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A B S T R A C T  
 

 

Biofuel production by a sustainable method using microalgae is entirely dependent on biomass 
production. However, commercialization at large scale using microalgae is a major obstacle using 

analytical grade growth nutrients, due to their cost effectiveness. Hence, development of a cost 

effective method is essential to reduce the production cost. Therefore, the present study envisaged the 
effect of low-cost commercial fertilizers such as urea, sodium bicarbonate, magnesium sulfate, potash 

and di-ammonium phosphate as growth nutrients for the production of biomass and total lipid of 

Botryococcus braunii were made. The biomass and total lipid production were optimized using 
Response Surface Methodology by 25 Central Composite Design. The result showed 225 mg L-1 of 

urea, 650 mg L-1 of sodium bicarbonate, 225 mg L-1 of magnesium sulfate, 150 mg L-1 of potash and 

15 mg L-1 of di-ammonium phosphate supported the algal growth with a maximum biomass and total 
lipid of 0.792 gL-1 dry wt.. and 260 mg L-1 dry wt.., respectively. The biomass productivity of alga B. 

brauniiat the above condition recorded as 0.04 gL-1 day-1 with a generation time of 1.90 days. 

 
doi: 10.5829/idosi.ijee.2017.08.01.04 

 

 
INTRODUCTION1 

 
Transportation and energy sectors have been major 

anthropogenic sources of greenhouse gas emission 

contributing to above 30 and 60%, respectively [1]. The 

continued use of fossil fuels and in turn involvement of 

these fuel to the accumulation of CO2 in the environment 

is recognized as an environment damaging factors. Thus 

an efficient alternative source is a biofuel, of which 

microalgae is a promising feedstock for biofuel [2, 3]. 

The beneficiary effects of microalgae as an energy source 

over other energy producing terrestrial plants are high 

photosynthetic efficiency, fast growth rate and high 

biomass production rate with the ability to fix 50 times 

high carbon dioxide [4]. Also the characteristic features 

of biofuel such as non-toxic, biodegradable and 

renewable nature were considered as a prime candidate 

for biofuel production [5]. Botryococcus braunii a green, 

colonial hydrocarbon rich organism is widespread in 
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freshwater bodies with an oil production of 29-75% [6, 

7]. 

The production of microalgal primary metabolites 

such as protein, carbohydrate, and lipid mainly depends 

on media constituents. The major nutrients required for 

algal growth includes carbon, nitrogen, magnesium, 

potassium [8]. Production of algal metabolites can be 

abridged to a large extent if the main elements against 

growth factors were investigated. It is a time-consuming 

process to investigate effects of individual nutrients and 

also difficult to ascertain the interaction effects of all the 

different nutrients together. Therefore, Response Surface 

Methodology (RSM) was employed in present study in 

which experiments are followed accordingly [9]. The 

study explores the relation between the different 

combination of input variables taken and the output 

variable of the experimental model. Hence, with the 

changing energy demands it is needed to exploit the use 

of alga B. braunii using low-cost commercial nutrients. 

Thus, the study examines the production of biomass and 
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total lipid optimized with RSM technique against urea, 

sodium bicarbonate, magnesium sulfate, potash and di-

ammonium phosphate (DAP) as a source of nitrogen, 

carbon, magnesium, potassium, and phosphate for the 

growth of B. braunii. 

 

 

MATERIAL AND METHODS 
 

Microalga and growth conditions  
In this study, a green microalga B. braunii experimented 

with the commercial inorganic nutrients namely urea, 

sodium bicarbonate, magnesium sulfate, potash and di-

ammonium phosphate for growth. The stock culture was 

maintained in modified CHU-13 liquid medium [10]. 

The following experiments were carried out in 250 

mL culture flask each containing 150 mL of respective 

media constituents. The optimally grown inoculum of 

10% (v/v) was inoculated into the medium and allowed 

to grow for a period of 18 days. The chemicals used were 

commercial grade. The experiments were conducted at 

25±1°C at 30 µmol m-2 s-1 light intensity of 12/12 

(light/dark) photoperiod under laboratory conditions. 

Light from cool fluorescent white lamps was provided 

laterally.  
 

Analytical estimation 

Thirty milliliters of algal cultures were filtered using 

Whatman GF/C glass microfiber filters using a 

membrane filtration apparatus. Then the algal sample in 

a pre-weighed filter paper was dried at 80°C up to 

constant weight and its final dry weight was recorded. 

Dry weight was determined gravimetrically after 

subtracting the filter weight and recorded as g L-1 dry wt. 

[11]. The total lipid was extracted and estimated 

accordingly [12]. 

