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ABSTRACT 
Production of lipid from oleaginous yeast using starch as a carbon source is not a common practice; 
therefore, the purpose of this investigation was to explore the capability of starch assimilating microbes 
to produce oil, which was determined in terms of biomass weight, productivity, and lipid yield. 
Saccharomyces pastorianus, Rhodotorula mucilaginosa, Rhodotorula glutinis, and fungal isolate Ganoderma 
wiiroense were screened for the key parameters. The optimization was also performed by one-factor- 
at-a-time approach. Considering the specific yield of lipid and cell dry weight yield, R. glutinis and 
R. mucilaginosa showed superiority over other strains. G. wiiroense, a new isolate, would also be a 
promising strain for starch waste utilization in terms of extracellular and intracellular specific yield of 
lipids. Extracellular specific yield of lipid was highest in R. glutinis culture (0.025 g g−1 of biomass) followed 
by R. mucilaginosa (0.022 g g−1 of biomass) and G. wiiroense (0.020 g g−1 of biomass). Intracellular lipid 
was again highest in R. glutinis (0.048 g g−1 of biomass). The most prominent fatty acid methyl esters 
among the lipid as detected by GC-MS were saturated lipids mainly octadecanoic acid, tetradecanoate, 
and hexadecanoate. Extracellular lipid produced on starch substrate waste would be a cost-effective 
alternative for energy-intensive extraction process in biodiesel industry. 
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Introduction 

In general, biodiesel has characteristics quite similar to fossil 
fuel.[1] It is biodegradable, renewable, nontoxic, and safer to 
the environment.[2] Globally, renewable biofuels such as 
bioethanol and biodiesel can reduce consumption of traditional 
fuels.[3] At present, most of the biodiesel originate from plant 
oil, but microbial oil have additional benefits like being less 
labor intensive, climate resistant, and easier to scale up.[4] 

There is also an increased focus on microbial oil due to 
their biotechnological applications such as production of 
bioplastics and utility as food ingredients.[5] Oleaginous 
microorganisms, mainly yeasts are more versatile due to their 
very simple cultural requirements as well as growth under 
aerobic conditions. The yeasts also can be grown on substrates 
with higher C/N ratio (>30) to initiate triglyceride 
accumulation within their cells.[6,7] Oleaginous yeasts were 
able to produce more than 20% of their biomass weight as 
triglycerides.[8] Under nitrogen-limiting conditions, the 
amount of lipids increased up to 70% of their biomass.[9] 

The lipids so produced possess C16 and C18 fatty acids 
esterified in the form of triacylglycerol which are similar to 
the plant-originated biodiesel.[10] However, microbial oil cost 
is higher than plant and animal oil. Therefore, there is a need 
to reduce the production cost. One such cost-reducing alterna-
tive is to utilize the carbohydrate-rich biomass as substrates to 
grow yeast.[11] In general, food wastes contain high starch 
content and can be considered a cheap and cost-effective 
substrate for microbial oil production. 

In the present work, commonly available starch sources 
were investigated as a substrate for growth of different 
oleaginous strains and their performance for the production 
of lipids was evaluated. Although, there is prior research 
demonstrating the presence of lipids in the cell of oleaginous 
yeasts, but there has been very limited comprehensive 
screening for oleaginous yeast producing lipids from real-life 
starch waste substrate like tapioca having C/N ratio 28.1 which 
is ideal for oleaginous microbes as reported by earlier 
researches.[6,7] The microbes were also evaluated to produce 
amylase enzymes which will hydrolyze the starch into 
monomers, thereby pretreatment step will be avoided. The 
microbes were screened to have consolidated system to 
preserve energy and resources of this critical step. 

Materials and methods 

p-Nitrophenyl palmitate (pNPP) and soluble starch were 
purchased from Sigma-Aldrich Inc. (St. Louis, MO, USA) 
and Merck Darmstadt Germany. All other chemicals used 
were of analytical grade. 

