
Middle East Journal of Applied  
Sciences 
ISSN 2077-4613 

Volume : 05 | Issue : 03 | July-Sept. | 2015 
 Pages: 769-776 

  

 

Corresponding Author: Afifi, M.M.I, Soils, Water and Environ. Res. Inst., Agric. Res. Center (ARC), Giza, Egypt                                            
E-mail: afifi_humic2010@yahoo.com 

 
 

769 
 

Bioethanol Production by Simultaneous Saccharification and Fermentation using 
Pretreated Rice Straw  
 
Afifi, M. M. I.,  Massoud, O. N. and El- Akasher, Y. S. 
 
Soils, Water and Environ. Res. Inst., Agric. Res. Center (ARC), Giza, Egypt. 

 
ABSTRACT  
 

The shopped rice straw was pretreated under different concentrations of both acid (sulfuric acid) and 
alkaline (sodium hydroxide) at room temperature and heat under pressure at 121 0C for 15 min. The optimum 
pretreatment was carried out with 4% NaOH and 2% H2SO4.  The effective of alkaline pretreatment is more in 
delignification than acid pretreatment. Six microbial strains isolated from compost piles located at Training 
Center for Recycling of Agricultural Residues (TCRAR) were tested on basal salt medium using pretreated rice 
straw as a sole carbon source. Results obtained that both fungal species Aspergillus niger and Trichoderma 
viride were the most efficient strains to detect more cellulases  and  A. niger is considered more efficient than T. 
viride. Where it recorded 3.5 µ mol/ ml / hr. By using A. niger during saccharification process, the release of 
more total sugars is induced by alkaline pretreatment whereas acid pretreatment attained more reducing sugars. 
The highest values of total and reducing sugars were recorded after 24 h. The consumption of glucose was lower 
during first 18 h of fermentation by Saccharomyces cerevisiae. However, the highest percentage of ethanol 
5.5% (v/v) produced after 96 h. 
 
Key words: Pretreatment, rice straw, saccharification, fermentation, A. niger, T. viride, S. cerevisiae, bioethanol 

 
Introduction 
 

Energy plays a vital role in our everyday lives. A country's standard of living is considered to be 
proportion to the energy consumption by the people of that country. It is one of the vital inputs to the socio-
economic development of any country. Energy production has always been a concern for researchers as well as 
policymakers (Frank et al., 2007). 

Biofuels include bioethanol, biobutanol, biodiesel, vegetable oils, biomethanol, pyrolysis oils, biogas, 
and biohydrogen. Biofuels can be classified based on their production technologies: First generation biofuels 
refer to biofuels made from sugar, starch, vegetable oils. The basic feedstocks for the production of first 
generation are often seeds or grains such as wheat, which yields starch that is fermented into bioethanol. 
Second-generation biofuels are made from non food crops, wheat straw, rice straw, wood, and energy crops 
using advanced technology. Third generation biofuels is a biofuel from algae. An emerging fourth-generation 
fuel is based on the conversion of vegetable oil and biodiesel into bio gasoline by using the most advanced 
technology (Graeme, 2010). 
Renewable energy sources that use indigenous resources have the potential to provide energy services with zero 
or almost zero emissions of both air pollutants and greenhouse gases. 

 Currently, renewable energy sources supply 14 % of the total world energy demand. Renewable 
resources are more evenly distributed than fossil and nuclear resources and its energy scenarios depend on 
environmental protection, which is an essential characteristic of sustainable developments (Hall et al., 1992). 

Bioethanol is a gasoline additive or substitute agent. Bioethanol is by far the most widely used biofuel 
for transportation worldwide. Global bioethanol production was more than doubled between 2000 and 2005. 
About 60% of global bioethanol production comes from sugar cane and 40% from other crops. Bioethanol is 
derived from alcoholic fermentation of sucrose or simple sugars, which are produced from biomass by 
hydrolysis. In order to produce bioethanol from cellulosic biomass, a pretreatment process used to reduce the 
sample size, breakdown the hemicelluloses into sugars, and open up the structure of the cellulose component. 
The cellulose portion is hydrolyzed by acids, alkalines or enzymes into glucose sugar that is fermented into 
bioethanol (Kasthurirangan, et al., 2012). 

