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ABSTRACT 
Optimization of the medium for the growth of Botryococcus braunii is an essential for industrial 
point of view as increase in its biomass is indirectly increases the yield of biodiesel. At present 
there are many media available, but still improvement in an existing media is a need of the hour 
and improvements in the contents of existing media directly or indirectly help in achieving 
optimum growth conditions for B.braunii. Among the media available for the growth of 
B.braunii, very few media support for elicited production of biomass. Manipulation of media 
components is one of the approaches to enhance the growth of an Alga, which is indirectly 
increases the yield of oil content of the algal cells. The efforts were made to enhance the yield of 
biomass and indirectly increase the oil content by changing the ingredients of existing media. 
The growth of B.braunii on standard media viz., Chu and MiEB1B12 (Medium with Vitamin 
B1,B12) and their respective modified media were studied. Both Chu and MiEB1B12 modified 
and were used to culture B.braunii, there is significant change in yield of biomass. In case of 
modified Chu medium, concentration of KI, KNO3 and MgSO4.H2O reduced to half of its 
standard concentration and whereas in case of modified MiEB1B12 medium the concentration of 
macronutrients was increased two fold of the standard concentration and the concentration of 
micronutrients reduced to half of its standard concentration. For both modified media the 
optimum temperature and pH were found to be 32°C and 7.9 respectively. And photoperiod in 
both closed and open systems was also studied, it was found that under artificial (14:10) light it 
took almost 17 days to get sufficient biomass. Whereas in case of open system culture, it was 
found that under natural (10:14) light it took just 14 days to get sufficient biomass. With this 
observation, we formulated standard culture medium and standard conditions for the growth of 
B.braunii.  

Key Words : Botryococcus braunii, Media optimization, Algal biomass, Biodiesel 
production, Open system culture 

 
INTRODUCTION 

Algae are small, single-celled to multi-cellular 
organisms with fairly complex and differentiated 
form, usually found in damp places or bodies of 
water and thus are common in terrestrial as well 
as aquatic environments1. Like plants, algae 
require primarily three components to grow : 
sunlight, carbon-dioxide and water, so 
photosynthesis is an important bio-chemical 
process in which plants, algae, and some bacteria 
convert the energy of sunlight to chemical 

energy2. The existing large-scale natural sources 
of algae are bogs, marshes and swamps - salt 
marshes and salt lakes. In general micro-algae 
contain lipids and fatty acids as membrane 
components, storage products, metabolites and 
sources of energy. Micro-algae B.braunii is one 
such example used as a source of energy, which 
grows in lakes and oceans to colonial filaments 
of pond scum to leaf like seaweeds of rocky and 
sandy intertidal area3.  
Algae contain anything between 2% and 40% of 
lipids/oils by weight, due to this reason B.braunii 
can be used as a good source of vegetable oil. *Author for correspondence 
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Most of the algal species are highly useful 
commercially few of them are useful in 
producing alternative biofuels4. Among these 
commercially important algae, B.braunii is used 
to produce biodiesel and apart from biodiesel 
production, it can also be used as a source of 
nutrients, which can be used as nutrient 
supplements in poultry and fishery feeds. The 
waste material remaining after extraction of oil 
and nutrients, it can be used for the production of 
a fertilizer rich in nitrogen and phosphorous5.  
Algae can produce up to 300 times more oil per 
acre than conventional crops, such as rapeseed, 
palms, soybeans or Jatropha. Algae has a 
harvesting cycle of 1–10 days, it permits several 
harvests in a very short time frame6. Some green 
algae also live on tree trunks and soil. Several 
green algal species are symbiotic, forming lich 
ens with fungi or living with corals. Green algae 
may also be found inside freshwater sponges, 
giving the sponges a bright green color7, 8.  
B.braunii is a microalga abundantly available in 
varieties of water bodies, grows in fresh water, 
reservoirs, ponds, brackish water bodies 
distributed in temperate, tropical or alpine zones9. 
It reproduces both sexually and asexually, 
asexual reproduction takes place by autospore 
and sexual reproduction is by fertilization of egg 
and sperm, mode of reproduction of B.braunii is 
similar to most of the other green algae10. More 
than 500 genera and 8000 species of green algae 
have been identified, among these B.braunii is 
widely used for the production of biofuels, which 
produce and store both lipid as well as 
hydrocarbons in their cells. B.braunii produce 
triterpenoid hydrocarbons, C30–C37 botry-
ococcenes and C31–C34 methylated squalenes11, 

