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Abstract. The algal medium was optimized to increase the biomass and lipid production of Chlorococcum oleofaciens. The significant
variables were screened and chosen from previously reported algal culture media using Plackett Burman Design (PBD). Optimization of
the significant variables were performed using central composite design. The Pareto chart for PBD revealed that the salts such as sodium
bicarbonate, sodium nitrate, potassium nitrate and ferrous sulphate had enhanced the biomass and lipid production. The variables and its effect on the responses were further studied by central composite design (CCD). A new medium was formulated based on the response surface
methodology. The predicted concentration of NaHCO3, NaNO3, KNO3, MgSO4.7H2O were found to be 6.75 g/L, 0.75 g/L, 1.88 g/L and 0.35
g/L respectively. The actual and the predicted total lipid yield for the optimized media was around 0.74 g/L and 0.78 g/L respectively. The
optimal medium has been named as AM medium. Growth and the lipid yields of C. oleofaciens were found higher in AM medium. The specific growth rates of C. oleofaciens in AM and CFTRI media were found to be 0.14 day-1 and 0.19 day-1 respectively. The biomass produced
by the optimized AM medium was found to be 2.7 times greater compared to the CFTRI medium. The lipid was extracted and GC-MS was
performed which revealed that the fatty acids were predominantly of the class C15:0, C18:0, C16:0 and C12:0. It is concluded that besides
lipid content, AM medium increased the cell number leading to the increase in biomass.
Key words: Biomass; Central composite design; Lipid; Medium optimization; Plackett Burman Design; AM medium.
Abbreviations: PBD – Plackett Burman design; CCD – central composite design; AM – Anant Mercy

INTRODUCTION
Oil and fuel resources have dominated the world after
the Second World War. As global population explodes
to over 7.7 billion and industrial revolution flourishes,
the demand for fuel has been ever increasing. The fuel
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resources also get depleted causing a drastic increase in
the cost of the fuel demanding the search of alternate
and renewable energy resources (Tiwari et al. 2007)
Renewable energy sources like wind energy, geothermal energy, solar energy, tidal energy, biofuels, etc.,
contributes to only 8.4% of global productivity. One
of the promising and pioneer green energy resources is
biomass such as corn, palm, molasses, sugar cane bagasse which has been identified as the first generation
biofuel (Van der Laaka et al. 2007). Besides, lignocel-
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lulosic wastes, plants such as jatropha, sunflower, soya
bean etc., are being widely used due to the accumulation of lipid in their seeds and thus forms the second
generation of biofuels (Liu et al. 2008). The search for
an alternate which does not serve as a food material has
paved way for the exploitation of algae which is the
third generation of biofuel. The cultivation of micro-

