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Abstract. Ramadani NZ, Indrayani, Zainuddin EN. 2024. Evaluation of a newly isolated thermophilic microalga Chlorella sorokiniana 
UNM-IND1 as biodiesel feedstocks. Biodiversitas 25: 3339-3349. Microalgae contain lipids and fatty acids that can be used as an 

alternative energy for biodiesel. Efforts to increase lipid productivity in microalgae can be done by conditioning the microalgae under 

certain stress conditions. Temperature is one of the environmental factors that can stimulate lipid production in microalgae. This study 

aims to analyze the effect of different temperatures on the growth, biomass, lipid productivity and fatty acid composition of a newly 
isolated microalgae Chlorella sorokiniana Shihira & Krauss, 1965 UNM-IND1 and to evaluate the potential of the microalga as 

biodiesel feedstocks. The C. sorokiniana UNM-IND1 was initially cultured at three different temperature conditions namely culture 

room temperature (25-26°C), ambient room temperature (28-32°C) and drying room temperature (32-48°C) (phase I). In phase II, the 

cultures were transferred to lower temperature conditions and incubated for 3 days. The parameters measured were cell density , specific 
growth rate, biomass productivity, lipid content, lipid productivity and fatty acid composition. The results showed that all cultures can 

grow at all culture conditions tested. The highest specific growth rate and biomass productivity were achieved at drying room 

temperature treatment at 0.790 d-1 and 0,166 g.L-1.d-1, respectively. The highest lipid productivity (0.0674 g.L-1.d-1) was obtained at 

culture room temperature. After the temperature shift, the lipid yield, lipid content and lipid productivity of all cultures increased. Fatty 
acid analysis showed that the alga consists of mainly palmitic acid, linolenic acid and linoleic acid. Based on the growth, biomass, lipid 

and fatty acid composition, the C. sorokiniana UNM-IND1 has potential as a biodiesel feedstock. 
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 INTRODUCTION  

Nowadays, the world is faced with a crisis of 

increasingly depleted petroleum availability, along with an 

increasing population and increasing energy needs. In 

addition, using fossil fuels as the main energy sourcing 

fossil fuels as main energy source negatively impacts has a 

negative impacts environmental quality. Therefore, there is 

an urgent need to develop alternative energy sources to 
mitigate the energy crisis through the development of 

sustainable and promising alternative energy (Makareviciene 

and Sendzikiene 2022). One of the alternative fuels that has 

the potential to overcome the problem of fossil fuels is 

biodiesel (Hossain et al. 2020). Biodiesel is a fuel made 

from vegetable oils and animal fat which have 

characteristics similar to diesel fossil fuel (Abbaszaadeh 

2012). According to Hwang et al. (2022), biodiesel has 

great potential for its application in the industrial sectors 

due to its efficiency and environmentally friendly. It 

produces less CO2, CO, SO2, and hydrocarbon emissions 

compared to diesel fuel from petroleum fractions. 

Moreover, biodiesel does not exacerbate the greenhouse 

effect because the carbon chains involved in the cycle are 

short carbon chains that are easily degraded naturally 

(Pruvost et al. 2018). 

Microalgae are currently receiving a lot of attention as a 

potential alternative energy source. They are known as one 
of the main sources of biodiesel due to their high lipid 

content that can be converted to biodiesel. According to 

Chisti (2007), microalgae with a lipid content of 70% can 

produce up to 136,400 L/Ha of vegetable oil. In addition, 

microalgae have advantages over higher plants, namely 

easy to grow, do not require fertile and large areas of land 

and they can be harvested daily throughout the year due to 

their fast growth. However, using microalgae as raw 

material for biodiesel still faces challenges in cost-effective 

large-scale production (Gaurav et al. 2024; Wang et al. 

2024). Species or strain selection is the first and most 

important step in developing microalgae for any industrial 

applications including developing microalgae as biodiesel 

feedstocks. The search for oleaginous microalgae is an 

ongoing effort. In Indonesia, research and development of 

microalgae as a renewable fuel source continue to be 

carried out. Isolation and selection of microalgae from 
various aquatic habitats have been widely carried out 

including freshwater such as rivers, lakes or ponds/ponds 

as well as brackish and sea waters. However, there is no 

report on bioprospecting extremophile microalgae for 

biodiesel feedstocks in Indonesia. 
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One of the extreme environments that can be a habitat 

for microalgae is hot springs. Microalgae that can live in 

these conditions have advantages over other organisms, 

namely being able to produce heat-resistant enzymes and 

resistance to contaminants (Goecke et al. 2020). 

