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ABSTRACT

Oleaginous microorganisms, including bacteria, yeasts and filamentous fungi, are
single cell oil (SCO) producers which are capable of accumulating intracellular
lipids under certain culture conditions. Few reports were evaluated on the
biodiversity of the oleaginous microorganisms in different habitats. Lebanon is a
mountainous country with variability in climatic conditions among seasons, soils
and vegetation. In the present work a screening study was evaluated on the
biodiversity of the oleaginous microorganisms in Lebanese habitats. Thirty-nine
isolate SCO producers were selected from different habitats mainly: wetland, lawn,
sand and farmland. The isolated microorganisms were identified as bacteria
(Escherichia coli, Arthrobacter sp.,, Pontoea sp., Agrobacterium sp.,
Chryseobacterium sp.), yeasts and filamentous fungi (Candida sp., Lipomyces sp.,
Cryptococcus sp., Yarrowia sp., Fusarium oxysporum, Mucor hiemalis, Penicillium
citrinum, Aspergillus tamari, and Aspergillus niger). The diversity of the selected
oleaginous microorganisms varies with habitats and was distributed as follows:
22(56.4%) isolate were found in farmland, 8(20.5%) in sand, 5 (12.8%) in lawn and
4 (10.3%) in wetland. The carbon utilization analysis indicated that most of the
filamentous fungi can use xylose and carboxymethyl cellulose (CMC) as a sole
carbon source for maximum lipid production and are considered as promising
single cell oils producers on using agro-industrial waste materials.

I ntroduction

Biomass-based

production is based on animal fats and on
plant oils, such as soybean, rapeseed, and

biof uel production

represents a pivotal approach to face high
energy prices and potential depletion of
crude oils reservoirs, to reduce greenhouse
gas emissions, and to enhance a sustainable
economy (Zinoviev et a., 2010). Biodiesel
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palm oils that are produced on agricultura
land, opening the debate on the impact of
the expansion of bioenergy crop cultures,
which displace land from food production
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and restricts the large-scale development of
biodiesel to some extent (Rossi et al., 2011).
Recently, the development of processes to
produce single cell oil (SCO) using
heterotrophic oleaginous microorganisms
has triggered significant attention in order to
meet the increasing demand of biodiesel
production (Azocar et a., 2010). These
organisms accumulate lipids, mostly
consisting of triacylglycerols (TAG) as
reserve compounds which are widespread
among all eukaryotic organisms such as
fungi, plants and animals, whereas it has
only rarely been described in bacteria (Meng
et a., 2009).

The lipid content in  oleaginous
microorganisms  including  microalgae,
yeasts and filamentous fungi is higher (70-
90%) than that in bacteria (20-50%) (Xin et
al., 2009). Biodiesel as an dternative fuel
has been in the forefront of the liquid biofuel
sector for the last two decades. The use of
edible vegetable oils such as soybean,
rapeseed and non-edible oils such as
Jatropha in the United States, Europe and
India, respectively, as oil feedstock for
biodiesel production needs to be augmented
with newer technologies.

To meet the demand of the biodiesel
industry, alternative oil sources are being
explored and developed. Recently, microbial
lipids (single cell oils, SCOs) accumulated
by oleaginous microorganisms eg.,
microalgae and fungi, with 20% or more of
their cell mass being composed of lipids,
have emerged as a potential feedstock for
biodiesel production (Meng et al.,2009 and
Kosa & Ragauskas,2011). The applications
of oleaginous fungi for biodiesel are very
few athough they have several advantages
over conventional plant and algal resources
as they can be easily grown in bioreactors,
have short life cycles, display rapid growth
rates, are unaffected by space, light or
climatic variations, are easier to scale up and
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have the ability to utilize a wide range of
inexpensive renewable carbon sources such
as lignocellulosic biomass and agro-
industrial  residues. Many studies on
oleaginous microorganisms focused on the
discovery of new oleaginous
microorganisms and the optimization of
fermentation conditions (Chen et al., 2009;
Li et al., 2007; and Loffhagen et a., 2006).
However, there are very few reports on the
biodiversity of the oleaginous
microorganisms in different habitats (Li et
a., 2009; Li et a., 2012). Lebanon is a
highly mountainous country with extreme
variability in climatic conditions, soils and
vegetation. Up till now, there has been no
report on the biodiversity of the oleaginous
microorganisms  in the Lebanese
environment. Glucose is the carbon source
most commonly employed for growth of
oleaginous fungi and lipid production
(Saxena et al., 2008; Zhao et a., 2008).
However, the cost of the biodiesel produced
by these microorganisms is so high that its
sustainable development is limited (Li et al.,
2012). As a result, several studies have
reporting lipid accumulation by oleaginous
yeasts and filamentous fungi on different
renewable substrates such as glyceral,
sewage water, whey, molasses and
lignocellulosic wastes (Subramaniam et al.,
2010).