Egypt is located in one of the most intense solar energy spot in the world. Beside, the location of Egypt 
and the availability of high energy materials have suggested that biofuel industry is highly feasible in Egypt if 
there is an access to low cost proper conversion and fermentation technologies. The distribution pattern of the 
different crops residues (mostly lignocellulosic materials) have revealed that carbon plant, e.g., rice straw (4.3 
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million tons) are mostly dominating North and East of Delta .A conservative estimation that 20-40% of the 
agricultural residues (especially rice straw) can be easily collected and delivered to bio-ethanol. 

This study aims to evaluate considering three scenarios (pretreatment by acid, alkaline and use some 
microbial strains in saccharification stage) to produce the bioethanol.  
 
Materials and Methods 

 
Raw material 

Rice straw was collected from Moshtohor surrounding farm, Kalubia Governorate Egypt. The straw was 
subsequently chopped into 5 cm segments and 20 g was placed in a 2 liter Erlenmeyer glass flask then, 100 ml 
of alkaline solution was added to determine cellulose, hemicellulose and lignin. Composition of raw material 
and the solid residues were determined according to (Sluiter et al., 2010), as following: 31% cellulose, 17.1% 
hemicelluose, 14% lignin, 10% silica and 12.4% ash respectively. 

 
 Pretreatment process 

 The chopped rice straw was pretreated by diluted alkaline (sodium hydroxide) and acid (sulfuric acid). 
Pretreatment processes was carried out by using different concentrations 2,4,6,8 and 10% at two degrees of 
temperatures at room temperature 72 hours, meanwhile the other degree at 121Cofor 15 min under pressure 1.5 
ap. The ratio of rice straw to chemical solutions 1:10 (w/v), after pretreatment the rice straw was washed by 
distilled water  several times  to remove any residues of alkaline or acid and  then dried in an oven at 70 Co for 
24 hour. Cellulose, hemicelluloses and removal lignin percentages were determined according to Rama, (2013) 
to evaluate pretreatment process. The rest of solid fractions were used a substrate for different microbes 
(isolated from compost) as a sole carbon source to test their ability on producing cellulaytic enzyme for 
saccharification process. 

  
 Microorganisms  
      Isolation of cellulaytic degrading organisms. 
A homogenized sample was taken from compost pile located at TCRAR Center to isolate the most common 
cellulose decomposers microbes as following: 5 g of compost sample was placed into a bottle containing 45 ml 
of sterile tap water (Holm and Jensen, 1972).  The bottle was shaken vigorously for 15 min and further dilutions 
were prepared. Bacteria, fungi and actinomycetes were isolated by inoculating 1 ml of the last dilution (1 x106 
cfu) per agar plate with specific medium for each group of organisms according to the method described by 
Reinhold et al. (1985). 
 
 Purification and identification of the active microbes 

Further purification was carried out on six isolates that grew on different media as following: Nutrient 
agar medium for purification and identification of bacteria (Diffco, 1985), Dox medium for fungi and Jensen's 
medium for actinomycetes (Allen, 1959). Bacterial, fungal and actinomycetes isolates were cultured on specific 
basal salt media (BSM) for each group according to Waksman, (1961) Kavachadze and Yashvili, (1996) and 
Moatza et al. (1998) respectively. 0.5 g of treated rice straw was used as a sole carbon source for each basal 
media. 

 
 Inoculation and growth condition 

One ml of activated bacterial culture was used to inoculate 250 ml Erlenmeyer flasks containing 100 
ml of the sterilized BSM. Flasks were incubated at 30 Co on a rotary shaker (120 rpm) for 2 days. One ml of 
fungal spore suspension was used to inoculate flasks containing 100 ml of sterilized BSM were incubated at 
30Coon a rotary shaker (120 rpm) for 4 days. One ml of heavy spore suspension of actinomyctes strains were 
inoculated in 250 ml Erlenmeyer flasks containing 100 ml of BSM and incubated on a rotary shaker (200 rpm) 
at 30Co for 5 days.  

