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ABSTRACT 

In recent year biodiesel has received much attention. Production of biodiesel from vegetable oils such as soybean, 

palm, sunflower oil as diesel fuel substitute has been well reported, the production of biodiesel from microalgae has 

emerged as one of the most promising sources. The paper deals with the method to enhance the lipid content in 

microalgae. Microalgae, Chlorella marina and Dunellialla salina was grown autotropically in batch culture and the 

effect of different concentration of nitrogen source on growth and lipid content was studied. Growth studies reveal 

that maximum cell growth rate was obtained at 15
th 

day of culture. Flocculation activity was also studied to 

determine the effect of pH. The flocculation activity result showed that pH 11 was optimum for cell flocculation at 

37°C. As the nitrogen concentration in the medium decreased, biomass production was also decreased but the lipid 

content increased. Highest lipid accumulation of 25.7% was recorded in the culture Dunellialla salina with 0.05g/L 

KNO3 when compared to the lipid accumulation of 23.89% in Chlorella marina. The present study suggests that 

microalgae species can be used as the promising candidates in the industrial production of liquid fuel. 
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INTRODUCTION 
Biodiesel has drawn more and more attention in 

recent year because it is non toxic and biodegradable 

substitute of fossil fuel that is obtained from 

renewable source to mitigate green house gas 

emission. Biodiesel’s physical properties are similar 

to those of petroleum diesel, but it is cleaner burning 

alternative. Biodiesel is usually made from bio-oils 

through a process called transesterification . Biodiesel 

from transesterification can be used directly or as 

blends with diesel fuel in diesel engine 
[1].

 The cost of 

biodiesel production can be reduced by using low 

cost waste materials as feed stocks to produce 

environmental friendly fuel as well as reduce 

pollution 
[2]

. 

 

Biodiesel fuel prepared from waste cooking oil, such 

as palm, soya bean, canola, rice bran, sunflower, 

coconut, corn oil, fish oil, chicken fat and algae has 

been well reported 
[3]

. Among biomass, algae usually 

have a higher photosynthetic efficiency which 

converts sunlight, water and carbondioxide to 

carbohydrates 
[4]

. Microalgae have much more oil 

than macroalgae which can be converted into 

biodiesel. Microalgae are far more efficient and can 

be cultivated in non aerable and consumes less water 

and do not compete with food crops 
[5]

. The oil 

productivity of microalgae culture exceeds the yield 

of the best oil seed crops 
[6]

. 

 

The oil or lipid extraction from algae has already 

been studied using different solvents. Microalgae 

have been suggested as a very promising candidate 

for fuel production because of the escalating price of 

petroleum and more significantly the emerging 

concern about global warming that is associated with 

burning fossil fuels. In the present study microalgae 

was used as a source of fuel to investigate the growth, 

flocculation rate and nitrogen concentration on lipid 

content. 

 

MATERIALS AND METHODS 
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Culture collection and growth condition 
The culture of green algae Chlorella marina and 

Dunellialla salina were provided by CMFRI, 

Tuticorin, Tamilnadu, India. The cultures were grown 

in filtered and autoclaved sea water (30 psi, 8.0 pH) 

using fogg’s medium 
[7,8]

. The cultures were 

incubated for 15 days at 25±1°C with aeration 

through mechanical stirrer and 12 h photoperiod by 

artificial light. All experiments were carried out in 

triplicates. 

 

Algal growth rate 
The biomass of the culture was estimated for every 

24 hours by measuring optical density at wavelength 

of 680 nm by UV-Vis spectrophotometer (Lasany 1- 

2902). Cells were harvested at logarithmic phase and 

used for further experiment. To estimate dry weight, 

cultures were concentrated by centrifugation, washed 

three times with deionised water to remove NaCl and 

dried at 60°C. The specific growth rate was 

calculated by the slope of logarithmic phase in terms 

of biomass of cells. 

 

Determination of Flocculation activity 
The culture suspension (50 ml) of Chlorella marina 

and Dunellialla salina were placed in different 100 

ml beaker. The pH was adjusted to 19-12 with HCl or 

NaOH. Reference samples were also prepared 

without flocculants. The beakers were stirred at 1000 

rpm for 1 minute at room temperature and allowed to 

settle for 10 minutes. After flocculation of algal cells 

aliquot of culture was withdrawn at a level two-third 

from the bottom of the beaker and the absorbance 

measured at 680 nm (Lasany 1- 2902). Flocculation 

activity was calculated by the following equation 
[9]

.  

