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Abstract
Ten microalgae isolates were isolated from some ponds and Tigris River in Iraq, and screened for
growth and lipid production. The results showed that the isolates Chrococcus dispersus, Anabaena
augstumalis and Chlorella vulgaris exhibited higher growth rate and lipid production and reached (0.95,
1.9 and 1.17) g/l, respectively. The selected isolates stimulated by studying the effect of different levels of
pH and salinity on growth and lipid production. The results showed higher lipid production by C. vulgaris
reached maximum (3.45g/l) at lower pH 6, followed by A. augstumalis (2.75g/l at pH11) and C. disperses
(2.68 g/l at pH9). The results also showed that lipid production by C. dispersus and A. augstumalis was
stimulated by decreasing salinity concentration and reached maximum (2.94 and 2.5 g/l), respectively at 0.4
g/l of NaCl. While, maximum lipid production by C. vulgaris was (1.72 g/l) obtained at salt concentration
of 1g/l. The combined effect of pH and salinity on lipid production studied. Maximum lipid production by
C. dispersus (8.43 g/l) observed at (pH9 + salt 0. 4g/l). In case of C. vulgaris, total lipid production reached
4.43g/l which obtained at (pH6 + salt 0.75g/l). While, lipid production in microalgae of A. augstumalis was
favored by alkaline condition, and maximum lipid production (4.42 g/l) observed at (pH11 + salt 0. 75g/l).
Higher oil content was observed in C. vulgaris and reached 33.2% (0.332 g of oil / g of dry algal biomass)
when the microalgae cultivated at (pH9 + salt 0.4 g/l). In comparison, to lower oil content (%) observed
with A. augstumalis and C. dispersus reached to 16 % and 13.8% when the isolates stimulated at (pH11 +
salt 0.4 g/l) and (pH 6 + salt 0.75 g/l), respectively. Analysis of lipid content by GC technique had shown
that the lipid content of microalgae C. dispersus contained only stearic acid. While, oil content in C.
vulgaris and A. augstumalis contained only stearic acid, but palmtic acid and oleic acid were detected in
control and stimulus conditions.
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Most of industrial biodiesel is made from oil (triglycerides) of raw materials (rapeseed, sunflower,
soybean, etc.). The raw materials are also necessary to feed humans and animals. A large demand for raw
materials to produce biodiesel could thus increase their price. Moreover, the culture of conventional
vegetable material requires an important amount of water, chemical fertilizers and pesticides, which have a
negative impact on the environment [1].
To overcome these problems, researchers are currently exploring a way of producing biodiesel-using
microalgae. During their growth, photoautotrophic microalgae consume inorganic carbon (CO2) through
the photosynthesis process [2].
Biodiesel has many environmental benefits over other fuels that help to reduce the human footprint on
the natural world. Biodiesel used immediately to replace conventional diesel in the transportation market.
The Biodiesel is a suitable alternative in that it can be produced from many different sources such as animal
fats, cooking oil, plant oils, and algae [3].
Algae are photosynthetic organisms which produce large amounts of O2. In which it contributes the
oxygen concentration in an atmosphere which enhances life on our biosphere [4]. Microalgae characterized
by fast growing and highly efficiency of photosynthesis [5] and a very effective feedstock for biodiesel
production. Chisti, [6] mentioned that some algal species have been found to have very high oil contents,
ranging up to and sometimes beyond 50% dry weight. Some species of microalgae can produce more than
50% of their dry mass as triacylglycerides or long chain hydrocarbons that can be converted to biodiesel
and jet fuel. About 20-75% of lipids can be accumulated as part of their dry mass in algae. Niehaus et al.,
[7] mentioned that most algae species produce triacylglycerides and alkenes from what are known as the
fatty acid biosynthetic pathway.
One of the most important compounds, which are converted into biodiesel via trans esterification
reactions are triacylglycerides (TAGs). TAGs are used in algal cells as a source of energy [8 and 9]. TAGs
consist of glycerol and three fatty acids (FAs). Exchange of glycerol with small alcohols
(Transesterification reaction) produced biodiesel. The quantity and quality of lipids and fatty acids differ
depending on the culture conditions. The limitation of nutrient affects is in the lipid content of algae, and in
eukaryotic algae. There is inversely related between both carbohydrate, and protein with lipid contents
when the stationary phase began [10]. The decrease in nutrient concentrations during the growth phases
enhanced to produce much lipid content.
The environmental stress stimulated the lipid production and accumulation in algae. Algae responses
accompanied by changing in different growth parameters, and the morphological and developmental
pattern.
A few studies were conducted for the effect of pH on biodiesel production from algae [11 and 12].
Gardner et al., [13] found that Scenedesmus sp. produced higher lipid production at pH > 9.
The current work aimed to study the effect of different values of pH and salinity on lipid production
of locally isolated algae from some aquatic systems in Iraq.

