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ABSTARCT 
The bio economy is based on two components : biomass and bioprocess, which are related to 
natural resources and novel technologies (industrial biotechnology, bio/chemical and/or thermo 
chemical technology). The shift from fossil fuels to a bio based economy is necessary, if the 
world aspires to a reduced reliance on fossil fuel, mitigating climate change and benefiting rural 
community. Biomass to biofuels and bio-materials brings in the paradox of food verses fuel. 
More so in developing countries, with limited natural resources, biomass is cheapest replacement 
of fossil fuels, which is freely available hence in the present study an attempt was made to 
convert the rice husk to alternative fuels through biological means by fermentation method. 
Using ball milling, the micro particles of rice husk were made and used for the ethanol 
production. Sacccharomyces cerevceae type 180,181 and Asprgillus niger used for the 
fermentation process. X-ray diffraction, SEM, FTIR microtrac instrument, characterized for the 
micro particle. In the present study, we have optimize the experiment for the production of 
ethanol. In different pH and temperature results obtained in 1.81% of ethanol produced. 

Key Words : SEM, XRD, FTIR, Zetatrac particle size analyzer, Lignocellulosic, Reducing 
sugar, Fermentation 

 
INTRODUCTION 

Biomass is a lignocellulosic and abundant 
renewable resource on earth and includes 
various agricultural and forestry residues and 
industry wastes. Ethanol production from 
lignocellulosic has gained increasing research 
attention due to their abundance and immense 
potential for conversion into sugars and fuels. 
Several technologies available for the 
conversion of lignocellulosic to fuel ethanol 
involved various steps such as pretreatment, 
enzymatic hydrolysis (saccharification) and 
fermentation. In the biological pretreatment 
processes, Aspergillus species fungi are the 
most effective biological pretreatment of 
lignocellulosics materials. Composition of the 
rice husk cellulose 35%, hemicellulose 25%, 
and lignin 20%. Rice husk is a source of 
lignocellulosic biomass that may be utilized as 
raw material for ethanol manufacturing, 
ethanol is a desirable fuel additive because it  

allows fuel to burn more cleanly and lowers 
greenhouse gas emissions. It is cost-effective 
to blend ethanol into gasoline in view of high 
crude oil prices in recent years.1 Papaw waste 
saccharified (pH 4.5) Aspergillus niger and for 
ethanol brewers yeast temperature 300C (72 
hours incubation).2 White rot fungi, Lentinus 
squarrosulus (Basidimycetes) cell immobilizat-
ion method glucose analyzed by DNS and 
ethanol by spectrophotometer in 540nm. Rice 
husk and bagasse used as substrate, Aspergillus 
awamori and Pleurotus sajor-caju are used for 
fugal treated and ethanol Saccharomyces 
cereviseae (NCIM 3095) used for ethanol. 
Glucose DNS method, ethanol determination 
by spectophotmentric method3 Aspergillus 
niger used for treatment Substrate used for 
Garcinia kola (bitter cola) maize husks rice 
husks bitter kola pulp. Acid hydrolysis and 
alkaline hydrolysis after words fungal  
(Aspergillus niger) treated then sugar analyzed 
by DNS method ferment   Substrate sun flower 
stalks are used  Trichoderma reesie  are used  *Author for correspondence 
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for cellulase production  fermentation for 
ethanol  Saccharomyces cervisceae used 
analyzed in gas chromatography.4 Ethanol can 
be produced from renewable lignocellulosic 
materials such as various types of natural 
woods, acid hydrolysis cellose conversts to 
glucose sugars by hyderolysis (saccharifica-
tion) and sugars converted ethanol by 
fermentation. Substrate 200 gm 80% of H2SO4 
(pH 6 top 8 1 N NaOH).5 Replacing fossil fuels 
by biofuels has many advantages, such has 
reduction of CO2 bio-ethanol is such a 
promising renewable fuel. Substrate corn 
Stover. Steam pre treatment and enzymes, 
yeast and nutrients. Yeast batch culture aerobic 
fed batch culture Saccharomyces used, analy-
sis of glucose and ethanol was done in HPLC.6 
Fermentation of sugar by Saccharomyces 
cerevicae ATCC 24860 for the production of 
ethanol in an immobilized cell reactor the ICR 
was plug flow tubular columns constructed 
with a nominal diameter of 5 cm, ID of 4.6 cm, 
Plexiglas of 3 mm wall thickness and 85 cm 
length the medium was fed to the ICR column 
from (ICR) (experimental set up feed tank 
pump flow meter and flow breaker immobile-
zed cell reactor and product tank. Ethanol 
detected by gas chromatography and glucose 
analyzed by DNS.7  Chemical trématent  Sun 
flower hulls are treated in alkaline or sodium 
hydroxide solution 0.5% production of ethanol   
0.455 g/g8 Substrate used  for Garcinia kola 
(bitter cola)maize husks rice husks bitter kola 
pulp. Acid hydrolysis and alkaline hydrolysis 
after words fungal (Aspergillus niger) treated 
then sugar analyzed by DNS method. 9  

