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ABSTRACT: The escalating demand for renewable fuels has positioned microalgae as promising third-generation
feedstocks for biodiesel, leveraging their high lipid productivity (up to 50% dry weight) and ability to thrive on
non-arable land and wastewater effluents. On the other hand, industrial scalability is severely constrained by
inefficient lipid extraction from wet biomass, where rigid cell walls impede solvent penetration, necessitating
energy-intensive drying steps (>10 kWh/kg dry biomass) that undermine process economics and sustainability. In
this study, two microalgae species -Chlorella vulgaris and Chlorella sorokiniana- were considered, in order to
evaluate a promising preliminary treatment to enhance lipid extraction.

Acoustic cavitation, induced by high-intensity ultrasound (20 kHz), is set to be a solution to bypass the
limitations brought by the rigid cell walls. By generating transient extreme conditions during bubble nucleation,
growth, and implosive collapse, such as microjets exceeding 100 m/s, localized pressures >100 MPa, and intense
microstreaming that mechanically disrupt cell envelopes, this technique facilitates direct lipid release into organic
solvents without thermal pretreatment.

This study evaluates ultrasound-assisted extraction from wet Chlorella suspensions cultivated in BG-11
medium to late exponential phase. Biomass was resuspended at 1.41 g/L. wet weight in 200 mL jacketed glass
reactors and treated with a titanium probe ultrasonicator (500 W nominal power) at amplitudes of 0% (control),
40%, 60%, and 70% for 15 min, maintaining temperature under 40°C via external cooling (Fig. 1). Effective
acoustic power delivery was quantified calorimetrically, yielding 0 W (control), 29 W (40%), 39 W (60%), and 63
W (70%). Post-sonication, lipids were recovered using the standard Bligh & Dyer chloroform—methanol protocol,
with yields determined gravimetrically, corroborated by sulfo-phospho-vanillin colorimetric assay (A=530 nm,
calibrated against sunflower oil standards, R2>0.99).
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Fig. 1 Sonication plant scheme

Non-cavitated controls yielded 18.77% (C. vulgaris) and 19.84% (C. sorokiniana) on wet biomass basis,
reflecting limited solvent accessibility to intact cells. Cavitation progressively amplified recovery with amplitude:
at 40%, yields rose to 27.10% (C. vulgaris) and 25.51% (C. sorokiniana); at 60%, 41.62% (2.22x) and 28.70%
(1.45x); at 70%, peaks of 53.30% (2.84x) and 56.91% (2.87x), respectively. Gravimetric and SPV results
correlated strongly, confirming reliability. Enhancement factors were comparable across species, indicating
cavitation efficacy transcends subtle cell wall variations; specific energy inputs (2-5 kWh/kg lipid) rival
mechanical disruption while avoiding drying penalties. The monotonic amplitude dependence aligns with
intensified bubble dynamics at higher powers, promoting sheer sufficient for envelope perforation without
detectable lipid oxidation (T<40°).
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