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ABSTRACT

Current interest in microorganisms as sources of edible lipids, the single cell oils (SCO), centers
around the ability of these microorganisms to convert agro-industrial surpluses and residues
into lipids rarely found in the plant or animal kingdom [i.e. lipids containing rare poly
unsaturated fatty acids (PUFAs)], while in a recent development, SCO are considered as
adequate starting material for the production of biodiesels. PUFAs are valuable products
because of their involvement in several aspects of human health. Production SCO in opposite of
plant have many advantages, such as short life cycle, less labor requires, less affection by venue,
season aclimateasier to scale up. The main aim of this review was to explain the last records
about effective parameters on production of single cell oil by microorganisms especially the
fungus Mortierella isabellina.
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INTRODUCTION

Microbial lipoids, known as single cell oil (SCQO}][ Like all living cells, microorganisms
contain lipids. It indicates a triacylglycerol typé oil, similar to that found in plant and animal
edible oils and fats [2]. Microorganisms produptdifor essential functioning of cell membranes
and other membranous structure [3, 4]. Microbey pl&ey role in food industries and also o
variety of valuable enzymes, amino acids, antibgtpolysaccharides and lipids are obtain from
microbial sources [5]. Poly unsaturated fatty adi@§/FAs) are valuable products because of
their involvement in several aspects of human he@f. Some of PUFAs are essential fatty
acids that are not synthesized by human and meseftre be consumed in the diet for
preventing nutrition_ralated illnesses [7]. Theeelaoleic acid 18:2n6y_linolenic acid (GLA)
18:3n6,a_linolenic acid 18:3n3 and arachidonic acid 20:4B8BA has been claims to play a role
in development and prevention of some skin disedisbetes, aging, even of rheumatic origin,

1650
Scholars Research Library



Hami Kaboosi et al Annals of Biological Research, 2012, 3 (3):1650-1654

dilate veins, lower blood pressure, reduce chalekltevels and induced apoptosis of tumor cells
without harming normal cells [8]. GLA occur in humbreast milk also it is produced from plant
sources such as seeds of evening primrose, boraydlackcurrant [9]. Production SCO in
opposite of plant have many advantages, such ad Bfeo cycle, less labor requires, less
affection by venue, season aclimateasier to sqal@@j. The aim of present mini review was to
explain the last records about effective parametars production of single cell oil by
microorganisms especially the fungusrtierella isabellina.

1. Microorganismsfor SCO productions
A variety of PUFAs has been detected in microorgasi including bacteria, algae, yeast and
mold [5].

1.1. BACTERIA

Bacteria are the simplest and smallest of microbals [5]. Just some sort of bacteria can
accumulate oil under some especial environmentuBually, the lipid composition produced by
bacteria is quite different from other microbialsdil(]. Most bacteria produce complex liquid.
Also bacteria have low speed of grow in comparedbids [3].

1.2. Algae
Algae for growth needs to sunlight and £@erefore there are some limits in production SCO
by them [6].

1.3. Yeasts

Some of the yeasts have a good potential for piagu®CO such aRhodosporidium toruloides,
has the most lipid content and can grow on chedpooasources easily [SHansenula saturnus,
Lipomyces lipofer, Trichosporon cutaneum have high capacity to production SCO too [11].

1.4. Molds

Molds show a greater diversity of lipid types amdtyf acids than yeasts. The main difference
between the fatty acids of yeasts and molds is timatlatter tend to produce much higher
proportion of PUFAs and hence molds have becoraegett for intensive research? 13].
Between these microorganismvortierella isabellina has been chosen of present significant
variations in relation with their biochemical resge (i.e, concerning regulation of lipid
accumulation process fatty acid composition) imagien limited mediaMortierella isabellina
occurs commonly in forest communities includingefr seed worldwide and isolate from
decayed wood with termite nesg; 12].