algae has received renewed attention on account of its
ability to fix CO2 upon exposure to sunlight (Wu et al.
2006). This CO2 mitigation in these cells results in the
formation and accumulation of lipids. Algae synthesize
fatty acids into glycerol-based membrane lipids, which
constitute about 20% of its dry cell weight (DCW).
Under unfavorable environmental or stress condition,
algae alter their lipid synthesis pathways towards the
formation and accumulation of neutral lipids (20–50%
DCW), which are in the form of triacylglycerol (TAG).
TAGs serve primarily as a storage form of carbon and
energy (Qiang Hu et al. 2008; Liu J 2011). After extracting the lipid from microalgae, the remaining biomass portion could be used as a high protein feed for
livestock. Therefore, the commercial cultivation of
microalgal biomass is a promising method of producing a renewable feedstock for a wide variety of highvalue biofuels which also includes methane produced
by anaerobic digestion of biomass (Golueke CG et al.
1957), biodiesel derived from algal oil (Shay EG 1993),
biohydrogen (Ghirardi ML et al. 2000) and bioethanol
(Ramachandran Sivaramakrishnan et al. 2018).
Though algae serve as promising feedstock for biodiesel production, large scale cultivation of algae is still
not a viable process due to the high cost associated with
the biomass production. Algal medium and other parameters have been optimized but it is being widely directed to increase the protein content, pigments such as
xanthin, carotenoids (Franklin SE 2004), lutein (Baldo
F et al. 2011) etc., which are of high nutrient and commercial value. For the usage of algae as a source of fuel,
production of high biomass is needed. The medium
should favour the biomass production over the other
metabolites. The biomass obtained initially can further
be made to accumulate more lipid by various strategies
like heterotrophic cultivation (Wu Q et al. 2006), nitrogen deprivation (Tornabene TG 1983) and by double
CO2 fixation or two stage cultivation (Wei Xiong et al.
2010).
Simple, defined media composed of inorganic salts
are widely being used for the cultivation of algae as it
is cost effective. To formulate a new optimized medium
for algae which will favour the production of biomass,
various commonly used algal media such as Zarrouk
medium (Claude Zarrouk 1966), BG-11 (Allen MM
et al. 1968), Bold’s Basal medium (Bischoff HW et al.
1963), Walne’s medium (Walne PR 1970), Chu-10 medium (Stein J 1973) and CFTRI medium (Venkatraman
LV 1985) were chosen for the selection of variables. All
these media contained nutrient like C, N, P, K, Mg, Ca,
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S, Fe, Cu, Mn and Zn which were added in the form of
inorganic salts.
Algae rich in lipid content and those which produce
substantial amount of TAG or oil are said to be oleaginous in nature and thus it could be employed as cell
factories to produce oils and other lipids for biofuels
and other biomaterials (Qiang Hu et al. 2008). Fatty acids after esterification with alkali and methanol produce
biodiesel. Transesterification is a chemical process
where the free fatty acids of oil are esterified to monoalkyl esters of long-chain fatty acids by short-chain alcohols to produce fatty acid methyl esters (FAMEs) and
fatty acid ethyl esters (FAEEs) (Marchetti JM 2007).
Environmental conditions including nutrient composition and physiological state of the cells affect the
biomass and the degree of saturation of the lipids (Cho
et al. 2015). At this juncture, the present study aims at
optimizing the algal media to enhance the biomass and
lipid production of C. oleofaciens. Although several
studies on medium optimization towards biomass and
lipid production have been carried out, these studies
were not performed at such high carbon and nitrogen
sources. The range of concentration of the salts chosen for PBD and CCD is given in tables 1 and 2. The
selection of variables for the present study was done
by Plackett Burman design followed by the optimization of the significant variables towards algal biomass
and lipid productivity using Central Composite Design
to study the interaction among the variables. Eleven
variables were chosen for the Plackett Burman Design
(PBD). The lipid was also analyzed at various stages of
growth. The optimized media was compared for biomass production with the renowned CFTRI media.

MATERIALS AND METHODS
Organism
Fresh water microalgae Chlorococcum oleofaciens culture obtained from Vivekananda Institute of Algal Technology (VIAT),
Chennai was isolated from the temple ponds of Mylapore. The
microscopic studies suggested that the cellular shape of the organism appeared spherical in shape. It was found to be a highly motile
unicellular microalgae. The cells appeared green with its vesicles
clearly visible inside.

Medium Preparation
The C. oleofaciens was subcultured and maintained in CFTRI
medium (Venkatraman LV et al. 1985). This medium was chosen
due to the high concentration of nitrogen. It also consisted of other
salts that are widely used in the algal media such as: Sodium bicar-
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bonate 4.5 g/L, di potassium hydrogen phosphate 0.5 g/L, sodium
nitrate 1.5 g/L, potassium sulphate 1 g/L, sodium chloride 1 g/L,
magnesium sulphate heptahydrate 0.2 g/L, anhydrous calcium chloride 0.04 g/L, potassium di hydrogen phosphate 1.25 g/L, anhydrous ferrous sulphate 17.9 mg/L and EDTA 14.8 mg/L. The pH of
the medium was found to be 8.8.

Culture conditions
250 ml Erlenmeyer flasks containing 100 ml of culture were
maintained in an orbital shaker at 28°C at 100 rpm illuminated with
white light of intensity 1200 lux (Ramachandran Sivaramakrishnan
et al. 2017). During the experiment, the cultures were exposed to
12 h light and 12 h dark. Growth was monitored by cell count using
haemocytometer (Martinez MR 1975).

