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ABSTRACT 

Indonesia as one of the world largest maritime country has very huge natural resources including microalgae. 

However, recently the analysis of potential local strain microalgae is still few to be studied. Whereas, the microalgae can 

be develop as biodiesel and an excellent solution to overcome the depletion of fossil fuel. This research was aimed to study 

microalgae species of local mix culture of microalgae isolated from Glagah and their lipid profile. The identification of 

microalgae species was done by observation under light microscope, while lipid profiling was done by measuring the lipid 

total using Nile Red Staining and the fatty acid profiling was done by using GC-MS method. Results showed that Glagah 

Consortium Microalgae was composed by six species microalgae including Cyclotella sp., Cylindrospermopsis sp., 

Golenkinia sp., Syracosphaera sp., Corethron sp., and Chlamydomonas sp. which could produce fatty acids suitable for 

biodiesel. The lipid content of the mix culture was 1.25% which composed by 51.27% SFA, 33.42% MUFA and 11.80% 

PUFA indicating that the mix culture of Glagah consortium was prospective as local biodiesel source.  
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INTRODUCTION 

Exploration of microalgae for biofuel production 

has a good prospect in the future. The reasons can be 

explained by looking at the high productivity as it can be 

cultivated in the lesser land with shorter time. In industry, 

microalgae have potential to be developed as biodiesel 

which is a renewable energy and able to replacing 

petroleum fuels in the future. However, recently the main 

obstacle in the development of biodiesel from microalgae 

is the low biomass productivity. The previous research 

showed that the commercial single cell cultivations of 

microalgae cannot overcome the problem of low biomass 

because it also still produce low biomass and lipid content  

due to various problems such as culture condition and 

susceptibility to contaminant  [1]. 

Biodiesel, as derived from microalgae lipids, has 

become a focal area of contemporary, global 

biotechnological research as it holds the potential to 

provide a scalable, low-carbon, renewable feedstock 

without adversely affecting the supply of food and other 

crop related products [2]. The most productive terrestrial 

bioenergy crops, including palm and soybean oil do not 

match the potential high productivity of microalgae [3, 4]. 

Development of a microalgae-based biodiesel technology 

for biodiesel production has the potential to dramatically 

improve our common environment and move the world 

beyond a petroleum-based economy. However, significant 

challenges must be surmounted, including the effective 

and rapid isolation of microalgae strains that have a high 

intrinsic lipid content and biomass yield. 

 On the other side, some researchers suggest the 

use of mix culture to increase growth rate, biomass 

productivity, and lipid content.  By using the mixed 

culture of the selected local strains, the previous research 

shows that cells microalgae can grow faster and has high 

biomass yield because the cells are capable for utilizing 

organic carbon sources optimally [5].     
In the Special Region of Yogyakarta Province,  

mixed microalgae culture isolated from Glagah has been 

discovered to possess higher growth rate and biomass than 

culture from another location or single culture of Chlorella 

zofingiensis when was developed at Raceway Pond scale 

cultivation [6,7]. If that Glagah mix culture potentials are 

developed properly, it can be a solution for biodiesel 

production from local microalgae strain in Indonesia. 

However, recently the species composition of the mix 

culture and its lipid profile which is necessary for further 

biodiesel development is still unknown. Thus, the aim of 

this research is to study the microalgae species composed 

the Glagah consortium and its lipid profiles. 

 

MATERIALS AND METHODS 

 

Identification of the components of consortium Glagah 

microalgae 

Stock of mix microalgae Glagah culture 

Laboratory of Biotechnology Universitas Gadjah Mada 

was rejuvinated in Bold Basal Medium (BBM) medium. 

