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Abstract: Nowadays, researches on microalgal biodiesel production are focused on to improve the process efficiency 
and reduce the operational costs. One of the most expensive steps in microalgal biodiesel production is lipid extraction 
of microalgae. In this study, C. minutissima microalgae was produced in photobioreactor, and then solvent extraction of 
microalgal lipids were investigated. Box-Behnken design (BBD) was used to study the effect of extraction temperature, 
solvent/biomass ratio and residence time of solvent on the oil yield and to optimize lipid extraction. The maximum 
extraction yield was found to be 75% under the conditions of at the temperature of 70°C, 30:1 solvent/biomass ratio and 
8 h. This study showed that the most effective parameter on extraction yield was temperature among three parameters. 
The results showed that optimized process conditions improved the extraction yield and it is a cost-effective way to 
produce biodiesel efficiently.  
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1. INTRODUCTION 

People have begun to look for economic, renewable 
and environmentally friendly resources and processes, 
due to the continuous growth of the global population 
and the fact that the world's resources can no longer 
handle this growth. In this context, microalgal biomass 
is one of the sources with the greatest potential. 
Microalgae are photosynthetic microorganisms which 
are easy to grow and can be used in many different 
fields such as food, energy and cosmetics with 
biorefinery approach [1,2]. Some microalgae species 
produce valuable compounds to adapt to ambient 
conditions and are able to withstand very extreme 
stress conditions. These compounds are extracted 
from microalgae and used in important industrial fields 
such as pharmaceuticals, cosmetics and 
supplementary foods [3]. In addition to that, microalgae 
are used in biodiesel production because of the high oil 
content in them. When the literature research on 
microalgae is assessed, it is seen that the most 
commonly used microalgae is Chlorella species. 

Chlorella minutissima is a microalgae that grows in 
fresh water and is a photosynthetic microorganism with 
a diameter of 2-10 µm [4]. This type of microalgae has 
a significant potential in biodiesel production since it 
contains high amount of lipids. In addition to this, it is a 
very suitable microorganism for large scale production 
due to its high temperature tolerance, shear stress 
resistance and low adhesion to the bioreactor surface 
[5]. For these reasons, the extraction of structures such 
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as lipids found in Chlorella minutissima microalgae has 
a potential to be evaluated in biodiesel production. 

The most commonly used methods in oil extraction 
from microalgae are solvent extraction method, 
expeller pressing, supercritical fluid extraction method 
and ultrasound extraction [6, 7]. Mechanical extraction 
methods such as expeller pressing are very effective 
methods in large scale production, but they are very 
costly to install and operate [8]. Supercritical fluid 
extraction method provides a very high purity and 
concentration of lipids, but, similar to mechanical 
extraction methods, the installation and operating costs 
of supercritical fluid extraction are very high [9]. 

The solvent extraction is a widely used method in 
the extraction of microalgal oils. High yields of lipids 
can be obtained with this conventional method. In 
addition to the solubility of microalgal oil in solvents, 
these solvents also cause cell disruption. Thus, the 
lipid content in the cell dissolves in the solvent and 
extraction process is achieved in high efficiency [10]. 
Compared to other methods, the installation and 
operating costs of this method are very low. However, 
the long process and the use of harmful solvents are 
the disadvantages of this method [11]. Furthermore, 
the solvents to be used and the proportion of these 
solvents vary depending on the lipid content. 
Therefore, optimization of process conditions is very 
important in lipid extraction from microalgae. In this 
study, lipid extraction from Chlorella minutissima 
microalgae was performed and biodiesel was produced 
from the obtained lipids. This microalgae specie has 
been used in experiments because it can be produced 
easily on a large scale and the lipid content is very high 
to be utilized in biodiesel production. In this context, 
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firstly Chlorella minutissima was cultivated in 
photobioreactors and characterized. Then, the effects 
of process parameters on extraction efficiency were 
statistically analyzed using Box-Behnken factorial 
design. Finally, biodiesel production was carried out 
from the obtained lipids. Box-Behnken factorial design 
is a practical technique for optimization and 
development of experimental processes. By means of 
this experimental design technique, a second-order 
response surface model equation is obtained by using 
dependent and independent variables and the effects 
of the variables can be interpreted [12]. In this study, 
three independent variables such as temperature, n-
hexane to biomass ratio and residence time of solvent 
were selected for the investigation of the effects of 
these variables on extraction efficiency. 

