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Abstract

Microalgae are rich in proteins and lipids, and have been commercially cultivated and
processed into health supplements or biofuels. However, due to their rigid cell walls, it is
difficult to efficiently extract intracellular components. Therefore, to enhance extraction
efficiency, rapid and energy-saving cell wall disruption methods have been continuously
studied and improved. In this study, mechanical, chemical, and enzymatic approaches were
applied to disrupt the cell walls, and the optimal operating parameters were predicted using
response surface methodology. Combining snailase with sand milling and incubation for two
hours, the extraction yields of protein, chlorophyll, and soluble carbohydrates increased by
65.1%, 34.7%, and 20.2%, respectively. The response surface plots did not identify statistically
significant optimal conditions for protein extraction (p > 0.05), while the optimal parameters
for reducing sugar and chlorophyll extraction were enzyme concentrations of 2% and 1.125%,
incubation times of 1.25 and 2 hours, and sand milling duration of 8 minutes. High-pressure
homogenization (HPH) achieved higher disruption efficiency than pH 12 solution. Lipid
extraction yield was strongly correlated with the degree of cell disruption (R? = 0.91), with
HPH outperforming pH 12 treatment. In contrast, protein extraction yield was mainly
influenced by the extent of bond cleavage between proteins and cell wall components. Alkaline
treatment at pH 12 effectively hydrolyzed these linkages, resulting in better protein extraction
efficiency than HPH. Using ultrasound (US) and ball milling, lipid extraction yields reached
16.9% and 15.1%, while chlorophyll extraction yields were 7.5 and 6.16 mg/L, respectively.
Compared to untreated samples (lipid yield 5.5% and chlorophyll 1.75 mg/L), these methods
significantly enhanced extraction efficiency. In summary, both individual and combined cell

wall disruption techniques effectively break the rigid microalgal cell wall, releasing



1 intracellular lipids, proteins, and other bioactive compounds, thereby improving extraction
2 yields for subsequent industrial applications.
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