After 5 days cultivation, 800�L culture was collected in 

microtube and added with 200 �L alcohol 70%. Then the 

microtube was shaken and left for 15 minutes to undergo 

fixation. After that the mixture was observed under the 

light microscope for identification of microalgae species 

composing the Glagah Consortium. The identification 

reference was according to Edmondson (1959) and van 

Vuuren (2006). That reference book was about 

identification of preserved material should ordinarily be 

attempted only after one was thoroughly familiar with the 
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different algal groups with their morphology and with 

their appearance after preservation 

 

Determination of lipid content by Nile red staining 

Lipid content was measured by using Nile Red 

(9-(Diethylamino)-5H–benzophenoxazin-5-one) staining 

[8]. Nile red staining was conducted to detect intracellular 

lipid droplets [9]. The cultured cells (1 mL) were collected 

into microtube and 0.01 mg/mL then was added with Nile 

Red for staining. Stained microalgae cells were observed 

by Fluorescent Microscope to get the lipid fluorescence. 

The lipid fluorescence from neutral lipid would be 

smeared yellow-orange [10]. Then, lipid fluores-cence was 

quantified using image analysis of CellProfiler 2.0 (free 

software) as an intracellular lipid droplet [11]. 

 

Determination of fatty acid profiles by GC-MS 

Fatty acid profiles were analyzed by GC-MS 

methods. The cultured cells (45 mL) were collected in the 

conical tube and then centrifuges at 3300 rpm for 15 

minutes. Then supernatant was removed and replaced with 

aquadest twice. After that the pellet was added by 

methanol-hexane (1:1) and esterified, then the lipid layer 

was measured by GC-MS Shimadzu QP 2010S with HP-

5MS colomn.  

 

RESULT AND DISCUSSION 

Glagah Consortium was composed of six species 

microalgae including Cyclotella sp., Cylindrospermopsis 

sp., Golenkinia sp., Syracosphaera sp., Corethron sp. and 

Chlamydomonas sp. (Figure-1). 

 

 
 

Figure-1. Microalgae species component of Glagah 

consortium: (A) Cyclotella sp.; (B) Cylindrospermopsis 

sp.; (C) Golenkinia sp.; (D) Corethron sp.; (E) 

Chlamydomonas sp.; (F) Syracosphaera sp. 

Cyclotella sp. is a freshwater diatom which is 

found to bloom in Lake Kinneret. It considered as 

facultative heterothroph. Cylindrospermopsis sp. is a 

filamentous cyanobacteria which is common in subtropical 

and tropical water. It can produce cyanotoxin called 

cylindrospermopsin which can affect public health but on 

the other hands also can maintain freshwater blooming 

alga [12]. Syracosphaera sp. is a coccolithophores which 

distribute in Altantic Ocean, Mediterranean and Caribbean 

Seas. It is important in the global biogeochemical cycle in 

carbon and sulphur cycle [13]. Golenkinia sp. and 

Chlamydomonas sp. is a freshwater green algae. 

Chlamydomonas sp. play role in carbon-concentrating 

mechanism and nitrogen assimilation [14]. While 

Corethron sp. is a cosmopolitan diatom mainly found in 

Antartic waters [15].  

Mix culture of microalgae was now developed to 

increase productivity of microalgae culture. There was 

shown that specific growth rate of mix Glagah microalgae 

culture can reached 0.513 day-1 which higher than specific 

growth rate of Chlorella zofingiensis which only 0.265 

day-1. Biomass productivity of the mixed culture can 

reached 31.85 mg L-1 day-1 while single culture only has 

biomass productivity ca 15.98 mg L-1 day-1 [7]. So it has 

been proven that mix culture system could be used for 

enhancing the growth, dry weight, and lipid content of the 

biomass produced in microalgae cultivation at mass 

production. The concept of mix culture was based on the 

mechanism of complementarity effect, which shown the 

relationship between diversity and ecosystem properties, 

where the facilitation or sharing resource between species 

will leads to increased productivity in more diverse 

cultures [16]. 

The lipid content and fatty acid profile were 

examined to study the potential of Glagah Consortium 

Microalgae in biodiesel production from local microalgae 

strain. The lipid contents of the mix microalgae Glagah 

culture was 1.25% (Table 1) and its composition was 

analyzed. Four type of fatty acid was known to compose 

consortium lipid including palmitic, linoleic, oleic and 

stearic acid (Table 2). From the previous study the lipid 

content of Glagah microalgae consortium was able to be 

optimized up to 13.58% by stress treatment of 

environmental factor such as salinity [17]. 

