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Microalgal isolates in various habitats have different biocomponents, and isolates found
in the swamps of South Sumatra have not been explored deeply. This study was designed
to analyse morphologically and isolate microalgae that have potential as biofuel
candidates through their lipid content. Results showed that five isolates originating from
four different sources in South Sumatra, namely, Chlorella vulgaris Beyerinck (DV 005),
Dictyosphaerium granulatum Hind& (DV 003), Nannochloropsis sp. (DV 009),
Scenedesmus bernardii G. M. Smith (DV 011) and Golenkinia radiata Chodat (DV 001),

were identified. Amongs the five isolates, the C. vulgaris Beyerinck (DV 005) isolate had
the highest lipid content (15.30%), indicating its potential as biofuel candidate.

1. INTRODUCTION

The increasing number of human populations is in line with
the increasing needs of human life, e.g., fuel [1]. For almost a
century, humans have been highly dependent on fossil fuels
[2], causing the world economy to increase. However, this
increase is inversely proportional to environmental conditions
that are increasingly being degraded and experiencing a
decrease in quality. This phenomenon can be seen by the
increasing number of greenhouse gas (GHG) emissions [3]
which continue to accumulate in the atmosphere and impact
climate change. In addition, the result of the analysis of CO»
levels in the current era shows extremely high concentrations
in the last 800,000 years [4]. Fossil energy sources that are
difficult to renew are also decreasing in number. This
phenomenon has a negative impact on the conditions of the
earth. However, sustainable sources of biofuels have reduced
the world’s dependence on fossil fuels due to low GHG
emissions, low impact on the environment and high energy
security [5, 6]. Therefore, humans need to maximise the
potential of biofuels that are environmentally friendly and
easily renewable.

Many biofuels have been produced from edible raw
materials, such as corn, sugar cane and vegetable oil [6]. These
materials are abundant in nature but have high initial treatment
costs and are not economically feasible. Sustainable sources of
biofuels are highly needed to overcome this challenge [6, 7].
Microalgae are abundant in nature, can reproduce quickly and
have excellent adaptability to unfavourable environmental
conditions [8, 9]. These characteristics support microalgae as
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potential renewable biofuels [10-12]. In addition, the contents
of triglycerides and polysaccharides in microalgae are highly
suitable for use as biofuels [12]. Microalgae have content that
can be modified on the basis of humans’ needs by utilising the
growth medium [13, 14]. Biofuel from microalgae is also
environmentally friendly, free from pollution and cheap,
making it an alternative fuel that is feasible for development
[15]. Various biofuels can be produced from microalgal
biomass, such as biodiesel (lipid-based), bioethanol
(carbohydrate-based) and high-level alcohols (protein-based)
[16]. Therefore, microalgae may be used as an alternative
biofuel.

Microalgae include various groups of organisms that can be
classified into several classes, such as cyanobacteria
(Cyanophyceae), green algae (Chlorophyceae), diatoms
(Bacillariophyceae), yellow—green algae (Xantophyceae),
golden algae (Chrysophyceae), red algae (Rhodophyceae),
brown algae (Phaeophyceae), dinoflagellates (Dinophyceae)
and picoplankton (Prasinophyceae and Eustigmatophyceae)
[17-19]. Microalgal growth depends on the presence of light
intensity, temperature, nutrient concentration, salinity and pH
[20]. Environmental factors at different locations can
significantly affect the diversity of microalgae and their
growth rates. For this reason, microalgae should be screened
and isolated to produce high biomass and biocomponent
contents in specific habitats [21]. Microalgae with high
biocomponent content and growth in their natural habitat need
to be investigated as biofuel candidates [22]. Algal biomass
has the potential to be converted into biofuel by use of the
thermochemical or biological methods, yielding a CO»-neutral
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energy carrier comparable to biofuels produced from other
biomass sources [23]. South Sumatra Province has a large
swamp area of about 613 795 ha consisting of 455 949 ha of
tidal swamp and 157 846 ha of lowland swamp, thereby
indicating its high microalgae potential [24]. Swamps have
acidic pH (4-4.5) and are characterised by high contents of
clay and silt fractions. Furthermore, the sand fraction is low
and contains a lot of Ca and Mg and a little K and Na [25].

However, the isolation of microalgae from the natural
environment of various swamp habitats in South Sumatra has
not been explored. Therefore, this study is designed to analyse
and isolate microalgae that are potential biofuel candidates
through their lipid content. This research can be used as a
reference to dig deeper into microalgae isolates from swamps
that have the potential to be candidates for biofuels.

