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Abstract - Diverse oleaginous yeasts can grow and accumulate 

lipid on a broad range of competitive substrates. In this study 

crude glycerol from conventional biodiesel production was used 

as the substrate for lipid production via oleaginous yeasts. 

Various cultivation conditions were tested – different C/N ratios, 

temperatures and addition of salts. 

Candida lipolytica, Yarrowia lipolytica, Trichosporon 

fermentans produced up to maximum of 22 % (w/w) lipid 

relating to the biomass at specific cultivation conditions. Scale up 

experiments revealed the further challenges of the lipid 

production via oleaginous yeasts - adhesion of the yeast, 

production of citric acid, low biomass and lipid yield. The lipid 

yield was 17 % (w/w) relating to the biomass despite addition of 

detergent. 
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I. INTRODUCTION 

Conventional biodiesel is produced from diverse sources - 

from edible plant oils (mainly from rapeseed in Austria) and 

non-edible plant oils and waste oil. In the future biofuel 

production should be done with non-food crops, 

agro-industrial wastes and renewable resources. These 

substrates will not compete with food and feed production and 

will avoid a food versus fuel discussion.  

The next generation biodiesel production is developed with 

lipid accumulating microorganisms such as microalgae, 

bacteria and fungi, especially yeast. The oleaginous yeasts 

mainly belong to the genera Yarrowia, Candida, Rhodotorula, 

Rhodosporodium and Cryptococcus [1] [2] [3]. 

The oleaginous yeasts convert low cost substrates to lipids, 

grow quickly to high density, produce lipid year around and 

can accumulate up to 70% oil by dry matter. The dominant 

lipids are palmitic acid, palmitoleic acid, stearic acid, oleic 

acid and linoleic acid - similarly to those detected in plant oils 

and therefore suitable for biodiesel.  

The lipid production via yeasts requires specific cultivation 

conditions – often carbon excess and nitrogen limitation. But 

the lipid production via yeast is also influenced by other 

factors like the yeast species, stage of growth, carbon source 

and level, aeration rate, temperature, presence of inhibitors, 

nitrogen source, phosphorus level, thiamine, biotin, pH value 

and acclimatization to a carbon source [4].  

Glycerol is a co-product from the oleochemical industry 

especially from biodiesel production. The global annual 

biodiesel production will increase up to over 41 billion litres in 

the year 2022 [5]. About 1 kg crude glycerol remains from 10 

kg of biodiesel from rapeseed oil [6]. Refining this crude 

glycerol to high purities is too costly and energy-intensive [7]. 

Several publications exist about the lipid production from 

crude glycerol via oleaginous yeasts. For instance 

Rhodotorula glutinis converted crude glycerol to 10.05 g/L 

biomass, 60.6 % (w/w) lipid and 6.1 g L-1 lipid yield [8]. The 

yeast Yarrowia lipolytica produced in continuous culture with 

crude glycerol 3.5 g L-1 cellular lipid and 43 % (w/w) lipid [9].  

First scale ups, pilot and demonstration plants were built 

and run during the last century but theses factories were closed 

because of the inefficient production. The first up to date scale 

up (200 litres medium containing glycerol) was reported in the 

year 2014 – here the cultivation of the yeast Metschnikowia 

pulcherrima yields 2.06 g L-1 biomass and 34 % lipid (w/w) 

[10].  

We tested the oleaginous potential of diverse oleaginous 

yeasts using crude glycerol from conventional biodiesel 

production as substrate. Yarrowia lipolytica produced 22 % 

lipid (w/w) relating to the biomass at specific cultivation 

conditions. Finally we illustrated the problems with the scale 

up - adhesion of the yeast, production of citric acid and low 

biomass and lipid yield.  

In future the industrial lipid production via yeast will be 

feasible with cheap feedstock (like crude glycerol), higher 

productivity and final higher oil concentrations. 
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II. MATERIALS AND METHODS 

2.1. YEASTS, MEDIA, PRECULTIVATION AND CULTIVATION 

The cell growth and lipid accumulation of the yeast species 

Candida lipolytica, Yarrowia lipolytica and Trichosporon 

fermentans (kindly provided from the strain collection of the 

company Agrana (http://www.agrana.at/)) were investigated 

in this study.  

The yeast was precultured in incubator shaker in crude 

glycerol medium (60 g L-1 glycerol, 2 g L-1 yeast extract, 2 g 

L-1 peptone, autoclaved at 121°C for 20 minutes) for 24 hours 

at 180 rpm at 30°C. Furthermore yeast cells were adapted in 

the crude glycerol medium over a lot of generations. 