 

 

 
Figure-2. Total lipid chromatograms Glagah consortium microalgae with GC-MS Shimadzu QP 2010S kolom HP-5MS. 
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Table-1. Lipid content of Glagah consortium microalgae. 
 

 
 

Table-2. Fatty acid profile of Glagah consortium microalgae SFA: saturated fatty acid; MUFA: mono-unsaturated fatty 

acid; PUFA: poly-unsaturated Fatty Acid). 
 

 
 

Table-2 showed that Glagah Consortium 

Microalgae fatty acid profile was dominated by SFA 

(>50%), which was composed by palmitic acid (39.97%) 

and stearic acid (11.30%). According to Demirbas (2012) 

high quality biodiesel contains both SFA and MUFA. But 

generally, the best one mostly composed by SFA. Thus the 

lipid profile of Glagah mix culture was very suitable for 

biodiesel production. It was correlated with cetane number 

(CN) of the fatty acids. The high cetane number found in 

the ester of SFA, such as palmitic (C16:0) and stearic acid 

(C18:0), because CN increase as carbon atom amount or 

the saturated alkyl chain grows. Otherwise, CN will 

decrease when increase of double bound or branch chain 

[18]. Cetane number (n-hexadecane) reflects the quality of 

diesel fuel combustion when engine was started because it 

evaluates the readiness of fuel burning when injected on 

the engines. High cetane number would reduce the engine 

noisy, increasing engines efficiency, raising energy output 

that makes the engines is easier to be turned on (especially 

in the lower temperature) [19]. Additionally, it reduced 

emission [20]. American Society for Testing Materials 

(ASTM) has been determined that the CN minimum 

standard for biodiesel is 47 [18]. Most of fatty acid 

produced by Glagah consortium met that criteria (Table-2) 

except for the PUFA which accounted only 11.8%. The 

high SFA in Glagah Consortium Microalgae made higher 

cetane number than MUFA dan PUFA, which made it 

more effective as biodiesel source. 

The good lipid profile of Glagah mix culture was 

produced by the microalgae components which compose 

it. Glagah mix culture was composed by tropical 

freshwater microalgae which known to produce lipid. The 

previous research showed that Cylindrospermopsis sp. at 

its optimum temperature could produce several fatty acids 

including  palmitic (45%), linoleic (19%), oleaic (11%), 

stearic (3%), α-linolenic (9%), y-linolenic (4%), and 

octadecatetraenoic acid (2%)  [21]. While 

Chlamydomonas sp. which could be found in stagnant 

water, damped soil, freshwater or seawater was able to 

produce palmitic (37.21%), oleic (11.43%), linoleic 

(10.77%), stearic (1.80%), palmitoleic (6.24%), linolenic 

(23.97%), and lignoceric acid (6.12%) [22]. Golenkinia sp. 

and Cyclotella sp. were two species microalgae which has 

been used to make a consortium microalgae for biodiesel 

production in India that yields SFA untill 76% [23]. 

Microalgae member of Syracosphaera was also found to 

produce a branched saturated hydrocarbon and C17 type 

(saturated straight chain) [24]. Corethron sp. was a chain-

forming phytoplankton species and included cosmopolitan 

diatom. Research has shown that there was a positive 

correlations between productivity and species diversity in 

the mix culture of chlorophyte and diatom [16]. Glagah 

microalgae component species were suitable to support 

biodiesel development.  

Glagah Consortium Microalgae was composed by 

six species microalgae which can produce fatty acids 

suitable for biodiesel. The lipid content of the mix culture 

and its component which was dominated by SFA and 

supported by MUFA indicating that the fatty acid profile 

was effective as biodiesel source. The lower lipid content 

was still able to be optimized and counterbalance by its 

high productivity and biomass. Glagah consortium has 

potential to be developed as local biodiesel. 
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