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Abstract: The present study was carried out to optimize some culture conditions to increase lipid production from Yarrowia 
lipolytica B9 in crude glycerol-based medium. The experiments displayed that too high concentrations of ammonium sulfate, 
KH2PO4, and MgSO4 increased cell growth but inhibited lipid synthesis. In contrast, more synthesis of lipids was determined 
to be achived at high concentrations of NaCl. The optimum concentrations of glycerol, ammonium sulfate, KH2PO4, MgSO4, 
and NaCl for lipid synthesis were determined as 50, 3, 1.5, 1 and 5 g/L, respectively. The optimal incubation time for lipid 
synthesis was found to be 6 days. Lipid concentration of 2.69 g/L and lipid content of 60.1%, were reached under optimal 
culture conditions. 

Keywords: Oleaginous, yeast, mineral salt, optimization. 

Kaynaklarından Ham Gliserolü Kullanarak Yarrowia lipolytica B9 ile Lipit Üretimi 

Öz: Mevcut çalışma, ham gliserol bazlı besiyerinde Yarrowia lipolytica B9’dan lipit üretimini artırmak için bazı kültür 
koşullarını optimize etmek amacıyla gerçekleştirilmiştir. İnceleme sonucunda amonyum sülfat, KH2PO4 ve MgSO4’ün çok 
yüksek konsantrasyonlarının hücre büyümesini artırdığı fakat lipit sentezini inhibe ettiği gözlemlendi. Buna ek olarak, daha 
fazla lipit sentezinin yüksek NaCl konsantrasyonlarında başarıldığı ortaya çıktı. Lipit sentezi için gliserol, amonyum sülfat, 
KH2PO4, MgSO4 ve NaCl’nin optimum konsantrasyonları sırasıyla 50; 3; 1,5; 1 ve 5 gr/lt olarak belirlendi. Lipid sentezi için 
optimal inkübasyon süresinin 6 gün olduğu bulundu. Optimal kültür koşullarında 2.69 gr/lt lipit konsantrasyonuna ve %60.1 
lipit içeriğine ulaşıldı. 

Anahtar kelimeler: Yağlı, maya, mineral tuz, optimizasyon. 

1. Introduction 

Today, microorganisms are used in the production of 
various substances such as single cell protein, enzyme, 
recombinant protein, antibiotics, ethanol, glutathione, 
pigments, organic acids, and polysaccharides. In addition 
to these valuable products, microorganisms have recently 
been used in the production of biolipids which are also 
called single cell oils (Fakas et al., 2009). 

The term “oleaginous” is extensively used for 
microorganisms accumulating lipids over 20% on dry 
weight basis. Some genera of microalgae, yeasts, molds, 
and bacteria show oleaginous property; however, most of 
oleaginous microorganisms belong to the yeast genera 
such as Candida, Cryptococcus, Rhodotorula, Lipomyces, and 
Yarrowia (Taskin et al., 2015; Ortucu et al., 2017). For 
instance, many investigators have documented that strains 
of Yarrowia lipolytica are good lipid producers (Gao et al., 
2017; Dobrowolski et al., 2019). 

It has been well documented that some nutritional 
and environmental culture conditions significantly trigger 
lipid synthesis in oleaginous yeasts, thereby causing the 
lipid accumulation over 70% on dry weight basis 
(Beopoulos et al., 2009; Taskin et al., 2016). For example, 
low amounts of nitrogen and phosphorus sources but high 
amounts of carbon sources increase lipogenesis in 

oleaginous yeasts (Amaretti et al., 2010; Taskin et al., 2016; 
Wang et al., 2018).  

The industrial production of biodiesel is mainly 
performed from vegetable oils. Recently, lipids of 
oleaginous microorganisms have also been reported to be 
used as alternative biodiesel feedstock. However, high cost 
of carbon sources which are employed for cultivation of 
oleaginous microorganisms significantly limits 
economical production of microbial lipids (Meng et al., 
2009; Santek et al., 2018). To solve this problem, cheap 
agricultural byproducts and organic wastes such as 
molasses, whey, glycerol, and fruit peels have been 
suggested to be utilized as alternative carbon sources in 
the production of microbial lipids (Papanikolaou et al., 
2007; Fakas et al., 2009; Meng et at., 2009).  

