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Abstract
Oleaginous yeast such as Rhodotorula toruloides is a promising organism for
production of lipids from lignocellulosic substrates. Microbial lipids have
potential applications in energy, food, feed and pharmaceutical industry, because
most of the lipids are triglycerides with long chain fatty acids that are comparable
to typical vegetable oils and can be obtained without arable land requirement. This
study investigated lipid production in the batch cultivation over time by the yeast
Rhodotorula toruloides. Furthermore, the composition of fatty acids and lipid
classes were analyzed by using gas chromatography (GS) and thin layer
chromatography (TLC), respectively. Under the batch cultivation over time,
maximum lipid content 34% of the cell dry weight was obtained on the day 5 and
6. However, interestingly polyunsaturated fatty acid (PUFA), omega-3 fatty acid
(n-3) and omega-6 fatty acid (n-6) compositions on day 6 is higher than day 5.
Through analyzing of total lipid compositions and TAG analysis, the most
abundant fatty acids are oleic acid (C18:1), palmitic acid (C16:0) and linoleic acid
(C18:2), which are useful precursors for conversion to biofuel production.
A higher n-6/n-3 ratio is observed during total lipid and triglyceride analysis,
however, a lower ratio is advantageous in order to avoid negative impacts on
human or animal health, if the oil is used for food or feed. The potentialities of
lipids accumulation on shorter culture time and culture conditions are the key
elements for the success of scale-up and profitability bioprocess.
Keywords: Rhodotorula toruloides, Fatty acids, Lipid class, Triglycerides,
Phospholipid, Gas Chromatography.
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Popular-scientific summary
Lipid content and profile of Rhodotorula toruloides during fermentation
When yeasts are able to accumulate lipids greater than 20 % of their cell dry weight
then they are generally regarded as the oleaginous yeasts. The most of the interest of
oleaginous yeast is that they often store gas prodcutionexcess carbon as triglycerides
(TAGs). The main lipid classes are TAGs and sterol esters (SEs) which produced by
the oleaginous yeasts. Triglycerides are the form of fat energy which is present as
storage lipids in yeasts and Phospholipids (PL) are the key component of yeast cell
membranes.
Among many oleaginous types of yeast, Rhodotorula toruloides may accumulate
lipids to levels exceeding 70 % of their cell dry weight. R. toruloides yeast might be
utilized in various industrial markets such as biofuels production, carotenoids,
enzyme production and biosurfactants (Lyman et al., 2019). It is an important
economic consideration of the ability to produce lipids from low cost substrates such
as hemicellulosic hydrolysates and raw glycerol for successfully commercial
production of lipids. This yeast can be cultivated efficiently on low cost carbon
sources such as lignocellulose. Some vegetable oils (VO) such as palm and soybean
oil have a high greenhouse effect with their production. Microbial oils or microbial
lipids are mainly TAGs and they can replace traditional vegetable oils and can obtain
without arable land requirement. Microbial lipids have potential applications in
biodiesel production and even for food purposes, aside from oil; also proteins can be
used in aquaculture and poultry industry. Moreover, R. toruloides is a natural
producer of carotenoids and they are used as nutritional supplements, dye in dietary
supplements, pharmaceuticals and cosmetic industries.
Yeasts are capable of synthesizing the fatty acids species which may be saturated fatty
acids (SFA), monounsaturated fatty acids (MUFA) and polyunsaturated fatty acids
(PUFA), depending on the presence and number of double bonds in hydrocarbonated
chains. This study has to investigate lipids synthesized by using Rhodotorula
toruloides yeast produced on lignocellulose medium in batch cultivation and fatty
acids analysis and lipid class separation by using gas chromatography (GC) and thin
layer chromatography (TLC), respectively. R. toruloides preculture has grown on to
lignocellulose medium in batch cultivation in a fermenter and the cell has harvested at
day0 up to day6 and freeze dried until lipid extraction for fatty acids analysis.
The present study showed that the lipids are increasing over time and lipid percentage
reached 34 % on day, day5 and day6. Lipid composition has analyzed at over time
between day0 to day6 using gas chromatography and the fatty acids proportions of
oleic acid (18:1n-9), palmitic acid (16:0) and linoleic acid (18:2n-6) are the first,
second and third highest respectively. In general, MUFA is decreasing over time and
PUFA is increasing after day2 to day6. TAG and phospholipids (PL) have been
separated and run through gas chromatography to understand the changes of fatty
acids profiles and lipid classes. The degree of fatty acids proportions are observed the
same as total lipid analysis and linolenic acid (C18:3n-3) is lower and ratio of linoleic
acid (C18:2n-6)/linolenic acid (C18:3n-3) is higher in the triglyceride compare to
phospholipid. A low n-6/n-3 (omega-6/omega-3 fatty acids) ratio is advantageous to
avoid negative effects on health. Lipid classes have been evaluated through thin layer
5

