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Abstract 
Spirulina platensis is a micro alga which contains many 
essential fatty acids, like gamma linolenic acid, stearic 

acid, myristic acid, linoleic acid, heptadecanoic acid etc. 
Lipid fractions were extracted from the biomass through 
different solvent extractions and the composition of 
individual fatty acids had been found out through GC-
MS analysis based on their retention time and molecular 
weight. These results make better understanding of rapid 
metabolic responses in percentage of Saturated Fatty 
Acids (SFA), Poly Unsaturated Fatty Acid (PUFA) and 

Mono Unsaturated Fatty Acids (MUFA). Lipid extracted 
from Spirulina contained approximately 21% linoleic 
acid and 18% γ-linolenic acid. Overall mean showed that 
the total lipids were maximum (11.4±0.02) in Spirulina 
platensis CCC540 and these were lowest (3.6±0.04) in 
Spirulina maxima CC481. The present study is very 
useful for identifying the blue green algal strains of high 
lipid content for extracting biofuel. 
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1. Introduction 

 

The cyanobacterium Spirulina is used worldwide 

as a health food and is also used in animal feed. 

Spirulina are produce a large number of valuable 

compounds such as phycocyanin and carotenoids 

which are used as antioxidants (Devendra et al., 

2014). Cyanobacteria contain significant quantities 

of lipids and some of them are also rich in essential 

fatty acids such as linoleic and gamma linolenic 
acids. Besides nutritional value, the fatty acids of 

cyanobacteria are generally used to clarify 

taxonomical problems (Li et al., 2001). According 

to (Kenyon et al., 1972) four types of fatty acids 

exist in cyanobacteria and are linked to 

morphological characteristics. The fatty acid 

composition of marine microalgae has been studied  

 

 

 

more extensively (Caudales et al., 2000, Renaud et 

al., 1999, Tran et al., 2009, Volkman et al., 1989) 

than the freshwater forms (Caudales and Wells 

1992, Kruger et al., 1995, Rezanka et al., 1982). 

Polyunsaturated fatty acids have an important role 

in human metabolic pathways, particularly as 

precursors of a particular type of prostaglandin 

E14. GLA has been used in several medical 
applications such as in the treatment of dermatitis, 

diabetes, and pre-menstrual syndrome (Hudson et 

al., 1998). The use of GLA in medical and dietary 

applications has led to the need to search for better 

methods of extraction and purification of fatty 

acids from natural sources. There have been several 

studies dealing with the extraction of lipids  
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Table 1: Geographical origin and cultural characteristics of Spirulina 

Strain No.* Taxonomic 

description 

Origin / Source Growth pattern Color of 

thallus 

Liquid medium 
Solid 

medium 

CCC 477 S. platensis West Germany 
Uniform 

suspension 
Spreading Blue green 

CCC 478 S. platensis Israel 
Uniform 

suspension 
Spreading Dark green 

CCC 479 S.platensis Vietnam 
Uniform 

suspension 
Spreading Green 

CCC 480 S.platensis CFTRI, Mysore 
Uniform 

suspension 
Spreading Blue green 

CCC 481 S. maxima China Planktonic Spreading Blue green 

CCC 482 S. lonar Israel Planktonic Spreading Blue green 

CCC 483 
S.platensis 

(Mutant) 

CCUBGA,IARI, New 

Delhi 

Uniform 

suspension 
Spreading Blue green 

CCC 538 Arthrospira sp. Canary islands (Spain) Planktonic Spreading Pale green 

CCC 539 Arthrospira sp. Canary islands (Spain) Planktonic Spreading Blue green 

CCC 540 Spirulina sp. Loktak Lake, Manipur 
Uniform 

suspension 
Spreading Blue green 

    *CCC= Cyanobacterial Culture Collection 

 
 
Table 2:  Lipid Content of Spirulina strains (g-1 dry wt.) 

