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ABSTRACT. The availability and sustainability of the algae-based biodiesel industry depend on the
adequate selection of microalgae strains. Based on this, it is important to explore local microalgae from
Indonesia as a feedstock for biodiesel. This study aimed to isolate and screen freshwater microalgae with
lipid-producing abilities. A total of three microalgal isolates have been successfully isolated from the
Cengklik Reservoir (-7.506712, 110.723582). Based on the cell morphology, the three isolates were
identified as Chlorella sp., Scenedesmus sp., and Oscillatoria sp. Nile red staining indicated that the three
microalgal isolates contained neutral lipid droplets in their cells, as shown by the presence of a yellow or
orange luminescence under a fluorescence microscope. The results of this study indicated that Scenedesmus
sp. and Oscillatoria sp. had more potential as feedstocks for biofuels due to their higher lipid content and
productivity. This research succeeded in obtaining microalgae isolates from Cengklik reservoir, Boyolali,
Central Java which can be used as a source of lipids for biodiesel.
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INTRODUCTION

Energy is the main driver of economic growth and plays an important role in the sustainability
of modern economies and societies. According to the Executive summary — World Energy Outlook
(2022), the proportion of fossil fuels in the global energy structure has remained high for many
decades, about 80%. Fossil fuels are non-renewable fuels and cause various negative impacts on the
environment. It has been shown that 98% of carbon emissions results from fossil fuels (Gashaw et
al., 2015). The trend of energy development is to achieve carbon peaking and carbon neutrality,
reduce carbon dioxide emissions, and solve the problem of global climate change (Zhang et al., 2022).
This has encouraged the development of alternative renewable fuels, which are more environmentally
friendly and produce less CO> emissions. These alternative fuels include bioethanol and biodiesel
which can be produced from biomass or waste feedstocks, renewable, and a significantly reduced
contribution to global warming (Casanova ef al., 2023)

Biodiesel, commonly known as fatty acid methyl esters (FAME), is synthesized through
esterification or transesterification from edible or non-edible oils (Zhang et al., 2022). Biodiesel can
be produced through the transesterification reaction of any natural oil or fat using short-chain alcohols
such as methanol and ethanol, which are responsible for providing methyl and ethyl radicals,
respectively, and a base or acid catalyst (Nunes ef al., 2021). Biodiesel has the potential to be
developed as an alternative fuel due to its ability to adapt to gasoline for a maximum mixture of 85%
without the need for any engine modifications (Hossain et al., 2019).

First-generation biodiesel production uses raw materials from food crops, edible oils, and animal
fat. First generation biodiesel is synthesized through esterification of vegetable oil and ethanol which
is generated primarily from food crops (92% is from corn and sugar cane) (Vignesh et al., 2021). The
advantages of first generation biodiesel are the sustainability of the raw materials and the easy
conversion process (Singh et al., 2024). However, the use of food crops as biodiesel row materials is
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hampered by the food security issues, high production costs, and limited cultivation space (Asase et
al., 2024). Second-generation biofuel production uses non-edible raw materials such committed
energy crops (for example, jatropha, enduring grasses, short turn coppice, and other lignocellulosic
plants), squander biomass (for example, agrarian and ranger service buildup), and waste materials
(for example squander cooking oil) (Malode ef al., 2022). The production of bioethanol using these
materials would no longer need land and would thus have no impact on the production of food and
fibre crops (Vignesh et al., 2021). However, in general non-edible crops are planted on marginal land
resulting in low crop yields. Planting non-edible crops on agricultural land will increase the yield, but
there is a significant impact on both food production and social economy (Singh et al., 2024). Third-
generation biodiesel production uses oil from microalgae and waste oils. Compared to 1° and 2
generations, microalgae are considered to have more potential because of no competition for land or
food markets with crops, lower greenhouse effect, better growth rate and productivity, and higher oil
content (Singh et al., 2024). Another advantage is that algae oil is easily processed into diesel and
gasoline, and certain algae species can be genetically modified so that carbon metabolism pathways
facilitate the production of the required final products (Neto et al., 2019). Microalgae use neutral
lipids (acylglycerols, mostly triacyl-glycerols (TAG) for energy storage (Casanova ef al., 2023).

