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ABSTRACT
Autotrophic cultivation of microalgae induces low biomass and lipid production and is difficult
to be used in pilot scale production. Heterotrophic and mixotrophic algae allows higher growth rate,
which in turn can accumulate higher biomass and lipid. Enhanced biomass and lipid production
is crucial to use oleaginous microalgae for industrial application of biodiesel production. A fresh
water microalga was isolated from waste water treatment plant and identified as Scenedesmus
obliquus. The isolate was grown under varying cultural and nutrient conditions to increase biomass
and lipid production. For this purpose, CO2 (10-160 mL minG1), temperature (20-45°C), fructose,
maltose, glucose, sucrose and starch (10-50 g LG1), urea, sodium nitrate, potassium nitrate,
ammonium nitrate and ammonium chloride (0.2-1.0 g LG1) were used. Optimum conditions were
found by calculating specific growth rate and used to determine their influence on biomass and lipid
production. At 40 mL minG1 (0.51%) CO2 concentration, 18.17 g LG1 biomass and 64.2% lipid
production was obtained from the isolate. Glucose at 20 g LG1 have produced 18.62 g LG1 and 62.6%
whereas sodium nitrate at 0.8 g LG1 resulted in 14.64 g LG1 and 65.1% of biomass and lipid
production at the end of 20 days culturing period. Temperature of 25°C was found optimum where
12.38 g LG1 and 60.9% of biomass and lipid were obtained. Based on the results, by choosing
optimum cultural conditions and nutrient composition of the growth medium it is possible to
increase both biomass and lipid production in microalgae.
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INTRODUCTION
Biofuel contributes no net carbon dioxide or sulfur to the atmosphere and emits less gaseous
pollutants than fossil fuel (Antolin et al., 2002; Lang et al., 2001; Vicente et al., 2004). The interest
in the production of microalgae as biofuels is increasing due to their high oil content, rapid biomass
production and small foot print which is a promising alternative for fuel production. However, the
production cost of fuel from microalgae is as high as fossil fuel-derived diesel. To solve this problem,
many researchers are trying to lower the production costs by screening microalgae that have high
lipid content and increase the lipid productivity through various environmental conditions. The
ability of microalgae to survive or proliferate over a wide range of environmental conditions results
in the production of an array of many secondary metabolites, which are of considerable value in
biotechnology fields including aquaculture, health and food industries (Andersen, 1996).
Heterotrophic cultivation of microalgae is far cheaper and easier than autotrophic culture which
also can produce higher biomass and moderate lipid contents (Perez-Garcia et al., 2011;
Fan et al., 2012).
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The lipid content, composition and the proportions of various fatty acids of microalgae vary
according to the environmental or culturing variables such as light intensity, growth phase
photoperiod, temperature, salinity, CO2 concentration, nitrogen and phosphorous concentration
(Dunstan et al., 1993; Zhu et al., 1997; Wu et al., 2011; Petkov and Garcia, 2007). Microalgae
represent a significant source of valuable lipids and fatty acids when their fatty acid content is
manipulated (Behrens and Kyle, 1996). Biomass and lipid production are the main parameters that