Estimation of biomass
Filter 5ml of the culture of C. oleofaciens through pre weighed
cellulose acetate membrane of pore size 0.2 µm under vacuum pressure. It was dried for 5 h in a hot air oven at a temperature of 50ºC.
Biomass was estimated on dry weight basis by the difference in the
weight of the membranes. (Illman M et al. 2005). The growth rate
was determined by the following formula (Guillard et al. 1962):
µ = ln (Nt–N0)/Tt–T0
where Nt and N0 – cell number at time Tt and T0.

Extraction of lipid
Approximately, 1 g of the wet biomass was taken in a conical
flask to which 4 ml of hexane was added. The flask was kept in a
shaker at constant stirring overnight until the separation of layers
was visible and the excess solvent was removed by rotary evaporator. The organic layer containing the extracted lipid was separated
and estimated using the formula (Gutierrez LF et al. 2008):
Lipid yield (%) =

Weight of the lipid extract (g) ×100
Weight of the dry algal biomass (g)

Estimation of total lipids
The dry biomass was treated with hexane for extracting all the
transesterifiable lipid which mainly consists of neutral lipids including TAG, DAG, cholesterol etc. Lipid content was calculated on
weight basis. Lipid production was calculated using the following
relation:
Total lipid production = m × L (Fangfang Yang et al. 2014)
where m – biomass concentration (g/L)
L – Lipid yield (%)

Analysis of Lipids by GC/MS
The lipid extracted by gravimetric method was further analyzed
by gas chromatography (GCMS-QP-2010plus, SHIMADZU) using
the capillary Rtx-5MS column of dimension 30 m × 0.32 mm and
0.5 μm coating thickness (J&W, Scientific, Agilent, Waldbronn).
Helium was used as the carrier gas with a flowrate of 41.0 ml/min.
The temperature gradient was maintained at 0 to 150°C for 0 min,
150 to 200°C for 10 min, 200 to 270°C for 10 min. Tripentade-
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Table 1. Range of variables for PBD
Code Independent
Variables

canoate was added as the standard to the sample for quantification. The lipids were identified based on the retention time of the
corresponding peaks in the standard lipid. Mix C4-C24 (Sigma,
München), which was injected before every 50th run (Kandhro et
al. 2008).

Levels
+1

0

–1

A

NaHCO3 (g/L)

4.5

3.375

2.25

B

K2HPO4 (g/L)

0.5

0.375

0.25

C

NaNO3 (g/L)

1.5

1.125

0.75

D

K2SO4 (g/L)

1

0.75

0.5

E

NaCl (g/L)

1

0.75

0.5

F

MgSO4 · 7H2O (g/L)

0.2

0.15

0.1

G

CaCl2 (g/L)

0.02

0.03

0.04

H

KH2PO4 (g/L)

1.25

0.9375

0.625

I

KNO3 (g/L)

1.25

0.9375

0.625

J

FeSO4. (mg/L)

17.9

13.43

8.9

K

EDTA (mg/L)

14.8

1.11

7.4

Design Expert Version 8.0.5, Stat – Ease Inc. was used for
the design and analysis of the experiments by Central Composite
Design.

Selection of Significant Media Components by PBD

Table 2. Range of variables for CCD
Code Independent
Variables

Software used

Levels
–2

+2

0

+1

–1

A

NaHCO3 (g/L)

2.25

11.25

6.75

9

4.5

B

NaNO3 (g/L)

0.75

3.75

2.25

3

1.5

C

KNO3(g/L)

0.625

3.125

1.875

2.5

1.25

D

MgSO4.7H2O (g/L)

0.05

0.65

0.35

0.5

0.2

Fig. 1. Effect of variables on Biomass Production – Pareto Chart

The PB (Plackett RL et al. 1946) design was used in this study
to evaluate the effects of 11 independent variables within the region of three- dimensional observation space to design a minimal
number of experimental runs. From extensive research of literature,
algal media like CFTRI medium, BG-11 medium, Zarrouk medium, Chu-10 medium and bold basal media were considered for this
study. Depending on the frequency at which the salts were predominantly used and the influence of medium components on the growth
of algae, 11 medium components were selected as variables to study
their interactions and its augmented effect. These salts were also
found to be predominantly used in most of the algal media formulations. The optimization was carried out by using the experimental
design of 15 runs given by Stat-Ease software. The list of the salts
and the range at which it was taken is shown in the table 1.
The biomass concentration expressed as g/L was selected as
the response variable which was subjected to analysis of variance
(ANOVA). Pareto chart was used to select the influencing variables.
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Table 3. Analysis of Variance (ANOVA) for Placket Burman Design

