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ABSTRACT 

Numerous problems in producing diesel have risen globally. Originally, plant oils and animals fats were used 

as biodiesel feedstock. However, this feedstock was incompatible due to the competition with food 

production supplies and large area needed. Hence, oleaginous yeast is looked as a further alternative as 

biodiesel feedstock. Lipomyces starkeyi is selected as it can accumulate higher lipid than other oleaginous 

yeasts. This study uses L. starkeyi MV-8 instead wild type strain which regularly produce lesser lipid. The 

study was performed to determine the lipid production of L. starkeyi MV-8 cultured in 2.5% (w/v) and 5.0% 

(w/v) concentration of glucose. L. starkeyi MV-8 was propagated for 8 days to determine the highest growth 

of biomass. Lipid accumulation of L. starkeyi MV-8 was performed at two different concentrations of 

glucose. Total carbohydrate test and lipid extraction were carried out to find out sugar consumption and lipid 

production respectively. The highest biomass of L. starkeyi MV-8 in 2.5% (w/v) and 5.0% (w/v) of glucose 
were obtained at hour 192 at respective 17.57 g/L and 20.10 g/L, while the highest lipid production of L. 

starkeyi MV-8 in 2.5% (w/v) and 5.0% (w/v) of glucose were 4.30 g/L and 6.00 g/L respectively. Based on 

these results, the percentages of lipid content in the L. starkeyi MV-8 biomass were 24.47% and 29.85% 

respectively for L. starkeyi MV-8 in 2.5% (w/v) and 5.0% (w/v) of glucose. In this study, L. starkeyi MV-8 

cultured in 5.0% (w/v) of glucose concentration gave higher biomass and higher lipid than in 2.5% (w/v) of 

glucose concentration. 

Keywords: Biodiesel, Lipomyces starkeyi MV-8, lipid accumulation, oleaginous yeast, total carbohydrate 
test 

 
ABSTRAK 

Terdapat pelbagai masalah dalam menghasilkan diesel telah meningkat di seluruh dunia. Pada mulanya, 

minyak tumbuhan dan lemak haiwan digunakan sebagai stok biodiesel. Walau bagaimanapun, ia tidak sesuai 

kerana perlu bersaing dengan bekalan pengeluaran makanan serta kawasan yang luas diperlukan. Oleh itu, 

yis berminyak dianggap sebagai satu alternatif lain. Lipomyces starkeyi dipilih kerana ia boleh 

mengeluarkan lipid yang banyak berbanding yis berminyak yang lain. Kajian ini menggunakan L. starkeyi 

MV-8 berbanding L. starkeyi liar yang  menghasilkan lipid yang sedikit. Kajian ini dilakukan untuk 

menentukan pengeluaran lipid L. starkeyi MV-8 yang dikultur di dalam 2.5% (w/v) dan 5.0% (w/v) 

kepekatan glukosa. L. starkeyi MV-8 telah dibiarkan untuk membiak selama 8 hari untuk menentukan 

pertumbuhan tertinggi biojisim. Pengumpulan lipid L. starkeyi MV-8 dilakukan pada dua kepekatan glukosa 

yang berbeza. Ujian jumlah karbohidrat dan lipid pengekstrakan dijalankan masing- masing untuk 

mengetahui penggunaan gula dan pengeluaran lipid. Penghasilan biojisim tertinggi L. starkeyi MV-8 pada 

kepekatan glukosa 2.5% (w/v) dan 5.0% (w/v) diperolehi pada jam ke 192 masing-masing menghasilkan 

17.57 g/L dan 20.10 g/L, manakala lipid tertinggi L. starkeyi MV-8 dalam kepekatan glukosa 2.5% (w/v) dan 

5.0% (w/v) masing-masing mengeluarkan 4.30 g/L dan 6.00 g/L. Berdasarkan keputusan ini, peratusan 

kandungan lipid dalam biojisim L. starkeyi MV-8 adalah 24.47% dan 29.85% masing-masing kepekatan 

glukosa  2.5% (w/v) dan 5.0% (w/v) glukosa. Dalam kajian ini, L. starkeyi MV-8 yang dikultur di dalam 

5.0% (w/v) kepekatan glukosa menghasilkan lebih banyak biomas dan lipid berbanding di dalam 2.5% (w/v) 

kepekatan glukosa. 

