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HIGHLIGHTS

» Ultrasonic algae cell disruption was monitored by intracellular material release.

» Lipid-Nile red fluorescence or cell pigments were used to quantify cell disruption.
» The energy input to maximize cell disruption was approximately 800 J/10 mL.

» Sonication at increasing energy inputs induced the formation of free radicals.

» The formation of lipid hydroperoxides is shown but more in-depth study is needed.
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Microalgae are a promising feedstock for biofuels because of their capability to produce lipids. Cell dis-
ruption is necessary to maximize lipid extraction. Sonication conditions were evaluated for breaking het-
erotrophic (Schizochytrium limacinum) and autotrophic (Chlamydomonas reinhardtii) microalgae cells. Cell
disruption was estimated by Nile red-lipids fluorescence quantification in S. limacinum and by the release
of intracellular chlorophyll and carotenoids in green microalga C. reinhardtii. In both species, approxi-
mately 800 J/10 mL was the energy input necessary to maximize cell disruption, regardless of the cell
concentrations studied. Increasing sonication time produced increasing amount of free radicals, quanti-
fied by the formation of hydroxyterephthalate. Sonication energy beyond the level needed for cell disrup-
tion induced oxidation of arachidonic acid, a polyunsaturated fatty acid typically found in marine lipids.
Careful control of sonication conditions is necessary to maximize oil extraction at the lowest operational

Ultrasound

cost and to prevent oil from free radical-induced degradation.

© 2012 Elsevier Ltd. All rights reserved.

1. Introduction

Because of their potential to produce oil and consume CO,, mic-
roalgae are being actively studied as a possible feedstock for bio-
fuel production. These photosynthetic species have the advantage
of capturing CO, from the environment and combustion processes
(Chisti, 2007), thereby reducing greenhouse gases. Heterogeneous
microalgae use reasonably inexpensive carbon sources for growth
and can be used in both food and non-food applications (Chi
et al., 2007; Johnson and Wen, 2009). There are a number of mic-
roalgal strains that have been found to produce 50% of their bio-
mass as oil, mostly in the form of triglycerides (Chisti, 2007; Hu

* Corresponding author. Address: Department of Food Science and Human
Nutrition, 2312 Food Sciences Building, lowa State University, Ames, IA 50011-
1061, USA. Tel.: +1 515 294 5448; fax: +1 515 294 8181.

E-mail address: tongwang@iastate.edu (T. Wang).

! Current address: Departamento de Produccién Vegetal, Facultad de Ciencias
Agrarias, Universidad Nacional de Rosario/CONICET, Zavalla, Santa Fe S2125ZAA,
Argentina.

0960-8524/$ - see front matter © 2012 Elsevier Ltd. All rights reserved.
http://dx.doi.org/10.1016/j.biortech.2012.08.110

et al., 2008; Pienkos and Darzins, 2009). These triglycerides are
the starting material to produce high-density energy fuel such as
biodiesel.

In order to increase the efficiency of the extraction of oil and
other valuable components from algae, the cells need to be dis-
rupted, just as the cell distortion by flaking for soybeans before sol-
vent extraction (Johnson, 2008). Cell disruption can be assessed by
several methods. Microscopic cell counting and flow cytometry are
ways to measure cell disruption. The first one, however, is tedious
and time-consuming while the second requires expensive equip-
ment. Another way to measure cell disruption is by measuring
the release of a major intracellular component such as lipid, espe-
cially if such a component is of interest. Nile red is a dye that can
fluorescence emitting at 580 nm when excited at 529 nm in the
presence of non-polar moieties such as triacylglycerol-rich drop-
lets (Greenspan and Fowler, 1985). This property may be useful
in the detection and quantification of intracellular non-polar mate-
rials released during the disruption process. In the case of photo-
synthetic algae species, chlorophyll and carotenoids, which are
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