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Omega-3 from microalgae: an environmental friendly alternative 
 

It is well known that marine fish is a rich source of omega-3 oils and health authorities in 
developed countries are regularly advising people to eat more fish. At the same time that the human 
population and demand for omega-3 grows, fish populations all over the world are in serious risk of 
extinction. Many human populations depend strongly on marine fish for nutrition. However the 
present high level of exploitation means that supply cannot be taken for granted in the future. 
Microalgae nutritional products like omega-3, would release the pressure on marine fish 
populations once we can obtain this healthy and valuable product straight from microalgae. 

In this study we investigated how intense cultivation of a marine microalgae species can be used 
to produce valuable lipids, like omega-3. I show how lipid and omega-3 production can be 
enhanced by changing the ambient chemical conditions in the algal growth medium. Four different 
nutrient treatments were given to the diatom Phaeodactylum tricornutum with the objective to 
analyze the potential production of total lipids and polyunsaturated fatty acids (e.g. omega-3). 
Different microalgal biomass storage methods (freezed and freeze-dried), and lipid extraction 
methods (Bligh & Dyer and Supercritical fluid extraction, SFE) were also analyzed with the aim to 
find out which combination of factors that provides the highest output of lipids and omega-3.  

Nitrogen and silica depleted cultures produced more lipid and omega-3 than light limited/ 
nutrient replete cultures. On the other hand, the latter generally gave a higher biomass yield than 
treatments with low nutrient concentrations. When cultures were limited by nitrate, however, 
biomass yield did not differ compared to that in the light limited/nutrient replete treatment. This 
shows that nitrate limitation was occurring just at the time when light would begin to limit the 
cultures. Hence, it was possible to optimize biomass concentration while at the same time maximize 
the production of lipid/omega 3 in this algae. Furthermore, by freezing the biomass at harvest, more 
lipids was extracted than if the harvested biomass was freeze dried. This is a good result since 
freeze drying is an expensive process. The Bligh & Dyer method gave a much higher lipid extract 
than did SFE, but this can be explained by the selectivity between lipid types between methods. 
Temperature proved to have only a marginal influence of total lipids in the cells. 

One of the most surprising, but promising, results from this study was that natural microalgal 
sedimentation was observed when silica was depleted in the cultures. This induced sedimentation 
can be used to decrease costs at harvest since it is highly expensive to separate free floating single 
cells from water. Silica depletion also increased omega-3 production compared to replete 
conditions. Hence, by limiting algal growth by silica deprivation, we were be able to increase 
omega 3 production while at the same time greatly reduce harvesting costs.  

We conclude that manipulating the chemical composition of the algae growth medium offers 
great potential in both enhancing production of omega-3 and lipids in Phaeodactylum tricornutum, 
while at the same time reducing harvesting costs. Moreover, we suggest that the rich source of 
protein in the “waste” algae biomass can be directly used as feed or fertilizers. Since cultivated 
microalgal oils are free of harmful compounds that may exists in fish, and that it also satisfies 
ethical and environmental considerations, I argue that the consumption and use of microalgal 
products is highly beneficial for both humans and the environment.  
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Four different nutritional treatments were given to the microalga Phaeodactylum tricornutum 
UTEX 642 with the objective to analyze the potential production of total lipids and polyunsaturated 
fatty acids (PUFA’s), especially eicosapentaenoic acid (EPA). Microalgal biomass storage methods 
(Freezed and Lyophilized) and lipid extraction methods (Bligh & Dyer and Supercritical fluid 
extraction) were analyzed with the aim to find out which combination of factors that provides the 
highest output of lipids and EPA. Microalgal cells were cultured in indoor photobioreactors using 
modified F/2 medium in light cycles of 12h. Biomass yield was significantly higher in treatment 1 
(nutrient replete) than in treatments 3 (urea-nitrogen deplete) and 4 (silica deplete), but not if 
compared to treatment 2 (nitrate-nitrogen depleted). Furthermore, it was found that freezed biomass 
gave higher percentages of total lipids when extracting lipids using the Bligh & Dyer method. In 
addition, temperature proved to have an influence of total lipids, with temperatures of 20 0C 
producing slightly higher total lipids outputs, contradicting the findings of previous studies. When 
analyzing PUFA’s it was possible to see a tendency agreeing with previous studies, were nitrogen 
and silica depletion proved to produce higher amounts of EPA. In addition, natural microalgal 
sedimentation was observed in all replicates in the treatment with silica depletion at certain time of 
the cultivation, and this should be subject to further investigation given the importance of 
microalgal concentration for the efficacy and economics of microalgae biotechnology projects. 
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