Materials and Methods
Algae were collected by a phytoplankton net (mesh pore 0.2 µ) from different ponds and artificial canal in
northern Iraq, as well as from ponds and Tigris river within Baghdad city. Samples were transported to
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sterile container (100 ml) which was marked with the date and location of sampling, and then transported to
the laboratory immediately to be incubated under suitable and controlled conditions for algal growth at 268
µE/m²/s, and 16:8 lights: dark and 25± 2 C˚.

Isolation of algae:
Two techniques were used for algae isolation, serial dilution method and streaking on plate agar [14].

Serial dilution method
This method was used to get the isolation of pure algae. Ten test tubes were prepared each one
contains 9 ml Chu-10 nutrient solution, 1ml of algal sample was added to the first tube and shook
carefully, then 1ml from the first tube transported to the second tube and so on then incubated for two
weeks. This process was repeated with examining of each dilution with a compound microscope until one
species of algae were obtained. After the target dilution was microscopically examined several times and
confirmed as unialgal culture then (2 ml) was transferred into (20 ml) of the Chu-10 enhancement solution,
then incubated under suitable conditions for algal growth till the culture turned into greenish color [15].
Isolated algae were identified according to Prescott [16], Desikachary [17] and Bellinger & Sigee, [18].

Streaking on plate Agar
Chu-10 media solution solidified by 1.5 % agar-agar and sterilized by autoclave, after the sterilization
Chu-10 medium was poured in Petri-dishes, which were left to solidify; sterile loop was used for streaking
straight line. Then the plates were kept in a cooled illuminated incubator with light intensity about 268
µE/m²/s, at 25± 2 C˚ and 16:8 lights: dark period of 10 -14 days. Aggregated colonies were observed on the
surface of the plates. Part of these colonies was streaked on another plate. Each subculture was examined
by using a compound microscope, this method was repeated until unialgal culture had been gained [19].
A small part of the confirmed unialgal culture was transferred which into Chu-10 medium solution
within a 250 ml sterile flask and incubated for two weeks to get appropriate growth. In order to examine the
viability of the unialgal growth, these cultures were renewed every two weeks by sub culturing into another
Chu-10 nutrient solution [16].

