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Abstract 

The aim of this study was to assess the potential of valorisation of a vegetal fatty material by 
fermentations carried out by novel Candida yeast strains in order to produce single-cell protein. The 
yeasts were grown on sunflower oil as sole carbon source. The study was performed in a batch system. 
Satisfactory quantities of biomass were produced when yeasts were grown in conical flasks (biomass 
yield 1.04 - 1.16 g of total biomass produced per g of fat consumed). In bioreactor trials, in which 
higher agitation and aeration conditions were applied compared with the equivalent trial in the flasks, 
significantly higher quantities of biomass were produced (biomass yield of 1.4 - 1.52 g of total biomass 
produced per g of fat consumed). In bioreactor trials the transformation yields of fat into single-cell 
protein was 71.25 - 76.35% (g of total biomass produced / 100 g of total initial fat), higher than the 
yield 43.95- 48.2% registered for flasks trials. The results of this study suggest that SCP as a 
biotechnologically valuable product could be produced using renewable low-cost substrates such as 
vegetal oils in one procedure with the fat cleaning of fermentation medium. 
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Introduction 
 

The term single cell protein (SCP) was used for the first time in the 1960´s in aim to 
embrace microbial biomass products which were produced by fermentation, in order to solve 
the problem of worldwide protein shortage. The production methods of SCP evolved as 
bioconversion processes which turned low value by-products, often wastes, into products with 
added nutritional and market value [1]. During the last decades the focus has shifted to exploit 
microbes as food sources for fortification of the food supply or for consumption as single cell 
protein (SCP). Currently SCP is produced from many species of microorganisms, including 
algae, fungi and bacteria. It is convenient to use fungi and bacteria for production of SCP when 
grown on inexpensive waste material [2]. Yeasts such as Candida and Saccharomyces spp. are 
used as producers of single cell protein to convert agro-industrial wastes, such as effluents from 
olive mill, greasy waste-waters, into a valuable protein supplement for animal feeds [3,4,5]. The 
bioconversion process to convert different sources into SCP is generally thought to be an 
attractive way to both enhance wastewater purification and increase resource utilization [6]. 

The ability of certain microorganisms to accumulate high amounts of lipids has been 
known for years. The typical oily yeasts genera so far indentified include Yarrowia, Candida, 
Rhodotorula, Rhodosporidium, Cryptococcus, Trichosporon, and Lipomyces. Some oily 
yeasts mentioned are able to accumulate lipids to levels greater than 20% of their cellular dry 
weight [7]. More specifically, examples of oily yeasts species include: Cryptococcus albidus, 
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Lipomyces lipofera, Lipomyces starkeyi, Rhodosporidium toruloides, Rhodotorula glutinis, 
Trichosporon pullulan, and Yarrowia lipolytica (formerly classified as Candida lipolytica) 
[8,7].  

As regards Candida lipolytica the species name refers to the ability of this yeast to 
extensively degrade n-paraffins and oils and the natural habitats are oil-polluted environments 
and foods [9].  

The economic feasibility of the fermentation process to bioconvert lipids is determined 
by the cost of the raw materials plus the fermentation processes themselves. The cost of the 
raw materials depends on the ratio of the protein produced per amount of carbon source 
(lipid) used, whereas the cost of the fermentation process is based on the ratio of produced 
lipids (defined as the amount of lipid consumed, respectivelly protein produced per unit of 
fermentation volume and per time unit) [10,7]. 

From technological point of view, SCP represents the production of microbial biomass 
using specific microorganisms by culturing on abundantly available agricultural or industrial 
wastes either by a submerged or solid state fermentation process. After fermentation step, 
biomass is harvested and may be subjected to downstream processing steps like washing, cell 
disruption, protein extraction and purification [11,2]. 

The biosynthetic biochemical pathways of lipid bioconversion in oily yeasts are not 
very different from those present in low oil containing yeasts, such as Saccharomyces 
cerevisiae [7]. When oily yeasts enters a phase of low carbon source, they generate biomass at 
the expense of the accumulated fat [12]. 