Biomass productivity (gL-1day-1) = (X2 - X1)/(t2 - t1)  

where, X1 and X2 were the biomass (gL−1 dry wt.) on days 

t1 (initial day) and t2 (final day), respectively. 

 

Experimental conditions and RSM analysis 

In RSM, Central Composite Design is one type was 

followed to find the optimum requirement of different 

commercial nutrients as a nutrient source taken in the 

present investigations. The five different commercial 

nutrients such as urea (A), sodium bicarbonate (B), 

magnesium sulfate (C), potash (D) and DAP (E) were 

analyzed with their varying levels been given in Table 1a. 

As given in Table 1b, 32 different factorial design were 

made and experiments were carried out and the response 

in terms of biomass and total lipid production were 

recorded. Also interpreted the linear, quadratic and 

interaction effects of variables along with main effect 

plot and response surface plot (3D) analysis. The 

experimental values were analyzed by ANOVA. The 

coefficient of determination (R2) was used to represent 

experimental model fitness of the study. 

Statistical Analysis 

Data were analyzed statistically by Analysis of Variance 

(ANOVA) using Minitab 17, USA. 

 

 

RESULTS AND DISCUSSION 
 
The green colonial alga Botryococcus braunii was taken 

for the present investigation (Figs. 1a, 1b and 1c).  

 

 

 
(a) 

 
(b) 

 
(c) 

Figure 1. (a) Colony morphology of Botryococcus braunii 

Kütz. KMRR, (b) Botryococcus braunii colonies on CHU-

13 agar medium on 30th day, (c) Single celled stage of 

Botryococcus braunii Kütz 
 

In the present study RSM, a statistical experiment 

made by Central Composite Design method using 

commercial nutrients taken for algal growth under 

laboratory conditions. In this aspect, as per the statistical 

design, 32 different proportions were made and allowed 

the organism to grow for a period of 18 days (Table 1b). 
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The second order polynomial regression equations were 

used to fit the biomass and total lipid (dependent 

variables) to the selected variables such as urea (A), 

sodium bicarbonate (B), magnesium sulfate (C), potash 

(D) and DAP (E) (independent variables). Among the 32 

different proportions, the organism amended with 225 

mg L-1 of urea, 650 mg L-1 of sodium bicarbonate, 225 

mg L-1, of magnesium sulfate, 150 mg L-1 of potash and 

15 mg L-1 of DAP gained with a maximum biomass of 

0.792 g L-1 dry wt. and total lipid of 260 mg L-1 dry wt. 

(Table 1b). The study also revealed that the values 

recorded at 32 different conditions were found parallel to 

the predicted values in the RSM.  

The individual effects of factors on algal growth 

response in terms of biomass and total lipid are 

represented in Main Effect Plots (MEPs) (Figs. 2a and 

2b). With all the five different nutrients together showed 

that the concentrations above 225 mg L-1 of urea, 225 mg 

L-1 of magnesium sulfate, 150 mg L-1 of potash, 15 mg L-

1 of DAP revealed less significance towards biomass and 

total lipid accumulation (Figs 2a and 2b). Whereas 

maximum sodium bicarbonate amendment with all other 

nutrients supported for maximum biomass at a given 

concentration of 650 mg L-1 (Fig. 2a-B). Also, the MEP’s 

result showed that maximum biomass and total lipid were 

observed at urea, sodium bicarbonate, magnesium 

sulfate, potash and DAP of 225 mg L-1, 650 mg L-1, 225 

mg L-1, 150 mg L-1 and 15 mg L-1, respectively. At the 

same condition, the alga showed maximum biomass 

productivity of 0.04 g L-1 day-1 with a maximum 

generation time of 1.90 days. It was observed that higher 

concentration of sodium bicarbonate (650 mg L-1) 

resulted in maximum biomass level whereas lower 

concentration (50 mg L-1) resulted in reduced growth in 

terms of biomass and also total lipid content (Figs. 2a, 2b 

and Table 1b). Thus, sodium bicarbonate is a significant 

factor to the growth of alga was observed in the present 

study. The higher the level of urea of 225 mg L-1 showed 

higher the production rate of biomolecules and 

furthermore increase in the level does not show much 

impact on the biomass production rate (Figs. 2a, 2b and 

Table 1b). The magnesium sulfate amendment of 225 mg 

L-1 as a source of magnesium is sufficient for growth of 

alga with a good accumulation of biomass. In addition, 

from the MEP’s it was observed that lower the 

concentrations of potash and DAP with 50 mg L-1 and 5 

mg L-1 resulted in lesser biomass accumulation and 

showed corresponding increase only at the optimal 

concentrations of 150 mg L-1 and 15 mg L-1, respectively 

(Table 1b, Figs. 2a and 2b).  

