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INTRODUCTION
Globally, biofuels are considered as an alternative fuel source for the 
fossil dependent fuels. Among all the biofuels, biodiesel is considered 
as a major alternative for the competing prices and depleting fossil 
fuels (Adalgisa, et. al., 2019).  Biodiesel is a blend of fatty acids methyl 
esters which are derived from triacylglycerols. Though plant oils are 
widely used as the major feed stocks for the production of biodiesel, 
there limitations have made the researchers to look for an alternative 
oil source (Alberto, et.al., 2012).In the recent years, oleaginous 
heterotrophic microbes have shown their signicant effect in the 
production of lipids and their utilization in the production of biodiesel. 
Microbes which can accumulate more than 20% of lipid content of its 
dry biomass are termed as oleaginous microbes (Rujiralai, et.al., 
2018). These lipids have a structure with hydrophobic nucleus covered 
with a phospholipid layer. Among all the oleaginous microbes, yeasts 
are widely used in the production of biodiesel because of their 
remarkable ability to accumulate high content of lipids. ATP citrate 
lyase and malic enzyme are the 2 enzymes which show a vital role in 
secretion of lipids. In general, lipid formation occurs at the end of 
log/exponential phase and prolongs during the stationary phase 
(Marjan, et. al., 2013).

Various factors inuence the growth and lipid accumulation, among 
which nutrient medium components play a key role. In the large-scale 
production, it is essential to optimize the medium ingredients which 
will enable to achieve high cell biomass and lipid content in a cost-
effective way(Rujiralai, et. al., 2018).Tamene (2017) and Umaporn 
(2014) states that, lipid accumulation depends on culturing factors 
viz.,carbon sources, nitrogen sources, temperature, pH, incubation 
time, agitation and harvesting time.

Oleaginous yeasts secrete high amount of lipids in the presence of high 
carbon and limited nitrogen sources in the growth medium.In the 
production of biodiesel, crude glycerol is the major by product which 
can also be effectively utilized as a carbon source in the cultivation of 
oleaginous yeasts(Ruling, et. al., 2014). Microbes storecarbon in the 
form of lipids and carbohydrates. Lipids are stored in the cells during 
excess carbon availability which is done in 2 different stages i.e., 
carbon is utilized for the cell growth and left-over carbon is stored as 
lipids (Tian Hua, et. al., 2017).

Quality of biodiesel after extraction needs to match with the 
international biodiesel standard specication i.e., iodine number, 
cetane number, specic gravity, viscosity and cloud point (Sasithorn, 
et. al., 2020).

The present study focuses on the optimization of medium and 
fermentation parameters for achieving high yield of lipid content. The 
research work also focuses on the extraction of biodiesel and testing 
the quality parameters as per the standard specications.

MATERIALS AND METHODS
Sourcing Of Oleaginous Yeast Strain
The potent oleaginous yeast strain Cutaneotrichosporan curvatum 
BRV096 was collected from the culture collection of Department of 
Biotechnology, Osmania University, Telangana. The yeast strain was 
subcultured and maintained on the YM agar with composition g/L 
glucose 10, peptone 5, yeast extract 5, malt extract 3. Yeast strain was 

ostored in refrigerator at 4 C (Rujiralai, et. al., 2018).

Preparation Of Culture Inoculum
Oleaginous yeast colonies were picked from the culture agar slants and 

ogrown on the YM agar plates and incubated at 28 C for 48 h. Pure 
colonies were picked from the culture plates and inoculated into 500 
ml Erlenmeyer ask containing 100 ml of liquid nutrient broth with 
composition g/L 15 glucose, 5 (NH ) SO , 1 KH PO , 0.5 g MgSO , 0.5 4 2 4 2 4 4

oyeast extract and incubated at 28 C for 48 h on orbital shaker (REMI 
CIS-24 plus) at 120 rpm (Marjan, 2012).