It is generally accepted that lipid bioconversion from oily yeasts is industrially worthy 
when low-cost raw materials are used as the carbon and nitrogen sources [13]. A variety of 
raw materials have been used including wastewaters of animal fat treatment [14], and olive oil 
mill wastewaters [15]. To be economically feasible, optimum culture condition for the 
production of maximum biomass and intracellular protein is necessary. The environmental 
conditions, such as temperature, dissolved oxygen, pH and so on are important factors which 
have significant influence on the  biomass production [16].  

The aim of the present study was to investigate single-cell protein producing of two 
novel strains of Candida lipolytica, at different initial concentrations of vegetal oil as 
substrate, in a batch system. The study was planned also to demonstrate the capacity of novel 
yeast on growing on vegetal oils’ substrates and the production of single-cell protein by 
comparing their behaviour and production characteristics. 
 
Materials and Method 
 

Yeast strains 
The novel yeast strains had been isolated from natural sources such as oily seeds 

(sunflower, peanuts, sesame, linseeds) and oily wastewaters resulted from food industry. The 
screening of growing on vegetal oils’ substrates and the single-cell protein production 
capabilities of the novel isolated strains were performed in a fermentation medium containing 
(in g/L): (NH4)2SO4 1, KH2PO4 2, MgSO4.7H2O 0.20, MnSO4.10H2O 0.002, CaCl2 0.1,  
FeSO4.7H2O 0.005, Na2CO3 0.1, yeast extract 0.008, vegetal oil (sunflower oil) 20.  

Of the tested strains, the highest conversion rate of fat into protein was registered by 
the novel Candida lipolytica 1 and Candida lipolytica 5, which were chosen for further 
studies. 

Identification of Candida lipolytica was confirmed using rapid API ID 32C test system 
(bioMerieux, France). 
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The yeasts were kept as stock culture at 40C on a slant of the maintenance medium 
consisting of unhopped malt wort 80Plato, sunflower oil, and agar (for 1 liter wort 20 g 
sunflower oil and 20 g agar were added), under a layer of liquid paraffin. Yeast cultures 
stored in malt wort – agar, were activated in the same medium by maintaining consecutive 
transfers. 

 
Inoculum and fermentation media  
The yeast inoculum used in the tests was prepared on a culture medium containing (in 

g/L): diammonium phosphate 2, KCl 1.15, MgSO4.7H2O 0.25, MnSO4.10H2O 0.045, 
FeSO4.7H2O 0.067, ZnSO4 0.18, yeast extract 0.025, vegetal oil (sunflower oil) 20. 

Tween 80 at 10% (wt/wt fat) was added as emulsifier [7]. A dispersing machine 
allowed the dispersion of fat particles into the aqueous phase.  

The yeast inoculum was cultivated at 320C on a Unimax 1010 orbital rotatory shaker 
with Incubator 1000 (Heidolph) at 150 rpm for 24 h. The fermentation was carried out using 
500 ml cotton-plugged flasks containing 200 ml of fermentation medium in the case of 
inoculum for bioreactor. 

The experiments were carried out in a fermentation media containing (in g/L): 
diammonium phosphate 2, KCl 1.15, MgSO4.7H2O 0.25, MnSO4.10H2O 0.045, FeSO4.7H2O 
0.067, ZnSO4 0.18, yeast extract 0.025, vegetal oil (sunflower oil), 10-30. The minerals 
necessary for yeast were introduced into the culture medium in the form of solutions prepared 
using water at 40 – 500C. The media were sterilized at 121°C for 15 min.  

Cultures were done in either 500 ml conical flasks and a 40 l glass bioreactor. In the 
case of cultivation in 500 ml flasks, flasks containing 100 ml of growth medium were 
inoculated with 2 ml of exponential preculture (24-hours-old inoculum) which contained ca. 3 
x 106 cells. 

