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Chlorella biomass as a potential source of algal oil: Investigations on optimization 
of ultrasonic assisted extraction, kinetics and characterization of algal oil 
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The creation of renewable and affordable alternative energy is required due to the growing need for sustainable energy. 
In this present research work, algal oil has been extracted from microalgae biomass of Chlorella vulgaris using the Soxhlet 
apparatus. The algal biomass is ultrasonically pretreated to disrupt the cell walls of Chlorella sp. A total of five 
homogeneous solvent extractions are performed. As a result, the use of chloroform and isopropanol showed higher algal oil 
yields of 10.8% and 9.1%, respectively. Therefore, heterogeneous solvent approaches have been used in different volume 
ratios (5:1 to 1:5) to improve the yield of algal oil. Accordingly, the findings demonstrated that as compared to 
homogeneous solvents, the use of heterogeneous solvents shows better yield of algal oil from Chlorella sp. biomass. A 
maximum bio-oil yield of 12.3% was obtained using chloroform and isopropanol at a ratio of 3:3. To improve the extraction 
yields of algal oil, various parameters were optimized. The optimized parameters include 20 min of ultrasonication time, 3:1 
ratio of solvent to biomass, temperature of 50℃, and an extraction period of 90 min. Further, extracted algal oil is 
characterised using GC-MS, and the results shows the presence of octadecanoic acid in the extracted algal oil. GC-MS 
analysis of the extracted edalgal oil has shown the suitability of the oil for transesterification reaction for the production of 
fatty acid methyl esters. 
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An increase in population and industrial activity leads 
to an escalated reliance on non-renewable fuel 
sources, such as coal and oil, particularly for 
conveyance purposes and the production of 
electricity. High demand for energy is the primary 
impetus behind the surge in energy consumption, so 
researchers and industry experts are seeking a 
substitute fuel source1. Approximately 80% of the 
energy needs of the world are met by the burning of 
fossil fuels. Renewable and nuclear energy sources, in 
comparison, contribute 13.5% and 6.5%, respectively, 
to fulfil overall energy demands2. With fossil fuels 
being severely overused to meet the growing energy 
needs, their availability has been drastically reduced 
and thus their prices have skyrocketed. As a result, 
energy security has become a global concern. To 
ensure that there is sufficient energy available, it is 
necessary to invest in the development of other 
sources of energy3-5. 

Biodiesel is an alternative fuel that can be produced 
from a multitude of natural sources and is a 
completely natural and non-toxic fuel. It is possible to 

transesterify bio-oil into biodiesel6. There are three 
categories of feedstock which can be used for 
biodiesel production. These include edible seeds such 
as colza seeds, soyabeans, sunflower seeds, and palm 
oil. In light of the scarcity of food and deforestation, 
second-generation biofuels from non-edible sources, 
such as castor oil, and used cooking oil came into 
consideration. There have been recent developments 
that make it possible to produce biodiesel from micro 
or macro-algae, which have been termed third 
generationbiofuels7-9. 

Microalgae as the main raw material for the 
production of biofuels, is an effective source of CO2 
consumption in aquatic ecosystems. The amount of 
carbon dioxide consumed by one kilogramme of algal 
biomass is estimated to be about 1.83 kg10. A higher 
photosynthetic efficiency can be attributed to algae 
than to terrestrial plants, because algae are able to 
capture light and convert it into a chemical energy, 
which can be used by the cell. At higher CO2 

concentrations, the production of algal oil in 
microalgae was found to increase. For example, 
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Chlorella sp. can flourish when properly ventilated 
and supplied with 40% of CO2

 11. Microalgae are 
beneficial in cutting back the hazardous amount of 
carbon dioxide in the air, but they produce 
substantially more oil than energy crops typically seen 
as a source of biodiesel. To create a cost-effective 
way to manufacture biofuels from algae, a nutrient 
solution must be developed, an energy-saving 
harvesting technique must be implemented, and an 
efficient method for extracting lipids must be 
discovered. 

