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Abstract Application of microorganisms with ability of
using environmental wastes such as lignocellulosic materials
for converting them to high-value products is important from
economical point of view. Valuable products such as single
cell oil (SCO) have a high potential to be used in various
industrial fields including biodiesel production. Other
important products are polyalcohols like xylitol, which are
applicable in the food and pharmaceutical industries. In this
study, Rhodotorula yeast was isolated from the leaves of
Benjamin. Afterward, SCO production was evaluated in a
nitrogen-limited medium, and the obtained oil was analyzed
by gas chromatography—mass spectrometery. Moreover,
xylitol was produced in a media containing xylose and
analyzed by high-performance liquid chromatography
technique. The yeast strain was identified using polymerase
chain reaction method. SCO and xylitol production was also
evaluated in a medium containing lignocellulosic materials
and other forestry residues. This strain produced SCO and
dry biomass of 9.7 and 16.14 g/L, respectively. In addition,
in a medium with 140 g/L of xylose, xylitol production was
found to be 49.28 g/L.. Among waste materials, lipid content
0of 49 % on grass hydrolysate was found to be incredible. The
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obtained strain was identified as Rhodotorula mucilaginosa.
The results of this study show that by the isolation of yeast
with the potential of making use of waste materials, high-
value products can be obtained. Therefore, it can be con-
cluded that the mentioned bioprocess has not only environ-
mental benefits but also is very important from economical
view.

Keywords Rhodotorula mucilaginosa - Environmental
wastes - Grass hydrolysate - Forestry residues

Introduction

Microbial lipid is similar to the oil obtained from plants
and animals in terms of type and composition being com-
posed of unsaturated fatty acids (Ratledge 2005; Meng
et al. 2009; Liu et al. 2010; Papanikolaou and Aggelis
2003a). Accumulation of lipids in oleaginous microor-
ganisms occurs with starvation of nitrogen or other nutri-
ents instead of carbon (Fakas et al. 2008; Raschke and
Knorr 2009; Papanikolaou et al. 2008; Vijayakumar et al.
2010). In addition to nitrogen limitation, phosphate limi-
tation can improve lipid accumulation in oleaginous
microorganisms (Muniraj et al. 2013). There are microor-
ganisms that have an ability to produce and accumulate
high levels of lipids in their cells, among which yeasts and
fungi have received significant attention (Ratledge 2002;
Khot et al. 2012; Katre et al. 2012). Oleaginous microor-
ganisms can accumulate lipid more than 20 % of their
biomass, especially in the form of triacylglycerol (Susan
and Maugeri 2014). Lipid production in the oleaginous
microorganisms occurs in a two-stage process: In the first
stage, cell growth occurs. This step goes to the end by
eliminating some nutrition such as nitrogen. During the
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second stage, the excess amount of carbon accumulates in
the form of intracellular lipid particles (Amaretti et al.
2010). Due to the similarity between microbial oil and
vegetable oil, it is potential to be applied in biodiesel
production (Karatay and Donmez 2010; Economou et al.
2010; El-Fadaly et al. 2009). In addition, it is possible to
use these yeasts for converting lignocellulosic materials
into high-value products. Also, improving production of
single cell oil can potentially allow a novel production of
biodiesel (Pirozzi et al. 2014; Santamauro et al. 2014). This
makes them much more important from economical view
because they can produce valuable products in addition to
decreasing air pollution. Furthermore, single cell oil (SCO)
can be used in various industrial applications such as
cosmetic, pharmaceutical and nutritional sectors (Schulze
et al. 2014). Microbial-based bioconversions can be used to
obtain a variety of high-value products (Abghari and Chen
2014). Some kind of yeasts can metabolize pentoses, which
shows the ability of them to use lignocellulosic agricultural
residues and other low-cost materials. The economic value
of this process becomes even more favorable when zero or
negative waste materials are utilized as carbon source. By
this bioprocess, the lack of energy source and also air
pollution caused by fossil fuels can be solved. Various low-
cost materials were utilized for microbial oil production.
Of these materials, lignocellulosic substrate, that is the
most abundant and renewable source in nature, could be a
novel and ideal raw substrate for SCO production (Huang
et al. 2013). Renewable energy sources, such as biodiesel,
which are fatty acid methyl esters, have a lot of environ-
mental advantages as they are biodegradable and nontoxic.
The only problem of using this renewable energy sources is
the high cost of biodiesel. Using microbial oil and cheap
raw materials for its production can solve this problem
(Zheng et al. 2012; Benjamas and Louhasakul 2013; Gong
et al. 2013).