The present work is a screening study on the
biodiversity of oleaginous microorganisms
in the Lebanese environment that are
economically relevant as a potentia
feedstock for biodiesel production from
cheap renewable carbon sources.

Materialsand Methods
Soil sample collection
Oleaginous microorganisms were isolated

from soil samples (62) collected in sterile
plastic containers under aseptic conditions
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from 5-20 cm below the surface of different
locations in wetland, sand, lawn and
farmland in Lebanon, and were stored at
4°C until use. The geographical distribution
of sampling siteswas given in Figure 1.

Reagents and chemicals

All reference substances and chemicals were
all purchased from Fluka All other
chemicals used were of analytical grade and
were obtained from recognized chemica
suppliers.

Enrichment of oleaginous
microorganisms (Li et al., 2012)

One gram of each soil sample was added
into a 250 ml Erlenmeyer flask containing
50 ml sterilized enrichment medium one at a
time.

The enrichment medium contains (g/L)
glucose, 100; yeast extract, 1; NH4CI, 1,
KH2POy, 2; MgSO,.7H0, 0.75;
CaCl,.2H,0, 0.05; ZnS0O,.7H,O, 0.01;
FeCl;.6H,0, 0.01 and Na;HPO,, 1; the pH
was adjusted to 6. The media were incubated
at 28°C and 160 rpm for 48h for growth and
lipid production initiation.

Screening and isolation of oleaginous
microorganisms (Li et al., 2012)

One milliliter of the enriched samples was
seridly diluted with sterilized distilled water
(110, 1/10% 1/10°, 1/10°, 1/10°) and then
0.1 ml of the diluents were plated on the
screening medium that lacks carbon source
and contained (g/L): ( yeast extract, 1,
NH4CI, 1; KH,PO,, 2; MgSO,4.7H,0, 0.75;
CaCl,.2H,0, 0.05; ZnS0,.7H,O, 0.01;
FeCl3.6H,0, 0.01 and NaxHPO4, 1, pH of 6,
then sterilized by autoclaving at 120°C for
20 min) and was incubated under static and
shaken conditions (160 rpm) at 28°C for 1-4
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days. The fasted growing colonies were
picked for further study.

M aintenance of the stock culture

The bacterial and fungal isolates used
throughout the present work was maintained
on nutrient agar and Czapek Dox agar slants
respectively and stored at 4°C with regular
transfer at monthly intervals. For long
preservation 25% glycerol was used.

Seed culture preparations and
fermentation technique

Fungal seed culture (spor e suspension)

The fungal spore suspensions were prepared
from 96 hours old Czapek Dox agar slants
cultures using sterile distilled water and the
spores were counted using haemocytometer
then were used as standard inocula (1x10°-
10°® spores /ml medium) unless otherwise
stated.

Preparation of bacterial seed culture

Seed cultures were prepared in 250 ml
Erlenmeyer flasks containing 50 ml nutrient
broth medium with 3 ml of bacteria
suspension (prepared from 18 hrs old
cultures) and then incubated at 30° C £ 2 on
a rotary shaker (180 rpm) till reaches O.D
600 < 1 then were used as standard inocula
(3ml/flask) unless otherwise stated.

