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Abstract

Salinity imposes stress on various living organisms like microalgae, the study
focuses on the effect of salinity concentrations on cell growth and lipid content
for four isolated freshwater microalgae (Chlorella vulgaris, Scenedesmus sp.,
Nitzschia palea, and Anabaena sp.). These selected algae were cultured in different
treatments of salinity (0.5, 15,15, and 25 gm/l). The results show that changes in
salinity have significant effects on growth and lipid content, the growth tends to
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decline as salinity increases. Lipid content was different among studying algae
depending on the range of tolerance, the amount of lipids increased when salinity

increased too.

Introduction

Energy is essential for development, and the use of
fossil fuels as energy is unstable due to the accumulation of
greenhouse gases in the environment, for that many ideas
have been considered to develop environmentally friendly
alternatives to fossil fuels [1]. According to some analysts,
crude oil will be depleted before 2060 Rodolfi, et al. 2009.

Biofuels are fuels that are derived from organic or
biological components Osman, et al. 2021, and are classified
into three-generation biofuels [2], Chowdhury, et al. 2019.

The first production of biofuels was made from feedstock,
but these resources for energy production were stopped
due to rising food prices and terrestrial plants are limited
by land availability [3]. Then were depended on animal
waste, which was digested for the production of biogas. Later
the production of biofuels depended on algae (macro and
microalgae) [4], especially based on microalgae, these ways
will be the available solution to the problems associated with
first and second-generation biofuels; microalgae are regarded
as a viable feedstock for various bioproducts and bioenergy
carriers [5].

Much demonstrates
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literature algal-based biofuels

economic and environmental impacts Efroymson, et al. 2021;
El-Shimi, et al. 2018 [5]. Chisti [4] mentioned that microalgae
biofuel has the potential to completely displace petro-diesel
and meet the global demand for fuels. For that microalgae can
be used for biofuel production is widely regarded Schenk, et
al. 2008. Some microalgae have achieved 50% to 60% of dry
weight as lipids Sheehan, et al. 1998. The single-cell structure
of most microalgae has the potential to autocomplete
conventional crops [4], due to fast growth and high oil
production [4]. The production of lipids by microalgae (10 -
20) is times greater per unit area compared to agricultural
products Chaisutyakorn, et al. 2017.

Algae fuels are limited by the availability of carbon dioxide,
nutrients, and water [6]. Chisti [4] mentioned that microalgae
double their biomass within 24 hours.

Microalgae have a low amount of lignin making them less
resistant to degradation [7]. There are advantages of using
microalgae since it have a short life cycle, easy to cultivate in
the laboratory [8]. Many species of microalgae can produce a
high quantity of carbohydrates [9].

The aim of the present study is to investigate the ability
of some isolated freshwater microalgae to produce lipids
at different levels of salinity and determine the lipid
concentrations in isolated microalgae.
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Materials and methods

Freshwater samples of algae were collected from different
stations at Shatt Al-Arab using a phytoplankton net (mesh size
0.2 pm). Samples were transported to the sterile container
(150 ml). In laboratory samples incubated under controlled
conditions for algae growth (280 pE/ m?/s; 16:8 light: dark
photoperiod and 25 + 2 °C).

Two techniques were used for algal isolation (dilution
and streaking on plate agar). The serial dilution method was
followed by using 12 test tubes, the first test tube contained
1 ml of algal sample and nutrient solution, then shook and 1
ml from it was transported to the second test tube and so on
until the final test tube [10]. During the process of dilution,
examination of each dilution with the microscope to isolate
one species of algae.

The second method is streaking on plate agar containing
media solidified by 15% agar-agar and sterilized by autoclave
then was poured into Petri-dishes and left to solidify, sterile
loop was used for streaking straight line, petri-dishes were
kept in a cooled illuminated incubator with light intensity
268 HE/m?/s, with 25 * 2 °C, photoperiod was 16:8 light: dark
for 12 days [11]. This method was repeated until uni-algal
cultures were obtained.

Chlorella vulgaris Bejerinck; Senedesmus sp.; Nitzschia
palea (Ktz.) W. Smith and Anabaena sp. were isolated and
identified according to Bellinger and Sigee [12], Desikachary
[13] and Prescott [10].