Estimation Of Dry Biomass, Total Lipids And Lipid Content
2 ml of yeast culture was taken and centrifugated at 10000 rpm using 
REMI R 8C centrifuge for 15 min. Cell pellet was collected, washed 

owith distilled water and dried in the hot air oven at 60 C for 24 h. 
Obtained dry biomass weight was measured gravimetrically (Li-Xia, 
et. al., 2009).

For estimation of total lipids 1 g of dry cell mass was mixed with 
methanol and chloroform in the ratio 1:2 by further incubating the 
mixture for 18 h at room temperature. Mixture was vortexed for every 
2 min using REMI CM101 cyclo mixer. To the mixture 1 ml of 
chloroform was added, vortexed and 1 ml of distilled water was added. 
Reaction mixture was centrifuged for 10 min at 2000 rpm and solvent – 
water in the mixture were separated. Supernatant collected was 
allowed to settle for 2 h and obtained lower organic layer was collected 
into pre weighed petri plate W . Evaporation was carried out by 1

okeeping in hot air oven for 1 h at 80 C and the obtained weight was 
taken as W . Total lipids can be obtained by subtracting W from 2 2 

W (Mubarak, et. al., 2016).1

The lipid content was estimated from the formula: Lipid content (%) = 
Total lipids/Dry biomass weight x 100 (Hadeel, et. al., 2018).
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high biomass weight (61.2±3.4 g/L), lipid content (30.1±3.8 g/L) and lipid percentage (49.1±2.2). Total lipids extracted were analysed by using 
FTIR spectroscopy conrmed the presence of carbonyl and methyl groups which reveals the feasibility of conversion into biodiesel. 
Transesterication of lipids were carried out and biodiesel quality parameters i.e., viscosity (4.42 mm2/sec), specic gravity (0.869), cloud point 
(18.9oC), cetane number (60.4) and iodine number (12.7) were assessed. Research results obtained shows that optimized parameters can be 
efciently used in the high lipid production from oleaginous yeasts.
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Optimization Of Fermentation Parameters
Fermentation parameters optimization was done by using one factor at 
a time in which one parameter was changed keeping rest of the 
parameters as constant. One factor at a time is a step-by-step process in 
which one parameter was changed in each step. All the optimization 
experiments were conducted in triplicates (Marjan, 2013; Chuan – 
Chao, et. al., 2007).

Carbon Sources
Various carbon sources viz. glucose, sucrose, lactose, glycerol, starch 
and carboxy methyl cellulose were used at a concentration of 15 g/L for 
the optimization studies. Rest of the nutrients in the liquid broth and 
other parameters were kept constant. Dry biomass weight, lipid 
content and percentage of lipid accumulation were analysed for all the 
samples.The carbon source showing high yield was further optimized 
to determine the exact concentration (in g/L 10, 20, 30, 40, 50 and 60) 
(Hadeel, et. al., 2018; Alberto, et. al., 2012).

Nitrogen Sources
Nitrogen sources viz. yeast extract, (NH ) SO , NH Cl, peptone and 4 2 4 4

corn steep liquor at a concentration of 0.5 g/L was used by keeping rest 
of the parameters as undisturbed. Yield parameters like lipid content, 
lipid percentage and dry biomass weight were assessed. Nitrogen 
source showing high lipid yield was further assessed to optimize the 
appropriate concentration (g/L 0.5, 1, 1.5, 2, 2.5 and 3) required for 
high lipid content (Tamene, et. al., 2017; Hadeel, et. al., 2018).

Temperature And pH
o o o oThe effect of various incubation temperatures (20 C, 25 C, 30 C, 35 C, 

o o40 C, 45 C) and pH (5, 5.5, 6, 6.5, 7, 7.5) were studied to achieve high 
lipid yields.pH was adjusted by using 1 N HCl and 1N NaOH (Ghada, 
et. al., 2020; Shruthi, et. al., 2014).