Screening was done in crude glycerol medium (60 g L-1 

crude glycerol) with different C/N ratios and sometime with or 

without salts (2.7 g L-1 potassium dihydrogen phosphate, 

1.192 g L-1 disodium hydrogen phosphate dihydrate, 0.1 g L-1 

ethylenediaminetetraacetic acid) at 25°C or 30°C with 180 

rpm for 7, 10 or 17 days.  

 

2.2. HPLC AND GC-FID ANALYSIS, MAIN IONS AND TRACE 

ELEMENT ANALYSIS, DETERMINATION OF THE YEAST BIOMASS 

Glycerol concentration was quantified by HPLC, using an 

Agilent Technologies 1200 Series equipped with a Varian 

Metacarb 87 H column (300x7.8 mm) at 65°C, H2SO4 (c = 5 

mmol L-1) eluent and an isocratic flow rate of 0.8 mL min-1 

was used. The data acquisition was performed per refractive 

index detection and UV detection at 210 nm. For calibration 

the method of external standard was applied. Data analysis 

was performed per Agilent Chemstation 04.03 b.  

Samples for the determination of main ions by IC were 

prepared by dilution with the proper mobile phase followed by 

centrifugation with a rotational speed of 13,000 min-1. The 

main ionic components of the raw glycerin were determined 

by a Dionex ICS 1000 ion chromatographic system, equipped 

with an AS40 auto sampler. Signals were obtained by a 

conductivity detector. For anions the chromatographic setup 

was an IonPac AS14A (4x250 mm) separation column, 

guarded by an IonPac AG14A (4x50 mm) and the suppressor 

ASRS Ultra II, 4mm from Thermo Fisher.  

For cations the chromatographic setup was an IonPac 

CS12A (4x250 mm) separation column, guarded by an IonPac 

CG12A (4x50mm) and the suppressor CSRS Ultra II 4 mm 

from Thermo Fisher. Chromatographic conditions were set up 

according the columns reference method. As calibration the 

external standard method was applied. Standard solutions 

were purchased from Merck Certipur.  

Samples for determination of trace elementals by ICP OES 

were prepared by centrifugation at a rotational speed of 13,000 

min-1. The clear supernatant was diluted to a proper factor with 

nitric acid (TRACE METAL Fisher Scientific, 67-70 %) c = 

0.1 mmol L-1 in a 50 mL plastic screw tube.  

Trace metal concentration was determined by ICP OES 

from Horiba Jobin Yvonne, ULTIMA2, equipped with an AS 

80 auto sampler using the software ICP Analyst 5.2. The argon 

plasma torch (Air Liquide, >99,999 %) was generated with a 

power of 1,000 Watt and a flow rate of 12 L min-1. Samples 

were injected by a concentric Meinhard nebulizer in the 

concentric cyclone chamber. As calibration, the method of 

external standard was applied. Multi standard solution was 

purchased from Roth Rotistar.  

Cells were harvested by centrifugation at 5000 min-1 for 15 

minutes. The supernatant was used for HPLC analysis. The 

pellet was washed twice with pure water and utilized for 

biomass determination (dried at 105°C until its mass is 

constant). 

For the analytical quantification of the fatty acid content and 

distribution, 5 mL yeast suspension was centrifuged at a 

rotational speed of 4000 min-1 for 15 minutes. The yeast pellet 

was washed twice with 5 mL of deionized water and dried at 

105°C for 24 hours. The pellet was resuspended and 

methylated with 5 ml of methanol/acetyl chloride with a 

volumetric dilution of 50:2 for 24 hours at 60°C. The reaction 

was stopped by adding 2.5 mL of a sodium carbonate solution 

with a concentration of 60 g L-1. Extraction was done by 

adding 2 mL of hexane and shaking for 2 minutes. The upper 

phase, containing the methyl esters, was transferred in a 1.5 

mL crimp vial for GC analysis. The hexane extract was 

injected in a Thermo Trace GC equipped with an autosampler 

AS 2000 and detection was done with FID.  

 The chromatographic conditions were chosen according the 

chromatographic columns, an Agilent J&W capillary column 

DB23 60 m, 0.25 mm ID and 0.25 µm film thickness was used 

for analytical separation. The data analysis was performed 

with the software Chrom Card Data System Ver. 2.8 from 

Thermo Finnigan. For calibration the external standard 

method has been used.  

III. RESULTS AND DISCUSSION 

3.1. GLYCEROL COMPOSITION AND SCREENING OF YEAST AT 

DIFFERENT C/N RATIOS AND TEMPERATURES  

 The crude glycerol was kindly provided by the company 

BDI (Grambach, Graz, Austria). The content of this crude 

glycerol was analysed and shown in table 1. The crude 

glycerol contains considerable ammonium and nitrate values. 

The yeast strains, Candida lipolytica and Yarrowia 

lipolytica, Trichosporon fermentans were chosen to evaluate 

the lipid accumulation potential for future microbial oil 

production. 

