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Abstract: The aim of this study is to compare the performance of both 
Candida melibiosica and Saccharomyces cerevisiae yeast as a 
microreactor in experimental biofuel cell. For this purpose different 
modified yeast media were developed so that the microbiological 
requirements of these strains could be coupled with the 
electrochemical ones. Various carbohydrate sources, cultivation 
temperatures and pH of media were examined. Polarization 
measurements with suspension of yeast cells, carbohydrate, phosphate 
buffer and mediator methylene blue at variable as well as at constant 
load resistance were carried out in a two-chamber electrochemical 
cell. Higher electric characteristics (generated current, voltage and 
power) values were achieved with Saccharomyces. cerevisiae. 
However, much more stable characteristics within time were obtained 
with Candida melibiosica yeast during long-term polarization tests. 
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INTRODUCTION

Biofuel cells represent an innovative technology for 
overcoming both the dramatically increasing energy demands and the 
irreversible environmental pollution caused by the use of carbon-
based fuel resources (Bennetto, 1990; Bullen et al., 2006). A biofuel 
cell employs the catalytic action of living organisms to convert the 



chemical energy of a fuel into electrical energy. Most of the up-to-
now developed biofuel cells are designed on a base of prokaryotic 
cells utilization (Rabaey et al., 2005; Kim et al., 2007).

The aim of this investigation is to compare the performance of 
eukaryotic Candida melibiosica and Saccharomyces cerevisiae yeast 
as a microreactor into experimental biofuel cell. For this purpose 
different modified yeast media were developed so that the 
microbiological requirements of these strains could be coupled with 
the electrochemical ones. Various carbohydrate sources, cultivation 
temperatures, aeration degree and pH of media were examined. The 
electric output characteristics of the biofuel cell obtained at optimized 
conditions for both yeast species were compared and discussed.

EXPERIMENTAL

Microbiological and biochemical methods

The yeast Candida melibiosica and Saccharomyces cerevisiae
were originally cultivated on YP (yeast peptone) media with a
carbohydrate as an additive. 1,2 g/L yeast cells were transferred into 
electrochemical media containing 250 mM solutions of glucose, 
fructose or sucrose and 67 mM phosphate buffer. The yeast strains
were cultivated at different temperatures (22 - 28°C) and pH of media 
in separate experiments. The rate of carbohydrate assimilation within 
time was determined by DNS method. The conversion of inorganic 
phosphate into organic one during yeast cell growth was quantitatively 
measured by means of Molybdenum blue phosphorous method. The 
amount of yeast cells was monitored by using the functional 
dependence between cell suspension OD600 (optical density) and dry 
biomass as well as by cell counting in hemocytometer. Tests about 
non toxicity of the mediator were also performed.

Electrochemical methods

The electrochemical experiments were carried out in a two-
chamber experimental cell with a salt bridge and graphite electrodes. 
Suspension of yeast cells, carbohydrate, phosphate buffer and 



mediator methylene blue was used as an anolyte. 0,1 M K3[Fe(CN)6] 
served as an electron acceptor. Polarization measurements at variable 
as well as at constant load resistance were carried out.

RESULTS AND DISCUSSION

Recently, we have examined the possibility for use
Saccharomyces cerevisiae yeast as a microrector into biofuel cell. The 
lag/log-phase of growth of Saccharomyces cerevisiae was determined 
under both aerobic and anaerobic conditions (Hubenova and Mitov, 
2008a, 2008b). The three stages of cellular respiration - glycolysis, 
citric acid cycle and oxidative phosphorylation in eukaryotic cells, 
were traced out, aspiring to shuttle the electrons between the 
biological system and the fuel cell anode by using appropriate 
mediator. The biochemical results with regard to iso-osmotic 
conditions and carbohydrate source showed that the glucose was 
almost completely assimilated at the 40th minute of incubation. The
comparison with the sucrose showed that for the same time its 
concentration decreased up to 40 mM, probably due to the lower 
expression of invertase of this strain. 

Verification of possibility for biofuel cell usage of another 
yeast Candida melibiosica included the implementation of parallel 
microbiological and electrochemical experiments. Summary of the 
biochemical results about yeast suspension media, modified for 
biofuel cell application, is given in Table 1.