 
Flocculation activity = [(1/A)-(1/B)] 
 

A- Absorbance of sample 

B- Absorbance of reference sample 

 

Lipid extraction 
Enssani (1987) adaptation of the Bligh and Dyer 

procedure was used to extract lipids from the algae. 

After the samples had been pelleted in the centrifuge 

tubes, they were used for extraction immediately. 

The algae concentrate was dried in oven at 80
◦
C for 

40 min. After algae was dried, the extraction was 

started with the addition of  5 mL of chloroform, 10 

mL of methanol and 4 mL of deionized water to the 

100ml conical flask containing 1g of dried algae.  

Then sonicator was used to disrupt the algae cells in 

the suspended mixture and sonicated for one minute.  

The samples were then placed horizontally on a 

shaker for 6 to 8 hours. The purpose of the shaking 

step was to promote the complete exposure of 

intracellular products to the solvents. The flasks were 

removed from the shaker and an additional 5 mL of 

chloroform and 5 mL of deionized water were added 

to sample. After addition of solvents, sample was 

vortex mixed for 30 seconds to mix the newly added 

solvents. The centrifuge tubes were then centrifuged 

at 4000 rpm for four minutes to separate the contents 

into layers. The green layer at the bottom, comprised 

primarily of chloroform, contains lipophilic material. 

The upper layer contains methanol and water. A thin 

layer of cell debris separates the two layers. The 

lower, lipid-rich chloroform layer was removed using 

a pipette.  After the extract had been pipetted and 

filtered, an additional 10 mL of chloroform were 

added to sample and was again vortex mixed for 30 

seconds and centrifuged at 4000 rpm for four 

minutes. 

 

The lower layer contained a mixture of chloroform 

and microalgal oil, which were separated by 

evaporation in a hood under ambient condition to 

obtain slurry (oil portion). The slurry was repeatedly 

mixed with hexane and evaporated several times to 

completely remove chloroform and obtain crude 

microalgal oil. 

 

Nitrogen Starvation 
The Chlorella marina and Dunellialla salina were 

studied for growth and lipid content in different 

concentrations of nitrate. The original nitrogen 

source concentration in the medium was 0.2 g/L 

KNO3. The experiment was performed in 0, ¼, 1/2 

and double of the original nitrogen source 

concentration. The effect of initial nitrogen 

concentration on the microalgal growth and lipid 

content was investigated. Lipid content was 

estimated after the biomass reaches the stationary 

phase of inoculation. 

 

Lipid Mass Determination 

To determination of lipid mass, glass weighing dish 

was used. After the second extraction had been 

performed, the weighing dishes were placed in an 

approximately 20 °C desiccator cabinet. The weight 

of the weighing dish was measured initially and the 

extract was poured in the weighing dish. The 

weighing dishes were then placed in a 105 °C oven, 

for one hour. The purpose of this step was to ensure 

that all of the solvent had been removed from the 

weighing dishes, leaving only algal lipids. 

After drying in the oven, the dishes were allowed to 

cool in desiccators and the final weight was 

measured. The weight measurements were used to 

determine the concentration of lipids in the algae. 

Percentage of Lipid content obtained from the 1 g of 

dried biomass 

 

       (Initial weight-Final Weight) 

=   --------------------------------------   × 100 

      Weight of the sample in gram 

 

RESULT AND DISCUSSION 
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Growth Study 

In the present investigation microalgae Chlorella 

marina and Dunellialla salina were screened for their 

growth and lipid production at different nitrogen 

concentration. Fig 1 shows the time course biomass 

profile of Chlorella marina and Dunellialla salina 

grown autotrophically in Fogg’s medium. These two 

microalgae species were incubated for 15 days for 

biomass production. The growth curve (Fig 1) of 

Chlorella marina and Dunellialla salina was 

determined from parallel culture starting from 

inoculums. The cell growth was started from the first 

day itself and reached maximum at 15
th

 day. The 

growth rate of Dunellialla salina (0.045g/L) was 

higher compared with Chlorella marina (0.035 g/L). 

 

Fig 1: Growth curve of Chlorella marina and 

Dunellialla salina 

 
 

Flocculation activity 
Fig 2 shows the results of flocculation activity of 

Chlorella marina and Dunellialla salina. 