The fermentation medium used during all
screening stages was carbon rich and
nitrogen limited to induce lipid
accumulation and contained (g/L)

(glucose, 60; yeast extract, 1; NH4CI, 1;
KH2PO4, 2; MgSO4.7HZO, 075,
CaCl2.2H,0, 0.05; ZnS0..7H,O, 0.01;
FeCl3.6H,0, 0.01; NaHPO,, 1; pH 7.4.).
Aliquots of 100ml medium was dispensed in
250 ml Erlenmeyer flasks, inoculated with
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the selected pure SCO producers and then
incubated at 28°C, under static and under
shaken conditions (160 rpm) for 2 & 6 days
(for bacteria and fungi respectively) , where
triplicate samples were set up to determine
dry weight and lipid content.

Determination of Biomass yield (dry
weight) of oleaginous microorganisms

At the end of the incubation period the cells
were harvested by filtration or centrifugation
at 5000 rpm for 20 min, washed twice with
distilled water and dried at 60°C till constant
weight whereby the weight of the dried
biomass was cal cul ated.

Extraction of lipid compounds

Lipids were extracted following the method
of Bligh & Dyer (1959).

The obtained biomass (dry weight) was
transferred to 50 ml centrifugal tube and 15
ml of HCI (4M) were added and the mixture
was kept at room temperature for 30 min
before it was kept at -80°C for 2 hours and
subsequently in boiling water for 20 min.

This freezing/thawing process was repeated
3 timesin order to break up the cells. Thirty
milliliters chloroform/methanol (1:1) were
added into the tube, shacked vigorously with
a vortex and then centrifuged at 5000 rpm
for 10 min.

The lipid containing chloroform layer (the
lower layer) was dried using rotary
evaporator before it was weighed for lipid
content estimation.

Residual reducing sugar s deter mination
Reducing sugars were determined using

dinitrosalicylic acid method according to
Miller (1959).
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lodine value determination of microbial
lipids

The iodine vaue of the lipids was
determined using the method adopted by Li
et a.(2009).

Saponification value determination of
microbial lipids

Lipids were mixed with excess amount of

potassum hydroxide ethanol solution
(0.5M) for saponification. With
phenol phthalein as an indicator,

hydrochloric acid standard solution (0.5M)
was used for the titration of the remaining
potassium hydroxide. Blank control was
performed at the same time. The amount of
potassium hydroxide (in  milligrams)
consumed in saponification marked the
saponification value of the microorganism
lipids.

Carbon  utilization  of
micr oor ganisms

oleaginous

In order to test the ability of the organism to
utilize a certain carbon source, the following
medium that contained (g/L): NH4CI, 5;
KH2PO4, 2; MgSO4.7H20, 075,
CaCl2.2H,0, 0.05; ZnS0..7H,O, 0.01;
FeCl3.6H,0, 0.01; NagHPO,, 1 and agar 15;
pH 7.4, was supplemented with different
carbon sources: CMC, xylose, soluble starch
and sucrose one a a time at the final
concentration of 10 g/L. The medium was

sterilized, inoculated and incubated as
previously mentioned.
| dentification of oleaginous

microor ganisms

The oleaginous fungi were identified based
on morphological characteristics and with
the help of an identification key (Webster &
Weber, 2007), the yeast isolates were
identified using SIM key for yeast
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identification (Deak, 2007) and the Gram
positive bacterial isolates were identified
according to Bergey’s Manuel of
Determinative Bacteriology (Holt, 1994)
and Gram negative isolates using APl 20E
Kit (Biomerieux, France).

Molecular identification of the most
promising oleaginous fungi

Five fungal isolates (S5, S7, S13, S26,
S32(1)) were chosen to be identified by
using molecular techniques. The genomic
DNA of each fungal strain was isolated by
using the standard protocol (Sambrook &
Russell, 2001). Partial region of small
subunit (SSU) rDNA was amplified by PCR
using universal funga primers, NS1 (5
GTAGTCATATGCTTGTCTC-3’) and NHA
(5°- CTTCCGTCAATTCCTTTAAG-3’) of
1,100 bp (White et al., 1990). PCR products
were purified by using gel extraction kit
(GeNei, Bangalore, India) and sequenced
using the Big Dye Terminator cycle
sequencing kit (Applied Biosystems, USA)
according to the manufacturer’s protocol
followed by purification using Big Dye X-
Terminator  Purification kit (Applied
Biosystems, USA) and analyzed in a DNA
Analyzer (3730 DNA Anayzer, Applied
Biosystems, USA). Sequence data were
analysed using Sequence analysis software.
The 18 S sequence obtained was aligned
using BLAST agorithm to find matches
within the non redundant database at NCBI
(National  Centre for  Biotechnology

Blast.cgi) (Zheng et al., 2000). Sequence
data were submitted to GenBank through
submission tool BankIt of NCBI.