12. Lipid accumulation in B.brunii typically 
occurs during periods of environme-ntal stress, 
including growth under nutrient-deficient 
conditions. The lipid and fatty acid contents of 
microalgae vary in accordance with culture 
conditions. In some cases, lipid content can be 
enhanced by the imposition of nitrogen 
starvation or other stress factors13. Biochemical 
studies have also suggested that acetyl-CoA 
carboxylase a biotin containing enzyme that 
catalyzes an early step in fatty acid biosynthesis, 
may be involved in the control of this lipid 
accumulation process. Algae can also be grown 
on land that  is  not  suitable  for other established  

crops, for instance, arid land, land with 
excessively saline soil and drought-stricken 
land14. This minimizes the issue of taking away 
pieces of land from the cultivation of food crops, 
to save the land, we can grow the algae in closed 
system that uses photo-bioreactor and in both 
closed and open pond system algae can grow 20 
to 30 times faster than food crops15. Most 
companies pursuing algae as a source of biofuels 
are pumping nutrient-laden water through plastic 
tubes (called bioreactors) that are exposed to 
sunlight (and so called photobioreactors or PBR). 
PBR is more expensive and difficult to culture 
algae than an open pond16. The difficulties in 
efficient biodiesel production from algae lie in 
finding an algal strain with a high lipid content 
and fast growth rate that isn't too difficult to 
harvest and a cost-effective cultivation system 
i.e., type of photobioreactor17 that is best suited to 
that strain. There is also a need to provide 
concentrated CO2 to increase the production, 
another obstacle preventing widespread mass 
production of algae for biofuel production has 
been the equipment and structures needed to 
begin growing algae in large quantities18,19. In a 
closed system there is no problem of contam 
ination by other organisms blown in by the air. 
The problem for a closed system is finding a 
cheap source of sterile CO2. Several experi 
menters have found the CO2 from a smokestack 
works well for growing algae. To be economical, 
some experts think that algae farming for 
biofuels20,21 will have to be done next to power 
plants, where they can also help soak up the 
pollution. Open-pond systems for the most part 
have been given up for the cultivation of algae 
with high-oil content. Many believe that a major 
flaw of the Aquatic Species Program was the 
decision to focus their efforts exclusively on 
open-ponds this makes the entire effort 
dependent upon the hardiness of the strain 
chosen, requiring it to be unnecessarily resilient 
in order to withstand wide swings in temperature 
and pH and competition from invasive algae and 
bacteria21.  
Open systems using a monoculture are also 
vulnerable to viral infection. The energy that a 
high-oil strain invests into the production of oil 
is energy that is not invested into the 
production of proteins or carbohydrates, 
usually resulting in the species being less 
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hardy or having a slower growth rate22, 23. 
Innovations in the field of biofuels have taken 
care of these hurdles27-33. 

MATERIAL AND METHODS 
Work begins with collection and preparation of 
inoculums for culturing of B.braunii using Chu 
medium, usually like other most of the algae, 
growth of B.braunii takes 2 weeks of time to get 
significant growth. After incubation at room 
temperature for about 2 weeks, there was no 
signicant growth. In this regard, we started 
using Khul medium, still there was no 
significant growth even in Khul medium. Since 
the Khul medium was originally used for 
maintaining culture of B.braunii strains, so we 
have changed composition. The composition of 
modified Khul medium is divided into two 
types micro nutrients and macro nutrients. In 
the  present  work,  modified  Khul medium was  
prepared by adding 2X Basel medium, 0.5X 
Micronutrients of original Khul medium12, 
sterilized soil extract (which was prepared by  

dissolving 1 gram of soil in 10 ml distilled 
water and autoclaved for 15 min at 125 PSI), 
vitamins thiamine and Biotin. Brief description 
of materials and methods used in this work is 
provided in the following section : 
Sample collection 
As we know that, B.braunii is growing in lakes 
and fresh water ponds, so the sample was 
collected from Ulsoor lake, Bangalore for 
isolation of B.braunii. As it is shown in the 
Fig. 1, sample was collected by following 
Standard Operating Procedures (SOP), during 
sampling the timing and sampling point, 
cleanliness of bottle, preservation of sample 
have been followed as per sampling procedure. 
Before sampling bottle was thoroughly 
washed, rinsed with deionised water and then 
it was rinsed with lake water sample of the 
sampling point. Sample was collected just 
bellow 0.5-1 cm depth from the surface at 
around 12 PM and it was stored at room 
temperature for a day prior to its usage. 