Glycerol is a by-product that is released from 
vegetable and animal oils during the production of 
biodiesel. It is stated that an average 1 kg of glycerol is 
produced during the production of per 10 kg biodiesel. 
Therefore, it is produced in high amounts every year by 
the biodiesel industry (Papanikolaou & Aggelis, 2010; 
Anand & Saxena, 2011). In addition to 60-90% glycerol, 
crude glycerol contains water, methanol, mineral 
elements, and fatty acids. Although crude glycerol is 
produced in large quantities, it is not of much medical and 
industrial importance (Swiatkiewicz & Koreleski, 2009; 
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Chen & Walker, 2011; Yang et al., 2012). As an alternative 
approach, crude glycerol is employed as a carbon source 
for production of various microbial substances today. For 
example, many studies have demonstrated that this 
substance is effectively employed as a carbon source in 
synthesis of lipids from various yeasts, including Y. 
lipolytica strains (André et al., 2009; Gao et al., 2016; Kumar 
et al., 2020). Accordingly, this work was conducted to 
produce lipids from Y. lipolytica B9 in crude glycerol-based 
medium and to optimize some culture conditions for 
enhancement of lipid production. 

2. Material and Methods 

2.1. Chemicals and microorganism  

Chloroform, methanol, HCl, and mineral salts were 
purchased from Sigma (USA) but potato dextrose agar 
(PDA) and potato dextrose broth (PDB) from Merck 
(Germany). The strain Yarrowia lipolytica B9 (Taskin et al., 
2015) was selected as the test microorganism for lipid 
production in glycerol-based medium.  

2.2. Preparation of yeast preculture  

The yeast was firstly activated on PDA medium at 15°C for 
48 h. Then, one loopful of the yeast biomass on PDA was 
inoculated into 250 mL flask containing 100 mL of PDB 
medium. After the flask was placed into shaking 
incubator, it was incubated at 15°C and 200 rpm for 48 h. 
The prepared preculture was then used for the inoculation 
of glycerol-based production medium described below. 

2.3. Lipid production in glycerol-based medium 

Experiments for production of lipids from Y. lipolytica B9 
were performed in 250 mL flasks containing 100 mL of the 
production medium that was composed crude glycerol, 
ammonium sulfate, 0.5 g/L KH2PO4, and 0.5 g/L MgSO4 
(pH 6.0). The initial experiments were focused on 
determining the most favorable concentrations of glycerol 
(20-60 g/L) and ammonium sulfate (2-5 g/L) for lipid 
synthesis. After determining the most favorable 
concentrations of glycerol and ammonium sulfate, the 
effects of different concentrations of KH2PO4 (0.5-2.5 g/L), 
MgSO4 (0.5-2.5 g/L), and NaCl (0-6 g/L) on yeast growth 
and lipid synthesis were examined. Final experiments 
were done to elucidate the influence of incubation time (up 
to 7 days) on lipid synthesis and cell growth. During the 
optimization experiments, the flasks were inoculated with 
2 mL of preculture (OD600=2.0) and they were incubated at 
15°C and 200 rpm. 

2.4. Analysis of lipid production and cell growth  

At the end of the specified incubation time, the yeast 
cultures were centrifuged at 5000 rpm for 10 min. The 
supernatant was removed and the precipitated wet cells 
were dried to constant weight at 70°C. Final weight of 
dried cells was termed as cell concentration (g/L). Yeast 
lipids were extracted from dry cells with chloroform-
methanol treatment. For this purpose, dried cells (0.1 g) 
were firstly hydrolyzed with 10 mL of 4 N HCl at 60°C for 
2 h in a water bath. The prepared suspension was 
centrifuged at 5000 rpm for 10 min and the supernatant 
was discharged (Tasselli et al., 2018). Then, the 
precipitated cells in the tube were extracted with 5 mL of 
chloroform-methanol mixture (2V\V). After the 
suspension was vortexed for 5 min, it was centrifuged at 