Analysis of regression coefficient values for the 

second order polynomial regression equation for the 

biomass and total lipid are given in Table 2. It was 

observed from the analysis (Table 2) that the coefficients 

for the linear effect of urea, sodium bicarbonate were 

highly significant (P =0.00) and linear effect for potash 

is not as highly as significant (P = 0.01) and for 

magnesium sulfate and DAP were found to be 

insignificant for biomass. Similarly, linear effects on 

total lipid showed urea, sodium bicarbonate and 

magnesium sulfate showed highly significant (P = 0.00) 

whereas potash and DAP showed insignificance. The 

quadratic effect of urea (A2), magnesium sulphate (C2), 

Potash (D2) and DAP (E2) were found to be highly 

significant (P =0.00) for biomass, similarly, the quadratic 

effects of urea (A2), magnesium sulphate (C2) were found 

 

 
A- Urea (mg.L-1) B- NaHCO3 (mg.L-1) C- MgSO4 (mg.L-1) D- Potash (mg.L-

1) E- DAP (mg.L-1) Mean – Biomass (g.L-1 dry wt..) 

 

(a) 

 
A- Urea (mg.L-1)B- NaHCO3 (mg.L-1)  C- MgSO4 (mg.L-1)  D- Potash (mg.L-

1)  E- DAP (mg.L-1) Mean – Total lipid (mg.L-1 dry wt..) 
(b) 

Figure 2. (a) Main Effect Plot for biomass (g.L-1 dry wt..) of 

Botryococcus braunii,(b) Main Effect Plot for total lipid 

(mg.L-1 dry wt..) of Botryococcus braunii 

 

 
TABLE 1a. Variable levels and their range for biomass and 

total lipid accumulation 

Factors Variables 
Range of actual values for the coded variables 

-α -1 0 1 α 

A Urea (mg L-1) 75 150 225 300 375 

B 
Sodium 

bicarbonate 

(mg L-1) 
50 200 350 500 650 

C 
Magnesium 

sulfate (mg L-

1) 
100 150 225 300 375 

D 
Potash (mg L-

1) 
50 100 150 200 250 

E 

Di-

Ammonium 

phosphate 

(mg L-1) 

5 10 15 20 25 
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TABLE 1b. 

S. 

no. 

A 

 
B C D E 

Biomass 

Experi 
mental 

(gL-1 dry 

wt.) 

Biomass 

Predicted 

(gL-1  dry 
wt.) 

Total 

lipid Experi 
mental 

(mg L-1  

dry wt.) 

Total 

lipid 
Predicted 

(mg L-1  

dry wt.) 

1 225 350 225 150 15 0.775 0.764 220 214 

2 225 50 225 150 15 0.592 0.605 105 115 
3 150 500 150 100 10 0.587 0.562 192 172 

4 150 200 150 100 20 0.595 0.585 89 76 

5 375 350 225 150 15 0.680 0.716 165 180 
6 300 200 150 100 10 0.613 0.594 119 103 

7 75 350 225 150 15 0.587 0.611 85 103 

8 300 500 150 100 20 0.778 0.757 241 225 
9 225 650 225 150 15 0.792 0.814 260 284 

10 225 350 225 150 5 0.592 0.635 169 194 

11 300 200 300 200 10 0.623 0.610 168 166 
12 300 200 300 100 20 0.617 0.612 81 82 

13 150 200 300 100 10 0.592 0.584 128 124 
14 225 350 225 150 15 0.775 0.764 220 214 

15 225 350 225 250 15 0.670 0.705 170 183 

16 150 500 150 200 20 0.643 0.623 158 143 
17 225 350 375 150 15 0.660 0.675 166 157 

18 300 500 300 100 10 0.668 0.648 236 229 

19 150 500 300 100 20 0.655 0.644 192 188 
20 225 350 225 150 25 0.655 0.672 157 165 

21 225 350 75 150 15 0.585 0.630 92 134 

22 225 350 225 150 15 0.775 0.764 220 214 
23 300 200 150 200 20 0.628 0.613 157 147 

24 225 350 225 50 15 0.605 0.631 139 159 

25 225 350 225 150 15 0.775 0.764 220 214 
26 225 350 225 150 15 0.775 0.764 220 214 

27 300 500 150 200 10 0.775 0.745 233 215 

28 150 200 300 200 20 0.615 0.611 92 94 
29 150 200 150 200 10 0.585 0.567 133 118 

30 225 350 225 150 15 0.775 0.764 220 214 

31 300 500 300 200 20 0.780 0.764 235 234 
32 150 500 300 200 10 0.770 0.751 184 178 

to be highly significant (P = 0.00) for total lipid, 

whereas other quadratic effects showed little 

significance. Similarly, significance for the interaction 

effects was not found having P values >0.05. Equations 

1 and 2 gives polynomial regression equation with 

coefficients for the biomass and total lipid, respectively. 