Agitation
Effect of agitation speed on lipid production was assessed by taking 
various agitation speedsviz. 100, 120, 140, 160, 180, 200 rpm. Various 
parameters like lipid content, lipid percentage and dry biomass weight 
were checked.

Percentage Of Inoculum
Effect of inoculum percentage on the lipid production was assessed by 
taking various percentages (5%, 10%, 15%, 20%, 25%). Different 
inoculum percentages were added into individual asks containing 
100 ml of nutrient medium (Sayeda, et. al., 2019).

Harvesting Time
Harvesting time plays a key role in achieving the high lipid yield. 
Different incubation periods i.e., 24, 48, 72, 96, 120, 144 h were 
maintained. After incubation, the samples were harvested and the 
lipids were extracted by using the standard protocol. Samples were 
analysed for lipid content, lipid percentage and dry biomass.

Shake Flask Batch Trial
A shake ask trial was conducted by taking all the optimized 
parameters. 350 ml of nutrient medium was prepared by using 
optimized carbon source, nitrogen source and pH. Incubation was 
carried out as per the optimized parameters.

Analysis Of Lipids By Ftir Spectroscopy
Extracted lipid content was conrmed by the Fourier transform infra-

-1red spectroscopy. The spectrum range analysed was between 400 cm  
-1to 4000 cm . The peaks obtained were interpreted for the obtained 

function groups (Marjan, et. al., 2012).

Transesterification Of Lipids
Transesterication of lipids were carried out by taking sulphuric acid 
as the catalyst. Methanol and lipid oil were taken in the ratio of 30:1, 

okept on stirring at 160 rpm (REMI – 5 MLH) at 55 C for 5 h. Based on 
the oil weight, 80% of sulphuric acid was added and the reaction 
mixture was kept undisturbed till the layer separation occurs in the 
separating funnel. Top layer was collected with petroleum ether and 
was further evaporated to obtain pure biodiesel (Chuan-Chao, et. al., 
2007).

Testing The Biodiesel Quality Parameters
Quality parameters for the obtained biodiesel was checked to assure 
the purity. Biodiesel parameters viz. specic gravity, viscosity, cetane 
number, cloud point and iodine number were checked. All the quality 

parameters were assessed by using the standard protocols (Sasithorn, 
et. al., 2012).

RESULTS AND DISCUSSION
Oleaginous microbes are well known for their lipid accumulating 
ability. Among which, oleaginous yeast has made its mark 
industriallywith their ability to accumulate high content of lipids in 
their cells. Oleaginous yeasts deposits unsaturated fatty acids rich 
triacylglycerols which are liophylic in nature (Adalgisa, et. al.,2012). 
These microbial lipids are well notied in the industrial perspective as 
they can be widely used for biofuel production. Optimization of the 
growth conditions play a vital role in the production of lipids from 
yeasts in a large scale which interlinks with thecost-effective biofuel 
production. Various parameters like carbon and nitrogen sources, 
carbon and nitrogen concentrations show effect on the lipid 
accumulation and its physical parameters (Marjan, et. al., 2013).  With 
a motto to achieve high lipid content, various fermentation parameters 
were optimized in the current research work using one factor at a time.

Cutaneotrichosporan curvatum which was previously noticed as 
Cryptococcus curvatus was a well-known oleaginous yeast with high 
potent industrial applications. C.curvatus has the impeccable ability to 
utilize various carbon sources and can accumulate 60% of total lipids 
under nitrogen limiting condition (Thomas, 2016). The potent 
oleaginous yeast Cutaneotrichosporan curvatum BRV096 was 
collected from the Department of Biotechnology, Osmania University, 
Hyderabad. Before initiating the optimization experiments, inoculum 
was developed in the test medium g/L 15 glucose, 5 (NH ) SO , 1 4 2 4

oKH PO , 0.5 g MgSO4, 0.5 yeast extract pH – 5.5 and incubated at 28 C 2 4

for 48 h on orbital shaker (REMI CIS-24 plus) at 120 rpm (Marjan, et. 
al., 2012).

