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Abstract: Due to unsustainability of petro derived fuels, the 

eco-friendly energy production. As a successful alternative 

energy, biodiesel plays a major role to replace petrodiesel. 

production of biodiesel from biomasses depends on upstream 

processes. Lipid extraction should be effective and energy 

production.

optimise the lipid extraction solvent system from cyanobacteria.

Microcystis 

systems n-hexane, chloroform: methanol (2:1), n-hexane: 

ethanol (3:2), chloroform: n-hexane (1:1), dichloromethane: 

methanol (1:1), n-hexane: isopropanol (2:3) and diethyl ether 

for the lipid extraction method from the cyanobacterium 

Microcystis spp. Extracted lipid yield (g/1 g of dried biomass) 

and 80.09 % in each system. The gas chromatographic-mass 

spectrometry analysis of the products revealed that the most 

abundant fatty acid types of Microcystis 

ester (92.39 

isopropanol solvent system.

Keywords: Fatty acid methyl esters, lipid extraction solvent 

systems, Microcystis spp.

INTRODUCTION

Fossil fuels are the major energy sources throughout the 

and Topal (2008), fossil fuel reserves of oil, natural 

and 107 years, respectively. Among many alternative 

energy sources such as solar energy, tidal energy and 

a potential solution for future energy crisis sustainably.

net release of carbon dioxide gas to the atmosphere. Out 

of many biofuel types, biodiesel is the most important 

type that is a promising alternative to fossil fuel for 

et al., 2012). 

belong to the third generation biofuel type (Daroch et al., 

2013). Thus, biodiesel from microalgae or cyanobacteria 

et al., 

2012) and they are microscopic photosynthetic organisms 

cyanobacteria are the dominant phytoplankton group in 
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of peptidoglycan and lipopolysaccharide layers instead 

et al., 2012).

and contain lipids, proteins and many other bioactive 

compounds such as pigments, carotenoids, ketones etc. 

et al., 2012). Out of these, lipids are considered 

as the responsible component for production of biodiesel 

et al et al

et al

et al., 2010; 

et al

head group, lipids can be categorised into neutral or polar 

et al., 2012).

et al., 

products, oil rich cyanobacteria are considered as a good 

et al., 2010). Depending on the 

species, conditions and other parameters, cyanobacteria 

produce many different kinds of lipids, hydrocarbons and 

et al., 2010). All algal oils 

are not satisfactory for the production of biodiesel, but 

neutral fatty acids such as palmitic acids are desirable for 

et al., 2012).

are being eutrophicated and the genus Microcystis is the 

 M. aeruginosa is the 

M. wesenbergii 

and M. incerta are co-dominant species. Idroos et al. 

(2014) recorded that Microcystis spp. increase their 

the year.

et al. (2010) the production 

solvent system for lipid extraction from cyanobacteria is 

more important to chemical based upstream processes in 

commercial biodiesel production to reduce the production 

Microcystis spp.

METHODOLOGY

Microcystis 

containers and transported to the laboratory.

2

of bloom sample through the EFF apparatus.

et al., 2011).

systems of n-hexane, chloroform: methanol (1:2), 

n-hexane: chloroform (1:1), : 

methanol (1:1), isopropanol: n-hexane (3:2) and diethyl 

ether to assess the lipid content of the Microcystis 

biomass.

 Dried Microcystis 20.00 g

at 80 

get Microcystis 

(Fajardo et al

in each solvent system for lipid extraction. The dissolved 

order to remove contaminants such as pigments and non-

until the lipid dissolved organic layer becomes clear. 

et al., 2011). 

et al., 2011).
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et al. (2011). The dried lipid 

process of all the extracted lipids, and all the reagents 

et al., 2011). 

2
SO

4 

methylation of free fatty acids (FFAs) and in the second 

3

catalyst to methylate the acylglycerols. Five milliliters of 

2
SO

4
o

3

3
O in 127 mL of methanol and added 

 
o

methanol, remaining catalysts, etc.

-1. 
o

190 o o -1 rate. Finally, the oven 
o o -1 rate 

as carbon chain length, chain structure and saturation 

solvent system for further experiments.

RESULTS AND DISCUSSION

from the n-hexane solvent system (Figure 1). The second 

(Figure 1).

7

g/ 1 g dried biomass). Error bars represent the minimum 

and maximum of the data set.  

The total lipid composition of microalgae and 

species, environment conditions, nutrient availability 

and phase of life cycle, etc; especially in logarithmic 

et al., 1993).