determine the economic feasibility of biofuel production using microalgae. Commercialization of
microalgal biofuel involving large-scale, outdoor open-ponds is still constrained by low lipid
productivity (Sharma et al., 2012). Enhanced biomass and lipid production is crucial to use
oleaginous microalgae for industrial application of biodiesel production. A recognized approach of
enhancing the lipid production is varying cultural and nutrient conditions. Appropriate medium
composition is of importance to achieve the best lipid production performance of microalgae species
(Yeh and Chang, 2012). In this study, a fresh water microalga was isolated from urban waste water
treatment plant followed by enhancing biomass and lipid production through varying cultural
conditions as a means of microalgal biofuel source.
MATERIALS AND METHODS
Isolation and purification of the microalga: Waste water was collected from Bangalore Water
Sewerage and Supply Board (BWSSB), Bengaluru (13°04’ N, 77°58’ E), India and poured into a
closed 250 mL bottle and exposed in sunlight for 3 weeks. The upper layer of the water was
inoculated into BG11 medium enriched agar plates containing 200 µg mLG1 ampicillin. The plates
were incubated at 25±2°C under cool white fluorescent light (40 µmol photons mG2 secG1; 15 h
light/9 h dark) until algal growth was detected. Single green colour colonies were inoculated
into BG11 medium and the algal growth was measured spectrophotometrically. Among the
colonies, cultures shown maximum specific growth rate were selected and identified as
Scenedesmus obliquus.
CO2 concentration: The effect of CO2 concentration on lipid composition and productivity was
investigated by varying the CO2 concentration. By taking into account the CO2 content in air of
about 0.039%, 1.5 mL minG1 CO2 was added under ambient air flow rate of 6 L minG1 initially.
Experiments were conducted under the same air flow rate with the addition of 10, 20, 40, 80 and
160 mL minG1 pure CO2 gas (0.12, 0.26, 0.51, 1.02 and 2.05% CO2).
Nutrient composition: The isolate was grown under varying nutrient conditions to determine
the effect of culture conditions on lipid composition and productivity. Algal cells in the stationary
phase were inoculated into BG11 medium containing five carbohydrates (fructose, maltose, glucose,
sucrose and starch) separately supplemented in the range of 10-50 g LG1. The initial concentrations
of all carbohydrate sources were calculated as the same carbon atom number of 10 g LG1 glucose.
Urea, sodium nitrate, potassium nitrate, ammonium nitrate and ammonium chloride were chosen
(0.2-1.0 g LG1) as the nitrogen sources with the initial concentrations computed as the same
nitrogen atom number of 0.6 g LG1 sodium nitrate.
Growth temperature: Varying temperatures between 20-45°C were used to culture the isolate
to determine temperature influence on lipid composition and production. The algal cells were
inoculated and cultured for a period of 30 days and the cells were harvested at stationary phase and
analyzed for lipid production and composition.
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Measurement of the growth: The initial algal concentration was 0.05 g LG1 during the study and
all experiments were conducted in triplicates.
Statistical analysis: The results were expressed as means of the replicates along with Standard
Deviation (±SD). The specific growth rate (µ) of microalgae was monitored by measuring the Optical
Density (OD) at 680 nm using a microplate reader:
µ