Chlorella sp. is a green, unicellular freshwater 
algae with rapid growth and a simple cultivation 
process. The lipid content of Chlorella sp. is 
approximately 24-38% by weight of dry biomass. A 
commonly used and successful method for acquiring 
oil for biodiesel production is the solvent extraction 
procedure. This is because almost all of the oil is 
recovered, leaving merely 0.5-0.7% of oil in the 
feedstock. Furthermore, the operating costs of this 
method are relatively low compared to the extraction 
with supercritical fluids12-13. Chlorella vulgaris has a 
strong cell wall. To improve the quality of the oil, 
ultrasonic-aided oil extraction was implemented to 
increase the extraction of algal oil, a straightforward 
and successful process that takes place under  
low thermal heat conditions and protects the 
molecular composition of the oil that was taken  
out 14. This technique is controlled by a range of 
factors like power, temperature, duration, and amount 
of solvent. 

This research work investigated the extraction of 
algal oil from Chlorella sp. The ultimate objective of 
the study was to effectively extract algal oil from 
biomass. The proportions of solvent to biomass, 
temperature of extraction, duration of extraction, and 
type of solvent were optimized to increase the highest 
achievable algal oil yield. GC-MS analysis was used 
to study the presence of the fatty acids in the extracted 
algal oil. 
 
Experimental Section 
 

Materials used 
The microalgae biomass of Chlorella sp. was 

purchased from True Life Healthcare, Porur, Chennai 
India. Analytical grade solvents like chloroform, 
hexane, isopropanol, petroleum ether and 
dichloromethane were procured from Santosh 
Scientific Pvt. Ltd. of Ambattur, Chennai. All 
chemicals used for the extraction process were 

analytical grade (99% purity) and were used without 
further purification for the experiments. 
 
Extraction of algal oil from Chlorella sp. 

The solvent extraction methods were commonly 
used because of their high lipid recovery rate, it is 
therefore essential to maximize the effectiveness of 
the solvent extraction process 15. Initially, algal oil 
was extracted from Chlorella sp. using homogeneous 
solvents such as chloroform, hexane, isopropanol, 
petroleum ether, and dichloromethane. In this study, 
extraction began with a homogeneous solvent and was 
then followed by a heterogeneous solvent after 
comparing oil yield percentage. Compared to 
homogeneous solvent extraction, heterogeneous 
solvent extraction yields a higher lipid recovery. 
Therefore, mixed solvents of chloroform and 
isopropanol at different ratios ranging from 1:5 to 5:1 
were studied for the algal oil extraction from 
Chlorella sp. 

A Soxhlet apparatus was used for algal oil 
extraction process. The 300 mL cylindrical Soxhlet 
extractor was placed at the top of the round bottom 
flask with the extractant inside. The upper part of the 
extractor was connected to a condenser, which was 
equipped with a water inlet and outlet for cooling. 
The solvent was heated to create a vapour, which then 
ascends the arm of the distillation apparatus and 
enters the chamber holding the thimble packed with 
algal biomass. This method allows for more complete 
extraction of samples in less time than many 
conventional methods and the main advantage is the 
recovery of the solvent for reuse16-17. 
 

Optimization of algal oil extraction from Chlorella sp. 
The 10 g of algal biomass was added to 100 mL of 

solvent and was sealed with aluminium foil to prevent 
solvent vapourization. The ultrasonication time was 
varied between 5-20 min with a constant frequency of 
20 kHz and electric power of 250 V AC in an 
ultrasonic bath. The beaker containing the mixture of 
algal biomass and solvent was submerged in the 
ultrasonic bath, and the device was turned on. 
Following the ultrasonication process, the sample was 
decanted into a sterile centrifuge vial and the vial was 
spun at 3500 rpm for 20 min duration. The pellet was 
used for the extraction of algal oil after the 
supernatant was collected18. A Soxhlet apparatus was 
used for further extraction experiments. Different 
parameters were optimized in order to get the highest 
possible yield of algal oil from the process. The 
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parameters such as algal biomass to solvent ratio  
(1:3 to 1:6), process time (30-150 min), temperature 
(30-80℃) and ultrasonication time (5-30 min) were 
studied and optimized. The extract was stored and the 
average yield of the algal oil was determined by 
applying the Eq. (1). 