Chlorella Isochrysis galbana 

Botryococcus braunii Phaeodactylum  



220 D.A.T Madusanka & Pathmalal M. Manage

June 2018 Journal of the National Science Foundation of Sri Lanka 46(2)

tricornutum (6.3 %) and Chlorococcum

et al., 1988; 

et al., 1994; Fajardo et al., 2007; Lee et al., 2010; 

et al

lipid yields of Microcystis

from microalgae has been carried out under controlled 

Microcystis bloom 

subjected to different environmental variations such 

et al., 2014). Further 

et al

productivity and lipid content of microalgae depend on 

carbon dioxide and nutrient concentration. Therefore, 

reduction of lipid yield in the present study.

(mean vol.± SD) (mL)

Table 1:

2.73 ± 1.08, 6.20 ± 0.36, 7.10 ± 0.40, 6.97 ± 0.80 and 

et al., 

et al., 2012). 

methyl ester and pentadecanoic acid 14-methyl methyl 

expressed as 

hexadecanoic acid methyl esters. The second highest 

 

80.13 %, 78.27 %, 76.39 % and 80.09 %, respectively 

ester (Figure 2).

(2.62 %) and 9,12- octadecadienoic acid methyl esters 

components. In S2 solvent system, octadecanoic acid 

methyl esters (7.67 %) and 11, 14- eicosadienoic acid 

esters, 7, 10, 13- octadecatrienoic acid methyl esters 

S7 at 0.19 %, 7.68 % and 7.08 %, respectively as minor 

components (Figure 2).

polar solvent mixture) have given higher lipid extraction 

et al., 2011) and utilising of 

biodiesel. 
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Figure 3: GC-MS for S6 solvent system where used n-hexane: isopropanol (2:3) for lipid extraction

for lipid extraction

 S2 78.27 92.76 ND  7.24

 S3 76.39 100.00 ND  ND

 S4 29.01 100.00 ND  ND

 S6 92.39 100.00 ND  ND

et al. (2012) major saturated fatty 

acids of Microcystis 

and n-hexane: isopropanol (2:3) systems, respectively, 

When S1 

 The lipid products obtained 

from chloroform: methanol (2:1) solvent mixture (S2) 

 Results of the present study revealed that the 

et al.  (2012). 
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Figure 4: GC-MS for S7 solvent system where used diethyl ether for lipid extraction

Microcystis 

(hexadecanoic acid methyl esters and pentadecanoic 

methyl esters and pentadecanoic acid 14-methyl methyl 

esters have seventeen carbon atoms and thirty-four 

hydrogen atoms.  Therefore, both compounds have the 

common, they vary in their chain length, carbon atom 

acid 14-methyl methyl ester has a methyl group on 

the fourteenth carbon atom in the hydrocarbon chain. 

Therefore, hexadecanoic acid methyl ester hydrocarbon 

chain length is higher than pentadecanoic acid 14-methyl 

in S2, S3, S4 and S6 solvent systems. 

 In the present study, pure non-polar solvents such 

contained chloroform: methanol (2:1), n-hexane: ethanol 

(2:3), respectively. S4 solvent system contained a mixture 

non-polar solvents; chloroform: n-hexane (1:1). 

For optimising a solvent system for lipid extraction, 

availability of co-extractions, and other physical and 

composition is a key requirement to a quality biodiesel 

percentage from all solvent systems.

particular solvent system) depends on the total energy 

divided into three major components; atomic dispersion 

(van der Waals) interactions, molecular dipolar 

interactions and molecular hydrogen bonding (electron 

et al. 

solubility parameters.

increased the lipid extractability from cyanobacteria, and 

neutral lipids because they are not able to extract polar 

lipids such as glycolipids in chloroplasts and phospholipids 

et al., 1988). In the present study, 
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lipids from Microcystis spp.

 Extraction pretreatments are very important to remove 

et al

reduce the oil extraction yield and increase the free fatty 

acid fraction of oil. Therefore, the Microcystis biomass 

and it also reduced energy consumption for the process. 

consumption and resulting higher free fatty acids (FFA) 

et al

 According to literature, lipid extraction from 

Chlorococcum 

the total lipid yield of pure n-hexane system by more 

et al. 

2011). Similarly, in the present study, the total lipid yield 

dried Microcystis 

n-hexane:ethanol (1/1 v/v) and n-hexane:isopropanol 

biomass, respectively. Thus, the present study revealed 

that the inclusion of ethanol and isopropanol as co-

15

product of each solvent system. 

mean volume)

solvents improves the total lipid yield of pure n-hexane 

presence of co-extractions.

CONCLUSION

Out of seven solvent systems, n-hexane: isopropanol 

Microcystis mostly 

consists of palmitic acid (hexadecanoic acid) or its 

derivatives (pentadecanoic acid 14-methyl). Inclusion 

extractability of lipids from the Microcystis biomass. 

The results of the present study revealed that Microcystis 

bloom can be used to produce biodiesel as an alternative 

energy source.
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