 
 Assessment of microbial isolates 

After incubation the isolates the optimum growth were tested to indicate the ability to produce cellulase 
enzymes  according to Lowery et al. (1951) for saccharification process.  

The various isolates were tested biochemically to be identified according to Massoud (2005). Isolates 
No.1 and 2 were Bacillus badies and Bacillus subtilus, isolates 3 and 4 were Trichoderma viride and Aspergillus 
niger. Whereas, isolates 5 and 6 were Streptomyces roseus and Streptomyces grisaus. 
   
Cellulase enzyme activity 
 The whole content of the flask that contained the culture of Aspergillus niger was mixed with 100 ml of the 
extracting solvent then, shacked for 30 min on 150 rpm /32Co, followed by filtration through glass wool. The 
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filtrate was centrifuged at 5000 rpm/40 min under cooling; clear supernatant was used as source for enzymes 
Lowery et al. (1951). 
 
 Saccharification  process 

Aspergillus niger was chosen for saccharification process. It obtained the optimum cellulase activity with 
4% of at both room temperature and heating with alkaline pretreatment. Aspergillus niger was inoculated on 
BSM containing treated rice straw as a sole source of carbon. Total, reducing sugars and glucose were assessed 
after 18, 24, 48 and 72 hours to evaluate the best values of total and reducing sugars for fermentation process to 
produce ethanol according to the methods described by Somogyi (1952) and Malik and Singh, (1980). The 
previous solution that obtained the highest reducing sugars 50.5 g/l (thermal heating with 4% NaOH) was used 
with treated rice straw and Saccharomycess cervisea to run fermentation process.  

  
Fermentation process 

The stock cultures of Saccharomyces cerevisiae was grown on YM agar plates containing 1% glucose, 
0.3% yeast extract, 0.3% malt extract, 0.5% peptone and 1.5% agar (Difico,1985). For inocula preparation, cells 
were added to 200 ml liquid YM media and incubated at30Co for 24, 48, 72 and 96 hours. Bioethanol  content  
was  estimated  by dichromate  method  as  follows;  5  mL  of sample  to  be  analyzed  and  20  mL  of  0.5N 
NaOH was transferred to an evaporator and distilled  until  approximately  10  mL evaporated  from  the  
mixture.  The evaporated  gas  was  collected  in  the collection  flask  containing  30  mL  of  0.2 N potassium 
dichromate solution and 10 mL of concentrated  H2SO4. The content  of  the collecting  flask  was  
quantitatively transferred into a 250 mL Erlenmeyer flask with  additional  100  mL  distilled  water,  10 mL of 
0.2N potassium iodide and 3-5 drops of  5%  starch  solution  and  then  titrated against  0.1  N  sodium  
thiosulfate  solution. 
 Alcohol content % = (Dichromate volume × 2 - thiosulfate volume) × (F) 0.0289.  This method was adapted 
from  IMECA  Co.  (Zohri  and  Moustafa, 2000). 
 
Statistical Analysis 

 Data were transformed before subjection to analysis of variance using COSTAT Computer Program 
and zero values were replaced by minimum values before transforming the data. Means were compared using 
LSD at 0.05 level of significant method and multiple range tests according to Sendecor and Cochran (1980). 

 

Results  
 

From the initial weight of chopped rice straw (20 g).  Data in table (1), show effect of different 
concentrations of pretreatment solution either alkaline or acid on separation of celluloses, hemi-celluloses and 
lignin .After pretreatment process the concentration 4% alkaline solution gave the highest percentage of 
separation 39% cellulose, 19.2% hemi-cellulose and 19% removed lignin at room temperature. Meanwhile, the 
same pretreatment under heating was 43% cellulose, 20.6% hemi-cellulose and 22 % removed lignin. Other 
alkaline pretreatment solutions were almost close to these percentages. 