ln (C t 2 / C t1 )
t 2  t1

where, Ct are cell concentration at different time points (t1 and t2) respectively. The cultures were
harvested by centrifugation at 8000×g for 10 min at late log phase. Pellets were then dried in the
drying oven at 40°C for 48 h to determine biomass concentration.
Lipid extraction and estimation: Algal lipids were extracted according to the method of
Folch et al. (1957). Briefly, the cells were centrifuged at 10000 rpm for 10 min and the pellet was
homogenized with chloroform-methanol (2:1 v/v) solution. The sample was centrifuged and to the
supernatant, 0.73% NaCl water was added to produce a final solvent system of 2:1:0.8 chloroform:
methanol:water (v/v/v). The mixture was shaken for 5 min and centrifuged for 15 min at 2000 rpm
to separate the phases. The lower organic phase was collected and the chloroform-methanol
solution was evaporated under a steam of nitrogen. Aliquots of lipid extracts were mixed with 2 mL
of dichromate solution and the tubes were placed in boiling water bath for 45 min. The tubes were
shaken for 2 or 3 times during the heating and were cooled, removed 1 mL from each, diluted to
100 mL with water and the absorbance was read at 350 nm against water as blank. Palmitic acid
was used as standard and the lipid content was determined from the standard curve.
RESULTS
Figure 1 shows the growth of algae under different CO2 concentration. At 20 days of culturing
period, increasing CO2 concentration of 40 mL minG1 (0.51%) resulted in significant specific growth
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Fig. 1: Specific growth rate at an air flow rate of 6 L minG1 with the addition of varying
concentration of pure CO2 gas (A680)
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Fig. 2: Biomass and lipid production under varying CO2
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Fig. 3: Specific growth rate under different concentration of carbohydrates (A680)
rate. However increasing CO2 flow rate above 40 mL minG1 has reduced the specific growth rate of
microalgae. Biomass of Scenedesmus was highest at 40 mL minG1, which also resulted in higher
lipid accumulation (64.1%) (Fig. 2).
Three monosaccharides (fructose, glucose and maltose), one each of disaccharide (sucrose) and
polysaccharide (starch) were used at concentrations of 10-50 g LG1 used to determine the influence
on specific growth rate for a period of 20 days. The isolate was able to utilize the carbohydrates but
resulted in varying growth rate at the end of culturing period. Growth rate was enhanced
significantly from initial concentration to 20 g LG1 and was subsequently reduced with increasing
concentrations of carbohydrates (Fig. 3). Among the carbon sources, glucose have enhanced
significant specific growth rate (1.31 dayG1) followed by sucrose (1.28 dayG1) at 20 g LG1. At highest
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Fig. 4: Biomass concentration and total lipid production under varying carbohydrates
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Fig. 5: Specific growth rate under different concentration of nitrogen sources (A680)
concentration (50 g LG1), the growth rate in the presence of glucose and sucrose were 0.56 and
0.41 dayG1. Among the carbohydrates, maltose had poor influence on specific growth rate of the
isolate. Based on the higher specific growth rate, 20 g LG1 was chosen as optimum concentration to
determine the influence on biomass and lipid production. Glucose and sucrose have recorded
highest biomass (18.62 and 16.21 g LG1) and lipid production (62.6 and 58.3%) at 20 g LG1
concentration (Fig. 4).
To determine an optimal nitrogen source for algal growth and lipid accumulation, potassium
nitrate, sodium nitrate, ammonium chloride, ammonium nitrate and urea were added separately
(0.2-1.0 g LG1) to BG 11 medium. As depicted in Fig. 5, presence of ammonium chloride, ammonium
nitrate and urea resulted in lower specific growth rate whereas, sodium nitrate and potassium
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Fig. 6: Biomass concentration and total lipid production under varying nitrogen sources
nitrate has significantly increased the specific growth rate after 20 days culturing period. The
specific growth rate was significantly increased up to 0.8 g LG1 in the presence of sodium nitrate
(1.84 dayG1) and potassium nitrate (1.75 dayG1). Whereas, it was increased beyond 0.8 g LG1 when
the medium was added with ammonium chloride and ammonium nitrate but the specific growth
rate was lesser than other nitrogen sources. Urea has exhibited poor growth throughout the study
irrespective of the concentration. The results suggested that 0.8 g LG1 could satisfy the growth
requirement of the isolate and was used to determine the biomass and lipid production. The
biomass with sodium nitrate was significantly highest (14.64 g LG1) and the second highest was
observed in the presence of potassium nitrate (13.27 g LG1). The same trend was reflected in lipid
accumulation with 65.1 and 61.8% for sodium nitrate and potassium nitrate, respectively (Fig. 6).
Lowest lipid accumulation was observed in the presence of urea (36.2%) and the results revealed
that sodium nitrate and potassium nitrate were the suitable nitrogen sources for biomass and lipid
accumulation in Scenedesmus sp. under the investigated conditions.
The specific growth rate of Scenedesmus under different cultivation temperature is shown in
Fig. 7. The specific growth rate was significant at 20-35°C and was less at 40°C, resulted in decay
after 25 days. The biomass concentration at 25°C and 30°C was higher (12.38 and 11.33 g LG1) than
other temperatures (Fig. 8). Both biomass and lipid accumulation were decreased with increasing
temperature but at 30°C, lipid content was increased though there was a lower biomass
concentration.
DISCUSSION
Microalgae are photosynthetic microorganisms able to use solar energy to combine water with
carbon dioxide to create biomass. CO2 is known to influence the lipid content of algae
(Negoro et al., 1991; Watanabe et al., 1992; Kodama et al., 1993) and alterations in the composition
of the fatty acids are dependent on the CO2 concentration during the algal growth (Tsuzuki et al.,
1990; Yusof et al., 2011). This study used varying concentrations of CO2 and 40 mL minG1 (0.51%)
has recorded maximum specific growth rate, biomass and lipid production. Enhanced lipid
production in cell at various CO2 concentrations was also reported (Chiu et al., 2009; Ho et al.,
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Fig. 7: Specific growth rate under varying temperature (A680)
16

70

14

60

50

10
40
8
30
6

Total lipid (%)

1

Biomass (g LG )

12

20

4

10

2

0

0
20

25

30

35

40

Temperature (°C)