Sugar alcohols are a branch of polyalcohols that have
advantages such as low calorie, antioxidant properties,
sweetening and lowering of blood sugar. Therefore, they
are used in food industry as additives and sugar substitutes
(Granstrom et al. 2007). Xylitol is one of the polyalcohols,
which is used widely. This sugar, with a high sweetening
effect, has the same sweetness of sucrose but fewer calo-
ries, so its application in food industry such as chocolate,
sweets and drinks would be appropriate (Altamirano et al.
2000; EL-Batal and Khalaf 2004). Xylitol can be produced
by chemical reduction of xylose. This process needs to be
rendered under the expensive condition of high pressure
and temperature through aeration and purification steps. On
the contrary, xylitol production using biotechnology and
microorganisms has a great importance because of not
requiring toxic catalyst and being environmentally safe
(Cheng et al. 2010). Yeasts are very important for
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microbial conversion of xylose to xylitol and are accept-
able microbial sources to be applied in various industries
(Rao et al. 2007; Vakhlu and Kour 2006). Xylitol pro-
duction is the result of intracellular accumulation of NADH
under oxygen limitation. NADH inhibits xylitol dehydro-
genase enzyme resulting in xylitol production in the yeasts
(Granstrom 2002). Hemicellulose is main component of
lignocellulosic materials; also, it is the second polysac-
charide in the nature and a good source for xylose. The
most abundant sugar monomers in hemicellulose are
xylose compounds (Rao et al. 2008; Saxena et al. 2009).
Thereby, identification of yeast with the ability of assimi-
lating xylose and converting it to desired product would be
valuable. Rhodotorula has the ability of growing on this
carbon source and is capable of producing SCO in a
nitrogen-limited medium. Some kind of bacteria can utilize
lignocellulosic substrates and accumulate polyhydrox-
yalkanoates, but yeasts can accumulate lipid in the form of
triacylglycerol (Sandhya et al. 2013).

The goal of this study was to isolate and identify yeast
with the high potential of producing valuable products for
industrial applications. The isolated yeast was not only able
to produce high amounts of SCO in appropriate condition
but also it could produce high levels of xylitol. The
potential of converting lignocellulosic compounds to
valuable products by this strain was also investigated in
this study. This study was done in 2013-2014 at Young
Researchers and Elite Club of Flavarjan Islamic Azad
University.

Materials and methods
Isolation and selection of oleaginous yeasts

To isolate the yeasts, samples such as leaves (including
leaves of Benjamin), flowers (including sunflower) and
fruits (including almond, sesame, corn and olive) were
soaked in water at 25 °C for 3 days. Then, 0.1 mL of the
above solution was transferred to 250-mL flask containing
50 mL enrichment medium composed of 100 g/L glycerol,
1 g/L (NH4)2SO4, 1 g/L KH2P04, 1 g/L MgSO47H20 and
1 g/L yeast extract. The obtained pre-cultured yeast was
placed in a shaker at 180 rpm and 30 °C for 96 h.
Afterward, 0.1 mL of the pre-cultured yeasts were
added to the solid medium containing 20 g/L glucose, 2 g/
L (NH4),SO4. 0.5 KH,PO4, 2 g/ MgSO,4-7H,O, 0.1
CaCL, and 2 % agar and kept for 48 h at 28 °C. The
obtained colonies on the plate were purified according to
their different morphologies. To obtain pure colonies, this
process was carried out for several times. Then, the purified
colonies were kept on YPD (yeast extract peptone dextrose
agar) slants, and the new slants were prepared in every
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1-2 months. Finally, the isolates were evaluated by Sudan
black B staining (Pan et al. 2009).