Indonesia, as a country with great biodiversity, certainly has abundant biological potential.
Research on microalgae biodiversity in Indonesia has been widely reported, including in java
(Santosa, 2010; Hariyati & Putro, 2019; Zakiyah et al., 2020; Mahmudi et al., 2023), Sumatra (Pane
et al., 2023), Bali (Yudana et al., 2021), and Kalimantan (Kushadiwijayanto ef al., 2024). As many
as 1,058 species, 225 genera, 130 families and 23 classes of microalgae can be found throughout
Indonesia (Andriani et al., 2024). This microalgae has the potential to be used in various fields,
including as functional food ingredient (Nur, 2014; Wahyuningtyas et al., 2024), metabolite producer
(Noerdjito et al., 2024), bioindicator (Hariyati & Putro, 2019), heavy metal biosorbent (Rinanti et al.,
2021), and, of course, have the potential to be developed as a source of oil for biodiesel production
(Jumiarni & Anggraini, 2021). Various studies showed that Indonesian waters were a source of lipid-
producing microalgae for biodiesel (Santosa, 2010; Saputro ef al., 2019). The most important criteria
for the selection of microalgae species for the development of a competitive biodiesel production
process are the ability of the microalgae to accumulate lipids and grow rapidly, and adapt to the local
environment (Jazzar et al., 2015). Native microalgae isolated from around the production area will
adapt more easily to local conditions so that they can support high productivity (Gour et al., 2014).

Based on this, it is important to explore local microalgae as a feedstock for biodiesel production.
This study aimed to isolate and screen freshwater microalgae with lipid-producing abilities. The
findings have significant implications for advancing sustainable energy strategies, particularly in
regions rich in aquatic biodiversity. By identifying indigenous microalgae strains with high lipid
content, this research supports the development of locally sourced biofuels, reducing dependence on
imported fossil fuels and enhancing energy security. Moreover, integrating microalgae-based
biodiesel into existing energy frameworks could contribute to lowering greenhouse gas emissions and
promoting circular bioeconomy practices.

MATERIALS AND METHODS

Study area. Water samples were taken from the Cengklik Reservoir, located in Ngargorejo,
Ngemplak, Boyolali, Central Java, Indonesia. Its coordinates were -7.506712 and 110.723582 (Fig.
1). A total of 10 L of water was taken and then filtered through a plankton net until approximately 10
mL of water was obtained.
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Fig. 1. Location of Cengklik Reservoir in Ngargorejo, Ngemplak, Boyolali, Central Java, Indonesia

Media. The media for microalgae growth was Bold's Basal Medium (BBM) with the composition
of (mg/L): NaNOs (250), MgSO47H20 (75), NaCl (25), KoHPO4 (75), KH2PO4 (175), CaCl2 2H20
(25), ZnSO4-TH20 (8.82), MnCl2-4H20 (1.44), MoO3 (0.71), CuSO4-5H20 (1.57), Co(NO3)2:6H20
(0.49), H3BOs3 (11.42), Na2EDTA (50), KOH (31), FeSO4-7H20 (4.98) (De Lourdes et al., 2017).

Isolation of microalgae. Microalgae isolation was carried out using the spread plate method
according to the method by Lee et al. (2014), with modifications. A total of 0.1 mL of water sample
was inoculated on Bold's Basal Agar Medium (BBA) by the spread plate method. Each sample at
each station was planted in three petri dishes (triplo). Incubation was carried out using light-emitting
diode (LED) lamps with a light intensity of 1500 Lux continuously for 24 hours. Incubation was
carried out for three weeks. Separated colonies were purified using the quadrant method. Pure
microalgal isolates were then grown in liquid BBM for further research.

Identification of microalgae. Morphological identification was carried out by observation under
a light microscope. The characteristics observed were cell organization and shape, the presence or
absence of flagella, and typical color related to the type of pigment. The reference used for microalgae
identification was Bellinger & Sigee (2015).

