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ABSTRACT 
 

Strains of algae belonging to the genera Scenedesmus, Stichococcus, Chlorococcum, 
Ankistrodesmus, Chlamydomonas, Chlorella, Coelastrum, and Pediastrum were isolated from 
water samples collected in Uzbekistan. At optimum temperature (22ºC, 24ºC, 28ºC), all cultures 
were mesophilic algae. The results show that for these microalgae, 2% carbon dioxide is sufficient 
for optimal growth and development. The maximum accumulation of lipids (46,6-55,0%) was 
observed in cell cultures Chlorococcum sp.4, Chlorococcum sp.8, and Chlorococcum sp.37. In oils 
of Ankistrodesmus angustus, UT-15 detected 7 fatty acids, whereas in Pediastrum sp.1, 16 fatty 
acids were detected. 
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1. INTRODUCTION 
 
Temperature is an important environmental 
factor that affects the livelihood of algae, which, 
in contrast to other elements of the environment, 
cannot be excluded from an organism’s 
environment. In the growth and development of 
each species and strain of microalgae, the 
minimum, optimum, and maximum temperature 
can be determined. Thus, even small changes in 
temperature may change the rate of metabolic 
reactions and the overall intensity of an 
exchange. There are microalgae strains resistant 
to low temperatures (cryophilic), as well as 
strains and thermophilic adapted to relatively 
high temperatures (above 40ºC) [1]. 
 
Algae that thrive in average temperatures (15-
30ºC) are called mesophilic. Cryophilic algae, on 
the other hand, grow slowly, due to their low 
productivity. For example, the brown alga 
Phaeocystis poucheti has a temperature range of 
-1ºC to + 11ºC. However, algae have adapted to 
a wide temperature range, within which their 
growth and reproduction is possible [2]. The 
algae eurythermal species are able to tolerate 
high fluctuations in temperature e.g., the diatom 
Nitzschia putrida has a temperature regime equal 
to 11- 42ºC [3]. Other algae, such as 
stenothermal, develop in a narrow temperature 
range. Temperature plays a key role in 
photoinhibition, known to affect the growth rate of 
algae [4]. 
 
Increases in concentration of unsaturated fatty 
acids in the lipid layer of microalgae cell 
membranes are often observed with temperature 
change [5,6]. A significant increase in the 
unsaturation of fatty acids occurs in response to 
a decrease in temperature from 30ºC to 12ºC [7]. 
The lower temperature reduces the fluidity in the 
cell membrane. The cells compensate by raising 
the level of unsaturated fatty acids to increase 
membrane fluidity. Nevertheless, the membrane 
becomes more susceptible to free radical 
damage [8,9]. The lipid content doubles as the 
temperature increases from 20ºC to 25ºC (from 
7.90% to 14.92%) in the N. oculata [10]. An 
increase in temperature beyond the optimum 
reduces protein synthesis and thus leads to a 
decrease in the growth rate [11]. Mesophilic 
algae are most suitable for the production of 
algae in open settings. They are highly adaptable 
to temperature conditions, grow well, and 
develop in spring and autumn temperatures and 
daylight conditions [12]. 
 

Intensive use of natural energy sources has led 
to an increase in the concentration of carbon 
dioxide in the atmosphere the main cause of 
global warming. One of the primary ways of 
reducing CO2 in the atmosphere is biological 
fixation via plants. Microalgae more efficiently 
capture CO2 and can grow about 10 to 50 times 
faster than terrestrial plants [13].  
 
Microalgae convert atmospheric CO2 to polar 
and neutral lipids, and can therefore be utilized 
as an alternative fuel through esterification. 
Microalgae capture solar energy more efficiently 
than the conventional oleaginous plants under 
nutritional limitation and stress conditions [14,15]. 
Biomass concentration, increasing lipid content, 
and overall lipid productivity determine the 
economic feasibility of algal oil for biodiesel 
production. Therefore, process optimization that 
can maneuver the algal biochemical production, 
fast growth, and good environmental adaptability 
helps to achieve environmental and economic 
sustainability. An ideal process should produce 
the highest productivity of algae with enhanced 
cellular lipid content. 
 
Based on the above stated objective, the present 
study aimed to determine the optimum conditions 
for growing microalgae isolated from different 
regions of Uzbekistan and to study accumulation 
oil in the cells of microalgae. 
 