Thermophilic microalgae are of interest to biologists 

because of their biological genetic origins and perhaps 

some of these species are more valuable than commercially 

available strains. Currently, interest in microalgae that live 

in hot springs is increasing because several researchers 

have stated that isolating microalgae diversity from this 

habitat is important for understanding the role of microalgae 
in the biogeochemical cycle and for determining their 

biotechnological potential, one of which is their high lipid 

content (Ancona-Canche et al. 2017). 

According to Gultom (2018) efforts to increase lipid in 

microalgae can be done by conditioning microalgae in 

certain stress conditions. Under stressful conditions, 

microalgae are stimulated to synthesize more lipids as a 

form of microalgae mechanism in protecting themselves 

and adapting to their environmental conditions 

(Widianingsing et al. 2011). Temperature has a significant 

effect on the lipid content of microalgae because it can 

affect the growth and productivity of biomass. Gómez-

Loredo et al. (2021) revealed that higher temperatures can 

increase the growth rate of microalgae, such as Chlorella 

sorokiniana Shihira & Krauss, 1965 at a temperature of 30 

-42°C, but can affect the balance of cell composition and 

decrease biomass quality. Shang et al. (2024) reported a 

significant increase in the biomass of Skeletonema dohrnii 
as the temperature increased but the total lipid content 

decreased as the temperature increased. The highest total 

lipid content was observed at 15°C (39.23±0.32 mg/g) 

compared to that of the control group at 25°C (30.97±0.06 

mg/g). Indrayani et al. (2022) also reported that the highest 

lipid content of diatom Amphora sp. MUR258 

(57.69±2.039%AFDW) was achieved at a lower 

temperature (25°C) and the lowest lipid content 

(34.43±3.955% AFDW) was obtained at 35°C.  

Chlorella UNM-IND1 is a newly isolated microalga 

from the Waepella Hot Spring, Sinjai Regency, South 

Sulawesi, Indonesia (Indrayani et al. 2023). The previous 

study showed that the Chlorella sp. UNM-IND1 has fast 

growth (0.77d-1) and high biomass productivity (0.166 g.L-

1.d-1) in urea + NPK media (Indrayani et al. 2023). Fast 

growth and high biomass productivity are the main 

characteristics needed to develop microalgae as raw 
materials for various industrial purposes. In addition, 

information on lipid content and fatty acid composition of 

microalgal species is very important to evaluate their 

potential as a raw material for biodiesel. Therefore, this 

study aims to analyze the effect of different temperatures 

on the growth, biomass, lipid and fatty acid composition of 

the newly isolated microalga C. sorokiniana UNM-IND1 

and evaluate its potential as biodiesel feedstocks. 

MATERIALS DAN METHODS 

Microalgal species 
Microalga C. sorokiniana UNM-IND1 is a newly 

isolated species from the Waepella Hot Spring in Sinjai 

Regency, South Sulawesi Indonesia. The species was 

isolated following the agar plating technique in Guillard’s 

f/2 agar medium (2% w/v) (Andersen and Kawachi 2005). 

The alga is maintained in the Agricultural Technology 

Laboratory, Faculty of Engineering, Universitas Negeri 

Makassar, Indonesia. 

Microalgae identification 
Identification of microalgae isolates was carried out 

morphologically and molecularly. Morphological 

identification was based on pigmentation, cell shapes 

(coccoid, filamentous), cell size, the presence or absence of 

flagella and other distinctive features. Morphological 

observations were carried out using a light microscope 

(Olympus BX40) and a scanning electron microscope 

(SEM). 

For molecular identification, the DNA isolation process 

was carried out using the Genomic DNA Mini Kit (Plant) 

(Geneiaid Biotech Ltd, Taiwan). The kit consists of GP1 

buffer, GPX1 buffer, GP3 buffer (plus isopropanol), W1 

buffer, Wash buffer (plus ethanol), elution buffer (pre-heat 
at 60°C), RNase A, filter column, GD column, and 2 mL 

collection tube. DNA isolation consists of five stages, 

namely cell dissociation, lysis, DNA binding, washing, and 

DNA elution. 

After the DNA extraction stage, the DNA quantity was 

analyzed using Nanodrop 2000 (Thermo Fisher Scientific, 

USA) to determine the concentration and purity of DNA 

(Cheng et al. 2021). DNA concentration was determined by 

the absorbance value at a wavelength of 260 nm (A260). 