Statistical analysis

All the experiments were performed in
triplicates and the data were analyzed by
SPSS17 (statistical package software) (SPSS
Inc., Chicago, IL, USA) and using Paired-t-
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test for comparison of means. Differences
with p<0.05 were considered statistically
significant.

Results and Discussion
Species-sample curve

The soil samples were taken randomly from
the Lebanese environment. In a species-
sample curve, the cumulative number of
species is plotted against the cumulative
number of physical samples to demonstrate
if the number of samples taken is
representative to study the biodiversity of
oleaginous microorganisms in the Lebanese
environment (figure 2). The species-sample
curve was used for evaluating both the
number of replicates and the size of physical
sample (Brower et al., 1998) in ecological
study of biodiversity. Figure 2 showed that
after about 52 samples taken the curve
reached a plateau, which indicated that the
number of soil samples taken was sufficient
and representative to study the biodiversity
of oleaginous microorganisms in the
L ebanese environment.

| solation of oleaginous microorganisms

Data in table 1 revealed that out of 200
isolated bacterial and fungal isolates 39
strains were proved to be oleaginous
microorganism that produce and accumulate
more than 20% lipid content, 6 out of 39
were identified as Escherichia coli,
Arthrobacter p., Pontoea P,
Agrobacterium sp., Arthrobacter sp.,
Chryseobacterium meningosepticum; 9 out
of 39 isolates were different yeast strains
namely: Candida sp., Lipomyces sp.,
Cryptococcus sp., Yarrowia sp.; and 24 out
of 39 isolates were filamentous fungi and
were identified as Fusarium sp., Mucor sp.,
Penecillium sp., Rhizopus sp., Aspergillus
sp.
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A great variation was noticed in the
biodiversity of SCOs producers among
Lebanese habitats, it was showed that in
lawn soil few oleaginous microorganisms
were detected namely: Escherichia coli,
Candida sp. , Mucor sp. Aspergillus sp. and
Fusarium sp. with 29.59+1.16, 30.98+1.14,
63.17+1.80, 71.43+1.56 and 67.64+0.85%
lipid content with a noticeable variations in
the biomass, residual sugar and lipid
characteristics . On the other hand the
richest soil with oleaginous microorganisms
was the farmland soil where about 22 out of
39 oleaginous microorganisms  were
detected and identified as bacteria, yeast and
filamentous fungi with lipid contents ranged
from 2257+3.94 to 30.55+5.33, from
38.48+2.23 to 8279093 and from
36.52+0.19 t072.07+8.41 % respectively,
with a noticeable variations in the biomass,
residua sugar and lipid characterigtics. In
wetland soil 4 strains were detected namely:
Arthrobacter sp., Cryptococcus sp., Candida
sp., and Mucor sp. with 21.01+4.01,
36.10£1.36, 40.43+0.73 and 70.06+1.03%
respectively, whereas in sand soil about 8
out of 39 oleaginous microorganisms were
detected and identified as bacteria, yeast and
filamentous fungi with lipid contents ranged
from 2571+461 to 44.39+2.91, from
23.33t6.52 to 56.19+0.93, and from
39.98+£1.56 to 60.82+2.01% respectively,
showing a moderate richness in oleaginous
microorganisms.