The significance of the predicted values was tested using 

ANOVA (Table 3). The reliability of the model can only 

be predicted using the coefficient of determination (R2). 

The coefficient of determination (R2) was found to be 

0.93 and 0.92 for biomass and total lipid, respectively. 

The values show that the prediction obtained from the 

experimental data is quite satisfactory and Equations 1 

and 2 can be used to predict the algal biomass and total 

lipid production from an amount of nutrients in the 

culture medium formulation.  It was observed that the 

residual sum of squares (SS) and the lack of fit was also 

small with a zero value for pure error data. This shows 

that the experimental results elucidate the variables on 

biomass and total lipid production (dry wt.) in a more 

appropriate way.  

The interaction between two variables and the 

response were represented in response surface plots 

(three-dimensional plane) by keeping the other 

independent variables as constant. With respect to the 

change in five operating parameters, the surface response 

plots were obtained for the biomass and total lipid are  

 

Equation 1  

Biomass (g L-1) = -0.558 + 0.002551 A - 0.000023 B 

+ 0.002857 C + 0.00318 D + 0.0434 E 

- 0.000005 A*A- 0.000001 B*B- 0.000005 C*C- 0.000

010 D*D- 0.001157 E*E+ 0.000001A*B- 0.000004 A*C 

0.000001 A*D+ 0.000025 A*E+ 0.000000 B*C+ 0.000

002 B*D+ 0.000001 B*E + 0.000003 C*D 

- 0.000012 C*E - 0.000068 D*E 

 

Equation 2 

Total Lipid (mg L-1) = -

0.457+ 0.797 A+ 0.503 B+ 1.602 C+ 2.457 D+ 4.19 E 

- 0.002622 A*A- 0.000050 B*B- 0.002844 C*C- 0.004

05 D*D- 0.270 E*E- 0.000089 A*B+ 0.00109 A*C- 0.0

0003 A*D+ 0.0360 A*E- 0.000556 B*C- 0.000267 B*

D- 0.00350 B*E- 0.00250 C*D + 0.0113 C*E 

- 0.0390 D*E 
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TABLE 2 Estimated regression coefficient for biomass and total lipid accumulation of Botryococcus braunii  

Term Biomass  Total lipid 

 Coefficient  SE coeff. T P Coefficient  SE coeff. T P 

Constant 0.766 0.013 58.29 0.000 214.30   9.77 21.94 0.000 

A 0.026 0.006 3.88 0.003 19.25 5.00 3.85 0.003 

B 0.049 0.006 7.36 0.000 42.25 5.00 8.45   0.000 

C 0.011 0.006 1.65 0.128   5.92 5.00 1.18    0.261 

D 0.018 0.006 2.75 0.019   6.00   5.00 1.20 0.255 

E 0.009 0.006 1.39 0.193 -7.17   5.00 -1.43   0.179 

A*A -0.026 0.006 -4.34 0.001   -18.05 4.52   -3.99    0.002 

B*B -0.011 0.006 -1.94 0.079 -3.67 4.52   -0.81 0.434 

C*C -0.029 0.006 -4.79 0.001 -17.05    4.52   -3.77     0.003 

D*D -0.025 0.006 -4.18 0.002 -10.67 4.52   -2.36     0.038 

E*E -0.028 0.006 -4.75 0.001 -8.55 4.52   -1.89 0.085 

A*B 0.015 0.008 1.91 0.082 8.50 6.12 1.39 0.192 

A*C -0.020 0.008 -2.49 0.030 -3.37 6.12 -0.55 0.592 

A*D -0.003 0.008 -0.41 0.690 9.38 6.12 1.53 0.154   

A*E 0.009 0.008 1.14 0.279 4.00 6.12 0.65 0.527 

B*C 0.004 0.008 0.49 0.637 3.25 6.12 0.53 0.606 

B*D 0.015 0.008 1.87 0.089 -11.50   6.12 -1.88   0.087   

B*E 0.000 0.008 0.11 0.917 6.88   6.12   1.12     0.285 

C*D 0.012 0.008  1.50 0.161 0.12 6.12 0.02   0.984   

C*E -0.004 0.008 -0.53 0.606 -5.25 6.12 -0.86 0.409 

D*E -0.017 0.008 -2.06 0.063 -0.25 6.12 -0.04   0.968 

 
TABLE 3. ANOVA results obtained from response surface 

optimization 

source 

Degr

ee of 

freed

om 

  
biom

ass 
  

Total 

lipid 
  

  

Su

m 

of 

squ

are 

(SS

) 

Me

an 

squ

are 

(M

S) 

F P 

Sum 

of 

squar

es 

(SS) 

Mea

n 

squar

e 

(MS) 

F P 

Regres

sion 
20 

0.18

3 

0.00

9 
8.47 

0.0

00 

8056

2.4 

4028

.1 

6.

