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Abstract
Six Cyanobacterial and fifteen other algal taxa from Sundarban mangrove forest of South East Asia have been analyzed for total lipid estimation
and fatty acid profiling to search for a suitable feedstock for algal biodiesel production. Total lipid content varied from 7 — 23 % for the studied
genera. GCMS analysis revealed that Palmitic (16:0) and Oleic (18:1) as major fatty acids from the taxa collected from freshwater, brackish water
and marine habitat of Sundarban with variable salinity (0-23psu). A few microalgae from cyanophyceae like, Lyngbya majuscula, Phormidium
valderianum, Synechocystis pevalekii and chlorophycean genera viz. Rhizoclonium riparium, Rhizoclonium africanum, Pithophora cleveana,
Spirogyra orientalis and Cladophora crystallina, having suitable fatty acid composition were identified for biodiesel production. Fatty acid
profile showed more diversification in unsaturated fatty acid in fresh water region, indicating more variable environment in upstream fresh water

regions of Sundarban.
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Introduction
Microalgae are among the few photosynthetic organisms,
which can directly produce and accumulate lipid in great
quantities. Algal biomass is considered as one of the
emerging sources of sustainable energy. Several algal
genera have already been tested and screening of many
others are under practices. In earlier study fatty acid
profiling of several algal genera including cyanobacteria
have been reported by various authors (Berge et al. 1995;
Sallal et al. 1990, Renaud et al. 1994). Feedstock selection
for algae biodiesel production in the past has focused only
on the quantity of lipid produced by a species (Hu et al.
2008). Therefore, till date a very few microalgal strains
with high oil content have been commercialized as source
of biodiesel due to the either lack of suitable fatty acid
profile or high biomass production (Knothe, 2005;
Widjaya, 2009). Moreover biodiesel produced from most of
the microalgae have poor oxidative property and the octane
number is also out of specification with poor cold flow
property (Stansell et al. 2011). Different countries have
already published the guidelines of biodiesel standards
(Knothe 2006; Meher et al. 2006; Mittelbach, 1996). As the
fuel properties of microalgal biodiesel are predicted from
fatty acid profile of lipid feed stock, therefore further
search for promising algal genera is needed to be continued
for cheap and sustainable biodiesel production.

Sundarban (21°13°-22°40° North and 88°05’-
89°06’East) is the world’s largest tiger inhabiting

mangrove forest with an area of 4,000 sq .Km. in Indian
subcontinent of South East Asia. This area is exposed to
diurnal tidal cycle showing a prominent salinity gradient
and is most suitable for various algal growth in fresh water,
brackish water and marine habitat. Thick algal vegetations
in swamps and mangrove forest beds are available together
with unicellular planktonic form in fresh water rivers and
marine coastal water. Lipid content and fatty acid
composition of microalgal biomass varies significantly in
different environmental condition ? %, Therefore algal
biomass collected from different salinity range of
sundarbans mangrove forest may be a good source of lipid
feed stock for algal biodiesel production. So far only a few
reports are available regarding biochemical composition of
the algal flora of this area including lipid analysis (Sen and
Naskar, 2003; Chakraborty and Santra, 2008). A thorough
investigation of fatty acid analysis of Sundarban algae
including cyanobacteria have been taken by the present
group in search for new potential taxa as lipid feed stock
for algal biodiesel production. In present communication
estimation of total lipid and their corresponding fatty acid
profiling of twenty one algal strains from Indian Sundarban
have been reported in relation to habitat water.

Materials and Methods
Algae culture

Twenty one algal taxa were isolated from various
parts of Sundarban of variable salinity (1-23 psu) and



cultured in laboratory condition. Among them six were
from Cyanophyceae, ten from Chlorophyceae one genus
from Bacillariophyceae and four Rhodophycean taxa were
brought to laboratory for lipid analysis. Unialgal cultures
were set up in 500 ml culture flasks at 23°C in 16:8 light
dark cycles in exposure to cool fluorescent light of 36x10°
lux for most of the microalgae. For marine taxa ASN |11
medium (containing 25gms NaCl, 2g MgCl,, 0.5g KClI,
0.75g NaNOs, 0.02g K,;HPO,3H,0, 3.59 MgSO,,7H,0,
0.5 CaCl,, 0.0005g EDTA, 0.02g Na,C0O; in 1L of glass
dist. water), for freshwater cyanobacteria BGIlI medium
(Ripka et al. 1979) and for brackish water taxa ASW
(Goldman and McCarthy, 1978) media were used. Green
algal genera were grown in BBM (Bold, 1942). Healthy
growing biomass was used for fatty acid analysis. For a few
taxa like, Rhizoclonium, Cladophora, Catenella, Gelidium
etc. natural biomass were used after proper washing.

