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Integrated genome-informed functional screening identifies Kluyveromyces marxianus and Ogataea polymorpha as promising starter yeast candidates for cocoa fermentation
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Abstract
Reliable cocoa fermentation requires starter yeasts that tolerate shifting fermentation stresses while promoting pulp breakdown and flavour-precursor generation. This study compared six cocoa-derived yeasts with a Saccharomyces cerevisiae reference strain using an integrated framework combining broth stress profiling, extracellular enzyme activities, autolysis-associated precursor release, time-resolved analysis of sugars, organic acids, and volatile compounds, and targeted genome annotation. Ethanol, temperature, and acetic acid were the main discriminating stresses, whereas osmotolerance was broadly conserved. In cocoa pulp extract-based medium, Kluyveromyces marxianus (Y1A), Meyerozyma guilliermondii (Y1), and Ogataea polymorpha (Y3A) showed the strongest sugar depletion and organic acid remodelling, while the Kwoniella isolates were weaker overall and Candida orthopsilosis (Y5) showed an intermediate phenotype. Volatile profiling in synthetic cocoa pulp-simulating medium further differentiated strains, with Y3A showing sustained fatty acid ethyl ester-associated output and Y1A an acetate ester-biased profile. Functional screening showed that K. marxianus had the strongest pectinolytic profile, supporting pulp-degrading potential, whereas O. polymorpha showed stronger tolerance to later-stage fermentation stresses and the highest specific apparent proteolytic activity. Autolysis assays indicated staged precursor release, with earlier accumulation of carbohydrates and soluble protein followed by later FAN-N accumulation. Genome annotation provided pathway-level support for central metabolic and starter-relevant functions but only partially matched observed phenotypes. Overall, the integrated dataset identified clear strain-level differences in technological robustness and fermentation-relevant metabolism, with K. marxianus and O. polymorpha emerging as the most consistently supported cocoa-derived candidates for further mixed-culture and pilot-scale validation. Safety and regulatory suitability remain to be established before starter-culture application.
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