Neutral lipid determination. Neutral lipid content was indicated by yellow or orange
luminescence under the microscope after Nile red (9-diethylamino-5Hbenzo [a] phenoxazine-5-one,
Sigma—Aldrich) staining. Nile red staining was carried out based on the method described by Cooksey
et al. (1987). Nile red solution was made by dissolving 1 mg of Nile red in 1 mL of acetone (Pan et
al.,2011). One loop of pure microalgal culture from BBA was inoculated into 3 mL of liquid BBM.
Cultures were incubated for 16 days at a temperature of 25 + 2°C, a light intensity of 2000 lux, and
an exposure time of 18 hours (Pachiappan et al., 2015). Cultivation was carried out in 3 replications.
A total of 10 pLL of Nile Red solution was dropped onto 1 mL of microalgae culture, homogenized by
vortexing, and incubated for 20-30 minutes. After Nile red staining, microalgae were observed under
a fluorescence microscope with a blue excitation filter of 450-490 nm. Microalgae that contain neutral
lipids showed a shiny yellow or orange luminescence.

Measurement of microalgal growth. A total of 10 mL of culture from liquid BBM aged 16
days was inoculated into 90 mL of liquid BBM. So, the total volume for experiment was 100
mL.Cultures were incubated at a temperature of 25 + 2°C, light intensity of 2000 lux, exposure time
of 18 hours (Pachiappan et al., 2015), and aeration. The measurement of microalgal growth was
carried out by counting the number of cells every 24 hours. A total of 100 pL of culture was dropped
into a hemacytometer then observed under a light microscope, and the number of cells was counted.
The number of cells was determined using the following formula:

number of cells x dilution

Number of cells/mL =
number of plots x volume (mL)

Measurement of biomas and lipid production from microalgae. A total of 10 mL of culture
from liquid BBM aged 16 days was inoculated into 90 mL of liquid BBM. Cultures were incubated
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at a temperature of 25 £ 2°C, light intensity of 2000 lux, exposure time of 18 hours (Pachiappan et
al.,2015), and aeration. Incubation was carried out until the peak of the logarithmic phase according
to the results of previous growth measurements. Microalgae cultivation was carried out in 3
replications. The microalgae culture was centrifuged at 4000 rpm 25°C for 10 minutes. The
supernatant was discarded, and the pellet was dried by lyophilization. The microalgal biomass was
weighed to determine the dry weight, then extracted to determine the total lipid content.

Lipid extraction from microalgae. Lipid extraction from microalgae was carried out according
to the method of Bligh & Dyer (1959), with modifications. Lipid was extracted with the solvents
chloroform:methanol:water (1:2:0.8 v/v).The solvent was added to the dried microalgae, then
incubated in a water bath shaker for 24 hours at 27°C. After 24 hours, the biomass suspension was
added with a solvent until the ratio of chloroform:methanol:water became 2:2:1.8 v/v, vortexed, and
then centrifuged at 4000 rpm for 25 minutes. The lower layer was removed and evaporated using a
fume hood. The total lipid weight was determined gravimetrically. Total lipid content was determined
using the following formula:

Total lipid contet (%) = —2.dweight (&)

1 0,
Biomass dy weight (g) x 100%

Lipid productivity was determined using the following formula:
Lipid productivity (g/L) = Biomass Productivity (g dry weight/L) x Total Lipid Content (%)

Data analysis. The biomass and lipid productivity datas obtained were analyzed via one-way
analysis of variance (ANOVA) at a 5% (p<0.05). If there was a significant difference, the analysis
was continued with the Duncan multiple range test (DMRT).

RESULTS AND DISCUSSION

Isolation and identification of microalgae. A total of three microalgal isolates have been
successfully isolated from water samples taken from the Cengklik Reservoir, Boyolali, Central Java,
Indonesia (-7.506712, 110.723582). Based on the morphological characteristics of the cells, the three
isolates were identified as Chlorella sp., Scenedesmus sp., and Oscillatoria sp. respectively. Chlorella
sp. cells were green, round in shape, had cup-shaped protoplasm, without spines and flagella, and
vary in diameters, namely between 4.6-7.1 um (Fig. 2A & 2B). Scenedesmus sp. had cylindrical cell
shape tapered ends, the outer cells were crescent-shaped, the ends of the cells are without accessories
or spines, without fagella, green in color, vary in size between 5.8-28 um in length and 4.3-14.2 um
in width, and form colonies of 2 or 4 cells (Fig. 2C & 2D). The Oscillatoria sp. cell shape was an
unbranched cylindrical filament, usually bluish-green in color, no flagella, and vary in size, namely
between 1.3-2.14 um in width and 7.3-130 um in length (Fig. 2E & 2F).

