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Abstract: Photosynthetic micro organisms, including microalgae and cyanobacteria, are efficient in converting solar energy and
recycling CO, into substrates (glycogen, triglycerides and fatty acids) for bio fuel production, and they do not compete with agriculture
for arable land. As per Chisti et al [1], oil content of some microalgae exceeds 80% of the dry weight of their biomass during
environmental stress such as salinity, nutritional starvation etc. Agricultural oil crops, such as soybean, oil palm and waste cooking oil
are widely being used to produce biodiesel; however, oil crops produce oils in amounts that are miniscule (e.g. less than5%of total
biomass basis) compared with microalgae and cyanobacteria. In the current work, microalgae and cyanobacteria were isolated from
natural sources and they purified and cultured under standard conditions. The molecular identification of the organism was done by
16s/18s rDNA technology. Lipids were extracted; particularly neutral lipids. The extracted lipids were subjected to Thin Layer
Chromatography (TLC). The lipid extraction protocol was optimized for the better production of lipids which can be used as substrate

for biodiesel fuel production.
Keywords: Micro algae, Cyanobacteria, Bio diesel, Lipid profiling
1. Introduction

With a phenomenal increase in the fuel requiring processes
that runs the world, the question on the sustainability of
conventional fuel sources also arises. The present demand of
fossil fuels reaching galactic levels has awakened a relatively
new interest in alternative sources of fuel like biodiesel from
microalgae. The enormous research currently happening in
this field may soon open a window to a new safer world.

Many alternative sources have been identified and work is
being carried on in the respective fields. Biofuel is one such.
Some of the most common natural sources that can be used
as feed for biofuel are seeds, corn, vegetable oils, fruits,
microorganisms etc. Research has shown that biofuel from
microbial sources have a higher potential than the other
sources.

Biofuel, specifically biodiesel from microorganism has
gained attention due to their enormous advantages over the
rest. The lipid accumulating ability of certain microorganism
like microalgae and cyanobacteria has made them the highest
yield producing feed for biodiesel.

Microalgae are single celled, eukaryotic organisms. Owing
to their oil producing nature, they are considered to be
oleaginous. They produce triacylglycerides (TAGs) of
favorable fatty acid chain length, an ideal feedstock for
conversion to biodiesel (y. Chisti, 2007).

Cyanobacteria are aquatic eubacteria. They are
photosynthetic and aquatic in nature and hence are often
called "blue-green algae". This name is convenient for
talking about organisms in the water that make their own

food, but does not reflect any relationship between the
cyanobacteria and other organisms called algae.
Cyanobacteria are relatives of the bacteria, not eukaryotes,
and it is only the chloroplast in eukaryotic algae to which the
cyanobacteria are related.

Both these organisms accumulate lipids in the form of free
fatty acids and Tri-acyl glycerides which on trans-
esterification with alcohols (usually methanol) produce
methyl esters which is biodiesel. This biodiesel, when mixed
in appropriate proportion with diesel, can be used efficiently
as an environmentally safe fuel. Thus, proper considerations
should be given to the drawbacks of biodiesel production as
it will help in realizing the dream of producing green fuel
with minimal cost and high yield making it more feasible and
practically possible than it presently is.

2. Literature Review

Yusuf Chisti., (2007) reported that biodiesel from microalgae
seems to be the only renewable biofuel that has the potential
to completely displace petroleum-derived transport fuels
without adversely affecting supply of food and other crop
products.

Li Y et al., (2008) reported that micro algae can be
potentially being employed for the production of biofuels in
an economically effective and environmentally sustainable
manner.

Donghui Song et al., (2008) reported the the current
application of biodiesel at home and aboard and the low cost
advantage of microalgae as the raw material for biodiesel is
analyzed. They also reported , the role of key enzymes in
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microalgal fatty acid biosynthesis and problems in
manipulation of lipid production in microalgae via genetic
engineering, especially proposals and measures for
exploitation and utilization of oil-bearing transgenic
microalgae for biodiesel production are also discussed in this
review.

Laurent Lardon et al., (2009) reported the potential of
microalgae as an energy source but highlighted the
imperative necessity to decreasing the energy and fertilizer
consumption. They also reported the nitrogen stress during
culture and optimized the wet and dry extraction methods.