S.No.  Strains  Lipid Content (%)  

1.  CCC477  6.8±.03  

2.  CCC478  4.6±.04  

3.  CCC479  7.1±.02  

4.  CCC480  4.5±.03  

5.  CCC481  3.6±.04  

6.  CCC482  5.4±.03  

7.  CCC483  6.7±.02  

8.  CCC538  7.6±.04  

9.  CCC539  6.3±.03  

10.  CCC540  11.4±.02  
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Table 3: Fatty acid profile of the lipids extracted from the  Spirulina/Arthrospira strains. 

 

S. No. 

 

Retention 

Time(Min.) 

                     Fatty acid methyl esters  

Molecular 

formula 

 

Molecular 

weight 

 

Area (%) Systematic name Common name 

1.  17.095  Methyl 9,12,15-
octadecatrienoate  

Linolenic acid  C
18

H
29

O
2

-

  277.42  11.57  

2.  15.299  Methyl- hexadecanoate  Palmitic acid  C
17

H
34

O
2
  270.45  8.24  

3.  17.015  Methyl 9,12-
octadecadienoate  

α-Linoleic acid  C
18

H
30

O
2
  278.43  6.37  

4.  16.844  Methyl 6,9,12-
octadecatrienoate  

gamma-linolenic 
acid 

C
19

H
32

O
2
  292.46  3.53  

5.  19.110  Methyl 
methacryloctadecyl 

ester  

Methacrylic acid C
22

H
42

O
2
  338.57 2.28  

6.  17.473  Methyl cis-8,11,14-
Eicosatrienoate  

Eicosatrienoic acid  C
20

H
34

O
2
  306.48 2.19  

7.  16.907  Methyl 9,12,15-
octadecatrienoate  

Linolenic acid  C
18

H
29

O
2

-

  277.42  1.50  

8.  17.290  Methyl octadecanoate  Octadecanoic acid  C
19

H
38

O
2
  298.50  1.28  

9. 14.864  Methyl 4,7,10,13-
hexadecatetraenoate  

Hexadecatrienoic 
acid  

C
17

H
28

O
2
  264.40  1.22  

10. 17.364  
 

Methyl 9,12 
octadecadienoate  

α-Linoleic acid  C18H30O2 278.43  
 

0.90  
 

 

Figure 1: Photomicrograph of Spirulina strains 
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Figure 2: Lipid profiling through GC-MS of Spirulina strain. 
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containing GLA from many sources including 

fungi (Mucor spp. and Mortierella spp.), evening 

primrose seeds, borage seed and Spirulina,. The 

lipid extraction yield depends on the nature of the 

solvent, the lipid or oil particle size, the sample  

solvent ratio, temperature, and time of extraction 
(Bowen F., 2001). Solvents such as hexane, 

ethanol, methanol, acetone, petroleum ether, and a 

mixture of chloroform and methanol (CHCl3-

MeOH) are used in the extraction of lipid from 

vegetables, flower, and oil seeds. In a previous 

study on finding a suitable solvent for lipid 

extraction, the yield of lipids extracted with ethanol 

did not show a significant difference from that 

obtained from the extraction using a CHCl3-MeOH 

mixture. Effect of process parameters such as the 

sample-solvent ratio, extraction temperature, time 

of extraction, number of extraction stages 
(multistage extraction) with ethanol as a selected 

solvent for maximum lipid and total fatty acids 

(TFA) extraction, and optimization of the 

extraction process was undertaken in a study 

(Paoletti et al., 1976). 

 

The transesterification of natural triglycerides (eg:- 

oils and fats) is employed to obtain fatty acid 

methyl esters (FAME) which are key reagents in 

the chemical industry (Loupy et al., 1993 and Ahn 

et al., 1982). The FAME are the raw materials for 
the production of long chain carboxylic acids, 

detergents, alternative fuels for diesel engines (Bio 

Diesel) and mono and triglycerides (Sonntag, 

1982). Lipid qualification and quantification can be 

carried out by several means including Fourier 

transform infrared micro-spectroscopy (FTIR) and 

Gas Chromatography (GC) with Mass 

Spectrometry (MS) (Medina et al., 1998). The 

present study aims the comparison of fatty acids 

profiling of Spirulina strains. The lipid analyzed 

and compared by GC-MS. 