We already determined the growth condition and lipid 

accumulation of the different yeast strains in pure glycerol 

medium [11].  

  

http://www.agrana.at/
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TABLE 1, CONTENT OF THE CRUDE GLYCEROL 

Glycerol  680 g L-1 

Sodium  10.05 g L-1 

Ammonium  2.05 g L-1 

Potassium  22.05 g L-1 

Magnesium 0.03 g L-1 

Calcium  0.015 g L-1 

Chloride  12.05 g L-1 

Nitrate  8.45 g L-1 

Phosphate  0.6 g L-1  

Sulfate  18.95 g L-1 

Aluminium  24 mg L-1 

Cooper  9 mg L-1 

Iron 11 mg L-1 

 

The lipid production via yeasts works mostly in a medium 

with an excess of the carbon source and limited nitrogen - the 

ratio of carbon and nitrogen sources (C/N ratio) influences the 

oleaginous potential of the culture. The determination of the 

optimal C/N ratio for both cell number and lipid accumulation 

is essential [12] [13], therefore cultivation of different yeast 

species was done in glycerol medium with variable C/N ratios 

(ranging from 27 up to 59) for 7, 10 or 17 days at different 

temperatures. The experiments were done in 50 ml medium in 

250 ml Erlenmayer flasks. 50 ml crude glycerol based medium 

was inoculated with 10 % preculture (v/v; adapted yeasts). 

At the start of the cultivation extra nitrogen source was 

added (yeast extract and peptone) to the glycerol medium. 

Low C/N ratio resulted in low lipid content (lower than 10 % 

(w/w, relating to the biomass, data not shown). Lipid 

accumulation increased after changing the nitrogen level and 

therefore the C/N ratio. Table 2 and 3 show the culture 

conditions, cell biomass and lipid content of the yeast strains 

with high lipid accumulation potential at 25°C temperature. 

Other conditions resulted in lipid content lower than 10 % 

(w/w, relating to the biomass) and therefore these data were 

not shown.  

The achieved cell biomass ranged 0.42 g 100 g-1 up to 0.85 g 

100 g-1  (shown in table 2) - values typically for oleaginous 

yeast growth in crude glycerol medium, for example the 

biomass of the yeast Yarrowia lipolytica achieved 6.5 g L-1 up 

to 8.1 g L-1 in crude glycerol medium [14]. 

 

TABLE 2, CELL BIOMASS OF THE YEASTS AT DIFFERENT CONDITIONS AT 

25°C TEMPERATURE 

Yarrowia lipolytica 

25°C; C/N ratio 59, 10 days 0.42 g 100 g-1 

25°C, C/N ratio 59, 17 days plus 

salt 

0.79 g 100 g-1  

Candida lipolytica 

25°C, C/N ratio 59, 17 days plus 

salt 

0.85 g 100 g-1 

Trichosporon fermentans  

25°C; C/N ratio 49, 10 days   0.69 g 100 g-1 

TABLE 3, LIPID CONTENT OF THE YEASTS AT DIFFERENT CONDITIONS 

AT 25°C TEMPERATURE 

Yarrowia lipolytica  

25°C; C/N ratio 59, 10 days 18 % 

25°C, C/N ratio 59, 17 days plus 

salt 

20 % 

Candida lipolytica  

25°C, C/N ratio 59, 17 days plus 

salt 

20 % 

Trichosporon fermentans   

25°C; C/N ratio 49, 10 days   17.9 % 

 

The three different yeast strains, Candida and Yarrowia 

lipolytica, Trichosporon fermentans, accumulated lipid 

contents from 17.9 % up to 20 % at different culture conditions 

(summarized in table 3) – a phenomenon which seems to be 

yeast strain specific [4]. The yeasts mainly produced lipid like 

oleic acid, palmitic acid, stearic acid and linoleic acid – fitting 

for biodiesel. 

The incubation temperature can influence the lipid 

accumulation too, therefore the same medium was used for 

further experiments at increased temperature of 30°C.  

TABLE 4, CELL BIOMASS OF THE YEASTS AT DIFFERENT CONDITIONS AT 

30°C TEMPERATURE 

Yarrowia lipolytica 

30°C, C/N ratio 59, 17 days plus 

salt 

0.51 g 100 g-1 

Trichosporon fermentans 

30°C, C/N ratio 59, 17 days 1.23 g 100 g-1  

 

TABLE 5, LIPID CONTENT OF THE YEASTS AT DIFFERENT CONDITIONS 

AT 30°C TEMPERATURE 

Yarrowia lipolytica 

30°C, C/N ratio 59, 17 days plus 

salt 

17 % 

Trichosporon fermentans 

30°C, C/N ratio 59, 17 days 16 % 

 

 The lipid production potential of oleaginous yeast is 

obviously lower at higher temperature, the lipid content of the 

yeast Yarrowia lipolytica is lower than 10 % (w/w, relating to 

the biomass, data not shown) and the duration of lipid 

production of Yarrowia lipolytica and Trichosporon 

fermentans took more time. In comparison, the lipid 

accumulation of the oleaginous yeast Candida 107 reached a 

maximum at 25°C ranging the temperature from 19°C up to 

33°C [15]. Maybe the lipid accumulation catabolism could be 

decelerated or be changed at higher temperature.  