chromatography to understand the fate of individual fatty acids. TAG is the highest
portion and a high Tag/PL ratio is observed during the lipid class composition
analysis, which suggested that the lipids are stored in giant lipid droplets rather than
the cell membrane. To recognize yeast strain and optimization of fermentation
conditions are the major topic of ongoing research that has a possibility to positively
influence the fatty acids compositions and also the n-6/n-3 ratio.

6

Table of contents
List of tables……………………………………………………………..

8

List of figures……………………………………………………………

8

Abbreviations……………………………………………………………

9

Introduction……………………………………………………………...

10-12

Materials and Methods………………………………………………….

13-14

Results.…………………………………………………………………... 15-18
Discussion...……………………………………………………………... 19-20
Conclusion……………………………………………………………...

21

References………………………………………………………………

22-26

Acknowledgements……………………………………………………..

26

7

List of Tables
Table 1 Result overview of the Rhodotorula toruloides lipid weight (n=2)
with lipid yield (mg) & lipid percentage from day 0 to day 6

15

Table 2. The proportion (%) of individual fatty acids (n=2) for R. toruloides 16
during day 0 to day 6
Table 3. Fatty acid composition (%) of TAG (n=2) for R. toruloides during
day 0 to day 6

16

Table 4. Fatty acids composition (%) of PL (n=2) for R. toruloides during
day 0 to day 6

17

List of Figures
Figure 1. A general molecular structure of triacylglycerol (TAG) and sterol
esters (SE)

10

Figure 2. Illustration of the intracellular lipid accumulation in Rhodotorula
toruloides over time monitored using a microscope

11

Figure 3. Individual fatty acids composition in total lipids for R. toruloides
during day 0 to day 6 with SFA, MUFA, PUFA, n-3, n-6 & n-6/n-3

15

Figure 4. Lipid class composition of total lipids from R. toruloides using

18

TLC with PL, MAG, 1,2DAG, Sterols, FFA & TAG

8

Abbreviations
FA
PL
CDW
SFA
MUFA
PUFA
SE
TAG
n-3
n-6
n-6/n-3
MAG
1,2DAG
C14:0
C16:0
C16:1(n-7)
C17:1
C18:0
C18:1(n-9)
C18:2(n-6)
C18:3(n-3)
C20:0
C22:0
C24:1
C22:4(n-6)

Fatty acids
Phospholipid
Cell dry weight
Saturated fatty acid
Monounsaturated fatty acid
Polyunsaturated fatty acid
Sterol esters
Triglyceride
Omega-3
Omega-6
n-6/n-3 PUFA
Monoglyceride
1,2-Diglyceride
Myristic acid
Palmitic acid
Palmitoleic acid
Heptadecenoic acid
Stearic acid
Oleic acid
Linoleic acid
Linolenic acid
Arachidic acid
Behenic acid
Nervonic acid
Adrenic acid

9

Introduction
Many oleaginous microorganisms such as bacteria, fungi and microalgae are used
as lipid producers, the oleaginous yeasts as lipid producers have potential
advantages over many other microorganisms because of their more rapid than
others growth, high cell biomass, high content of lipid and no endotoxin
production (Wang et al., 2012). For instance, their duplication time is short (<1h),
they can obtain high cell biomass in the culture (>20 g/l) and high lipid content
(>50 % based on their cell dry weight), they can be easily modified by genetic
engineering and use an extended range of substrates and a large-scale
fermentation using them can be easily executed (Manuel et al., 2011 & Sitepu et
al., 2014).
Lipids are dominant as the energy storage substance and prerequisite for cell
integrity as the cell membrane and all membranes of organelles are mainly formed
by lipids. Lipids contain many classes such as triglycerides, free fatty acids,
hydrocarbons, sterols and phospholipids (Akpina-Bayizit, 2014). However, the
main lipid classes produced by the oleaginous yeasts are triglycerides (TAGs) and
sterol esters (SEs) (Figure 1) and all the TAGs and SEs are accumulated in the
lipid particles in the oleaginous yeast cells (Figure 2) (Wang et al., 2015).
Microbial lipids are also termed as microbial oils which are mainly made up of
triglycerides and they have many potential biotechnological applications
(Ochsenreither et al., 2016).