5000 rpm for 5 min. Afterwards, the supernatant was 
discharged and 5 mL of chloroform-methanol mixture was 
re-added into the tube. After chloroform-methanol 
extraction and centrifugation were applied four cycles, the 
precipitated wet cells in tubes were dried to constant 
weight at 70°C. After the final weight of dried cells was 
subtracted from their initial weight, and the decrease in 
dry weight was expressed as lipid concentration (g/L). 
Lipid content was determined according to the following 
formula. Lipid content (%) = [lipid concentration (g/L) / 
cell biomass (g/L)] x 100.  

2.5. Statistical analysis 

Each analysis was performed in three biological and two 
technical replicates. All the measurements were mean ± 
standard deviation (±SD) of six determinations (n = 6). 
Statistical difference was analyzed in the SPSS 15.0 
package program using P <0.05 significance level one-way 
ANOVA.  

3. Results 

3.1. Influence of ammonium sulfate and crude glycerol 
concentrations on lipid production 

Different concentrations of ammonium sulfate and crude 
glycerol were tested for enhancement of lipid synthesis in 
the yeast.  

As seen from Table 1, increasing concentrations of 
ammonium sulfate resulted in a continuous increase in cell 
biomass. For example, even at the lowest and highest 
concentrations of glycerol, the maximum cell biomass was 
measured at a concentration of 5 g/L of ammonium 
sulfate. On the contrary, excessive concentrations of 
ammonium sulfate decreased lipid production. For 
example, when glycerol concentration was kept constant 
at 20 g/L, maximum lipid synthesis was detected in the 
presence of 2 g/L ammonium sulfate and higher 
concentrations of ammonium sulfate decreased lipid 
synthesis. It was found that crude glycerol concentrations 
up to 50 g/L increased both cell growth and lipid 
synthesis. When the production medium contained 50 g/L 
glycerol, the maximum lipid concentration (1.55 g/L) and 
lipid content (36.4%) were accomplished at an ammonium 
sulfate concentration of 3 g/L. On the other hand, it was 
observed that when crude glycerol concentration was 
increased to 60 g/L, both lipid synthesis and cell growth 
slightly reduced. Therefore, subsequent experiments were 
performed in the culture medium containing 50 g/L 
glycerol and 3 g/L ammonium sulfate. 

Table 1. Effect of glycerol and ammonium sulfate concentrations 
on cell growth and lipid synthesis in Yarrowia lipolytica B9 

Crude 
glycerol 
(g/L) 

Ammonium 
sulfate (g/L) 

Cell mass 
(g/L) 

Lipid 
concentration 
(g/L) 

Lipid 
content 
(%) 

20 2 3.22±0.07e 0.86±0.03fg 26.7 

3 3.31±0.09de 0.82±0.04hı 24.7 

4 3.41±0.07d 0.78±0.04hı 22.8 

5 3.56±0.08cd 0.74±0.02ı 20.7 

30 2 3.43±0.1d 0.99±0.05e 28.9 

3 3.57±0.1cd 0.96±0.03e 26.9 

4 3.71±0.12c 0.92±0.03fg 24.8 

5 3.93±0.11bc 0.82±0.05hı 20.9 
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Crude 
glycerol 

(g/L) 

Ammonium 
sulfate (g/L) 

Cell mass 
(g/L) 

Lipid 
concentration 

(g/L) 

Lipid 
content 

(%) 