2. MATERIAL AND METHODS 

2.1. Biomass Cultivation and Characterization 

In this study, Chlorella minutissima microalgae 
obtained from Algal Biotechnology Laboratory of Yıldız 
Technical University, TURKEY, was selected for 
optimization of extraction and biodiesel production. The 
cultures were maintained in BG-11 medium which is 
composed of NaNO3: 1.5 g/L; K2HPO4: 0.04 g/L; 
MgSO4·7H2O: 0.075 g/L; CaCl2·2H2O:0.036 g/L; citric 
acid:0.006 g/L; ferric ammonium citrate: 0.006 g/L; 
EDTA (disodium salt):0.001 g/L; Na2CO3: 0.02 g/L and 
1  mL trace element solution (composition: H3BO3: 2.86 
g/L; MnCl2.4H2O:1.81 g/L; ZnSO4.7H2O:0.222 g/L; 
NaMoO4.2H2O:0.39 g/L; CuSO4.5H2O:0.079 g/L; 
Co(NO3)2·6H2O:0.0494 g/L) at pH  7.0  ±  1. The 
microalga was grown in 20 L photobioreactor exposed 
to 24-hour white light fluorescent light illumination 
(8000 lx), at the temperature of 25 ± 10C. After 
cultivation, microalgae were centrifuged for 10 minutes 
at 5000 rpm, dried at temperature of 60°C for 18 hours 
and stored. In order to determine the biochemical 
content of microalgae, Lowry method, phenol-sulphuric 
acid method and direct solvent extraction method were 
used to quantify the protein, total carbohydrate and 
lipid content, respectively [13,14]. Since Lowry and 
phenol-sulphuric acid methods are colorimetric 
methods, UV-visible spectrophotometer (PG 
Instruments, T60) was used for determination of the 
protein and total carbohydrate content. Bovine Serume 
Albumin and glucose solutions were used as standard 
in protein and carbohydrate analyzes, respectively. All 
chemicals used for microalgae cultivation and 
biochemical characterization experiments were 
provided from Merck Millipore (Darmstadt, Germany). 

2.2. Lipid Extraction and Statistical Analysis 

C. minutissima microalgae biomass was ground and 
pestle to obtain it in the form of powder. n-hexane was 
chosen as the solvent for the lipid extraction of the 
dried C. minutissima microalgae. In the extraction 
processes, two grams of dried and ground C. 
minutissima were used. Using Eq. (1), the lipid 
percentage in the initial sample was calculated with the 
following equation [15]: 

Lipid yield =
Mlipid

Mbiomass

!

"
#

$

%
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In this study, Box-Behnken design (BBD) was used 
to observe the effects and interactions of three 
numerical factors. BBD consisting of 15 experimental 
runs was implemented in the Design-Expert® Software 
Version 10 (Stat-Ease Inc., Minneapolis, MN, USA). 
Table 1 shows the experimental design, run order, and 
the observed response (microalgae lipid yield) were 
randomized to minimize the effects of three factors and 
15 treatments run generated [15]. The experimental 
variables consisting of extraction temperature (°C, X1), 
n-hexane to biomass ratio (v/w, X2), and extraction time 
(h, X3) and their levels were given as:  

X1: 70°C (superior level), 50°C (central level), 30°C 
(inferior level);  

X2: 30/1 (superior level), 20/1 (central level), 10/1 
(inferior level);  

X3: 10 h (superior level), 8 h (central level), 6 h (inferior 
level).  

X1, X2 and X3 are the normalized values of the 
experimental variables in the regression equation. 

2.3. Biodiesel Production 

Transesterification reaction was carried out under 
the conditions of 9:1 methanol:microalgal oil mole ratio 
in the presence of 1.5 wt.% KOH catalyst in oil content 
in a 250 mL beaker at the temperature of 60°C. After 
the transesterification reaction, two phased mixture that 
was composed of methyl ester-glycerine, was cooled in 
an ice bath. Then, in order to separate glycerin and 
methyl ester, centrifugation was performed at 5000 rpm 
for 5 min. Gas chromatography device was used to 
determine the content of microalgae oil. Analyses were 
performed with YL Instruments 6100 GC gas 
chromatography device. The gas chromatography 
device contains a flame ionization detector and a 30 m 
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× 0.32 mm × 0.25 µm ZB-FFAP column. The column 
temperature program starts at 50°C and reaches to 
175°C at 15°C /min, then temperature increases to 
230°C at 5°C /min. The injector temperature was 
230°C and the flow rate was set at 1.8 mL/min. The 
detector temperature was kept at 280°C. Hydrogen gas 
was used as the carrier gas. Methyl heptadeconate 
(C17: 0) was used as internal standard and the 
samples were made ready for gas chromatography by 
mixing with methyl heptadeconate and n-heptane [16]. 