Yeast strains used in the study 

Saccharomyces pastorianus ATCC26602, Rhodotorula 
mucilaginosa Y-1, Rhodotorula glutinis NRRL Y-1091 were 
obtained from laboratory culture collection of Indian Institute 
of Technology, Delhi, whereas “Un” was isolated from 
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discarded starchy substrate. The cultures were maintained on 
yeast, peptone and dextrose (YPD) agar slants at 4°C and were 
regularly subcultured at an interval of 1 month. 

Identification of the isolated strain (Un) was performed on 
the basis of 18S rRNA gene sequence. Genomic DNA was 
isolated as per standard protocol and ∼600 bp PCR product 
was obtained using high-fidelity PCR Taq polymerase. The 
sequence of PCR product was compared with NCBI database. 
Taxonomic positioning and construction of phylogenetic 
tree of the isolate were done by seq. scape v5.2 software 
(Weighbor). 

Screening of yeast for oil production 

All the four microbial strains were screened for lipid 
production by growing them in YPD medium[12]; and 
subsequently screened for oil production by Nile red staining 
to detect intracellular lipid droplets by fluorescence 
microscopy.[13,14] Nile red solution was prepared under 
reduced light by dissolving 0.1 mg of Nile red in 1 mL of 
acetone. 

The broth culture was centrifuged (2000 rpm for 5 min) 
and supernatant was discarded. The cells were suspended in 
1 mL of phosphate buffer solution (10 mM pH 7.4) and the 
process was repeated two to three times. The cells were than 
stained with 10 µL of Nile red solution. The cells were analyzed 
with fluorescence microscope (Nikon DS-F12, Japan) under 
450–500 nm wave lengths. 

Cultivation of microbial strains for bio-oil production 

Preparation of inoculum 
Inoculum was prepared by transferring loop full of culture into 
YPD broth (pH 7.0) containing gram per liter: yeast extract, 
10; peptone, 20; dextrose, 20. Thereafter, the inoculated 
medium was incubated at 30°C, 120 rpm for 2 days in an 
incubator shaker. 

Culture conditions for lipid production 
Selected cultures were incubated for growth and lipid 
production both under solid-state fermentation (SSF) and 
submerged fermentation. In the case of SSF, the production 
was performed in basal medium having 0.5% ammonium 
sulfate, 0.05% magnesium sulfate, 0.01% sodium chloride, 
0.01% calcium chloride supplemented with 10% (w/v) 
starch. Five kinds of starch (cationic starch, tapioca starch, 
soluble starch, high-viscosity and low-viscosity starch) were 
investigated for oil production. 

For submerged fermentation, yeast phosphate-soluble 
starch (YPSs) medium was used.[15] This submerged 
production media contain 1.5% soluble starch, 0.4% yeast 
extract, 0.1% potassium monophosphate, 0.05% magnesium 
sulfate with 7 pH. The media were sterilized at 15 bps pressure 
for 15 min. 

All the flasks were inoculated with individual yeast broth 
culture at 1% (v/v). These inoculated flasks were incubated 
at 130 rpm and 30°C temperature for 36 days. Samples were 
collected at a regular interval of time and intracellular product 
yield of lipid (YP/S)/enzymes were recovered by sonication 

followed by centrifugation at 4000 rpm for 12 min. The culture 
filtrate was used for assay of amylase, lipase using standard 
protocols. After incubation, both in submerged and SSF 
fermentation, media filtration was performed followed by 
separation of cell biomass for intracellular lipid extraction 
process. The filtrate of this process was kept for half an hour 
in the mixture of chloroform and methanol (2:1). Subse-
quently, the extracellular lipid extraction has been performed 
following the procedure similar to that of intracellular lipid 
extraction. The oil extraction for intracellular lipid from cell 
biomass was performed using liquid nitrogen drying followed 
by vigorous maceration and sonication of the culture sample at 
40 pulses four times for duration of 3 min using Biologics inc., 
model 3000, ultrasonic homogenizer.[16] 

Amylase assay in culture filtrate 

Amylase was assayed by the method of Bernfeld,[17] using 
starch as a substrate. One milliliter of reaction mixture 
contained 500 µL of soluble starch (2%, w/v) in 50 mM sodium 
phosphate buffer (pH 7.0) containing 1% (w/v) sodium 
chloride and 500 µL culture filtrate. Reaction was performed 
for 20 min at 50°C temperature in water bath. The reducing 
sugars released were estimated using 3,5-dinitrosalicylic 
acid.[18] One unit of amylase activity was defined as the 
amount of enzyme releasing 1 µmol of maltose equivalent 
per minute from soluble starch under assay condition. 