Fig 1. A general molecular structure of triglyceride (TAG) (R1, R2 & R3 are
individual fatty acid moieties) (A) and a general molecular structure of sterol ester
(SE) (R is a fatty acid moiety) (B).
Oleaginous microorganisms are defined as cells which can accumulate more
than 20 % lipids of their dry biomass, are promising cell factories with great
potential for biodiesel production (Passoth, 2014; Ratledge and Wynn, 2002).
They are able to accumulate over 40 % and up to 70 % of its dry biomass in lipids
and can be grown to high cell densities (Garay et al., 2016 & Li et al., 2007). The
capability of accumulating lipids is attracting growing attention, as they can be
used in a wide range of biotechnological applications, such as, to generate
biofuels, chemicals or food and feed additives. Several important chemicals for
instance, n-3 fatty acids, fatty alcohols, alkanes or carotenes can be derived from
10

the lipid metabolism (Sitepu et al., 2014; Mata-Gomez et al., 2014; Ochsenreither
et al., 2016; Passoth, 2017).

Fig 2. Illustration of the intracellular lipid accumulation in Rhodotorula
toruloides over time monitored using a microscope. Photo by Jule Brandeburg.
Microbial lipids are one fatty acid source that is also considered to be a
potential feedstock for oleochemical production (Unrean et al., 2017). The most
promising microbes for biofuel production are oleaginous yeast, characterized by
their significant accumulation of fatty acid in the form of triglycerides and its
useful precursors for conversion to biodiesel, green diesel and jet fuel (Kruger et
al., 2018 and Nogue et al., 2018). The ability to produce lipids and high value coproducts from a low cost substrate is an important economic consideration when
producing biodiesel from microbial oils (Koutinas et al., 2014). The potential lowcost substrates for microbial oil production are hemicellulosic hydrolysates and
raw glycerol. In aquaculture it is possible to replace vegetable oil by yeast oil
produced from lignocellulose. Single cell oils or microbial oils have the capability
as an inherent replacement for vegetable oil in biodiesel production and even for
food purposes (Passoth, 2017; Ochsenreither et al., 2016; Sitepu et al., 2014).
The yeast Rhodotorula toruloides, formerly known as Rhodosporidium
toruloides is an oleaginous microorganism that has recently been considered a
workhorse for biotechnological applications. It has been found to be an
exceptional storage lipid producer due to high cellular lipid content of over 70 %
and high cell density of 100 g/L (Freitas et al., 2014 & Zhao et al., 2010). Also, R.
toruloides is a natural producer of industrially high-value compounds for instance
carotenoids (Park et al., 2017). These can be cultivated efficiently on low-cost
carbon sources such as lignocellulose (Brandenburg et al., 2018; Passoth &
sandgren, 2019). Interest in carotenoids has increased substantially due to the
benefits to human health and also to animal feeds, caused by the growth of certain
areas such as agriculture, especially aquaculture and poultry industry (Johnson &
Schroeder, 1995; Britton & Hornero-Mendez, 1997). Moreover, they are used as
nutritional supplements (Fraser & Bramley, 2004), dye and as an ingredient sun
tanning creams in the pharmaceutical and cosmetic industries (Kort et al., 2016 &
Jomova & valko, 2013). In addition, this strain is capable of metabolizing various
substrates (Papanikolaou and Aggelis, 2011), including non-detoxified
lignocellulosic hydrolysates (Bonturi et al., 2017).
Vegetable oils (VO) are known causing large environmental impacts and are
also regarded as the fastest growing food commodities worldwide (Khatri & Jain,
2017). Some vegetable oils have a high greenhouse effect associated with their
production, such as palm and soybean oil. They are assessed to emit more than
2000 kg CO2 equivalents per ton produced and considerable areas of arable land
are used for producing vegetable oils (Schmidt, 2015). It is possible to convert
lignocellulose to a feed component, which can be utilised as a replacement of
most vegetable oil as an energy source in e.g. aquaculture (Blomqvist et al.,
11