Lipid production in isolated yeasts

Oleaginous yeasts were cultured in a nitrogen-limited
medium for 4 days. This medium included glucose (40 g/
L), (NH4),SO4 (2 g/L), KH,PO4 (7 g/L), NaH,PO, (2 g/
L), MgS04.7H,0 (1.5 g/L) and yeast extract (1 g/L). Fifty
milliliters of this medium was poured into a 250-mL
Erlenmeyer flask and placed on a shaker at 180 rpm and
28 °C. Before culturing in nitrogen-limited medium, the
yeasts were activated in inoculation medium containing
glucose (15 g/L), (NH4),SO4 (5 g/L), KH,PO4 (1 g/L),
MgSO0,-7H,0 (0.5 g/L) and yeast extract (0.5 g/L) grown
at 28 °C at 180 rpm for 48 h (Pan et al. 2009; Kraisintu
et al. 2010).

Lipid extraction was performed, based on Bligh and
Dyer method with few modifications (Pan et al. 2009).
Fifty milliliters of the sample was centrifuged at 6,000 rpm
for 8 min. Afterward, the yeasts were washed with 50 mL
of distilled water. Then, 10 mL of HCI (4 M) was added
and incubated at 70 °C for 2 h, and acid hydrolyzed mass
was also stirred with 20 mL chloroform/methanol mixture
(1:1) at room temperature for 2-3 h. At the end, centrifu-
gation was done at 6,000 rpm for 3 min at room temper-
ature to separate the aqueous upper phase and organic
lower phases. The lower phase containing lipid was
recovered with Pasteur pipette and evaporated in a vacuum.
Afterward, dry lipid was weighed (Pan et al. 2009). Lipid
content in each trial condition was determined by the fol-
lowing equation:

SCO productivity (lipid content)
= SCO Weight (g/L) / Cell dry weight (g/L) x 100

(Kraisintu et al. 2010).

Portions of 5 mL cultures were harvested by centrifu-
gation at 8,000 rpm for 10 min. Harvested biomass was
washed twice with 5 mL of distilled water and then dried at
70 °C to obtain constant mass. The biomass was deter-
mined gravimetrically (Sriwongchai et al. 2013; Altamir-
ano et al. 2000).

Analysis of SCO production by gas chromatography—
mass spectrometry (GC-MS)

Analysis by FTIR spectroscopy and GC-MS can show
that the obtained oil has a similar structure to the plants oil
and can be converted to the biodiesel or used for other
industrial purposes. The obtained oil was used for transe-
sterification using methanol with molar ratio of 30:1, at
55 °C and at 180 rpm for 5.5 h as a reaction time. Based on

oil weight, 80 % sulfuric acid was used as a catalyst (Liu
et al. 2004; Wu and Miao 2006). Afterward, the upper layer
containing biodiesel was separated by petroleum ether.
Fatty acid methyl esters were analyzed by GC-MS
(HP5890, seriell gas chromatography, HP 5972 mass
selective detector) (Enshaeieh et al. 2012).

Lipid production using lignocellulosic materials as sole
carbon sources

Before using lignocellulosic materials such as wheat straw,
rice bran, grass and leaves, they must be prepared by acid
hydrolysis. For this purpose, the materials were ground and
then hydrolyzed by using sulfuric acid (5 %). This diges-
tion was performed at a solid/liquid ratio of 1:8, and upon
completion of the process, it was autoclaved at 110 °C for
25 min. Afterward, the suspension was centrifuged to
remove unhydrolyzed residues (Dai et al. 2007). Ten mil-
liliter of this suspension was brought to 45 mL with sterile
water. After adjusting the pH at 6, other components (the
same as nitrogen-limited medium) were added. Five mil-
liliter of the inoculation was added and incubated at opti-
mum condition.