72 

0.0

01 

Linear 5 
0.08

8 

0.01

7 

16.2

8 

0.0

00 

5467

1.8 

1093

4.4 

1.

24 

0.0

00 

Square 5 
0.07

1 

0.01

4 

13.2

3 

0.0

00 

1940

6.6 

3881

.3 

6.

47 

0.0

05 

Interac

tion 
10 

0.02

3 

0.00

2 
2.18 

0.1

08 

6484

.0 

648.

4 

1.

08 

0.4

47 

Residu

al 
11 

0.01

1 

0.00

1 
-  

6594

.4 

599.

5 
- - 

Lack-

of-fit 
6 

0.01

1 

0.00

1 
-  

6594

.4 

1099

.1 
- - 

Pure 

Error 
5 

0.00

0 

0.00

0 
-  

0.00

0 

0.00

0 
- - 

Total 31 
0.19

5 
- -  

8715

6.9 
- - - 

 R2 = 0.9390; R = 0.8282 R2 = 0.9243; R = 0.7868 

 

given in Figs 3a and 3b, respectively. The response 

surface plot provides the clear indication about the 

maximal biomass and total lipid at a particular 

amendment conditions. Figures 4a and 4b shows the 

theoretically predicted and experimentally achieved 

values for biomass as well as total lipid accumulation of 

B. braunii. The graph displays a linear pattern and 

explains that the model is adequate enough to predict 

biomass and lipid accumulation within the CCD variable 

values. The values of coefficient of determination (R2) for 

biomass (93.6%) and total lipid (92.2%) shows good 

agreement with the experimental model and experimental 

result obtained. 

 

 
(a) 

 
(b) 

Figure 3. (a) Response surface plot for biomass (g.L-1 dry 

wt..) of Botryococcus braunii, (b) Response surface plot for 

total lipid (mg.L-1 dry wt..) of Botryococcus braunii 

 

The obtained optimal conditions were checked by the 

validation and the validation results are shown in Table 

4.   Biomass    and   total   lipid    accumulation based on 
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(a) 

 
(b) 

Figure 4. (a) Experimental and predicted values of biomass 

of Botryococcus braunii, (b) Experimental and predicted 

values of total lipid of Botryococcus braunii 

 

validation experiments were found to be 0.814 g L-1 dry 

wt. and 284 mg L-1 dry wt., respectively. The values 

obtained from validation data were in good agreement 

with the experiments made showing the accuracy of the 

experiments. Finally, the comparison between the control 

(modified CHU 13 media) and optimized commercial 

media showed 15% and 18% increase in biomass and 

total lipid content, respectively (Table 5). 

 
TABLE 4. Optimum conditions and validation results of 

Botryococcus braunii 
Parameter 

(dry wt.) 
A B C D E 

Optimum 

values 

Validation 

results 

Biomass 

(g L-1) 
225 650 225 150 15 0.792 0.814 

Total 

lipid (mg 

L-1) 

225 650 225 150 15 260 284 

A= Urea, B= Sodium bicarbonate, C = Magnesium sulphate, D = Potash, E = Di-

Ammonium phosphate 
 

TABLE 5. Comparison of growth in optimized commercial 

media and Modified CHU-13 
Parameter 

(dry wt.) 
Optimized media CHU-13 media 

Biomass (g L-1) 0.792 0.685 

Total lipid (mg L-1) 260 220 

 

Discussion 

 

Rapidly depleting fossil fuels with a concomitant 

increase in oil prices have made to look for alternative 

energy sources. Above all algal-based biofuel is an 

alternative to fossil fuels because microalgae feedstock 

production is more reliable [13]. Botryococcus braunii is 

one of the major source for biofuel production among 

many microalgae [14, 15]. It is already reported that 

quantity and quality of lipids within algal biomass may 

vary as a result of changes in growth media constituents. 