Kata kunci: Biodiesel, Lipomyces starkeyi MV-8, pengumpulan lipid, yis berminyak, ujian jumlah 

karbohidrat 
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CHAPTER 1 

INTRODUCTION 

The burning of fossil fuels releases carbon dioxide, nitrogen monoxide, nitrogen dioxide 

and carbon monoxide. These are called as the greenhouse gases. According to the Energy 

Information Administration (2004), 21.3 billion tonnes of carbon dioxide are produced 

every year from fossil fuel burning. However, only half of them is absorbed and regulated 

by the carbon cycle. Another half of the amount is a net increase of atmosphere carbon 

dioxide per year. 

The depletion of fossil resources in supplying oil has come into a dilemma when non-

renewable energy will be diminished. Coal reserves are predicted to be available up to the 

year 2112 while for gas and oil, their depletion times are approximately in 37 and 35 years 

respectively (Shafiee & Topal, 2009). These insecurities have triggered the ideas to explore 

alternative transportation fuels for the coming years. 

As many researches have done, biodiesel is seemed to be the foremost alternative for 

replacing diesel in which it is produced from renewable biomass by transesterification of 

triacylglycerols (TAG), generating monoakyl esters of long-chain fatty acids (Yousuf et 

al., 2012). Conventionally, the production of biodiesel by using vegetable oils or animal 

fats as feedstock is looked as an alternative (Al-Zuhair, 2007; Yousuf et al., 2012; Xu et 

al., 2013; Wang et al., 2014). Vegetable oils such as soybean oil (Samukawa et al., 2000; 

Du et al., 2004; Xu et al., 2013), sunflower oil, palm oil, rapeseed oil, canola oil, , peanut 

oil, corn oil, cottonseed oil (Al-Zuhair, 2007;  Xu et al., 2013) and jatropha oil (Sujan et 

al., 2010) are used as feedstock for biodiesel production. Besides that, another alternative 

for the production of biodiesel comes from animal fats like tallow, lard and beef (Yousuf et 

al., 2012). However, these alternatives have some issues whereby it needs huge land area 
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for its production, to compete with the food production supplies and high cost of 

production preparation (Yousuf et al., 2012). Therefore, taking into consideration of these 

matters, further explores in overcoming the high cost of biodiesel production are much 

concern for industries. 

Microbial lipid is seen as an enormous potential for biodiesel production (Liu & Zhao, 

2007). The compositions of fatty acids of microbial lipid are alike and suit for producing 

biodiesel (Li et al., 2007; Li et al., 2008). Microbial oil or single cell oil (SCO) can be 

cultivated on degraded and non-agricultural that can keep away from using high-value 

lands. Not only that, it can lessen freshwater use (Yousuf et al., 2012). The advantage of 

using microorganisms is that only small cultivation areas are needed. They can be cultured 

by fermentation in vertical tanks, thus will not affect agricultural lands (Vicente et al., 

2004). Some microorganisms which are called oleaginous yeasts are able to store more 

than 20% of cell dry mass as intracellular lipids (Wynn & Ratledge, 2002; Li et al., 2008). 

Furthermore, lipid-producing yeasts such as Cryptococcus albidus, Rhodosporidium 

toruloides, Rhodotorula glutinis and Lipomyces starkeyi can accumulate up to 70% of their 

dry weight as lipid (Wild et al., 2010). 

In this study, Lipomyces starkeyi MV-8 was cultured in two different concentration of 

glucose as carbon sources. L. starkeyi MV-8 can digest carbohydrates present in wastes. 

Theoretically, L. starkeyi mutant can produce higher biomass and lipid which are 15.1% 

and 30.7% more respectively, compared to the wild-type strain (Tapia et al., 2012). They 

also said that the advantage of using mutant species in the fermentation studies is that the 

mutagenesis procedure will not affect significantly the quality of oils.  

Before starting the propagation, glycerol stock has to be prepared. Lipid accumulation in L. 

starkeyi mutants had involved two main stages. The first stage was the cell propagation of 
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L. starkeyi MV-8 in the medium. The next stage was the cell resuspension in two different 

concentrations of glucose solutions for lipid production. 