3. RESULTS AND DISCUSSIONS 

3.1. Microalgal Growth 

Growth of C. minutissima was monitored by optical 
density measurement (Figure 1). It was seen that 
microalgae grew for 20 days, and then the number of 
microalgal cells started to decrease by entering the 
death phase. Specific growth rate was calculated as 
0.11 day–1 and the doubling time of the microalgal cells 
was calculated as 6,3 days in photobioreactor 
environment. Although there are studies in which 
microalgae have less doubling time than 6 days, it is a 
remarkable growth because the aeration may 
overwhelm stress in photobioreactor environment and 
microalgae may need more time to multiply [17]. 
According to the biochemical analysis, carbohydrate 
and protein content of C. minutissima was found to be 
32% and 22.52%, respectively. In the literature, similar 
findings on biochemical content of C. minutissima were 
reported. Burcu et al. stated that, C. minutissima 
cultured in photobioreactor has 33.05% and 24.69% 
carbohydrate and protein content, respectively [17]. 
Margarites and Costa studied nitrogen stress on 
biochemical composition of C. minutissima, and it was 
reported that on the case of using BG-11, carbohydrate 
content was in the range of 15-54% of the dry biomass 

[18]. Illman et al. studied effect of nutrient stress on 
biochemical composition of various Chlorella strains. It 
was reported that, among Chlorella strains, control 
group of C. minutissima has 24% and 42% protein and 
carbohydrate content, respectively [19]. 

3.2. Statistical Analysis of Lipid Extraction 
Experiments 

In this study, BBD was used to provide information 
regarding the interior of the experiment region and it 
was utilized to observe the effects and interactions of 
the extraction temperature, solvent:biomass ratio and 
extraction time on the lipid yield. In Table 1, 
experimental results of extraction of C. minutissima oil 
were presented. Regression equation was obtained to 
evaluate the lipid yield and to understand the effects of 
experimental variables on the yield. The design matrix 
was examined statistically to define and measure the 
main effects quantitatively by using the analysis of 
variance (ANOVA) technique. For an approximate 
calculation of the lipid yield values of C. minutissima 
with this statistical analysis, regression Eq. (1) was 
developed:  

Ylipid (%) = +51.67+15.42X1+5.10X2+2.19X3-0.4150X1X2-
0.2075X2X3+4.89X1²-1.56X2² +0.9374 X3²        (1) 

The coefficient of determination for regression Eq. 
(1) was found as 0.99. According to the regression 
equation, it was found that the coefficient of 
temperature was the highest among all the variables, 
and therefore its effect is the strongest. The reaction 
time and solvent/biomass ratio also affected the lipid 
yield positively. The interactive effect of X1X2 
(temperature and solvent/biomass ratio) and X2X3 
(solvent/biomass ratio and extraction time) had small 
coefficient values. X1X3 (temperature and extraction 
time) has no effect on extraction yield. 

The ANOVA method compares the variances within 
and between the groups. The reliability of the model is 
confirmed with this technique. ANOVA parameters for 
the model equation are presented in Table 2. A very 
low probability value (p < 0.01%) implies that the model 
is significant. Moreover, a high value of correlation 
coefficient shows a close agreement between predicted 
value and actual value of response. The determination 
coefficient (R2) controls the suitability of the model. As 
the value of R approaches 1, it demonstrates better 
correlation between observed and predicted values 
[20]. The determination coefficient value was 
determined as R2 = 0.99 and it represented that only  

Figure 1: Growth curve of C. minutissima. 
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about 1% of the total variation was not explained by the 
respective model. Besides that, the value of the 
adjusted determination coefficient was found very high 
as adj. R2 = 0.98. 

3.3. The Effect of Temperature on the Extraction 
Yield 

In this study, effect of temperature on extraction 
yield was investigated by evaluating three different 
temperature values. It was seen that the lipid extraction 
yield increased with increasing temperature. The 
highest lipid yield was obtained under the conditions of 
70°C, 30/1 solvent:biomass ratio and 8 h. However, the 
parameters that affected the extraction yield had 
synergic effects. Because of this reason, effect of 
temperature is usually evaluated with other parameters 
such as particle size, solvent type and extraction time. 
Mani et al. studied the extraction of moringa seed 
kernel oil using response surface method. According to 
their results, the oil yield decreases, when the particle 

size and extraction temperature increases. The reason 
for this was using larger particle size samples which 
have more resistance to penetrate the solvents into the 
samples, and caused low oil yield in the experiments. 
On the contrary, as extraction temperature increases, 
the diffusivities of the solute (oil) and solvent increases, 
resulting in high oil yield. However, since the density of 
the solvent is very low at higher extraction temperature, 
the oil yield decreased. Because of this, it was reported 
that heating of solvents above their boiling points did 
not improve the oil yield. In addition to that, it was 
stated that the oil yield increased as the extraction time 
increased, but the combined effect of particle size and 
extraction temperature on oil yield was higher than that 
of extraction time [21]. 