2. MATERIAL AND METHODS
2.1 Sampling method

Sampling was carried out at several water locations in South
Sumatra, namely, Palembang, Banyuasin, Ogan Ilir and Ogan
Komering Ilir. The four of sampling location are the
representative swamps in South Sumatera has not been
explored. Each sampling location was determined by its
coordinates by using GPS (Figure 1).

At each sampling location, physical and chemical factors of
the aquatic environment were evaluated by determining pH
levels, temperature, dissolved oxygen levels, turbidity, total
dissolved solids and total suspended solids in situ [26].
Samples were collected in the morning between 08:00 and
11:00 from the top and bottom of the waters by using a
plankton net compositely to obtain the dominant microalgae in
every level. Furthermore, researchers conducted water
sampling by using a 10 liter bucket. The collected water was
then filtered 10 times with a plankton net. Afterwards, each
100 ml sample was collected in a bottle and subjected to low-
temperature conditions in the laboratory. The label of each
sample bottle contained the following information: name of
the observation location, day, date and time of sampling.
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Figure 1. Map of South Sumatra swamps
2.2 Microalgal abundance

The abundance of microalgae was calculated by counting
the number of microalgal cells by using the Sedgwick Rafter
Counting Cell through the hand counting method. The
Sedgwick Rafter Counting Cell was cleaned first. Afterwards,
the water sample to be calculated for density was dripped as
much as 1 ml. The sample was added with one drop of gelatine
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to slow down the movement of microalgae and closed with a
cover glass. Furthermore, the Sedgewick Rafter Counting Cell
was observed under a microscope, and the number in each box
was calculated using the hand counting method [27].

2.3 Microalgal biomass isolation and cultivation

The isolation and cultivation of microalgae aimed to obtain
potential biomass as a source of biofuel and were carried out
in a laboratory scale (batch culture). The isolation and
propagation of isolates were conducted with agar and liquid
culture media. The isolates were then propagated using culture
flasks in the laboratory by using microalgal culture media
(BBM and BG11). The isolation and cultivation process
applied in this study followed the procedure used by Lee et al.
[26, 28]. Isolation was carried out to separate the algal
population and obtain a single type of algae from water
samples by using the standard plating method. Samples from
the field were serially diluted to facilitate the isolation process.
The agar medium (40 ml) was poured into a sterile Petri dish
and used as growth medium for the thawed sample.

The sample liquid (1 ml) was flattened onto the surface of
the agar medium. Researchers transferred the microalgal
colonies into sterile media in Petri dishes, which were
incubated at room temperature (20°C-25°C) for 14 days until
the algae grew. This process was repeated to obtain microalgal
unicells. Diluted microalgal cells resulted in low likelihood of
bacterial contamination. Grown algal cultures were then
separated in various growth media under sterile conditions and
placed at room temperature in the laboratory. This step was
repeated until a single culture of algae was obtained. Stock
cultures were maintained once a month by regrowing on agar
media. The result of this stage was pure isolates of local
microalgae, which were obtained from fresh waters in South
Sumatra.

Cells were transferred into dilute media in culture tubes,
placed in the culture bottle under low light at an appropriate
constant temperature and checked microscopically for growth
or waited until macroscopic growth could be detected (3—4
weeks after transfer). The isolates that grew were identified on
the basis of the colony morphology found on the agar culture
medium. A general classification method was carried out to
differentiate the formation of colonies morphologically.
Liquid culture results were identified through microscopic
observations for cell morphology down to the genus level.
Each isolate was labelled and photographed at different
magnifications. Species identification was performed in
accordance with the methods of the references [29-31].

2.4 Morphological identification

Phenotypic identification was carried out on the basis of
morphological characteristics to determine the diversity of
microalgal species. Algal morphology was observed using a
specific microscope for microalgae. Identification was carried
out by referring to the algal identification key as applied in
several studies [29-31] and the online identification key from
the Center for Freshwater Biology website [32]. Species
diversity data were analysed descriptively and presented using
the table of species composition based on the taxonomic rank.

2.5 Lipid content analysis

The analysis of total lipid content was carried out through



the Bethien—Diemar (1963) method [33] by utilising nonpolar
petroleum ether as solvent. The percentage of the total dry
weight of lipids was calculated using Eq. (1):

A—-B
% total lipid = % x 100 1

where, A is weight of flask + weight of lipid after extraction
(mg), B is weight of flask before extraction (mg) and C is the
dry weight of the sample.