2018). Microbial lipids have potential applications in biodiesel production
because most of those lipids are triglycerides with long chain fatty acids that can
replace conventional vegetable oils and can be obtained without arable land
requirement (Li et al. 2008; Adamczak et al. 2009 & Vicente et al. 2010).
Furthermore, the yeast cells contain, aside from oil, also proteins and other
components that can be made use of the fish, which was described by (Pettersson
et al., 2009). Blomqvist et al., 2018 demonstrated that it is possible to replace VO
and partially replace protein (casein in the control feed) with the yeast biomass,
which has no significant effects on fish growth and final quality, as shown in
other studies on utilizing yeasts as a partial protein source in fish feed (Huyben et
al., 2017 & Nasseri et al., 2011). Also, several studies focused on the use of yeast
proteins as an alternative for fish meal due to the high amount of crude protein
and good production rate (Sanderson and Jolly, 1994; Tacon, 1994; Ferreira et al.,
2010). However, some previous studies have shown that there is a limit to involve
yeast based protein into fish diets (Huyben et al., 2017 & Hatlen et al., 2012).
Fatty acid composition is species as well as tissue specific. The most abundant
fatty acids in yeast cells from different species are palmitoleic acid (16:1) and
oleic acid (18:1) followed by palmitic acid (16:0), stearic acid (18:0) with minor
amount of myristic acid (14:0) are also found in yeast (Tuller et al., 1999;
Tehlivets et al., 2007). Besides they are capable of synthesizing vast majority of
fatty acids from short hydrocarbonated chain (C6) to long hydrocarbonated chain
(C36), which may be saturated fatty acids (SFA), monounsaturated fatty acids
(MUFA) and polyunsaturated fatty acids (PUFA), depending on the presence and
number of double bonds in hydrocarbonated chains.
This present study has investigated yeast oil extracted from R. toruloides to
study variation of lipid content and lipid classes as well as fatty acids in the
fermentation process during six days of fermentation. Typically, lipid class
separation can be done by TLC, SPE or HPLC. Lipids have been analyzed by gas
chromatography (GC) and this technique is used to identify and quantify the
composition of fatty acids (Browning et al., 2012 & Cao et al., 2006). This usually
requires fatty acids to be derivatized in order to get sufficiently volatile to be
eluted at reasonable temperatures without thermal decomposition. GC involves
the substitution of a functional group containing hydrogen to form esters or
thioesters for analysis and methyl esters are produced by methylation. After
methylation the ester bonds in complex lipids are hydrolyzed to release free fatty
acids, which are becoming to form fatty acid methyl esters (FAME). FAME
profile is recognized by GC and referred to as fatty acid composition also may be
easily compared between different experimental groups (Burdge et al., 2000). GC
allows both the proportions of individual fatty acids and their amounts to be
measured. Moreover, the use of GC for analyzing fatty acids in nutrition studies
within the food industry and also across a wide range of analytical fields.
The aim of the study is to investigate lipids synthesized by yeast produced in
batch cultivation on lignocellulose hydrolysate from wheat straw using the
Rhodotorula toruloides.
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Materials and Methods
Strains and cell cultivation
Rhodotorula toruloides was maintained on Yeast Extract-Peptone-Dextrose
(YPD) - agar plates (glucose 20 g/L, peptone 20 g/l, yeast extract 10 g/L and agar
15 g/L) at 25 °C for 48 to 72 hours. A 50 ml pre-culture was prepared in YPD
medium and incubated at 25 °C for 48 to 72 hours with a shaking speed of 150
rpm. The pre-culture was transferred to lignocellulose medium at ratio of 1:9
(1part pre-culture: 9 part medium) and incubated at 25 °C for 6 days at 150 rpm
with pH 6.0. The cells were harvested at day 0 up to day 6 and freeze dried until
lipid extraction. To utilize the time harvested R. toruloides was provided for lipid
extraction.
Lipid extraction from R. toruloides
The total lipid analysis from yeast cells was performed according to Folch et al.
1957 with minor modifications. Lipids were extracted six samples from one
fermenter were (six consecutive days day 0-day 6) used throughout this study. In
this study, 25 mg freeze dried cells were used and soaked with 1 ml 1M HCL for
15 min. Afterwards, heating block was used for vortexing for 1 hr at 75 °C. Next,
1 ml KCL (0.8 %) and 3 ml Folch solution (2:1; chloroform: methanol) were
added and vortexed, respectively. The sample was centrifuged at 2000 rpm for 5
min and supernatant was transferred to a fresh second tube. To ensure a high yield
as possible, a second extraction was performed by adding additional 2 ml
chloroform to the second tube. This preparation was vortexed for 5 min and
centrifuged as mentioned above and the chloroform layer was again transferred to
the first tube. Lipids were transferred to pre weight tube and evaporated under N2
gas and the lipids were weighed. The lipids were stored in 1ml hexane and frozen
at -20 °C until further use.
Preparation of FAME
Fatty acid methyl esters (FAME) from total lipids in yeast were conducted with
BF3 methanol according to Appelqvist, 1968. Briefly, 2 mg lipid was used in 0.5
ml hexane, 2 ml dry methanol added with lipid and vortexed and incubated (60
°C) for 10min. Then, 3 ml BF3 reagent was added and the samples were vortexed
and incubated at 60 °C for a further 10 min. Afterwards, the samples were cooled
to room temperature under running tap water and 2 ml 20 % NaCl and 2 ml
hexane were added. The samples were vortexed and kept in the fridge +4 °C for
separation for 20-30 minutes. The upper layer was transferred to a second small
test tube and 1 ml hexane was added followed by repetition of the previous step
and evaporated under N2 gas. The dried FAMEs were dissolved in hexane (TL
300 µl, PL 50 µl, TAG 250 µl) and stored at -20 °C until analysis of fatty acid
composition.
Lipid class composition
The desired lipid concentration was 1 µg/µl for the separation of lipid classes,
which was performed according to Olsen and Henderson, 1989. To execute, 5 µg
samples were applied with duplication and standard 18-5 and 18-6 (Nu-Chek) on
TLC plate. Next, 10 ml mobile phase (85 ml hexane; 15 ml diethyl ether; 2 ml
acetic acid) was used in automatic developing chamber and 25 ml for saturation.
13