2. Single cdl oil production

In oleaginous microorganisms the culture mediumtrbaslow in nitrogen or Mg, P, S&4Fe

and high in carbon availability, indeed any othesgd sources expect carbon use as limiting agent
[14]. When the nitrogen is exhausted cause nitregessential for both protein and nucleic acid
biosynthesis, the excess carbon (usually glucosghar carbohydrates) get converted in to fatty
acid and then to triacylgrycerols. If limited ageggts present in culture condition, lipids will
metabolized [415].
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2.1. Carbon Sources

Carbon sources play an essential role on lipid mctation process. Various types of
carbohydrates, which are raw materials derivinghfaggro_industrial activities are used for SCO
production [16, 17]. Such as saccharose, molasselsplyzed starch products such as glucose
and dextrin, fructose, whey, various natural hygkates (e.g, tomato waste hydrolysate, rice
straw hydrolysate) also long chain alcohols suchh@sadecanol 18]. GLA production in
glucose as a carbon sources is more than fructoddractose is same as molasses and SCO
production in glucose is more than lactose, stamoth pectin respectivelylp, 2(Q. Because
hydrolytic enzymes such as amylase 3 _galactosidase and polygalactoronase are not enough
for metabolic activitiesq1]. Total lipid increase in glucose concentrationthie medium. This
maybe because generally fungi grow rapidly in sengligar compared to complex molecules
[22].

2.2. Nitrogen Sour ces

Certain yeasts have been reported to produce hagrerentration of lipid when grown with an
organic rather than an inorganic nitrogen sour@. [3ome of nitrogen sources have effect on
lipid accumulation like NH4CI, asparagineglutamatemonium tartrate and yeast extrétd]|
Yeast extract is the best nitrogen source, itsamghent by corn steep liquor and baker’s yeasts
exerted more or less similar impact on fungal mataim to produce GLA, thus indicating an
economical alternative to yeast extr&t][

3. Metabolic Pathway
Converting long chain alcohols to high value puayfrom this way [17]:

Alkan — Alcohol — Aldehyde — Fatty acid

The biosynthesis route responsible for GLA in fuhgs been suggested to be n_6 route, which
involves the following consecutive reactions: otida of hexadecanol to palmitic acid,
elongation of palmitic acid to stearic acid seblestidesaturation of the latter to oleic acid
catalysed by\9 stearoyl CoA desaturase and then similarly,roldéiic acid and linolenic acid
catalysed byw12 oleyl CoA desaturase ané inoleyl_CoA desaturase respectively [25].

3.1. Solid-state fermentation

Solid state fermentation has been occasionally tmethe SCO production, because of its low
cost compared to submerge culture. This fermemtasigstem however is not suitable for

production of pure PUFAs, because the substraig it co_extract with the produced SCO
tend to reduce the PUFA content of final produé, [27]. Solid state fermentation is a process in
which microorganisms grow at a moist solid substiatthe absent of free water. Solid state
fermentation simulates fermentation reaction aogruin the nature and allows microbial

utilization of raw agro_materials or by products tbe agro food industries. In solid state
fermentation fungal colonies divided to some o€uaiar rings that showing different ages. Solid
state cultures provide an experimental system whgphae of different ages belonging to the
same tallus can be separated and studied [28, 29].
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3.2. Submerged Fermentation

In submerged culture, mycelia of different agesrintine to form either pellets or mats or both
depending on culture conditions. Therefore, lipidlgsis during growth in submerge culture
involves an inherent error cause by the inevitagiglomeration of young and aged mycelia [1,
12).

3.3. Effect of different factors on sco production

OXYGEN: as all oleaginous microorganisms are aerobicstipply of oxygen to the culture is
the rate limiting factor. pH and oxygen supplylaele some effect on the properties of the lipid
types and on the nature fatty acyl groups thabaneg produceddQ.

Metal lon Concentration: metal ion concentration on lipid and GLA prodoati by
Cunnigamella sp. 2A1 have significant effect on lipid accumigdatsuch as Fe, Mg, Zn. Either
Zn having the most effect with an increase of GL#ldy @ -/ ipidiessbiomass) achieved [3, 31].
Temperature has a reverse relation with produc&®O and at PH equal 6.5 7 lipid
accumulation will increase [60].

CONCLUSION

The production of SCO by fungi has been undersfooanany years, and this knowledge has
led to the development of effective studies in tiedd. Clearly, there is a great potential for
using fungi especiallyMortierella isabellina as ‘fungi factories’ for producing PUFAs.
Cultivation conditions are one of effective paraengtbiosynthesis of SCO bMortierella
isabellina. This is a novel clue to rapidly gain high prodoctof PUFAS.
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