In the present study, the soil samples were
enriched with high C/N medium (carbon
rich and nitrogen limiting conditions) which
permits the oleaginous microorganisms to
accumulate a certain amount of lipids; the
selection of strains was based on the growth
rate on medium without carbon. Results in
table 1 showed that the initial lipid content
was 20-82%, which indicated that the
isolation method was reliable ( Li et al.
,2012). Oleaginous fungi accumulate high
levels of lipids when carbon is in excess and
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a key nutrient such as nitrogen or
phosphorous is limiting (Ratledge & Wynn,
2002). The accumulated lipids or SCOs get
deposited as intracellular lipid bodies (LBS)
using this approach.

The fermentation process was carried under
shaken and static conditions, the statistical
anaysis of data (table 1) showed that the dry
weight and the lipid yield obtained with
oleaginous microorganisms cultivated under
shaken conditions were higher than that
obtained under static conditions, which can
be explained by the high degree of aeration
(more dissolved oxygen in the medium), the
more availability of nutrients and
homogenization of the medium that can be
obtained during shacking. Also the residual
reducing sugars were at their minimum
levels under shaking conditions. However
the statistical analysis of the lipid content
percentage under both conditions indicated
no significant difference among static and
shaken conditions, which implies that the
lipid content is more related to
environmental conditions in which the
microorganisms have been cultivated (high
C/N ratio).

Ratledge & Wynn (2002) showed that many
species of microorganisms can accumulate
lipids efficiently, such as Schizochytrium
sp., Arthrobacter sp., Bacillus sp., Candida
sp., Cryptococcus sp., Aspergillus sp., etc.
Li et a., (2009 & 2012) isolated 13& 15
species of oleaginous microorganisms
respectively with 7 newly discovered
species. In the present study, isolated
oleaginous microorganisms belong to 15
different genera, the majority of them had
been reported to be oleaginous, 10 out of 15
isolate showed high ability to accumulate
lipids (up to 40%) and they will be
promising in single cell oil production. The
obtained data indicated that the biodiversity
of oleaginous microorganisms in the
L ebanese environment is extremely rich.
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Table.1 Biodiversity of Oleaginous Microorganismsin Lebanese Habitats

Isolate
number

Si-1
S3-1
S5-1
S6-2
S9-2
S12-1

S1-2
S2-2
S2-3
S3-2
S3-3
$4-2
$4-3
S7-4
S7-6

So6f
S7

S13

S14
S15
S16

Sail type

Lawn
Wetland
Farmland
Farmland
Sand
Sand

Lawn
Sand
Sand
Wetland
Wetland
Farmland
Farmland
Sand
Sand

Farmland

Farmland
Farmland
Sand
Farmland
Farmland

Wetland
Farmland

Lawn

Name

Escherichia coli

Arthrobacter sp.

Pontoea sp.

Agrobacterium sp.
Arthrobacter sp.

Chryseobacterium
meningosepticum

Candida sp.
Lipomyces sp.

Cryptococcus sp.
Cryptococcus sp.

Candida sp.
Yarrowia sp.

Candida sp.

Candida sp.
Lipomyces sp.

Fusarium
oxysporum
Mucor sp.

Fusarium sp.

Mucor hiemalis

Fusarium sp.

Penicillium
citrinum
Mucor sp.

Mucor sp.
Mucor sp.

Dry weight (g/L)
static shaken

1.26+0.05* 1.53+0.09*
1.19+0.07* 1.72+0.10*

1.35£0.12 1.66+0.08

1.31+0.06 1.52+0.06
1.30+0.07*  1.53+0.05*

1.25+0.04 1.33+0.10
4.63+0.16*  6.08+0.31*
2.89+0.20* 6.22+0.29*
7.53+0.31* 9.20+0.20*
7.12+0.13* 5.04+0.12*
5.04+0.21* 6.36+£0.11*
345+£0.12*  6.24+0.10*
1.68+0.10* 2.54+0.10*
1.39+0.07*  1.86+0.10*
6.39+0.22*  11.23+0.16*
13.33+0.13*  23.20+0.30*
15.48+0.61* 18.41+0.52*
16.96+0.66*  19.22+0.21*
16.43£1.41* 21.47+0.65*
15.08£1.24*  11.24+0.36*
17.89+0.35*  17.13+0.29*
2.58+0.17* 5.10+0.22*
2.54+0.14* 3.18+0.11*
2.60+0.71* 5.08+0.44*