 

2. Materials and Methods 

 

2.1 Study area 

The study area is within the Indian Agricultural 

Research Institute, Pusa Capmus, New Delhi -

110012, location stands at 28.08 0N and 77.12 
0E,the height above mean sea level being 228.61 

meters (750 feet). The experiment was conducted 

during the rainy season between June - August 

2015. 

 

2.2 Growth and maintenance of culture 

Axenic Spirulina/Arthrospira strains were procured 

from the culture collection of Centre for 

Conservation and utilization of Blue Green Algae 

(CCUBGA), IARI, New Delhi, India (Fig 1, Table 

1). Cultures were maintained in chemically defined 

Z-Medium (Zarrouk 1966) at 28 ± 2⁰C under a 

light intensity of 52-55 µmol photon m-2 s-1 and L: 

D cycles of 16:8 hours. Protocol was also 

optimized for higher mass production (Devendra et 

al., 2013). 

 

2.3 Harvesting and Extraction of Lipid 

A known amount of homogenized cyanobacterial 

suspension was taken at 14th day of incubation and 

centrifuged at 3000 rpm for 15 minutes. The tubes 

with pellets were placed in ice bath and to each; 10 

mL of ice cold perchloric acid was added. Contents 
were thoroughly vortexed and kept at 4º C for 15 

minutes and then centrifuged at 7000 rpm for 15 

minutes in refrigerated centrifuge. After this, 25 

mL of Chloroform-Methanol mixture (2:1 v/v) was 

added to the pellets, vortexed and allowed to stand 

for 5 minutes at room temperature. Contents were 

centrifuged at 7000 rpm for 15 minutes and the 

supernatant was retained. 0.2 volumes of water was 

added to the supernatant and the tubes were shaken 

for 5 minutes and centrifuged at 4000 rpm for 10 

minutes. Lower organic phase was collected and 
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the remaining was discarded. Organic phase was 

evaporated to a volume of 2 mL under a stream of 

nitrogen or in a rotary evaporator (HS – 2000 NS 

HAHNSHIN SCINTIFIC CO.). 0.5 mL of aliquot 

was taken and the contents were evaporated to 

dryness under vacuum.  To each of the tube, 2 mL 
of potassium dichromate solution was added and 

simultaneously standard was prepared with 

standard palmitic acid. Placed the tubes in boiling 

water bath for 45 minutes and after cooling, 

absorbance was measured at 350 nm against 

potassium dichromate as blank. Lipid was 

expressed as mg/g or % lipid on dry wt. basis 

(Bligh and Dyer., 1959). 

 

2.4 GC-MS: FAME Analyses 

 Extracted lipids from Spirulna/Arthrospira strains 

under standard conditions were used for the study 
of fatty acid profile and methyl esters were 

prepared (Metcalfe and Schmitz 1961). The final 

volume of 2 mL of lipid extract was evaporated 

under vacuum. Methyl ester was prepared in 25 mg 

of lipid sample.  0.5 N Sodium methoxide was 

added to the sample and boiled for 15 minutes. 

Tubes were cooled and 1-2 drops of boron 

triflurochloride was added and boiled for 5 

minutes. Partioning was carried out by addition of 

diethyl ether. Upper organic phase was collected 

and dried under vaccum. To this, 1-2 mL of hexane 
was added to rinse the sample. This was then 

passed through sodium sulphate to remove the 

traces of water. The fatty acid profile was done by 

using gas chromatography (model Agilent 

technologies 7890A GC-MS system equipped with 

an Agilent 5975C inert XL EI/CI MSD triple axis 

detector). The compounds were profiled on a 

30mX250µmX0.5µm HP-5MS column. Carrier gas 

was Helium at the rate of 0.7mL per minute. The 

temperature conditions were 40oC for one minute 

with a hold for a minute followed by 250oC for ten 

minutes at the rate of 15oC per minute and hold for 
ten minutes. The instrument contained 

split/splitters injector (445137A) with auto 

injection facility. Mass detector (Mass EI) 

temperature was 260oC.  

