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ABSTRACT 

This work aims to examine the possibility of enhancing the oil productivity of microalga Scenedesmus obliquus by modifying the 
nitrogen content of the medium and method of cultivation. Nitrogen deficiency increased oil content from 10% (in control culture) 
to 32% (in nitrogen deficient culture). Also, the cultivation method affects the oil content of Scenedesmus obliquus. Since the 
transfer of the alga cells from batch system cultivation technique to a semi-continues system increased the oil content of 
Scenedesmus obliquus from 32% to 40% under nitrogen deficiency. The saturated and unsaturated fatty acids methyl ester was 
identified. The results showed that Scenedesmus obliquus possesses a favorable fatty acids profile that can be utilized for biodiesel 
production. 

Keywords: Scenedesmus obliquus, cultivation system, nitrogen deficiency, lipid content, saturated fatty acids, unsaturated fatty 
acids. 

 
INTRODUCTION 

ecently, liquid biofuels from microalgae have 
received wide attention since they are made from 
non-toxic, biodegradable, and renewable 

resources, and their use can lead to a decrease in the 
emission of harmful air pollutants.1,2 Among the 
microalgae, Scenedesmus and Chlorella species have the 
most desirable features for efficient and economic 
combination of CO2 fixation, wastewater treatment and 
lipid synthesis toward biodiesel production.3,4 However, 
the economic feasibility for algae mass culture for 
biodiesel production greatly depends on high biomass 
productivity and lipid yield.5 Several strategies have been 
applied to improve microalgae growth and lipid content. 
These include optimization of the medium compositions 
(e.g., type of carbon source, nitrogen, phosphorus, 
vitamins and salts)6, physical parameters (e.g., pH, 
temperature and light intensity)7 and type of metabolism 
(e.g., phototrophic, heterotrophic, mixotrophic and 
photoheterotrophic growth). The utilization of 
appropriate cultivation conditions and medium 
composition (especially nitrogen source) are of a great 
importance.8 The same authors added that the 
experimental design strategy combined with the use of 
the desirability function for the optimization of nitrogen, 
phosphorus and vitamin showed to be a successful tool 
for maximizing cell and oil production simultaneously. 
They concluded that to enhance the economic feasibility 
of using algal oil for biodiesel production, the micro algal 
biomass productivity, lipid cell content, and overall lipid 
productivity are the three key parameters that need to be 
enhanced. 

The lipid content of microalgae could be increased by 
various cultivation strategies, such as nitrogen depletion, 

phosphate limitation, high salinity, high iron 
concentration and high light intensity.9-12 

The first step in developing an economic algal process is 
to choose the suited algal species and strains.13 Fast 
growth promotes high biomass productivity which 
consequently increases yield per harvest volume in a 
certain period (productivity) and decreases cost.14 
Scenedesmus obliquus is a freshwater microalga that can 
grow in industrial wastewaters of different origins 
showing good adaptation ability.15-16 It is also considered 
one of the best candidates for biodiesel production 
among several microalgae species17,18, with a lipid 
content ranging between 18.8 and 29.3 % dwt for a 
nutrient-replete medium and up to 42 % dwt for a 
nutrient-deficient medium.19 Another important finding is 
the possibility of doubling the biomass productivity by 
operating the cultivation and harvesting in continuous 
mode instead of batch as described by different 
authors.19-21 The aim of the current work is to enhance oil 
production in Scenedesmus obliquus and to assess its 
potential use as a biodiesel feedstock. 

MATERIALS AND METHODS 

Isolation, Purification and Identification of Scenedesmus 
obliquus 

Scenedesmus obliquus (Figure 1) was isolated from River 
Nile water by using BG11 media for algal isolation and 
purification.22 Scenedesmus identification has been done 
according to the keys of identification.23 The strain was 
isolated by spreading 0.1ml of water samples into petri 
dishes containing BG11 with 1.5% agar for solidification. 
Single colonies of algae were then re-cultivated as non-
axenic batch cultures (50ml) at 25±2°C and 24hr with 
continuous white fluorescent lamp intensity ≈2500Lux. 

Enhancement of Oil Accumulation in Microalga Scenedesmus obliquus
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Figure 1: Scenedesmus obliquus microalga. 

BG11 Nutrient Composition 

Nutrient Composition of BG11 was used22 for growing 
Scenedesmus obliquus (Table 1). 

Cultivation and Starvation of Scenedesmus obliquus 

The organism was grown in conical flask 5 liter containing 
2 L of media with 1.5 g/L NaNO3 concentration for two 
weeks. 