Screening of isolated algae
Ten algae isolates were obtained, these isolates were tested for growth and total lipid contents and
incubated in light intensity 268 µE/m²/s, temperature 25± 2 C˚ and 16:8 light: dark period.
All isolates were incubated in illuminator at 25± 2 C˚ for 21 days. Microalgae growth and total lipid
contents were determined daily. The growth rate (K) and doubling time (G) were calculated according to
Huang et al., [20].
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Stimulation treatments
Three isolates showed highest growth and lipid production. These selected algae were undergone in
different treatments of two factors (pH and salinity) individually and combined. Six different levels of pH
(5, 6, 7, 8, 9, and 11), in each 250 ml flasks containing (90 ml of Chu_10) were added and the pH was
adjusted, then 10 ml of the old culture of each isolated alga (C. vulgaris, C. dispersus and A. augstumalis)
was added to each flask. The flasks were incubated at light intensity 268 µE/m²/s, 25± 2C˚ and 16:8 lights:
dark period. Microalgae growth and total lipid were determined daily.
Seven concentrations of NaCl were used (zero, 0. 2, 0. 4, 0. 6, 0. 8, 1and 1.5) g/l to test the viability of
these algae to the growth and lipid production under the circumstances of the stimulus. In each 250 ml,
flasks containing 90 ml of Chu_10 from different concentrations of NaCl were added, and then 10 ml of the
each old culture of alga (C. vulgaris, C. dispersus and A. augstumalis) was added to each flask. The flasks
were incubated at light intensity 268 µE/m²/s, 25± 2 C˚ and 16:8 lights: dark period. Microalgae growth
and total lipid were determined daily.
The biodiesel production of isolated algae was carried out at optimum condition of pH and salinity
obtained from a previous study in 7.5 l glass pools. The dimensions of the glass pools were 50 cm length,
50 cm width and 30 cm high. For each algal isolates; four glass pools containing (5 L of Chu_10 and 500
ml alga) were conducted at optimum condition of pH and salinity. One of these ponds considered as a
control (pH 7 and salinity 0.075g/l) for each isolate. The algal isolates were incubated at about 25± 2 ˚C for
15 days, after the end of the incubation period the algal isolates were harvested for determination of dry
weight (biomass), total lipid, and protein and carbohydrate contents.

Harvesting of Algae
Microalgae isolates harvested from glass pools at the beginning of the stationary phase, under
stimulation after fifteen days of incubation for all algal isolates. All isolated algal cultures were treated with
cooled centrifuge and dried the precipitated material (algae) as explained by Hassan et al. [21] and [22, 23].
The results of these processes were used for analysis the study parameter.

2.7. Determination of Total Lipids
Total lipids were determined by colorimetric method (with sulfo-phosphovanillic mixture). This was
carried out commercially purchased kit [24].

2.8. Growth parameters (Protein and Carbohydrate)
Bradford [25] and Dubois et al. [26] methods were used to determine protein and carbohydrate,
respectively.

Lipid Extraction
Lipid extraction has conducted a series of repeated digestion with 200 ml of methanol and hexane
(1:1) for each one gram dried weight (DW) by using soxhlet. After the process taken 3-4 hours, the color
solvents in the cylinder will change from green to colorless. Rotary evaporator at 40 C º dried the extracted
samples for a few minutes. The samples were poured out to clean plates and left at room temperature at 25
Cº overnight, then the samples transported to testing tubes to be analyzed for lipid content [27 and 28].
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Lipid Analysis
Methyl esterifies samples were diluted (40µl FAME sample + 960µl hexane) in the clean vial with
micropipettes. The sample vials were put in auto-injector vial tray. The sample (1µl) was injected into the
gas chromatograph (GC-Packard, 438A, U.S.A) by an auto injector and capillary column (SE/30, 3m, 1/8˝
diam, 0.25 µm film thickness). The elution's were detected on a flame ionization detector. Reagent user
FID and the temperature of reagent 325Cº. The oven temperature was 100 Cº→300 Cº and increased to 10
Cº per min. The injector temperature was kept at 300Cº. The flow rate of carrier gas (He) was 30 ml per
min. The amplified signals were transferred and recorded in a computer with GC-solutions software. The
quantitative method was followed with external standard mixtures of fatty acids (C6-C24, Sigma, USA)
and was run earlier under similar conditions. The data of total lipids were statistically analyzed and
expressed as mean ± standard deviation [29].

Statistical Analyses
Analysis of the study data was performed by using completely randomized design. A statistical
analysis system software used to explain the interactions between the investigated parameters and lipid
production [30]. For each treatment at least a significant differences at level P≤ 0.05 were used.

Results
Isolate algae were collected from some ponds and Tigris river in Iraq. The isolated algae were C.
Dispersals, C. minor, Oscillatoria amoena, Nostoc linka, Anabaena variabilis, A. augstumalis, C.
vulgaris, Nitzschia palea, Microcyst aeruginosa and Westiellopsisprolifica.
These isolated algae was screened for biomass and total lipid production. Among the results of
screened isolates, five isolates (C. dispersus, A. augstumalis, C. vulgaris, N. palea and O. amoena) showed
higher biomass and lipid production.
Different growth curves and growth rates (K) were observed from each algal isolates, and the
harvesting time varied from one to another. The stationary phase of C. dispersus and A. augstumalis,
started in 13 days while in C. vulgaris in 14 days and N. paleain 12 days and finally in O. amoena in 15
days (Figure 1).
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Fig. 1: Growth curve of five isolated algae at (25Cº, 268 µE/m²/s) at pH 7 and for a period of 21 days of
incubation.