 
Table 1: Effect of pretreatment process on percentages celluloses, hemicelluloses and lignin removal under different 

concentrations of diluted alkaline and acid. 
                 (%) 
 
 
Pretreatment 
       Conc. 
 

At room temperature Heating under pressure (121 oC, 1.5 P.) 

Cellulose 
% 

Hemi-cellulose 
% 

Lignin 
removal 

% 

Cellulose 
% 

Hemi-cellulose 
% 

Lignin 
removal 

% 

 Sodium hydroxide 
2 38 18 17 39 19 18 
4 39 19.2 19 43 20.6 22 

6 39 18.1 18.1 42 19.5 21.5 
8 38 18.2 18 41.6 20 19 

10 38 19 18.5 40 20 20 
 Sulfuric acid 
2 33 26 15 35 27.5 16 
4 31 25 14 33 27 15.5 
6 30 25 13.6 33 27 14.3 
8 30 24 13.2 31 26 14 

10 28 23 11 30 25 13 

 
In case of acid pretreatment, the concentration 2% was the highest where, it gave 33% cellulose, 26% hemi-
cellulose and 15% removed lignin percentage at room temperature while, the same concentration with thermal 
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heating gave 35% cellulose, 27.5% hemicellulose and 16% removed lignin. Consequently the alkaline 
pretreatment is considered more effective for delignification than acid pretreatment besides, it gave high 
separation percentages of cellulose and hemicelluloses. 
 
Screening and Identification of the efficient Isolates. 

     From 20 isolates that isolated from compost, six ones are screened and identified according to Massoud, 
(2005) as shown in (tables 2 and 3) as following: two bacteria, (Bacillus subtilus and Bacillus badies, fungi 
(Trichoderma viride and Aspergillus niger)  and actinomycetes (Streptomyces roseus and Streptomyces grisaus) 
the strains were tested on basal salt medium using pretreated rice straw substrate as a sole carbon source . Fungi 
had the ability to grow in high density more than bacteria and actinomycetates, this means that fungi may have 
the ability to secrete cellulase more than other strains as shown in table (3). Aspergillus niger was more efficient 
than Trichoderma viride, with both alkaline or acidic pretreatment either with heating or without. So, 
Aspergillus niger was chosen to run saccharification process. 

 
Table 2: The growth ability of the six strains on basal salt medium containing of pretreated rice straw.  

  Strains 
 

 
Concentration 

Bacillus 
Subtilus 

Bacillus badies 
Trichoderma 

Viride 
Aspergillus niger 

Streptomyces 
Roseus 

Streptomyces 
Grisaus 

Alkaline pretreatment (NaOH) 

At 
Room 

heating 
At 

Room 
heating 

At 
Room 

heating 
At 

Room 
heating 

At 
Room 

heating 
At 

Room 
Heating 

2 + ++ + ++ +++ ++++ +++ ++++ ++ +++ + +++ 
4 + + + + +++ +++ ++++ ++++ + + + ++ 
6 + + + + ++ ++++ +++ ++++ + ++ + + 
8 + ++ + ++ ++ +++ +++ ++++ + ++ + ++ 

10 + ++ + ++ ++ +++ +++ ++++ ++ +++ + +++ 
 Acid  pretreatment (H2SO4) 
2 + ++ + ++ +++ ++++ +++ ++++ + ++ + ++ 
4 + ++ + ++ ++ +++ ++ ++++ ++ + + + 
6 + + + + ++ +++ +++ ++++ + ++ + ++ 
8 + ++ + ++ ++ ++ +++ +++ + + + ++ 

10 + ++ + +++ ++ ++++ ++ +++++ ++ ++ + +++ 

     Growth rate: + week, ++,+++ moderate, ++++ high, +++++ very high.  

Table 3: Cellulase activity of the six microbial isolates that obtained the highest growth on BSM for each microbial group. 