2. MATERIALS AND METHODS 
 

2.1 Strains of Microalgae 
   
The objects of study used were strains of 
unicellular green algae genera Scenedesmus, 
Stichococcus, Chlorococcum, Ankistrodesmus, 
Chlamydomonas, Chlorella, Coelastrum and 
Pediastrum, isolated from water sources in 
Uzbekistan [16]. 
 

2.2 Growth Condition 
 

Cultures of microalgae were grown under sterile 
conditions in modified “Chu- 13” medium for 14 
days at 22ºС, 24ºС, 28ºС, with a supply of 
carbon dioxide by blowing air containing 2% CO2 
and with continuous illumination by fluorescent 
white light (200 μmol photons m-2

⋅s-1).  
 

2.3 Lipid Extraction 
 

Extraction and determination of intracellular lipids 
of microalgae was conducted according to 
standard protocols outlined in the previous 
literature [17]. Dry biomass of algae was placed 
in a glass mortar and sand was added in the ratio 
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1:4 i.e., 1 portion of plant biomass to 4 portions 
of glass sand and comminuted until smooth. 
Methanol, DMSO (volume fraction) and a mixture 
hexane and diethyl ether (1:1, volume ratio) was 
added to the biomass and stirred for 1 hour at 
room temperature (24ºC). Then the mixture was 
centrifuged (3000 g 10 min), and the upper 
phase was collected and transferred to a round 
bottom flask. The residua were re-extracted 3 
times with a mixture hexane and diethyl ether for 
30 min. Each time, the mixture was shaken and 
then centrifuged for 10 min at 3000 g and the 
upper organic layer was collected. All organic 
phases were combined, evaporated to dryness, 
were placed under nitrogen and then weighed.   
 

2.4 Fatty Acid Analysis 
 

To determine their fatty acid composition, each 
sample of lipid was hydrolysed by 10% 
methanolic KOH solution in the ratio of 1:10 
(sample:solution) in a boiling water bath for 1 
hour. The resulting soap was decomposed with 
50% aqueous H2SO4. Fatty acids were extracted 
three times with diethyl ether. Next, ether 
extracts were washed with distilled water to 
neutralize pH, dried over sodium sulfate, and 
then ether was distilled off. The fatty acids were 
methylated with newly prepared diazomethane. 
Purification of the resulting methyl ester was 
carried out in a thin layer of silica gel using the 
solvent system hexane: diethyl ether 4:1. Fatty 
acids were determined with the instrument 
Agilent Technologies 6890 N, with a flame 
ionization detector using a capillary column 30 m 
long with an internal diameter of 0.32 mm and 
the applied phase HP-5 at a temperature of 150 
to 270ºC with helium as the carrier gas. 
 

2.5 Reagents 
 

Silica gel used in purification of oil of algae was 
purchased from Sigma-Aldrich. All other reagents 
were from Ximbiogen (Uzbekistan). 
 

3. RESULTS AND DISCUSSION 
 

3.1 Isolation of Microalgae 
 
Accumulative cultures of microalgae were 
obtained from water samples collected in 
Uzbekistan. The cultures differed in slurry density 
and uniformity. Using the dilution method, the 
samples of accumulative cultures were sowed to 
the 2% agar modified Chu 13 medium. Within 7 
days of incubation, very small, individual colonies 
of microalgae appeared on the surface of the 
agar medium, and after three weeks, colony size 

reached 2-3 mm. Subsequently, individual 
colonies of microalgae were grown in a liquid 
medium for 7 - 15 days, depending on the growth 
rate of cultures. 
 
Thus, we isolated and purified local unicellular 
green algae belonging to the genera 
Scenedesmus, Stichococcus, Chlorococcum, 
Ankistrodesmus, Chlamydomonas, Chlorella, 
Coelastrum, and Pediastrum from aqueous 
samples from Uzbekistan. 
 

3.2 Effect of Temperature on Algae 
Growth 

 
The goal in the first stage of the study was to 
optimize the growth conditions of microalgae. In 
this regard, we have begun to study the effects of 
temperature on the growth and development of 
microalgae. 
 
When beginning the cultivation of strains of 
Scenedesmus quadricauda UT4 and 
Scenedesmus sp.25, we observed similar growth 
and development of the microalgae regardless of 
the temperature (Figs. 1a, b). As the results 
show, when the temperature was changed 
between 22ºC, 24ºC, and 28ºC, the growth 
speed of Scenedesmus strains varied. During the 
14 day cultivation, a maximum biomass of 
microalgae (123-130 mg/L

-1
) was observed at the 

temperature of 24ºC, compared to 22ºC and 
28ºC. The oil content in the cells of cultures was 
36% - 41% of the total biomass of the 
microalgae. 
 