Algae density was monitored by measuring the turbidity, and oil concentration. Figure 2 showed that
the isolates A. augstumalis, C. vulgaris, C. disperse exhibited higher biomass and lipid production. The
total lipid production observed after 15 days of incubation were 1.9, 1.17 and 0.95g/l for A. augstumalis, C.
vulgaris, C. disperses, respectively. Therefore, these isolates were selected for the purpose of biodiesel
production due to the high lipid production and shorter time required to reach stationary phase.
Biodiesel can be produced from microalgae because it contains considerable amount of lipid
contents [31]. The results in the current study were agreeing with Mulumba and Farag, [32] they screened 7
algal isolates for growth and lipid production. The results were evaluated as the isolates variation in growth
and total lipid production. In addition, they showed that the cell growth reached stationary phase after 12
days incubation.
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Fig. 2: Growth and lipid concentration of different algae isolate (A: C. disperesus, B: A. augstumalis, C: C.
vulgaris, D: Diatom, E: O. amoena) at 25 ºC, 268 µE/m²/s, after 15 days of incubation.
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Effect of pH on biodiesel production:
Different response to pH experiments were illustrated in figure 3, which showed variation in lipid
production. Higher lipid production by C. dispersus reached to 2.68 g/l when pH increased to 9, in
comparison to lower lipid concentration (1.78 g/l) at pH 5 after 15 days of incubation. The lipid production
by C. vulgaris reached maximum 3.45 g/l at treatment pH 6, while minimum lipid production was at pH 8,
after 10 days of incubation (Figure 3). Higher lipid production (2.75 g/l) by A. augstumalis was recorded at
treatment pH 11 also after 10 days of incubation.

Total lipid (g/l)

The results showed that an increase in treatment pH 9 stimulated lipid production by C. dispersus, in
comparison to lower lipid concentration observed in treatment pH 5. The results also showed that the
increase in pH value did not stimulate the lipid production in C. Vulgaris and higher lipid production
obtained at treatment pH 6, in comparison to decrease in lipid production when pH values increased above
pH 6. While, in case of A. augstumalis the total lipid production was stimulated when pH value increased,
and higher lipid concentration (2.75 g/l) observed at treatment pH11, while lower lipid concentration (1.68
g/l) was at pH6.
C. dispersus
C. vulgaris
A. augstumalis

3.5
3
2.5
2
1.5
1
0.5
0
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6

7
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pH
Fig. 3: Total lipid production of C. vulgaris and A. Augstumalis and C. disperses at different values of pH
at 25± 2 C˚and 268 µE/m²/s after 10 and 15 days of incubation, respectively.

Somchai et. al., [33] mentioned that at pH levels was affected on the growth of cyanophyceae
(filamentous algae) and the pH level less than 6 caused broken of the filament algae, while they ranged (<
7.5 – 9 <) and caused an impact on growth. These results indicated that pH levels at lower and higher than
pH5 could be inhibited photosynthesis and effect on the morphology of alga. William, [34] observed better
growth of C. vulgaris at pH 6.5 and 7.0, while lipid production increased at pH 7. The stress of higher pH
for Chlorell caused an accumulation of triglyceride [35].This stress increased the time of completion of cell
cycle due to inhibit autospore.