Lipase assay in culture filtrate 

Lipase activity was estimated by pNPP as a substrate following 
the method of Kilcawley et al.[19] Mixture of 1.8 mL of 
solution containing 0.15 M NaCl and 0.5% Triton X-100 in 
0.1 M Tris–HCl buffer (pH 8.0) was preincubated at 40°C with 
200 µL of cell-free culture supernatant. Substrate (50 mM 
pNPP in acetonitrile) of 20 µL was added to the reaction mix-
ture and incubated at 40°C for 30 min. The liberated amount 
of p-nitrophenyl (pNP) was recorded at 400 nm. One unit of 
lipase activity was defined as the amount of enzyme liberating 
1 µmol of pNP per minute under standard assay conditions. 

Estimation of yeast biomass or cell dry weight 

After incubation, the biomass was filtered with membrane 
filter (0.45 µm pore) through millipore filtration system. The 
biomass accumulated at membrane after filtration was 
dried and quantified by gravimetric method for cell dry 
weight.[16] 

Disruption of cell wall for lipid quantification 

Biomass was macerated in liquid nitrogen with the help of 
mortar and pestle. The resultant biomass was then suspended 
in distilled water and sonicated under cold condition for 
3 min, 40 pulses (five times) using Ultrasonic homogenizer 
(model 3000, Biologics Inc. USA). The homogenized 
preparation was then added to 20 mL mixture of chloroform 
and methanol (2:1) and was kept for half an hour.[16] 
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Lipid extraction process 

The crude extract after filtration was collected and diluted 0.2 
times with distilled water. The diluted sample was vigorously 
mixed and was kept at rest for complete separation of the 
biphasic system. Without disturbing the interface, the upper 
phase was removed with the help of pipette. After the removal 
of upper phase, 10 mL of methanol was added to the lower 
phase, containing extracted lipid part. The lower phase was 
extracted repeatedly and collected in a preweight container. 
The container was then kept in an incubator (Shaker Lab 
therm Kuhner, Switzerland) at 37–40°C for complete 
evaporation of the solvent, and the amount was quantified 
by gravimetric method. The specific yield of lipid (YP/X) 
was represented as gram of lipid per gram of biomass.[20] 

Qualitative detection of lipids in oil 

The lipid composition of oil was determined by the method of 
Hartman and Lago by methylating the lipids into fatty acid 
methyl esters (FAME), which were detected by GC-MS 
(Agilent Technology 7889B gas chromatograph, coupled with 
mass spectrometer, USA).[21] The temperature of column 
was initially maintained at 80°C for 1.0 min, then raised to 
220°C for 8 min at the rate of 8°C min−1, followed by final 
increase to 280°C for 2.5 min at the rate of 15°C min−1. The 
sample was operated in split mode. The carrier gas (helium) 
flow rate in column was 1.0 mL min−1. Inbuilt National 
Institute of Standards and Technology standard mass spectral 
library was used for the identification of individual FAME in 
the bio-oil. 