 

𝑌𝑖𝑒𝑙𝑑 ሺ%ሻ ൌ
ௐℎ௧ ௫௧௧ௗ  

ௐℎ௧   ௦௦
ൈ 100%  ...(1) 

 

Kinetics and activation energy of algal oil extraction from 
Chlorella sp. 

A detailed knowledge of kinetics is essential for 
understanding oil extraction. The purpose of this 
study is to determine kinetics and activation energy. 
The activation energy is the minimum amount of 
energy required for the extraction process to occur. 
The obtained experimental results provided valuable 
insights into the dynamics of oil extraction18-20. The rate 
of algal oil extraction was studied using Eq. (2). 

 

ௗ

ௗ௧
ൌ 𝑘𝑌 ...(2) 

 

where, Y represents the oil yield in percentage, k 
represents rate constant, t represents extraction 
process time, and n represents extraction order. 

The Arrhenius equation shown in Eq. (3) was used to 
calculate the activation energy necessary for algal oil 
extraction. 
 

𝑘 ൌ 𝐴𝑒ିቀ
ಶೌ
ೃ
ቁ …(3) 

 

where, A represents Arrhenius constant, Ea represents 
activation energy in kJ mol-1, R represents universal gas 
constant in kJ mol-1K-1, T represents temperature in Kelvin. 
 

Results and discussion 
 

Effect of different solvents on algal oil extraction from 
Chlorella sp. 

The effective oil extraction from algal biomass 
depends on the choice of a solvent system. To 
increase the oil yield, the properties should include 
good extraction and low viscosity. The cell walls of 
the algal biomass's cell walls are broken by the high 
polarity, which also extracts lipids from the 
microalgal cells19. 

Chloroform, hexane, isopropanol, petroleum 
ether, and dichloromethane were the solvents used in 
a single solvent system. The experiments were 
conducted with the following conditions21: 
temperature of about 45℃, time duration of 1 h, 
solvent to biomass ratio of 3: 1. The algal oil yields 
were found to be of 10.8, 4.6, 9.1, 1.8, and 2.6% 
from the solvents Chloroform, hexane, isopropanol, 
petroleum ether, and dichloromethane, respectively. 
As shown in Fig. 1 (a), the oil yields from 
chloroform and isopropanol were found to be high. 
Consequently, the two solvents were used in 
heterogeneous solvent extraction in different ratios 
(1:5, 4:2, 3:3, 2:4 and 5:1) with above experimental 
conditions and oil yield percentages were found as 
9.7%, 10.8%, 12.3%, 11.4% and 10.2% using the 
volume ratios 1:5, 4:2, 3:3, 2:4 and 5:1,  
respectively. As depicted in Fig. 1 (b), a maximum 
algal oil yield of 12.3% was achieved with the 
volume ratio of 3:3. Therefore, this solvent ratio was 
used for further extraction processes. 

 

 
Fig. 1 — Effect of (a) different solvents, (b) heterogenous solvent ratio, (c) ultrasonication time and (d) solvent to Biomass ratio on algal 
oil yield from Chlorella biomass 
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Effect of ultrasonication time on extraction of algal oil from 
Chlorella sp. 

The efficiency of ultrasonic assisted extraction in 
algal oil extraction was investigated at various time of 
ultrasonication at optimized solvent ratio and reaction 
time of 5, 10, 15, 20, 25 and 30 min. According to 
Fig. 1(c), highest algal oil yield of 18.4 % were 
observed at 20 min. Due to the ultrasonic wave ability 
to break down the Chlorella sp. cell wall, the 
ultrasonic assisted extraction produces a significant 
amount of algal oil. This shows that the 
ultrasonication pretreatment of the algal biomass will 
contribute greatly to effective extraction of algal oil 
from the biomass. 

 

Effect of solvent to biomass ratio on extraction of algal oil 
from Chlorella sp. 