Lipid yield (g/L)

static
0.35+0.04
0.25+0.05
0.29+0.05
0.27+0.05
0.57+0.07
0.26+0.05

1.43+0.10
1.44+0.10*
2.71+0.15
2.20+0.12*
2.04+0.12*
2.77+0.11*
0.52+0.12
0.33+0.11
2.97+0.10*
4.70+0.09*

5.13+0.42*
6.88+0.20*
6.35+0.52*
6.76+0.41*
9.57+0.41*

1.25+0.05*
1.18+0.07*
0.88+0.32*

shaken
0.45+0.045
0.35+0.04
0.38+0.08
0.46+0.08
0.65+0.03
0.34+0.09

1.74+0.10
3.46+0.15*
3.27+0.17
1.87+0.11*
2.50+0.10*
5.16+0.11*
0.98+0.10
0.41+0.06
6.31+0.19*
10.01+0.11*

6.72+0.21*
7.55+0.31*
8.58+0.36*
3.98+0.16*
11.10+0.26*

4.18+0.10*
1.37+0.12*
3.21+0.22*

Lipid content(%)

static
28.05+4.10
21.01+4.01
21.20+1.52
20.48+2.96
44.39+2.91
20.72+3.90

30.98+1.14
49.89+1.34*
36.01£1.39
30.84+1.13*
40.43+0.73
80.29+2.65
30.74+5.58
23.33£6.52
46.51+0.41*
35.27+0.51*

33.08+£1.45
40.57+0.74
38.65+1.05
44.87+1.11*
53.46+1.28*

48.69+3.13*
46.46x+0.50
33.13+4.62*

shaken
29.59+1.16
20.32+1.73
22.57+3.94
30.55+5.33
42.60+1.06
25.71+4.61

28.62+0.20
55.72+0.80*
35.60+1.13
36.10+1.36*
39.16+1.83
82.79+0.93
38.48+£2.23
21.84+1.93
56.19+0.93*
43.16+0.10*

36.52+0.19
39.25+1.41
39.98+1.56
35.39+1.55*
64.77+0.48*

70.06+1.03*
43.04+2.64
63.17+1.80*

Residual Reducing

sugars(g/100ml)
static shaken
5.21+0.19 4.73+0.24
5.18+0.45 5.12+0.36
5.85+0.27  5.28+0.26
5.75+0.48 5.17+0.34
5.23+0.42  5.48+0.24
5.02+0.32 4.94+0.18
0.35+0.13  0.15+0.12
0.47+0.21 0.12+0.08
3.75+0.49 3.32+0.25
1.01+0.25* 0.21+0.11*
145+0.24* 0.25+0.11*
1.89+0.14*  0.23+0.14*
0.56+0.17  0.21+0.10
5.45+0.75*  4.31+0.27*
3.24+0.36 2.82+0.32
3.51+0.45 2.56+0.24
3.11+0.32 2.68+0.24
3.57+0.54 2.47+0.23
2.27+0.24 1.51+0.15
3.09+0.21 2.78+0.21
3.26+0.24  2.47+0.21
2.00£0.29*  0.74+0.26*
2.78+0.52  2.74+0.39
1.17+0.34 0.22+0.11

lodine
value

70.50+4.45
69.38+4.41
62.9+7.32
66.97+8.14
60.63+5.47
64.67+3.89

47.72+1.24
20.13+2.36
21.43+2.45
32.40+£1.63
33.78+2.85
50.89+1.47
64.80+4.63
71.41+£8.47
49.77+£1.47
62.81+2.23

20.67+2.45
11.83+1.24
48.51+1.42
27.47+2.58
27.89+£3.47

23.94+2.27
54.95+3.32
32.74+1.89

Saponification
value

155+17.14
247.33+11.45
167.58+9.42
231.87+7.47
120.68+6.35
197.04+8.24

238.26+8.78
255.80+11.89
215.40+7.47
168.80+6.47
191.80+4.74
269.80+9.68
151.08+4.98
175.00+8.74
246.25+7.86
160.17+7.45

143.70+9.89
117.09+6.78
102.78+8.78
117.32+7.98
229.84+11.34

160.31+10.36
191.4+9.25
343.85+£12.40
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S17
S24(2)
S25

S26

s28
S29(1)
S30
S32(1)
S32(2)
S35
43
45
47
S50
S59

Farmland
Farmland

Farmland

Farmland

Farmland
Farmland
Farmland
Lawn
Lawn
Farmland
Farmland
Farmland
Sand
Farmland

Farmland

Rhizopus sp.
Rhizopus sp.
Rhizopus sp.