Lipid Extraction

For each species triplicate samples of freeze dried
cells were analyzed for total lipid and fatty acid analysis.
The biomass (5.0 g) was taken in a Velp Soxhlet extractor
and extracted with 75 ml of 2:1, v/iv of chloroform:
methanol for 4 hrs. The organic phase was removed and the
left over biomass was extracted further with 75 ml of 2:1,
viv of chloroform: methanol for 4 hrs. The combined
organic phase was evaporated in a rotary evaporator, dried
under vacuum and weighed to get the crude extract. The
neutral lipid was extracted from this extract using hexane.
About 100 ml of hexane and 100 ml of water were added to
the crude extract and the content was transferred to the
separating funnel. The hexane phase was separated and the
aqueous phase was further extracted with 100 ml of hexane.
The combined hexane phase was evaporated in rotary
evaporator, dried under vacuum and weighed. The
experiment was performed in duplicate and the values
given are average of two extractions.

Transesterification

Direct transesterification of the biomass was also
conducted for the analysis of fatty acid composition of
lipids present in it. Briefly, the biomass (5.0 g) was taken in
100 ml round bottom flask followed by the addition of 20
ml of 2% H,SO, in methanol and the resulting reaction
mixture was refluxed for 4 hrs. After completion of
reaction, the content was filtered and methanol was
removed. The fatty acid methyl ester (FAME) was
extracted with ethyl acetate and washed with water until
neutral. The organic phase was dried over anhydrous
Na,SO,, concentrated in rotary evaporator, dried under
vacuum and weighed to get FAME, which was
subsequently analyzed by GC and GC-MS.

GC and GC-MS analysis

The fatty acid composition of algal oil was
analyzed qualitatively using GC-MS and quantitatively
using GC. The GC-MS detection was performed with an
Agilent 6890N Gas Chromatograph connected to an
Agilent 5973 Mass Selective Detector at 70 eV (m/z 50-
550; source at 230 °C and quadruple at 150 °C) in the
electron impact mode with a HP-5 ms capillary column (30
m x 0.25 mm id. x 0.25 pum film thickness). The oven
temperature was programmed for 2 min at 160 °C and
raised to 300 °C at 5 °C/min and maintained for 20 min at
300 °C. The carrier gas, helium, was used at a flow rate of
1.0 mL/min. The inlet temp was maintained at 300 °C, and
the split ratio was 50:1. Structural assignments were based
on interpretation of mass spectrometric fragmentation and
confirmed by comparison of retention times as well as
fragmentation patterns of authentic compounds. GC
analysis was performed on HP 6850 Series gas
chromatograph equipped with a FID detector and DB-225
capillary column (30 m x 0.25 mm i.d. x 0.25 pm film
thickness). The injector and detector temperatures were
maintained at 300 and 325 °C, respectively. The oven
temperature was programmed for 2 min at 160 °C and
raised to 300 °C at 5 °C/ min and maintained for 20 min at
300 °C. The carrier gas, nitrogen, was used at a flow rate of
1.5 mL/min. The injection volume was 1 pL, with a split
ratio of 50:1. The identification of individual fatty acids
was done on the basis of retention time of authentic fatty
acids.

Results

Total lipid content and fatty acid profile of
freshwater, brackish water and marine algal taxa, collected
from Sundarban area are presented in Table 1, 2, and 3
respectively. Table 1 depicts that among the 6 fresh water
taxa studied, chlorophycean taxa Spirogyra orientalis
(21%) showed maximum amount of total lipid content
followed by Chlorococcum infusionum  (11.3%).
Synechocystis pevalekii showed maximum amount of total
lipid content (9%) among other freshwater cyanophycean
taxa. Nostoc ellipsosporum,  Spirulina  platensis,
Rhizoclonium fontinale showed 7-8% of lipid. Brackish
water taxa Cladophora cystallina contained maximum
amount of total lipid content (23%). Pithophora cleveana
and Chaetomorpha gracilis showed 19% and 16% of lipid
respectively. Only one brackish water cyanophycean
genera Lyngbya birgei was recorded which showed 12% of
total lipid content (Table2). Marine diatom genus Navicula
minima (16.2%) showed maximum lipid content than that
of other recorded marine algal genera followed by
chlorophycean genera Ulva lactuca (11%) (Table3).
Cyanophycean genera Phormidium valderianum and P.
tenue, chlorophycean genera Rhizoclonium africanum



Rhodophycean taxa Gelidium pusillum and Ceramium manorensis showed 7-9 % of total lipid content.