 
Fig. 1 : Sample collection 

Media preparation and sample inoculation 
Initially we have inoculated water sample from 
Ulsoor Lake into the Chu Medium, the results 
were not up to our expectation and so we have 
modified the Chu media by reducing the 
concentration of KI, KNO3 and MgSO4.H20 to 
the half of their original concentration. Since we 
came to know excess concentration of KI, KNO3 
and MgSO4.H20 can inhibit the growth of 
B.braunii to avoid inhibition of algae, 
concentration of KI, KNO3 and MgSO4.H20 have 
been reduced in the medium. After two weeks of 
sample inoculation growth was not significant 
enough, in this regard the strength of the medium 

was doubled, even after that change still there 
was no significant growth. At this point, we 
started using Khul medium to culture B.braunii, 
the composition of these media is slightly 
different when compared to Chu medium. 
Originally Khul Media prepared for maintaining 
culture B.braunii, at SAG algal collection centre, 
University of Gottington, Germany.  
The composition of Khul medium was modified 
and used to culture B.braunii, initially, sample 
was inoculated into single strength (1X) medium, 
but there was no considerable growth of 
B.braunii even after 10 days of inoculation. 
Then, the modified Khul medium was prepared 

 
                          (a)                                                        (b) 
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by adding 2X Basel medium, 0.5X micronutrient 
solution of original Khul medium, sterilized soil 
extract (which was prepared by dissolving 1 
gram of soil in 10 ml distilled water and 
autoclaved for 15 min at 125 PSI), vitamins 
thiamine and Biotin. Now sample was inoculated 
and was kept at room temperature under Natural 
(10:14) photoperiod, pH of the medium was set 
between 7.2 and 7.9. The result was significant 
and growth was visible after 12 days of sample 
inoculation, based on these observations same 
medium composition and growth conditions 
were maintained throughout the work. 
Screening of B.braunii 
Screening of B.braunii was identified by 
observing colonies of B.braunii under micro 
scope, which shows a typical morphology charac 
terised by cells looking like pyriform-shaped 
held together by a refringent matrix containing 

lipids. When observed under microscope 
B.braunii exhibits yellowish lipid granules inside 
the cell. These two observations are key 
morphological features of B.braunii, the result is 
provided in the result’s section. 

RESULTS AND DISCUSSION 
As a first trial, we have inoculated water sample 
from Ulsoor Lake into the Chu medium, the 
composistion of Chu medium is given in         
Table 1, even after the two weeks of sample 
inoculation growth was not visible enough. 
Now the strength of the medium was doubled 
and sample was inoculated and kept at room 
temperature without aerator. After making this 
change, we have seen little improvement in the 
algal growth, but as it is shown in the Fig. 2 still 
result was not up to the mark, so then we have 
used Khul medium. 

Table 1 : Composition of Chu medium 

Component Amount (mg/L) 
Ammonium sulphate 463 
CaCl2 125.33 
H3BO3 1.6 
Disodium EDTA 37.25 
FeSO4.7H20 27.85 
MnSO4 3.33 
MgSO4.H20 90.87 
KI 0.8 
KNO3 0.02 
K2HPO4 400 
ZnSO4.H20 1.50 

 
Fig. 2 : There was no significant growth of B.braunii after inculcating sample into Chu medium 
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Compared to Chu medium, Khul medium gave 
good result, which is evident from Fig. 3, in 
our trial Khul medium was used without any 
change and with few changes. The 

composistion of Khul medium is given in the 
following sections, it consists of basel medium 
(Table 2(a)) and micronutrient solution  
(Table 2(b)). 