Preparation of TAG and PL extraction
In this study, 2 mg lipid was used to extract triglyceride (TAG) and phospholipid
(PL). For extraction, lipids were run on TLC plate and the plate was (covered with
glass plate) developed in iodine vapour. Next, the PL and TAG area were scraped
and put in a separate glass tube. Three type of solutions were prepared, solution 1PL (methanol: chloroform-2:1), TAG (methanol: chloroform-1:2); solution 2- PL
(methanol: chloroform-1:1), TAG (chloroform); solution 3 (chloroform). Next, 2
ml solution 1 was added with TAG and PL and kept it in the fridge for 1hr, after
that transferred the solvent to second tube and followed the same procedure with
solution 2 and 3 respectively. Finally, the sample was evaporated under N2 gas
and hexane was added to dry samples and stored in a freezer at -20 °C and go for
methylation further.
Check on TLC before GC
To check the FAME on TLC, 5 µl samples and standards 18-4A and 18-5 (NuChek) were used on silica plate and the plate was placed in the TLC chamber (85
ml hexane; 15 ml diethyl ether; 2 ml acetic acid) for 1 hour and developed the
silica plate by using iodine vapor. Then, the TLC plate was air dried and dipped
into cupric acetate (3 % cupric acetate in 8 % phosphoric acid) solution and
developed in the oven for 20 min at 140 °C. The detection of lipid classes in TLC
plate was scanned by a TLC plate scanner (CAMAG TLC scanner 3,
Switzerland), which was quantified by absorption or fluorescent signal.
Analysis using the Gas Chromatograph (GC)
FAME were analyzed by GC using a CP 3800 instrument (Varian AB, Stockholm,
Sweden) equipped with a flame ionization detector, a split injector and separated
on a 50 m fused silica capillary column BPX 70 (SGE, Austin, Tex) (0.22 mm i.d
x 0.25 µm film thickness). The injector and detector temperature were 230 °C and
250 °C, respectively. Helium was the carrier gas (flow rate of 0.8 mL/min) and
nitrogen was used as a make-up gas. Chromatograph peaks were identified by
comparing their retention times with standard mixture GLC 68A (Nu-check Prep,
Elysian, USA). Finally, peak areas were integrated using Galaxie chromatography
data system software version 1.9 (Varian AB, Stockholm, Sweden).
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Results
After harvesting Rhodotorula toruloides over time, lipids were extracted from the
cells and taken for further analysis. All analyses were made in duplicate and then
all the data presented are duplicate mean values of experiment.
According to Table 1, lipid weight is increasing over time but day 2 and 3 lipid
percentage is stable as well as day 5 and 6.

Table 1. Result overview of the Rhodotorula toruloides lipid weight (n=2) with
lipid yield (mg) & lipid percentage from day 0 to day 6.
Yeast weight (mg)
Lipid yield (mg) Percentage%
Day 0
25
1
4
Day 1
25
2
8
Day 2
25
7
28
Day 3
25
7
28
Day 4
25
8
32
Day 5
25
8.5
34
Day 6
25
8.5
34
This study aimed to investigate the development of fat metabolism over the
time. One of the most investigated techniques for total lipid separation is GC.
After methylation FAME were run through GC.
Figure 3, shows that SFA accumulation is the highest on day 4 and PUFA is
the lowest on day 2 and again it is increasing from day 3. It is notable that MUFA
is gradually decreasing over time. Omega 3 and omega 6 fatty acids are the lowest
on day 2 and later it is increasing again from day 3.

