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Abstract 

Biodiesel is one of the best renewable energy made from triglycerides. Microalgae has a 

high lipid content include triglycerides, so it can be used as raw material for biodiesel 

production. Malang has many of beaches which are potent to become sources of microalgae, 

several beaches are surrounding Sendang Biru. The aims of this research were to identify 

the species of microalgae from Raas Beach Sendang Biru, determine their yield of lipid and 

fatty acid composition, and analyse their potential to became feedstock of biodiesel 

production. This research consists of five stages: identification of microalgae, cultivation, 

harvesting, determination of the yield of microalgae lipid by soxhlet extraction method, and 

analysis of the fatty acid composition of lipid by GC-MS. The results showed that the 

species of microalgae are dominated by Euglena sp and small amount of Gloeocapsa. The 

lipid yield of dried microalgae is 7.5% and the fatty acids composition are dodecanoic acid 

(1.6%), tetradecanoic acid (1.3%), hexadecanoic acid (16.6%), 9,12-octadecadienoic acid 

(25.2%), 9-octadecenoic acid (29.8%), and octadecanoic acid (6.7%). Based on this results, 

it can be concluded  that the microalgaes from Raas Beach Sendang Biru are potential to 

become biodiesel feedstock but it still need optimization. 
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Introduction  

Indonesia is a maritime country with 

70% more parts in the form of water. 

However, the exploration potential and the 

natural resources in Indonesia is still 

focused on the potential that exists on the 

mainland. Exploration on the mainland has 

been greatly exaggerated and even 

uncontrolled and eventually many 

deforested landscape, forest fires, and 

floods. It's time to discover the potential of 

the maritime area. Recently, Indonesian 

Government has also committed to 

improve and explore the potential of 

Indonesian maritime territory. 

Not only inland waters but marine 

waters in Indonesia also has a huge 

potential. The exploration that has been 

done in the ocean is still focused on 

making fish and seaweed. The results 

showed that the marine life is very 

potential to be developed is often referred 

to as microalgae or fitopankton. 

Since the 1980s microalgae has been 

used in various fields but it is still not 

optimal. Microalgae have been widely 

used in the field of animal husbandry, 

waste processing, pharmaceutical and food 

supplements, and alternative energy 

sources as biodiesel, and many others [1]. 
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Some strains of microalgae could produce 

hydrocarbons, for example Botryococcus 

sp. can produce long-chain hydrocarbons, 

C23-C40, such as n-alkadiena and n-

alkenes. Among some of these benefits, 

the very urgent use to develop is 

microalgae as an a source of alternative 

energy. 

One of the alternative energy from 

renewable raw materials that is very 

possible and potential to be developed in 

Indonesia is biodiesel. There have been 

many studies on making biodiesel from 

various sources such as palm oil and 

jatropha seed oils [2,3]. Nonetheless oil 

palm cultivation can harm the 

environment, according [4], a palm oil 

plantation, covering millions of hectares of 

land in Southeast Asia, where the 

plantation of this kind have been directly 

or indirectly functional shifted tropical rain 

forests and resulted in loss of habitat for 

species such as rhinos and orangutans and 

the loss of carbon stored in the trees and 

the peat soils. Thus it is need to look for 

alternative sources of other raw materials. 

Microalgae is eukaryotic or prokrariot 

photosynthetic microorganisms that can 

grow rapidly and live in harshly 

environment for microorganisms  of 

simple unicellular or multicellular [5]. As 

an example for the prokaryote is 

Cyanobacteria (Cyanophyceae), while the 

eukaryotes are green algae (Chlorophyta) 

and diatoms (Bacillariophyta). According 

to Davis, vegetable microalgae are 

microorganisms that live floating around 

in the water and have no power relative 

motion so their existence is influenced by 

the movement of water and be able to 

photosynthesize [6]. 

Many microalgae have high contain of 

oil. There are some microalgae which has 

a high oil content, such as Schizochytrium 

sp. and Botrycoccus braunii has an oil 

content of up to 75% by weight of dried 

microalgae [7]. Oil from microalgae 

chemically similar to other plant oils that 

can certainly be a source of raw material 

for making biodiesel [8]. In addition to 

having a high oil content, microalgae also 

has a growth rate that is much faster than 

other oil sources because microalgae are 

short generation of living organisms [1]. In 

general, microalgae can improve their 

biomass doubled in just 24 hours. Even in 

the phase of exponential growth of 

microalgae is very fast, they can grow to 

be doubled within 3.5 hours. 