Effect of Salinity on Total Lipid Production:
Salinity was playing an important role in the production of various biofuels. Salinity was considered
as one of the most significant ecological factors affecting the growth and metabolic activities of plants and
microorganisms [36]. The results in Figure 4, illustrated the effect of different concentrations of salt on
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growth and total lipid production. The results showed that lipid production by C. dispersus and A.
augstumalis was stimulated at lower salinity concentration and reached the maximum 2.94 and 2.5 g/l,
respectively at treatment salinity 0.4 g/l after 15 days of incubation, above this concentration total lipid
production decreased sharply. The results in figure 4 also, showed that the isolate C. Vulgaris was able to
tolerate the salt concentration up to 1.5 g/l. Maximum lipid production (1.72 g/l) was observed at treatment
salinity 1 g/l after 15 days, above or lower this concentration the total lipid production was decreased.
Microalgae differ in their adaptability to salinity and other stress conditions. Many authors [37, 38
and 39] studied the osmotic stress and their impact on the growth of algae. Mus et al., [40] showed that the
Chlorella sp. biomass was affected by salinity and the biomass growth decreased with salinity increases.
Many studies have revealed that the highest number of cells was observed on day 15th with 30 g/l salinity
[41, 42 and 39].

3

C. dispersus
C. vulgaris
A. augstumalis

Total lipid (g/l)

2.5
2
1.5
1
0.5
0
0

0.2

0.4

0.6

0.8

1

1.5

NaCl (g/l)
Fig. 4: Total lipid production of C. dispersus, C. vulgaris and A. augstumalis at different concentrations of
salt at 25± 2 C˚and 268 µE/m²/s after 15 days.

The results of Sanchez et al., [43] suggested that low to medium salinity concentrations, between 0
and 2 g/l NaCl, were appropriate for the promotion of growth rate. The alga Scenedesmus hase been
reported as salt tolerance [44]. S. Almeriensis showed tolerance to medium salt concentrations, and
recorded higher biomass productivities at treatment NaCl (4 g/l) in comparison with that grown in fresh
water media [43]. The same results were observed for S. obliquus, S. armatus, and S. bernadii in a study of
Kaewkannetra et al., [44]. While in another study increasing of the salinity, from 0 to 0.2 g/l, in the nutrient
medium led to an increase of (1.6) fold biomass yield of cyanobacterium. This suggested that salinity
stimulates growth in this algal strain.

The Effect of combined treatments (pH and Salinity) on the Total Lipid Production
Stimulation of biodiesel production, carbohydrate and protein were performed with the different pH
and salinity values in optimum conditions of pH and salinity for algae isolates after 15 days of incubation.
To study the effect of combining (pH and salinity) conditions to stimulate the lipid production. The large-
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scale production was prepared in glass pools in 7.5 l and the algae isolates were cultivated under optimum
conditions of pH and salinity for 15 days.
The result in figure 5 showed that the total lipid, carbohydrate and protein concentration of C.
dispersus were stimulated at treatment (pH9 and NaCl, 0.4g/l) and reached 8.43, 0.525 and 0.018 g/l,
respectively. While the minimum concentration of lipid, carbohydrate and protein productions were
observed in treated (pH7 and salinity 0.75g/l) and reached 2.76, 0.067 and 0.009 g/l, respectively. The
results also suggested that the synergistic action of pH and salinity did not stimulate biodiesel production in
microalgae, and stimulation of lipid production resulted from an increase in pH value rather than salinity.
In case of C. vulgaris, the total lipid and protein productions were stimulated at lower pH value with
moderate salt concentration (pH6 and salt 0.75g/l) and reached 4.43g/l and 0.032 g/l, respectively. In
comparison to C. vulgaris, lower lipid and protein concentrations (1.85 and 0.001 g/l) obtained at treatment
(pH7 and salt 0.8g/l). Also carbohydrate concentration increased in lower pH value, but with slightly
increases in salinity concentration and reached maximum 1.837 g/l at treatment (pH6 salt 0.8 g/l) (Figure
6). The results obviously showed that the lipid production in C. vulgaris was stimulated at lower pH and
moderate salinity concentration. While an increase in pH value and salinity concentration, affects adversely
lipid, carbohydrate and protein productions.
Total lipid

Totallipid, Carbohydrate
and Protein (g/l)

10

Carbohydrate

Protein

8
6
4
2
0
(pH 7 & NaCl,
0.75)

(ph 7 & NaCl,
0.4 g/l)