40 2 3.72±0.15c 1.15±0.03d 30.9 

3 3.89±0.14bc 1.25±0.04c 32.1 

4 4.11±0.14bc 1.11±0.04d 27.0 

5 4.23±0.13b 0.98±0.05e 23.2 

50 2 3.98±0.1bc 1.35±0.06bc 33.9 

3 4.25±0.1b 1.55±0.08a 36.4 

4 4.56±0.12a 1.45±0.05b 31.8 

5 4.72±0.17a 1.33±0.08bc 28.2 

60 2 3.81±0.09c 1.25±0.06c 32.8 

3 4.05±0.1bc 1.37±0.06bc 33.8 

4 4.22±0.11b 1.42±0.06b 33.6 

5 4.03±0.13bc 1.19±0.03cd 29.5 

3.2. Influence of MgSO4, KH2PO4 and NaCl 
concentrations on cell growth and lipid synthesis in 
Yarrowia lipolytica B9 

When experiments were carried out at optimal 
concentrations of glycerol and ammonium sulfate, 
maximum values for lipid concentration (1.79 g/L) and 
lipit content (40.9%) were -reached in the medium 
containing 1 g/L magnesium sulfate, but higher 
concentrations of magnesium sulfate gradually reduced 
lipid synthesis. For example, the highest concentration (2.5 
g/L) of magnesium sulfate gave rise to the lowest lipid 
concentration (1.36 g/L). In contrast to lipid synthesis, 
increasing concentrations of magnesium sulfate caused 
continuous increases in cell concentration. For instance, 
the maximum value (4.72 g/L) for cell concentration was 
measured at the highest concentration (2.5 g/L) of 
magnesium sulfate (Fig. 1). 

 

Figure 1. Effect of MgSO4 concentration on cell growth and lipid 
synthesis in Yarrowia lipolytica B9. Culture conditions: Glycerol 50 
g/L, ammonium sulfate 3 g/L, KH2PO4 0.5 g/L, temperature 
15°C, shaking speed 200 rpm, initial pH 6.0 and incubation time 7 
days. All the measurements were mean ± standard deviation 
(±SD) of six determinations (n = 6). 

Figure 1 shows that the maximum values for both 
lipid concentration (2.12 g/L) and lipid content (45.9%) 
were recorded in the presence of 1.5 g/L KH2PO4, while 
supplementation of KH2PO4 over 1.5 g/L significantly 
decreased lipid synthesis. For example, the lowest values 
for lipid concentration and lipid contents were measured 
at the highest concentration (2.5 g/L) of KH2PO4. On the 
contrary, a continuous enhancement in cell concentration 

occured as KH2PO4 concentration was increased. For 
example, the maximum value (4.81 g/L) for cell 
concentration was reached at the highest concentration 
(2.5 g/L) of KH2PO4 (Fig. 2). 

 

Figure 2. Effect of KH2PO4 concentration on cell growth and lipid 
synthesis in Yarrowia lipolytica B9. Culture conditions: Glycerol 50 
g/L, ammonium sulfate 3 g/L, MgSO4 1 g/L, temperature 15°C, 
shaking speed 200 rpm, initial pH 6.0 and incubation time 7 days. 
All the measurements were mean ± standard deviation (±SD) of 
six determinations (n = 6). 

Experiments revealed that in comparison with the 
control medium (without addition of NaCl), the 
supplementation of NACl upto 3 g/L increased cell 
concentration. However, NaCl concentrations over 3 g/L 
caused gradual decreases in cell concentrations. Lipid 
synthesis increased as NaCl concentration increased and 
the maximum values for lipid concentration (2.68 g/L) and 
lipid content (59.7%) were obtained at 5 g/L NaCl 
concentration (Fig. 3). However, NaCl concentrations 
above 5 g/L were found to reduce lipid synthesis. 

 

Figure 3. Effect of NaCl concentration on cell growth and lipid 
synthesis in Yarrowia lipolytica B9. Culture conditions: Glycerol 50 
g/L, ammonium sulfate 3 g/L, KH2PO4 1.5 g/L, MgSO4 1 g/L, 
temperature 15°C, shaking speed 200 rpm, initial pH 6.0 and 
incubation time 7 days. All the measurements were mean ± 
standard deviation (±SD) of six determinations (n = 6). 

