. Co-cultures significantly improved probiotic survival (7.36–7.48 log CFU/mL), suppressed key off-flavor aldehydes and ketones, and enhanced fruity esters with odor activity values ≥2.1. Overall, enzymatic treatment combined with synergistic LAB–yeast fermentation effectively improves the nutritional quality, probiotic viability, and flavor profile of kombu, supporting its application in fermented functional foods and beverages.
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