Table 1: Total lipid content and fatty acid profile of fresh water microalgae

Synechocystis Nostoc Spirulina Spirogyra Chlorococcum Rhizoclonium
Genus pevalekii ellipsosporum platensis orientalis Infusionum fontinale
Total Lipid (%) 9+2 7£1.5 8.5+2 21+25 11.34+1 7.5+1.4
C12:0 - 0.3 9.34 0.3 3.77 4.18
saturated -7 s 1.0 12.0 1327 08 85 6.49
Fatty Acid ’ ' ' ' ’ ’ ’
C15:0 0.2 0.4 - 0.5 - -
C16:0 34.2 22.05 211 34.08 25.62 29.36
C17:.0 - - - - - -
C18:0 1.4 4.5 7.22 15 4.54 0.23
C20:0 - - 0.1 - 0.57
C21:.0 - - - - -
C22:0 - - - 11 -
C23:.0 - - - -
C24:.0 - - - 0.7 -
Mono C16:1 38 6.6 9.32 - 5.46 2.26
unaturated
. c18:1 29.8 17.85 11.27 6.4 15.66 22.13
fatty acid
C20:1 - - - 0.32 3.62
C22:1 - 5.7 0.53 15 -
Poly C16:2 49 9.5 5.31 34 - -
unaturated
. C18:2 14.9 25 0.24 6.7 7.5 -
fatty acid
C20:2 0.9 135 20.9 20.4 18.6 21.65
C16:3 2.6 - 0.3 - 0.43 154
C18:3(n3)GLA 6.3 - 0.7 19.0 0.31 6.26
C18:3(n3)ALA | - 0.2 - - -
C20:3(n-3) - 0.3 1.9 0.23 -
C20:3(n-6) - 36 - 9.38 -
C20:4 - 0.6 0.1 - - -
C20:5 - 0.4 0.3 14 - 171




Table 2: Total lipid content and fatty acid profile of brackish water microalgae

Lyngbya | Rhizoclonium Pithophora | Cladophora | Cheatomorpha Enteromorpha | Polysiphonia
Genus birgei riparium cleveana crystallina | gracilis intestinalis mollis
Total Lipid (%) 12+2.8 | 8.65+1 19+2 23+1.8 16+0.5 12+1 7.8+1.6
Saturated  Fatty | C12:0 14 7.0 0.7 - 0.4 4.32 0.3
Acid C140 32 78 94 88 13.0 9.96 75
C15:0 0.7 0.5 0.2 - 0.8 - 0.5
C16:0 59.6 37.4 37.0 39.1 52.4 22.57 44.7
C17:.0 0.3 0.3 0.3 0.3 - 1.1
C18:0 3.9 2.0 2.7 1.1 4.9 4.94 2.3
C20:0 0.5 0.3 0.5 0.2 0.2 0.67 -
C21.0 1.2 0.3 6.25 0.7
C22:0 0.3 0.9 0.6 0.58 0.6
C23:.0 0.1 -
C24:0 0.3 2.7 0.1 -
Mono Cl6:1 2.3 3.1 3.1 2.8 6.0 9.7 3.4
g;f;;‘g‘:‘jted cis1 131 173 343 318 15.9 18.49 103
C20:1 0.3 0.9 0.8 -
C22:1 0.1 -
Poly unsaturated Cl16:2 0.7 6.8 - -
Fatty acid Ci82 91 172 116 36 14.83 -
C20:2 0.1 0.5 1.42 21
C16:3 1.57 -
C18:3(n3)GLA | 0.6 0.8 0.3 - -
C18:3(n3)ALA | 3.4 1.1 1.1 0.7 0.8 1.2
C20:3(n-3) 2.4 1.0 1.6 0.7 4.7 25
C20:3(n-6) 0.7 10.7
C20:4
C20:5 12.1