With this fact, the following experiment was carried out 

to study the effects of commercial nutrients as a source 

of nutrients for the growth of B. braunii. Growth medium 

with enough major nutrients such as carbon, nitrogen, 

phosphorus, sulfur has been reported for growth and lipid 

production of microalgae. The nitrogen source is 

responsible for the synthesis of the protein molecule, 

phosphate serve to enhance the algal growth, and 

magnesium constitute the major source for production of 

the chlorophyll molecule, and thereby altogether overall 

production rate was inclined to be increasing with the 

above nutrients altogether [16, 17]. There were no 

enough statistical optimization studies using commercial 

nutrients on B. braunii. The result of the present 

investigation revealed that major nutrients taken were 

proved to be positively promoting growth factors of B. 

braunii.  It was observed that higher the levels of Sodium 

bicarbonate (650 mg L-1 dry wt.) resulted in maximum 

biomass level with concomitant decrease with the lower 

concentration (50 mg L-1 dry wt.). The results clearly 

show sodium bicarbonate as a potential carbon source to 

increase the growth of B. braunii. 

The study pertained to show the positive effect of 

commercial fertilizers as a source of nutrients for total 

lipid production. The lipid estimation revealed that lipid 

content was increased to 18% in the optimized low cost 

media constituting 225 mg L-1 of urea, 650 mg L-1 of 

sodium bicarbonate, 225 mg L-1 of magnesium sulfate, 

150 mg L-1 of Potash and 15 mg L-1 of di-ammonium 

phosphate compared to culture grown in modified CHU-

13 media. Optimization studies on growth requirements 

of microalgae are time-consuming, whereas using RSM, 

a statistical method permits the analysis with fewer 

experiments [18-20]. The main variable that affects the 

growth has been identified as macronutrients as observed 

in the present study. Whereas there were no reports on 

interaction effects of commercial macronutrients.  

Several studies have reported that medium with urea 

and sodium bicarbonate enhances lipid production of 

microalgae with increased multiplication rate [21]. The 

present study reveals that addition of 225 mg L-1 of urea, 

650 mg L-1 of sodium bicarbonate, 225 mg L-1 of 

magnesium sulfate, 150 mg L-1 of potash and 15 mg L-1 

of di-ammonium phosphate results in increased total lipid 

content of 21 mg L-1 dry wt. on a zeroth day to 260 mg L-

1 dry wt. on the 18th day, respectively. Various studies 

revealed that nitrogen source was the major nutrient 

affecting algal growth [22, 23]. There was also evidence 

to suggest that nitrogen deficiency could promptly 

increase total lipid content . However in the present 
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investigation, the above phenomenon was not observed, 

instead, urea had a positive effect on lipid content (Table 

1b) because urea did not reach the limiting level in the 

due course of experiments [24]. ANOVA (Analysis of 

Variance) was used to interpret the acceptability of 

statistical model. The model represented the coefficient 

of determination (R2) values for biomass and total lipid 

was of 0.93 and 0.92, respectively. It clearly shows that a 

good correlation was obtained indicating good fitness of 

the model. The model could be acceptable with a R2 ≥ 

0.75 [25]. 

 

 

CONCLUSION 

 
Our study concludes that optimum concentration of 225 

mg L-1 of urea, 650 mg L-1 of sodium bicarbonate, 225 

mg L-1 of magnesium sulfate, 150 mg L-1 of potash and 

15 mg L-1 of di-ammonium phosphate together enhanced 

biomass and total lipid production of B. braunii. Thus 

above all sodium bicarbonate contributes to influence the 

growth along with the level of urea, compared to other 

nutrients taken in the study. Thus, formulated and 

optimized medium for biomass and total lipid induction 

using RSM positively affecting the economic feasibility 

of mass scale production of biofuel using B. braunii. 

 
Acknowledgements 
The authors are thankful to CAS in Botany, Madras 

University, Chennai, for providing the algal strains. The 

authors are also thankful to the Department of Science & 

Technology, New Delhi, India, for the financial support 

provided for this study. 

 
REFERENCES 
 
1. Birol, F., 2008. World energy outlook. Paris: International Energy 

Agency. 
2. Khan, S.A., M.Z. Hussain, S. Prasad and U. Banerjee, 2009. 

Prospects of biodiesel production from microalgae in India. 

Renewable and Sustainable Energy Reviews, 13(9): 2361-2372. 
3. Sheehan, J., T. Dunahay, J. Benemann and P. Roessler, 1998. A 

look back at the US Department of Energy’s aquatic species 

program: biodiesel from algae. National Renewable Energy 
Laboratory, 328. 