Isolate No. Type 
Cellulase Enzyme Activity 

(µ mole/ml/min) 
Identification according 

(Massoud, 2005) 

1 Bacteria 0.96 Bacillus subtilis 
2 Bacteria 0.60 Bacillus badies 
3 Fungi 2.81 Trichoderma viride 
4 Fungi 3.5 Trichoderma viride 
5 Actinomycetes 1.55 Streptomyces roseus 
6 Actinomycetes 1.30 Streptomyces grisaus 

 
Saccharification process 

Pretreated rice straw with alkaline and acid in different concentrations (2, 4, 6, 8 and 10%) either at 
room temperature or heat under pressure was used as a sole carbon source for the growth and maintain of  
Aspergillus niger. The highly cellulose content (as observed in total and reducing sugars) was shown in table 
(4). Pretreated rice straw 4% NaOH is considered the best concentration to release total and reducing sugars 
either at room temperature or heat under pressure. Total and reducing sugars values were higher in thermal 
heating than without where it recorded 50.5 g/l total sugars and 38.3 g / l reducing sugars respectively, whereas 
it gave 40.3 g / l total sugars and 25.6 g / l reducing sugars (at room temperature). On the other hand, acid 
pretreatment values at 4%  concentration highest in total and reducing sugars either with thermal heating or 
none, respectively it obtained 48.8 g/l total sugars and 31 g / l reducing sugars and 37.6 g / l total sugars and 
22.6 g / l reducing sugars (without thermal heating), respectively . Alkaline pretreatment released total sugars 
more than acid pretreatment but acid pretreatment was higher in reducing sugars either with thermal heating or 
without. 

Results in table 5 illustrate the amounts of total sugars and glucose in the filtrates of A. niger culture 
when this strain grew on basal salt medium at room temperature with treated rice straw (4% NaOH) as a sole 
carbon source after different growth intervals. The highest values of both total sugars and glucose recorded after 
24 h. then, reduction after this period may be increase the growth for A. niger consume of glucose. Where total 
sugars significantly increased to 38.3 g / l also, glucose at the same period achieved higher significant values 
22.6 g/L. The least values of total sugars and glucose obtained at 18 hours of growth. Although, the sugars were 
lower at 72 h than at 24 h, they were still higher than 18 h, as also shown in fig (1). The increase of sugars at 24 
h, reflected the role of A. niger to produce cellulase enzyme and this period is considered the optimum one all.  
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Table 4: Determination of total and reducing sugars after pretreatment process. 

 
Concentration % 

Alkaline pretreatment of Rice straw Acid pretreatment of Rice straw 
Total sugars (g/l) Reducing sugars (g/l) Total sugars (g/l) Reducing sugars (g/l) 

Treatment at Room Temperature for 72 h 
2 20.8 7.5 18.6 10.3 
4 40.3 25.6 37.6 22.6 
6 15.4 12.0 12.1 9.5 
8 23.0 14.0 18.4 9.8 

10 18.0 12.9 22.5 8.4 
LSD (0.05) 3.5 1.5 2.3 1.1 

 Heat under pressure (Thermal heating) 
2 39.0 20.3 25.9 24.5 
4 50.5 38.3 48.8 31.0 
6 36.7 18.5 22.5 15.6 
8 31.6 22.5 32.4 15.3 

10 30.7 22.0 35.5 16.5 
LSD (0.05) 2.5 1.8 2.2 1.6 

 
Table 5: Total and reducing sugars in the filtrates after saccharification process a 32oC 

Enriched enzyme filtrate source 

Aspergillusniger 

 18h 24h 48 h 72 h 

Total sugars (g/l) 20.30c ± 1.27 38.3a ± 0.81 35.12a ± 0.47 30.50b ± 1.15 

LSD (0.05) 3.18 

Glucose (g/l) 13.3c±0.81 22.6a±1.04 20.31ab±0.11 18.55b±0.81 

 LSD (0.05) 2.53 

  
Fig.1: Shows total sugars and glucose produced from A. niger filtrate after saccharification process. 
 
Fermentation process and Bio- ethanol production . 