Tadashi Matsunga et al., (2009) reported that the strain
obtained from sea water was identified using 18s rDNA
technology as Scenedesmus sp. and it showed 73% lipid
accumulation and is a promising resource that can grow as a
dominant species in the sea water for the production of both
liquid and solid biofuels.

Shoyan Mandal et al., (2009) reported that the presence of
palmitate and oleate makes the Scenedesmus sp. a suitable
feedstock for biodiesel production.

Luisa Gouveia et al., (2009) reported that among the various
algae that they grew, Scenedesmus obliquus presents the
most adequate fatty acid profile, namely in terms of
Linolenic and other polyunsaturated fatty acids.

Li Xing et al., (2010) reported that Scenedesmus sp. could
accumulate lipids to as high as 30% and 53% of its algal
biomass in nitrogen and phosphorus starvation respectively.

Asha Parmar et al., (2011) reported that Several aspects of
cyanobacteria and microalgae such as  oxygenic
photosynthesis, high per-acre productivity, non-food based
feedstock, growth on non-productive and non-arable land,
utilization of wide variety of water sources and production of
valuable co-products along with biofuels have combined to
capture the interest of researchers and entrepreneurs and that
cyanobacteria and micro algae have a positive prospect for
biofuel production.

P. Prabakaran et al., (2011) reported different methods,
including autoclaving, bead beating, microwave, sonication
and a 10% NaCl solution treatments, were tested to identify
the most effective cell disruption and , the sonication method
was found to be the most applicable and efficient method of
lipid extraction from microalgae.

Bradley D et al., (2011) reported that quantitative conversion
of triglycerides from several different microalgae and
cyanobacteria could be achieved, including from mixed
microbial biomass collected from a municipal wastewater
lagoon and that these samples can be used for better
biodiesel yield.

SevgiErtugrulKaratay et al., (2011) reported that maximum
lipid contents and C16 and C18 methyl ester yields were
measured as 42.8% and 46.9% for Synechococcus sp., 45.0%
and 67.7% for C. aponinum, 38.2% and 90.6% for
Phormidium sp. The saturated compounds were 74.5%,
77.9%, 84.7% for Synechococcus sp., C. aponinum and

Phormidium sp., respectively. These crude lipids could be
promising feedstock for biodiesel production.

Naira Quintana et al., (2011) reported the current state of the
art in developing different types of bio energy from
cyanobacteria. They also reported the major important
Biochemical pathways in cyanobacteria and their possibility
to influence these pathways to improve the production of
specific types of enery forms including biodiesels.

HanaaH.Abd El Baky et al., (2012) reported that by
supplementing the growth of Scenedesmus_obliquus with
carbon dioxide and iron , the lipids accumulated were
suitable for biodiesel production as the most abundant
compounds were oleic (32.19-34.44%), Palmitic (29.54-
25.12%) and Stearic (12.26-16.58% of total FAMES) acids
and thus this species could be used as a suitable feeds stock
for biodiesel production.

Shih-Shin Ho et al., (2012) reported that under nitrogen
starvation, the microalgal lipid was mainly composed of
C16/C18 fatty acid (around 90%), which is suitable for
biodiesel synthesis. The carbohydrate present in the biomass
was mainly glucose, accounting for 77-80% of total
carbohydrates. This carbohydrate composition is also
suitable for fermentative biofuels production (e.g., bio
ethanol and biobutanol).

Ronald Halim et al., (2012) reported that due to their high
biomass productivity, rapid lipid accumulation, and ability to
survive in saline water, microalgae have been identified as
promising feedstocks for industrial-scale production of
carbon-neutral biodiesel. They also examined the principles
involved in lipid extraction from microalgal cells, a crucial
downstream processing step in the production of microalgal
biodiesel.

Tiara M.P et al., (2012) reported the recent publications that
utilize  different  approaches involving engineering
cyanobacteria for production of high value chemicals
including biofuels.

Jordan T McEwen et al.,, (2012) reported that current
progress of modifying microorganisms with heterogeneous
elements for the production of biofuels and summarized the
fatty acids production in Escherichia coli and cyanobacteria.