The temperature for growing microalgae 
Stichococcus sp.1 was strictly kept at 22ºC, the 
optimum temperature, and the oil content was 
44.5%.Under various temperatures (22ºC, 24ºC, 
28ºC), Coelastrum sp.1 swiftly developed, and 
the color of suspension was light green. When 
increasing temperature  from 22ºC to 28ºC, the 
biomass of the study cultures regularly increased 
from 268 mg /L

-1 
to 395 mg /L

-1
 (Fig. 1 a). A high 

content of oil (38.5%) in Coelastrum sp.1 cells 
was detected at 28ºC (Fig. 1 b). 
 
On the tenth day of cultivation, the density and 
color of the suspension of microalgae strains 
Chlorococcum significantly differed from one 
another, particularly Chlorococcum sp.37, which 
had a darker green color compared to 
Chlorococcum sp.4 and Chlorococcum sp.8. 
Upon further culturing (14 days), Chlorococcum 
sp.4 and Chlorococcum sp.8 suspension of 
microalgae took on a yellowish shade. 
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Fig. 1. Effect of temperature on the content of biomass (a) and oil (b) of microalgae, grown for 

14 days on a modified Chu 13 medium. Standard deviations obtained from triplicate 
determinations 
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When culturing microalgae at 22ºC temperature, 
the range of biomass accumulation was 129 
mg/L

-1 
to 145 mg/L

-1
 (Fig. 1a). The highest 

accumulation of biomass (150-237 mg/L-1) and 

oil (46.6-55.0%) was achieved at 28ºC (Figs. 1a, 
b). The direct correlation between the 
accumulation of biomass and oil was found in 
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strains Chlorococcum sp.4 and Chlorococcum 
sp.8. 
 
Chlamydomonas strains formed a biomass from 
88 to 93 mg /L

-1
 at 22ºC, and 106-120 mg /L

-1 
at 

28ºC (Fig. 1a). The maximum accumulation of oil 
(27-37%) was observed at 28ºC. 
 
Studying the effect of temperature on the growth 
and development of the strain Ankistrodesmus 
angustus UT15, it was found that at 22ºC, 24ºC, 
and 28ºC the culture grew well and formed a 
relatively similar biomass at each temperature. 
The optimum growth temperature for the strain 
Ankistrodesmus angustus UT15 was 24ºC. 
Maximum oil accumulation was 37.1% (Fig. 1b). 
 
The optimum temperature for the strain Chlorella 
sp.2 was 28ºC, and this strain formed and oil 
accumulation of 36.4% (Fig. 1b). 
  
For the strains of the genus Pediastrum, the 
optimum temperature was 24ºC. Increasing the 
temperature to 28ºC resulted in a decrease of 
biomass (Fig. 1a). 
 
Based on the data obtained, we can conclude 
that all of the local strains of microalgae, 
depending on the growth temperature, were 
mesophilic microalgae and had the following 
optimum temperatures: Stichococcus - 22ºC; 
Ankistrodesmus - 24ºC; Pediastrum - 24ºC; 
Scenedesmus - 24ºC; Chlorococcum - 28ºC; 
Chlamydomonas - 28ºC; Coelastrum - 28ºC; 
Chlorella - 28ºC. 
 

3.3 Impact of CO2 on Algae Development 
 

The growth and productivity of microalgae was 
studied in a neutral medium of pH 7.0 with 
different concentrations of carbon dioxide (CO2) 
at 28°C. Microalgae grew well and accumulated 
similar biomass regardless of CO2 concentration 
(2%, 5%) (above Fig. 2 a). At 2% CO2, the strain 
of Coelastrum sp.1 formed large biomass (237 
mg/L-1) in comparison with the other studied 
cultures (Fig. 2a). When cultures were grown 
under 2% CO2, the maximum accumulation of oil 
(45.2-55%) was found in the cells of cultures 
Chlorococcum sp.4, Chlorococcum sp.8, 
Chlorococcum sp.37, and Scenedesmus sp. 25 
(above Fig. 2b). It should be noted that lipid 
accumulation was slightly higher in microalgae 
grown in 2% CO2 compared to 5% CO2, except 

for strains Stichococcus and Pediastrum. These   
results indicate that for these microalgae, 2% 
CO2 is sufficient for optimal growth and 
development. A high yield of microalgae biomass 
(about 1 g per 1 liter/h) was prepared at a 
concentration of 0.8% CO2, which was increased 
to 5.8% CO2 did not affect the yield of 
microalgae. The CO2 was then decreased to 
0.2%, which reduced the efficiency strain of 
Chlorella 2 times [18]. Chiu et al. showed that 
CO2 above 5% may be harmful to microalgal 
cells and inhibit the growth of Nannochloropsis 
oculata [19]. In contrast, microalgae like S. 
obliquus can grow beyond 6% CO2 and reach a 
maximum biomass at 18% CO2 [20]. 
 