Meanwhile, the purity of DNA from protein, polyphenol, 

and polysaccharide contamination was assessed by 

estimating the absorbance ratio at A260/A280 and 

A260/A230. The A260/A280 ratio approaching 1.8 is 

generally accepted as pure DNA. The A260/A230 ratio 

generally accepted for dsDNA is 1.8-2.2. The results of 

DNA quantity analysis were used as a guideline for DNA 

dilution used for the PCR process. DNA amplification was 
carried out using a PCR machine (Bio-rad, USA). The total 

volume of amplification reaction in this study was 40 µL 

with details of 20 µL My Taq HS Red Mix 2X (Meredian 

Bioscience, USA), 0.8 µL of each forward and reverse 

primer (10 µM), 16.4 µL dH2O, and 2 µL DNA template 

(92 ng/µL). The amplification program on the PCR 

machine was determined as follows: initial denaturation 

(95°C for 2 minutes), 35 cycles (95°C for 15 seconds, 54°C 

for 15 seconds, and 72°C for 1 minute), then continued 

with a final extension at 72°C for 5 minutes. 

The amplicons produced from the reaction were 

electrophoresed in a 1% agarose gel soaked in 1x TAE 

buffer for 55 minutes at 100V. Then the gel was stained 

using DiamondTM Nucleic Acid dye. The DNA bands in 

the gel were photographed using a gel documentation system. 

The DNA sequence was analyzed for base sequence 

homology by utilizing DNA sequence information available 
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in the GenBank database (http:/www/ncbi.nlm.nih.gov) 

using the Basic Local Alignment Search Tool (BLAST) 

and the creation of a phylogenetic tree using analysis from 

the Clustal X application, Neighbor-Joining (NJ-Plot). 

Microalgae cultivation 
Microalgae were cultured using a 300 mL Erlenmeyer 

flask containing 150 mL of urea + NPK enriched culture 

media (Indrayani et al. 2023). The study was conducted in 

two phases. In Phase I, microalgae were cultured at three 

different temperature conditions, namely culture room 

temperature (25-26°C), room temperature (30-34°C), 

drying room temperature (37-48°C) at a light intensity of 

3500 lux with a light-dark cycle of 12 hours. The initial 

culture density for all treatments was the same at around 

100×104 cells.mL-1. The cultures were maintained for 10 

days. After that, it was continued to phase II where the 

cultures were transferred to a lower temperature condition, 

namely the cultures in the drying room were transferred to 
ambient room temperature, the cultures at ambient room 

temperature were transferred to the culture room 

temperature while the cultures in the culture room were 

transferred to a showcase at a temperature of 11-12°C. In 

phase II, the culture was maintained for 3 days. During the 

culture period, the cultures were stirred manually at least 3 

times a day and rotated every day. Sampling for cell 

density calculations was carried out every day. Sampling 

for biomass and lipids was carried out in the exponential 

and stationary phases in phase I while in phase II, sampling 

for biomass and lipids was carried out every day. 

Lipid extraction 
Lipid extraction refers to the research of Indrayani 

(2017). Lipid extraction follows the method of Bligh and 

Dyer (1959) as modified by Kates and Volcani (1966), 

which was adapted by (Mercz 1994). Namely, 5 mL of 

microalgae culture was harvested and then filtered with 25 

mm Whatman GF/C paper. Whatman GF/C paper 

containing microalgae was put into a tube and crushed 

using a glass rod until it formed a smooth paste. One mL of 

a mixed solution (methanol + chloroform + aquabides) at a 

ratio of 2:1: 0.8 v/v/v was added into the tube and then 

transferred into a centrifuge tube. Another 1 mL of the 
mixed solution was added to clean the remaining extract in 

the tube and then transferred into the centrifuge tube. Next, 

3.7 mL of the mixed solution was added into the centrifuge 

tube, so the total extract was around 5.7 mL. After that, the 

extract was centrifuged for 20 minutes at 3000 rpm. The 

supernatant was then transferred into a 30 mL clean glass 

tube. The pellet was resuspended by adding 5.7 mL of the 

mixture solution, then vortexed and centrifuged again. The 

supernatant was then combined into the glass tube. About 3 

mL of aquabidest and 3 mL of chloroform were added to 

the glass tube and vortexed. The extract in the glass tubes 

was then incubated uninterrupted for 24 hours in the 

refrigerator until two phases were formed. The next day, 

the top phase was removed using a fine syringe and the 

bottom phase was transferred into a pre-weighed vial. The 

lipid sample in the vial was evaporated until completely 

dry at a temperature of 40°C using a hot plate. The vial 

containing lipids was then re-weighed.  

Fatty acid analysis 
The fatty acid analysis follows the method adapted by 

Christi (1989). Where 1 mL of toluene was added to the 

lipid sample before adding 2 mL of 1.5% sulfuric acid in 

methanol. The sample was then incubated in a water bath at 

50°C overnight. After incubation, about 5 mL of 5% NaCl 

in deionized water was added to the sample to dissolve the 

water-soluble compounds. The top organic phase was 

transferred into a clean vial and the bottom phase was 

washed 2 times with 5 mL of hexane then the washing was 

combined in a vial then washed with 4 mL of 2% NaHCO3 

in deionized water. The top layer was then transferred into 

a clean and dry vial. The sample was evaporated using a 

hot plate at 40°C until the sample volume was about 

0.5mL. The sample was then transferred to a smaller vial 

ready for analysis using gas chromatography (GC-MS 
Ultra QP 2010 Shimadzu). 