Results and discussion 

Identification and characterization of isolated strain 

The isolated strain showed 99.9% similarity with Ganoderma 
wiiroense in 18S rDNA sequence analysis. The sequence was 
submitted to NCBI database with an Accession no. 
MF774620 NCBI. Ganoderma is a well-known mushroom 
with medicinal qualities[22] but is not being reported as an 
oil producer, as far as published literature is available.[23] 

Growth and utilization of different starch  
by selected isolates 

Five types of starch (namely, cationic starch, real-life tapioca 
or cassava starch substrate, soluble starch, high-viscosity and 
low-viscosity starch) were utilized by standard strain 
S. pastorianus and amylase activity was detected up to 36th 
day of incubation. Soluble starch was the best carbon source 
in terms of amylase activity (5.0 IU mL−1) on the 9th day of 
incubation. Soluble and tapioca starch recorded decline in 
amylase activity on 26th day (Figure 1). While higher amylase 
activity was detected in the case of cationic, high-viscosity and 
low-viscosity starch turned up after the 26th day. It is known 
that most of the yeast cannot directly assimilate starch for the 
lipid production.[24] Starch need to be degraded with the help 
of extracellular amylases in sugars for assimilation.[25] Decline 
in amylase activity after 26th day is actually demonstrated by 

slowing down in yeast metabolism and initiation of lipid 
formation process. On the basis of amylase and reducing sugar 
pattern, soluble and real-life tapioca starch substrate were 
selected as a substrate for further SSF study. The optimum 
values for tapioca waste as real-life substrate 10% amount with 
temperature 30°C and pH 5 displayed for best lipid production 
by microbe. 

FAME analysis of SSF products 

Under SSF product yield (YP/S), 1.8 g lipid g−1 of tapioca 
starch substrate was produced by G. wiiroense followed by 
soluble starch product yield 1.3 g lipid g−1 substrate by the 
same strain. The oil were used for GC-MS analysis and 
identified as octadecanoic acid (C20H40O2), ethyl 13 methyl 
tetra decanoate (C17H34O2), hexadecanoic acid (C18H36O2), 
and oleic acid (C18H34O2). Earlier researchers have reported 
the presence of palmitic (C16:0) and oleic (C18:1) acids in 
fatty acid in R. glutinis.[26,27] In biodiesel, FAME component 
contributes toward the quality of oil and ultimately decides 
the specific gravity of oil. In our study, long incubation and 
presence of lipase might have caused the degradation of fats 
into fatty acid. Therefore, further experiments were performed 
under submerged condition where lipase activity was also 
quantified along with amylase. 

Oil production under submerged fermentation  
with soluble starch 

Since soluble starch was found to be the most suitable 
substrate for induction of amylase production within 9 days, 
further experiment was performed with soluble and tapioca 
starch as a carbon source under submerged production. 
To compare the lipid production, three yeast, namely, 
S. pastorianus, R. glutinis, and R. mucilaginosa and one fungal 
isolate G. wiiroense were used in this study. Assay of amylase 
and lipase revealed that enzyme activity was highest in 
R. glutinis and lowest in G. wiiroense strain (Figure 2). Highest 
coproduction of lipase (51.18 IU mL−1 min−1) and amylase 
(0.29 IU mL−1 min−1) was recorded in R. glutinis (Figure 2), 
while lowest activity of lipase (14.64 IU mL−1 min−1) and 
amylase (0.3 IU mL−1 min−1) was detected in G. wiiroense. 
Lower value of lipase reduces the chance of lipid degradation 
resulting in better accumulation of oil. 

Estimation of microbial biomass or cell dry weight and 
product yield of lipid under submerged conditions 

The cell dry weight (g L−1) and product yield of lipid (YP/S; 
g lipid g−1 substrate) were quantified after 30 days of 
fermentation. Cell dry weight and product yield of lipid both 
had shown greater values at higher concentration during 
submerged conditions. This may be due to the easy availability 
of starch material in its monomeric forms. G. wiiroense with 
20% tapioca starch substrate and another set 25% of soluble 
starch substrate displayed highest biomass or cell dry weight 
of 0.69 g L−1 or cell dry weight yield (YX/S; g biomass g−1 

substrate) 0.79 g biomass g−1 substrate and 0.71 g L−1 or cell 
dry weight yield 0.50 g biomass g−1 substrate, respectively. 
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The product yield of lipid also follows the same trend; 
0.79 g g−1 of substrate, 0.28 g g−1 of substrate highest in 
G. wiiroense with 20% tapioca, and 25% of soluble starch 
substrate concentration (Figure 3). 

