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Abstract

Studies on the application of functional lipids such as Polyunsaturated Fatty Acids (PUFAs) have proceeded in various
fields in search of novel and rich sources for health and dietary requirements. Natural limitations favour a novel
approach for the production of omega-3 fatty acids. A series of PUFAs including Eicosapentanoic acid (EPA) and
Docosahexanoic acid (DHA) have widespread nutritional and pharmaceutical values. This study investigated the
potential production of these two economically important fatty acids from fungi. The microorganisms used were
Trichoderma sp and Aspergillus niger, isolated from soil. The use of Trichoderma sp. is preferred since it produced
considerable amounts of EPA and DHA. This paper presents the results on the ratios of EPA and DHA produced by

these microorganisms and recovery aspects.
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Introduction

Omega-3 fatty acids are considered as essential
nutrients since human body cannot synthesize them, but
have to be provided through food. Omega-3 fatty acids
can be found in fish, such as, salmon, tuna and halibut,
other seafoods including algae and krill, some plants and
nut oils. Also known as Polyunsaturated Fatty Acids
(PUFAs), these omega-3 fatty acids play a crucial role in
brain function as well as normal growth and development.

Omega-3, the highly unsaturated fatty acids are of
significant commercial interest in that they have been
recently recognized as important dietary compounds for
preventing arteriosclerosis and coronary heart disease,
for alleviating inflammatory conditions and for retarding
the growth of tumor cells. It is important to have a balance
of omega-3 and omega-6 (another essential fatty acid) in
the diet. Currently, the commercially available dietary
source of Omega-3 PUFAs is from certain fish oils which
contain up to 20-30% of these fatty acids. Consequently,
large quantities of fish oil are processed and
encapsulated for sale as dietary supplements. However,
there are several significant problems with these fish oil
supplements, including bioaccumulation of fat-soluble
vitamins and high levels of saturated and omega-6 fatty
acids, both of which have deleterious health effects
(Bajpai & Bajpai, 1993). A report from Packaged Facts (a
division of MarketResearch.com) and the US Food and
Beverage Market, predicts that foods with added omega-
3 will reach $ 7 b in sales by 2011. This signifies that the
demand for these fatty acids is increasing and thus it
becomes necessary to study and search for novel and
rich sources containing omega-3 fatty acids.
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Alternative sources of omega-3 fatty acids are the
microflora. The microflora have the advantages of being
heterotrophic and capable of producing high levels of
omega-3. There still exists a need, however, for improved
methods for fermentation of these microflora and
identification of improved uses of the microflora products.
It has been reported that marine protists and
dinoflagellates, such as, species of Thraustochytrium,
Schizochytrium and Crypthecodinium are the rich sources
of docosahexaenoic acid (DHA), whereas microalgae like
Phaeodactylum and Monodus are good sources of
Eicosapentanoic acid (EPA). Species of lower fungi are
also able to accumulate a high percentage of EPA in the
lipid fraction (Ward & Singh, 2005). Perusal of literature
indicates the production of PUFAs from marine fungi.
Several filamentous fungi belonging to the genus
Mortierella were found to produce large amounts of EPA
in their mycelia when grown at low temperature (Sakayu
et al., 1988).

The oleaginous yeast Yarrowia ljpolytica is known to
inhabit various lipid-containing environments. Y. /ipolytica
is used as a model organism to study the mechanisms
involved in lipid metabolism associated to fat uptake,
storage, deposition, mobilization and regulation
(Anthanasios et al, 2009). Omega-3 fatty acids,
especially DHA, have profound health effects on humans
and animals. DHA serves as a health supplement for
humans and is also incorporated in aquaculture feeds in
the form of fish oil to maintain vitality and enhance the
survival rate of aquaculture species. A marine protist,
Schizochytrium mangrovei, has been isolated which can
produce a very high yield of DHA (Chen et al., 2007).
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Materials and methods

Fungal cultures isolated from soil were used in the
present study. Soil samples were collected from different
places in and around our laboratory and serially diluted in
sterile saline solution. A 100 pl aliquot of the final dilution
was spread over potato dextrose agar (PDA) plates. The
plates were incubated at room temperature and at the
end of 8 days, the isolates obtained were subcultured and
purified on PDA plates and identified by following
standard protocol.