The algal biomass after the growth phase was harvested 
and inoculated in BG11 media with 0.025 g/L NaNO3 for 
another two weeks to investigate the effect of decreasing 
nitrate concentration on total lipid content of 
Scenedesmus obliquus. 

In addition, the biomass was harvested and inoculated in 
an open pond with capacity of 25L (Figure 2) and cultured 
with 22 liter of BG11 media with NaNO3 0.025 g/L in 
order to determine the variation of lipid content when 
the microalgae transferred to semi pilot scale. 

Table 1: BG11 nutrient composition. 

Macronutrients mg/L 

NaNO3 1500.00 

K2HPO4 40.00 

MgSO4.7H2O 75.00 

CaCL2.2H2O 36.00 

Citric acid 6.00 

Na2CO3 20.00 

Na2EDTA 1.00 

Ferric ammonium citrate 6.00 

Micronutrients mg/L 

H3BO3 2.86 

MnCL2.4H2O 1.81 

ZnSO4.7H2O 0.222 

Na2MoO4.2H2O 0.39 

CuSO4.5H2O 0.079 

Co(NO3)2.6H2O 0.0494 

 Add 1ml/L into the culture medium from the 
micronutrient. 

 After autoclaving and cooling pH of medium is 
about 7. 

 
Figure 2: Schematic Diagram of the Continuous Flow Tank 
- semi pilot scale (Side View). 

Lipid Extraction  

Modified method of Bligh and Dyer24 was used. The 
biomass of microalgae was dried and ground into 
homogenous fine powder. The dry cells were mixed with 
methanol-chloroform (1:1, v/v) as a co-solvent using 
homogenizer for minutes at 800 rpm in a proportion of 1 
gm in 75 ml of solvent mixture. The homogenate mixture 
was subjected to a magnetic stirrer at 30°C for 2hrs. Cell 
residue was removed by filtering. The filtrate was 
transferred into a separating funnel and sufficient water 
was added to induce biphasic layering. After settling the 
solvent mixture was partitioned into two distinct phases, 
top light green aqueous methanol layer containing most 
of the co-extracted non-lipids and bottom dark green 
chloroform layer containing most of the extracted lipids. 
The chloroform layer was collected in a pre-weighted 
flask and evaporated using a rotary evaporator. 

Preparation of fatty acids 

The lipid samples were methylated by heating under 
reflux using methanolic HCL (5%) at 60°C. The fatty acids 
were extracted with petroleum ether 40-60 °C. The ether 
extract was washed three times with distilled water then 
dried over anhydrous sodium sulfate, and filtered off.25 

Gas chromatography/mass spectrometry (GC/MS) 

The GC/MS analysis was performed using a Thermo 
Scientific, Trace GC Ultra/ISQ Single Quadruple MS, TG-
5MS fused silica capillary column (30m, 0.251mm, 0.1mm 
film thickness). For GC/MS detection, an electron 
ionization system with ionization energy of 70eV was 
used. Helium gas was used as the carrier gas at a constant 
flow rate of 1ml/min. The injector and MS transfer line 
temperature was set at 280°C. The oven temperature was 
programmed at an initial temperature 150°C (hold 4 min) 
to 280°C as a final temperature at an increasing rate of 
5°C/min (hold 4min). 

The quantification of all the identified components was 
investigated using a percent relative peak area. A 
tentative identification of the compounds was performed 
based on the comparison of their relative retention time 
and mass spectra with those of the NIST, WILLY library 
data of the GC/MS system. 
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RESULTS AND DISCUSSION 

Effect of nitrogen deficiency on oil content of 
Scenedesmus obliquus 

The results in table (2) showed that the total lipid content 
in the control sample of Scenedesmus obliquus (1.5g/L 
NaNO3) was 10%±0.1. Abdo25 found that in a comparison 
study Scenedesmus quadricauda has total lipid content of 
16% while Scenedesmus obliquus has total lipid 10%, 
although the two species belong to the same algal group. 
After decreasing nitrate concentration and growing on 5 L 
conical flasks (as a batch system) the total lipid 
percentage reached 32.1%±0.3. El-Sheekh14 showed that 
nitrogen deficiency revealed increase in fatty acid content 
of Scenedesmus obliquus by 54% over control but fatty 
acid productivity was decreased as a result of growth 
decline. Furthermore, Abo El-Enin26 stated that 
Chlamydomonus variabills recorded decreasing in lipid 
accumulation with nitrate depletion. In the present study 
when growing Scenedesmus obliquus on semi pilot scale 
under the same nitrate concentration, the total lipid 
content was increased and reached 40%±0.5. The 
increase in total lipid content of Scenedesmus obliquus is 
mainly due to decreasing nitrate concentration in the 
media. These results are in agreement with the results of 
Griffiths and Harrison13 which showed that, the lipid 
content at 0.15 g/L NaNO3 was higher than that at 1.5 g/L. 
The potential use of Hematococcus pluvialis as a biodiesel 
feedstock was studied by Damiani.27 The results showed 
that total lipid content of the control cells was 15.6%, 
whereas that of cells exposed to continuous high light 
intensity with nitrogen sufficient and nitrogen deficient 
medium was 34.85% and 32.99%, respectively. Also, the 
results of Subhasha28 showed that as decreasing the 
nitrate concentration in the culture medium, the lipid 
content increased. 