High product yield of lipid and cell dry weight yield were 
displayed in higher concentration with soluble and tapioca 
starch in the presence of G. wiiroense (in 20% tapioca starch 
substrate product yield of lipid is 0.09 g lipid g−1 of substrate, 
in 15% soluble starch substrate production is 0.07 g lipid g−1 

of substrate). With 20% tapioca 0.05 g lipid g−1 of biomass 
yield has been recorded and at par with this value 15% soluble 
starch substrate-specific yield of lipid 0.048 g lipid g−1 of 
biomass has been detected (Figure 4). Poontawee et al.,[28] 

Knot and Ghosh,[29] and Johnravi et al.[30] have determined 
lipid product yield of 0.01–0.17 g lipid g−1 of substrate. Same 
authors also estimated growth yield coefficient or cell dry 
weight (YX/S) in the range of 0.09–0.29 g biomass g−1 of 
substrate. Optimization of conditions will further increase 
the lipid product yield and specific yield (YP/X; g lipid g−1 

biomass). 
Cell dry weight, extracellular and intracellular lipid 

product yields were estimated in all four strains G. wiiroense, 
S. pastorianus, R. glutinis, and R. mucilaginosa with soluble 
starch substrate as a source of carbon. Highest cell dry weight 
0.18 g L−1 was recorded in R. mucilaginosa followed by 
G. wiiroense (0.11 g L−1) and R. glutinis (0.11 g L−1). 

Figure 1. Amylase activity production in Saccharomyces Pastorianus during solid-state fermentation of different kinds of starch. S. Pastorianus was inoculated (2%) to 
different starch substrates (10%) and were inCubated for 36 days at 30°C and 120 rpm. During the course of inCubation, amylase activities were estimated in different 
starchy substrates.  

Figure 2. Amylase and lipase activity in microbial strain under submerged fermentation of soluble starch. Soluble starch (10%) containing medium was inoculated 
with 2% of overnight-grown different microbial cultures followed by inCubation at 30°C and 120 rpm. Lipase and amylase activities were determined after 30 days of 
inCubation.  

Figure 3. Biomass and weight of lipid under the submerged condition with the 
help of Ganoderma wiiroense, strain with tapioca and soluble starch. TGW: tapioca 
starch with strain G. Wiiroense; SGW: soluble starch with strain G. Wiiroense; 5, 15, 
20, and 25: percentage of particular starch used G. Wiiroense, strain was grown 
in media containing tapioca and soluble starch for 30 days of inCubation. 
Thereafter, weight of lipid and biomass content were quantified.  
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Extracellular lipid product yield was highest in R. glutinis 
(0.025 g lipid g−1 of substrate) followed by R. mucilaginosa 
(0.021 g lipid g−1 of substrate) and G. wiiroense (0.020 g lipid g−1 

of substrate). Intracellular lipid product yield was observed 
highest in R. glutinis (0.048 g lipid g−1 of substrate), whereas 
R. mucilaginosa (0.027 g lipid g−1 of substrate), S. pastorianus 
(0.014 g lipid g−1 of substrate), and G. wiiroense displayed 
comparable amount (Figure 5). Poli et al.[16] recorded 
dry biomass of range 0.17–0.41 and total lipid of range 
0.01–0.09 g using Yarrowia lipolytica QU21. 

Identification of FAME in submerged fermentation 

GC-MS results displayed a typical trend among four strains 
(Table 1). G. wiiroense and S. pastorianus lack extracellular 
lipids, whereas they were rich in intracellular lipid content. 
Since intracellular lipid will need disruption of cell, selection 
of a strain capable of producing extracellular lipid will be more 
beneficial and economical. 

R. glutinis and R. mucilaginosa produced only extracellular 
lipids and no intracellular lipids were detected. This needed 
less energy and efforts to obtain lipid from medium. Bhosale 

and Gadre[31] reported cell growth and carotenoid production 
on starch using R. glutinis. Schneider et al.,[32] observed sig-
nificant reduction of starch assuming that R. glutinis develops 
the enzymatic system with time for utilization of starch. 