Area %

70.00

Methylated

SFA

60.00

MUFA

50.00

PUFA
n-3

40.00

n-6
30.00

n-6/n-3

20.00
10.00
0.00
Day 0

Day 1

Day 2

Day 3

Day 4

Day 5

Day 6

Sample
Fig 3. Individual fatty acids composition in total lipids for R. toruloides during day 0 to
day 6 with SFA, MUFA, PUFA, n-3, n-6 & n-6/n-3.
Abbreviations: SFA- Saturated fatty acid, MUFA- Monounsaturated fatty acid, PUFAPolyunsaturated fatty acid, n-3 - Omega-3, n-6 -Omega-6.
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Lipid composition was analyzed at over time between day 0 to day 6. Among
all the fatty acids the proportion of oleic acid (C18:1n-9) is the highest and the
palmitic acid (C16:0) and linoleic acid (C18:2n-6) is the second and third highest,
respectively.
Table 2. The proportion (%) of individual fatty acids (n=2) for R. toruloides
during day 0 to day 6.

C14:0
C16:0
C16:1(n-7)
C17:1
C18:0
C18:1(n-9)
C18:2(n-6)
C18:3(n-3)
C22:4(n-6)

Day 0
mean

Day 1
mean

Day 2
mean

Day 3
Mean

Day 4
mean

Day 5
Mean

Day 6
Mean

0.35
12.9
1.78
1.64
2.47
56.9
15.9
6.85
0.97

1.09
24.6
0.95
0.00
5.86
49.6
14.6
1.64
1.03

1.07
25.0
0.98
0.00
6.24
48.7
14.4
1.50
1.25

1.16
25.7
1.07
0.00
6.84
47.0
15.3
1.63
0.94

1.28
27.0
0.86
0.00
7.97
44.2
15.7
1.92
1.01

1.35
25.7
0.94
0.00
7.88
40.9
18.9
2.66
1.32

1.00
17.9
1.26
0.00
3.45
37.5
32.6
4.98
1.15

Triglyceride and phospholipid classes were separated to understand the
changes of fatty acids profiles and lipid classes. Triglycerides are storage fat,
according to table 3, in TAG, MUFA accumulation is higher than PUFA, during
the fermentation process. It also shows that MUFA is higher concentration during
beginning of the culture and day 2 MUFA shows the lowest and again increasing
and almost stable on day 5 and day 6. On the other hand, PUFA is decreasing over
time.
Table 3. Fatty acid composition (%) of TAG (n=2) for R. toruloides during day 0 to day 6.
FA
C14:0
C16:0
C16:1(n-7)
C18:0
C18:1(n-9)
C18:2(n-6)
C18:3(n-3)
C22:0
C22:4(n-6)
SFA
MUFA
PUFA
n-3
n-6
n-6/n-3