4. Wang, G., K. Chen, L. Chen, C. Hu, D. Zhang and Y. Liu, 2008. 

The involvement of the antioxidant system in protection of desert 
cyanobacterium Nostoc sp. against UV-B radiation and the effects 

of exogenous antioxidants. Ecotoxicology and environmental 

safety, 69(1): 150-157. 

5. Gouveia, L. and A.C. Oliveira, 2009. Microalgae as a raw material 

for biofuels production. Journal of industrial microbiology & 

biotechnology, 36(2): 269-274. 
6. Kalacheva, G.S., N.O. Zhila and T.G. Volova, 2002. Lipid and 

hydrocarbon compositions of a collection strain and a wild sample 

of the green microalga Botryococcus. Aquatic Ecology, 36(2): 
317-331. 

7. Metzger, P. and C. Largeau, 2005. Botryococcus braunii: a rich 

source for hydrocarbons and related ether lipids. Applied 
microbiology and biotechnology, 66(5): 486-496. 

8. Bajpai, P., P. Bajpai and O. Ward, 1991. Optimization of 

production of docosahexaenoic acid (DHA) byThraustochytrium 
aureum ATCC 34304. Journal of the American Oil Chemists’ 

Society, 68(7): 509-514. 

9. Oliveira, R., M.F. Almeida, L. Santos and L.M. Madeira, 2006. 
Experimental design of 2, 4-dichlorophenol oxidation by Fenton's 

reaction. Industrial & engineering chemistry research, 45(4): 

1266-1276. 
10. Yamaguchi, K., H. Nakano, M. Murakami, S. Konosu, O. 

Nakayama, M. Kanda, A. Nakamura and H. Iwamoto, 1987. Lipid 

composition of a green alga, Botryococcus braunii. Agricultural 
and biological chemistry, 51(2): 493-498. 

11. Frenz, J., C. Largeau and E. Casadevall, 1989. Hydrocarbon 

recovery by extraction with a biocompatible solvent from free and 
immobilized cultures of Botryococcus braunii. Enzyme and 

microbial technology, 11(11): 717-724. 

12. Folch, J., M. Lees and G. Sloane-Stanley, 1957. A simple method 
for the isolation and purification of total lipids from animal 

tissues. J biol Chem, 226(1): 497-509. 

13. Kulkarni, M.G. and A.K. Dalai, 2006. Waste cooking oil an 
economical source for biodiesel: a review. Industrial & 

engineering chemistry research, 45(9): 2901-2913. 

14. Chisti, Y., 2007. Biodiesel from microalgae. Biotechnology 
advances, 25(3): 294-306. 

15. Mata, T.M., A.A. Martins and N.S. Caetano, 2010. Microalgae for 

biodiesel production and other applications: a review. Renewable 
and sustainable energy reviews, 14(1): 217-232. 

16. Richmond, A., 1986. Outdoor mass cultures of microalgae. 

Handbook of microalgal mass culture: 285-330. 
17. Mandalam, R.K. and B.Ø. Palsson, 1998. Elemental balancing of 

biomass and medium composition enhances growth capacity in 

high-density Chlorella vulgaris cultures. 
18. Azma, M., M.S. Mohamed, R. Mohamad, R.A. Rahim and A.B. 

Ariff, 2011. Improvement of medium composition for 

heterotrophic cultivation of green microalgae, Tetraselmis 
suecica, using response surface methodology. Biochemical 

Engineering Journal, 53(2): 187-195. 

19. Bajaj, I.B., S.S. Lele and R. Singhal, 2009. A statistical approach 

to optimization of fermentative production of poly (γ-glutamic 

acid) from Bacillus licheniformis NCIM 2324. Bioresource 
technology, 100(2): 826-832. 

20. Ren, J., M. Zhao, J. Shi, J. Wang, Y. Jiang, C. Cui, Y. Kakuda and 

S.J. Xue, 2008. Optimization of antioxidant peptide production 
from grass carp sarcoplasmic protein using response surface 

methodology. LWT-Food Science and Technology, 41(9): 1624-

1632. 
21. Lam, M.K. and K.T. Lee, 2013. Effect of carbon source towards 

the growth of Chlorella vulgaris for CO 2 bio-mitigation and 

biodiesel production. International Journal of Greenhouse Gas 
Control, 14: 169-176. 

22. Li, Y., M. Horsman, B. Wang, N. Wu and C.Q. Lan, 2008. Effects 

of nitrogen sources on cell growth and lipid accumulation of green 
alga Neochloris oleoabundans. Applied microbiology and 

biotechnology, 81(4): 629-636. 

23. Welter, C., J. Schwenk, B. Kanani, J. Van Blargan and J.M. 
Belovich, 2013. Minimal medium for optimal growth and lipid 

production of the microalgae Scenedesmus dimorphus. 