In the case of cultivation in bioreactor, the inoculum (5% of the working volume and 
roughly 3 x 106 cells/ml) was transferred from the flasks to glass bioreactor (total volume of 
40 l) fitted with pH monitoring and controlling equipment, and dosage equipment (raw 
material, nutrient salt solutions). The bioreactor content was ca. 20 l liquid volume.  

 
Fermentation conditions 
Before inoculation, the culture medium in the bioreactor was steam sterilized in situ 

and after cooling it was inoculated with 5% inoculum (24-hours-old).  
The vegetal oil is added in fermentation medium following a feeding diagram: 

- 50% at the formation of culture medium; 
- 25% 6 hours after addition of inoculum; 
- 25% 8 hours after addition of inoculum. 

Fermentation was performed at a temperature of 30-320C for all experiments (flask or 
bioreactor trials). Agitation speed and aeration rate in the bioreactor were 1300 rpm and 0.6 
litres / litres / min, respectively. During the trials the pH was automatically controlled at 5 – 
5.4 with NH4OH 25%. Silicone antifoam (Carl Roth) was used to prevent foam formation.  

The total fermentation time was 48 hours, and the last 8 hours the culture was 
maintained to allow yeast maturation. At the end of multiplication process (48 hours) the 
biomass was separated by centrifugation using a laboratory centrifuge ROTINA 38 Hettich 
with 250 ml tubes. The yeast biomass was centrifuged for 20 minutes at 4000 rpm. In order to 
assess the production of yeast biomass, the amount of biomass formed after 48 hours of 
fermentation was determined. All experiments were carried out in duplicate and the graphs 
present the mean values of the results. Supernatant was used for residual fat analysis. 



Single-cell protein production of Candida strains in culture media based on vegetal oils 
 

Romanian Biotechnological Letters, Vol. 17, No. 6, 2012 7779 

Cell growth was measured by determining the optical density at 600 nm using a 
spectrophotometer. To determine culture dry weight, culture samples (10 ml) were filtered 
through pre-weighed 13-mm membrane filters (Nalgene, 0.45-µm pore size). The filters were 
washed with distilled water twice and then dried at 100°C for at least 16h to constant weight. 
The determinations were performed in duplicate and varied by less than 2%. 

Finally, specific growth rate and oil reduction efficiency of individual yeasts were 
summarized over the experimental period. 

 
Analytical methods 

- The protein content in pressed biomass was determined by Kjeldahl method, calculated as                 
N x 6.25 (AOAC 920.53) [17], using 0.5 g test portion (AOAC 962.10) [17]. Digestion was 
performed for 30 min after solution cleared. The protein was determined on cell biomass 
harvested at the end of the experiments; 

- The residual (unconsumed) fat content in culture medium was extracted twice using 
petroleum ether. The solvent was removed with the aid of a flash evaporator and the 
remaining fat was gravimetrically measured [18,19];  

- The solid content in yeast biomass was determined by AOAC Official Method 961.06 (the 
method of 16 hours drying at 100±20C) [17]; 

- The yeast cell concentration was estimated by measuring spectrometrically in UV-Vis 
(LABOMED UVD 3200 Spectrometer) the optical density (OD) of the culture at 600 nm 
using a conversion factor of 0.50 OD for 1 × 107 cells. 

 
Results and Discussion 
 

SCP growth in flasks, as well as growth of SCP in a bioreactor were assessed. In the 
first part of the investigation, the effects of substrate fat availability upon microbial growth, 
and SCP accumulation were studied. For SCP production in a bioreactor the culture pH was 
adjusted at the values of 5 – 5.4, and a higher agitation rate than that used in the shake flask 
studies, was applied (1300 against 150 rpm); higher agitation and oxygenation rates seemed to 
critically influence the metabolism of Candida lipolytica. In all experiments the concentration 
of sunflower oil ranged from 10 to 30.0 g/l. 

Biomass developing in different conditions, namely concentration of sunflower oil in 
the culture medium for both strains of Candida lipolytica 1 and 5 were expressed in figure 1 
and 2.  