 The crude glycerol already contained nitrogen sources (see 

table 1) – therefore the medium for lipid accumulation was 

prepared plus salt but without an additional nitrogen sources. 

Reduction or avoidance of external nitrogen sources will 
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reduce the cost of the lipid production process and contributed 

to the marketability of this process. 

 The lipid accumulation potential of the three selected yeast 

was tested within this medium at two temperatures for 7, 10 

and 17 days. Trichosporon fermentans and Candida lipolytica 

produced relative low biomass concentrations (see table 6) but 

good lipid contents (see table 7). Other conditions did not 

result in high lipid content (lower than 10 % (w/w) relating to 

the biomass) and therefore these data were not shown.  

 
TABLE 6, CELL BIOMASS OF THE YEASTS IN CRUDE GLYCEROL MEDIUM 

AT 25°C TEMPERATURE 

Trichosporon fermentans 

25°C, crude glycerol, 7 days plus salt 0.49 g 100 g-1 

25°C, crude glycerol, 10 days plus salt 0.47 g 100 g-1  

Candida lipolytica 

25°C; crude glycerol, 10 days plus salt 0.42 g 100 g-1 

25°C; crude glycerol, 17 days plus salt 0.45 g 100 g-1 

 

TABLE 7, LIPID CONTENT OF THE YEASTS IN CRUDE GLYCEROL MEDIUM 

AT 25°C TEMPERATURE 

Trichosporon fermentans 

25°C; crude glycerol, 10 days 18.7 % 

25°C, crude glycerol, 17 days plus 

salt 

18 % 

Candida lipolytica 

25°C, crude glycerol, 17 days plus 

salt 

17 % 

 

 The yeasts were tested also at 30°C in this medium. 

Yarrowia lipolytica achieved biomass concentration of 0.45 g 

100 g-1 and a lipid content of 22 % (w/w) relating to the 

biomass. Obviously the factor C/N ratio influences the lipid 

production to a greater extent than the temperature. 

Furthermore the nitrogen sources within the crude glycerol 

supported the lipid production via yeast and no external 

nitrogen sources will be needed.  

 In comparison to the results in other publications all 

achieved lipid data are quite lower [8] [9] – but the lipid 

production via yeast depends on several issues: selection of the 

yeast strain, on composition of the used substrate (included 

inhibiting or promoting substances) and kind of lipid 

extraction and transesterification. 

 Scale up experiments in 2 liters fermenter were done with 

yeasts in crude glycerol medium and the medium with variable 

C/N ratio to improve the lipid production via yeasts due to the 

improved controlled aeration and pH value.  Various problems 

occurred – the production of citric acid, adhesion of the yeast, 

low biomass yield and lipid content. Diverse detergents were 

used to decrease the adhesion of the yeast. Different 

cultivation modes were tested and the pH value was regulated 

constant or no pH regulation was applied. Anyhow - the lipid 

content increased only up to a maximum of 17 % (w/w) 

relating to the biomass (see table 8). The biomass 

concentration reached a maximum of 0.33 g 100 g-1. 

 

TABLE 8, LIPID CONTENT OF YARROWIA LIPOLYTICA IN CRUDE 

GLYCEROL IN FERMENTER 

Day 3 5.5 % 

Day 6  7.3 % 

Day 7 7.4 % 

Day 10 9 % 

Day 13 17 % 

  

 Crude glycerol is suitable as substrate for lipid production 

via yeast. An important requirement of commercialization is 

the price of the substrate used. Therefore the use of glycerol 

could contribute to the commercialization of lipid production 

with yeasts. Furthermore several challenges: higher biomass 

values and lipid content due to optimization of the process step 

by step, suitable fermenters and optimal mode of 

transesterification must be solved before industrial scale up.  

IV. CONCLUSION 

This paper has shown that specific oleaginous yeasts 

convert crude glycerol to lipids suitable for biodiesel 

production. Variation of the culture conditions in small lab 

scale mode concerning the C/N ratio, temperature and duration 

revealed the optimum at 30°C in a crude glycerol medium 

without external nitrogen sources. The produced lipid fitted 

for further biodiesel production. 

The scale up experiments failed due to adhesion of the 

yeast, production of citric acid and low yeast numbers and 

lipid content.  

Further improvements concerning each step within the lipid 

production process must be done before starting further scale 

ups. 
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