 The main objective of this study was to produce intracellular lipids from the oleaginous 

yeast L. starkeyi MV-8. The specific objectives of this study were: 

1. To optimize the growth of L. starkeyi MV-8 within 8 days, 

2. To measure lipid production of L. starkeyi MV-8 cultured in 2.5% (w/v) and 5.0% 

(w/v) of glucose concentration, 

3. To distinguish the percentage of lipid in the biomass of L. starkeyi MV-8 cultured in 

2.5% (w/v) and 5.0% (w/v) of glucose concentration.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



4 
 

CHAPTER 2 

LITERATURE REVIEW 

2.1 Biodiesel 

Biodiesel is vegetable oils or animal fat-based diesel fuel that consists of long chain alkyl 

or esters. It is a natural, non-toxic, biodegradable and renewable (Kar et al., 2012). 

Vegetable oil has triacylglycerols (TAGs) with 16 to 22 carbon chain of fatty acids. 

Besides, it has liquid-nature portability, renewability and easy to obtain. However, it 

cannot be used as biodiesel resource due to its oil deterioration properties and heat 

combustion does not complete (Peterson et al., 1983). 

According to the National Biodiesel Board (2015), biodiesel production gained interest 

when a study of soy-based mono-alkyl esters as an alternative to diesel fuel was done in 

1990. From this finding, the National SoyDiesel Development Board was established in 

1992 before the name had changed to the National Biodiesel Board (NBB) in 1994. Apart 

from that, Congress approved biodiesel use for agreement with Energy Policy Act 

(EPACT). Since then, many studies of biodiesel production had begun. Biodiesel had been 

produced 500 000 gallons in United States of America in 1999 (Kleinschmit & Muller, 

2005). The biodiesel production had increased significantly from 1999 to 2007 which 

produced from 500 000 to 500 million gallons (Weber, 2009). Biodiesel industry again had 

achieved high production which had produced 1 to 1.8 billion gallons in 2013 (National 

Biodiesel Board, 2015). 

According to the National Biodiesel Board (2014), biodiesel can be used either alone or 

mixed with petrodiesel. By using biodiesel, the fuel system wear can be reduced. Biodiesel 

has a higher cetane number and a better heat of combustion (Kalam & Masjuki, 2002). The 

lubricating system and a higher cetane ratings lead biodiesel a step forward than the current 
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lower sulphur diesel fuels (Wang et al., 2000). Furthermore, good lubricating system 

lengthens the lifetime of engines (Hannu, 2014). Biodiesel burns cleaner therefore, 

reducing pollutions greatly (Shumaker et al., 2003). According to Berkeley Biodiesel 

(2014), biodiesel is the only alternative fuel that is approved by the Environment 

Protection Agency (EPA) (2014). Moreover, biodiesel has also passed every Health-Effect 

Tests of the Clean Air Act. 

Biodiesel is one of niches biofuel made from different generations. First generation of 

biofuel is produced directly from food crops such as corn, wheat, sugarcane and soybean 

(Havlik et al., 2011). Biofuel had produced up to 50 billion litres per year (Naik et al., 

2010). Nevertheless, there are bothers about the environment effects. The biofuel 

production has to compete with the food production. In addition, food crops use needs 

wide area for plantation (Yousuf et al., 2012). Hence, second generation of biofuel is made 

from biomass included the residual of non-food part of plants, lignocellulosic and 

microbial biomass (Antizar-Ladislao & Turrion-Gomez, 2008). This aims to raise the 

amount of biofuel and overcome the limitations of first generation which suggests lower 

costs and green environment (Havlik et al., 2011). 

 

2.2 Lipid 

Lipid is an organic compound which has many hydrocarbons. Hydrocarbons are the basis 

for the structure and function of living cells. These hydrocarbons represent highly reduced 

carbon forms and upon oxidation in metabolism, produce huge energy production 

(Eckelman et al., 1975). Lipid is non-polar which means it is soluble in non-polar solvents 

but insoluble in polar solvents including water (Dyerberg, 1975). There are several 
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classifications of lipids which are fatty acids, TAGs, waxes, glycerophospholipids, 

sphingomyelins, glycolipids, steroids and eicosanoids. 