The charts were performed on base of the mean values. Data introduced in figure 1 
refer to results obtained by using the conical flasks as fermentation vessels, while the results 
indicated in figure 2 comprised experimental results for the 40 l glass bioreactor. As it is 
observed, biomass amount increased directly proportional with augmentation of concentration 
of the sunflower oil until value of 30g/l. Similar trend showed by using any of strains of 
Candida lipolytica 1 and 5, especially in case of the trials performed into conical flasks. 
Concerning the biomass growth, better results were obtained for trials into bioreactor, the 
process efficiency being generally depending on fermentation conditions.  

Also, the biomass yield is shown in table 1 for trials with fermentations into either the 
conical flasks or the 40 l glass bioreactor. Biomass yield (Yp) was calculated using the 
formula: 

C
p O

BtY =  

where: 
 Yp – biomass (single-cell protein) yield, g/g: 
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 Bt – total biomass resulted from the process, g dry biomass; 
 OC – consumed vegetal oil used in the formula of the culture medium, g. 

Biomass yield (Bp) was calculated using the formula: 

100×=
T

T
p O

BB  

where: 
 Bp – biomass (single-cell protein) yield, %: 
 BT – total biomass resulted from the process, g d.m. biomass; 
 OT – total vegetal oil used in the formula of the culture medium, g. 
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Figure 1. Biomass  growth into the conical flasks trials, depending on concentration of sunflower oil 
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Figure 2. Biomass  growth into the bioreactor, related to sunflower oil’s concentration  
 

Table 1. Biomass yield results 
Conical flasks trials 40 l glass bioreactor trials  

 
Concentration of 

sunflower oil in the 
culture medium (g/l) 

Biomass yield   
(% g of total 

biomass 
produced per g 
of total initial 

fat), Bp 

Biomass yield   
(g of total 
biomass 

produced per g 
of fat 

consumed), Yp 

Biomass yield    
(% g of total 

biomass 
produced per g 
of total initial 

fat), Bp 

Biomass yield    
(g of total 
biomass 

produced per g 
of fat 

consumed), Yp  
Candida lipolytica 1 

10 47.60 1.07 76.20 1.50 
 45.90 1.06 73.40 1.40 

Mean 46.75 1.065 74.80 1.45 
20 45.75 1.16 74.15 1.40 

 44.65 1.16 76.35 1.46 
Mean 45.20 1.16 75.25 1.43 

30 33.10 0.87 59.50 1.23 
 33.60 0.89 57.63 1.00 

Mean 33.35 0.88 58.565 1.115 
 

Candida lipolytica 5 
10 48.20 1.15 72.40 1.45 

 44.80 1.04 75.10 1.52 
Mean 46.50 1.095 73.75 1.485 

20 43.95 1.12 73.45 1.41 
 45.25 1.16 71.25 1.42 

Mean 44.60 1.14 72.35 1.415 
30 31.20 0.80 44.90 0.94 

 29.40 0.75 44.27 0.95 
Mean 30.30 0.775 44.585 0.945 
 
Other parameters, which were investigated refers to residual fat and crude protein 

content in biomass. Results on residual fat obtained by using Candida lipolytica 1 used in 
different fermentation vessels are shown in (Figure 3). A similar trend was described by strain 
Candida lipolytica 5, too. 
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Figure 3. Residual fat (g/l) depending on concentration of sunflower oil for trials in conical flasks and bioreactor 

 
It was estimated regression between variables „crude protein” and „biomass”, and 

logarithmic curves are introduced in (Figure 4). Accumulation of the crude protein into 
biomass is influenced by many factors, including fermentation conditions. 