3. RESULTS

The collected microalgae were those found at the top and
bottom layers of the waters by using a plankton net
compositely. The results of the isolation can be seen in Table
1.

The identification of microalgal isolates was carried out
specifically and carefully on the basis of their morphological
characteristics to obtain five species representing four
different sampling locations in South Sumatra (Table 2).
Isolates from four location showed that the most numerous
isolates are from Palembang and the least is from Ogan

Kemiring Ilir. Isolates from Palembang also very various
genus that we found, and it can be like a control in this research.
Because the various genus in others location is same with
some of the genus from Palembang. From four locations, there
are 2 genus (Anabaenopsis and Phacus) from Banyuasin are
different from the genus that we found from Palembang as a
control location.

From all of the genus that we found, there are five isolates
has identification until species level. Based on the results of
the identification of microalgal isolates carried out and
correlated with taxonomic information, two isolates (i.e.,
Chlorella  vulgaris Beyerinck and  Dictyosphaerium
granulatum Hind&) belonged to Trebouxiophyceae, and three
isolates (i.e., Nannochloropsis sp., Scenedesmus bernardii G.
M. Smith and Golenkinia radiata Chodat) belonged to
Chlorophyceae. These results indicated that the microalgal
isolates found in South Sumatra were dominated by
Chlorophyceae.

The morphological of five microalgal isolates from
Palembang, Ogan llir, Banyuasin, and Ogan Kemriing Ilir
(Figure 2).

Figure 3 shows that amongst the five isolates identified and
analysed for their lipid content, C. vulgaris Beyerinck isolates
had the highest potential to be a candidate for biofuel.

Table 1. Microalgal isolates from swamps in several locations in South Sumatra

Origin of sample

Genus

Actinastrum

Eudorina

Monoraphidium  Scenedesmus

Ankistrodesmus Euglena Mougeotia Selenastrum
Aphanothece Eugtimatos Navicula Spirogyra
Chlamydomonas Golenkenia Nitzschia Spirulina
Palembang Chlorella Gomphosphaeria Oocystis Staurastrum
Coelastrum Marssoniella Oscillatoria Tabellaria
Cosmarium Merismopedia Pandorina Tetraedon
Desmidium Micractinium Pediastrum Tetrastrum
Dictyosphaerium Microcyistis Pyrobotrys Zygnema
Actinastrum Chlorella Microcystis Oscillatoria
Banyuasin Anabaenopsis Euglena Monoraphidium Phacus
Aphanothece Merismopedia Nitzschia Scenedesmus
. Ankistrodesmus ~ Monoraphidium Scenedesmus Straurastrum
Ogan llir Di - -
ictyospharium Pediastrum Selenastrum
Ogan Kemiring Ilir Scenedesmus Nitchzia

Table 2. The potential microalgal as candidate biofuels from swamps in various locations in South Sumatra

No Isolate Code Name of Species Origin

1 DV 005 Chlorella vulgaris Beyerinck Palembang

2 DV 003 Dictyosphaerium granulatum Hind& Palembang

3 DV 011 Scenedesmus bernardii G. M. Smith Banyuasin

4 DV 009 Nannochloropsis sp. Ogan llir

5 DV 001 Golenkinia radiata Chodat Ogan Komering Ilir
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Figure 2. Morphological appearance
a. Chlorella vulgaris Beyerinck, b. Dictyosphaerium granulatum Hind&, c. Nannochloropsis sp., d. Scenedesmus Bernardii G. M. Smith and e. Golenkinia radiata
Chodat found in swamp areas in South Sumatra (magnification = 400> bar scale = 10 pm)
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Figure 3. Lipid content percentage in each microalgal isolate

4. DISCUSSION
4.1 Swamp microalgae survey and isolation

Based on the results of the isolation in Table 1, most of the
isolates come from Palembang, showing that the swamp area
in Palembang is rich in minerals needed by microalgae
naturally. The growth of microalgae in nature is strongly
influenced by environmental factors, such as light intensity,
temperature, pH and nutrients [34]. A high diversity of
microalgal genera at swamps in Palembang compared with
those in other locations is presumed to be because the swamp
areas of sampling locations in Palembang contain a variety of
different minerals needed by microalgae to grow, such as N, P,
K, Mg, S and H [35]. A previous study also found that the
waters of Palembang have six types of microalgae, namely,
Microcystis ~ aeruginosa, Nannochloropsis  oculata,
Oscillatoria sp., G. radiata, Dictyospherium pulchellum and
C. vulgaris [36]. In the fresh waters of Banyuasin, a previous
study only found four species, namely, C. vwulgaris,
Scenedesmus obliqus, Nannochloropsis oculata and
Ankistrodesmus falcatus [37]. These results indicate that the
diversity of microalgae in South Sumatra especially in
Palembang is high.