Fatty acids are a long-chain carboxylic acid. Vegetable oils and animal fats usually have 12 

to 22 carbon atoms. They are either saturated or unsaturated fatty acid (Brown & Marnett, 

2011).  Saturated fatty acid defines as a long chain with only carbon–carbon single bonds 

while unsaturated fatty acid has at least one carbon–carbon double bond. Unsaturated fatty 

acid which has one carbon–carbon double bond is called as monounsaturated fatty acids. 

Meanwhile, unsaturated fatty acid which has more than one carbon–carbon double bond is 

called as polyunsaturated fatty acids (Dyerberg, 1975). Saturated fatty acid has higher 

melting points than unsaturated fatty acid. This is because its capability to compact the 

molecules together, hence form to a straight rod-like shape. In contrast, unsaturated fatty 

acid has cis-double bond that does not let to form a straight rod-like shape (Stuchlik & 

Zak, 2002). Some examples of saturated fatty acids are lauric acid, palmitic acid and 

stearic acid. An example for monounsaturated fatty acids is oleic acid. The examples for 

polyunsaturated fatty acids are linoleic acid and linolenic acid (Brenner & Peluffo, 1966). 

Vegetable oils and animal fats have triesters of glycerol with three fatty acids called 

triacylglycerols (TAGs). Fats and oils are named assigned to class TAG which are 

appeared as solid or semisolid and liquid at room temperature respectively (Li et al., 1992). 

 

2.3 Oleaginous Microorganisms 

Oleaginous microorganisms are lipid-producing organisms which can accumulate lipids up 

to 20% of their biomass and some of them can even reach up to 50 to 70% of their weight 

(Wynn & Ratledge, 2002; Li et al., 2008; Zhao et al., 2008). Lipids from oleaginous 

microorganisms have potential to be alternatives to animal fats and plant oils as biodiesel 
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feedstock (Gill et al., 1977). Some oleaginous microorganisms such as strains of yeasts, 

microalgae, molds and bacteria are readily isolated from numerous soils, flower surfaces, 

aquatic environment and internal organ of animals (Jiru & Abate, 2014). Microbial lipid is 

seen as an enormous potential for biodiesel production (Liu & Zhao, 2007) as its fatty acid 

structures of microbial lipid are alike and suit for producing biodiesel (Li et al., 2007; Li et 

al., 2008). In addition, there is no significant different between the oleaginous and non-

oleaginous microorganisms in the pathway of fatty acid biosynthesis (Wynn & Ratledge, 

2002). 

 

2.4 Lipomyces starkeyi 

Lipomyces starkeyi is an oleaginous yeast. It comes from the family Lipomycetaceae 

(Meng et al, 2009). L. starkeyi is called as soil yeast as it can be found in mineral soils 

(Danielson & Jurgensen, 1973). The genus Lipomyces can only be isolated on nitrogen-free 

media, neither standard yeast nor fungal media. L. starkeyi was the first to be known as a 

nitrogen-fixing organism (Zhao et al., 2008). 

According to CBS-KNAW Fungal Biodiversity Centre (2014), L. starkeyi divides through 

budding and its sexual reproduction is ascomycetous. It produces spores called ascospores. 

The range temperature growth is from 20 to 35 ºC and the optimum temperature for L. 

starkeyi to grow is 26 ºC (Anderson & Drew, 1972). The pH range for cell propagation is 

between 5.0 to 7.5 (Webb & Spencer-Martins, 1983), while the highest lipid accumulation 

per litre is at pH 6.5 (Angerbauer et al., 2008). L. starkeyi is able to metabolize pentoses, 

produce TAG from lignocellulosic biomass and other materials (Li et al., 2007). 
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2.5 Lipid Accumulation in L. starkeyi 

L. starkeyi can utilize carbon source to produce lipid. The lipid produced from L. starkeyi 

can be increased as C:N molar ratio increases (Ageitos et al., 2011). Despite of the 

increasing in cellular lipid, the cell yield decreases (Wild et al., 2010). L. starkeyi can 

produce lipid more than 70% than other yeasts (Liu et al., 2011). The oil attained from L. 

starkeyi is not much different to the oil attained from plants and animals. Apart from that, 

L. starkeyi can independently accumulate its own storage lipids if the extracellular carbon 

source cannot be metabolized (Papanikolaou & Aggelis, 2011). Theoretically, L. starkeyi 

mutants can produce higher biomass and lipid which are 15.1% and 30.7% more 

respectively, compared to the wild-type strain (Tapia et al., 2012). 