AIMS AND OBJECTIVES 
To optimize fungal pretreatment technique for 
the conversion of lignocelluloses to reducing  

sugars using yeasts and then subject to 
fermentation. To characterize in different 
equipments like SEM, XRD, FTIR, particle 
size analyzer, to produce ethanol from rice 
husk. 

MATERIAL AND METHODS 
Rice husk was chosen for the present study. 
The obtained substrate is dried and used for the 
experimental purpose.  
Physical treatment 
The substrate was Ball milling of the size 2 
micro meter. For each experiment, oven dried 
(at 600C), 10 grams of substrate was used.10,11 
Chemical treatment 
The dried substrate was treated with 5% 
sodium hydroxide and then washed the 
substrate using distilled water. Washed water 
will be neutral in pH again substrate was in 
oven at 600C, then autoclaved in 15 psi for 20 
minutes12-14 
Fermentation using Aspergillus Niger 
Rice husk was treated with Aspergillus niger 
(grown in PDA Media) in aseptic condition at 
300C for 7 days. The conversation to reducing 
sugar due to the activities of fungi been 
estimated by analyzing sugars by DNS 
method.15,16 

Fermentation using Saccharomyces 
cereviceae type 180-181 
The sterilized substrate was dissolved in 200 
ml of distilled water and pH was adjusted to 
7.5. The substrate was incubated with the 
microorganisms such as, Saccharomyces 
cereviceae, 180, 181 and kept for 7 days. After 
7 days, samples were analyzed for 
quantification of ethanol and reducing sugar.17 
(Table 1) 

Table  1 : The different microorganisms used for fermentations and their using media 

Number Micro-organism type Media Concentration in 
100 ml (mg) 

Two 

Saccharomyces 
cerviceae 181 and 180  
(the cultures are 
obtained from MTCC 
Chandigarh, India) 

Yeast extract 
Dextrose 
Peptone 

0.3 
2.0 
1.0 

Analytical method 
Ethanol concentration was measured using UV- 
visible-double beam spectrophotometer (Double  

Beam, Elico company, model no Elico -SL 164). 
Ethanol was analyzed by the dichromate 
oxidation method which is based on the complete 
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oxidation of ethanol by dichromate in acidic 
medium. Sugars are determined by photometri-
cally using dintrosalicylic acid reagent (Systron-
ics Colorimeter: model No 115).18-20 
Characterization 
To get small uniform particle size for individual 
substrate material. The rice husk, were Broken 
down to small size and were ground using the 
ball mill (make pulverisetteFritesch-6 planetary 
mono-mill). Particle size analyzer: In a constant  
electric field particles drift at a constant velocity. 
Through the velocity, the charge and Zeta 
Potential can be determined. Zetatrac utilizes a 
high frequency AC electric field to oscillate the 
charged particles. The Brownian motion power 
spectrum is analyzed with the Nanotrac 
controlled reference technique of particle sizing  
to determine the Modulated Power Spectrum. 
This is a component of the power spectrum 
resulting from the oscillating particles. Zeta 

Potential is calculated from the MPS signal. Also 
determined are the particle mobility (velocity per 
electric field), charge and particle size. Zetatrac is 
controlled by Microtrac FLEX Operating 
Software.  Instruments used Microtrac (Zetatrac), 
Rice husk particle size 1.23 micro meteres.21 

(Fig. 1) 
For Scanning Electron Microscope 1500 Hitachi 
Made   A Scanning Electron Microscope (SEM) 
is a type of electron microscope that images a 
sample by scanning it with a high-energy beam 
of electrons in a raster scan pattern. The electrons 
interact with the atoms that make the sample 
producing signals that contain information about 
the sample's surface topography, composition, 
and other properties such as conductivity. The 
samples are sputtered with gold, carbon tape two 
sided adhesive to sample holder stub, then scan 
the sputtered sample in SEM. Images shown 
below.21(Fig. 2) 

         
Fig. 1 :  Graphical representation of the particle size 

      
 
 
 
 
 
 
 
 
 
 
 

 
 

