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Chapter 8
Single Cell Oils (SCOs) of Oleaginous 
Filamentous Fungi as a Renewable Feedstock: 
A Biodiesel Biorefinery Approach

Mahesh Khot, Gouri Katre, Smita Zinjarde, and Ameeta RaviKumar

Abstract Single cell oils (SCOs) from oleaginous fungi are fast occupying centre 
stage as biodiesel feedstock and offer many advantages over plant- and algal-based 
oils. The biorefinery concept involves the production of SCOs along with other 
coproducts by these fungi when grown on waste agro-residue biomass. Filamentous 
fungi, in general, are able to effectively utilize this waste biomass as they have the 
capacity to produce lignocellulosic enzymes, namely, cellulase, xylanase, etc. The 
utilization of these wastes as growth substrates would not only solve the problem of 
waste disposal but also help in reducing the production cost of biodiesel. This chap-
ter deals with production of SCOs from various filamentous fungi as feedstock for 
biodiesel when grown on lignocellulosic wastes. Two important parameters to be 
considered for biodiesel production are feedstock selection and fuel properties of 
biodiesel which are strain and growth substrate specific. Approaches to improve the 
process efficiency like optimization of fermentation conditions, one-step transester-
ification and metabolic engineering as well as the physico-chemical properties of 
biodiesel are also discussed.

8.1  Introduction

Extensive utilization of coal and petroleum has forced reserves of these non- 
renewable fuels to near depletion resulting in these fuel sources becoming increas-
ingly limited and expensive to acquire. Therefore, there exists an acute need for 
alternative fuels along with sustainable methodologies for their production. These 
methodologies should be cost-effective and environment-friendly and yet produce 
high yields of quality biodiesel. Furthermore co-synthesis of other valuable 
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ABSTRACT: Yeast lipid as single cell oil (SCO) is evaluated
as an alternative renewable source of vegetable oils for a
biolubricant formulation. The Rhodotorula mucilaginosa IIPL32
yeast strain is cultivated on lignocellulosic pentosans derived
from sugarcane bagasse to produce the SCO. The chemical
composition and distribution of variable fatty acids in the yeast
SCO are characterized by NMR, FTIR, and GC × GC
analyses. The high viscosity index and a low pour point of
yeast SCO owing to the favorable composition of saturated
and unsaturated fatty acids promise its potential as a renewable
and environmentally friendly lube base oil. The yeast SCO as
lube base oil significantly reduced the coefficient of friction
(72%) and wear (24%) compared to those of conventional
mineral lube base oil (SN 150). The fatty acids in the yeast SCO formed a good quality tribo-chemical thin film on the
engineering surfaces, which not only reduced the friction but also protected the contact interfaces against wear. This study
demonstrates that yeast SCO being renewable, biodegradable, and nontoxic, provides favorable physicochemical and
tribophysical properties for good quality lubricant formulation and it can be a good alternative to the conventional mineral lube
oil-based lubricants.

KEYWORDS: Single cell oil, Yeast, Fatty acids, Biolubricant, Friction

■ INTRODUCTION

Climate change, diminishing petroleum reserves, increasing oil
demand, and rising CO2 levels in the environment are
widespread challenges and cause adverse impacts on the
ecosystem and health hazards to living beings. In this context,
bioeconomy-based energy and associated products from
renewable sources are gaining immense attention. Single cell
oil (SCO) referring to lipids of oleaginous yeast has been
studied as a source of unsaturated fatty acids for a diversified
range of applications. Recently, triacylglycerol accumulating
yeasts have emerged as a promising feedstock for fuels and
oleochemicals.1−4 The suitability of oleaginous yeasts as an
SCO source lies in their capability to produce biomass in
conventional bioreactors; no competition with food produc-
tion; rapid growth rates with high biomass and lipid
productivity; growth independent of space and facile approach
to adopt light or climatic variations; ability to utilize
lignocellulosic sugars; and ease of scale-up and amenability to
genetic manipulations, etc.5 As a result, oleaginous yeast shows

immense potential for producing SCO as an intermediate
“‘building block”’ of fuels (biodiesel and biojet-fuel), soaps,
plastics, paints, detergents, textiles, rubber, surfactants,
lubricants, additives for the food and cosmetic industries, and
other oleochemicals. SCO can be used in its native form or
converted to desired commodities and high-value specialty
oleo-chemicals through a variety of chemical, physical, and
biochemical methods.6 SCO has been successfully commercial-
ized for polyunsaturated fatty acid (PUFA) enriched specialty
oils for use in the food and supplement industries.7 The
production of yeast-derived SCO for renewable oleo-chemicals
is still in its preliminary stage and attracts immense interest for
a diversified range of applications as an alternate to edible and
nonedible oleo-chemical commodities.