Effects of nutrient composition, pH, rpm, incubation
time and temperature on lipid production

Effects of nutrient composition, such as glucose and
ammonium sulfate concentration, and physical parameters,
such as pH, rpm, temperature and time of incubation, on
lipid production were evaluated. Glucose concentration
varied at 50, 70, 90, 110, and 130 g/L. Effects of combined
organic nitrogen sources (yeast extract and peptone at 1 g/
L) and inorganic compounds (ammonium sulfate and
ammonium chloride at 1 g/L) on lipid production were
investigated. Moreover, lipid production was evaluated
under different ammonium sulfate concentrations of 0.5, 1,
1.5 and 2 g/L. Other factors were variables including: pH
rates of 4, 5, 6, 7 and 8; temperatures of 20, 25 and 30 °C;
and incubation times of 24, 48, 72 and 96 h (Kraisintu et al.
2010;. Enshaeieh et al. 2013a, b; Enshaeieh et al. 2014).

Production of xylitol by isolated yeast

A loop of activated yeast was transferred to 50-mL flask of
a pre-production xylitol medium containing (g/L): xylose
40, ammonium sulfate 5, potassium dihydrogen phosphate
2, magnesium sulfate 0.5, peptone 1 and yeast extract 5
with the pH rate of 5.5, incubated at 30 °C with 180 rpm
for 48 h. Then, inoculation was transferred (5 %) into
xylitol production medium (the same as pre-production
culture), and xylitol production was assessed every 24 h for
5 days (Cheng et al. 2010).
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Initial xylose concentration for xylitol production by
yeast isolates was optimized. Xylose concentration of
80-160 g/L was investigated, and based on the production
efficiency, the best concentration of xylose for xylitol
production by this strain was selected. Xylitol production
on grass hydrolysate was also investigated.

Evaluation of xylitol production using thin layer
chromatography (TLC) and high-performance liquid
chromatography (HPLC) techniques

At first, xylitol production by the yeast strain was evaluated
qualitatively by TLC as a simple and rapid analytical
method. This method is based on segregating compounds
with polarity and molecular weight differences. Thus, the
amount of 1 pl of medium containing xylitol was placed on
TLC silica paper (60F,s4), and the paper was put in solvent
containing propanol-butanol-water with a ratio of 7:2:1. In
order to make the appearance of blemishes, the paper was
sprayed (by sodium hydroxide—potassium permanganate),
and after drying, xylitol production was examined (Zagu-
stina et al. 2001).

The amount of xylitol production by the yeast strain was
measured using HPLC. Also, the remaining amount of
xylose obtained by fermentation process was calculated
using this method. In this method, Nucleosil 100-5 NH2
amine column (manufactured by Knauer, Germany) was
used. Mobile phase was acetonitrile/water (80:20) that
passed through the column with the rate of 1 mL/min.
Refractive index (RI) detector was used, and 20 microliters
of sample was injected into the device. To measure the
unknown samples, standard samples were injected into the
system. Then, the surfaces under the curve were calculated,
and the standard curve was prepared.

Identification of the yeast by sequencing ribosomal
RNA

The isolated yeast was identified by sequencing a fragment
of genome. Primers used in this study were internal tran-
scribed spacer (ITS). The polymerase chain reaction (PCR)
was done using primers ITS1 (5 TCCGTAGGTGAACCTG
CGG3') as a forward primer and ITS4 (5TCCTCCGCT
TATTGATATGC3’) as a reverse primer (Deak et al.
2000). Purity and relative size of the PCR products were
obtained on agarose gel (1.5 %), and then, the sequence
was determined and searched in NCBI Site to identify the
genus and species of yeast. PCR included three stages: the
initial denaturation (at 95 °C for 5 min), 30 cycles (at
95 °C for 30 s, at 55 °C for 30 s and at 72 °C for 1 min)
and the final extension (at 72° C for 10 min).

’r @ Springer

Results and discussion

Ten out of the 70 isolated yeasts were oleaginous. The
oleaginous yeasts, stained by Sudan black B, had black
lipid granules which were observed under optical micro-
scope. These strains were selected for lipid extraction. The
result of lipid extraction has been indicated in Table 1. The
F colonies were used for further investigations and iden-
tified by PCR method.