3.4 Fatty Acid Profile of Selected Algae 
 
To determine the qualitative and quantitative 
composition of fatty acids, we selected 
microalgae strains Ankistrodesmus angustus 
UT15, Coelastrum sp.1, Chlorella sp.2, 
Scenedesmus sp.25, Chlorococcum sp.4, and 
Pediastrum sp.1. 
 
After cultivation of these microalgae strains for 
14 days, 18 fatty acids were found in the cells of 
the algae (decanoic, dodecanoic, tetradecanoic, 
pentadecanoic, hexadecenoic, palmitic, 
heptadecanoic, gamma-octadecatrienoic, 
stearidonic, linoleic, oleic alpha-linolenic, stearic, 
eicosenoic, eicosanoic, docosanoic, 
tetracosanoic, hexacosanoic acids). 
 
In the cultures of Ankistrodesmus angustus, 
UT15 detected 7 fatty acids, whereas in the 
strain Pediastrum sp.1, 16 fatty acids were 
detected. Despite the presence of different fatty 
acids in the microalgae, the most common acids 
among the saturated fatty acids were palmitic 
acid (C16:0, at 26.65% to 44.96%) and stearic 
acid (C18:0, at 3.07 % to 5.67%) (Fig. 3). Among 
unsaturated acids predominant oleic (C18:1) and 
alpha-linolenic (C18:3) acids makes up from 
16.8% to 43.75%. The proportion of linoleic acid 
(18:2) was in the range of 8.53-35.86%.  
 
It must be emphasized that biodiesel derived 
from saturated fatty acids (palmitic and stearic 
acids) has a higher cetane number and is of 
higher quality [21], whereas esters from 
unsaturated fatty acids show lower cetane 
numbers and are susceptible to oxidation [22]. 
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Fig. 3. Main fatty acids present in microalgae: Ankistrodesmus angustus UT15 (a), Coelastrum 

sp.1 (b), Chlorella sp.2 (c), Scenedesmus sp. 25 (d), Chlorococcum sp.4 (e) and Pediastrum 
sp.1 (f) 
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In the cells of Pediastrum sp.1, Ankistrodesmus 
angustus UT15 and Coelastrum sp.1’s saturated 
fatty acid content is 49.53% to 51.18% of the 
total fatty acids. In all of the studied microalgae, 
up to 97% of the fatty acids are composed of 
palmitic, stearic, linoleic, oleic, and alpha-
linolenic acids. 
 

4. CONCLUSION 
 
Microalgae isolated from water sources of 
Uzbekistan accumulated high amounts of 
biomass and oil in respective optimum 
temperatures and CO2 levels. In addition, the 
composition and amount of fatty acids depended 
on genus and species of microalgae. Due to the 
formation of biomass and accumulation of lipids 
and fatty acid composition, the cultures 
Scenedesmus quadricauda UT4, Coelastrum 
sp.1, Scenedesmus sp.25, Stichococcus sp.1, 
Chlorococcum sp.4, Chlorococcum sp.8, 
Chlorococcum sp.37, and Chlorella sp.2 may be 
used as potential producers of oils for biodiesel 
production. 
                                                                 

COMPETING INTERESTS 
 
Authors have declared that no competing 
interests exist. 
 

REFERENCES 
 
1. Kalacheva G, Zhila N, Volova T, 

Gladyshev M. The effect of temperature on 
the lipid composition of the green alga 
Botryococcus. Microbiology. 2002;71:286-
293. 

2. Upta SCA. Survival and Motility of Diatoms 
Navicula grimmei and Nitzschia palea 
Affected by Some Physical and Chemical 
Factors. Folia Microb. 2007;52:127-134. 

3. Watanable MM. Purifiction of freshwater 
picoplanktonic cyanobacteria by pour-
plating in “ultra-low-gelling-temperature 
agarose”. Phycol. Res. 1998;46:71-75.  