10 10 pm
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Fig. 2. Chlorella sp. (A), Scenedesmus sp. (B), and Oscillatoria sp. (C) isolated from Cengklik Reservoir under light
microscope with a magnification of 1000x
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Neutral lipid determination. The results of observations under a light microscope after staining
with Nile red can be seen in Fig. 3. The yellow luminescence showed the neutral lipid droplet. The
results of this research indicated that Chlorella sp., Scenedesmus sp., and Oscillatoria sp have been
isolated from the Cengklik reservoir contain neutral lipid granules in their cells.

Fig. 3. Chlorella sp. (A), Scenedesmus sp. (B), and Oscillatoria sp. (C) under a fluorescence microscope with a blue
excitation filter of 450-490 nm after staining by Nile Red. The yellow fluorescence (arrow sign) showed the neutral lipid
droplet

Microalgae growth. The growth curves (Figure 4.) showed that Chlorella sp. and Scenedesmus
sp. reached their peak of logarithmic phase on 12 days incubation period, while Oscillatoria sp. on
9-13 days incubation period. Based on this, for biomass and lipid production, microalgae were
cultivated for 12 days.
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Fig. 4. Chlorella sp. (-®-), Scenedesmus sp. (- A-), and Oscillatoria sp.(-m-) growth curves on liquid Bold Basal Medium
(BBM). Cultures were incubated at a temperature of 25 + 2°C, light intensity of 2000 lux, exposure time of 18 hours

Biomass and lipid production. The biomass productivity of three microalgal isolates did not
differ significantly with a yield of approximately 1 g/L (Table 1). The lowest lipid productivity was
shown by Chlorella sp., whereas Scenedesmus sp., and Oscillatoria sp. did not show significant
differences.

Table 1. Biomass and lipid productivity of Chlorella sp, Scenedesmus sp., and Oscillatoria sp. on Bold's Basal Medium
Biomass productivity (g dry

Microalgae weight/L) Total Lipid content (%) Lipid productivity (g/L)
Scenedesmus sp. 1.13+£0.32° 28,12 +9.45° 0.30 £ 0.06°
Chlorella sp. 1.09 +£0.56* 14.21+3.10* 0.14+ 0.04°
Oscillatoria sp. 1.00 +£0.12° 21,92 £4.25%® 0.22 £ 0.07%

Notes: numbers followed by different letters in one column indicate significant differences at a 5% (p<0.05)

The present study successfully isolated and identified three distinct microalgal isolates, Chlorella
sp., Scenedesmus sp., and Oscillatoria sp., from water samples collected from the Cengklik Reservoir
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in Boyolali, Central Java, Indonesia.According to Bellinger & Sigee (2015), Chlorella cells (2—-10
um diameter) are spherical to sub-spherical with one parietal chloroplast nearly filling the cell, and
having one pyrenoid. Chlorella cells that have been successfully isolated in this study were similar
to Chlorella cells which was isolated by Rahman et al. (2019), namely: round or spherical, solitaire,
thick cell walls, pyrenoid inside the u-shape chloroplast with light green to yellowish color.
Oscillatoria cells were similar to Oscillatoria cells which were described by Bellinger & Sigee
(2015), cell shape was straight or curved with tips that may be rounded or specially shaped, single or
in groups, free-floating or attached, short or quite long, blue-green, olive green, reddish or brownish
in colour. The Oscillatoria filaments were varying in sizes, from 57.60pum to 69.05 um in length and
from 5.20pum to 9.55um in width (Rani et al., 2016), and sometimes purple when they were old
(Miihlsteinova et al., 2018). The Scenedesmus isolates had similar morphological characters with S.
dimorphus which were described by Bellinger & Sigee (2015), namely: had cylindrical cells with
tapered ends, the outer cells were crescent-shaped, and vary in size between 5.8-28 um in length and
4.3-14.2 pm in width. The successful isolation of these diverse microalgae from the Cengklik
Reservoir highlights its potential as a source for novel or locally adapted strains with biotechnological
relevance.