 
MODEL:  MOD_5. 
Independent:  BIOMASS 
  Dependent     Mth      Rsq         d.f.      F        Sigf          b0             b1 
a- PROTEIN  LOG     0.005       16     0.08     0.779     38.2880    -0.4295  
b- PROTEIN  LOG     0.013       16     0.21     0.650     39.2915      0.5461 
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Figure 4. Crude protein content in biomass depending on ammount of biomass produced 
 

C. lipolytica strains cultivated on a culture medium based on sunflower oil as a vegetal 
renewable and inexpensive source, as the sole carbon source, presented remarkable cell 
growth. Despite the physico-chemical characteristics of the fat used as substrate, the vegetal 
oil was rapidly removed from the cultivation medium. 
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The experimental results for both strains of C. lipolytica cultivated on oily substrates 
are very similar as regards all parameters studied during the trials, for the flasks and 
bioreactor trials, as well as for the concentration of vegetal oil in culture medium. This 
behaviour may be attributed to the similarity of isolation environments and sources. Based on 
these aspects, the general discussion and interpretation of results were carried out globally for 
both C. lipolytica strains. 

By studying the bivariate correlation through Pearson coefficient, there were 
established significant correlations (p=1%) among the biomass growth, the concentration of 
sunflower oil and the residual fat (Table 2). 

 

Table 2. Bivariate correlations 
 

Conical flasks trials Bioreactor trials  

B i o m a s s Sunflower 
oil_conc 

R e s i d u a l 
fat 

B i o m a s s Sunflower 
oil_conc 

Residual 
fat 

Biomass 1.000 0.906** 0.924** 1.000 0.855** 0.625** 
Sunflower_oil_conc 0.906** 1.000 0.998** 0.855** 1.000 0.896** 

Pearson 
Correlation 

Residual_fat 0.924** 0.998** 1.000 0.625** 0.896** 1.000 
Biomass . 0.000 0.000 . 0.000 0.006 
Sunflower_oil_conc 0.000 . 0.000 0.000 . 0.000 

Sig. 
(2-tailed) 

Residual_fat 0.000 0.000 . 0.006 0.000 . 
Biomass 18 18 18 18 18 18 
Sunflower_oil_conc 18 18 18 18 18 18 N 
Residual_fat 18 18 18 18 18 18 

** Correlation is significant at the 0.01 level (2-tailed). 
 

The production of biomass for both categories of trials and both studied strains were 
similar and reasonably good as compared with other yeast biomass productions. In this 
respect, the production of biomass was similar with Yarrowia lipolytica yeast biomass 
produced in culture medium based on stearin as lipid source: 8.03 – 8.64 g of dry yeast/l (in 
the case of concentration of sunflower oil in the culture medium of 10 g/l) and 15.69 – 16.43 
g of dry yeast/l (in the case of concentration of sunflower oil in the culture medium of 20 g/l) 
for flasks trials. As regards the 40 l glass bioreactor trials the results are also similar: 13.08 – 
13.61 g of dry yeast/l (in the case of concentration of sunflower oil in the culture medium of 
10 g/l) and 25.61 – 27.17 g of dry yeast/l (in the case of concentration of sunflower oil in the 
culture medium of 20 g/l) [18]. 

In the case of trials in bioreactor, higher quantities of biomass (maximum 13.53 g dry 
biomass/l for the concentration of sunflower oil in the culture medium of 10 g/l and maximum 
27.17 g dry biomass/l for the concentration of sunflower oil in the culture medium of 20 g/l) 
was produced for the same concentrations of sunflower oil in culture medium and lower 
quantities of residual lipid were registered [0.87-1.12 g/l for the concentration of sunflower 
oil in the culture medium of 10 g/l coresponding to 8.7-11.2% (wt/wt) of initial fat content 
and 1.02-1.94 g/l for the concentration of sunflower oil in the culture medium of 20 g/l 
coresponding to 5.1-9.7% (wt/wt) of initial fat content] compared with the respective 
fermentation carried out in 500-ml flasks (maximum 8.64 g dry biomass/l for the 
concentration of sunflower oil in the culture medium of     10 g/l and maximum 16.43 g dry 
biomass/l for the concentration of sunflower oil in the culture medium of 20 g/l) and residual 
lipid [2.12-2.51 g/l for the concentration of sunflower oil in the culture medium of 10 g/l 
coresponding to 21.2-25.1% (wt/wt) of initial fat content and 5.80-6.21 g/l for the 
concentration of sunflower oil in the culture medium of 20 g/l coresponding to 29-31.05% 
(wt/wt) of initial fat content]. These differences were attributed to the different aeration and 
agitation conditions between flask and the bioreactor [18]. 
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The biomass yield was 1.04 - 1.16 g of total biomass produced per g of fat consumed 
when the yeast was grown in flasks and 1.4 - 1.52 g of total biomass produced per g of fat 
consumed when the yeast was grown in bioreactor. This is in accordance with values of 
1.1±0.10 g/g (concentration of sunflower oil in the culture medium of 10 g/l) and 1.5±0.1 g/g 
respectively (concentration of sunflower oil in the culture medium of 20 g/l) reported in the 
case of stearin or babassu oil used as carbon source [18,20]. In the literature, it is suggested 
that yield values of around 0.9 ± 0.2 g/g are very satisfactory for single-cell protein 
fermentation from fatty substrates [21,22]. 