4. Vonshak A, Torzillo G. Environmental 
Stress Physiology. In Handbook of Mic. 
Culture; Richmond, A., Ed.; Blackwell: 
Oxford, UK; 2004.  

5. Harwood JL. Involvement of Chloroplast 
Lipids in the Reaction of Plants Submitted 
to Stress. In Lipids in Photosynthesis: 
Structure, Function and Genetics; 
Siegenthaler, P.A., Murata, N., Eds.; 
Germany; 2004.  

6. Guschina IA, Harwood JL. Algal lipids and 
effect of the environment on their 

biochemistry//In Lipids in Aquatic 
Ecosystems, Germany; 2009:1-24. 

7. Lynch DV, Thompson GA. Low 
temperature induced alterations in the 
chloroplast and microsomal membranes of 
Dunaliella salina. Plant Physiol. 1982;69: 
1369-1375. 

8. Raven JA, Geider RJ. Temperature and 
algal growth. New Phytol. 1988;110:441-
461. 

9. Nishida I, Murata N. Chilling sensitivity in 
plants and cyanobacteria: The crucial 
contribution of membrane lipids. Annu. 
Rev. Plant Biol. 1996;47:541-568. 

10. Converti A, Casazza AA, Ortiz EY, Perego   
P, Borghi M. Effect of temperature and 
nitrogen concentration on the growth and 
lipid content of Nannochloropsis oculata 
and Chlorella vulgaris for biodiesel 
production. Chem. Eng. Process. 2009;48: 
1146-1151. 

11. Konopka A, Brock TD. Effect of 
temperature on blue-green algae 
(cyanobac-teria) in Lake Mendota. Appl. 
Environ. Microbiol. 1978;36:572-576. 

12. Muzafarov АМ. The cultivation and use of 
microalgae. Tashkent, Uzbek SSR. 1984; 
136. 

13. Chen CY, Durbin E.G. Effects of pH on the 
growth and carbon uptake of marine 
phytoplankton. Mar. Ecol.-Prog. Ser. 1994; 
109:83–94. 

14. Hansen PJ. Effect of high pH on the 
growth and survival of marine 
hytoplankton: Implications for species 
succession. Aquat. Microb. Ecol. 2002;28: 
279-288. 

15. Azov Y. Effect of pH on inorganic carbon 
uptake in algal cultures. Appl. Environ. 
Microbiol. 1982;43:1300-1306.  

16. Shakirov ZS, Safarov IV,  Kadirova GKh, 
Khujamshukurov NA. Isolation and 
identification of lipid-producing microalgae 
of Uzbekistan. Environmental Science. 
2014;9:405-409. 

17. Rajasri Y, Ramgopal SR, Rao CS. Lipid 
accumulation studies In Chlorella 
pyrenoidosa using customized 
photobioreactor- effect of nitrogen source, 
light intensity and mode of operation. J 
Eng Res. Appl. 2012;2:2446-2453. 

18. Liu ZY, Wang GC, Zhou BC. Effect of iron 
on growth and lipid accumulation in 
Chlorella vulgaris. Bioresour. Technol. 
2008;99:4717-4722. 

19. Chiu S, Kao C, Tsai M, Ong S, Chen C, Lin 
C. Lipid accumulation and CO2 utilization of 
Nannochloropsis oculata in response to 



 
 
 

Safarov et al.; BJAST, 10(3): 1-9, 2015; Article no.BJAST.18018 
 
 

 
9 
 

CO2 aeration. Bioresour. Technol. 2009; 
100:833–838. 

20. Morais MG, Costa JAV. Isolation and 
selection of microalgae from coal fired 
thermoelectric power plant for biofixation of 
carbon dioxide. Energy Convers. Manage. 
2007;48:2169–2173.  

21. Knothe G. Improving biodiesel fuel 
properties by modifying fatty ester 

composition. Energy Environment Science. 
2009;2:759-766.  

22. Ramos MJ, Fernández CM, Casas A, 
Rodríguez L,  Pérez  A. Influence of  fatty 
acid composition of raw materials on 
biodiesel properties. Bioresource  
Technology. 2009;100:261–68. 

_________________________________________________________________________________ 
© 2015 Safarov et al.; This is an Open Access article distributed under the terms of the Creative Commons Attribution License 
(http://creativecommons.org/licenses/by/4.0), which permits unrestricted use, distribution, and reproduction in any medium, 
provided the original work is properly cited. 
 
 

 
 

Peer-review history: 
The peer review history for this paper can be accessed here: 

http://sciencedomain.org/review-history/9866 