Another advantage of the utilization of 

microalgae as a source of raw material for 

making biodiesel is the ability of 

microalgae to photosynthesize. As 

photosynthetic plants, microalgae is more 

efficient than terrestrial plants and an 

efficient candidate in the fixation of CO2 

[8]. Microalgae are microorganisms that 

grow well in the water, but the results 

showed that microalgae can grow better in 

sea water than in freshwater [9]. 

As a maritime country, Indonesia has a 

very large marine areas. One area that has 

a lot of beaches that are located in Southern 

Malang, there have 18 beaches [10]. The 

beach area in South Malang has great 

potential as a source of microalgae with 

excellent characteristics, such as high CO2 

fixation ability and contain a lot of oil. One 

of the potential beaches is Blue Spring 

Beach because this beach is the most 

crowded activity of beach compared to the 

others so that the air contains is more CO2. 

Thus hopefully on the beach Blue Spring 

has indigen microalgae that has both the 

ability to CO2 fixation and high content of  

lipids. 

The process of making biodiesel is done 

through a transesterification reaction using 

catalysts. Transesterification reaction or an 

alcoholysis reaction also turn on an ester 

alcohol with another alcohol by a process 

similar to the process of hydrolysis. 

Alcohol substitutes are used as a substitute 

either for research purposes or industrial 

alcohol is methanol because it is the 

cheaper one [11]. The using of catalyst can 

be a chemical catalyst (acid or base) or a 

biocatalyst (enzyme lipase). The reaction 

in the biodiesel production process using 

lipase enzymes occurs gradually and in the 
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form of equilibrium as in the following 

illustration [12]. 

 
 TG  + ROH    ⇋   DG   +  RICOOR          (1)    

 DG  + ROH   ⇋   MG  +  RIICOOR          (2) 

 MG + ROH   ⇋    Gly  +  RIIICOOR          (3) 

 

Based on the reactions that occur in the 

process of making biodiesel, the potential 

microalgae as a feedstock of biodiesel 

production is the microalgae which has a 

high lipid content of the good fatty acid 

composition. 

 

Experimental 

Equipment and materials  

 

Procedure 

Microalgae identification 

Species identification of microalgae in 

this research used the morphology test. 

This identification is carried out in the 

Laboratory of Microbiology Department 

of Biology, University of Malang by using 

the brand Olympus microscope with a 

magnification of 400x. Microalgae picture 

are identified by size, shape, colour, and 

the presence of flagella. 

 

Microalgae Cultivation and Harvesting 

Microalgae cultivation is done in a 

container (6 L) with Walne media. In this 

research, cultivation was done by 

semicontinuous system. Microalgae are 

given light from the lamp as a light source 

and should be aerated for photosynthesis 

process. Microalgae are harvested with 

filtration method and dried using an oven 

with a temperature of 80°C. 

 

Extraction of microalgae lipid 

Dried microalgae is extracted by by 

Soxhlet extraction method using  n-hexane 

p.a. as solvent at 70oC. Furthermore, a 

rotary evaporator is used to concentrate the 

lipid. Determination the yield of Lipids 

that have been obtained is determined by 

the following equation. 

 

 
   

  %   100%
   

Mass of microalgae lipid
Randemen lipid

mass of dry microalga
 

  (4)  

Transesterification 

Transesterification was used for sample 

preparation before it was analysed with 

GC-MS.  Lipid microalgae added with 

methanolic NaOH and shaken using a 

vortex for 30 seconds. Then, put it into the 

bath with a temperature of 95 ° C for 5 

minutes. The solution was cooled and 

added with a BF3 solution and shaken until 

mixed using a vortex. Furthermore, the 

solution put back in the bath with a 

temperature of 100oC for 30 minutes. The 

solution was cooled, added hexane p.a,. 

and shaken and then allowed to stand a few 

moments to form two layers. The top layer 

is taken to be analyzed by GC-MS. 

 

GC-MS analysis 

Analysis of microalgae lipid profile is 

done using GCMS brand Agilent 

Technologies. A total 1L sample is 

injected into the injector. GCMS run with 

a carrier gas such as helium with HP-5MS 

column with a column length of 30 m, a 

diameter of 0.25, temperature of 170oC 

oven and detector temperature 90oC. 