Aspergillus
tamari
Mucor sp.

Aspergillus sp.
Rhizopus sp.

Aspergillus niger

Fusarium sp.
Mucor sp.
Rhizopus sp.
Mucor sp.
Fusarium sp.
Fusarium sp.
Rhizopus sp.

3.26+0.95
2.87+0.35*
3.37+£1.19*

9.79+0.40*

4.93+0.25
21.44+1.28
4.57+0.33
17.01+0.39*
4.33+0.41*
3.22+1.01
2.82+0.28*
4.86+0.39
5.79+0.46*
3.48+1.26*
4.22+0.36

4.74+0.79
7.03+0.75*
5.57+0.80*

15.57+0.90*

5.40+0.51
24.75+1.64
5.34+1.14
25.48+1.16*
6.90+0.34*
5.41+0.72
4.89+0.35*
3.95+0.26
9.70+0.50*
6.29+0.90*
4.53+0.75

1.02+0.64*
1.82+0.12*
1.25+0.20*

6.25+0.15*

3.42+0.19
14.53+0.55
2.64+0.19
8.59+0.35*
2.84+0.18*
0.86+0.37*
0.92+0.12*
2.55+0.41
2.72+0.14*
1.18+0.319*
2.08+0.12

2.49+0.45*
4.85+0.36*
3.27+0.16*

10.67+0.51*

3.86+0.13
17.36+1.41
3.44+0.47
18.19+0.65*
4.66+0.18*
3.06+0.16*
2.98+0.21*
2.68+0.18
5.89+0.14*
2.71+0.54*
2.51+0.42

29.29+11.19
63.76+3.77
39.52+11.09*

63.90+1.11

69.49+1.73
67.85£2.33
57.85+0.62
50.51+1.74*
65.81+2.49
26.14+3.36*
32.57+0.94*
52.17+4.40*
46.99+1.39*
34.80+£3.42
49.33+1.48*

52.41+0.69
69.12+2.06
59.17+5.42*

68.57+2.65

72.07+8.41
70.11+1.03
65.11+5.07
71.43+1.56*
67.64+£0.85
56.96+4.46*
60.91+0.87*
67.70+£0.77*
60.82+2.01*
42.79+3.02
55.35+0.92*

0.82+0.21
1.39+0.27*
1.54+0.23

2.93+0.48

4.02+0.36
2.24+0.32
2.73+0.34
217+0.31
3.81+0.45
0.90+0.24
0.82+0.23
3.88+0.42
3.73+0.56
4.06+0.32*
2.68+0.24

0.14+0.08
0.21+0.09*
0.79+0.12

2.15+0.24

2.78+0.32
1.72+0.21
2.08+0.39
1.97+0.24
2.68+0.34
0.59+0.21
0.41+0.11
2.77+0.23
2.69+0.32
2.62+0.25*
1.95+0.23

24.71+4.47
50.19+1.21
40.32+4.36

46.25+1.24

37.58+3.63
44.41+4.24
61.65+4.78
67.86+1.69
45.68+4.47
15.36+2.21
33.39+3.32
50.60+5.57
32.19+2.24
24.06+1.87
72.76+4.65

239.35+£11.32
139.18+7.54
201.51+11.14

237.10+12.23

300.23+13.01
246.15+7.42
288.89+11.47
233.60+9.32
352.63+18.42
331.20+14.20
269.76+6.45
254.72+8.21
349.56+£17.69
269.76+£12.78
357.14+14.47

