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obtained from ﬁsh sources such as sardines, salmon, tuna and
herring. Although the global demand is growing, ﬁsh as a source of
PUFA production is a declining resource. Thus, there is current
emphasis on discovering microalgal sources for the production of
omega-3 fatty acids.
The algae products market is expected to reach US$44.7 billion by
2023. The target market for omega-3 fatty acids is diverse in terms of
product type, from fortiﬁed food, beverages and dietary supplements, to infant food and pet food8. The carotenoid, astaxanthin, is

Algae are spread in diversiﬁed ecosystems that include
marine, freshwater, desert and hot springs and even snow
and ice environments. Algae are classiﬁed as multicellular
large sea weeds (macroalgae) or unicellular microalgae.
Macroalgae are targeted for mining of natural biologically
active components, which include proteins, linear peptides,
cyclic peptides, and amino acids1. Recently, microalgae

well known for its antioxidant properties. Various reports have
shown growth inhibitory effects of astaxanthin on certain types of
cancers, such as colon and hepatic cancers. It can also help reduce
incidence of age-related degenerative eye-disorders and reduce
UV induced cell damage. These health beneﬁts make astaxanthin
a high value product, with projections suggesting that the global
carotenoid market will reach $1.4 billion by 20189.

have been exploited for the production of high-value com-

Cultivation of microalgae involves two basic processes; these are

pounds such as lipids (omega-3 fatty acids), enzymes, poly-

autotrophic and heterotrophic modes of growth. An open system is

mers, toxins, antioxidants, and pigments (carotenoids)2.

the simplest method of cultivation of autotrophic algae with the

Thus, algal biotechnology is deﬁned as ‘the technology

advantage of low production costs, and this culture system requires

developed using algae (macro or micro) to make or modify

large surface area and shallow depth. Limited control of cultivation

bioactive compounds, or products (nutritional supple-

conditions and contamination by other microorganisms means

ments, ﬁne chemicals) and renewable fuels for speciﬁc use’.

that this type of system is restricted to microalgae that are tolerant

Out of all metabolites, one of the major groups of marine compounds of interest are the omega-3 fatty acids. Omega-3 fatty acids
are naturally occurring important polyunsaturated fatty acids
(PUFAs) that include mainly alpha-linolenic acid (ALA), eicosapentaenoic acid (EPA), docosapentaenoic acid (DPA) and docosahexaenoic acid (DHA) with EPA, DPA and DHA being the most well
known in the marine world3. These PUFAs possess great relevance
to the prevention of sudden death from ventricular ﬁbrillation

to extreme conditions. Open pond systems are mainly suitable for
the cultivation of Spirulina and Chlorella (Figure 1a, d) which is
applied in places such as Japan, Thailand, California, Hawaii,
Taiwan, India and China. To overcome contamination problems
for less robust species, closed photo bioreactors (Figure 1c), ﬂat
panel photo and tubular bioreactors (Figure 1b, c, f) have been
designed in various sizes and shapes to meet the requirement of
microalgae growth and development10.

and are essential for brain development of infants4. Recent studies

Heterotrophic microalgae are less abundant than autotrophic

have shown that PUFAs mitigate the symptoms of diseases such as

species and they require the addition of organic sources in the

Alzheimer’s, chronic intestinal disorder, and some types of can-

growth medium for energy generation and the production of

5,6

cer . The National Health and Medical Research Council

various metabolites in the process. Growth is independent of

(NHMRC) recommended intake of long chain omega-3 fatty

light energy which allows simpler scale up processes to overcome

acids (DHA/EPA) in order to lower the risk of chronic diseases is

the disadvantage of large investment in infrastructure and it

610 mg/day for men and 430 mg/day for women, and it is currently

also supports reproducible biomass yield in heterotrophic mode

estimated that Australians are getting about 160 mg of DHA+EPA

of growth. Heterotrophic microalgae such as Haemotococcus
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Figure 1. Various forms of bioreactors used for algal biomass production. (a) Desert algae production facility, (b) Photo bioreactor, (c) Transparent
aquariums (closed bioreactors), (d) Open-pond system, (e) Flat panel photo bioreactor, and (f) Tubular algae bioreactor. (Figure reproduced with
permission from Thyagrajan thesis10.)

pluvialis, Chlamydomonas sp and Phaeodactylum sp, can utilise

solvent combinations15 and cell disruption methods for lipid ex-

organic compounds to produce energy. They are commercially

traction16 to make the process cost-effective. Co-product extrac-

cultivated with the help of fermenters of various scales. Amongst

tion from said strains with emphasis upon astaxanthin has been

these, thraustochytrids are microalgae-like microorganisms that

optimised at lab scale17. Tween-80 has recently been investigated in

can accumulate 60% of their dry weight as lipids, of which more

a bioreactor with regard to biomass, lipase and lipid productivity in

than 25% is normally DHA. An ultrastructure study with transmis-

Schizochytrium sp. S3118. Another group from Tasmania has also

sion electron microscopy illustrated that the cells are heteroge-

collected Australian thraustochytrids and investigated life cycle

neous in size, with a granular cytoplasm, containing oil micelles

assessment for biodiesel production19.

(Figure 2)3. The high lipid content of thraustochytrids makes them
useful for the commercial production of omega-3 fatty acids.
In this regard, we have a collection of thraustochytrids strains

Constraints in omega-3 fatty acid production

(strains isolated from the low-tide regions of Queenscliff and

Industrial production of omega-3 fatty acids usually requires two

Barwon heads, Victoria, as shown in Figure 2) that produce high

prerequisites, low cost and high productivity. High productivity can

levels of DHA and we have shown that these microbes grow well on

be achieved only with high cell density and high DHA content.

11

glucose . An approximate three-fold improvement in carotenoid

Fermentation in submerged level is of two types, one stage fer-

content in all isolates was achieved when glycerol was used as a

mentation and fed-batch fermentation or two stage fermentation;

carbon source in the production medium12. Based on fatty acid

the difference in the process lies with the supply of carbon source.

proﬁling, Australian thraustochytrids, in general, had a higher

The carbon source needs to be supplied in fed batch fermentation

docosahexaenoic acid (DHA) content with DHA at 17–31% of total

as it decreases the negative effect of substrate inhibition. High cell

fatty acid

86

13,14

. We have evaluated the efﬁciency of various solvents,

density can be achieved through fed-batch fermentation.
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Figure 2. Microorganisms (a) Schizochytrium sp, (b) Haemotococcus and (c) Chlorella sp. used for making long-chain polyunsaturated fatty acids
and carotenoids for human nutrition.
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molasses can be tested for growing novel microalgal strains22. Such
cost-effective carbon sources may lead to higher or comparative
yield to glucose and glycerol, thus decreasing upstream processing
costs. Currently, the cost of fermentation of DHA and EPA is
signiﬁcantly higher than obtaining these fatty acids from ﬁsh oils.
Thus, controlled fermentation methods are required for costeffective production of omega-3 fatty acids.
Downstream processing: Rupturing of biomass cell walls prior to
solvent contact can improve lipid extraction yields. In addition,
process optimisation for co-product production during algal fermentation can improve the overall economics of large-scale algal
fermentation.
This write-up presents the potential of microalgae to provide
the growing population with a secure, sustainable alternative
source of health promoting omega-3 fatty acids for use in food
and feeds.
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