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Abstract 
Today, the use of biofuels has become a point of interest due to the limited fossil fuels resources. The 
objective of the present study was to investigate the production of Saccharomyces cerevisiae (D99), and 
ethanol and Pichiia fermentans (PTCC No:5296) at glucose inhibition concentrations. Samples were 
cultured in fermentation mediums containing concentrations of 100, 150, and 200 g/l glucose at 25 ° C. 
The amount of produced ethanol was measured by potassium dichromate method. The results showed 
that the ethanol production efficiency was achieved at 150 g/l concentration of glucose for both yeasts. 
In addition, the concentration of 200 g/l limited the production of ethanol. 
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1. Introduction 

biofuels can be produced from biomass of forestry 
and agricultural wastes [1]. Biofuels can be divided 
into four groups including biodiesel, biogas, 
bioethanol, and biohydrogen. Biofuels can be 
derived from different sources including starch-
rich products for bioethanol, vegetable oils for 
biodiesel, organic wastes for biogas and cellulose 
for bioethanol [2]. Starch and cellulose are among 
the main materials for producing bioethanol [12]. 
Bioethanol can be divided into three generations 
based on the raw materials: the first generation is 
starchy substances, cereals and sucrose-rich 
materials such as sugarcane. The second generation 
mainly consists of lignocellulosic materials such as 
wheat straw, corn grass, and stalk, and the third 
generation includes Algaes such as seaweed [1, 5, 
9]. Using bioethanol comes with a number of 
benefits; 1. Ethanol is a sustainable and renewable 
fuel; 2. It is a suitable alternative to fossil fuels 3. It 
reduces greenhouse gases with many 
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environmental benefits 4. It provides clean and safe 
fuel for the future [14]. Currently, more than 98% 
of the world's ethanol is produced using the sugar 
fermentation method. The sugar used in this 
method can be extracted from various sources such 
as starch, sugar, agricultural, industrial wastewater 
and lignocellulosic resources [3]. 
One of the most important effects of sugar 
concentration is its direct effect on the 
fermentation rate and growth of microorganism 
cells. Generally, the fermentation increases with the 
increase in the concentration of sugar up to a 
certain level [8]. Fast fermentation and high levels 
of alcohol are beneficial for minimizing the major 
costs and distillation energy, while good returns are 
needed for economic processes [10]. The efficiency 
of ethanol production processes depends on a 
number of factors including the simplicity of the 
operation, the increase in the concentration of the 
product in fermentation, and the improvement of 
the product. Circa 80% of the global alcohol supply 
is produced by fermentation of products including 
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sugar and starch, as well as manufacturing industry 
by-products [15]. One of the main limitations in 
obtaining a higher rate of ethanol production is the 
inhibition of yeast metabolism by a high 
concentration of sugar and the final product [4]. 
Saccharomyces cerevisiae cells face different 
stresses in industrial applications. Using high 
concentrations of initial sugar and high 
temperatures can help increase the final 
concentration of alcohol and reduce the 
concentration of remaining sugar in the fermenter. 
Using the mediums with high concentrations of 
sugar and microorganisms that can tolerate high 
osmotic pressure is one of the ways to obtain high 
levels of ethanol during fermentation [7]. 
 In the present study, the efficiency of bioethanol 
production by Saccharomyces cerevisiae and 
Pichiia fermentans at glucose inhibition 
concentrations was compared. 

2. Materials and methods 

The native strain of Saccharomyces cerevisiae 
(D99) and Pichiia fermentans PTCC:5296 were 
used. The yeasts were grown separately in Potato 
Dextrose Agar medium. The preculture medium 
was prepared with 10 g/l yeast extract, 0.12 g/l 
ammonium sulfate, 0.6 ammonium phosphate, and 
30 g/l glucose, and adjusted at pH 5.5 using HCl 
(1M). Fermentation mediums were prepared 
similar to the preculture mediums and glucose 
levels of 100, 150 and 200 g/l was obtained [6-13]. 
One loop of the microorganisms were separately 
inoculated into the preculture medium and 
incubated for 20 hours in an incubator with a 
shaker at 150 rpm at 25 °C temperature for 
aeration. The inoculation from the fermentation 
medium was conducted with a ratio of 1/10 and 
equivalent to 1x 107 Cfu / mL. The fermentation 
cultured was first incubated for 7 hours in an 
aerobic condition (150 rpm) and then incubated 
under the anaerobic condition for 40 hours at 25 ° 
C  temperature. After the incubation period, the 
solid phase was isolated from the liquid phase. For 
this purpose, a centrifuge with 4000 rpm was 
utilized. Then, the liquid phase was distilled and the 
obtained ethanol was evaluated using potassium 
dichromate method at 590 nm wavelength. The 
sugar in the culture medium was also evaluated 
using a glucose assay kit (Pars Test company), and 
the ethanol production efficiency was calculated 
[6]. It should be noted that all experiments were 
conducted with three replications. 