For GC-MS analysis, a total of ±0.1 mL of sample was 

added with 5 mL of methanol: chloroform (1:1). The 

sample was extracted using a sonicator for 20 minutes at 

40°C. The sample was then inserted into the GC-MS vial. 

GC-MS instrument conditions injector temperature 250°C 

with splitless mode, pressure 76.9 kPa and flow rate 14 

mL/min and ratio 1:10. Ion source and interface 

temperature 200 and 280°C, solvent cut time 3 minutes, 

400-700 m/z. Column type SH-Rxi-5Sil MS column length 

30 m with inner diameter 0.25 mm. The initial temperature 

of the column was 70°C with a holding time of 2 minutes 

and the temperature was increased to 200°C at a rate of 

100°C/min and the final temperature was 280°C with a 

holding time of 9 minutes at a rate of 50°C/min so that the 

total analysis time was 36 minutes. The chromatogram data 

obtained were read using the NIST 17 and Wiley 9 libraries. 

Data analysis 
Cell density 

Culture cell density was calculated daily during the 

culture period using a Neubauer haemocytometer 

(Moheimani et al. 2013). The cell density was calculated 

using the formula: 
 

Cell density (cells.mL-1)= (nA+nB+nC+nD)/4 × 104 
 

Where: nA, nB, nC, nD = number of cells in square A, 

B, C, D; 4 = number of squares counted. 

Specific Growth Rate (SGR)  

Specific growth rate is a parameter that describes the 

rate of increase in microalgae cells per unit of time. The 

specific growth rate (µ) is calculated using the following 

equation (Moheimani et al. 2013):  

 

 
Where: N2 is the cell density at time t2 and N1 is the cell 

density at time t1 within the exponential phase.  
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Dry weight (biomass)  

Dry Weight (DW) was determined following the 

method of Moheimani et al. (2013). Briefly, five mL of 

culture was filtered through pre-weighed Whatman GF/C 

25 mm filter paper. The filters were then dried in an oven 

at 75°C for 5 hours. The filters were then removed from the 

oven and cooled in a desiccator before weighing. The DW 

was determined by the following formula (Moheimani et 

al. 2013): 
 

DW (g.L-1) = (weight of filter containing algae cells) - 

(weight of filter) 

Biomass productivity (g L-1 d-1) 

Biomass productivity was calculated based on the 

specific growth rate and biomass. Determination of 
biomass productivity followed the formula of Indrayani 

(2017): 
 

Biomass productivity (g L-1 d-1) = SGR × DW 

Lipid yield (g.L-1) 

Lipid yield was calculated using the following equation 

(Indrayani 2017): 
 

 Lipid yield (g.L-1) = weight of vial containing lipid - 

weight of vial 

Lipid content (%) 

Lipid content is the percentage of lipid accumulation 

based on dry weight biomass. The lipid content was 

calculated using the following formula (Indrayani 2017):  
 

Lipid content (%) = (lipid yield/biomass yield) × 100% 

Lipid productivity (g.L-1.d-1) 

Lipid productivity expresses the formation of lipids in 

microalgae in mass units per volume per unit time. To 

obtain lipid productivity, use the formula (Indrayani 2017): 

 

Lipid productivity (g.L-1.day-1) = SGR × lipid yield 

Statistical analysis 
One-way Analysis of Variance (ANOVA) was used to 

analyze significant differences between treatments and the 

Pairwise multiple comparison procedure (Holm-Sidak 

Method) was used to precisely test differences between 

conditions. All statistical analysis was performed using 

Sigma-Plot 14.5 Systat Software Inc., USA. 

RESULTS AND DISCUSSION 

Microalga idenfication 
The microalga species used in this study is a newly 

isolated microalga from Waepella Hot Springs, Sinjai 

District, South Sulawesi, Indonesia. Morphologically, 
microalga has a solitary round cell shape with a diameter 

ranging from 2-4 μm and is green in color (Figure 1). 

To confirm the species of microalga studied, molecular 

identification was carried out. The molecular identification 

process begins with the isolation of microalgae DNA, 

electrophoresis amplification of PCR products, and then 

purification and sequencing. The results of the amplification 

of the genomic DNA of the UNM-IND1 isolate using 18S 

rDNA PCR produced a single band at 3000 bp with 

relatively high intensity (Figure 2). 
 