 

Result and Discussion  

Microalgae Identification 

In this research, the identification of 

microalgae  was done by morphology test. 

The study was conducted using a 

microscope with a magnification of 400 x. 

Identification was done by comparing or 

matching with the literature Algae, 

Anatomy, Biochemistry, and 

Biotechnology and Freshwater Algae of 

North America. The results showed that 

the identification of microalgae derived 

from the Raas Beach Sendang Biru 

Malang propose dominated by Euglena sp 

(Fig. 1) and little of  Gloeocapsa (Fig. 2).  

 

Harvesting of Microalgae 

Microalgae has been harvested and then 

put into oven to remove moisture 

contained. Drying is done to obtain a 

constant weight. In this research, dried 

microalgae which has been gained as much 

as 5.203 g. 
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Extraction of Lipids Microalgae 

Dried microalgae obtained was 

extracted to get a lipid. Extraction was 

done by Soxhlet Extraction  with using n-

hexane as the solvent. Selection of n-

hexane solvent based base on the 

characteristic of  n-hexane as nonpolar 

molecule which is expected to dissolve 

nonpolar organic compounds contained in 

the dried microalgae. The results of the 

lipids is weight of 0.39 g (Fig. 3). So the 

lipid yield of dried microalgae is 7.5%. 

 

     (a)                                (b) 

Figure 1. Euglena sp. a) Euglena sp. from 

Library (Algae, Anatomy, Biochemistry, 

and Biotechnology (12) dan b) Euglena sp 

Raas Beach Sendang Biru 

 

 

 
         (a)                             (b) 

Figure 2. Gleocapsa a) Gloeocapsa  from 

Library (Freshwater Algae of North 

America Ecology and Classification : 2) 

dan b) Gloeocapsa from Raas Beach 

Sendang Biru Malang 

 

GC-MS Analysis of Microalgae Lipid 

Fatty acid identification used GC-MS 

instrument. For preparing lipid sample, 

lipid was transesterified by using methanol 

as a reactan and BF3 as catalyst. 

Transesterification results was injecteted 

to GC-MS machine. The data obtained 

showed that 20 peaks but there are only 6 

peaks including fatty acid methyl ester 

contained in microalgae lipid. Fig. 4 is a 

chromatogram result of transesterified 

lipids of microalgae. 

 

 
Figure 3. Lipids of Microalgae 

 

 
Figure 4. Chromatogram of lipid 

microalgae 

(B) Euglena sp 

Raas 
Beach 

Sendang 

Biru 
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The analysis results showed that the 

fatty acids of microalgae lipid consist of 

dodekanoat acid (1.6%), tetradekanoat 

acid (1.3%), heksadekanoat acid (16.6%), 

acid-oktadekadienoat 9.12 (25.2%), acid 

9- Oktadekenoat (29.8%), and 

octadecanoic acid (6.7%). According to 

Diaz et al, medium chain fatty acids (C16 

and C 18) are considered ideal for the 

production of good quality of biodiesel 

[13]. The results showed that the levels of 

medium-chain fatty acids with C16 

contained in microalgae sample obtained 

for 16.578% and 6.720% for C18. 

Moreover, the lipid yield of dried 

microalgae is 7.5%. it is still lower than the 

lipid content in palm oil or others source of 

lipid. It indicates that the microalgae from 

Raas Beach Sendang Biru Malang are 

potential to become biodiesel feedstock 

but it still needed optimization. 

Optimization can be conducted by 

exposure the light source with the sun light 

directly because in this research the light 

source was lamp that might be the intensity 

and the wave length were not good enough 

for the photosinthehtic process in 

microalgae. 

 

Conclusions  

The results showed that based on the 

morphology test, the microalgae contained 

on the Raas Beach Sendang Biru Malang 

are dominated by Euglena sp. manifold 

and little of Gloeocapsa. The yield of lipid 

produced from the dried microalgae 

extraction is 7.5%. The fatty acids of 

microalgae lipid consist of dodekanoat 

acid (1.6%), tetradekanoat acid (1.3%), 

heksadekanoat acid (16.6%), acid-

oktadekadienoat 9.12 (25.2%), acid 9- 

Oktadekenoat (29.8%), and octadecanoic 

acid (6.7%). It indicate that the microalgae 

from Raas Beach Sendang Biru Malang are 

potential to become biodiesel feedstock 

but it still needed optimization. 
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