3. Evaluation of ethanol production efficiency  

In order to evaluate ethanol production efficiency, 
the following formula was used [11]: 
 

Ethanol production efficiency (%) =
Ethanol concentration (

V
V)

The concentration of used sugar (
g
l
)

×  100 

Ethanol concentration: The ethanol concentration 
obtained in the fermentation process of glucose (V 
/ V) using the potassium dichromate method 
Glucose concentration: Concentration of the 
primary glucose- Concentration of the residual 
glucose (g / L) 

4. Results 

Glucose inhibitory effect on the ethanol production 
efficacy by Saccharomyces cerevisiae and Pichiia 
fermentans yeasts were investigated. Glucose 
levels were determined to 100, 150 and 200 g / l 
and the amount of ethanol produced by yeasts in 
these three concentrations was investigated. 
 
Comparison of the ethanol production efficiency by 
Pichiia fermentans and Saccharomyces yeast was 
done under anaerobic conditions and the error bar 
resulted from the production of ethanol in three 
replicates. 
The results showed that the efficiency of 
Saccharomyces cerevisiae ethanol was higher than 
Pichiia fermentans by 19% and 28% at 
concentrations of 100 and 150 g/l, respectively. 

5. Conclusion 

The results from the experiments showed that both 
yeasts had the highest level of ethanol production 
at the concentration of 150 g / l of glucose. The 
production trend of ethanol was increasing for both 
yeasts up to 150 g/l concentration, and then it was 
declined in the concentrations above 150 g/l. 
Saccharomyces cerevisiae had better performance 
and efficacy compared to Pichiia fermentans at high 
concentrations of glucose. 

References 

1. Demirbas, A., et al. 2006. Potential evolution of 
Turkish agricultural residues as bio-gas, bio-char 
and bio-oil sources. International Journal of 
Hydrogen Energy 31: 613 – 620. 

2. Devi Deenanath, E., et al. 2012. The bioethanol 
industry in sub-saharan Africa: history, 
challenges, and prospects, Hindawi Publishing 
Corporation. Journal of Biomedicine and 
Biotechnology 10: 1-2. 

3. Fraser-Reid, Bert, van't Hoff's Glucose, Chem. 
Eng. News 77 39, pp. 8. 

4. Halm, M., et al. 2004. Lactic acid tolerance 
determined by measurement of intracellular pH of 
single cells of Candida kruseiand Saccharomyces 
cerevisiae isolated from fermented maize dough. 
International Journal of Food Microbiology 94: 97– 
103. 

5. Harun, R., et al. 2004. Particulate size of 
microalgal miomass affects hydrolysate 
properties and bioethanol concentration, BioMed 
Research International 4: 2-3. 



166 |   M e d B i o T e c h  J .  2 0 1 8 ;  2 ( 4 ) :  1 6 4 - 1 6 6  

 

6. Irfana, M.ariam et al. 2009. Enhanced production 
of ethanol from free and immobilized 
Saccharomyces cervisiae under stationary culture. 
Pak. J. Bot. 41: 821-833. 

7. Kondo, Akihiko., et al. 2002. High- Level ethanol 
production from starch by a flocculent 
Saccharomyces cerevisiaeStrain displaying cell-
surface glucoamylase. Applied Microbiology and 
Biotechnology 58: 291-296. 

8. Laopaiboon, Lakkana., et al. 2007. Ethanol 
production from sweet sorghum juice in batch and 
fed-batch fermentations by Saccharomyces 
cerevisiae. World Journal of Microbiology and 
Biotechnology 23: 1497-1501. 

9. Nuwamanya, Ephraim., et al. 2012. Bio-ethanol 
production from non-food Parts of cassava. AMBIO 
41: 1-2. 

10. Verbelen, Pieter, J., et al. 2006. Immobilized 
yeast cell systems for continuous fermention 
application. Biotechnol Lett 28: 1515- 1525. 

11. Swain, Manas.Ranjan, et al. 2007. Ethanol 
fermentation of mahula (madhuca latifolia L.) 

flowers using free and immobilized yeast 
Sccharomyces cerevisiae. Microbiological 
Research 162: 93-98. 

12. Taherzadeh, Mohammad., et al. 2007. Acid-
based hydrolysis processes for ethanol from 
lignocellulosic materials, A Review. BioResources 
2: 472-499. 

13. Tofighi, Azadeh., et al. 2010. Inhibitory Effect of 
high concentrations of furfural on industrial strain 
of Saccharomyces cerevisiae. International of 
Environmental Research 4(1): 137-142. 

14. Turkenburg, Wim C. 2000. Renewable energy 
technologies Vol.4, pp. 35-40. In Goldemberg J 
(ed.), World energy assessment report, United 
Nations Development Programme UNDP, New 
York, US  

15. Vitolo, Joseph M., et al. 1995. Effect of pH, 
aeration and sucrode feeding on the invertase 
activity of hntract saccharomyces cervisiae cells 
grown in suger cane blackstrap molasses. j. Ind. 
Microbial 15: 75-79. 

 
 