 
Figure 2. Electropherogram of 18S rDNA PCR product of isolate 

UNM IND1 

 

 

  
A B 

 
Figure 1. Microalgae Chlorella sorokiniana UNM IND-01 under light microscope (Olympus BX40) (A) and Scanning Electron 

Microscope (SEM) at 3000x magnification (B) 
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To determine the species of the isolate UNM-IND1, the 

Basic Local Alif=gnment Search Tool (BLAST) was 

performed. The BLAST results of UNM-IND1 DNA 

sequence with data available in the NCBI GeneBank 

showed that the UNM-IND1 isolate had a very close 

relationship with C. sorokiniana with a similarity level of 

96.57% (Figure 3). The phylogenetic tree construction of 

microalga isolate UNM-IND1 showed that the isolate 

UNM-IND1 is in a monophyletic group with other 

Chlorella. The branch length of UNM-IND1 was 0.000, 

indicating that the UNM-IND1 is identical to C. 

Sorokiniana (Figure 4). The branch length of 0.000 
indicates that there are no sequence changes as stated by 

Hall (2001) that the greater the branch length value, the 

more sequence changes occur.  

Growth and biomass of Chlorella sorokiniana sp.UNM-

IND1 
Based on the results of temperature measurements for 

each treatment for five consecutive days, it was found that 

the culture room had a temperature ranging between 25-

27°C, the ambient room temperature ranged between 27-

34°C, while in the drying room, the temperature ranged 

between 32-48°C (Figure 5).  

 

 

 

 
 

Figure 3. BLAST search result of DNA sequence of Chlorella sorokiniana UNM-IND1 
 

 

 

 
 

Figure 4. Phylogenetic tree depicting the relationship between isolate UNM IND 1 with Chlorella sorokiniana and other sequences 
from GenBank using the Neighbor-Joining model 
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The cell growth curve is formed by plotting the cell 

density of microalga culture against time. The results 

showed that the microalgae C. sorokiniana UNM IND1 

could grow in all culture conditions tested but the rate and 

the cell density were different. The initial cell density in all 

treatments at the time of inoculation was the same at 

around 100×104 cells.mL-1. One day after inoculation, the 

increase in the number of cells for all treatments was still 

small, indicating that the culture was in the lag phase. In 

the 2nd day, the culture at room temperature culture treatment 

experienced an exponential increase in cell density until it 

reached the maximum cell density on the 6th day at an 
average of 1729×104 cells.mL-1 before finally experiencing 

a decrease in cell density on the 7th day. In the room 

ambient temperature treatment, the lag phase lasted until 

the 2nd day before experiencing an exponential increase in 

cells on the 3rd day and reaching the maximum cell density 

on the 5th day at aroun 1104×104 cells.mL-1. In contrast, in 

the drying room temperature treatment, the lag phase lasted 

longer until the 3rd day before entering exponential phase 

on the 4th day and reaching a maximum density on the 5th 

day at about 747×104 cells.mL-1 (Figure 6). 

The results of the determination of the Specific Growth 

Rate (SGR) of C. sorokiniana UNM-IND1 at different 

temperature treatments can be seen in Figure 7. The highest 

specific growth rate was obtained at the drying temperature 

treatment with an average value of 0.790±0.096 day-1 and 

the lowest at room temperature treatment with an average 

of 0.689±0.066 day-1. The results of the one-way ANOVA 

analysis showed that different temperature treatments did 
not significantly affect the specific growth rate of 

microalgae (p=0.277). 

The results of the determination of the dry weight of the 

microalga biomass C. sorokiniana UNM-IND1 obtained in 

the exponential phase and stationary phase can be seen in 

the Figure 8. In general, there was an increase in the 

biomass of microalgae cultures for all treatments along 

with the increasing age of the culture. The highest biomass 

in both the exponential and stationary phases was obtained 

in the drying room temperature treatment with an average 

biomass of 0.160±0.02 g.L-1 and 0.233±0.11 g.L-1, 

respectively. One way ANOVA analysis showed that there 

was no significant difference in the biomass of the 

microalga C. sorokiniana UNM-IND1 under different 

temperature treatments tested (P=0.178). 

The biomass productivity of C. sorokiniana UNM-

IND1 cultured at different temperatures can be seen in 
Figure 9. The highest biomass productivity was obtained at 

the drying room temperature treatment with an average 

biomass productivity of 0.184±0.021 g.L-1.h-1 while the 

lowest biomass productivity was at the ambient room 

temperature at an average of 0.156±0.012 g.L-1.h-1. One 

way ANOVA analysis showed that different temperature 

treatments did not significantly affect the biomass 

productivity of C. sorokiniana UNM-IND1 (P=0.239). 