Flocculation activity experiment was carried to 

determine the effect of pH and optimum flocculant 

concentration on the flocculation algal cell cultured 

for 1 week. The flocculation cativity was increased 

with increasing pH from 9-12. The flocculation 

efficiency of Chlorella marina and Dunellialla salina 

was higher at pH 11 where the microalgae 

Dunellialla salina exhibited the maximum 

flocculation activity. When the pH of medium was 

increased the small particles aggregated and slowly 

settle due to gravitational force. Once the equilibrium 

is achieved further addition of flocculants might lead 

to the formation of larger aggregates. This in turn 

increases the settling rate with minimum addition of 

flocculants 
[11]

. These results suggest the pH 

adjustment of the culture after one week is the most 

effective recovery of lipid. 

 

 

 

 

 

 

 

 

Fig 2: Flocculation activity of Chlorella marina 

and Dunellialla salina 

 

 
 

Effect of nitrogen source on the growth of 

Dunellialla salina and Chlorella marina 

In the experimental data various concentration of 

KNO3 (0g/l, 0.1g/l, 0.05g/l and 0.4 g/l) was used to 

investigate its effect on the growth of biomass. The 

algae cultures Dunellialla salina and Chlorella 

marina attained stationary phase at about 15 days. As 

evident from the graph (Fig. 3 and 4), by increasing 

the KNO3 concentration, growth also increased. At 

day 15, maximum biomass concentration of 0.52 g/L 

and 0.45g/L for Dunellialla salina and Chlorella 

marina respectively was recorded in the culture with 

double the concentration of nitrate (0.4 g/L KNO3). It 

was noted that Dunelliala salina had maximum 

biomass concentration when compared to Chlorella 

marina. It was also found that the growth was very 

less when the nitrogen concentration is decreased. At 

the stationary phase the biomass concentration of 

Dunelliala salina was 0.39 g/L and 0.32 g/L and 

Chlorella marina  was 0.33 g/L and 0.28 g/L in 

cultures with KNO3 concentration 0.1 g/L and 0.05 

g/L respectively. 

 

Microalgae cannot grow without a nitrogen source 

and its growth is directly proportional to the 

concentration of nitrate in the medium. As nitrate 

source is increased in the medium, enhancement in 

biomass concentration was recorded. They have 

reported loss of biomass when green alga, 

Botrycoccus spp. was exposed to nitrogen deficient 

conditions 
[12]

. Mandal and Mallick (2009) have also 

reported decreased growth pattern in Scenedesmus 

obliquus, under nitrogen deficient conditions 
[14]

. 

Decrease in algal biomass concentration in low 

nitrate concentration was also seen by Hu and Gao in 

Nannochloropsis sp. (2005). 
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Fig 3: Effect of nitrogen source on the growth of 

Dunellialla salina 

 
 

 

Fig 4: Effect of nitrogen source on the growth of 

Chlorella marina 

 
 

Effect of nitrogen concentration on the lipid 

content of Dunellialla salina and Chlorella marina 

The effect of initial nitrogen concentration on the 

micro algal growth and lipid content was 

investigated. The lipid content was estimated after 

the cells reached the stationary phase. An increasing 

trend is observed in lipid content as the concentration 

of nitrate was decreased. When the concentration of 

nitrate was doubled (0.4 g/L KNO3), the lipid content 

was decreased. Table 1 shows the lipid content of 

Chlorella marina and Dunellialla salina at varying 

nitrogen concentration. The present study has also 

proved that lipid content rises as nitrate concentration 

declines in the medium. According to Yeesang and 

Cheirsilp (2011), under nitrogen deficient conditions, 

algal cells accumulate carbon metabolites as lipids. It 

has earlier been reported that under nitrogen 

starvation conditions, nitrogen containing 

macromolecules and carbon reserve compounds like 

carbohydrates and fats are accumulated 
[16,17]

. 

 

 

 

 

Table 1: Effect of nitrogen concentration on the 

lipid content of Chlorella marina and Dunellialla 

salina 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

CONCLUSION 
Finding new energy resources to replace petroleum 

has been a hot topic worlwide. Because of the many 

advantages over the conventional energy resource, 

the production of biodiesel has attracted much 

attention in recent years. Therefore finding cheaper 

oleaginous materials and improving 

transesterification technologies are  the key to 

producing biodiesel successfully. Microalgae are an 

economical choice for biodiesel because of its 

availability and low cost. The result obtained from 

this investigation revealed that Chlorella marina and 

Dunellialla salina were easy to cultivate which 

comparatively contain high lipid content. The faster 

growth rate as well as higher oil content found with 

these microalgae will made these as the potential 

candidate for alternative biodiesel production. 
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