Carbon source plays a key role in the production of lipids and fatty acid 
proling of the oleaginous microbes (Tamene, et. al., 2017).In the 
present study, various carbon sources (15 g/L) like glucose, sucrose, 
lactose, glycerol, starch and carboxy methyl cellulose were used for 
screening the best carbon source. Glycerol as a carbon source showed 
good lipid content (24.3±3.4 g/L) and lipid percentage (47.09±3.8) along 
with biomass weight (51.6±3.8 g/L)followed by the glucose (biomass 
weight 49.4±4.1; lipid content 21.6±2.9; lipid % 43.7±3.2) Fig.1.

Figure 1: Optimization Of Carbon Sources

Utilization of glycerol during the fermentation process was well 
studied by researchers on several microbial genera and various 
attempts have been made in the effective utilization of glycerol in the 
production of biofuels (Salinee, et. al., 2012). Based on the obtained 
results, glycerol concentration studies were carried out by taking 
various concentrations (g/L 10, 20. 30, 40, 50, 60). Glycerol at a 
concentration of 40 g/L showed high yield (biomass weight 59.4±3.9; 
lipid content 26±4.2; lipid % 49.9±4) followed by 60 g/L (biomass 
weight 52.3±3.6; lipid content 24.1±3.6; lipid % 43.7±3.2) 
Fig.2.Adalgisa (2019) reported that, glycerol at a concentration of 40 
g/L showed 33% of lipid percentage in Candida freyschussii.

Figure 2: Glycerol Concentration Optimization Studies
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For the huge accumulation of lipids, oleaginous yeasts require less 
quantity of nitrogen and high concentration of carbon. Nitrogen plays a 
key role in deciding the accumulation of lipids. In order to achieve high 
lipid content, various nitrogen sources (yeast extract, (NH ) SO , 4 2 4

NH Cl, peptone and corn steep liquor at a concentration of 0.5g/L) 4

were selected. Among all the nitrogen sources, yeast extract showed 
high yield (biomass weight 50.1±3.4; lipid content 23.4±2.8; lipid % 
46.7±3.7) followed by the ammonium sulphateFig.3.

Figure 3: Optimization Of Nitrogen Sources

Exact required concentration of the yeast extract was further optimized 
by taking different concentrations (g/L 0.5, 1, 1.5, 2, 2.5, 3). Yeast 
extract at a concentration of 1g/L showed high lipid content and yield 
(biomass weight 51.2±3.5; lipid content 24.2±3.3; lipid % 47.2±4.3) 
followed by the 0.5 g/L Fig.4.

Figure 4: Yeast Extract Concentration Optimization Studies

Temperature and pH play a vital role in the lipid production as the 
microbial metabolism, plasma membrane permeability and cell 
growth depend on the 2 key parameters (Ghada, et. al., 2020). Effect of 

ovarious incubation temperatures (20, 25, 30, 35, 40, 45 C) and pH (5, 
5.5, 6, 6.5, 7, 7.5) ranges were studied with respect to the lipid production.  

oIncubation temperature at 25 C showed high yield (biomass weight 
52.6±3.4; lipid content 25.6±4.6; lipid % 48.6±4.3) Fig.5.

Figure 5: Optimization of incubation temperatures

Similarly, initial pH of the medium at 6.0 showed good yield with 
biomass weight 52.3±3.9, lipid content 24.8±4.3 and lipid % 
47.4±3.4Fig.6. As per the previous research reports, pH in between 5-6 
will be considered as an optimized value for the high yield production 
of lipids (Marjan, et. al., 2013).