 
 

Figure 5. Temperature of each culture condition 
 

 

 
 

Figure 6. Growth curve of microalga Chlorella sorokiniana 
UNM-IND1 cultured at different temperatures 

 

 

 
 

Figure 7. Specific Growth Rate (SGR) of Chlorella sorokiniana 

UNM-IND 01 at different temperatures 
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Figure 8. Biomass of microalga Chlorella sorokiniana UNM-
IND01 at different temperature treatments 

 

 
 

Figure 9. Biomass productivity of microalgae Chlorella 
sorokiniana UNM-IND 01 under different temperatures 

 

Lipid of Chlorella sorokiniana UNM-IND1 
To determine the effect of temperature stress on lipid 

accumulation of microalgae C. sorokiniana UNM-IND1, 

the experiment was conducted in two phases where in 

phase I, the culture was maintained at different temperature 

conditions, namely culture room temperature, room 

ambient temperature and drying room temperature for 

approximately a week. Entering phase II, the culture was 

transferred to a lower temperature, namely the cultures at 

culture room temperature were transferred to showcase 

temperature, the cultures at room ambient temperature were 

transferred to culture room temperature and the cultures in 
the drying room were transferred to room ambient 

temperature and incubated for 3 days. The results showed 

that the lipid yield and lipid content of microalgae in phase 

I for all treatments increased from the exponential phase to 

the stationary phase where the lipid yield in the exponential 

phase ranged from an average of 0.0467-0.0533 g.L-1 

increasing to an average range of 0.080-0.0867 g.L-1 in the 

stationary phase. Likewise, the lipid content (%) for all 

treatments increased from an average range of 33.13-

36.11% dry weight biomass in the exponential phase to an 

average range of 34.09-40.61% dry weight biomass in the 

stationary phase. One day after the temperature shift 

treatment in phase II, all treatments experienced an 

increase in both lipid yield and lipid content where lipid 

yield increased to an average range of 0.087-0.100 g.L-1 

and lipid content to an average range of 36.11-42.93% dry 

weight biomass. In the 2nd and 3rd days, in general, all 

treatments experienced a decrease in both lipid yield and 
lipid content (Figure 10).  

 

 

 

 

 

 

 

 

 
A B 

 
Figure 10. Lipid yield (g.L-1) (A) and lipid content (% DW biomass) (B) of microalga Chlorella sorokiniana UNM-IND1 
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Figure 11. Lipid productivity of microalga Chlorella sorokiniana 

UNM-IND1 

 
 

The highest lipid productivity of microalgae C. 

sorokiniana UNM-IND1 during phase I was obtained in the 

culture room treatment with an average biomass 

productivity of 0.067±0,012 g.L-1.d-1 while the lowest lipid 

productivity was in the ambient room temperature with an 

average of 0.0595±0.006 g.L-1.d-1. After the temperature 

shock treatment, lipid productivity on day 1 for all 

treatments increased where the treatment at showcase 

temperature had the highest lipid productivity with an 

average of 0.078±0.006 g.L-1.d-1, then the treatment at 

room temperature increased to 0.638±0.014 g.L-1.d-1 and 

the treatment at room temperature increased to 

0.068±0.015 g.L-1.h-1. On day 2, lipid productivity in the 

treatment of showcase temperature and room ambient 

temperature decreased while lipid productivity at room 

temperature increased to 0.069±0.007 g.L-1.d-1. On day 3, 

lipid productivity in the showcase temperature and culture 

room temperature treatments decreased while the ambient 

room temperature increased to 0.069±0.016 g.L-1.d-1 

(Figure 11). 

Fatty acids composition of Chlorella sorokiniana UNM-

IND1 
Analysis of the fatty acid composition of C. sorokiniana 

UNM-UND1 lipid was carried out using Gas 

Chromatography-Mass Spectrophotometry (GC-MS) aiming 

to determine the type of fatty acids contained in microalgal 
lipids and their suitability as raw materials for biodiesel. 

The chromatogram of the fatty acid analysis revealed about 

16 major peaks (Figure 12). Detailed information on the 

chromatogram can be seen in Table 1. The fatty acid 

analysis showed that the largest fatty acid components are 

palmitic acid (28.13%) followed by linolenic acid (23.47%) 

and linoleic acid (21.64%) (Table 1). 