Identifying the yeast by sequencing ribosomal RNA

Fragments obtained from the yeast after PCR were used on
agarose gel electrophoresis to determine the relative size
and purity of them. The length of obtained fragments was
different from that of primers ITS1 and ITS2 in various
yeasts including “a part of ITS2-5.8stRNA- ITSI1-
18srRNA and a part of 28srRNA.” Figure 1 shows the
agarose gel electrophoresis of PCR products of yeast iso-
lated in this study. Rhodotorula mucilaginosa was identi-
fied after sequencing and matching the specified isolation
on NCBI site.

Lipid analysis by GC-MS

The result of GC-MS shows the potential of microbial oil
for industrial applications. Composition of fatty acid
methyl esters was as follows: myristic acid (C14:0) 1.98 %,
palmitic acid 16.62 % (C16:0), stearic acid (C18:0)
1.63 %, oleic acid (C18:1) 69.45 %, linoleic acid (C18:2)
5.78 %, o-linolenic acid (C18:3) 0.3 % and very low
concentration of other fatty acid methyl esters (trace fatty
acids 4.24 %). Microbial oil is a good feedstock for bio-
diesel production by being dominated by monounsaturated

Table 1 Lipid production (g/L), dry biomass (g/L) and lipid pro-
ductivity (%) in isolated yeasts

Name of Lipid Dry biomass Lipid productivity
colonies (g/L) (g/L) (%)
A 1.93 8.72 22.13
B 3.14 13.12 23.93
C 2.16 9.34 23.12
D 1.89 8.70 21.72
E 2.67 11.13 23.98
F 6.17 17.82 34.62
G 1.94 8.16 23.77
H 0.81 3.89 20.82
I 1.71 7.53 22.70
J 1.92 8.37 22.93
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Fig. 1 Image of gel electrophoresis of PCR products of isolated
strain. L Ladder (Fermentas, 100 base), — negative control (distilled
water), and 1 Rhodotorula mucilaginosa

C16 and C18 fatty acids (Amaretti et al. 2012; Tanimura
et al. 2014). Mattanna et al. (2014) analyzed the fatty acid
profile of sixteen oleaginous yeasts, and the highest fatty
acid was oleic acid in all of the evaluated yeasts.

Optimization of microbial lipid production

Table 2 shows the results of optimization of various
parameters influencing lipid production. At each trial, only
one factor is variable and the others are constant as in one
factorial method. The selected amount was used for the
next step. During each production process, optimization
would be necessary to raise the efficiency and reduce the
cost. Optimization cause less time-consuming and also less
cost is required, so it becomes valuable from economical
point of view. It was shown that optimization of chemical

parameters such as carbon and nitrogen sources, carbon
concentration and ammonium concentration can effect on
lipid production in oleaginous yeasts (Enshaeieh et al.
2013b). Also, the effect of different carbon sources such as
glucose, xylose, glycerol and rice bran and different
nitrogen sources such as yeast extract, peptone, urea,
(NH4),SO, and NH,Cl was investigated on lipid produc-
tion (Enshaeieh et al. 2012). In another research, the effect
of physical parameters on lipid production by oleaginous
yeasts was evaluated (Enshaeieh et al. 2013a); so medium
composition and fermentation condition have much effect
on lipid production.

Lipid production using lignocellulosic materials

The results of lipid production on xylose and lignocellulosic
materials in optimized condition are presented in Table 3.
The results obtained in this study were excellent and
showed high potential for lipid production by the evaluated
yeast strain. Dai et al. (2007) used rice and corn straw and
the yeast Rhodotorula glutinis for lipid production and
achieved the highest lipid content of 11.78 %. In this study,
lipid production by R. mucilaginosa on xylose, grass and
leaves hydrolysate was 8.1, 7.5 and 6.8 g/L, respectively.
Lipid productivity (lipid content) of this strain on these
substrates was 51.33, 49.02 and 45.12 %, respectively. Pan
et al. (2009) isolated yeast strains capable of assimilating
xylose and lipid production. Among the 13 strains isolated
by them, the highest amount of lipid production was
5.68 g/L (23.3 %) in a medium containing 40 g/L xylose.