In previous investigation (Georgiev and Gargova, 2007), the 
fructose was proven to be the most appropriate carbohydrate for 
Candida melibiosica development. Almost the same levels of 
carbohydrate and phosphate assimilation were found at two examined 
pH 5,5 and 7, which corresponds to the wide pH range of living of this 
yeast strain. For further electrochemical experiments, the neutral pH 
was chosen. The biochemical comparison of both yeast species 
performance showed that the carbohydrate assimilation by Candida 
melibiosica was quite lower within time. 



Table 1 Quantitative determination of fructose and inorganic 
phosphate by DNS and Molybdenum blue phosphorous methods 
during Candida melibiosica yeast cultivation.

Candida 
melibiosica

0.1 g/ml yeast + 125 mM
fructose/ 67 mM phosphate 

buffer, pH 5,5

0.1 g/ml yeast + 125 mM
fructose/ 67 mM phosphate 

buffer, pH 7
Conditions Fermentation without 

aeration  
Fermentation without 

aeration
Incubation 
time, hours

Conc.
fructose

mM

Conc.
PO4

3-

mM

Conc.
fructose

mM

Conc.
PO4

3-

mM
1 50 65 49 60
2 49 60 49 56
3 47 57 47 51
4 44 53 44 47
5 44 50 44 43
6 37 45 36 38

24 36 37 36 32

Optimization of anolyte composition for biofuel cell 
application was done on the base of results from polarization 
measurements with variation of yeast cell content, carbohydrate type 
and concentration. 

An optimal cell number corresponding to 1,2 g/l Candida 
melibiosica yeast cells was found – Figure 1:

0 20 40 60 80 100
0

50

100

150

200

250

300

350

 0.6 g/l
 1.2 g/l
 2.4 g/l
 6.0 g/l
 12.0 g/l

 I, mA x 10-3

U
, m

V

0

2

4

6

8

10

0 20 40 60 80 100

 I, mA x 10-3

P,
 m

W
 x

 1
0-3

  0.6 g/l
  1.2 g/l
  2.4 g/l
  6.0 g/l
 12.0 g/l

Fig. 1 Polarization and power curves obtained with different content 
of Candida melibiosica yeast cells.



The increase of carbohydrate source concentration leads to 
improvement of electrical characteristics – generated current, power 
and open circuit voltage – Figure 2:
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Fig. 2 Polarization and power curves obtained with 1,2 g/l Candida 
melibiosica yeast cells and different concentration of fructose.

The best electrochemical output was obtained with fructose as 
a carbohydrate source – Figure 3:
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Fig. 3 Power curves obtained with 1,2 g/l Candida melibiosica yeast 
cells and different carbohydrate sources.

The achieved values of open circuit voltage and maximum 
power, obtained with Candida melibiosica yeast suspension, are lower
compared with those registered with previously studied 
Saccharomyces cerevisiae yeast (Hubenova and Mitov, 2008a, 
2008b). These results may be assigned to the faster primary metabolic 



flux in cells and shorter growth log-phase of the latter yeast culture, 
proved by the biochemical methods.

However, during long-term constant resistance polarization, 
the biofuel cell generates electricity for much longer time and the 
resultant current-time characteristics are much more stable with 
Candida melibiosica (Figure 4), than with Saccharomyces cerevisiae 
yeast (Hubenova and Mitov, 2008a, 2008b). This is probably due to 
the slower carbohydrate assimilation by the former yeast strain.  
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Fig. 4 Polarization curves obtained at constant resistance (1000 ) 
with Candida melibiosica yeast cells and different carbohydrate 

sources.

CONCLUSIONS

The comparison of Saccharomyces cerevisiae and Candida 
melibiosica yeast performance as a microreactor in experimental 
biofuel cell shows that higher electric characteristics (generated
current, voltage and power) values are achieved by using 
Saccharomyces cerevisiae modified suspension as an anolyte, 
probably due to the shorter growth log-phase of this yeast culture. 
However, much more stable electric characteristics within time are 
obtained with Candida melibiosica yeast during long-term 
polarization tests. Our results are in an agreement with other published 
data for generation of electricity even during stationary phase of 
microorganisms’ growth. Further optimization of both systems is in a 
progress. 
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