Fig.  2 :  Rice Husk, a) untreated (500 magnification), b) chemical treated (500 magnification), c) 
fungus Aspergillus niger treated (500 magnification) and d) fungus Aspergillus niger treated 

(1000 magnification) 
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Powder X-ray diffraction (PXRD) measurements 
were performed on a PAN analytical Xpert Pro 
X-ray diffract meter using CuK Radiation 
(λ)0.154 nm) at 40 kV, at a scanning rate of 2° 
min-1. The lattice Plane at 2θ equal to 240C         

Fig. 3(a) and Fig.  3(b) represents the amorphous 
cellulose while the lattice plane at 2θ equal to 
220C represents the crystalline cellulose. 
Qualitative   evaluation   of   the  difractograms  
 
 

clearly shows that the crystalline plane of the pre 
treated sample. Fig.  3 is sharper and higher 
intensity than that of untreated rice husk.         
Fig.  3(a)  and  Fig.  3(b) which indicate higher 
crystalinty of the pretreated sample. The 
crystalinity index of the pretreated sample was 
higher because of the hemicelluloses and lignin 
which are amorphous materials. 22 The infrared 
(IR)  spectra  of  samples  were  collected using a  

 

 

 

 

 

 

 

         Fig.  3(a) : Control of the rice husk                   Fig.  3(b) : Chemical treated rice husk      

 
 
 
 
 
 
 
 
 
 
 
 

        Fig. 4(a) : FTIR - Control rice husk           Fig. 4(b) : FTIR - Chemical treated rice husk 

Nicolet IR200 FT-IR spectrometer using KBr 
pellets, in the range 4000-400 cm-1 with 4 cm-1 
resolution. The reaction results to emission of 
energy showing the reactions of the molecules, 
which are automatically plotted to a graph by one 
of the programs embedded in spectroscopic 
instruments. Using the generated graph, organic 
chemists analyze the plot and detect distinctive 
peaks that can be attributed to the components of 
the compound. 23 
For instance, a graph shows two distinctive peaks 
and after analyzing the plot, you found out that 

one peak corresponds to Hydrogen (H) and the 
other is Oxygen (O2) thus, you can safely say that 
it is H20 or water molecule. Molecules that react 
with IR always exhibit the same distinguishing 
peak of energy so they can easily be identified 
from the graph.  The (Fig.  4(a)  and  Fig.  4(b)) 
are shown the rice husk of the spectrum and the 
assignment of the peak 600,790,750cm-1 due to 
C__H bending vibration. A peak 1020, 1010, 
shows C__O (str), Vibration respectively.1520, 
1490, was due to N__H stretching vibration.        
A  peak  1765,  1850 cm-1 C=O  (str)  of carbonyl  
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group. A peak due to C__H stretching vibration 
appears to 2480, 2600 and a broad peak 
3490,3480,2990,2970, shows O__H stretching 
due to alcoholic group.24-27 

RESULTS AND DISCUSSION 
Rice Husk  
The Rice husk treated with chemical and kept for 
the  fungal  treatment,  after 7 days the fermented  
solution analyzed by sugar by DNS method. The 
after sugar analysis the solution was kept for the 
ethanol production by using the Saccharomyces 
cereviceae. The chemical and fugal treated 
solution  got  more  ethanol yield  than un treated  

with chemical and fugal treatment. The treated 
with chemical that solution got 1.81% 
untreatedget 0.951% ethanol was produced. The 
particle size of the rice husk 1.23 micro meters 
SEM photo graphs are shown treated and 
untreated. The Table  2 (Fig. 5) and Table 5 
(Fig. 8) Rice husk treated with chemical 
characterization shows in X-ray diffractions 
shows the difference in the treated and un treated 
in sharpness of the peak shown and also 
amorphous in nature also shown. In FTIR the 
characterization the C-H, C=C, N-H C-O are 
shown in different transmittance and wave 
numbers. 