The solvent to biomass ratio plays a major role in 
the extraction process. Thus, it was essential to ensure 
that this ratio remains within acceptable limits 
throughout the entire extraction process. In the current 
study, the effect of solvent to biomass ratio on oil 
extraction varied in a range from 2:1 to 6:1 was 
studied by keeping other parameters such as 
optimized co-solvent ratio and ultrasonication time as 
constant. When the ratio of solvent to biomass was 
increased from 2:1 to 6:1, the oil yield increased from 
19.3 to 22.5%, as shown in Fig. 2 (a).The algal oil 
yield of the algal biomass did not improve further 
when the solvent-to-mass ratio of 3:1 was increased. 
Therefore, the 3:1 solvent to biomass ratio was used 
to extract algal oil from the biomass for further 
experiments. 

Effect of time and temperature on algal oil extraction from 
Chlorella sp. 

The effect of the temperature on the algal oil 
extraction was studied in the range of 30-80℃. As the 
temperature rises from 30 to 50°C, the algal oil yield 
increases from 24.5% to 28.4% shown in Fig. 2 (b). 
Maximum algal oil yield of 28.4% was achieved at 
50°C.The length of the extraction process has a 
significant impact on the amount of oil that can be 
extracted from algal biomass. As shown in Fig. 2 (c), 
the effect of extraction time on algal oil extraction 
was varied from 30 min to 150 min. The findings 
show that an algal oil yield of 33.9% was obtained at 
90 min, which was found to be the maximum yield.  
A 3:1 solvent to biomass ratio and a temperature of 
50°C were used for the extraction. Even though the 
time was extended to 180 min, the amount of algal oil 
extracted remained constant after 90 min. At 90 min 
of extraction time, the oil extraction yield for 
Chlorella biomass was found to be of 33.9%.  

 

Kinetics and activation energy of algal oil extraction from 
Chlorella sp. 

Different time intervals (30, 60 and 90 min) and 
temperature intervals (30, 40, and 50°C) were used to 
study the kinetics of the oil extraction process. An 
illustration of the relationship between ln [Y] and  
ln (dY/dt) was studied at various temperatures and 
times. The algal oil extraction from Chlorella sp. was 
fitted to first order kinetics because the extraction 
process depended on the extraction time and 
temperature. The graph between ln K and 1/T shown in 
Fig. 3 shows that the activation energy of the extraction 
process was determined to be Ea = 10.049 kJ mol-1. 

 

Characterization of extracted algal oil using GC-MS analysis 
By using a GC-MS (Model 8890, Agilent) with a  

2 mm direct injector and a 15 m column of Alltech 
EC-5, the fatty acid composition of the extracted algal 

 

Fig. 2 — Effect of (a) temperature and (b) time on algal oil yield
from Chlorella biomass 

 
 

Fig. 3 — Determination of activation energy for algal oil
extraction from Chlorella biomass 
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oil was examined. The obtained chromatogram of the 
algal oil was shown in Fig. 4. The presence of fatty 
acids plays a major role in the production of fatty acid 
methyl ester. The presence of essential fatty acids thus 
provides an effective and economical way to produce 
methyl esters. As observed in the chromatogram, two 
distinct peaks with a retention time of 10.386 and 
16.698 min was found which corresponds to the 
existence of octadecanoic acid as the predominant 
compound. 

Conclusion 
The biomass of Chlorella sp. was used to extract 

the algal oil using the solvent extraction method along 
with ultrasonication. As a result of one factor 
optimization, a binary solvent (chloroform: 
isopropanol) at a 3:1 ratio was found to be the suitable 
solvent for algal oil extraction from Chlorella 
biomass. The optimized conditions for maximum 
algal oil extraction was found to be with extraction 
time of 90 min and the temperature of 50°C under 
ultrasonic wave influence for 20 minutes. It was 
observed that 33.9% of the algal oil yields would be 
achieved under these optimized conditions. Therefore, 
the presence of the fatty acids from the extracted 
chlorella oil was found to be the potential source for 
FAME production based on the GC-MS results. This 
would majorly help in the sustainable production of 
biodiesel in future years. 
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Fig. 4 — GC-MS chromatogram of extracted algal oil from Chlorella biomass 