In the present study oil content was drastically varied 
under normal and stress conditions. About 10% of oil 
content was found in Scenedesmus obliquus grown under 
normal condition. As conditions became stress (nitrogen 
starvation) oil content was increased and reached 32% 
and 40% in Scenedesmus obliquus grown under different 
cultivation conditions. Lardon29 found that the control of 
nitrogen stress during growth led to maximum oil 
production from Chlorella vulgaris. 

However oil content of 20-30% is easy to induce in 
several microalgae species.30 Exceptionally an oil content 
of 86% was reported in Botryococcus brauna.31 However 
the major obstacle in focusing B. braunu is its poor 
growth rate and low micro algal biomass productivity.32 

Additionally, Rodolfi33, added that a two phase strategy 
will require before the cultures is N- starved for oil 
synthesis, enough biomass (to be used as inoculums) is 
produced under N-sufficiency followed by a second stage 
for efficient lipid accumulation under N-deprivation. 
These results may be explained by the fact that under 
stress condition, all carbon produced are used for the 

production of oil and other substances that played an 
important role in algal tolerance in defense mechanisms. 
In addition, Sheehan34 suggested that the reasons for the 
increase oil content was that under nutrient stress 
starvation, the rate of production of all cell compound is 
lower but oil production remains higher leading to an 
accumulation of oil in the cells. 

Gouveia and oilveira17 reported more than 28% oil of the 
DW for Nannochloropsis. However, when the algae were 
re- inoculated in N-deficient medium, a large increase in 
the oil quantity (50%) was observed. Also, Mandal and 
Mallick35 found that the lipid content of Scenedesmus 
obliquus reached 43% when grown under N-deficiency 
compared to 12.8% in control treatment. They added that 
species that are high salt tolerant and are able to grow 
and reproduce under nutritional scarcity by altering their 
metabolic pathways efficiently found most promising in 
this regard. On the other hand, other stress conditions 
including high salinity or high temperature and variation 
in pH are also found to be controlling factors that govern 
the channeling of metabolism from starch to oil.36 In 
conclusion, the data of the present investigation 
illustrated that under nitrogen starvation, oil content of 
Scenedesmus obliquus was highly increased by 
subculturing in semi pilot scale from 32.1% to 40%. This 
result indicate that culturing system may affect the fatty 
acids content in the sample even it has higher lipid 
content. 

Fatty acids composition of Scenedesmus obliquus 

Fatty acids methyl ester of Scenedesmus obliquus 
identified by GC/MS analysis are illustrated in (Figures 3-
4) and Table (3). Both saturated and unsaturated fatty 
acids were detected. The saturated fatty acids were 
identified mainly as C16:0, palmitic acid methyl ester. On 
the other hand the unsaturated fraction was detected as 
palmitoleic methyl ester C16:1, 18:1 oleic acid methyl 
esters C18:2 linoleic acid. The most commonly 
synthesized fatty acids have chain length ranged from 
C16 to C18. 

The results also showed that hexadecanoic acid methyl 
ester (palmitic acid) was detected in all samples (Figure 5) 
but with higher percentage in samples collected batch 
culture (48.84%), while it decrease in samples collected 
from semi pilot scale to 40.89%. 

The GC/MS chromatograph of Scenedesmus obliquus oil 
individual FAME are shown in Figure 5 and Table 4. It 
demonstrates that Scenedesmus obliquus grown under N-
deficiency contains mainly saturated fatty acids (~80-85% 
of total acyl methyl esters) which confirm its high 
oxidative stability. 

While esters from other fatty acid such as palmitoleic and 
oleic acids were of 3.61-12.95 and 2.22-14.40%, 
respectively. Thus, Scenedesmus obliquus could be 
considered as a potential source for biodiesel 
production.35
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Table 2: Total lipid content of Scenedesmus obliquus grown under nitrogen starvation and different cultivation systems. 