Source

Sum of
Squares

Mean
Square

Df

F value

p-value
Prob>F

Model

1.96

10

0.2

36.60

0.0269

A-Sodium Bicarbonate

0.038

1

0.038

7.11

0.1165

B-Di Potassium Hydrogen Phosphate

0.29

1

0.29

54.71

0.0178

C-Sodium nitrate

0.82

1

0.82

153.80

0.0064

D-Potassium Sulphate

0.21

1

0.21

39.28

0.0245

F-Magnesium Sulphate heptahydrate

0.034

1

0.034

6.38

0.1275

G-Calcium Chloride

0.16

1

0.16

29.32

0.0325

H-Potassium di hydrogen Phosphate

0.17

1

0.17

31.41

0.0304

I-Potassium Nitrate

0.19

1

0.19

35.83

0.0268

J-Ferrous Solution

0.0009774

1

0.0009774

0.18

0.7106

K-EDTA solution

0.043

1

0.043

7.95

0.1061

Curvature

0.25

1

0.25

47.63

0.0204

Residual

0.011

2

0.005348

Lack of Fit

0.007415

1

0.007415

2.26

0.3737

Pure Error

0.003280

1

0.003280

Cor Total

2.22

13

Optimization by Response Surface Methodology
The optimization of biomass production was further refined by
using central composite design (CCD) of Response Surface Methodology. The CCD is a statistical experimental design (Table 2) where
each numeric factor is varied over 5 levels: alpha points (–2,+2), 1
factor (–1, +1) and one center point resulting in 30 experiments. 4
significant variables of PBD were chosen for the experiment. Total
lipid production was taken as the response. However, it depended
on the biomass directly.

RESULTS AND DISCUSSION
Plackett Burman Design
PBD was performed for identifying the significant variable among the 11 chosen variables influencing the biomass production. Pareto chart which is one
of the effective tool in statistics is used to identify the
significance of a factor. Fig.1 shows the Pareto chart to
understand the effects of the 11 variables on biomass
production. The bar in orange colour signifies the positive effect whereas blue colour signifies the negative ef-

fect. The variables A (NaHCO3), C (NaNO3), E (NaCl),
F (MgSO4 · 7H2O) and I (KNO3) had positive effect on
biomass production. On the other hand, B (K2HPO4),
D (K2SO4), G (CaCl2), H (KH2PO4), J (FeSO4) and K
(EDTA) had negative effect on biomass production. The
highest biomass concentration obtained was 1.486 g/L.
The biomass response further analysed using
ANOVA (Table 3) showed that the variables A (NaHCO3), C (NaNO3), I (KNO3) and F (MgSO4) had significant positive effect on biomass production implying
that if these variables were used in high concentration
then it would increase the production of biomass.
Although the p-value of magnesium sulphate (F)
insignificant p-value, the Pareto chart suggested that
it had positive effect on biomass formation which was
supported by many earlier studies. Bernard et al. (1952)
reported that the effect of magnesium concentration on
growth of Chlorella was predominant only at the initial
stages of culture development. It was found to influence the rate of cell division and the rate of synthesis of
dry matter resulting in a population of predominantly
smaller cells. They also observed that as magnesium
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Fig. 2. 3D surface plot of lipid production with a function of a) NaHCO3 and KNO3 b) NaHCO3 and KNO3 c) NaHCO3 and MgSO4
The surface plot depicts the functional association of the desired response, lipid production with the screened parameters, sodium bicarbonate (A), sodium nitrate (B) and potassium nitrate (C).
More precisely, the secondary interactive effects of the parameters with the desired response can be elucidated and the optimized conditions
for the appropriate response (maximum) could be computed from the use of such plots.
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Table 4. Analysis of Variance on the effect of Process Parameters on Total Lipid Production
S.No.

Source

Sum of Squares

Df

Mean Squares

F Value

P-Value
Prob > F

Significance

1.

Block

1097.27

2

548.6

2.

Model

17965.2

14

1283.23

18.35

< 0.0001

Significant

3.

A – NaHCO3

4592.7

1

4592.7

65.68

<0.0001

Significant

4.