3. Methods / Approach
3.1 Isolation and culturing conditions

The sample organisms were collected from fresh water lake
in the campus of GKVK and Cuddlore district in Tamilnadu.
The samples were serially diluted by taking 9.9ml of the
media and 0.1ml of the sample in each tube sequentially. The
dilution factor was kept constant to result in a geometric
progression of concentration of the organisms in a
logarithmic pattern, For each dilution, the samples were
mixed thoroughly mixed before streaking on the agar plates.
Once streaked, the cultures were incubated at room
temperature and a light intensity of 1500lux for 15 to 20
days. This process was repeated to finally obtain one pure
strain. The sample was cultured in ASM Il media
[2][3][4][5]. The pH was maintained at 7.3 and a light
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intensity of 1500 lux was provided for their growth at room
temperature. They were sub cultured every 15 days once.

3.2 Molecular identification-

3.2.1 DNA Extraction

Cultures were pelleted by centrifuging at 10000rpm for 10
minutes. The pellet was suspended in 750 pl of suspending
buffer and heated at 65°C for 45minutes.Then 650ul of lysis
buffer was added and heated for 45 minutes at 65°C.This
solution was then centrifuged at 10000rpm for 5minutes and
the supernatant was collected in a column containing silica
membrane. The columns were spun at 5X for 30-35 seconds
twice. Then the membrane was washed to remove other
debris and colour by using 500pl of wash buffer by spinning
at 10X for 1min twice. This was followed by a dry spin at
10000rpm for 5minutes.The DNA was eluted by adding 20pl
of elution buffer and heating for 2minutes followed by
spinning at 10000pm for 2minutes twice.4pul of the collected
DNA was mixed with 2ul of the gel loading dye and 1l of
the buffer and it was loaded onto the electrophoresis boat.
The samples were run at 35volts for 25minutes and the
concentration of the DNA obtained was noted [6].

3.2.2 PCR Amplification

5ul of the extracted DNA was collected in a 1ml vials. To
this 10ul of buffer, 4pl of forward primer. 4 pl of reverse
primer, 4ul of dNTP’s and 72ul of double distilled water was
added. Primers used were 16s rDNA and 18s rDNA. The
PCR machine was set for 40 cycles out of which the first 5
cycles was set for a step up process of 1°C rise for every
cycle. Denaturation was set for 5 minutes at 94°C; Annealing
— 94°C for 30seconds, 50°C for 30seconds, 72°C for
5seconds; for 5 min at 72°C.After setting the instrument. 1 pl
of taq polymerase enzyme was added to the reaction mixture
and loaded onto the PCR instrument. After the completion of
the reaction, the vials were removed after the temperature of
the PCR reduced to 4°C.6ul of the sample was mixed with
2ul of the gel loading dye and 1pl of the buffer and
electrophoresis was performed to check for amplified bands.
Once the bands were observed, the remaining sample was
run for further processing [7].

3.2.3 PCR Purification

Once the bands were obtained, they were cut and treated
with sodium acetate and gel elution buffer and kept for
heating till the gel melted. Then 200l of iso propanol was
added and left for 5minutes.This was then take into silicon
columns and spun at 5X for 1minute twice. Then the debris
and colouring was removed by spinning at 10X for 1minute
twice by using 500ul of wash buffer. This was followed by a
dry spin at 10000rpm for 5minutes.The DNA was eluted
from the silica membrane using 2ul of elution buffer and
heating for 2min followed by a spin at 10000rpm for 2
minutes. 4pl of this eluted DNA was mixed with 2ul of the
gel loading dye and 1pl of the buffer and run in the
electrophoresis tank for 30minutes at 35volts to check for the
concentration of the DNA obtained.

3.2.4 Nucleotide sequence analysing using gene sequencer
The Applied Biosystems® 3130 Genetic Analyzer was used
to analyze the sequence of the amplified samples in this step.
This sequencer uses Sanger's Dideoxy method for

identification of the bases. In the final step, the obtained
sequences were compared with Gene Bank using Basic Local
Alignment Search Tool (BLAST) to identify them up to
genus and species level.