(pH 9 & NaCl,
0.75 g/l)

(pH 9 & NaCl,
0.4 g/l)

Fig. 5: Total lipid, carbohydrate and protein concentrations of C. dispersus in various pHs and salinity
concentration at 25± 2 C˚and 268 µE/m²/s after 15 days.
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Fig. 6: Total lipid, carbohydrate and protein concentrations of C.vulgaris in various pH and salinity
concentrations at 25± 2 C˚and 268 µE/m²/s after 15 days.
Total lipid production in microalgae A. augstumalis was stimulated at alkaline condition and in
moderate salinity concentration (Figure 7). Maximum lipid production observed in treatment (pH11 and
salt 0.75 g/l) and reached to 4.42 g/l. While minimum lipid production (2.84 g/l) obtained at neutral pH and
moderate salinity concentration (pH7 and salt 0.75g/l). These results suggested that lipid production by A.
augstumalis was stimulated at higher pH values and moderate salt concentration (pH11 salt 0.075g/l).
Duan et al., [45] mentioned the positive response of salinity (NaCl) effect on lipid production. This
effect was noticed on intracellular lipid accumulation, while the cell growth was inhibited.

Totallipid, Carbohydrate
and Protein (g/l)

Total lipid

Carbohydrate

Protein

5
4
3
2
1
0
(pH 7 & NaCl
0.75 g/l)

(pH 7 & NaCl,
0.4 g/l)

(ph11 & NaCl,
0.75 g/l)

(ph 11 & NaCl,
0.4 g/l)

Fig. 7: Total lipid, carbohydrate and protein of A. augstumalis at various pH and salinity concentrations at
25± 2 C˚and 268 µE/m²/s after 15 days.
The explanation for the above situation might be that salinity can stimulate microalgae to accumulate
intracellular lipid. Although, the salt stress could induce osmotic stress and as a result stimulates lipid
accumulation. The result also showed that under stress conditions (pH and salinity) the carbohydrate and
protein content decreased, this agreed to study of Norman et al., [46]. The protein production was affected
by the growth phase in all salinity levels evaluated; significant differences (P <0.05) were observed among
growth phases. Clear tendency in which the increase of salinity caused a decrease in protein content.

Microalgae oil content:
All content presented as g oil / dry weight of age. The results of oil content (%) for algal treatment
were varied according to treatment (figure 8). Higher oil content was observed in C. vulgaris and reached
33.2% (0.332 g of oil / g of dry algal biomass) at treatment (pH6, and salt 0.75g/l), in comparison, to lower
oil content (6%) at control treatment (pH7 and salt 0.75 g/l). Lower oil content was observed by A.
augstumalis and C. dispersus (16 % and 13.8%) at treatments (pH11 and salt 0.75 g/l) and (pH 9 and salt
0.4 g/l), respectively. Compared to lower oil content of 5.1 and 3.30 g/l respectively with the control
treatment (pH7 and salt 0.75 g/l). From these results, it can be concluding that the lipid production by A.
augstumalis and C. dispersus stimulated by elevation in pH values rather than salt concentration. In case of
C. vulgaris the lipid production was stimulated by lowering pH values and increase in salt concentration.
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Nagle et al., [47] observed oil content (%) in eight microalgae species varied from 3 to 13%
maximum lipid content of (11.3, 10.95 and 9.8%) was observed with Oscillatoria sp, Phormidium tenne
and Spirulina major, respectively. Lohery [48] revealed that neutral and polar solvent (Hexane and ethanol)
was prepared to extract as crude oil from algae. In another study, the alga Hapalosiphon sp. showed a
highest lipid content of 9.95±0.34% obtained by cultivation in salinity 10 ppt, but did not stimulate lipid
accumulation in Cyanobacterial strain. Possibly, the Cyanobacterial cells may provide more energy for the
extrusion of Na+ in cells to maintain osmotic balance [49], and then it decreased the amount of storage
product (lipid). Another study showed that a maximum lipid percentage (31.09±0.58 % of dry weight.) was
observed by Spirulina strain ws-41 at (0.5 M NaCl) and (pH 9) [50].