Received: July 18, 2017
Revised: October 9, 2017
Published: October 31, 2017

Research Article

pubs.acs.org/journal/ascecg

© 2017 American Chemical Society 275 DOI: 10.1021/acssuschemeng.7b02425
ACS Sustainable Chem. Eng. 2018, 6, 275−283

D
ow

nl
oa

de
d 

vi
a 

U
N

IV
 D

E
 C

O
N

C
E

PC
IO

N
 U

D
E

C
 o

n 
D

ec
em

be
r 

7,
 2

01
8 

at
 1

9:
54

:4
9 

(U
T

C
).

 
Se

e 
ht

tp
s:

//p
ub

s.
ac

s.
or

g/
sh

ar
in

gg
ui

de
lin

es
 f

or
 o

pt
io

ns
 o

n 
ho

w
 to

 le
gi

tim
at

el
y 

sh
ar

e 
pu

bl
is

he
d 

ar
tic

le
s.

 

pubs.acs.org/journal/ascecg
http://dx.doi.org/10.1021/acssuschemeng.7b02425


Received: 10 October 2016 | Revised: 30 December 2016 | Accepted: 21 January 2017

DOI 10.1002/jobm.201600618

SHORT COMMUNICATION

Lipids of Rhodotorula mucilaginosa IIPL32 with biodiesel
potential: Oil yield, fatty acid profile, fuel properties
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This study analyzes the single cell oil (SCO), fatty acid profile, and biodiesel fuel

properties of the yeast Rhodotorula mucilaginosa IIPL32 grown on the pentose

fraction of acid pre-treated sugarcane bagasse as a carbon source. The yeast biomass

from nitrogen limiting culture conditions (15.3 g L−1) was able to give the SCO yield

of 0.17 g g−1 of xylose consumed. Acid digestion, cryo-pulverization, direct in situ

transesterification, andmicrowave assisted techniques were evaluated in comparison

to the Soxhlet extraction for the total intracellular yeast lipid recovery. The significant

differences were observed among the SCO yield of different methods and the in situ

transesterification stood out most for effective yeast lipid recovery generating

97.23 mg lipid as FAME per gram dry biomass. The method was fast and consumed

lesser solvent with greater FAME yield while accessing most cellular fatty acids

present. The yeast lipids showed the major presence of monounsaturated fatty esters

(35–55%; 18:1, 16:1) suitable for better ignition quality, oxidative stability, and cold-
flow properties of the biodiesel. Analyzed fuel properties (density, kinematic

viscosity, cetane number) of the yeast oil were in good agreement with international

biodiesel standards. The sugarcane bagasse-derived xylose and the consolidated

comparative assessment of lab scale SCO recovery methods highlight the necessity

for careful substrate choice and validation of analytical method in yeast oil research.

The use of less toxic co-solvents together with solvent recovery and recycling would

help improve process economics for sustainable production of biodiesel from the

hemicellulosic fraction of cheap renewable sources.

KEYWORD S

in situ transesterification, pentose utilization, Rhodotorula mucilaginous, yeast biodiesel, yeast lipid

extraction

1 | INTRODUCTION

The oleaginous yeast lipids, collectively termed as single cell
oil (SCO) has emerged as an intermediate “building block”
for renewable fuels, platform chemicals, food, and feed
ingredients [1]. However, the biofuel production (e.g.,
Biodiesel) from oleaginous yeasts is still in its infancy and

would be competitive with other commodity type oils by the
use of bio-based feedstock. Literature shows that the
agricultural wastes and agro-industrial residues as the
substrate for oleaginous yeasts can cut SCO production costs
[2,3]. The abundant availability, low-cost, and renewable
nature of the lignocellulosic biomass make it an attractive
source of sugars for SCO production from oleaginous yeasts.

J Basic Microbiol 2017; 9999: 1–8 © 2017 WILEY-VCH Verlag GmbH & Co. KGaA, Weinheim | 1www.jbm-journal.com
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h i g h l i g h t s

� A tropical oleaginous mangrove isolate A. candidus grown on waste whey.
� Optimization of acid catalyzed in situ transesterification step.
� Biomass is the predominant factor in conversion to FAME or biodiesel.
� Higher conversion or process efficiency with lower biomass loading.
� Biodiesel properties meet national and international norms.
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a b s t r a c t

This study reports optimization of the transesterification reaction step on dried biomass of an oleaginous
fungus Aspergillus candidus grown on agro-dairy waste, whey. Acid catalyzed transesterification was per-
formed and variables affecting esterification, viz., catalyst methanol and chloroform concentrations, tem-
perature, time, and biomass were investigated. Statistical optimization of the transesterification reaction
using Plackett–Burman Design showed biomass to be the predominant factor with a 12.5-fold increase in
total FAME from 25.6 to 320 mg. Studies indicate that the transesterification efficiency in terms of con-
version is favored by employing lower biomass loadings. A. candidus exhibited FAME profiles containing
desirable saturated (30.2%), monounsaturated (31.5%) and polyunsaturated methyl esters (38.3%). The
predicted and experimentally determined biodiesel properties (density, kinematic viscosity, iodine value,
cetane number, TAN, water content, total and free glycerol) were in accordance with international (ASTM
D6751, EN 14214) and national (IS 15607) standards.