3.2.5 Comparison of obtained sequences with Gene Bank
using BLAST

Once the chromatogram and the sequences were obtained
from the gene sequencer, the sequence was copied onto the
BLAST tool and the most likely species of the organism was
identified and analyzed [8].

3.3 Lipid Extraction

The cultured organisms were subjected to three methods of
lipid extraction.

3.3.1 METHOD 1: General Solvent Method

Two steps were followed in this protocol:

LYSIS: 6000D of cells were pelleted down and 1ml of YPR
buffer was added. This was incubated on ice for
20minutes.Then 1gram glass beads were added and
vigorously vortexed for 30minutes.The solution was then
centrifuged at 1500g for 6minutes and the lysate was
separately collected. To the pellet 1ml of YPR buffer was
added and vortexed for 30minutes.This was then centrifuged
at 1500g for 6minutes and the lysate was collected and
pooled with the lysate collected after the first spin.

LIPID EXTARCTION: To 5mg of lysate chloroform:
methanol: acidified water (1:2:1) was added. Lipids were
extracted by vortexing (keeping on ice) for 45minutes.The
organic phase (bottom phase) was collected separately and
400plt of chloroform was added to the top layer and
vortexed for 5 minutes. Then the organic phase was collected
and they were pooled together. This phase was washed
several times with acidified water till the milky interface
(proteins) disappeared. The tubes were left overnight for the
organic phase to evaporate.

3.3.2 METHOD 2: Hexane Solvent Method

[9] 40ml broth was centrifuged and 1ml of 1M sulphuric acid
was added to the pellet and kept in the water bath for
30minutes at 90°C.Then 5M sodium hydroxide was added
and kept in the boiling water bath for 30minutes at
90°C.Then this was cooled and the solution was centrifuged
at 10000rpm for 10minutes.The supernatant was collected
and 3ml 0.5M Sulphuric acid was added to it and centrifuged
at 10000rpm for 10minutes.The suspended solids were
collected and 5ml hexane was added to it and kept in the
boiling water bath for 15minutes at 90°C then the vials were
collected and the hexane phase was collected. The vials were
left overnight for the solvent to evaporate.

3.3.3 METHOD 3: Bligh Dyer Method

Cells were pelleted by centrifugation at 10000rpm for
10minutes and 3.75ml of chloroform: methanol (2:1) was
added to it. The solution was vortexed for 15-20 minutes.
Then 1.25 ml of chloroform and 1.25 ml of distilled water
was added and the top milky top layer was discarded and the
bottom layer was left overnight for the solvent to evaporate
[10].
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3.4 Qualitative Analysis

Qualitative analysis was performed using Thin Layer
Chromatography (TLC) [12]. The extracted lipids were dried
overnight. They were then dissolved in 45ul of chloroform:
methanol (2:1). 45ml of the solvent system [Petroleum ether:
Diethyl ether: glacial acetic acid (70:30:1)] was used.TLC
sheet of 7cm height and 4cm width was used. The standards
used were linolenic acid and olive oil.2ul of the samples and
the standards were spotted onto the TLC plate and put into
the glass chamber concentrated with the solvent system. The
plate was left in the chamber till the solvent reached three
quarters of the sheet and then the plate was transferred into
the developing chamber containing iodine crystals for
development and comparison of the bands.

4. Results / Discussion
4.1 Results

4.1.1 MOLECULAR IDENTIFICATION

The given organism was isolated and identified the at
molecular level using 16s rDNA technology as microalgae
Scenedesmus obliquus

Forward:
TGATTCATATATTGGGTCCGTCGGGGGCTTCGTATT
TCCATTGTCAGTAGGTGAATTCTTGGATTTATGAAA
GTACGAACTACTGCGAAAGCATTTGCCAAGGATGTT
TTCATTAATCAAGAACGAAAGTTGGGGGCTCGAAG
TCGATTAGATACCGTCGTAGTCTCAACCATAAACGA
TGCCGACTAGGGATTGGCGAATGTTTTTTTAATGAC
TTCGCCAGCACCTTATGAGAAATCAAAGTTTTTGGG
TTCCGGGGGGAGTATGGTCGCAAGGCTGAAACTTA
AAGGAATTGACGGAAGGGCACCACCAGGCGTGGAG
CCTGCGGCTTAATTTGACTCAACACGGGAAAACTTA
CCAGGTCCAGACATAGTGAGGATTGACAGATTGAG
AGCTCTTTCTTGATTCTATGGGTGGTGGTGCATGGC
CGTTCTTAGTTGGTGGGTTGCCTTGTCATTTGAGTAT