Fig. 8: Biomass concentration and total lipid production under varying temperature
2010). Riebesell et al. (2000) reported CO2 concentration of up to 1% of air will increase the lipid
production in algae and in this study both biomass and lipid accumulation was increased up to
0.51% and declined at higher CO2 percent in air. The specific growth rate was significant with
increased CO2 levels and above 40 mL minG1 reduced growth was observed. At highest CO2 levels
(160 mL minG1, 2.05%), reduction rate of 46.7 and 42.6% were observed for biomass and lipid
production, respectively. This could be due to low pH as a result of higher CO2 concentration
based on fact that higher CO2 concentrations, unutilized CO2 will be converted to bicarbonate
(Hailing-Sorensen et al., 1996) thereby, decreasing the pH of growth medium.
Change in macronutrients of growing environment will result in the change of cellular
macromolecular composition of microalgae. Different carbohydrates were used to cultivate the algae
during which glucose and sucrose were found to enhance the growth rate, biomass and lipid
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Res. J. Environ. Toxicol., 9 (4): 168-178, 2015
production in Scenedesmus. Glucose is the most commonly used carbon source for heterotrophic
cultures of many microalgae (Perez-Garcia et al., 2011; Griffiths et al., 1960) and it has produced
highest biomass concentration in green algae (Gim et al., 2014). It was noted that higher
concentrations of carbohydrates resulted in inhibition of algal growth and 20 g LG1 was found as
optimum for maximum specific growth rate. In this study, 18.62 g LG1 biomass was obtained in the
presence of glucose followed by sucrose (16.21 g LG1) at 20 g LG1. Cheirsilp and Torpee (2012)
reported glucose has increased the algal growth rather than lipid production and in the present
work, both biomass and lipid production were increased. It was also found that starch has increased
the biomass production (16.33 g LG1) but failed to increase the lipid production. On the other hand,
fructose recorded the lowest biomass (12.21 g LG1) and lipid (39.4%) production among the
carbohydrates used. The growth and lipid accumulation of microalgae are affected by nutrition
concentration of the growth medium (Richardson et al., 1969; Khozin-Goldberg and Cohen, 2006;
Hu et al., 2008; Li et al., 2010; Pruvost et al., 2011). Nitrogen affects the biomass growth and lipid
productivity of various microalgae (Griffiths and Harrison, 2009). In this study, nutrient
composition of the medium was modified by supplementing different nitrogen sources at different
concentrations. Microalgae grew best at limited concentration of nitrogen which triggers high
amount of carbohydrate and lipid (Suen et al., 1987). Highest specific growth rate was observed in
the presence of sodium nitrate and potassium nitrate at 0.8 g LG1. Similar nitrogen sources have
increased biomass production in Scenedesmus (Arumugam et al., 2013), however urea exhibited
less influence on biomass (9.11 g LG1) and lipid (36.2%) production in this study. Potassium nitrate
and sodium nitrate were reported to increase the biomass concentration of other algal species
(Li et al., 2008; Dayananda et al., 2005) and the present work observed increased lipid production
along with biomass of Scenedesmus. In a study by Gonzalex-Garcinuno et al. (2014), ammonium
nitrate was produced maximum lipid yield by up to 3.55 mg dayG1 in Scenedesmus abundans
whereas, sodium nitrate yielded highest lipid production in this study (65.1%).
Changes in culture conditions divert the biosynthetic metabolism to lipid synthesis, thus
obtaining fats as the main constituent instead of proteins. Among the varying culture conditions,
temperature affects the lipid accumulation in microalgal cells. Microalgae respond to decreased
growth temperature by increasing the ratio of unsaturated to saturated fatty acids and highest
total lipid was observed at lower temperatures (Bohnenberger and Crossetti, 2014; Cao et al., 2014;
Hoffmann et al., 2010). In this study, 15.2% increase in lipid production was observed at 25°C when
compared to 20°C, which is in accordance to Converti et al. (2009), where increase of the
cultivation temperature from 20-25°C has increased the lipid content. At the same time, further
increase in cultivating temperature up to 40°C resulted in lower lipid production at a decreased
rate of 40.9% when compared to 25°C. However, higher temperature has increased the biomass
concentration and lipid productivity (Yang et al., 2013; Wu et al., 2013; Subhash et al., 2014).
Another observation in the study was at 20°C, biomass and lipid production were 11.33 g LG1 and
51.6% whereas, it was 10.69 g LG1 and 58.6% at 30°C revealing that lipid production is not
dependent on biomass concentration.
The isolate Scenedesmus was grown under heterotrophic conditions and the results revealed
the optimum CO2 (40 mL minG1), carbohydrate (20 g LG1), nitrogen (0.8 g LG1) and temperature
(25°C) conditions. Varying specific growth rate was observed during culturing in which glucose and
sodium nitrate were found as suitable carbon and nitrogen sources with higher biomass and lipid
production. In general, lipid production was directly proportional to biomass concentration biomass
production. By choosing optimum cultural conditions and nutrient composition of the growth
medium it is possible to increase both biomass and lipid production in microalgae.
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