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A R T I C L E I N F O
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Yeast lipid extraction
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Yeast cell lysis
Yeast cell wall modification

A B S T R A C T

Oleaginous yeasts are promising candidates for generating renewable fatty acid-based fuels and oleochemicals.
The quantitative recovery of the total intracellular lipid from the yeast cell is a critical step to their subsequent
analysis and development of a bioprocess. However, the scalable process for lipid recovery from either wet or dry
yeast biomass is far from commercialization. The major drawback for this is its rigid cell wall with high chitin
and mannan content, which makes the oleaginous yeast cell resistant to lysis. Multiple procedures have been
developed for the extraction of yeast lipids each with its limitations. Hence, a better understanding of the cell
wall composition and knowledge of cell wall chemistry would provide information to aid in the design of better
protocols for oil extraction. This review attempts to integrate both conventional and newly published oleaginous
yeast biomass conditioning methods from extraction protocols into a unified body of knowledge. Existing lab-
scale physical, chemical, and mechanical pretreatment methods for cell-mass were described and compared. A
road-map based on cell wall modification approach is proposed for enhanced cell harvesting and lipid extraction
from an oleaginous yeast species.

1. Background

Oleaginous microbes accumulate high levels of single cell oil (SCO)
with 20% lipid content accepted as a minimum for practical purposes of
lipid production and extraction [105]. The oleaginous property is dis-
tributed among specific genera and species of microalgae, fungi (yeasts
and molds) as well as bacteria. The high lipid-accumulating yeasts have
a unique physiology that makes them suitable candidates for the pro-
duction of biofuels [e.g., trans-esterified biodiesel (Fatty Acid Methyl
Esters; FAMEs); hydrotreated drop-in-grade biojet or green diesel] and
bio-based oleochemicals with diverse applications as lubricants and
supplements in food, feed and cosmetic industries [129,2,99,7,125].
The oleaginous yeast genera include, but are not limited to Yarrowia,
Candida, Rhodotorula, Rhodosporidium, Cryptococcus, Trichosporon, Li-
pomyces.

The initial interest in oleaginous yeasts and fungi is credited to their

ability to synthesize lipids rarely found in the plant or animal kingdom.
SCOs of oleaginous molds are more unsaturated than those accumu-
lated by the yeasts [90] and have therefore been used for production of
lipids rich in polyunsaturated fatty acids (PUFAs) of medical and nu-
tritional interests like γ-linolenic acid (GLA), arachidonic acid (AA),
docosahexaenoic acid (DHA), eicosapentaenoic acid (EPA) [27,6]. Pa-
panikolaou and Aggelis [92] discussed interesting aspects concerning
SCO production from Mortierella isabellina to present it as the perfect
precursor for the synthesis of 2nd generation biodiesel due to an
abundance of oleic acid, while it is GLA can be recovered and directed
to other usages such as dietary and pharmaceutical purposes. Various
SCOs are already commercially produced from molds such as GLA using
Mucor circinelloides (J.&E. Sturge), ARA by the mold Mortierella alpina
(CABIO) [112]. However, genetically modified yeasts with ability to
synthesize and transfer functional fatty acids into storage lipids are
preferred over filamentous fungi for commercial PUFA production, e.g.

https://doi.org/10.1016/j.fuel.2019.116292
Received 23 May 2019; Received in revised form 6 August 2019; Accepted 24 September 2019

⁎ Corresponding author at: Laboratorio de Recursos Renovables, Centro de Biotecnología, Barrio Universitario s/n, Universidad de Concepción, Concepción, Chile.
E-mail addresses: mb.khot@gmail.com (M. Khot), gouri.katre@gmail.com (G. Raut), dghosh@iip.res.in (D. Ghosh),

alarconvivero@gmail.com (M. Alarcón-Vivero), dcontrer@udec.cl (D. Contreras), ameeta@unipune.ac.in (A. Ravikumar).

Fuel 259 (2020) 116292

Available online 03 October 2019
0016-2361/ © 2019 Elsevier Ltd. All rights reserved.