4.2 ldentification of swamp microalgal morphology

The dominance of Chlorophyceae is presumed because this
group has high adaptability especially in freshwater in solitary
and in colonies [38]. The results of the morphological
identification of the microalgal isolates are described in Figure
1. Morphologically, C. vulgaris Beyerinck isolates have the
following characteristics: (i) round or ovoid cells, (ii)
unicellular, (iii) size of 10 pm, (iv) dominance of green colour,
(v) chloroplasts and pyrenoids [39] and (vi) hard cell walls
because of cellulose and pectin [40]. C. vulgaris Beyerinck can
live at an optimum salinity of 10-20 ppt and can still live at
40°C [40]. In addition, C. vulgaris Beyerinck can live in
solitary or in colonies [40]. D. granulatum Hind& isolates
have the following characteristics: (i) round colonies, (ii)
many cells (4-64 cells), (iii) mucus-like mass covering, (iv)
cell colony size of about 33.75 pm, (v) green colour, (vi) round
cell with a size of 3-5 pm and (vii) chloroplasts with pyrenoids
[39]. Nannochloropsis sp. isolates have the following
characteristics: (i) unicellular; (ii) round cell; (iii) size of about
3.5 pm; (iv) dominance of the colour of the chloroplast
pigment, i.e. yellowish green [39]; (v) cell walls,
mitochondria, chloroplasts and membrane-enclosed nucleus
and (vi) bell-shaped chloroplasts located at the edge of the cell,
a light-sensitive stigma (eyespot) and cell walls made of
cellulose components, which are distinct characteristics of this
microalga [41, 42]. Furthermore, Nannochloropsis sp. is
cosmopolitan in nature and can be found in almost all types of
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water, e.g. marine and freshwaters. Nannochloropsis sp. can
grow at high salinity. In addition, the optimum condition for
its growth is 25%0—35%. and optimal temperature range of
25°C-30°C [43, 44]. S. bernardii G. M. Smith isolates have the
following characteristics: (i) cells with cylindrical forms
(sometimes elliptical or crescent-shaped forms), (ii) colonial
nature with 4-16 cells attached to the centre side by side to
form flattened colonies, (iii) long spinelike structures at both
ends of each cell and (iv) cell length of 30 pm and width of
about 5 pm [39]. G. radiata Chodat isolates have the following
characteristics: (i) round shape, (ii) cilia on the cell surface,
(iii) size of 15.25 m and (iv) green colour [39]. Although
identification results show that the isolates obtained from the
swamps of South Sumatra are members of the Chlorophyceae
group, each isolate has its respective morphological
characteristics.

4.3 Analysis of lipid content of microalgae from swamp
areas in south Sumatra

The analysis of lipid content is one indicator to determine
the potential of microalgae as a candidate for biofuel. This
analysis was carried out using the Bethien—Diemar (1963)
method (in Endrawati, 2012 [33]). The results of the analysis
indicate that the highest percentage is found in the C. vulgaris
Beyerinck isolate (Figure 2). Pratono et al. indicated that C.
vulgaris Beyerinck possesses 15.30% crude fat, which is
exactly as that obtained in this study. Rebolloso-Fuentes et al.
[15, 45, 46] showed that Nannochloropsis sp. contains high
lipids, i.e. around 31%-68%. However, in the present study,
only 6.94% lipid is found in Nannochloropsis sp. The results
of the analysis also show that the G. radiata Chodat isolate has
the lowest lipid content (3.21%).

5. CONCLUSION

In this study, researchers obtained five isolates, which are
morphologically identified as C. vulgaris Beyerinck (DV 005),
D. granulatum Hind& (DV 003), Nannochloropsis sp. (DV
009), S. bernardii G. M. Smith (DV 011) and G. radiata
Chodat (DV 001). The highest lipid content is found in C.
vulgaris Beyerinck (DV 005) isolates, which are presumed to
have potential for use as a candidate for biofuel. This research
can be used as a reference to dig deeper into microalgae
isolates from swamps that have the potential to be candidates
for biofuels.
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