A small quantity of the confirmed uni algal was transferred
into a 250 ml flask containing Chu-10 medium solution, these
flask was incubated under standard cultivation conditions for
12 days to get appropriate growth [10]. These cultures were
renewed weekly. Every day the cultures were shaken by hand.

These selected algae were undergone in different
treatments of salinity, four concentrations of NaCl were
used (0.5, 1.0, 1.5, 2.5) g/l to observe the viability of algae
to the growth and lipid production under the circumstances
of stimulus. For that 32 flasks were prepared to study the
effect of salinity, each flask (250 ml) contained 90 ml of chu-
10, then 10 ml of the old culture of different isolated algae
were added to each flask, and then the flasks were incubated
under standard cultivation conditions (light intensity 268
HE/m?/s with 16:8 light: dark period, and 25 * 2 °C). Isolated
algae were incubated for 14 days. Samples were collected to
measure growth (by measuring OD) and lipid production,
from microalgae culture at different levels of salinity.

Total lipids were determined gravimetrically by a modified
Bligh and Dyer (1959) method Takagi, et al. 2006, 100 g of
dried algae were used for extraction, algae were harvested
by means of filtration, filter paper containing the microalgae
were freeze-dried overnight for lipid extraction the following
day.
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Results and discussion

In the case of Chlorella vulgaris at treatment with (0.5 and
1.0) ppt, the highest growth was observed on the sixth day
(1.84 and 1.96) respectively. On another hand growth of C.
vulgaris decreased with increased salinity, at media with (1.5
and 2.5) ppt highest growth was recorded on the tenth day
and the eighth day respectively (Figure 1).

Scenedesmus sp. showed the highest growth at treatment
with (0.5 and 1.0) on the sixth and the fourth day respectively,
while at culturing in media (1.5 and 2.5) ppt highest growth
was recorded on the eighth day and the tenth day respectively
(Figure 2).

Figure 3 shows the highest growth for Nitzschia palea was
observed on the fourth day at treatment with (0.5 and 1.0)
ppt, at treatment with a high level of salinity (1.5 and 2.5) ppt,
the highest growth was recorded at the tenth day and eighth
day respectively.

The cyanophycea Anabaena sp. showing maximum growth
at salinity (0.5 and 1.0) ppt were observed on the fourth
day. At salinity 1.5 ppt maximum growth on the eighth day,
but in the case of treatment with 2.5 ppt highest growth was
recorded on the sixth day (Figure 4).

Microalgae differ in adaptability to salinity and other
stress conditions. The results showed that lipid production by
microalgae was stimulated at different levels of salinity.

Lipid production by C. vulgaris was stimulated by lower
salinity (0.5 and 1.0) ppt and reached maximum values on the
eighth day (Figure 5).

At higher salinity (1.5) ppt maximum value of lipid content
was observed on the tenth day. At salinity (2.5) ppt lipid
content was lower than that observed at lower salinity.

As shown in Figure 6, Scenedesmus sp. that culturing in
media with (0.5 and 1.0) ppt showed maximum values for
lipid production (4.3 and 4.98) mg/ml on the tenth day and
the eighth day respectively. In the case of culturing in media
with (1.5) ppt, the highest value for lipid (4.8 mg/ml) was
recorded on the tenth day, while at media with (2.5) ppt
maximum value (4.6) mg/ml was recorded on the eighth day.

Nitzschia palea showed maximum lipid content (3.39 and
3.52) mg/ml at treatment with (0.5 and 1.0) ppt respectively.

Amounts of lipids were (4.72 and 4.90) mg/ml at
treatment with (1.5 and 2.5) ppt on the eighth day respectively
(Figure 7).