 

2.6 Glucose 

Glucose is very crucial in living organism metabolism as it is used as an energy source. It 

is a carbohydrate or simple sugar called monosaccharide (Wolfrom et al., 1944). Energy 

can be produced from glucose in plants by oxidation reaction as formula below. 

C6H12O6 + 6O2 → 6CO2 + 6H2O 

Glucose can also be converted to starch as for storage (Wolfrom et al., 1944). In 

fermentation process, glucose is used as carbon source to fatten yeast or fungi 

(Waltermann et al., 2005). Different concentration of glucose can affect the quantitative 

composition of fermentation products (Van et al., 1985). 
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2.7 Rose-Bengal Chloramphenicol  

Rose-Bengal Chloramphenicol (RBC) Agar is a selective agar (Askun et al., 2007). It is 

usually used for yeasts and moulds enumeration. The pH of RBC is 7.2±0.2 which means 

neutral condition for the effectiveness of antibiotic (Thermo Fisher Scientific, 2001; 

HiMedia Laboratories, 2013). The formula of RBC agar is as Table 1.0 shown. RBC in 

dehydrated medium appears in pinkish while prepared RBC is in pink-gel (Kramer & 

Pady, 1961). The function of Rose-Bengal dye as the suppressor of bacteria development, 

also to control the yeast and mould size and height of colonies. Mycological peptone gives 

essential growth nutrients while dextrose is used as the fermentable carbohydrate. 

Chloramphenicol in the RBC is added to eliminate bacterial contaminations especially on 

gram negative bacteria. (HiMedia Laboratories, 2013). 

 
Table 1.0. List of content of Rose-Bengal Chloramphenicol Agar. 

Typical Formula g/L 

Mycological peptone 5.00 

Dextrose 10.00 

Monopotassium phosphate 1.00 

Magnesium sulphate 0.50 

Rose-Bengal 0.05 

Agar 15.50 

Chloramphenicol 0.10 
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2.8 Total Carbohydrate Test 

Phenol sulphuric total carbohydrate test is used to determine total carbohydrate in solutions 

(Dubois et al., 1956). The principle for this test is that the carbohydrate will be dehydrated 

to hydroxymethyl furfural in hot acidic media and a green coloured product will be formed 

(Sadasivam & Manickam, 1996). Further reaction is to form visible colour by the reaction 

of phenol (Albalasmeh et al., 2013). 
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CHAPTER 3 

MATERIALS AND METHOD 

3.1 Materials and Apparatus 

List of materials and apparatus are shown in Appendix 1. 

 

3.2 Glycerol Stock Preparation 

This method was performed according to Xiao (2006). Glycerol stock was prepared by 

transferring 7 mL of glycerol (R&M Marketing, U.K) into 15 mL of Falcon tubes before 

was sent to autoclave. Then, all the tubes were kept in the freezer at -20 °C. Meanwhile, 

Lipomyces starkeyi MV-8 was cultured in sterile Yeast Malt Broth (YMB) (HiMedia 

Laboratories, India) at room temperature and 150 rpm. A little of the culture was stained 

with crystal violet and observed under light microscope (BX51, Olympus, Japan).  

On the other hand, a loop of culture was streaked onto selective agar, Rose Bengal 

Chloramphenicol (RBC) agar (HiMedia Laboratories, India) and left to grow. A colony 

from L. starkeyi MV-8 was stained with crystal violet and observed under light 

microscope. After the yeast cells were confirmed, a colony was transferred into YMB.  

After the broth turned into whitish, all the cultures were pipetted 7 mL into each Falcon 

tube containing 7 mL of sterile glycerol. The tubes were then kept in the freeze at -20 °C.  
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3.3 Propagation of L. starkeyi MV-8 

L. starkeyi MV-8 was propagated in triplicates of 2 L Schott bottle (SCHOTT, Duran®, 

Germany). Each Schott bottle contained modified media following Wild et al. (2010). 

Modified media and glucose as in Table 2.0 were prepared for 1800 mL solution in 2 L 

Schott bottle. Modified media was added into 1300 mL of distilled water and 54 g of 

glucose was prepared in another 500 mL Schott bottle (SCHOTT, Duran®, Germany). 