Evaluation of xylitol production using TLC technique

This strain is capable of producing xylitol from xylose after
24 h. Produced xylitol in the third day was evaluated by
TLC, and the result is shown in Fig. 2 (10 g/L xylitol was
used as control).

Analysis of xylitol production by HPLC

HPLC method was used in order to measure and validate
the amount of xylitol production. The amount of residual
xylose in fermentation process was calculated using this
method. The biomass can also be seen in Fig. 3. Using
HPLC method, the maximum xylitol production by the
strain was determined to be 25.32 g/L on the third day. The
results show that the measured value in colorimetric assay
was consistent with HPLC method.

Optimum concentration of xylose for xylitol production

Carbon source was optimized in order to increase the
xylitol production in R. mucilaginosa. The results showed
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Table 2 Lipid production, dry biomass and lipid production of
Rhodotorula mucilaginosa

Table 3 Lipid production on agricultural residues as sole carbon
sources

Conditions Lipid Dry Lipid Condition Lipid Biomass Lipid
production biomass production production (gL™h productivity (%)
(g/L) (g/L) (%) @L™
Glucose concentration (g/L) Xylose 8.1 15.78 51.33
50 4.35 13.55 32.1 Wheat straw 59 13.84 42.63
70 5.46 14.18 385 Rice bran 6.2 16.21 38.24
90 6.58 14.78 44.52 Grass hydrolysate 7.5 15.30 49.02
110 5.87 14.67 40.01 Leaves hydrolysate 6.8 15.07 45.12
130 5.12 13.58 37.7
Nitrogen source (g/L)
Yeast extract and 6.97 14.86 46.9
ammonium sulfate (1)
Yeast extract and 6.45 14.33 45.01
ammonium chloride
()]
Peptone and ammonium 5.9 13.65 43.22
sulfate (1)
Peptone and ammonium  5.25 12.65 41.5
chloride (1)
Ammonium sulfate concentration (g/L)
0.5 5.68 13.08 43.42
1 6.9 15.23 453
1.5 5.45 13.29 41
2 4.67 11.91 39.21
pH
4 6.2 13.27 46.72
5 7.76 15.36 50.52
6 7.5 15.3 49.02
7 55 13.38 41.1
8 4.1 10.43 39.31
Temperature (°C)
20 7.8 152 51.31 X S
25 8.1 14.03 57.73
30 6.9 14.08 49 Fig. 2 TLC of xylitol production by Rhodotorula musillaginosa.
Bond of xylitol produced by yeast (S) versus standard band (xylitol)
Time of incubation (h) (X)
24 6.75 13.55 49.81
48 7.89 14.88 53.02
72 9.7 16.14 60.09 of xylose concentration led to higher fermentation time
96 8.85 15.18 58.3 (Table 4). Xylitol production on grass hydrolysate was

that increase of xylose concentration from 80 to 140 g/L
caused higher xylitol production in R. mucilaginosa, while
further increase of xylose concentration reduced the xylitol
production. Considering the production based on sugar
consumed (Yp/s: 0.59 g/g) and cell mass (Y p/x: 3/35 g/g),
the best concentration of xylose for xylitol production by
R. mucilaginosa was obtained to be 140 g/L. The maxi-
mum amount of xylitol (49/28 g) was obtained at this
concentration of sugar. It was also revealed that increasing

* @ Springer

20.65 g/L and showed the great potential of this yeast in
assimilating and converting hydrolysate to valuable pro-
ducts. Ikeuchi et al. (1999) concluded that the effect of
initial concentration of xylose increased from 50 to 300 g/
L for optimization of xylitol production in Candida 599-9.
In their study, the best sugar concentration was 200 g/L, in
which 173 g/L of xylitol was produced. Cheng et al. (2010)
evaluated the effect of xylose concentration increase on
xylitol production by strain Candida tropicalis W103 iso-
lated from soil. They found out that the best xylose con-
centration was 120 g/L. with a yield of 0.73 g/g and the
xylitol of 87.1 g/L. As these studies show, the influence of
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the initial xylose concentration on xylitol production
depends on type of yeast strain as well as culture conditions
(Mussatto and Roberto 2008).