The rice straw hydrolyzate containing glucose (22.6 g/l) was fermented using S. cerevisiae and the 
ethanol yield percentage obtained as shown in table (6). As shown the fermentation process started by the 
addition of S. cerevisiae cells. The glucose was consumed rapidly during the first 18 h of fermentation, and then 
it was highly consumed after 96 h this incresed ethanol production which was significant higher 5.5 % 
(V/V).whereas, the bio-ethanol was the lowest after 18h from fermentation process it recorded 2.33%.    

Table 6: Ethanol yield % in the culture filterate by S.cerevisiae during fermentation processes at 30ºC.  

Source of enzymatic hydrolyzate Ethanol yield % (v/v) 
 18h 36h 72 h 96 h Saccharomyces cervisia

 2.33c ± 0.49 3.50bc ± 0.34 4.80b ± 0.29 5.50a ± 0.12 
LSD (0.05) 2.10 

 
Discussion 

 
World energy consumption has been rapidly increasing because of strong industrial and economic 

growth until the “Lehman Shock” in 2008. Global energy demand was 424 EJ/ year in 2000 and is increasing at 
the rate of 2.2% per year (Lal, 2009) and the world’s total primary energy supply was reported to be 479 EJ in 
2005 (GBEP, 2007), with existing technologies and consumption patterns, global energy demand could double 
by 2050 due to the combination of population growth and economic growth (UNEP, 2007). Greenhouse gas 
(GHG) emission, which has increased remarkably due to tremendous energy use, liable for global warming 
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(GW), perhaps the most serious problem that human kind faces today. Efforts are underway in every sector of 
human activity to conserve the available natural resources, abate the global warming potential (GWP) and to 
improve the energy security. Liquid biofuels (biethanol and biodiesel) are widely recognized alternatives to 
fossil fuels. In an effort to offset the fossil fuel-related negative impacts on the environment, countries have set 
the ambitious. goal of blending liquid biofuels with fossil fuels (Herrera, 2006 and Schubert, 2006). The 
production and use of lignocellulosic bioethanol have been emphasized because it does not compete with food 
crops. Lignocellulosic materials are rigid structures, requiring efficient pretreatment in order to release the 
carbohydrates from their associated lignin and make the cellulose and hemicelluloses more accessible to 
enzymatic attack produced   by microorganisms (Luo et al., 2010). 

       Rajendran and Karuppan (2012) found that, the composition of Sugar cane baggas was 35.6% cellulose, 
26.63% hemicellulose and 17.1% lignin and after the pretreatment the composition was 56.96% cellulose, 
8.06% hemicellulose and 1.6% lignin. The pretreatment significantly to reduce the hemicellulose (80.8% 
reduction) and lignin (90.6% reduction) contents. The reduction in lignin content reported during the 
pretreatment of corn stove with 10% NaOH for 1 h in an autoclave was 95% (Varga, et al., 2002). Zhang and 
Cai (2008) reported that the pretreated corn stover with 2% NaOH at 85 ◦C for 1 h was 36.24% reduction in 
lignin. 

The most commonly used alkali in the alkali pretreatment processes are NaOH and Ca(OH)2. This 
process results in  (i) the  removal  of  all  lignin  and  part  of  hemicellulose. (ii)  Increased  reactivity  of  
cellulose  in  further hydrolysis  steps  (Hamelinck  et  al.,  2005),  especially, enzymatic  hydrolysis.  Effective  
removal  of  lignin minimizes  adsorption  of  enzyme  onto  lignin  and  thus allows for effective interactions 
with cellulose (Aswathy et al., 2010). Pretreatment with NaOH increases the digestibility cellulose from 14 to 
55% while decreasing the lignin content from 25 to 20 % .also, alkali  pretreatment  process  show  decreased 
sugar  degradation and are more effective on agriculture residues  as  compared  to  wood  materials  (Kumar  et 
al., 2009).  

In this contest, our results proved that the pretreatment with alkaline (4% NaOH) was higher removal 
in lignin.  