B – NaNO3

8214

1

8214

117.48

<0.0001

Significant

5.

C – KNO3

4.167

1

4.167

0.0595

0.8109

6.

D – MgSO4.7H2O

88.17

1

88.17

1.26

0.282

7.

AB

81

1

81

1.158

0.301

8.

AC

16

1

16

0.229

0.64

9.

AD

2.25

1

2.25

0.032

0.86

10.

BC

64

1

64

0.92

0.356

11.

BD

30.25

1

30.25

0.433

0.522

12.

CD

0.25

1

0.25

0.0035

0.95

13.

A2

2846.67

1

2846.67

40.7

<0.0001

Significant

14.

B2

2190.96

1

2190.96

31.34

<0.0001

Significant

15.

C2

848.68

1

848.68

12.14

0.004

Significant

16.

D2

738.1

1

738.1

10.58

0.0063

Significant

17.

Residual

908.

13

69.92

Lack of fit

865.9

10

86.59

6.041

0.083

Sodium chloride was not considered in the medium
because the high concentration of NaCl may lead to
abiotic stress. Hasegawa et al. (2000) reported the morphological, physiological and biochemical and metabolic changes due to NaCl related abiotic stress and the
accumulation of several organic solutes and osmolytes
viz proline, glycine, betaine, sugars, polyols and amino
acids rather than biomass synthesis (Hoque MA et al.
2007).
Central Composite Design for the production of biomass

Fig. 3. Comparison of algal growth in CFTRI and AM medium

became deficient, cell division stopped even though the
cell material synthesis continued at a rapid rate resulting in increase in volume of packed cells. Magnesium
was found to increase both the cell density and growth.

The CCD was chosen to study the interactive effect
of NaHCO3, KNO3, NaNO3, MgSO4 · 7H2O on the biomass and lipid production of C. oleofaciens.
Among the four variables chosen for CCD, sodium
bicarbonate (A) served as the carbon source. CO2 being
transported through plasma membrane was incorporated
in algal cells as HCO3-. Carbonic anhydrase converts
HCO3- to CO2 and the same enzyme was also responsible for the uptake of dissolved inorganic carbon (Kat-
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sunori Aizawa 1986). It was also found to have positive
effect on biomass. Besides, NaHCO3 contributed to the
buffering of the medium. Moreover, inorganic carbon
source improved the production of chlorophyll which in
turn leads to high biomass (Kong W et al. 2011). Imran
Pancha et al. (2015) observed that addition of 0.6 g/L of
NaHCO3 to BG-11 medium enhanced the carbohydrate,
lipid and pigment content of the microalgae Scenedesmus sp. CCNM 1077 even during nitrogen stress conditions. Cheng et al. (2009) concluded that carbon source
favours the biomass and lipid synthesis.
Nitrogen limitation in the algal medium increased
the lipid and triacyl glycerol content in the cells (Takagi M et al. 2000). Nitrogen deficiency decreased the
pigment production which in turn affected the photosynthesis resulting in decrease in biomass (Piorreck M
et al. 1984). Hence, to favour biomass productivity, the
N concentration was not decreased in the optimal medium. Two sources of nitrogen viz., KNO3 and NaNO3
were considered for the study. Luveshan Ramanna
et al. (2014) studied the optimization of biomass and
lipid yields of Chlorella sorokiniana cultivated in domestic waste water with different nitrogen sources such
as urea, sodium nitrate and ammonium nitrate. They
concluded that though urea increased the biomass after day 16, sodium nitrate steadily increased the growth
until day 9 thereafter leading to death phase.
Besides serving as the sole C source, high carbon
and nitrogen (CN) factor plays a very important role in
lipid storage and accumulation (Turcotte G et al. 1989).
Low nitrogen concentration triggers lipid accumulation
in the cell during the stationary phase of the growth.
High CN ratio calls in for nitrogen deficiency in the medium. Cellular growth mainly depends on the balance
between carbon and nitrogen (Giordano et al. 2014).
The responses obtained in CCD were statistically
analyzed using ANOVA as shown in table 4.
The F value for all variables was found to be positive and the p-value of <0.0001 indicated that the model
was significant. F value represented the relative contribution of curvature variance to residual variance. The
desired large F value (18.35) obtained indicated that
more variance is considered in the model and further
suggested that the model was significant. There is only
0.01% that such high F-value occurred due to noise.
The R2 determination coefficient of the model was
found to be 0.93 which indicated that 93% variability in
the response can be explained by the model. And it was
found to be closer to 1. This indicated that the model
was reliable for biomass and lipid production. It also