The important FAME produced under submerged con-
dition as intracellular lipids by G. wiiroense and S. pastorianus 
were methyl tetra decanoate (C15H30O2), methyl 13 methylte-
tradecanoate (C16H32O2), pentadecanoic acid (C15H30O2), 
hexadecanoic acid (C34H68O2), and dodecanoic acid 
(C14H28O2). R. glutinis and R. mucilaginosa under the same 
kind of submerged condition produced extracellular lipid 
in the form of FAME. The key FAME were methyl 13 
methyltetradecanoate (C16H32O2), cyclopentane undecanoic 
acid methyl ester (C17H32O2), methyl 18 fluro octadecanoate 
(C19H37FO2), and 9 hexadecanoic acid methyl ester 
(C17H32O2). All these standard fatty acids may result in better 
specific gravity of oil similar to vegetable oil/biodiesel.[33,34] Ali 
et al.[33] screened the lipid profile of a fungus Penicillium 
brevicompactum NRC829 and found a wide range of fatty acid 
profile. In the present study, many similar types of fatty acids 
were detected. Asghar et al.[34] did GC-MS of Iris germanica, 
the compound identified by them also matched with 
the present findings. According to Khot and Ghosh[35] 

R. mucilaginosa IIPL32 yeast produced lipid, which was found 
to be rich in monounsaturated fatty acid (MUFA), similarly in 
the present work MUFA was recorded in high percentage. The 
fatty acid composition of vegetable oil reported by Ramos 
et al.[36] has similarity with present findings, they also found 
myristic, palmitic, palmitoleic, stearic, and behnic acids. This 
type of fatty acid profile is suitable for the ideal biodiesel feed-
stock as reported by Khot and Ghosh,[35] R. mucilaginosa 
proved to be a great potential condition as a biofuel producer 
having better oxidative stability, cetane number, and cold 
flow properties on the basis of its high MUFA, with balanced 
saturated and poly unsaturated (PUFA) fatty acid esters. 

In a certain study by knot et al.,[29] Aspergillus terreus IBB 
M1 was found to produce FAME (C12-C18) by fermentation 
of copra cake under optimal conditions. The yeast/fungi can 
produce up to 30% (w/w) lipid[35,37] with sugary substrate, 
e.g., glucose or molasses within 80–120 hr.[36,38] Since starch 

Figure 4. Productivity and yield of lipid by Ganoderma wiiroense, strain under 
submerged fermentation of tapioca and soluble starch. TGW: tapioca starch with 
strain G. Wiiroense; SGW: soluble starch with strain G. Wiiroense; 5, 15, 20, & 25: 
percentage of particular starch used G. Wiiroense, strain was grown in submerged 
media containing tapioca and soluble starch for 30 days of inCubation. 
Thereafter, yield of lipid and productivity were observed.  

Figure 5. Extracellular and intracellular production of lipid by Ganoderma wiiroense, Saccharomyces pastorianus, Rhodotorula glutinis, and Rhodotorula mucilaginosa 
strains under submerged condition with soluble starch as a carbon source Different microbial cultures were grown under submerged condition using soluble starch as 
a carbon source for 30 days at 30°C and 120 rpm. Weight of biomass, and extracellular and intracellular lipids were recorded at the end of inCubation.  
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is used for the production of oil in this study, further optimi-
zation is needed to increase the productivity of lipid. 

In the present study, oleaginous yeast showed significant 
amount of extracellular fatty acids by directly assimilating 
starch and no separate step was needed for enzymatic hydroly-
sis of substrate which validates the cost-effectiveness of starch 
as a cheap source of carbon. Moreover, pelleted growth of fun-
gal strain will facilitate easier downstream processing. The 
presence of extracellular lipid also reduces the cost and energy 
consumption of long tedious extraction process for breaking 
the cell wall of microbes. Novelty to this research work is 
the report of G. wiiroense basidomycetes for intracellular lipid 
production. As per our knowledge, this is the first report of 
single-cell oil (SCO) production by basidomycetes using starch 
as a carbon source. 
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