� 2015 Published by Elsevier Ltd.

1. Introduction

Renewable fuel alternatives such as biodiesel are produced by
transesterification of plant, algal oils or animal fats and consist of
mono-alkyl esters of long-chain fatty acids (fatty acid methyl
esters, FAMEs). One of the challenges for commercialization of
biodiesel production is its high raw material cost especially with
respect to vegetable oils. Lipids of oleaginous filamentous fungi
(single cell oil, SCO) are emerging as a promising sustainable
feedstock for biodiesel production. Filamentous fungi possess sev-
eral advantages for SCO production, viz., produce suitable FAME
profiles composed of desirable fatty acids, ability to use a range

of renewable carbon sources and also pelleted growth for easy
downstream processing and scale-up (Meeuwse et al., 2013).

The use of renewable carbon sources especially locally available
agro-industrial waste is essential to improve the process eco-
nomics of microbial biodiesel production (Huang et al., 2013).
One such substrate is whey, a major waste obtained after the pre-
cipitation of milk casein during dairy processes. Currently, the total
world production of whey is approximately 85 million tons of
which India contributes approximately 8 million tons. Most of
the total global production of whey is disposed by land application
and direct discharge into water bodies. Such large discharge with-
out treatment causes serious environmental pollution problems
and hence the management of whey effluent is an important chal-
lenge. In this connection, controlled fermentation processes
employing whey based media have been reported to yield valuable
bio-products including ethanol, hydrogen, lactic acid and a succi-
nate based animal feed additive while simultaneously reducing

http://dx.doi.org/10.1016/j.biortech.2015.07.118
0960-8524/� 2015 Published by Elsevier Ltd.
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Abstract

Background: Single cell oils (SCOs) accumulated by oleaginous fungi have emerged as a potential alternative
feedstock for biodiesel production. Though fungi from mangrove ecosystem have been reported for production of
several lignocellulolytic enzymes, they remain unexplored for their SCO producing ability. Thus, these oleaginous
fungi from the mangrove ecosystem could be suitable candidates for production of SCOs from lignocellulosic
biomass. The accumulation of lipids being species specific, strain selection is critical and therefore, it is of
importance to evaluate the fungal diversity of mangrove wetlands. The whole cells of these fungi were investigated
with respect to oleaginicity, cell mass, lipid content, fatty acid methyl ester profiles and physicochemical properties
of transesterified SCOs in order to explore their potential for biodiesel production.

Results: In the present study, 14 yeasts and filamentous fungi were isolated from the detritus based mangrove
wetlands along the Indian west coast. Nile red staining revealed that lipid bodies were present in 5 of the 14 fungal
isolates. Lipid extraction showed that these fungi were able to accumulate > 20% (w/w) of their dry cell mass
(4.14 - 6.44 g L-1) as lipids with neutral lipid as the major fraction. The profile of transesterified SCOs revealed a high
content of saturated and monounsaturated fatty acids i.e., palmitic (C16:0), stearic (C18:0) and oleic (C18:1) acids
similar to conventional vegetable oils used for biodiesel production. The experimentally determined and predicted
biodiesel properties for 3 fungal isolates correlated well with the specified standards. Isolate IBB M1, with the
highest SCO yield and containing high amounts of saturated and monounsaturated fatty acid was identified as
Aspergillus terreus using morphotaxonomic study and 18 S rRNA gene sequencing. Batch flask cultures with varying
initial glucose concentration revealed that maximal cell biomass and lipid content were obtained at 30gL-1. The
strain was able to utilize cheap renewable substrates viz., sugarcane bagasse, grape stalk, groundnut shells and
cheese whey for SCO production.

Conclusion: Our study suggests that SCOs of oleaginous fungi from the mangrove wetlands of the Indian west coast
could be used as a potential feedstock for biodiesel production with Aspergillus terreus IBB M1 as a promising candidate.

Keywords: Mangrove wetlands, Oleaginous fungi, Single cell oil, Fatty acid methyl ester, Aspergillus terreus

Background
Biodiesel as an alternative fuel has been in the forefront
of the liquid biofuel sector for the last two decades. The
use of edible vegetable oils such as soybean, rapeseed
and non-edible oils such as Jatropha in the United
States, Europe and India, respectively, as oil feedstock
for biodiesel production needs to be augmented with

newer technologies. To meet the demand of the bio-
diesel industry, alternative oil sources are being explored
and developed. Recently, microbial lipids (single cell oils,
SCOs) accumulated by oleaginous microorganisms e.g.,
microalgae and fungi, with 20% or more of their cell
mass being composed of lipids, have emerged as a po-
tential feedstock for biodiesel production [1,2].

The applications of oleaginous fungi for biodiesel are
very few although they have several advantages over
conventional plant and algal resources as they can be
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