 

 

 

 

 

Figure 12. Chromatogram of fatty acid analysis of Chlorella sorokiniana UNM-IND1 using GC-MS 
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Table 1. Fatty acids compositions of microalga Chlorella sorokiniana UNM-IND1 

 

Peak Retention time Fatty acids Area (%) 

2 6.811 Octanoic acid, methyl ester (C9:0) 0.49% 
4 9.907 Decanoic acid methyl ester, Capric acid methyl ester (C10:0),  0.28% 

12 12.629 Lauric acid (C12:0) 4.34% 
18 15.100 Methyl Tetradecanoate, Methyl myristate, Myristic acid methyl ester (C14:0) 2.86% 
20 15.678 Tridecanoic acid (C13:0) 0.13% 
21 15.900 Pentadecanoic acid, Pentadecylic acid (C15:0) 0.66% 
31 17.503 7,10-Hexadecadienoic acid (C16:2) 5.43% 
32 17.604 9,12,15-Octadecatrienoic acid, Methyl linolenate, Linolenic acid methyl ester (C18:3) 4.23% 
33 17.704 Palmitoleic acid (C16:1) 1.94% 
35 18,293 Palmitic acidMethyl palmitate, Methyl hexadecanoate (C16:0) 28.13% 
36 18.293 Benzenepropanoic acid, 3,5-bis(1,1-dimethylethyl)-4-hydroxy- 0.61% 
43 19.400 Hexadecanoic acid(C16:0) 0.80% 
45 19.684 8,11-Eicosadienoic Acid, Methyl 8,11-Eicosadienoate  1.09% 
48 20.300 Heptadecanoic acid (C17:0) 1.109% 
52 21.996 Linoleic acid (C18:2) 21.64% 
53 22.165 Linolenic acid (C18:3) 23.47% 
54 22.250 Oleic acid, methyl oleate, (C18:1) 1.97% 
64 24.639 Cis-10-Nonadecenoic acid (C19:1) 1.39% 
65 27.036 Eicosanoid Acid, Arachidic Acid Methyl Ester, Methyl Icosanoate (C20:0) 0.18% 
66 27.286 Cyclopropanedecanoic acid, 2-hexyl-.alpha.-hydroxy-, methyl ester 0.11% 
68 30.328 13-Docosenoic acid, erucic acid (C22:1) 1.26% 
70 34.117 Lignoceric acid, tetracosanoic acid (C23:0) 0.11% 

  Total 100% 
 

 

 

Discussion  
Molecular identification results confirmed that the 

isolate UNM-IND1 is a microalgae species C. sorokiniana 

strain UNM-IND1. Chlorella sp. is a microscopic 
unicellular microalgae that can be found in fresh water and 

has structural elements similar to plants (Yamamoto et al. 

2005). Chlorella sp. has a high growth rate and is capable 

of reproducing very quickly within 24 hours (Safi et al. 

2014; Ullah et al. 2014). In addition, microalga from the 

genus Chlorella is one of the most widely studied genera of 

microalgae about their potential use as raw materials for 

biodiesel (Khorramdashti et al. 2021; Khalaji 2022) 

because this microalga can accumulate large amounts of 

lipids and has suitable fatty acid profile for biodiesel 

(Converti et al. 2009; Zheng et al. 2011). According to 

Ullah et al. (2014), Chlorella has the potential to produce 8-

36 times more oil per hectare per year than palm oil. Based 

on the numerous studies on Chlorella and its wide 

industrial applications potential including as raw material 

for biodiesel, it is therefore important to explore the 

potential of the newly isolated C. sorokiniana UNM-IND1 
as biodiesel feedstocks.  

In this study, it was found that C. sorokiniana UNM-

IND1 can grow well over a very wide range of temperatures 

starting from the lowest temperature, the showcase 

temperature of 11°C to the highest temperature in the 

drying room of 48°C. The ability to tolerate wide range 

temperatures, especially high temperatures, is understandable 

considering that the origin of this microalgae is the 

Waepella Hot Spring which has a temperature ranging from 

45-55°C (Indrayani et al. 2022; Indrayani et al. 2023).  

From the growth curve, it can be seen that the cultures 

in the culture room have a short lag phase and the cell 

density increases exponentially on the 2nd day whereas the 

other two conditions have a longer lag phase. The reason 

for this is that the inoculum used was cultured in the 

culture room, while the other two treatments had 

temperature conditions far above the initial culture 

temperature conditions, so they took a longer time to adapt. 

The growth curves also showed that the culture at the 
culture room temperature has a higher cell density than the 

other treatments. This is because the cultures can adapt 

quickly so that their cell density is higher in a short time. In 

addition, temperature plays an important role in increasing 

the density of culture cells. At lower temperatures, the 

solubility of gases, especially CO2 is higher, so that more 

CO2 is available to be utilized by microalgae. The cell 

density will continue to increase until it reaches a point 

where nutrients and other limiting factors including CO2 

are no longer able to support the growth of microalgae 

cells. In contrast, at higher temperatures, the solubility of 

CO2 is limited which in turn leads to reduced growth (Duan 

et al. 2006; Indrayani et al. 2020).  