 
Fig. 3 : Algal growth after inculcating water sample into original Khul medium 

Table 2(a) : Khul medium – composition of basel medium 

Component 
Stock solution 

(g/100ml) 
Nutrient 

solution (in ml) 
KNO3  1  20  
K2HPO4 0.1  20  
MgSO4.7H20  0.1  20  
Soil Extract   30  
Micronutrient solution   5  
Distilled water   905  

Table 2(b) : Khul medium – composition of micronutrient solution 

Component Stock solution (g/100ml) Nutrient solution (in ml) 

ZnSO4.7H2O  0.1  1 ml  
MnSO4.4H2O  0.1  2 ml  
H3BO3  0.2  5 ml  
Co(NO3) 2.6H2O  0.02  5 ml  
Na2.MoO4.2H2O  0.02  5 ml  
CuSO4.5H2O  0.0005  1 ml  
Distilled water   981 ml  
FeSO4.7H2O   0.7g  
EDTA   0.8g  
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After inoculating water sample into double 
strength Khul medium, as given in the Fig. 4, the 
sample was aerated using an air pump, after 
implementation of these changes better results 
were  obtained. Based on the above observations, 
new   composition of   Khul  medium and growth 

conditions for the growth of B.braunii was 
decided. The final compostion of Khul medium 
is as follows. Three liters of Khul medium was 
prepared by adding Basel medium (2X), 
micronutrient solution(1/2 X), soil extract (2X) 
and vitamins (Thiamine & Biotin, 1X). 

 
Fig. 4 : Significant growth of B.braunii was seen after inoculation water sample in 2X Khul 

medium with aerator 

Medium was poured into a 10 litre capacity 
aquarium, inoculated with lake water sample and 
constantly aerated with the help aerator and 
complete setup is given in Fig. 5. Prolific growth 

was seen after 10 days from inoculation of 
sample and result is shown in Fig. 6 and as 
shown in the Fig. 7 significant growth has been 
seen after 2 weeks of sample inoculation.  

 
Fig. 5 : Initial setup of aquarium with modified khul medium after sample inoculation 
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Fig. 6 : Algal growth after 10 days of sample inoculation 

 

Fig. 7 : Significant algal growth after two weeks of sample inoculation 

Screening of B.braunii 
Following the isolation of B.braunii, 
microscopic observations were made at 100X, 
which shows a typical morphology charact-
erised by cells looking like pyriform-shaped 
held together by a refringent matrix containing 

lipids. When observed under microscope, as it 
is shown in Fig. 8. B.braunii exhibits 
yellowish lipid granules inside the cell. These 
two observations are key morphological 
features of B.braunii and medium used is 
selective for B.braunii. 
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Fig. 8 : Microscopic view of B. braunii 

CONCLUSION 
After series of trial and errors with original and 
modified Chu medium, original and modified 
Khul medium, we have got variety of results. 
When we inoculated sample into original Chu 
medium, we have not got proper growth, 
keeping this observation in mind, Chu medium 
was modified by reducing the concentration of 
KI, KNO3 and MgSO4.H20 to the half of their 
original concentration. Since in earlier work by 
different people suspected that excess 
concentration of KI, KNO3 and MgSO4.H20 
can inhibit the growth of B.braunii. Even after 
inoculating water sample into modified Chu 
medium, still there was no significant growth 
even after two weeks, then we have opted for 
Khul medium, since the Khul medium was 
used mainly to maintain B.braunii strains we 
have tried inoculating sample in both original 
as well as modified Khul medium. Again there 
is no significant growth in both the media. 
Then, we thought of adding autoclaved soil 
extract along with vitamins biotin and thiam-
ine, now we have seen considerable growth, 
meanwhile aquarium setup was provided with 
aerator and sufficient photoperiod. Based on 
the observations made after every change in 
the medium, the final composition of medium 
and growth conditions are decided as follows. 
Within the original composition of Khul 
medium concentration of basel medium was 
doubled, micronutrient solution was reduced to 
half of its original concentration, soil extract 
concentration was increased two fold and 
original concentration of vitamins (Thiamine 

and Biotin) were maintained. Original Khul 
medium with these changes can be an ideal 
medium for isolation of B.braunii. The pH 
from 7.2 to 7.9, temperature from 250C to 320C 
and natural photoperiod (10:14) these physical 
conditions can be considered as an ideal 
growth conditions for B.braunii. Finally, it can 
be concluded that addition of soil extract and 
change of strengths of nutrient solutions plays 
a significant role in the growth of B. braunii. 
Soil extract provides Nitrogen (N), Phosph-
orous (P) and Potassium (K), which is neces-
sary for the growth of plants, especially for 
algae. 
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