T

http://www.sciencedirect.com/science/journal/00162361
https://www.elsevier.com/locate/fuel
https://doi.org/10.1016/j.fuel.2019.116292
https://doi.org/10.1016/j.fuel.2019.116292
mailto:mb.khot@gmail.com
mailto:gouri.katre@gmail.com
mailto:dghosh@iip.res.in
mailto:alarconvivero@gmail.com
mailto:dcontrer@udec.cl
mailto:ameeta@unipune.ac.in
https://doi.org/10.1016/j.fuel.2019.116292
http://crossmark.crossref.org/dialog/?doi=10.1016/j.fuel.2019.116292&domain=pdf


Single Cell Oil from Oleaginous Yeast Grown on Sugarcane Bagasse-
Derived Xylose: An Approach toward Novel Biolubricant for Low
Friction and Wear
Sheetal Bandhu,†,‡,⊥ Mahesh B. Khot,†,⊥ Tripti Sharma,†,‡ Om P. Sharma,§ Diptarka Dasgupta,†,‡

Swati Mohapatra,∥ Saugata Hazra,∥ Om P. Khatri,*,‡,§ and Debashish Ghosh*,†,‡

†Biotechnology Conversion Area, Bio Fuels Division, CSIR-Indian Institute of Petroleum, Dehradun-248 005, India
‡Academy of Scientific and Innovative Research, Chennai-600 113, India
§Chemical Science Division, CSIR-Indian Institute of Petroleum, Dehradun-248 005, India
∥Department of Biotechnology and Centre of Nanotechnology, Indian Institute of Technology, Roorkee-247 667, India

*S Supporting Information

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
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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 

M. Khot · G. Katre · S. Zinjarde 
Institute of Bioinformatics and Biotechnology, Pune, India 

A. RaviKumar (*) 
Institute of Bioinformatics and Biotechnology, Pune, India 
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Oleaginous Yeasts: Lignocellulosic 
Biomass Derived Single Cell 

Oil as Biofuel Feedstock

Neha Bansal1,2, Mahesh B Khot1,2, Arijit Jana1,2, Abhilek K Nautiyal1,2, 

Tripti Sharma1,2, Diptarka Dasgupta1,2, Swati Mohapatra3, Sanoj Kumar 

Yadav3, Saugata Hazra3,4,* and Debashish Ghosh1,2,*

1Biotechnology Conversion Area, Bio Fuels Division; CSIR-Indian Institute of 

Petroleum, Mohkampur, Dehradun, Uttarakhand India 
2Academy of Scientific and Innovative Research (AcSIR) 

3Department of Biotechnology & 4Center of Nanotechnology, 

Indian Institute of Technology, Roorkee, Uttarakhand, India

Abstract
Increasing demand for biofuels and oleochemicals is largely supported by plant-

based oils. Among biofuels, the transesterification of plant oil yields corresponding 

mono-alkyl esters of long-chain fatty acids (e.g. methyl esters, FAME) as biodiesel. 

It is currently being produced on commercial scale from edible vegetable oils but 

their use as biodiesel feedstock is receiving criticism due to low sustainability, 

conflict with food for the utilization of arable land, with high water and fertilizer 

requirements resulting in high oil price. Moreover, the feedstock price is the prin-

cipal governing factor for the economic viability of biodiesel market and accounts 

for 70–95% of the total biodiesel production cost. Hence, non-edible cost-effective 

feedstocks are now being studied to produce biodiesel in a sustainable and eco-

nomical way to avoid previous drawbacks. The use of nonedible plant oils is also 

not feasible over use of land. Microbial lipids referred to as single cell oils (SCOs) 

accumulated by oleaginous yeasts have emerged as a potential complementary 

feedstock for biodiesel production. The applications of yeast lipids as an input for 

biodiesel would be competitive with other commodity type oils only by the use of 

*Corresponding author: saugata.iitk@gmail.com; dghosh@iip.res.in
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Lipids of Rhodotorula mucilaginosa IIPL32 with biodiesel
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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.
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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.
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