Day0

Day1

21.9

27.6

89.0

8.1
44.0
19.6

21.9
89.0

35.7
44.6
19.6
19.6

Day2

Day3

Day4

Day5

1.57
29.0
0.92
8.98
42.37
14.4
1.55

1.46
28.0
0.54
8.53
44.8
13.0
1.44
0.51
1.09
38.5
45.4
15.6
1.44
14.1
9.84

1.21
26.3
0.98
7.02
48.4
12.8
1.23
0.52
1.14
35.0
49.3
15.2
1.23
13.9
11.3

1.25
25.2
0.98
6.24
50.3
12.9
0.68
0.54
1.14
33.2
51.3
14.7
0.68
14.0
20.8

1.45
39.6
43.2
17.4
1.54
15.9
10.3

Abbreviations: See under figure 3, TAG- Triglyceride.
16

Day6

1.16
24.7
0.98
5.89
51.1
12.6
1.22
0.41
1
32.4
52.1
14.8
1.22
13.6
11.2

Based on the phospholipids analysis, table 4 shows the MUFA and PUFA
proportions are similar over time. Here, the fatty acids concentrations were too
low for day 0, day 1 and day 2 and to recover these individual day fatty acids
incorporated together to run for GC. Besides, day 5 fatty acids compositions were
excluded because of non-reliable data compare to other days fatty acids
compositions.
Table 4. Fatty acid composition (%) of PL (n=2) for R. toruloides during day 0 to day 6.
FA
Day 0+1+2
Day 3
Day 4
Day 6
C16:0
16.6
17.2
9.79
15.9
C18:0
7.54
7.32
3.34
9.26
C18:1(n-9)
39.4
35.7
21.4
37.1
C18:2(n-6)
31.4
33.1
13.7
34.0
C18:3(n-3)
4.99
5.74
1.9
3.57
C24:1
5.25
SFA
24.1
24.5
13.1
25.2
MUFA
39.4
35.7
26.7
37.1
PUFA
36.4
38.8
15.6
37.6
n-6/n-3
6.30
5.77
7.21
9.54
Abbreviations: See under figure 3, PL- Phospholipid.
By using thin layer chromatography (TLC), the lipid classes were looked on
after extraction. Lipid classes graph shows that phospholipid (PL) and free fatty
acid (FFA) volume is decreasing over time except day 4 for PL. It also shows that
monoglyceride (MAG), 1,2 diglyceride (1,2 DAG) and sterols are decreasing
compare to day 1 to day 6, however they are slightly fluctuated over time. The
storage fat, TAG is the highest portion of the lipid class composition. In addition,
a high TAG/PL ratio was observed in the lipid class analysis.
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Fig 4. Lipid class composition of total lipids from R. toruloides using TLC
with PL, MAG, 1,2DAG, Sterols, FFA & TAG.
Abbreviations: PL- Phospholipid, MAG- Monoglyceride, 1,2DAG- 1,2Diglyceride, FFA- Free fatty acids, TAG- Triglyceride.
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Discussion
Yeast R. toruloides was grown on wheat straw hydrolysate and the lipid
accumulation, fatty acid composition and lipid classes were analyzed during
cultivation time.
This present study shows that the lipid accumulation is increasing and reaching
34 % on the day 5 and day 6 over time. This result is similar to the data obtained
from another fermentation run, where the lipid content was estimated to be 42.7 %
after 96 hours of inoculation (Unpublished data, Nagaraj Y.N., 2021). According
to Brandenburg et al. (2016), during cultivation time with Lipomyces starkeyi the
lipid content of the cell dry weight (CDW) increased, reaching 51.3 % in the
culture fed with hydrolysate. In addition, rapid and efficient lipid production from
the substrate can greatly improve the overall energy output and greenhouse gas
impacts of any single cell oil production process (Karlsson et al., 2016 & Karlsson
et al., 2017), and therefore, optimization of fermentation conditions and strains for
lipid production are major topics of ongoing research.
Lipid accumulation reached the highest during the batch cultivation phase on
day 5 and 6 but interestingly, PUFA, n-3 fatty acid and n-6 fatty acid
compositions on day 6 is higher than day 5 (Figure 3). PUFA is increasing over
time to day 6, the reason behind it might be the yeasts were in aerobic stress in
fermenter during cultivation and after 96 hours the sugars were still left in the
medium, a reason to why they were not using TAGs as nutrients for growth. The
n-6/n-3 ratio reached 8.73 % after 96 hours of inoculation, as similar data
obtained from another study where n-6/n-3 ratio reached 5.96 % after 96 hours
inoculation of R. toruloides (Unpublished data, Nagaraj Y.N., 2021). The major
fatty acids are oleic acid (C18:1n-9), palmitic acid (C16:0) and linoleic acid
(C18:2n-6), which together represent 70-90 % of all fatty acids (Table 2). Similar
result was observed under lipid extracted from R. toruloides and the predominant
fatty acids were palmitic (C16:0), oleic (C18:1n-9) and linoleic acid (C18:2n-6),
with over 90 % of detected fatty acids by Guerreiro et al., 2018. In addition, the
fatty acid compositions of yeast species are very similar (Li et al., 2007; Yen et
al., 2015; Wang et al., 2014 & Sitepu et al., 2013), except for R. toruloides NCYC
921 (Freitas et al., 2014), that presents a high value (71.3 % w/w) of stearic acid.
Brandenburg et al., 2016 carried out the experiment by using Lipomyces starkeyi
and found that the palmitic acid (C16:0) and oleic acid (C18:1n-9), which
comprised 70-85 % of all fatty acids. In this study, the composition of fatty acids
implies to be promising for biodiesel production, since the most suitable fatty
acids for biodiesel production are palmitic (C16:0), oleic (C18:1n-9) and linoleic
acid (C18:2n-6), as also mentioned by (Guerreiro et al., 2018). In general, the
degree of saturation of the fatty acids increased during batch cultivation phase,
which is beneficial for using the yeast oil for biodiesel production (Knothe, 2005).
In addition, the individual fatty acid composition of various yeasts varies with
both strain and cultivation conditions (Olstorpe et al., 2014; Brandenburg et al.,