signified that a good correlation between the observed
and the predicted values. The linear terms A, B and the
quadratic terms A2, B2, C2 and D2 were also found to be
significant. The linear terms C and D and the interacting
terms AB, AC, AD, BC, BD, CD were found insignificant as the p value was found less than 0.05. Lack of
fit is an undesirable factor and value of 0.083 implied
that the parameter was not significant. The coefficient
of variation C.V. is 6.7 % which is higher and indicated
good reliability of the experimental data. Better prediction of the model was expected as the adjusted R2 value
of 0.89 is close to R2 value. The adequate precision
values of 12.97 shows adequate signal. The predicted
response on lipid production was obtained using the
following second order polynomial equation:
Lipid = +147.33 +13.83 × A-18.50 × B + 0.42 × C
–1.92 × D+2.25 × A × B+1.00 × A × C- 0.37× A ×
D+2.00 × B × C-1.37× B × D - 0.12 × C × D -10.19 ×
A2 8.94× B2-5.56 × C2-5.19× D2
The response curves plotted to understand the interaction of the variables and to determine the optimum level of each variable to obtain maximum lipid are shown
in the following fig. 2 (a, b, c). Maximum lipid yield
of 0.78 g/L was predicted by the model when the concentration of NaHCO3, NaNO3, KNO3, MgSO4 · 7H2O
were maintained at 6.75 g/L, 0.75 g/L, 1.88 g/L and
0.35 g/L respectively alongside other salts mentioned
above. The novel medium developed was designated
as AM medium. The concentration of NaHCO3 was increased to 6.75 g/L. Except Zarrouk medium, all the
other media has less concentration of carbon compared
to the optimized media. There are many studies suggesting that higher carbon content lead to increase in
biomass and chlorophyll (Rekha Sharma, 2011). It was
also observed that high biomass also favoured high lipid content. Biomass served as a prerequisite for the
lipid production.
Fangfang Yang et al. (2014) optimized the medium
consisting of NaHCO3, NaH2PO4·2H2O and NaNO3 using RSM for lipid production by Scenedesmus sp. The
optimal medium was found to contain 3.07 g/L NaHCO3, 15.49 mg/L NaH2PO4·2H2O and 803.21 mg/L
NaNO3 which produced 304.02 mg/L of lipid. The interaction between the carbon and nitrogen ratio was
found very good. It is also very essential to maintain
the carbon nitrogen ratio of the medium. Solano et al.
(2016) found that the biomass of Botryococcus braunii