Mineral acids such as sulfuric, hydrochloric, hydrofluoric and nitric acids are widely employed for the 
hydrolysis of lignocellulosic biomass.  Among these, the oldest and best understood process sulfuric acid 
utilization. The  sulfuric  acid-based  hydrolysis  process  is operated under two different conditions; (í) a 
process that uses  high  sulfuric  acid  concentration  that  operates  at a lower  temperature  and,  (íí)  a  process  
that  uses  low sulfuric  acid  concentration  and  operates  at  a  higher temperature. Thelatter is most commonly 
used. (Graf  and  Koehler,  2000 and USDOE, 2003). 

Trichoderma viride is one of the strains that have been identified and commercially available for 
cellulase production. Many research efforts have been devoted to improve the titers of fungal cellulases, 
including strain modification, medium optimization, and enzyme synthesis etc (Singhania, et al., 2010 and 
Kumar, et al., 2008). 
           Saccharification is the critical step for bioethanol production where complex carbohydrates are converted 
to simple monomers. Trichoderma is able to produce at least two cellobiohydrolases and five endoglucanases 
and three endoxylanases (Xu, et al., 1998 and Sandgren et al., 2001). However, Trichoderma lacks B-
glucosidase activity that plays an efficient role in polymer conversion (Taherzadeh and  Karimi, 2007). On the 
other hand, Aspergillus is a very efficient B -glucosidase producer (Kovács, et al., 2009). Trichoderma cellulase 
supplemented with extra B -glucosidase has been studied several times (Taherzadeh and  Karimi, 2007). 
Combination of Trichoderma reesei ZU-02 cellulase and cellobiase from Aspergillus niger ZU-07 improved the 
hydrolysis yield to 81.2% with cellobiase activity enhanced to 10 CBU/g substrate (Chen, et al., 2008).  
          The saccharified biomass is used for fermentation by several microorganisms. However, the industrial 
utilization of lignocelluloses for bioethanol production is hindered by the lack of ideal microorganisms which 
can efficiently ferment both pentose and hexose sugars (Talebnia, et al., 2010). The processes usually employed 
in the fermentation of lignocellulosic hydrolysate are simultaneous saccharification and fermentation (SSF) and 
separate hydrolysis and fermentation (SHF). Conventionally or traditionally the SHF process has been employed 
but SSF is superior for ethanol production since it can improve ethanol yields by removing end products, inhibit 
and eliminate the need for separate reactors. Studies have shown that SSF is a better alternative to SHF (Bjerre, 
et al., 1996 and Balat, et al., 2008). A combination of Candida shehatae and Saccharomyces cerevisiae was 
reported as suitable for the SSCF process (Neves, et al., 2007). Sequential fermentation with two different 
microorganisms in different time periods of the fermentation process for better utilization of sugar has also been 
employed using S. cerevisiae in the first phase for hexose utilization and C. shehatae in the second phase for 
pentose utilization but ethanol yields achievement are not high (Sanchez and Cardona, 2008). Some native or 
wild type of microorganisms used in the fermentation are S. cerevisiae, Escherichia coli, Zymomonas mobilis, 
Pachysolen tannophilus, C. shehatae, Pichia stipitis, Candida brassicae, Mucor indicus etc. (Sukumaran, et al., 
2010; Girio, et al., 2010; Moniruzzaman, 1995 and Nigam, 2001). 
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Among all the best known yeast and bacteria employed in ethanol production from hexoses are S. 
cerevisiae and Z. mobilis respectively (Talebnia, et al., 2010). But S. cerevisiae cannot utilize the main C-5 
sugare xylose of the hydrolysate (Talebnia, et al., 2010 and Xu, et al., 1998). Native organisms such as Pichia 
and Candida species can be used in place of S. cerevisiae and they can utilize xylose but their ethanol 
production rate is at least five fold lower than that observed with S. cerevisiae (Ortega, et al., 2001). Different 
microorganisms have shown different yields of ethanol depending on their monomer utilization as reported by 
Krishna (2001). 
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