Similar to our results, Bhutada et al. reported that 
the extraction yield of the Moringa seed oil increased 
with the increasing temperature due to the increase of 
solubility and diffusivity which improves the mass 
transfer [22]. 

Table 1: Experimental Conditions and Lipid Yield of C. minutissima Microalgae 

Run 
X1  

Temperature (°C) 
X2 

 Solvent/biomass ratio 
X3  

 Reaction time (h) 
Y 

 Lipid yield (%) 

1 -1 -1 0 34.17 

2 1 -1 0 65.83 

3 -1 1 0 45.00 

4 1 1 0 75.00 

5 -1 0 -1 40.83 

6 1 0 -1 71.67 

7 -1 0 1 43.33 

8 1 0 1 74.17 

9 0 -1 -1 42.50 

10 0 1 -1 53.33 

11 0 -1 1 49.17 

12 0 1 1 59.17 

13 0 0 0 51.67 

14 0 0 0 52.50 

15 0 0 0 50.83 

 

Table 2: ANOVA Results of Statistical Evaluation for the Extraction Yield 

Sources of variations Degree of freedom Sum of squares Mean square F-value Probability 

Regression model 9 2253.43 250.38 146.85 0.0001 

Error 5 8.53 1.71   

Corrected total 14 2261.95    
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Suganya and Renganathan also investigated the 
effect of temperature on the extraction yield. According 
to their results, lipid extraction yields of Ulva lactuca 
increased when the temperature increased from 35°C 
to 55°C. The highest lipid extraction yield was obtained 
as 9.75% at the temperature of 55°C. It was reported 
that the solubility of the solvent was found to be 
increased with the increase in diffusion rate [23]. 

Although higher temperature improves the 
dissolution capacity of solvents as well as the solubility 
and diffusion rate of solids, higher extraction 
temperatures cause higher operation costs [24]. 

Silitonga et al. studied the optimization of extraction 
of lipid from Isochrysis galbana microalgae by 
evaluating the process parameters. The effect of 
temperature on the extraction of microalgal lipid yield 
was investigated in the range 50–70°C. It was found 
that the temperature increase improves lipid yield until 
optimum however, further increase was found to 
enhance the capacity of solvents to dissolve the lipid 
[15]. 

3.4. The Effect of Solvent/Biomass Ratio on the 
Extraction Yield 

Effect of solvent/biomass ratio is another important 
parameter that affects the oil extraction yield. Sayyar et 
al. investigated the process parameters such as 
solvent type, temperature, solvent/biomass ratio, 
extraction time and particle size on jatropha oil 
extraction yield. It was found that the total amount of 
extracted oil using hexane increased from 40.0-47.3% 
by increasing solvent/biomass ratio from 4:1-6:1 (v/w). 
It was reported that increasing solvent/biomass ratio up 
to a specific limit will increase the extraction yield since 
the concentration gradient between the solid and the 
liquid phase becomes greater which favors good mass 
transfer [25].  

Baboli and Kordi also indicated that the oil 
extraction yield was improved by increasing the 
extraction time, extraction temperature and 
solvent/biomass ratio [26]. Similar results were 
obtained by Meziane and Kadi. It was reported that, 
increasing the solvent/biomass ratio has increased 
olive oil extraction yield which was expected since the 
concentration was driving force in the transfer 
mechanism between the solvent and biomass in the 
process [27]. 

Suganya and Renganathan also studied the 
influence of solvent-to-solid ratio from 3:1 to 7:1 on oil 

extraction. It was reported that, as the solvent-to-solid 
ratio increased from 3:1 to 6:1, the oil yield increased 
from 9% to 10.88%. Yet, there was not any remarkable 
change in the extraction yield above 6:1 
solvent/biomass ratio [23]. Silitonga et al. also noticed 
that increasing solvent/biomass ratio increased the 
extraction yield up to an optimum condition. It was 
found that increasing the n-hexane to lipid molar ratio 
from 5:1 to 8:1 caused an increase in the oil yield in the 
range of 5%–8.36%. The tendency for the interaction of 
n-hexane to lipid molar ratio was continuing up to 6.7:1, 
but after that there was not any increase in the 
extraction yield [15]. 

