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Oleaginous microorganisms are able to convert carbon sources into storage lipid as intracellular lipid
droplets yielding in more than 20% lipid per dry biomass. These lipids are also known as single cell
oils (SCOs)and are produced in the stationary growth phase under nitrogen limitation with
simultaneous excess of carbon source. Yeasts are fecognized as suitable candidates for
biotechnological experiments as they have many advantages over other microbial sources. Compared
with filamentous fungi and microalgae, yeasts have a shorter duplication time and higher growth
rates. In SCO production, yeasts have a higher lipid content than microalgae and their cultivation is
easier to scale up. In the yeast fermentation process, bacterial contamination can be controlled by
conditions of low pH growth. Additionally, yeasts have the ability to utilize various types of carbon
sources for the production of biomass and lipids. Considering the depletion of crude oil, the
controversial use of plant oils for biodiesel production and the overfishing of the oceans, SCO
produced from oleaginous yeasts are considered as the suitable oil substitutes for crude, plant and
fish oil. However, microbial lipids are not yet‘economical feasible, apart from small number of
production plants for high value fatty acids, e.g. docosahexaenoic acid (DHA), eicosapentaenoic acid

{EPA) and arachidonic acid (ARA). Therefore, strategies are required to reduce the production costs

~of SCOs and to increase the productivity.

Among oleaginous yeasts, Lipomyces starkeyi has considerable potential as a viable SCO
producer due to its ability to produce high amounts of oils from hemicellulose-derived sugars
including xylose. Since hemicellulose may comprise up to a third of plant-derived biomass, using
this oleaginous yeast to produce SCO as a value-added bioconversion platform could provide
additional revenue streams for future biomass-based biorefineries. The sugars derived from
lignocellulosic biomass are mostly glucose and xylose, accordingly, oleaginous yeast strains t]ia.t
consume both glucose and xylose are preferred, and the ability to consume minor sugars such as
arabinose, mannose, or galactose is also desirable. In addition to sugars, unfortunately, inhibitory
chemical compounds (ICCs) also are generated as byproducts during biomass pretreatment, and
these interfere with microbial growth during the fermentation process. The potent ICCs released
during pretreatment are furfural, 5-hydroxymethylfurfurral (HMF), syringaldehyde, and vanillin
coupled with some cell-membrane permeative acids such as acetic acid, formic acid, and a small
fraction of levulinic acid. These inhibitors are released mainly due to the over-acid hydrolytic
degradation of cellulose and hemicellulose. The maximum concentration of each inhibitor that a
microorganism can withstand cannot be determined precisely because inhibition greatly depends on
factors such as the types of microorganisms, the fermenting process employed, and the synergistic
effect of inhibitors present in the medium. The deleterious effect of ICC on cell is considered the

most immediate technical barrier for lipid production from lignocellulose. Therefore, oleaginous
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yeasts using lignocellulose derived from sugar feedstock should not only be capable of accumulating
high levels of intracellular lipid but should also be tolerant to various ICCs. The development of
stress tolerance in oleaginous yeasts is a significant challenge for cost-competitive lipid production.
Many types of yeast can adapt to growth on medium containing inhibitor. Most studies, however,
have focused on strain tolerances in medium containing either a single inhibitor or simple mixtures
of furfural, 5-HMF and acetic acid.

Oil palm (Elaeis guineensis) is widely planted for its edible oil in tropical countries such
as Indonesia and Malaysia. The Indonesian palm oil industry has thrived in recent decades and
Indonesia has emerged as one of the world’s leading palm oil-producing countries. In general, the
palm starts bearing oil-contained fruits in 2.5 years after planted and its productivity becomes lower
after 20-25 years. Consequently, it is necessary to cut the old palms and to replant new seedlings in
plantations sites. When replanting, old palms are cut and most of them are discarded or burned on
site. Therefore, efficient ways for utilizing oil palmn trunks is desired for ideal palm plantation and
sustainable palm oil industry. Biomass generated as tree trunks from oil palm plantation are often
under-utilized and are mainly used by plantations for mulching. Due to the high moisture contents
(70-80% on the basis of the total mass), palm trunks are not appropriate as lumber which leads to
large warping after drying and only a simall percentage of trunks are utilized as plywood and
particleboard industries. Oil palin trunks (OPT) sap is rich in sugars, amino acids, organic acids,
mineral and vitamins. Sugars form the major constituent of sap and it has been reported to contain
8.3% w/v of total sugar in a freshly logged trunk. Nutrient rich sap from OPT has not yet been
commercially exploited and has high potential to be utilized as an oil palm industry waste produce
value-added products like biofuels. In addition, as OPT sap contains all the macro and mfcro
nutrients required for yeast growth, it can potentially be exploited as a yeast growth medium. With
cheap renewable carbon sources available, complete utilization of these resources are necessary to
realize the cost effective value-added bioconversion products. Hereof, employing a microbial strain
with efficiently utilizing these resources is urgently needed. Lipomyces starkeyi is a well-known
strain and promising candidate to produce SCO. This strain has the capability to accumulate over
70% of its cell biomass as lipid under defined culture conditions, and can produce lipid on various
carbon sources as well as other wastes. Several studies also have shown that L. starkeyi could
produce a considerable amount of SCO in hemicellulose hydrolysate under the presence of
inhibitory chemical compounds. As concerns of this finding, L. starkeyi can be considered a
promising oleaginous yeast platform for industrial scale production of lipid. A combined approach
has been attempted for the first time to evaluate the potential of OPT sap as a novel inexpensive