*There is a significant difference between the means of shaken and static conditions (alpha=0.05), by using the statistical paired-t-test for comparison of means
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Table.2 Carbon utilization of oleaginous microorganisms

| solate number Sucrose Starch CMC Xylose
S1-1 ++ + + ++
S3-1 +++ + + +++
S5-1 +++ + + ++
S6-2 +++ - + +
S9-2 ++ + + -
S12-1 +++ + + +++
S1-2 +++++ + + +
S2-2 +++++ + + ++++
S2-3 +++++ + + ++++
S3-2 + + + +
S3-3 +++++ +++ + +
4-2 +++++ +++ + ++++
$4-3 +++++ ++++ ++ ++++
S7-4 + + + +
S7-6 +++++ ++++ ++ +++++
S5 ++ ++ +++ ++
S6 ++++ +++++ +++++ +++
So6f ++ + ++ ++
S7 ++++ ++++ +++++ ++++
S8 +++ ++++ ++++ ++
S13 +++ + ++ ++
S14 ++++ + +++++ +++++
S15 ++++ +++++ +++ ++++
S16 +++++ +++++ +++++ +++++
S17 ++++ +++++ ++ ++++
S24(2) +++++ +++++ - ++++++
S25 ++++ +++++ +++ +++++
S26 +++++ +++++ +++++ ++++
S28 ++++ +++++ ++ ++++
S29(1) +++++ +++++ ++++ +++++
S30 +++++ +++++ +++ +++++
S32(1) +++++ +++++ ++++ ++++
S32(2) ++++ +++++ ++++ ++++
S35 +++++ +++++ +++++ +++
43 +++++ +++++ +++++ ++++
45 +++++ +++++ +++ +++++
sA47 +++++ +++++ +++++ ++++
S50 ++++ +++++ ++++ ++++
S59 +++++ +++++ ++++ +++++

(+) indicates that the strain could utilize the substrate, the
more + indicates that the utilization is better, the growth is
faster; (-) indicates that the strain could not utilize the
substrate.
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Figure.1 Lebanon map showing the geographical distribution of 62 soil samples

Figure.2 Species-sample curve
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The iodine value (table 1) was ranging from
60.63+5.47 to 70.50+4.45 and from
20.13+2.36 to 71.41+8.47 for bacteria and
yeast lipids respectively. For lipids extracted
from filamentous fungi, the iodine value was
ranging from 11.83+1.24 to 67.86%1.69.
Concerning the saponification value (table
1), it was ranging from 155+17.14 to
247.33£11.45, from 151.08+4.98 to
269.80+9.68, and from 117.09+6.78 to
352.63+18.42 for bacterial, yeast and fungal
isolates respectively. Moreover, the results
of iodine value and saponification value
determination indicate that the compounds
of microbia lipids are similar to those of
vegetable ails.

Molecular identification of the most
promising oleaginous fungi

The molecular identification of the five
fungal isolates S5, S7, S13, S26 and S32(1)
indicated that belong to Fusarium
oxysporum, Mucor hiemalis, Penicillium
citrinum,  Aspergillus  tamari, and

Aspergillus niger respectively.

Carbon utilization of

micr oor ganisms

oleaginous

As shown in Table 2, nearly al the isolated
microorganisms had the ability to utilize
xylose, CMC, starch and sucrose as a sole
carbon source including bacteria, yeasts and
filamentous fungi, but the growth rate on the
different carbon sources varies among the
isolated  microorganisms  where the
filamentous fungi showed the strongest
ability. On the other hand it was noticed that
S6-2, S9-2 and S24(2) isolates could not
utilized starch, xylose and CMC
respectively. Most of the oleaginous
microorganisms reported utilize glucose to
produce lipids (Li et al., 2012). However,
the use of glucose in microbia lipid
production will increase the cost greatly,
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which limits its application. The substrate
utilization of 39 strains indicates that most
of the isolated microorganisms can utilize
xylose and CMC, which can be grown on
agricultural  waste for microbia lipid
production. The obtained results constitute a
solid foundation for using the promising
strains in producing microbia lipid from
agro-industrial waste products.

In the present study, the SCOs of fungal cell
mass from Lebanese soil will be explored as
biodiesel feedstock.
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