In this study, it was observed that extraction yield 
increased with the increase in solvent/biomass ratio. 
The highest extraction yield was obtained as %75 
under the conditions of at the temperature of 70°C, 
30:1 solvent/biomass ratio and 8 h. Obtained results 
are in agreement with the literature studies. 

3.5. The Effect of Extraction Time on the Extraction 
Yield 

Extraction time is a significant parameter for oil 
extraction efficiency. Determining the optimum 
extraction time contributes in controlling the optimum 
interval time for the extraction process. In this study, it 
was found that the extraction time was determined as 
the least affecting parameter for oil extraction. The 
highest extraction yield was determined under the 
conditions of 8 h reaction time. However, after 8 h there 
was not any significant improvement in the extraction 
yield. Similar results were also obtained with the 
literature studies. According to Silitonga et al., the lipid 
yield increased and changed from 360 min to 496 min. 
On the other hand, after 496 min, a decrease was 
observed in the yield reversibly. It was reported that 
this parameter would influence the chemical reaction 
due to the rapid mass transfer between the solvent and 
the lipid into the oil phase [15]. 

Sayyar et al. also indicated that, after optimum 
reaction time, there was not any change in the 
extraction yield. It was found that the amount of 
extracted oil by hexane and petroleum ether did not 
change significantly after 6 h. Most of the oil is 
extracted after 6 h although maximum extracted oil is 
achieved after 8 h with 47.3% and 46.0% for hexane 
and petroleum ether, respectively [25]. 

Sulaiman et al. investigated extraction of oil from 
coconut waste using batch and soxhlet extractor and 
determined the optimum conditions and modelled the 



6     Journal of Chemical Engineering Research Updates, 2019, Vol. 6 Koçer et al. 

extraction process. It was stated that the extraction rate 
was rapid at the beginning of the process and gradually 
slowed down because when the waste was exposed to 
the fresh solvent, the free oil on the surface of the 
waste was solubilized and oil was extracted quickly. 
This caused fast increase in extraction rate. At the 
initial extraction rate, the oil concentration was low in 
the solvent and mass transfer effect caused the oil to 
diffuse quickly from the waste to the solvent. When the 
maximum amount of extractable oil was reached, the 
oil yield remained the same even after extending the 
extraction time [28]. 

3.6. Biodiesel Production and Characterization 

After the determination of optimum conditions for 
lipid extraction, algal oil was converted to biodiesel via 
transesterification reaction. Biodiesel quality depends 
on the composition of the fatty acid methyl ester profile 
of the product. A favorable fatty acid profile is 
necessary for high-quality biodiesel [29]. In order to 
meet the fuel properties for high quality biodiesel, it is 
required for the algal oil to have small amounts of 
polyunsaturated and saturated fatty acids. Song et al. 
[30] indicated that palmitic, stearic, oleic, linoleic, and 
linolenic acids are the most favorable for biodiesel 
production. 

In this study, GC analysis (Figure 2) showed that 
there are three main fatty acids: Palmitic, oleic, and 
linoleic which are shown in Figure 2. Other fatty acids, 
such as C16:1, C18:0, C20:3, and C20:5, were found 
as trace amounts and could not be determined by the 
results. The highest amount of fatty acid methyl ester 
determined in algal biodiesel was linoleic acid (C18 = 
2). According to the results, it can be said that, C. 
minutissima oil can be evaluated for biodiesel 
production. 

4. CONCLUSION 

In this study, the extraction of C. minutissima 
microalgae was performed and modelled by applying 
Box-Behnken experimental design. The parameters 
that affect the extraction yield, such as temperature, 
solvent/biomass ratio and reaction time were also 
studied. The optimum parameters were as follows: 
solvent/biomass ratio of 30:1, reaction temperature of 
70°C, and reaction time of 8 h using BBD. The results 
showed that the maximum yield obtained from C. 
minutissima was 75%. After determining the extraction 
conditions, biodiesel production was carried out from 
microalgal oil. According to the FAME profile, it was 
found that high quality biodiesel can be obtained from 
C. minutissima microalgae. Although algal biofuel 
production is quite expensive, significant progress has 
been made with studies of optimizing the production 
steps to reduce the operational cost. Extraction is one 
of the most important steps for algal biodiesel 
production. Even tough there are novel methods 
applied in laboratory for extraction process, it is 
significant to optimize the parameters for conventional 
methods that are used in large scale operations. 
Moreover, effect of other parameters on microalgal oil 
extraction yield such as particle size and solvent type 
should be also explored. 
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