Each cap of 2 L Schott bottle was modified to have three holes for air inlet, air outlet and 

sampling. Those bottles and caps were sent for autoclave. After autoclaving and cooling, 

500 mL of glucose solution was transferred into 1300 mL of modified media. L. starkeyi 

MV-8 inoculum was then cultured in the Schott bottle. The modified cap of Schott bottle 

was replaced to the current cap. Tube for air inlet was connected to the air pump. L. 

starkeyi MV-8 was propagated for 8 days at room temperature.  

From day 1 to day 8, 20 mL of the samples was taken out through the sampling tube into 

the beaker as waste, while 150 mL of sample was sucked out through the sampling tube 

into three 50 mL Falcon tubes that had been weighed. Meanwhile, at day 3, a drop of 

sample on the slide was stained by using crystal violet and observed under microscope. 

150 mL of sample in the bottle was centrifuged (T40385, Kubota Corporation, Japan). 

Supernatant was removed and wet pellet was dried for 4 h. After the pellet dried, it was 

weighed.  

Table 2.0. List of content of modified media.  

Modified Media 900 mL 1800 mL 

Glucose 27.000 g 54.000 g 

(NH4)2SO4 0.900 g 1.800 g 

Yeast Extract 1.350 g 2.700 g 

Na2HPO4.2H2O 2.250 g 4.500 g 

KH2PO4 6.300 g 12.600 g 

MgSO4.7H2O 0.135 g 0.270 g 

CaCl2.2H2O 0.090 g 0.180 g 
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Data of dry cell weight (DCW) against days was tabulated in the form of table and graph. 

From the graph, the day with the highest biomass was chosen to be the starting of lipid 

accumulation stage. 

 

3.4 Lipid Accumulation in L. starkeyi MV-8 

L. starkeyi MV-8 was propagated in 900 mL of modified media directly to day 5. Then, 

900 mL of 5.0% (w/v) of glucose solution was added into the culture to produce a final 

media concentration of 2.5% (w/v) of glucose concentration. Each day, 150 mL of cultures 

were taken for sampling process starting from day 0 to day 8 and centrifuged. A drop of 

culture on the slide was stained by using crystal violet and observed under light 

microscope. The pellet was dried for 48h before lipid was extracted. Meanwhile, the 

supernatant left was taken for total carbohydrate test. At day 8, pH of the culture was check 

by using a pH meter. This stage was repeated for medium of 5.0% (w/v) of glucose 

concentration. 

 

3.5 Lipid Extraction  

This method has been carried out by Wild et al. (2010). The dry pellet from three Falcon 

tubes was collected and grinded into small pieces. The pellet then was replaced into a 

single Falcon tube. Hexane:isopropanol (3:2) was added into the Falcon tube. The mixture 

was homogenized (Superfine Homogenizer, Fluko®, China) for a few minutes. The 

homogenized pellet in mixture was incubated overnight. 
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3.5.1 Lipid Production from L. starkeyi MV-8 

The mixture with pellet and hexane:isopropanol that had been left for overnight was 

centrifuged for 10 mins at 5000 rpm. Supernatant was taken and transferred into an empty 

beaker that had been weighed. The supernatant will be heated for 68 ºC until all hexane is 

evaporated. The remaining was weighed. The step was repeated for medium of 5.0% (w/v) 

of glucose concentration. 

 

3.6 Total Carbohydrate Test 

The method was obtained from Sadasivam & Manickam (1996). 0.5 mL of supernatant 

sample was taken and pipetted into a test tube. 2 mL of distilled water was added into the 

test tube. The tube was then vortexed (VX-200, Labnet International Inc., U.S.A) before 

0.2 mL from it was transferred into triplicates of test tube. 0.2 mL of 5% phenol and 1 mL 

of concentrated sulphuric acid (H2SO4) (AnalaR®, England) were added rapidly into a test 

tube containing 0.2 mL of supernatant sample. 5.6 mL of distilled water was added into the 

test tube. The tube was then vortexed for a few seconds. 1 mL of each test tube was taken 

and pipetted into the cuvette. 1 mL of distilled water was also prepared into a cuvette as for 

blank. Each cuvette was observed under UV spectrophotometer (UVmini-1240, Shimadzu, 

Japan) set at 490 nm. 

 

 

 

 