Oil (%)

Algae oil content (%)

35
30
25
20
15
10
5
0
A

B

C

D

E

F

Fig. 8: Algae oil content (%) after harvesting and extraction by hexane (A: C. dispersus (pH7 and NaCl,
0.75 g/l), B: C. dispersus (pH9 and NaCl, 0. 4g/l), C: C. vulgaris (pH7 and NaCl, 0. 75 g/l), D: C. vulgaris
(PH7 and NaCl, 0. 75 g/l), E: A. augstumalis (pH7 and NaCl, 0. 75g/l), F: A. augstumalis (pH11and NaCl,
0.75 g/).

Analysis of lipid content of microalgae:
Six treatments including control and stimulated condition by pH and salinity were used to determine
lipid compositions of algae isolates according to standard fatty acids (Figure 9), using GC techniques. The
results in Figure 10, showed that the control treatment (pH7 and NaCl, 0.75 g/l) of C. dispersus contained
only stearic acid (1.09 g/l) while, no lipid was detected when the algae were stimulated at higher pH and
lower salinity concentration (pH9 and NaCl, 0.4g/l).
In C. vulgaris only stearic acid (9.78 g/l) was found in control treatment (pH 7 and NaCl, 0.75) g/l
while, in treatment (pH 6 and NaCl, 0.75 g/l) oleic acid (1.15 g/l), stearic acid (1.26 g/l) and palmitic acid
(0.12 g/l) were observed (Figure 11).
In comparison to A. agustumalis lipid content included, oleic acid (1.1201g/l), stearic acid (0.1713
g/l) and palmitic acid (0.08 g/l) were found in control treatment (pH7 and NaCl, 0. 75) g/l while, only
stearic acid (3.98 g/l) was detected when the algae was stimulated at treatment (pH11 and NaCl, 0.4 g/l)
(Figure 12). The analysis of fatty acids by GC technique revealed presence of stearic acid only in C.
vulgaris under the natural condition (pH 7 and NaCl, 0.75 g/l). While, under stress conditions of pH and
salinity (pH6 salt 0.75g/l), three fatty acids (oleic, stearic and palmitic acids) appeared. The results agreed
with the study of Kirrolia et al., [51]. The percentage of saturated fatty acids in microalgae decreased as the
concentration of NaCl increased, while the percentage of highly unsaturated fatty acid increased.
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The results also agreed with the study of Thompson, [52]. The fatty acid found in Chlorophyceae,
C16:0, C18:1, C18:0 were reported as the most common type. The results were in accordance with the
study of Liu et al., [53].
The results of fatty acids for C. dsipersus under stimulated conditions, showed only stearic acid
existence in natural condition. These results also were recorded in the study of Samah et al., [49] that
revealed that the amounts of most FA increased steadily until the 15th days at (30 g/l). However, palmitic
acid decreased slightly on the 10th day of culture, except for stearic acid whose amount remained constant
during the entire period, while the amount of all fatty acid increased steadily until the 10th day except for
stearic, palmitic and oleic acids beyond (10 days), and FA quantities declined.

A

B

C

Fig. 9: Standards of Oleic acid (A), Stearic acid (B) and Palmitic acid (C) analyzed by GC technique.

Fig. 10: Chromatogram of GC for control (pH7 and NaCl, 0.75 g/l) of C. dispersus.

Fig. 11: Chromatogram of GC for control and treatment at (pH6 and NaCl, 0.75 g/l) of C. vulgaris.
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Fig. 12: Chromatogram of GC for control and treatment at (pH11 NaCl, 0.75 g/l) of A. augstumalis.

Conclusion
Microalgae could be an economical choice for biodiesel production, due to its availability and low
cost and environmental friendly properties. The combined effect of pH and salinity were stimulated lipid
production in microalgae. Among the three microalgae tested for biodiesel production, the dry algal
biomass of C. vulgaries contained higher lipid concentrations of 33.2 % in mass. The lipid content of
selected microalgae contained stearic acid, palmtic acid and oleic acid under stimulus condition.
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