Application of microbial lipid as an alternative source of
oil and fat for human was considered in the early twentieth
century. The oil stored in yeast can be used for three dif-
ferent purposes: (1) The oil being rich in essential unsat-
urated fatty acids has potential to be applied in dietary
supplements. (2) Composition of the oil is similar to cocoa
butter, and it can be used instead. (3) The oil is a renewable
source, and can be used in biofuel production (Beopoulos
et al. 2008). Effectiveness of each substrate for lipid
accumulation is highly dependent on the type of microor-
ganisms and fermentation conditions. Effective substrate
for lipid accumulation in microorganisms can be detected
by doing experiments (Fakas et al. 2008).

Rhodotorula mucilaginosa had a high potential for lipid
synthesis. Lipid content and lipid production of this strain
were 60.09 % and 9.7 g/L on glucose, respectively. (Lee-
sing and Baojungharn 2011) isolated oleaginous strain
Torulaspora globosa YUS5/2 and reported lipid production
of 4.16 g/L in nitrogen-limited medium with 80 g/L glu-
cose as a carbon source. Most of investigations on lipid
production focus on glucose, but the high cost of this
substrate persuades much effort to find low-cost carbon
sources such as lignocellulosic materials and also oleagi-
nous yeasts that can utilize this substrate (Enshaeieh et al.
2012). SCO production from lignocellulosic materials

containing xylose attracted a lot of attention, and yeast
strains with the ability of using xylose in lignocellulosic
hydrolysate have potential for industrial application. In
lignocellulosic hydrolysate, there are some inhibitors such
as furfural and formic acid that limited yeast growth and
decrease lipid production comparing with lipid yield on
xylose (Zhao et al. 2012). Table 5 shows a comparison on
lipid production of different oleaginous yeasts on ligno-
cellulosic substrates. Comparison of Tables 3 and 5 shows
different potential of oleaginous yeasts in converting lig-
nocellulosic mass to intracellular lipid.

The best lipid production in the yeast R. mucilaginosa
was obtained on glucose as a carbon source. Fei et al.
(2010) reported that many studies had been done on lipid
production in the oleaginous microorganisms on glucose as
a carbon source. Vijayakumar et al. (2010) evaluated the
effect of different carbon sources such as glucose, fructose
and sucrose on lipid production in Rhodotorula glutinis,
Rhodosporidium toruloides and Lipomyces starkey. Among
the various carbon sources, glucose produced higher bio-
mass and lipid contents. Among the yeast strains evaluated
by them, Rhodotorula glutinis exhibited a higher lipid
production and biomass of 2.43 and 10.21 g/L on glucose,
respectively. Some microalgae can accumulate lipid by
CO, as carbon source which makes them good candidate
for biodiesel production (Huang and Su 2014), but yeasts
have high growth rate, can accumulate lipid in separate
lipid bodies, can use low-cost fermentation media, also less

Table 4 Effect of xylose concentration increase on xylitol production by strain Rhodotorula mucilaginosa

Xylose concentration (g/L) Time (h) Biomass (g/L) Sugar consumed (g/L) Xylitol (g/L) Y ps (g/2) Y pix (g/g)
80 192 12.8 74.29 34.28 0.46 2.67
100 192 13.2 77.15 37.14 0.48 2.81
120 192 13.7 80 44.28 0.55 3.23
140 192 14.7 82.86 49.28 0.59 3.35
160 192 12.2 57.16 31.42 0.54 2.57

Y pss (g/g): ratio of xylitol produced (g/L) to the amount of sugar consumed (g/L). Y p/x (g/g): ratio of xylitol produced (g/L) to the amount of

cell biomass (g/L) (Mussatto and Roberto 2008)
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Table 5 Comparison of lipid production between oleaginous yeasts
on different lignocellulosic substrate