Novel media
increased from 1 to 2 g/L by adjusting the C/N ratio
using Na2CO3.
Jingya Li et al. (2018) concluded that low concentration (12 mM) of NaHCO3 served as an effective carbon source for Chlorella vulgaris leading to biomass
production whereas high concentration of the same at
160 mM at a pH of 9.5 stimulated the lipid accumulation up to 494 mg/L. The decrease in biomass was
mainly due to the formation of [HCO3–] which makes its
utilization using the enzyme carbonic anhydrase leading to an energetically unfavourable process. Jen-Jeng
Chen et al. (2014) also concluded in their full factorial
experimental study that addition of CO2 was found to
increase the lipid productivity, polysaccharide content
and the calorific value of Chodatella sp., compared to
other variables like light intensity, temperature and N2
content.
The optimal medium was found to contain only
0.75 g/L of NaNO3. Ramírez-López et al. (2016) used a
novel medium with limited nitrogen content to increase
the lipid and biomass content in the algae Chlorella
vulgaris UTEX 26. It is proven that nitrogen deprivation resulted in cellular changes as follows: decrease in
the cellular content of thylakoid membrane, activation
acyl hydrolase and induction of phospholipid hydrolysis (Xin et al. 2010). These cumulative changes lead
to an increase in intracellular fatty acid acyl-CoA. Nitrogen limitation was found to activate diacylglycerol
acyltransferase which in turn converted acyl-CoA to
triacylglycerides (TAGs) (Takagi et al. 2000). This resulted in increase of TAG and lipid content in the algal
cell (Hu et al. 2008).
Since the growth was restricted to 8 days, it is observed that the biomass and the lipid accumulation
were mainly due to the carbon utilization as the nitrates
might not be depleted. It was concluded that the lipid
synthesis was occurring in a stress free condition.
Analysis of Lipid Production
The lipid extracted by gravimetric method was
further analysed by GC-MS to determine the total lipid content. The biomass was found to contain 34% of
lipid. The order of major fatty acids present in the lipid sample was found to be C15:0 (68.75%) > C18:0
(26%) > C16:1(4%) > C16:0 (0.94%) > C12:0. pH of
the medium was found to increase after the inoculation
of algae. It reached around 11 on the 8th day. Fang Yang
et al. (2014) concluded that the increase in pH resulted neutral lipid accumulation. Olmstead et al. (2013)
suggested that GL and PL were the components of cell
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membranes whereas NL was essential for the application of microalgae towards biodiesel and bioethanol
production. NL included the fatty acid of profile C16:0
to C18:0 which are mainly the triacyl glycerols (Ge
S. et al. 2017).
Comparison between CFTRI and AM medium
CFTRI and AM media were prepared as per the
method mentioned in material and methods. Both culture media were compared for the growth of the algae
by inoculating the same number of cells (1×105 cells/
ml) in 100 ml of CFTRI and AM medium. Growth
was continuously monitored by counting the cells using haemocytometer and the growth curve was plotted
as shown in fig. 3. The maximum cell count was observed as 250 cells/ml in CFTRI medium on 25th day
and 342 cells/ml in AM medium on 35th day.
The growth in CFTRI medium was retarded after
16th day and thereafter it entered the stationary phase.
Though the growth continued in AM medium even after
25th day and reached maximum on 35th day, the cells entered stationary phase on the 16th day similar to CFTRI
medium. The higher cell number in the AM medium is
due to the greater number of cell divisions. This may be
attributed to the additional growth promoting substance
(Potassium nitrate) present in the composition of AM
medium (Hare PD et al. 1998). The optimal medium
was compared with CFTRI medium and it produced
biomass 3 times more than the CFTRI medium. The
optimal media developed by Kuan-Chen Cheng et al.
(2013) containing NaNO3 and MgSO4 · 7H2O could
produce only 1.8 times higher than the original proteose medium. Growth rate of the algae in AM medium
was also higher compared to the CFTRI medium. It was
found to be 0.19 day–1 in CFTRI medium whereas µ in
AM medium was found to be 0.14 day-1. The biomass
was weighed on the 15th day for both the media. The
biomass produced by CFTRI was found to be 600 mg/L
whereas AM medium produced a biomass around 1650
mg/L which was almost 2.7 times more than the CFTRI
media.

CONCLUSION
The Plackett Burman design was used to determine the effective variables of a culture medium which
can produce high biomass. Among the 11 variables
tested, the four variables NaHCO3, NaNO3, KNO3,
MgSO4 · 7H2O were found to highly influence the bio-
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mass production. These effective variables were further optimized using response surface methodology.
The optimal medium composition was found to be
6.75 g/L, 0.75 g/L, 1.88 g/L and 0.35 g/L for NaHCO3,
NaNO3, KNO3, MgSO4 · 7H2O variables respectively.
The experimental value (0.74 g/L) was very close to
the predicted value (0.78 g/L). In the present study, the
new medium composition arrived for the cultivation of
C. oleofaciens was compared with the CFTRI medium.
These results clearly indicated that the AM medium
(present study) is an effective medium towards the high
biomass and lipid production. The biomass in AM medium was found to be 3 times more than that of the
CFTRI medium. The growth rate of AM medium was
also 1.35 times greater than the CFTRI medium. Fatty
acids produced by the C. oleofaciens in AM medium
suggested that it is suitable for biofuel studies owing to
the higher proportion of saturated fatty acids. Optimization of medium composition for different microalgae is
very necessary to improve the biomass and lipid content. The medium compositions arrived in the present
study for the C. oleofaciens suggests that this is a promising medium to improve the concepts of the microalgal
biomass and biodiesel production.
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