TTCCCGCGCAACCGGAATTTAAAGGCGGGGGGGGE
CGGGGCTTCCGTCTCATCTCTTATGGACTGTCTATAT
TTTCCGTGACTGGTCAATTTTGCGCGTGCTCACCCTT
GTGGCGCCGTCTCTCCTTCTGTAGCTTCCCCTGTTCA
CATACCCTTCCTTGCAATATCTTGACAAGATGGGGG
TGCAGGAAGGGAGTGAGATAACCTTTCTCATACAG
TTGCTCATCTGTTTCGGATCGAAAGTGATCGGATAT
TATTAAGACCGACTCACTCCTTTTTCGTTCAACTTAA
ATATTGAGTAAAGGCAAATACTCCTCGGAATGCTTT
TCATTCATACTTATGTCTGCTCCTCGGATTTATTTGC
GCAGCTCGCAGTGCATGGACCATTATCGGCCTTGGA
CACCGAAATG

Aligned Sequence: (628 bases)
TGATTCATATATTGGGTCCGTCGGGGGCTT
CGTATTTCCATTGTCAGTAGGTGAATTCTT
GGATTTATGAAAGTACGAACTACTGCGAA
AGCATTTGCCAAGGATGTTTTCATTAATCA
AGAACGAAAGTTGGGGGCTCGAAGTCGAT
TAGATACCGTCGTAGTCTCAACCATAAACG
ATGCCGACTAGGGATTGGCGAATGTTTTTT
TAATGACTTCGCCAGCACCTTATGAGAAAT
CAAAGTTTTTGGGTTCCGGGGGGAGTATGG
TCGCAAGGCTGAAACTTAAAGGAATTGAC
GGAAGGGCACCACCAGGCGTGGAGCCTGC
GGCTTAATTTGACTCAACACGGGAAAACTT
ACCAGGTCCAGACATAGTGAGGATTGACA
GATTGAGAGCTCTTTCTTGATTCTATGGGT
GGTGGTGCATGGCCGTTCTTAGTTGGTGGG
TTGCCTTGTCA

The above sequence is showing maximum similarity with
Scenedesmus sp.
The cladogram was obtained for the sp. As given below:

Ettlia-texensis HG328356
Coelastrella-sarpanensis HG328355

Asterarcys-quadricellulare JQ043183

Coelastrum-microporum_KJ406185

Scenedesmus-acutus_JQ315789
Scenedesmus-sp KF879588

Acutodesmus-obliquus KF898122
Scenedesmus-basiliensis KF898121
g —Scenedesmus-obliquus_JQ360542

L Scenedesmus-incrassatulus FR865722

The given organism was isolated and identified at the
molecular level using 18s rDNA technology as cyanobacteria
Synechococcus elongatus

Forward:

CAAATTTGGATCGGGGTACAAGTTGGAAA
CGAAGTGCTAATAACCCGATATGCCGAGA
GGTGAAATCTTTTTTGGCCTGAAGAGGAGC
TCGCGTCTGATTAGCTAGTTGGTGGTGTAA
GGGACCACCAAGGCGACGATCAGTAGCTG