Yeast strains Carbon source Lipid References
content
(%)
Tricosporon Rice straw 40.1 Huang et al.
fermentens (2009)
Rhodotorula Papulus leaves 34.16 Tao et al.
glutinis (2010)
Cryptococcus Wheat straw 33.5 Yu et al.
curvatus (2011)
Yarrowia Sugar cane 58.5 Tsigie et al.
lipolytica hydrolysate (2011)
Mortierella Rice hull 51.2 Economou
isabellina hydrolysat et al. (2011)
Yarrowia Sugarcane bagasse  58.5 Tsigie et al.
lipolytica hydrolysates (2011)
Polg
Trichosporon corncobs 40.1 Huang et al.
dermatis hydrolysates (2012)

labor is required and scaling up is easier. These advantages
attracted lots of attentions to oleaginous yeasts (Li et al.
2008).

The best concentration for carbon source in the yeast R.
mucilaginosa was obtained at 90 g/L. Syed et al. (2006)
reported that increase of glucose concentration resulted in
decrease of dry biomass. This could be due to intolerance
of yeast cells to high concentrations of glucose which could
intrinsically increase the osmotic potential. (Leesing and
Baojungharn 2011) reported the highest lipid production in
glucose concentration of 80 g/L and showed that further
increase of glucose concentrations had an inhibitory effect
on lipid production. The highest lipid production in R.
mucilaginosa was obtained at pH 5, temperature of 25 °C
and in 72 h. Some oleaginous yeast such as Yarrowia li-
polytica can use their lipid storage after 72 h, however,
carbon source in still in the medium (Papanikolaou et al.
2001). This microorganism showed the tendency to
degrade its storage lipids, although high carbon source
remained unconsummated in the culture medium, and this
phenomenon is called lipid turnover (Papanikolaou and
Aggelis 2003, 2011). Lipid production in the evaluated
yeast in this study starts to decrease after 72 h which
maybe has the same reason. Zhu et al. (2008), Easterling
et al. (2009), Li et al. (2005) reported that lipid production
capability was affected by the pH of medium, and the best
pH for yeast cells is between 5 and 6. Dai et al. (2007)
optimized the cultivation condition for the yeast Rhodo-
torula glutinis and reached the highest content of 49.25 %
at 28 °C and pH of 5 on glucose as a carbon source.

Considering the disadvantages of chemical method,
microbial production of xylitol would be a good

’r @ Springer

alternative. Xylitol is usually produced by the microor-
ganisms that consumed xylose. The most important factor
affecting the production of xylitol is the initial xylose
concentration. Bura et al. (2012) reported that yeast strain
R. mucilaginosa PTD3 was isolated from poplar stems
capable of producing xylitol with a yield of 67 % from
150 g/L xylose. In this study, the effect of different xylose
concentrations on xylitol production by R. mucilaginosa
was investigated, and the results showed that increase of
xylose concentrations could stimulate the increase of
xylitol production and lead to longer fermentation time. By
this strain, the best concentration of xylose for xylitol
production was found to be 140 g/L, and xylitol production
at this concentration was 49.28 g/L.. Moreover, higher
increases led to the reduction in xylitol production which
was due to the osmotic pressure of xylose concentrations.
In most of the studies, the carbon source xylose has been
used as a substrate for xylitol production. Xylose is also an
abundant sugar in hemicellulosic hydrolysate. Xylitol
production from lactose using whey was done by a three-
step process as well (Toyoda and Ohtaguchi 2009).

Conclusion

The prominent aspect of this study is the isolation of the
yeast strain with potential to be applied in different
industrial cases. The yeast strain isolated in this study has
the potential to produce SCO in a nitrogen-limited medium
and to produce xylitol in a medium containing xylose. Both
SCO and xylitol being extremely valuable materials can be
applied in various fields. This strain bears the potential of
using hydrolysis of lignocellulosic materials which rely on
xylose as a main component. This ability is very important
from an environmental point of view. Optimization of
physical and chemical parameters can lead to higher pro-
duction and, by changing the medium condition, can con-
vert the yeast to a desired product. Isolation of such yeast
with a high potential for production of important bio-pro-
ducts can be very valuable from an economical point of
view.
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