Environmental Progress & Sustainable Energy, 32(4): 937-945. 
24. Mandal, S. and N. Mallick, 2009. Microalga Scenedesmus 

obliquus as a potential source for biodiesel production. Applied 

microbiology and biotechnology, 84(2): 281-291. 
25. Hu, R., Food product design: a computer-aided statistical 

approach1999: CRC Press. 
 

 
 

 

 



Iranica Journal of Energy and Environment 8(4): 18-25, 2017 
 

25 

Persian Abstract 
DOI: 10.5829/idosi.ijee.2017.08.01.04 

āºĊî¯ 

õĀ£ºĊ ¿ ¢·ĀÅĈ¤Æĉ w~ Çÿ½ wz½vºĉ ù ÔÅĀ£ì{ö«ÿ¾îĊ¬wă õĀ£ ĂzºĊ ¿¢Æĉ ò¤Æz ā¹Ā£Ĉ ù ¿v ā¹wæ¤Åv wùv )¹½v¹ì{ö«ÿ¾îĊ ¼âù ¹vĀù ã¾Îù ÿć ºÉ½ ¾ñ wzºĉ 

ö´£ĈöĊ j û¹Āz Ăå¾Í Ăz ûÿ¾êù Ăz Ă«Ā£ wz¬û¬wă wz Üýwù  ć½w¬£ ¿wÅć êù ½¹ÃwĊ v¾zwþz )¢Åÿ½ Ăzÿ½ ï½Àzüĉ  ĂÞÅĀ£ìĉ ¾Í Ăz ûÿ¾êù Çÿ½Ăå v¾zć  Èăwí

ÀăĉĂþ¬ćwă õĀ£ºĊ úăv Àtw³¢Ċ §w£ ¾Ñw³ ĂÞõwÖù )¢Åv¾Ċ êö£²Ċ āºþþí¬ćwă ½w¬£ć é wz¢úĊ w~üĊĉ ºÅ Iā½ÿv ºþýwùøĉ zĈ¬I¡wþz¾í þùøĉÀĊ ~ I¡wæõĀÅ ÿ Ãw¤

¹ć¬øĊýĀùj ¼âù ¹vĀù ûvĀþÝ Ăz ¡wæÆåć v¾z ºÉ½ć õĀ£ºĊ zÄùĀĊ z¾¯ ÛĀú¬ù ÿĈ ¾¤z ôíÃĀÆíĀíĀĉ ýv¾zĈ ½Āù v½  āºÉ Ă¤·wÅ¹ Å½¾zĈ ù ½v¾éĈ¬ºă¹) õĀ£ºĊ 

zÄùĀĊ z¾¯ ÿĈ ³v¾Õ wz ²ÖÅ ¶Åw~ Çÿ½ ¿v ā¹wæ¤Åv wz ôíĈ Àí¾ù yí¾ùć -0 ĄzĂþĊ ¿wÅć w¤ý )ºÉªĉ  Ăí ºý¹v¹ ûwÊý--0 ùĈöĊ õ ¾z ÷¾ñ¾¤Ċ  Iā½ÿv10+ ùĈöĊ 

õ ¾z ÷¾ñ¾¤Ċ ºÅøĉ zĈ  I¡wþz¾í--0 ùĈöĊ õ ¾z ÷¾ñ¾¤Ċ þùøĉÀĊ  I¡wæõĀÅ,0+ ùĈöĊ õ ¾z ÷¾ñ¾¤Ċ  ÿ Ãw¤~,0 ùĈöĊ õ ¾z ÷¾ñ¾¤Ċ ¹ć ýĀùj÷ĀĊ  v½ ì{ö« ºÉ½ ¡wæÆå

¤Ê~Ĉýw{Ċ ùĈ¬ºþþí z ½vºêù ĂíĂþĊÊĊ ¿¢Æĉ z¾¯ ÿ ā¹Ā£Ĉ £¾£ Ăz ôíyĊ +'24- õ ¾z ÷¾ñ¾¤Ċ  ÿ ìÊ· û¿ÿ-1+ ùĈöĊ õ ¾z ÷¾ñ¾¤Ċ  ā¾Ąz )ºÉ ôÍw³ ìÊ· û¿ÿ

½ÿć ¿¢Æĉ v ½¹ ì{ö« ā¹Ā£üĉ v¾ÉÔĉ  +'+/ õ ¾z ÷¾ñ¾¤Ċ õĀ£ ûwù¿ wz ¿ÿ½ ½¹ºĊ ,'4 )¢Êñ Ç½vÀñ ¿ÿ½ 
 

 

 