Table 2 : Rice husk treated with chemical 

    
 
 
 
 
 
 
 

 
 
 
 
 
 
 
 
 

 

 

 

 

 

 

 

 

Fig. 5 : % Ethanol obtained by Saccharomyces cereveceae type 181 

Different pH 
% Ethanol obtained by 

Saccharomyces cereveceae 
type 181 

pH 4.5 0.712 

pH 5.0 1.36 

pH 5.5 1.81 

pH 6.0 0.924 

pH 6.5 0.782 

pH 7.0 0.32 

pH 7.5 0.151 
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Table 3 : Control Rice husk not treated with chemical 

                                                                                           

 

 

 

 

 

 

 

 

Fig. 6 : % Ethanol obtained by Saccharomyces cerveaceae type 181 

Table 4 : Rice husk treated with chemical 
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Different pH % Ethanol obtained by 
Saccharomyces 

cerveaceae type 181 
pH 4.5 0.12 
pH 5.0 0.256 
pH 5.5 0.952 
pH 6.0 0.725 
pH 6.5 0.253 
pH 7.0 0.122 
pH 7.5 0.101 

Different pH 
% Ethanol obtained by 

Saccharomyces cerveaceae 
type 180 

pH 4.5 0.492 
pH 5.0 1.60 
pH 5.5 1.012 
pH 6.0 0.84 
pH 6.5 0.602 
pH 7.0 0.302 
pH 7.5 0.181 
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Fig. 7: % Ethanol obtained by Saccharomyces cerveaceae type 180 

Table 5 : Control Rice husk not treated with chemical 

Different pH 
% Ethanol obtained 
by Saccharomyces 

cerveaceae type 180 

pH 4.5 0.181 
pH 5.0 0.895 
pH 5.5 0.762 
pH 6.0 0.301 
pH 6.5 0.25 
pH 7.0 0.129 
pH 7.5 0.11 

 

Fig. 8 : % Ethanol obtained by Saccharomyces cerveaceae type 180 

CONCLUSION 
In this investigation, the Rice husk particle size 
1.23 micro meter and also SEM images are 

shown treated and untreated. X-ray diffraction 
pattern obtained from XRD confirm the pure 
amorphous silica formation incase of pretreated 
rice husk. Untreated rice husk produced 
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amorphous silica. The FTIR results revealed that 
untreated rice husk produces more crystals silica 
than treated rice husk. Sodium hydroxide reduces 
the cellulose and organic contents of the Rice 
husk. In the production of ethanol the chemical 
treated and fungal treated rice husk shows more 
ethanol yield than the untreated rice husk. 

REFERENCES 
1. Ali Abbas and Santosh Ansumali., Global 

Potential of rice husk as a renewable   
feedstock for ethanol biofuel production, 
Bioenerg. Res., 3(1), 328–334., (2010).   

2. Akin–Osanaiye B. C., Nzelibe H. C. and 
Agbaji A.S., Production of ethanol from 
carica papya (pawpaw) agrowaste : Effect of 
saccharifcation and different treatments on 
ethanol yield ,   Afri. J. Biotechnol., 4(7), 
657-659, (2005). 

3. Seema J. Patel, Nkarappa R.O. and Shobha 
K.S., Fungal treatment studies on Rice husk 
and Bagasse for ethanol production, Elec. J. 
Environ. Agri.  Food Chem., 6(4), 1921-
1926, (2007). 

4. Sanjeev K. Sharma, Krishna L. Karla and 
Harmeet S.Grewal. Fermentation of 
Enzymatically saccharified sunflower stalks 
for ethanol production and its scale up,  
Biores. Technol., 85(2), 31-33, (2002). 

5. Jamshid Iranmahboob, Farhad Nadim, 
sharareh Monemi., Optimizing acid- 
Hydrolysis : A critical step for production of 
ethanol from mixed wood chips., Biom. 
Bioen., 22(2), 401-404, (2001). 

6. Karin Ohgren, Anderas Rudolf Mats Galbe 
and Guido zacchi., Fuel ethanol production 
from steam- pretreated corn stover using 
SSF at higher dry matter content, Biom. 
Bioen, 30(1), 863-869, (2006). 

7. Ghasem Najafpour, Habibollah Younesi and 
Ku Syahidah Ku Ismail., Ethanol 
fermentation in an immobilized cell reactor 
using Saccharomyuces crrevisiae, Bio. 
Technol., 92(1), 251-260, (2004). 

8. Sanjeev K. Sharma, Krishna L. Karla and 
Gurvinder S. Kocher, Fermentation of 
enzymatic hydrolysate of sunflower hulls for 
ethanol production and its scale –up, Biom. 
Bioen., 27(1), 399-402, (2004). 

9. Humphrey C., Nzelibe and Caritas U. 
Okafoagu., Optimization of ethanol 
production from Garcinia kola ( Bitter Kola) 

pulp agrowaste., Afri. J. Biotechnol., 6(17), 
2033-2037, (2007). 

10. Mujgan Telli Okur and Nurdan Eken 
Saracoglu., Fermentation of sunflower seed 
hull hydrolysate ethanol by Pichia stipitis. 
Biores. Technol., 99(1), 2162-2169, (2008). 