Table 3: Total lipid content and fatty acid profile of marine water microalgae

Phormidium | Phormidium | Rhizoclonium | Ulva Navicula Catenella | Geledium | Ceramium
Genus valderianum | tenue africanum lactuca | minima repens pusillum manorensis
Total Lipid (%) 7.6+£2.8 8.01+2.2 7.2£2.7 11+1 16.23+0.59 | 8+1.5 9.7£2.8 8+1.9
Fatty Acid [N N A N N
Saturated C12:0 - 0.9 3.4 3.21 0.8 0.6 0.6
Fatty Acid I c120 19 48 6.5 09 |27 5.3 20 24
C15:0 13 1.4 2.8 0.8 2.2 0.5 0.5 0.4
C16:0 35.8 32.9 30.2 45.2 26.4 56.2 36.2 60.6
C17:0 1.7 - - 2.6 - 2.3 -
C18:0 8.5 35 1.4 13 5.0 3.5 3.3 -
C20:0 - 0.1 - 8.8 0.9 0.2 0.7 -
C21:0 - - - - 5.1 - 1.8
C22:0 0.2 0.4 - 2.6 0.6 - 0.8
C23:0 - - - - - 0.4 - -
C24:0 - 0.5 11.2 - - 35 - 1.0
Mono C16:1 16.1 24.3 9.4 2.0 18.7 7.6 9.2 2.0
Saturated c18:1 238 15.2 20.0 108 | 253 10.4 25.6 17.4
C20:1 - - - 0.9 0.5 - - -
Cc22:1 - - - - - - 1.3
Poly C16:2 8.3 2.3 - - 3.6 - - -
Satrated  cgs 25 2.9 5.3 489 |22 7.0 71 9.6
C20:2 - - - - - 0.8 - -
C16:3 - 14 - - 13 15 -
C18:3(n3)GLA | - 0.6 - - - - -
C18:3(n3)ALA | - 3.1 7.4 15.0 1.6 - 8.3 0.2
C20:3(n-3) - - 2.4 0.9 - 0.3 2.4 -
C20:3(n-6) - - - 14 - 0.8 - -
C20:4 1.6 2.3 - 13 - - 0.9
C20:5 - 1.7 - - 0.5 1.4 2.4 1.0

The fatty acid profile of all the taxa studied
(Table 1, 2, 3) indicated the presence of palmitic (C16:0)
acid as major fatty acid showing a variation of 21%
(Spirulina platensis) to 60% (Ceramium manorensis) of
total fatty acid. Among cyanophycean taxa Lyngbya birgei

showed highest amount of Palmitic acid (C16:0). It showed

59.6% Palmitic acid (C16:0) of total fatty acid followed by
other cyanophycean genera Phormidium valderianum
(34%), Synechocystis pevalekii (34%), P. tenue (32%).
Chlorophycean genera Cheatomorpha gracilis showed
52.4% Palmitic acid (C16:0) of total fatty acid. 37% - 39%



Palmitic acid (C16:0) was recorded in Cladophora
crystallina, Pithophora cleveana, Rhizoclonium riparium.
Only in Pithophora and Cladophora 18:1 PUFA was
recorded as the dominant one (31%-34%). Comparatively
high amount of linoleic acid (18:2) was recorded from
Synechocystis pevalekii  Rhizoclonium riparium, and
Cladophora crystalline (14 to 17% of total fatty acid).
Among all the genera, tricosanoic acid (23:0) was found
only in cyanophycean genera Lyngbya birgei and
rhodophycean genera Catenella repens. Maximum
diversification in fatty acid profile was recorded in Lyngbya
birgei (19 types). Nostoc ellipsosporum, Spirogyra
orientalis sdowed 16 types of fatty acid followed by
Spirulina platensis and Pithophora cleveana (15 types) and
least variation in fatty acids was recorded in Phormidium
valderianum (10 types).

Discussion

Lipids are the esters of fatty acids and alcohols
that comprise a large group of structurally distinct organic
compounds including fats, waxes, phospholipids, glycol-
lipids etc. Several authors studied and recorded algal lipid
and FA composition to determine the quality of algal
biomass as lipid feed stock for algal biodiesel production
(Knothe, 2005, 2008, 2009). Different algal genera contain
significant quantities of lipids (fats and oil) with similar
compositions to those of vegetable oils (Singh et al. 2002).
The lipids of some cyanobacterial taxa are rich in essential
fatty acids such as C18 linoleic (18:2w6) and y-linolenic
(18:3w3) acids and their C20 derivatives - eicosapentaenoic
acids (20:5w3) and arachidonic acid (20:4w6) and are used
as essential components of important feed additives in
aquaculture®. Some of the filamentous cyanobacteria tend
to have large quantities (25 to 60 % of the total) of
polyunsaturated fatty acids (Parker et al. 1967; Holton and
Blecker 1972; Kenyon et al.1972).