In bioreactor trials, in which higher agitation and aeration conditions were applied 
compared with the equivalent trial in the flasks, significantly higher quantities of biomass 
were produced; the transformation yields of fat into single-cell protein was in the range 71.25 
÷ 76.35% g of total biomass produced / g of total initial fat, higher than the yield 43.95 ÷ 
48.2% registered for flasks trials. As regards the bioreactor trias, this bioconversion efficiency 
is normal for the experimental conditions, i.e. no advanced sterility measures. Based on our 
practical experience, the special measures in order to ensure the sterility of air and culture 
medium impose high costs, given that economic efficiency or profitability are not 
significantly improved. 

The oil uptake (1/Yp) for both strains of Candida studied (0.86 – 0.96 g consumed oil / 
g dry biomass) was similar with values of 0.71 – 0.96 g/g reported by Zheng et. all for 
Candida species grown on salad oil in flasks trials for the concentration of 10 g/l oil in culture 
medium [6] and with values of 0.6 – 0.7 g/g reported by Papanikolaou et. all for Yarrowia 
lipolytica grown on stearin in flasks trials for concentration of 20 g/l oil in culture medium 
[18]. 

The crude protein content of C. lipolytica biomass for both strains was similar with 
values reported by Nigam [5] and Choi and Park [23] for C. utilis grown in agro-industrial 
wastes, 55.3% and 43% respectively [6]. 

The flasks and bioreactor trials with concentration of 30 g/l sunflower oil in the culture 
medium the results for all parameters studied were lower in comparison with fermentation 
trials using 10 and 20 g/l sunflower oil in the culture medium. These differences were 
attributed to the strains uncompletely adapted to higher lipid concentrations in culture media. 
Further studies will be carried out in order to improve the Candida lipolytica yeasts capacity 
to assimilate fat in order to produce higher biomass yields by applying an yeasts adaptation 
strategy in order to reach a systemic acquired capacity of bioconversion. 

Candida species are frequently used for the production of microbial biomass because 
of the ability to utilize a variety of carbon sources rapidly, which was also demonstrated in 
our study [6,23]. 

 

 
 

Figure 5. Mycelium morphology of Candida lipolytica cultivated in 40 l bioreactor on sunflower oil used as the 
sole carbon source (the micrographs were taken after the 24-h production run ). Magnification x40 
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Conclusions 
 

C. lipolytica strains presented efficient cell growth on media containing a vegetal 
liquid fat used as sole carbon source. Fat was efficiently removed from the growth medium 
for both flask and bioreactor cultures. Nevertheless, in bioreactor experiments the final 
concentration and biomass yield per fat consumed were higher than in the case of equivalent 
trial in the flasks. All these findings support the potential of waste vegetal fatty material 
utilisation for the production of SCP using Candida strains. 

The results of this study suggest the feasibility of the biotechnological procedure based 
on the development of micro-organisms with fat degrading activity using renewable low-cost 
substrates such as vegetal fat and waste fat resulted from the industrial technological 
processes. Utilization of waste fat waters resulted from food industry can reduce 
environmental pollution. 
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