Fish oil (omega-3) preparations were obtained from
capsules available commercially from local pharmacies.
Methylene chloride, hexane and methanol were used for
extraction of the samples. HCI, 1.25 M in methanal,
sodium hydroxide and sodium chloride (AR grade) were
used for sample esterification, Hexane was used for
dissolving and diluting the samples before GC analysis.

Fungal mycelium was crushed in a mortar and pestle
and 20 g of that was subjected to saponification, using 2
g of NaOH and 10 mL ethanol. After saponification,
unsaponified materials were removed using 25 mL of
methylene chloride using a separating funnel. Addition of
50 mL acetic acid liberated the free fatty acids from their
salt forms. To remove the saturated fatty acids, 50 mL
acetone was added. Finally to obtain a concentrated form
of only omega-3 fatty acids, a base and alcohol mixture
was used (David, 2005; Kang & Wang, 2005).

The fatty acids thus extracted and the soft gelatin
capsules were weighed and 1.25 M HCI in Methanol and
hexane were added and heated at 80 C for 1 h. It was
then cooled to room temperature and water was added.
After a short centrifugation, hexane layer containing the
derivatized fatty acids was separated (Antolin et al,
2007). Thus obtained methyl esters of the fatty acid
fractions were subjected to GC analysis (Mohammed &
Klein, 2007).

The chromatographic column used was a fused silica
(Rtx1 fused silica) capillary column (30 m x 0.25 mm ID).
Nitrogen was used as the carrier gas at a flow rate of 1.84
mL/min. The column temperature was 180° C and the
detector temperature was 250° C. The injection was
performed in split mode 50:0.
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screened for the production PUFA and two were
shortlisted for further studies. The growth conditions were
kept uniform to minimize the variation in fatty acid
composition. Both the fungi was grown in potato dextrose
broth initially and later transferred to a medium containing
oleic acid. Oleic acid is considered as a possible
precursor for the synthesis of highly unsaturated fatty
acids. However, in the present study the concentration of
EPA and DHA was lower in oleic acid containing medium
than that was grown in potato dextrose broth. According
to Yongmanitchai and Ward (1991), even though oleic
acid acts as a precursor for EPA and DHA, higher
concentrations of the same inhibited cell growth and
synthesis of EPA. Detailed studies are now undertaken
to optimize the dosage levels of oleic acid.

Of the two cultures, Trichoderma sp. produced 7.47
mg/g of DHA and 0.298 mg/g of EPA (Fig. 2), when
compared to the standards (derived from fish oil
capsules) (Fig.1). Interestingly, both oleic acid containing
medium and potato dextrose broth inoculated with
Trichoderma sp revealed higher concentrations of DHA
than EPA (Fig.2 & 3). According to Sakayu ef a/. (1988),
fungi belonging to genus Mortierella were able to produce
up to 27 mg/g of EPA and many of these are good
producers of fatty acids. The maijor fatty acid produced by
most of the fungi is the 18 C a-linolenic acid. According to
Devi et al. (2006), Peniciflium sp was able to produce
high concentrations of this linolenic acid.

The low levels of EPA in our study might be due to
the inactivation of EPA synthesizing enzymes at room
temperatures. Certain fungus like, Pythium irregular, was
able to produce EPA even at room temperatures (Cheng
et al, 1999). This study has clearly shown that
substantial amounts of DHA as compared to EPA were
produced by Trichoderma sp. and to a lesser extent
Aspergillus sp. (Fig. 4). Of the two, 7richoderma sp. was
a better producer of DHA. Earlier reports on fungal fatty
acids showed the presence of very long chain fatty acids
of 22, 23, 24, 26 and 28 carbons (Patricia et a/,, 2000).

Fig. 1.GC analysis of EPA & DHA standards from fish oil capsule
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organisms is known to have distinctive fatty
acid profile which enables us to use them to
produce biologically important fatty acids as
well as to use them as biomarkers of the
typical class of organisms (Moss et al,
7993). It has been reported earlier that
several filamentous fungi are able to
produce large quantities of EPA and DHA
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Fig 3. GC analysis of Trichoderma sp. grown in oleic acid medium
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Fig 4. GC analysis of Aspergillus niger grown in oleic acid medium
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