 

3. Results and Discussion  

 

Total lipids were determined on dry weight basis 

using homogenized suspension of 

Spirulina/Arthrospira and palmitic acid was used 

as standard. Overall mean showed that the total 
lipids were maximum (11.4±0.02) in Spirulina 

platensis CCC540 and these were lowest 

(3.6±0.04) in Spirulina maxima CC481 (Table 2).  

Fatty acid profile of all strains were studied at GC-

MS equipment with triple axis detector. The lipids 

extracted from these strains were tranesterified 

before analysis of the various major and minor 

constituents. Fatty acid profile showed the presence 

of saturated as well as unsaturated fatty acids. In 

Spirulina, the identified compounds included 

saturated hydrocarbons namely Methyl 9,12,15-

octadecatrienoate (Linolenic acid), Methyl- 

hexadecanoate (Palmitic acid), Methyl 9,12-

octadecadienoate (α-Linoleic acid ), Methyl 6,9,12-
octadecatrienoate (gamma-linolenic acid), Methyl 

methacryloctadecyl ester (Methacrylic acid), 

Methyl cis-8,11,14-Eicosatrienoate (Eicosatrienoic 

acid), Methyl 9,12,15-octadecatrienoate (Linolenic 

acid), Methyl 4,7,10,13-hexadecatetraenoate 

(Hexadecatrienoic acid), Methyl 9,12 

octadecadienoate (α-Linoleic acid) Methyl 4,7,10-

hexadecatrienoate (Hexadecatrienoic acid), 

Methyl-heptadecanoate (Heptadecanoic acid), 

Methyl 7,10-hexadecadienoate (Hexadecadienoic 

acid), Methyl 9-hexadecenoate, (Palmitelaidic acid) 

Methyl 9,12,15-octadecatrienoate (Linolenic acid) 
and Methyl tetracosanoate (Lignoceric acid). The 

unsaturated hydrocarbons were tetracosahexaene. 

In all the strains of Spirulina/Arthrospira, 

Lignoceric acid was the major fatty acid which 

accounted for 22.64% of the total on the basis of 

FAME analyses and total hydrocarbons were more 

(37.55%) than the acid constituents (26.95%) 

(Table 3, Fig 2). 

 

Conclusion 

 
An improved knowledge of the composition, 

analysis and properties of Spirulina platensis, lipids 

would assist in efforts for the industrial application 

of this edible microorganism. It can be said that the 

Spirulina platensis gives considerable yield of 

lipids which are rich sources of essential fatty acids 

and lipid-soluble antioxidants. Moreover, the 

recovered lipids may be suitable for commercial 

exploitation as a source of lipids for food use and 

the production of cosmetic. The high level of 

glycolipids determines that the peel can be a 

suitable and valuable source to obtain the 
corresponding glycolipid concentrates. 

Tocopherols at the level estimated may be of 

nutritional importance in the application of this 

blue-green microalga. In this present study, the 

ability of GC-MS to characterize the lipid fraction 

of Spirulina platensis by CHCl3-MeOH extract in a 

fast and easy way has been shown. The separation  

provided by gas chromatography combined with 

the high mass accuracy and MS/MS capability 

made possible the direct identification of free fatty 

acids and polar lipids in this complex matrix 
without any further sample pre-treatment. 
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Research Highlights 

 
Optimization of protocol for enhancing the lipid 

content in the blue green algal strains. 

Extract lipids and total fatty acids through 

chromatography. 

 

Used gas chromatography mass spectrometry for 

lipid profiling. 

 

Blue green algae have low lipid content instead of 

green algae but some strains have much more lipid 

like in Spirulina platensis.  

 

Limitations 

 

The current study has some limitations such as- 

This study provides only lipid content through 

protocol optimization like changes in physiological 

and nutrients compositions. 

 

We can improve the lipid content through genetic 

engineering by changing metabolic pathways 

through gene cloning. 

 

Recommendations 

 

Developed a large amount of supplies of clean 

energy for the near future is one of society’s most 

daunting challenges and is intimately linked with 

economic prosperity, global stability and quality of 

life. Blue Green Algae have been suggested as a 

potential feedstock for fuel production because of 

the number of advantages, including higher 

photosynthetic efficiency and higher biomass 

production as compared to other energy sources. 
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