A critical aspect of microalgae's biotechnological utility is their ability to accumulate neutral
lipids, which are precursors for various valuable products, including biofuels. Only neutral lipid
fraction can be used to produce biofuels (Dancs et al., 2023). The Nile Red staining confirmed the
presence of neutral lipid droplets within the cells of all three microalgal isolates: Chlorella sp.,
Scenedesmus sp., and Oscillatoria sp. While it’s known that microalgal cells naturally contain lipids,
the significant yellow fluorescence observed indicated a notable accumulation of these neutral lipids
and can be used as a quick investigated tool for screening hyper-lipid producing microalgae cells
(Arathi ef al., 2020). Several previous studies also used Nile red staining to detect the presence of
neutral lipids in microalgae cells. Sharma ef al. (2019) used Nile red as a staining dye to investigated
for lipid content qualitatively in microalgal consortia. Acording to Priyanka et al. (2020), Nile Red
protocol was a robust, simple and cost-effective method for quantifying neutral lipids in Chlorella
emersonii and Pseudokirchneriella subcapitata.

Selecting microalgae species with a high lipid content is one of the key processes in the algal
biofuel production system. The results of this study indicated that the biomass productivity of three
microalgal isolates did not differ significantly; however, their lipid productivity differed considerably.
Chlorella sp. displayed the lowest lipid productivity, while Oscillatoria sp. and Scenedesmus sp. did
not differ significantly. Previous research conducted by Mathimani et al. (2021) showed that the lipid
content and lipid productivity of Scenedesmus sp. was higher than Chlorella sp. Commercial
production of biodiesel from microalgae requires fast growth microalgae with high biomass and lipid
productivity. The biomass productivity and lipid content of Scenedesmus sp. in Bold's Basal Medium
were 300 + 60 mg/L and 28.12 + 9.4%, respectively. The findings of this study were almost the same
as the results of the study by Zhang et al. (2015) which used domestic secondary effluent (DSE) as a
medium for S. dimorphus for lipid production with lipid productivity and lipid content of 244 mg
L—1 and 26.06%, respectively. The results of this study indicated that the Oscillatoria sp. and
Scenedesmus sp. were more potential as a feedstock for biofuels due to those higher yield in terms of
lipid content and productivity. Scenedesmus has good potential to be developed as a biodiesel raw
material because its productivity (Trivedi et al., 2022; Anand et al., 2023; Nicodemou et al., 2024;
Ogbonna et al., 2024). Scenedesmus can be grown using various types of municipal wastewater for
pollutant removal and production of lipid so it is more economical and environmentally friendly
(Silambarasan et al., 2023). Compared to Scenedesmus, information about Oscallitoria as a biodiesel
raw material is still quite limited. However, Oscillatoria can also be grown using wastewater (Fatah
et al., 2020).

During this research, qualitative and quantitative screening was carried out in stages. Qualitative
screening was carried out by observing cells under a fluorescence microscope after NR staining and
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then quantitative screening was carried out by measuring biomass and lipid production. This 2-stage
screening is time consuming so it cannot detect the lipid content in the culture near real time. Future
research can use the method developed by Natunen (2020). Nile Red can penetrates the microalgal
cell walls and stains the intracellular neutral lipids. Thus, the neutral lipid content in the culture can
be measured near real time by measuring the fluorescence after addition of NR to the culture sample.

This research succeeded in obtaining microalgae isolates which can be used as a source of lipids
for biodiesel. However, its use is faced with various challenges. One of the disadvantages of using
microalgae is the high economic costs due to low productivity, so further research is needed to
increase the biomass and lipid content in microalgae cells. Strategies that can be developed include:
modulating light intensity in culture, controlling and varying CO» levels and temperature, inducing
nutrient starvation in culture, applying stress by introducing heavy metals or inducing high salinity
conditions, applying nanotechnology and genetic engineering (Natunen, 2020).

CONCLUSION

This research succeeded in obtaining microalgae isolates, namely: Chlorella sp., Scenedesmus
sp., and Oscillatoria sp., which can be used as a source of lipids for biodiesel. The three microalgal
isolates contained neutral lipid droplets in their cells. The three microalgal isolates had the same
biomass productivity but Scenedesmus sp. and Oscillatoria sp. had greater lipid productivity.
However, further research is needed to increase the biomass and lipid content in microalgae cells to
reduce production costs, including: modulating culture condition, applying stress, nanotechnology
and genetic engineering.
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