Sample-S1_UAS

GTCTGAGAGGAGGAGCAGCCACACTGGGA
CTGAGACACGGCCCAGACTCCTACGGGAG
GCAGCAGTGGGGAATTTTCCGCAATGGGC
GAAAGCCTGACGGAGCAATACCGCGTGAG
GGAGGAAGGTCTTTGGATTGTAAACCTCTT
TTCTCAGGGAAGAATATTGACGGTACCTGA
GGAATAAGCACCGGCTAACTCCGTGCCAG
CAGCCGCGGTAATACGGAGGGTGCAAGCG
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TTATCCGGAATTATTGGGCGTAAAGAGTCC
GTAGGTGGTCATGCAAGTCTGCTGTCAAAG
CCCACAGCTTAACTGTGGATCGGCGGTGG
AAACTGTGTGACTTGAGTACGGTAGGGGT
AGAGGGAATTCCCAGTGTAGCGGTGAAAT
GCGTAGATATTGGGAAGAACACCGGTGGC
GAAAGCGCTCTACTGGACCGTAACTGACA
CTGAGGGACGAAAGCTAAGGTAGCGAAAG
GGATTAGATACCCCCTTTTATTTCACAGGG
TCTCGCTCCGTCTCCCACCCGGATTTAAGA
GGTGCTAGTTAGTGTGTGTGCCTCTTATCA
GCAGATTTGCTGTGGACCCCCTAGCGACTC
TTTACGCCCACTATTCCAGATATCCTGCGC
CCCTCCGCATTTCACGCGTTGCGGCTCTGA
TGCAGCTGTGCTGATCTGCACGGACGTCTA
TAGTCTCCATGACAGATGAGCTTGACTCCA
ATGACTTACTCGTACGCTGCTATGATCGAC
AGACTAGCAGTCGTAAATACGATCGTGCG
TACGATAGGGATTCATGAAGAGTC

Aligned Sequence: (629 bases)

CAAATTTGGATCGGGGTACAAGTTGGAAA
CGAAGTGCTAATAACCCGATATGCCGAGA

GGTGAAATCTTTTTTGGCCTGAAGAGGAGC
TCGCGTCTGATTAGCTAGTTGGTGGTGTAA
GGGACCACCAAGGCGACGATCAGTAGCTG
GTCTGAGAGGAGGAGCAGCCACACTGGGA
CTGAGACACGGCCCAGACTCCTACGGGAG
GCAGCAGTGGGGAATTTTCCGCAATGGGC
GAAAGCCTGACGGAGCAATACCGCGTGAG
GGAGGAAGGTCTTTGGATTGTAAACCTCTT
TTCTCAGGGAAGAATATTGACGGTACCTGA
GGAATAAGCACCGGCTAACTCCGTGCCAG
CAGCCGCGGTAATACGGAGGGTGCAAGCG
TTATCCGGAATTATTGGGCGTAAAGAGTCC
GTAGGTGGTCATGCAAGTCTGCTGTCAAAG
CCCACAGCTTAACTGTGGATCGGCGGTGG
AAACTGTGTGACTTGAGTACGGTAGGGGT
AGAGGGAATTCCCAGTGTAGCGGTGAAAT
GCGTAGATATTGGGAAGAACACCGGTGGC
GAAAGCGCTCTACTGGACCGTAACTGACA
CTGAGGGACGAAAGCTAAGGTAGCGAAAG
GGATTAGATACCCC

The above sequence is showing maximum similarity with
Synechococcus elongatus.

.83 I
(.68

Symbiont-of-Climacodium-fravenfeldiamum AF193247

Crocosphaera-watsonu AY620237

Cyanothece-sp AY620238
Synechocystis-aquatilis FM177503

(.89

Oscillatonia-rosea HQ916863

0.84 ﬂhﬂfﬂﬁlﬁlﬂ-ﬂp_.ml 83567
0.38 sendoanabaena-sp_FM877957

L eptolyngbya-sp NE. 102456

.58

Phabdoderma AJ621333

] |

synechococens-elongates AY046243

4.1.2 TLC Results

The Thin Layer Chromatography was performed to
qualitatively analyze the lipids extracted from the sample
using respective protocols. After optimizing concentration of
the standards, and the lipid extraction protocol, the lipids
extracted from Scenedesmus obliguus and Synechococcus
elongatus using the Bligh Dyer method were run on TLC.
Clear band separation was observed. Bands corresponding to
free fatty acids and TAGs were observed by using Linolenic
acid (Dilution 2) and coconut oil (Dilution 2) as standards
respectively.