Figure 8 shows the effect of different levels of salinity on
Anabaena sp. at treatment with salinity (0.5 and 1.0) ppt,
lipid production was (4.11 and 4.39) mg/l on the sixth day.
Maximum lipid production occurred at a salinity of (1.5) ppt
on the eighth day, butin the case of salinity (2.5) ppt maximum
lipid production (5.4) mg/ml was recorded on the sixth day.
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Figure I: Growth curve of Chlorella vulgaris at different levels of salinity.
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Figure 2: Growth curve of Scenedesmus sp. at different levels of salinity.
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Figure 3: Growth curve of Nitzschia palea at different levels of salinity.
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Figure 4: Growth curve of Anabaena sp. at different levels of salinity.
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Figure 5: Lipid content of Chlorella vulgaris at different levels of salinity.
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Figure 6: Lipid content of Scenedesmus sp. at different levels of salinity.

0.29328/journal.acr.1001148

www.clinmedcasereportsjournal.col



Effect of Different Levels of Salinity on Growth and Lipid Content in Freshwater Microalgae

5,

5.5
5
4.5
4
3.5 - £10.5 ppt
T,
o F41.0 ppt
3
o H1.5 ppt
3
§ F2.5 ppt
§
\ 4
4 2 Incubation period (Day)
3.5
5
4.5
= 0.5 ppt
T
o 1.0 ppt
3
o H1.5ppt
3
2.5 ppt
2N
6 4 2 Incubation period (Day)

Figure 8: Lipid content of Anabaena sp. at different levels of salinity.

Schenk, et al. (2008) mentioned that microalgae are used
widely for the production of fuel. And salinity is considered a
very important factor affecting growth and metabolic activities
[14], also salinity plays an important role in lipid production.

Mus, et al. [15] showed that Chlorella sp. biomass was
affected by salinity, and the biomass decreased with increasing
salinity, the same result was observed at the growth of C.
vulgarisin medium with (2.5) ppt. Monika, etal. [16] mentioned
that Chlorella sp. growing under salt supplemented medium
will produce a high amount of oil for biodiesel production, the
possible explanation for lipid enhancement is the metabolic
pathway of microalgae toward lipid accumulation by synthesis
of acetyl CoA. Takagiet, et al. 2006, studied the effect of salt
on lipid production in Dunaliella tertiolecta, a 7% increase in
lipid content when salinity concentration doubled.

In the case of Scenedesmus sp. highest amount of lipid

production with salinity (1.5) ppt, Kaewkannetra, et al. 2012
reported that Scenedesmus has salt tolerance.

A change in the total and intracellular composition of lipids
in response to environmental salinity has been reported by
various authors Xu and Beardoll, 1997; Abid, et al. 2008, they
mentioned that increasing in salinity of microalgae cultures
will produce more oil, the same was observed in this study.

Accumulation of lipids in microalgae occurs during
environmental stress, increasing salt concentration affects the
rate of respiration and permeability of cell membranes [17].
The amount of saturated fatty acid in algae decreases as the
salinity increases [18].

Brown, et al. 1997 mentioned that diatoms contain more
lipids than other algae, the present study found that Nitzschia
palea contains lipids at different levels of salinity and the
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highest amount was recorded at treatment with (2.5) ppt,
the same was reported by Griffiths and Harrison (2009),
during their studying on diatom Amphora coffeaeformis which
showing the ability to increase its lipid production at higher
salinity.

Cyanobacteria have several ranges of salinity, but the
information in the literature is rather complicated about the
range of tolerance Vonshak and Torzillo, 2004; Bilanovic, et al.
2009. Salinity affects the growth of microalgae acting directly
on the osmo-regulatory mechanism of the cell. As the increase
or decrease of salinity, generated stress inside the algae, total
lipid content increased as storage reserve energy material till
favorable conditions arise, results from this study show lipid
content of Anabaena sp. increases with increasing salinity [19-
26].

Conclusion

This study found that salinity significantly impacts the
growth and lipid content of freshwater microalgae (Chlorella
vulgaris, Scenedesmus sp. Nitzschia palea, Anabaena sp.).
While higher salinity generally inhibited growth, it promoted
lipid accumulation, particularly in Nitzschia palea and
Anabaena sp. at 2.5 ppt. These findings suggest the potential
of certain microalgae for biofuel production in saline
environments and underscore the importance of optimizing
salinity as a cultivation parameter. Further research into
long-term stability and underlying biochemical mechanisms
is recommended.
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