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Abstract
The global alternative protein market is expanding rapidly, with soy-based cheese analogues widely explored; however, their integration with microalgae remains limited. Persistent challenges in gelled texture formation, couple with the complex structuring behaviour of microalgae proteins within soy protein systems, particularly under acid-induced coagulation, continue to constrain product optimisation. In addition, the techno-functional interactions between soy proteins and microalgal biomass remain insufficiently understood, further limiting the development of structurally stable hybrid systems [1, 2]. This study investigated the role of controlled fermentation in modulating the textural properties of soy-based cheese analogues enriched with Auxenochlorella protothecoides. Fermentation using Lactiplantibacillus plantarum and Saccharomyces cerevisiae was employed to induce acidification and biochemical restructuring of the protein network. Soy extract was supplemented with bead-milled microalgal biomass at ratios of 9:1 (1.5% w/v), 5:5 (7.5% w/v), and 1:9 (13.5% w/v), alongside a control. Preliminary results demonstrated that fermentation distinctly influenced gel formation and texture development depending on both microbial system and microalgal incorporation level. LAB-driven fermentation promoted effective acid-induced coagulation, producing firm curds at low microalgal inclusion (1.5% w/v), while higher concentrations (7.5 - 13.5% w/v) disrupted network formation, resulting in weaker, viscous, and spreadable textures. In contrast, yeast-fermented systems exhibited limited acidification and correspondingly weaker gel structures. Increasing microalgal incorporation consistently attenuated acidification and coagulation in both systems, indicating interference with protein aggregation and network formation, while simultaneously enhancing microbial viability. This suggests a shift in microbial metabolism towards biomass growth rather than acid production, thereby reducing the extent of protein gelation. Collectively, these findings demonstrate that fermentation serves as a key tool to modulate the textural spectrum of soy-microalgae cheese analogues, with microalgal dosage acting as a critical factor influencing acidification kinetics and gel structure formation. This work provides a proof-of-concept for designing hybrid protein systems with tunable textures, ranging from firm curds to spreadable matrices, through the strategic interplay of fermentation and microalgal incorporation.
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