Cultivation system 
Lipid content 

Control culture 1.5g/L 
NaNO3 

Batch culture 
0.025g/L NaNO3 

Semi pilot scale 0.025g/L 
NaNO3 

Total lipid % 10%±0.1 (100%) 32.1%±0.3 (320%) 40%±0.5 (400%) 

Table 3: GC/MS analysis of fatty acids methyl ester of Scenedesmus obliquus grown in different cultivation systems under 
N-starvation. 

RTa Compound name Molecular formula 
Area % 

1 2 3 

5.07 Butanoic acid, 2aminooxy C4H9NO3 - - 3.48 

18.70 7,10,13Eicosatrienoic acid, methyl ester C21H36O2 4.80 1.91 - 

37.20 
Cyclopentanetridecanoic acid, methyl ester 

(CAS) 
C19H36O2 - 1.24 - 

39.79 Pentadecanoic acid, methyl ester C16H32O2 - 0.65 - 

40.28 4-Piperidineacetic acid, methyl ester derivative C23H32N2O4 - - 2.52 

42.12 9-Hexadecenoic acid-palmitoleic C16H30O2 0.80 2.18 6.24 

42.26 Hexadecanoic acid, methyl ester- palmitic acid C17H34O2 11.40 48.84 40.89 

46.22 6,9,Octadecadienoic acid, methyl ester-linoleic acid C19H34O2 5 0.69 - 

46.35 8-Octadecenoic acid, methyl ester-oleic acid C19H36O2 4.90 8.70 1.07 

46.50 2-Hexadecenoic acid, 2,3 dimethyl, methyl ester C19H36O2 - 0.30 - 

46.61 10-Octadecenoic acid, methyl ester C19H36O2 - 2.34 - 

46.96 Octadecanoic acid, methyl ester stearic acid C19H38O2 14.80 6.27 - 

46.99 Heptadecanoic acid, 14 methyl, methyl ester, C19H38O2 - - 2.85 

49.12 Octadecanoic acid, 9,10 dichloro, methyl ester-stearic 
derivative 

C19H36Cl2O2 - 1.47 - 

49.43 9,12,15,Octadecatrienoic acid - ALA C27H52O4Si2 3.40 0.40 - 

Where, RT: retention time, 1: Control treatment 2: Batch culture 3: Semi pilot scale 

Table 4: FAME of Scenedesmus obliquus and their relative quantities grown under different cultivation systems under 
nitrogen deficiency. 

Fatty acids 
Relative% 

Control Batch culture Semi pilot scale 

Palmitic acid (C16:0) 51.6 80.90 84.83 

Palmitoleic acid (C16:1) 3.6 3.61 12.95 

Oleic acid (C18:1) 22.2 14.40 2.22 

Linoleic acid (C18:2) 22.6 1.14 - 

 
Figure 3: GC-MS spectrum of FAME of Scenedesmus 
obliquus grown in batch culture under nitrogen starvation

 
Figure 4: GC-MS spectrum of FAME of Scenedesmus 
obliquus grown in semi pilot scale under nitrogen 
starvation 
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Methyl palmitate 

 
Figure 5: Hexadecanoic acid, methyl ester (CAS) Formula 
C17H34O2, MW 270, CAS# Methyl palmitate. 

Oils with high oleic acid and palmitic acids content have 
been reported to have a reasonable balance of fuel 
including their ignition quality, combustion heat, cold 
filter, plugging point, oxidative stability, viscosity and 
lubricity which are determined by the structure of fatty 
acids.37 In this study, the fatty acids composition of 
Scenedesmus obliquus was found to be in agreement with 
the general profile of fatty acids in other microalgae.38 

Fatty acids methyl esters with 4 and more double bonds 
are susceptible to oxidation and this reduces their 
acceptability for use in biodiesel. The results of the 
present study identicated that fatty acids with 4 or more 
double bonds are not detected. The microalgal possesses 
a favorable fatty acids profile that can be utilized for 
biodiesel production with high oxidation stability.39  

The European standard (En 14214) limits linolenic acid 
methyl ester (C18:3) content in biodiesel for vehicle use 
to 12%. However, the results of the present study showed 
that Linolenic acid (C18:3) content in Scenedesmus 
obliquus reached 0.40%. In view of the composition of 
many microalgal oils, most of them are unlikely to comply 
with the European biodiesel standards, but this need not 
be a significant limitation. 

The extent of insaturation of microalgal oil and its 
content of fatty acids with more than 4 double bonds can 
be reduced easily by partial catalytic hydrogenation of the 
oil, the same technology that is commonly used in making 
margarine from vegetable oil.40,41 

CONCLUSION 

The enhancement of oil production in Scenedesmus 
obliquus indicated the potential of this microalga as a 
biodiesel feedstock. However, cultivation conditions still 
need improvement to achieve adequate energy balance 
in mass culture of the algae. 
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