Several algal genera have already been identified
as good source for biodiesel production. Among which,
genera like  Prymnesium  (22-38%), Scenedesmus
dimorphus (16-40%), Euglena sp (14-20%) are remarkable
(Becker, 1994). Among the members of Sundarban flora
chlorohycean genera Cladophora crystallina showed more
lipid (23%). Lyngbya birgei and Synechocystis pevalleki
showed maximum amount of lipid among other
Cyanophycean genera

Patil et al. (2007) studied fatty acid composition
of several unicellular algae including Isochrysis, Pavlova,
Phaeodactylum, Porphyridium, Chroococcus,
Synechococcus and Tribonema and also recorded C16:0,
C18:1, C18:2x6 and C18:3x3 as the dominant fatty acids.
Among these C16:0 and C18:1 accounted for 50% of the
total fatty acids, which is typical of freshwater green algae
as reported by other author also (Volkman et al. 1989;

Cranwell et al. 1990; Renaud et al. 1994). From the present
study it was recorded that in Synechocystis pevelekii C16:0
and C18:0 comprises of ~ 64% of total fatty acids followed
by other fresh water algae Chlorococcum infusionum
(~42%),  Spirogyra  orientalis  (~40%),  Nostoc
ellipsosporum (~40%). Among brackish water algae
Chaetomorpha gracilis C16:0 and C18:1 accounted for
68% and marine red algae Ceramium  manorensis
comprises highest amount of C16:0 and C18:0 (~78%).
Cyanophycean genera Phormidium valderianum also
showed high amount of C16:0 and C18:0 (~60%)

It is known that feed stocks rich in monosaturated
fatty acids (MUFAS) are desirable for biodiesel production
but the composition of saturated fatty acids (SFAS) is also
shown to be of great importance (Stansell et.al 2011). The
critical fuel properties are dependent on the fatty acid
composition of the feed stock (Knothe, 2006; Meher et al.
2006; Millelbech. 1996). The most significant challenge
facing algal biodiesel is poor oxidative stability because
most microalgae contain very high concentrations of FAs
with more than four double bonds (Stansell et al. 2011).
The ideal biodiesel feedstock would be composed entirely
of Cl6:land C18:1 MUFAs (Knothe, 2008), so in a
practice a biodiesel feed stock should have high
concentrations of C16:1 and C18:1 with less variation in
fatty acid profile. It is also known that algal FA
composition within a species varies due to environmental
variables (Alvarez—Cobelas, 1989). Therefore there is
potential to modify algal FA compositions using
environmental variables. Overall more unsaturation in fatty
acid bonds were observed in algae from fresh water zone of
Sundarban, showing 4-7 saturated FA and 7-11 unsaturated
FA. This indicates more variable environmental condition
in upstream riverine region of Sundarban. On the other
hand brackish water and marine taxa showed more
variation in saturated fatty acid like, Lyngbya birgei,
Rhizoclonium riparium, Pithophora cleveana, Cladophora
crystallina, Chaetomorpha  gracilis, Enteromorpha
intestinalis and Polysiphonia mollis. But most of the
rhodophycean member like, Gelidium pusillum, Ceramium
manorensis and Catenella repens together with
cyanobacterial taxa, Phormidium valderianum and P. tenue
showed equal number of saturated and unsaturated FA.

From the present study it revealed that among
the twenty one studied taxa of Sundarban area,
chlorophycean genera like Rhizoclonium riparium, R.
africanum, Pithophora cleveana, Spirogyra orientalis,
Cladophora crystallina containing more MUFAs (16:1,
18:1) with a support of 16:0 FA, would be more suitable for
biodiesel production. Among the cyanobacterial taxa, fatty
acid composition of freshwater genus Synechocystis,
together with brackish water species Lyngbya majuscula



and marine taxa Phormidium valderianum and Phormidium
tenue with favorable fatty acid composition have also been
projected as good feed stock for biodiesel in the present
study. Therefore filamentous cyanobacteria with high
growth rate can be a suitable alternate for biodiesel
production in Indian scenario.
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