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Abstract
Heterotrophic Auxenochlorella protothecoides is a promising microalgal biomass for sustainable food ingredients, yet its compact cell structure and complex macromolecular matrix limit fractionation and functionality. This study explored emerging food processing technologies for integrated valorisation of A. protothecoides biomass, covering biomass disruption, protein modification, fibre restructuring, and lipid recovery. Bead milling was identified as an efficient primary disruption strategy for protein extraction and separation, outperforming high pressure homogenisation, ultrasound, and enzymatic treatment in extractability and downstream usability. The protein extract was further modified using supercritical CO₂, subcritical water, and steam explosion, revealing process dependent functional windows for improving hydration, oil absorption, emulsification, and foaming properties. In the residual biomass, steam explosion induced the most pronounced redistribution of total dietary fibre, soluble dietary fibre, and insoluble dietary fibre, suggesting potential for developing fibre enriched microalgal ingredients. Lipid recovery was also influenced by the extraction route: bead milling followed by ethanol gave the highest crude oil yield (5.84%) and enriched polar lipids, including glycolipids (29.95%) and phospholipids (43.73%), whereas bead milling followed by supercritical CO₂ selectively recovered neutral lipid rich oil (82.00%) with higher PUFA proportion (56.46%). Overall, tailored processing enabled cascaded utilisation of A. protothecoides biomass for multiple functional food ingredients.