2016 and Brandenburg et al., 2018).
Triglycerides are the form in which fat energy is stored in adipose tissue and
they are present as storage lipids in fungi and yeast (Sandhir R. 2014). In general,
the degree of saturated fatty acids (SFA) and unsaturated fatty acids (MUFA,
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PUFA) reaches the highest and almost steady phase on day 5 and day 6. The fatty
acids proportions are oleic acid (C18:1n-9), palmitic acid (C16:0) and linoleic
acid (C18:2n-6) are the first, second and third highest respectively, observed same
as total lipid analysis. Moreover, during the batch phase a higher ratio of linoleic
acid (C18:2) and linolenic acid (C18:3) was also observed. Some of studies have
shown that there should be a balanced relation between n-6 and n-3 fatty acids in
healthy diets. It has been established that the n-6 fatty acid and the n-3 fatty acids,
eicosapentaenoic acid (EPA), and docosahexaenoic acid (DHA) collectively
protect against coronary heart disease and the balance n-6/n-3 ratio should be
∼6:1 (Wijendran and Hayes 2004). They have been described to have positive
characteristics for human nutrition and it would be interesting to identify
appropriate cultivation conditions over time under R. toruloides accumulates these
fatty acids. According to (Olstorpe et al., 2014 & Rossi et al., 2009), formation of
linoleic and linolenic acid has been mentioned in mesophilic yeasts at low
temperature, however is rather low or absent at this cultivation temperature.
Selecting appropriate yeast strains and culture conditions may thus represent a
possibility to positively influence the fatty acid composition and thereby the n6/n-3 ratio (Blomqvist et al., 2018).
Among the comparison between TAG and PL composition based on the table 3
and 4 it shows that linolenic acid (C18:3n-3) is lower and fraction of linoleic acid
(C18:2n-6)/linolenic acid (C18:3n-3) is higher in the storage lipid compare to
phospholipid. A low n-6/n-3 ratio is advantageous but in the most modern diet,
this ratio is too high, leading to a variety of diseases (Simopoulos 2006). Besides,
the n-6/n-3 ratio is usually very high in modern diets and this should be reduced to
avoid negative effects on health (Simopoulos 1999 & Bonacic et al., 2016). This
study had limitations in amount of lipids produced in the fermentation process.
Therefore more trials have to be performed. Especially the difference in fatty acid
composition of lipid classes depending on fermentation time is of interest. We are
therefore placing more research based on the results obtained in the present study.
Lipid classes are very important to understand the fate of individual fatty acid.
In this study, yeast was taken for lipid class profiling to investigate whether the
distribution of lipid classes changed during the cultivation. Free fatty acid (FFA)
observed as the highest proportion in the beginning of batch culture and they are
downloaded somewhere and make new energy, which is going to be stored as a
storage fat. Consequently, the storage fat TAG is significantly increasing however
there are large standard deviations of some individual lipid classes. Phospholipid
proportions decreased after day 1 and remained almost unchanged during day 2 to
day 6, except day 4, which was reflected by a pronounced increase in TAG/PL
ratio compared to S. cerevisiae (Ejsing et al., 2009) or Y. lipolytica (Kerkhoven et
al., 2016). According to Tiukova et al., 2019, the high TAG/PL ratio in R.
toruloides suggested that the accumulated neutral lipids are stored in giant lipid
droplets rather than the cell membrane.
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Conclusion
The fatty acid compositions from the total lipid analysis over time (day 0 to day 6)
depend on the Rhodotorula strain and culture conditions. Lipid accumulation from
low cost substrates in batch cultivation can be used for the microbial oil
production. This study showed that the fatty acid compositions using R. toruloides
over time, the dominating fatty acids are oleic acid (C18:1), palmitic acid (C16:0)
and linoleic acid (C18:2) in total lipid and TAG, which showed a great potential
as raw material for biodiesel production. In this study during cultivation of R.
touloides the fatty acid compositions in total lipid analysis found that the saturated
fatty acids gradually decreased after 96 hours and polyunsaturated fatty acids
gradually increased after 48 hours over time. Time may influence the production
of long chain monounsaturated fatty acids and polyunsaturated fatty acids in R.
toruloides which was observed during fatty acid compositions in total lipid, TAG
and lipid class analysis. However, the experiments have to be redone to confirm
this. Different conditions in the fermentation process can cause alterations of the
lipid and fatty acid profiles. Lipids produced from this type of lignocellulose have
a potential as oils in several applications in industry, fuels, chemicals, foods and
feeds. It seems as a possibility of decreasing CO2 emissions in cultures of oil
crops globally. Further research should be done to examine the culture conditions
that might represent a possibility to positively influence the fatty acid composition
and evaluate accumulation of storage fat, linoleic and linolenic acid over time.
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