Many studies have been conducted to evaluate the 

potential utilization of microalgae Chlorella sp. for 

biodiesel, but there is not much information available 

regarding the evaluation of the potential development of 
thermophilic microalgae species as biodiesel feedstock. 

Besides fast growth and ease of culture, lipid quantity and 

quality are important parameters to consider for the 

development of microalgae as biodiesel feedstocks. The 

quantity and quality of microalgae lipids are influenced by 

environmental conditions including temperature (Pasquet et 

al. 2014; Pandey et al. 2024). In this study, it was found 

that the lipid content of C. sorokiniana UNM-IND1 was 

higher at low temperatures. This is in line with previous 

studies (Chaisutyakorn et al. 2018; Indrayani et al. 2020). 

The high lipid content at low temperatures can be caused 

by low temperatures being suboptimal for the growth of C. 

sorokiniana UNM-IND1 which prefers higher temperatures 

for optimal growth so that at lower temperatures the 

microalga will modify its lipid biosynthesis pathways by 
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accumulating more neutral lipids act as energy reserves 

under suboptimal conditions (Hu et al. 2008). The lipid 

content of C. sorokiniana UNM-IND1 ranged from 33.13-

42.93% dry matter weight of biomass which is comparable 

with the lipid content of other Chlorella species. For 

example, Ferreira et al. (2019) reported the lipid content of 

the Chlorella sp. ranged from 28-52% dry matter with lipid 

productivity of 42.1 mg.L-1.d-1 whereas Li et al. (2014) 

reported the lipid content of C. sorokiniana UTEX 1602 of 

31.5% dry matter. Chlorella sp. S5 cultured on BG11 and 

agricultural runoff had lipid content ranging from 15.8-

16% DW, and lipid productivity of 41-44 mg.L-1d-1 (Rana 
et al. 2024).  

Another aspect of important consideration for 

developing a microalgae species as a biodiesel raw material 

is the composition of lipid fatty acids. Microalgae lipids 

can be converted into biodiesel by a transesterification 

reaction involving the reaction between triglycerides and 

alcohol to form fatty acid methyl esters and glycerol. Fatty 

acid composition greatly affects the quality of biodiesel. 

Fatty acids dominated by long-chain fatty acids (C16-C18) 

are desirable as the Cetane Number (CN), heat of 

combustion, and viscosity will increase with increasing 

chain length (Saber et al. 2024). However, high CN values 

have poor cold flow characteristics. Compared to sturated 

fatty acids, unsaturated fatty acids especially polyunsaturated 

fatty acids have lower melting points which are preferred for 

improved low-temperature characteristics but are not 

preferred for fuels due to low CN and decreased oxidative 

stability (Knothe 2009; 2013). Therefore, good quality 
biodiesel must have an optimal balance of saturated and 

unsaturated fatty acids (Islam et al. 2013). In the present 

study, it was found that the fatty acid composition of C. 

sorokiniana UNM-IND1 was dominated by palmitic acid 

(C16: 0) as much as 28.13%, linolenic acid (C18: 3) 

23.47% and linoleic acid (C18: 2) 21.64%. The fatty acid 

composition of C. sorokiniana is almost the same as the 

fatty acid composition of palm oil which has palmitic acid 

as the largest component of about 44% (Mancini et al. 

2015). Based on its fatty acid composition, C. sorokiniana 

has the potential as a biodiesel raw material because C16 

and C18 fatty acids are the main fatty acids in C. 

sorokiniana UNM-IND1. As stated by Knothe (2013), C16 

and C18 fatty acids are the most common fatty acids 

contained in biodiesel. 

Conclusion, microalga C. sorokiniana UNM-IND1 has 

the ability to grow well over a wide range of temperature 
ranging from 11-48°C. The highest specific growth rate 

(0.790±0.096 day-1) and biomass productivity (0.184±0.021 

g.L-1.h-1) were obtained at higher temperatures (drying 

room temperature), whereas, high lipid content (42% dry 

weight) and lipid productivity (0.078±0.006 g.L-1.h-1) were 

achieved at lower temperatures (showcase temperature and 

culture room temperature). The fatty acid composition of 

microalgae is dominated by palmitic acid (C16: 0) 28.13%, 

linolenic acid (C18: 3) 23.47% and linoleic acid (C18: 2) 

21.64%. This study indicated that the microalga C. 

sorokiniana UNM-IND1 can be regarded as a potential 

source of biodiesel due to its high growth rate, biomass 

productivity, lipid content and lipid productivity as well as 

fatty acids composition suitable for biodiesel. 
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