renewable carbon feedstock for SCO production.
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At the first stage of this study, L. starkeyi NBRC10381 strain was used as a platform to
evaluate cell growth and SCO production in synthetically nitrogen limited mineral media. The effect
of inoculum concentration on the cell growth and lipid production were investigated using glucose
and/or xylose as carbon source. Fermentation using glucose and xylose as mixed carbon sources
generated the highest production of biomass at 40.8 g/L, and achieved a lipid content of 84.9%
(w/w). When either glucose or xylose was used separately, the totals for achieved lipid content were
79.6% (w/w) and 85.1% (w/w), respectively. However, biomass production was higher for glucose
than for xylose (30.3 vs. 28.7 g/L, respectively). This study describes tﬁe first simultaneous
achievement of higher levels of cell mass and lipid production using glucose and/or xylose as the
carbon sources in different inoculum sizes.

A two-stage selection process was applied to eight oleaginous yeast strains from the
Lipontyces genera. In the primary selection sta ge, a nitrogen-limited mineral medium (-NMM) that
contained a mixture of glucose and xylose as a carbon source was used to evaluate the
lipid-accumulating abilities of the yeast strains. The strains L. doorenjongii, L. orientalis, and L.
starkeyi were selected as the potential strains in the primary selection. These three strains exhibited a
remarkable ability to simultaneously assimilate glucose and xylose and achieved a cell biO@SS of
more than 30 g/L. The values for lipid content in the selected sﬁains were 57.8931.92, 56.38+1.93,
and 77.14+1.55% for L. doorenjongii, L. orientalis, and L. starkeyi, respectively. In the secondary
selection, when the -NMM medium contained an inhibitory chemical compound (ICC), the selected
strains showed a different tolerance level against each of the typical inhibitor compounds. However,
L. starkeyi accumulated the highest lipid content and yield at 68.24%2.48% and 0.19+0.00 (w/w}),
respectively. L. starkeyi accumulated high levels of intracellular lipid and tolerated the ICC. The
composition of fatty acid methyl esters (FAMEs) was unaltered by the presence of ICC and the
major FAMESs consisted of oleic, palmitic, stearic, palmitoleic and linoleic acids. The results
obtained suggest the possibility for the biochemical conversion of lignocellulosic materials as major
sources of hexoses and pentoses in biomass hydrolysates that could then be efficiently converted into
lipids. Strategies for the selection of the most efficient oleaginous yeast strains should consider not
only growth and lipid production but also superior characteristics for the fermentation process that
includes sugar utilization and tolerance of lignocellulosic inhibitors.

The ability of oleaginous yeast Lipomyces starkeyi to efficiently produce lipids when
cultivated on sap extracted from felled oil palm trunk (OPT) as a novel inexpensive renewable
carbon source was evaluated. OPT sap was found to contain approximately 85 g/L glucose and 25

g/L fructose. Batch fermentations were performed using three different OPT sap medium conditions:
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fegular sap, enriched sap, and enriched sap at pH S5.0. Under ail sap medium conditions, the cell
biomass and lipid production achieved were approximately 30 g/L and 60% (w/w), respectively. L.
starkeyi tolerated acidified medium (initial pH = 3) and produced considerable amounts of ethanol as
well as xylitol as byproducts. The fatty acid profile of L. starkeyi was remarkably similar to that of
palm oil, one of the most common vegetable oil feedstock used in biodiesel production with oleic
acid as the major fatty acid followed by palmitic, stearic and linoleic acids. Results from this study
clearly demonstrate the potential of L. starkeyi as a microbial lipid producer as well as OPT sap as

an important renewable carbon feedstock for SCOs production.
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