As seen from Figure 4, the yeast cells showed the best 
growth performance in the first three days (especially in 
the first day) of incubation. The cell concentration reached 
to maximum value (4.48 g/L) on day 4 and no increase was 
detected in the following days. Unlike cell growth, no 
significant lipid accumulation was detected within the first 
three days and an important increment in lipid synthesis 
was observed after day 3. Both lipid concentration and 
lipid content reached to maximum values (respectively 
2.69 g/L and 60.1%) at the end of day 6. On the other hand, 
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both lipid concentration and lipid content showed a small 
reduction when incubation time was increased from 6 to 7 
days (Fig. 4).  

 

Figure 4. Effect of incubation time on cell growth and lipid 
synthesis in Yarrowia lipolytica B9. Culture conditions: Glycerol 50 
g/L, ammonium sulfate 3 g/L, KH2PO4 1.5 g/L, MgSO4 1 g/L, 
temperature 15°C, shaking speed 200 rpm and initial pH 6.0. All 
the measurements were mean ± standard deviation (±SD) of six 
determinations (n = 6). 

4. Discussion 

It is well known that Yarrowia lipolytica strains utilize 
glycerol as a cheap carbon source for lipid synthesis. 
Therefore, in this work, crude glycerol was selected as a 
carbon source for lipid production. In order to increase 
lipid synthesis, different concentrations of carbon (crude 
glycerol) and nitrogen (ammonium sulfate) sources were 
tested primarily. It was determined that low 
concentrations of ammonium sulfate and high 
concentrations of glycerol, in other words, nitrogen-
limited but carbon excess conditions increased the lipid 
synthesis in the yeast. This result was similar to those of 
previous studies (Taskin et al., 2015; Ortucu et al., 2017; 
Zhang et al., 2019). 

The present study revealed that excessive 
concentrations of MgSO4 and KH2PO4 increased cell 
growth but decreased lipid synthesis. This was mainly 
attributed to the presence of P and S in these mineral salts. 
Because, in the literature, it is stated that carbon source is 
directed to cell growth in the presence of excessive P and 
S but to lipid synthesis under P and S limited conditions 
(Bandhu et al., 2014; González-García et al., 2017; Ortucu 
et al., 2017; Elfeky et al., 2019). The experiments revealed 
that NaCl concentrations up to 5 g/L significantly 
stimulated lipid synthesis. This finding is consistent with 
the fact that NaCl increases lipid accumulation by causing 
stress in yeasts (Tchakouteu et al., 2017; Guo et al., 2019). 

The experiments showed that although cell growth 
stopped at the end of day 3, lipid synthesis continued until 
the end of day 6. The result is in parallel with the 
knowledge that extended incubation times are more 
favorable for lipid synthesis in oleaginous microorganisms 
(Ortucu et al., 2017; Abghari & Chen, 2017; Radha et al., 
2020; Altun et al., 2020). A small decrease in lipid 
concentration was observed after day 6. This decrease can 
be explained by depletion of carbon source (glycerol) in 
the culture medium. Namely, storage lipids might have 
been used as carbon source by the yeast since glycerol was 
exhausted in the medium. The lipid content of the yeast 
was determined to be 60.1% under optimized culture 

conditions. This value was higher than the lipid contents 
of other Y. lipolytica strains which were cultivated in 
glycerol-based medium in the previous studies 
(Sriwongchai et al., 2013; Rakicka et al., 2015; Sara et al., 
2016; Gajdoš et al., 2017; Niehus et al., 2018). Furthermore, 
it was higher than lipid contents of other oleaginous yeasts 
in the previous studies (Karatay & Donmez, 2010; 
Amaretti et al., 2010; Gao et al., 2017; Uprety et al., 2017). 
Taskin et al. (2015) informed that lipids of Y. lipolytica B9 
included oleic acid, cis-10-heptadecenoic acid, palmitoleic 
acid, and palmitic acid but not polyunsaturated fatty acids 
and therefore could be used as a biodiesel feedstock. It was 
shown in the current work that lipids of this yeast could be 
produced using crude glycerol as a cheap carbon source. 
Since crude glycerol is a waste material that does not find 
much use today, it is thought that performing lipid 
production using crude glycerol can contribute to 
reducing the environmental pollution problem as well as 
cost of biodisel feedstock. 
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