Figure 6: Optimization of pH

In the production of lipids, speed of agitation plays a key role as it 
increases the oxygen transfer rate and nutrient utilization during the 
fermentation. In the current research work, various agitation speeds 
(100, 120,140,160,180,200 rpm) were used for optimization studies. 
Culture broth incubated at 140 rpm showed high yield (biomass weight 
52.3±3.4; lipid content 24.7±3.4; lipid % 47.2±4) Fig.7. At high rpm, 
the oxygen dissolves in the nutrient medium, increases the cell growth 
eventually leading to high accumulation of lipids. As per the research 
reports, oxygen transfer rate has positive correlation with the lipid 
accumulation (Tamene, et. al., 2017).

Figure 7: Optimization Of Agitation Speed

Rate and volume of inoculum as a pre seed plays a key role in the rapid 
cell growth and high lipid accumulation. Various inoculum 
percentages (5, 10, 15, 20, 25%) were used for the optimization 
studies. Among which 15% of inoculum showed high yield (biomass 
weight 53.4±2.9; lipid content 25.1±3.6; lipid % 47±4.3)Fig.8.

Figure 8: Optimization Of Inoculum Percentage

Similarly, harvesting time optimization studies were carried out to 
know the exact point where high amount of lipid accumulation occurs. 
Among all the harvesting times (24, 48, 72, 96, 120, 144 h) tested, 
harvesting time at 48 h showed good lipid accumulation and biomass 
yield (biomass weight 53.5±2.9; lipid content 24.8±3.8; lipid % 
46.3±3.4). This correlates with the high lipid accumulation during the 
log/exponential phaseFig.9.

A shake ask batch trial, with all the optimized parameters were taken 
to test the screened parameters. The nutrient medium used was g/L 40 
glycerol, 5 (NH ) SO , 1 KH PO , 0.5 g MgSO , 1.0 yeast extract, pH 4 2 4 2 4 4

6.0. The percentage of inoculum transfer was 15% and the agitation 
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ospeed was 120 rpm with an incubation period of 48 h at 25 C. The batch 
trial showed high lipid accumulation and biomass weight (biomass 
weight 61.2±3.4; lipid content 30.1±3.8; lipid % 49.1±2.2) which 
conrms the screened parameters.

Figure 9: Optimization Of Harvesting Time

Lipids obtained from the batch trial was assessed by using the FTIR 
spectroscopy for identifying the functional groups. Peaks in the graph 

-1 -1between 1670 cm  to 1820 cm  showed the presence of carbonyl 
-1 -1groups. Similarly, peaks between 2850 cm  to 2929 cm  showed the 

presence of methyl groups Fig.10. These results correlate with the 
results of the previous research reports and the obtained functional 
groups can be easily transesteried and converted into biodiesel 
(Marjan, et. al., 2013)FTIR can be used for the conrming and 
analysing the biodiesel production(Marjan, et. al., 2012).

Figure 10: FTIR Graph Showing The Peaks

Lipids obtained in the batch trial was further transesteried and the 
biodiesel quality parameters were assessed. Obtained biodiesel has 

2viscosity 4.42 mm /sec, specic gravity of 0.869, cloud point of 
o18.9 C, cetane number 60.4 and iodine number 12.7. All the quality 

parameters conrm the presence of biodiesel in the transesteried 
productas per United States and European biodiesel standards 
(Sasithorn, et. al., 2020)

CONCLUSION
Based on the research results obtained, it can be concluded that the 
optimized parameters can be efciently used in the high lipid 
production by using Cutaneotrichosporan curvatum BRV096. The 
optimized parameters contain medium with composition g/L 40 
glycerol, 5 (NH ) SO , 1 KH PO , 0.5 g MgSO , 1.0 yeast extract, pH 4 2 4 2 4 4

6.0. The percentage of inoculum transfer was 15% and the agitation 
ospeed was 120 rpm with an incubation period of 48 h at 25 C. Total 

lipids obtained were conrmed and analysed by using FTIR which 
revealed the presence of carbonyl and methyl groups. Lipids were 
transesteried and biodiesel quality parameters were assessed. Based 
on the biodiesel standard parameters obtained, it was conrmed that 
the product obtained after transesterication was biodiesel.
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