Sample 52 Cuddalore

TAGs —
STERYL ESTERS —*

STEROLS —3p

MAGs =
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Sample Preparation: Lipid extracted using Bligh Dyer
method. Sample mixed with 45 pl of chloroform: methanol
(2:2)

Lane 1: Scenedesmus obliquus

Lane 2: Synechococcus elongatus

Lane 3: Linolenic acid (10ul of dilution 1 in 90ul of
methanol- dilution 2)

Lane 4: coconut oil (1pl in 90 pl of methanol)

Solvent system: Petroleum ether: Diethyl ether: glacial
acetic acid (70:30:1)

4.2 Discussion

The organisms are best identified at the molecular level. The
sample organisms were identified and their respective
phylogenetic trees were obtained which showed the
evolution taking time into consideration. The mid-point
shows the divergence of the species with respect to
evolution. The Bligh-Dyer method was optimized as the best
lipid extracting method showing clear band separation of
lipids. The quantitative analysis shows the presence of clear
bands for free fatty acid and TAGs in Scenedesmus obliquus
which is in line with the recent findings of Mallick et al
(2012)[13].The TLC data clearly demonstrated the
separation of the extracted lipids into different bands like
Sterols, Mono acyl glycerides, Free Fatty acids, Steryl esters,
Tri acyl glycerides. The neutral lipids that are useful for
biodiesel production are Fatty acids and TAGs. TAGs are
composed of Fatty acids. Palmitic acid (saturated) was
present in maximum quantity among the different fatty acids
present in Scenedesmus sp. But in the case of Synechococcus
species very less free fatty acid content was observed in the
TLC and Gas chromatography data which is not comparable
with the findings of Atsumi etal (2013)[14]. Further medium
optimzation experiments were required to understand the
lipid profiling of Synechococcus elongatus.

5. Conclusion

Owing to the fast depleting fossil fuel and the pollution
caused by it, interest in the alternate sources of fuel has
grown enormously. Biodiesel from secondary generation fuel
sources like biomass has been proved to be more efficient
and advantageous on many levels. However, identifying the
right oleaginous species is a very step which decides the
success of the fuel production and yield. Identifying the right
source which can be used as feedstock for biodiesel
production will bring us one step closer to making large scale
production practically feasible. It also will reduce
unnecessary wastage of monetary and time investment.

Comparative study of two or more species will enable
narrowing down the organism which can be more suitable as
feedstock. Different species have different lipid metabolism.
The lipid metabolism is modified according to the
environmental conditions and the related changes. Growing
different species under the same conditions and using the
same protocol for lipid extraction resulted in different bands
in the TLC run. Free fatty acids and TAGs are used for
biodiesel. The presence of clear bands corresponding to Free
fatty acids and TAGs refers to better source, the quantity
being proportional to the yield.

From the TLC and GC data, fatty acid content in
Scenedesmus obliquus was found to be more than in
Synechococcuselongatusunder the given lab conditions.
Palmitic acid (saturated) was present in maximum quantity
among the different fatty acids present in Scenedesmus. Also
presence of higher amount of saturated fatty acids is an
advantage since they are better for biodiesel production than
unsaturated fatty acids due to their lesser nitrogen emission
and higher thermal efficiency. Since fatty acid content is
directly  proportional to the  Biodiesel yield,
Scenedesmusobliquus a more suitable organism for Biodiesel
production compared to Synechococcuselongatus given the
experimental conditions are similar.

Further study and manipulation of this species will open new
possibilities for low cost large scale production in the future.

6. Future Scope

Micro Algae are very sensitive to changes in the
environment they grow in and the lipid metabolism is in turn
dependent on it. Hence, optimizing the growth conditions for
better lipid accumulation will help in better yield of
biodiesel. Genetic modification to increase the expression of
the gene responsible for production of DAG acyl transferase
enzyme which is responsible for the conversion of DAG to
TAG. Perform trans-esterification of the extracted lipids
(free fatty acids) to convert it into methyl esters (biodiesel).
Performance test to check the Engine efficiency of the
biodiesel by mixing in varying ratios with diesel. Large scale
production of bio-diesel to meet the ever increasing fuel
demand. Cost cutting strategies should be developed for each
step of production. Lipidomic analysis of the organisms with
a similar sequence to the identified species which could also
be used for bio diesel production.
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