11. Manjunath S.Gurav and Geeta G.S., 
Effectiveness of fungal treatment of agro 
residues on ethanol production by yeasts  
and Zymomonas mobilis, Karnat. J. Agri. 
Sci., 20(2), 301-304, (2007). 

12. Bansal Manjeet, Singh D., Garg V. K. and 
Rose P., Olechamisms of Cr (VI) removal 
from synthetic wastewater by low cost-
adorbent, J. Environ. Res. Develop., 3(1), 
228-243, (2008). 

13. Carlos A., Cardona A., O scar J. Sanchez a, 
b., Review Fuel ethanol production : Process 
design trends and integration opportunities. 
Bio. Technol., 98(1), 415–2457, (2007). 

14. Koutinas A.A., Vianoulis P., Gravalos K. 
and Koliopoulos K., A processing scheme 
for industrial : Ethanol production from 
straw, Enrgy. Conc. Manag., 12(1), 131-135, 
(1981). 

15. Ojjumu Tunde Victor, Solomon, Bamidele 
Obge, Betiku, Eriola, Lalyokun, Stephen 
Kolawole and Amigun, Bamikole, Cellulase 
production by Aspergillus flavus linn isolate 
NSPR 101 fermented in saw dust, bagasse 
and corncob, Afri. J. Biotechnol., 2(6), 150-
152, (2003). 

16. S. Hari Krishna, Janardhan Reddy and 
Chowdary G.V.  : Simultaneous sacchari-
fication and fermentation of lignocellulosic 
wastes to ethanol using a thermo tolerant 
yeast, Bio. Technol., 77(1), 193-196, (2001). 

17. Mujgan Telli Okur and Nurdan Eken 
Saracoglu, Ethanol production  from 
sunflower seed hull hydrolysate by Pichia 
stipitis under uncontrolled pH condtions in a 
Bioreactor,Turkish, J. Engin. Environ. Sci., 
30(2), 317-322, (2006). 

18. Gupta N., Mandloi D., Amritphale S. S., 
Chandra N. and Sikarw A., Removal of 
heavy metals using hybrid preeuroor 
prepared by residue (Rice husk), J. Environ. 
Res. Develop., 1(4), 357-364, (2007). 

19. Sanjeev K. Sharma, Krishna L. Karla and 
Harmeet S. Grewal. Fermentation of 
enzymatically saccharified sunflower stalks 
for ethanol production and its scale up, Bio. 
Technol., 85(1), 31-33, (2002). 



J. Environ. Res. Develop. 
Journal of Environmental Research And Development        Vol. 7 No. 2A, October-December 2012 

1084 
 

20. Miller G. L., Use of DNS reagent for the 
measurement of reducing sugar, Anal. 
Chem., 31(1), 426-428, (1959). 

21. Aderemi B.O., Abu E. and Highina B. K., 
The Kinetics of glucose production from rice 
straw by Aspegillus niger, Afri. J. 
Biotechnol., 7(11), 1745-1752 , (2008). 

22. Caputi A. Jr., Ueda M. and Brown T. 
Spectrophotometric determination of ethanol 
in wine, Am. J. Enol. Vitic., 19(1) 160-165, 
(1968). 

23. Amutha K., Ravibaskhar R.and Sivakumar 
G., Extraction, synthesis and characterization 
of nano silica from rice husk ash, Int J. 
Nanotechnol. App., 4(1), 61-66, (2010). 

24. Pandaa M., Paridab S., Parijac A. and Dasc 
S.C., Synthesis and characterization of agro 
based biocomposite with amino resin. Res. J. 

Pharm. Biolog. Chem. Sci., 1(4), 554-568, 
(2010). 

25. Samit Kumar, Yuvaraj Singh Negi and 
Jugmendra Sain Upadhyaya, Studies on 
characterization of corn cob based 
nanaoparticles, Advan. Mat. Let., 1(3), 246-
253, (2010) 

26. Alhassan M. Alhasan, Dzulkefly Kuang, 
Atan B. Mohammad and Ratna R. Sharma- 
Shivappa.,  Combined effect of nitric acid 
and sodium hydroxide pretreatment on 
enzymatic saccharification of rubber  wood( 
Heavea brasilinsis), Inter. J. Chem. 
Technol.,  2(1)., 12-20, (2010). 

27. Amutha K., Ravibaskhar R. and Sivakumar 
G., Extraction synthesis and characteriza-
tion of nano silica from rice husk ash, Int. J. 
Nanotechnol. Applicat., 4(1), 61-66, (2010). 

 
 


