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ABSTRACT 
The global warming is due to green house gas emissions resulting from fossil fuels is a serious 
global environmental problem. Hence it is necessary to shift towards renewable/non-
conventional/alternative sources of energy which are bio-mass, bio-fuels, etc.  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 are 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. The deseeded sun flower heads 
was used   for the present study at different pH values at 30oC temperature for the fungal pre-
treatment and yeast fermentation for the production of ethanol (1.9%). The deseeded sunflower 
head are characterized by the XRD, SEM, FTIR and particle size analysis. 
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INTRODUCTION 
The biomass contains basically, cellulose, 
hemicellulose and lignin. Cellulose is a linear 
crystalline homopolymer with a repeating unit 
of glucose strung together beta-glucosidic 
linkages. The structure is rigid and hence 
treatment is required to break it down.  Hemi-
cellulose consists of short, linear and highly 
branched chains of sugars. Bio-ethanol 
fermentation is by far the largest scale 
microbial process. State of the art industrial 
ethanol production uses sugar cane molasses or 
enzymatically hydrolyzed starch (from corn or 
other grains) and batch fermentation with yeast 
Saccharomyces cerevisiae to produce ethanol.1 
However, as the enzymatic hydrolysis reaction 
of cellulose is about two orders of magnitude 
slower than the average ethanol fermentation 
rate with yeast, there is a theoretical gap in 
simultaneous saccharification of cellulosic 
biomass and ethanol fermentation. Substrate 
consists    of     glucose    (hexose)   and xylose  

(pentose) in mass proportions depending on 
the type of plant material. However, the 
fermentation of pentose sugar with industrial 
yeast strains is a difficult task and still under 
development.2 The total biomass is to be 
fermented, not only glucose syrups, for 
example from starch this method would 
considerably widen the substrates available for 
use in ethanol production. Improvement of 
substrate plants are reviewed.3 In the 
fermentation of all sugars in cellulosic biomass 
is a task easily performed by most bacteria, 
although there may be problems with 
catabolism repression. Hence, bacterial ethanol 
fermentation is still discussed. Zymomonas 
mobilis  for the ethanol production.4 Biomass 
contains an energy can be reclaimed by various 
methods the criteria for selection of the 
conversion process and the advantages of 
anaerobic digestion for the production of 
ethanol.5 The deseeded sunflower head having 
the chemical composition  lignin 28.75%, 
galctose 3.4%.glucose 1.7%, arabinose 0.63%, 
xylose 0.7%, rhamnose 21%, pectin 11.85%.6 *Author for correspondence 



J. Environ. Res. Develop. 
Journal of Environmental Research And Development      Vol. 9 No. 02, October-December 2014 

335 
 

The deseeded sunflower head are characterized 
by the XRD, SEM, FTIR and particle size 
analyses lignocelluloses materials are often 
disposed of by burning. The use of fossil fuels 
raises concerns about global climate changes 
and to address this issue the production of 
ethanol from bio waste can improve energy 
security and decrease pollution.  

AIMS AND OBJECTIVES 
To revel that the agricultural waste like 
Deseeded sun flower head was used for the 
production of ethanol. 

MATERIAL AND METHODS 
Materials 
Sun dried deseeded Sunflower head was used 
as substrate in this study. 
Physical treatment 
Deseeded sun flower heads were ball-milled 
into small pieces of about 5.0 micron size and 
dried in an oven at 60oC.7 

Chemical treatment  
The dried substrate was treated with 5% 
sodium hydroxide solution and then washed 
using distilled water, after washing substrate 
was dried in oven at 60oC, then autoclaved at 
15 psi for 20 minutes.8,9  
Fungal pretreatment 
Deseeded sun flower heads were treated with 
Aspergillus flavus (grown in PDA Media) in 
aseptic condition at 30oC for 7 days. The 
conversation to reducing sugar due to the 
activities of fungi been estimated by analyzing 
sugars by DNS method10, 11 (Table 1). 
Biological treatment 
Thus pretreated substrate was sterilized and 
dissolved in 200 ml of distilled water. Then 
aliquots of different pH values in the range of 
4.5 to 7.5 were made. To each pH grade the 
micro-organisms (listed in the Table 1 and 
cultured in respective media of 100ml for 48 
hours incubation at 30oC) were inoculated.12-14 

Table 1 : Different microorganisms used in different media are listed 

S/N Micro-organism type Media Concentration in 100 ml (gm) 

1. Saccharomyces cereveceae 180 
Yeast extract 0.3 

Dextrose 2.0 
Peptone 1.0 

2. Saccharomyces cereveceae 181 
Yeast extract 0.3 

Dextrose 2.0 
Peptone 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 oxidation of ethanol by 
dichromate in acidic medium. Sugars are 
determined by photo metrically using 
dinitrosalicylic acid reagent (Systronics 
Colorimeter : model No 115).15-17 
X-RAY  diffraction 
The deseeded sunflower heads were powdered  
and powder X-ray diffraction (PXRD) 
measurements were performed on a PAN 
analytical X-pert,  Pro X-ray diffract meter 
using CuKr radiation (λ) 0.154 nm) at 40 kV, 
at a scanning rate of 2° min-1. The difference 
was   observed   between  chemical treated and  

untreated substrate. Peaks are sharp in 
chemical treated and no sharp peaks were 
obtained in untreated substrate. The lattice 
Plane at 2θ equals to 240 (Fig. 1 and Fig. 2) 
Represents the amorphous cellulose while the 
lattice plane at 2θ equal to 22o represents the 
crystalline cellulose. Qualitative evaluation of 
the difractograms clearly shows that the 
crystalline plane of the pre treated sample   
(Fig. 1) is sharper and higher intensity than 
that of untreated deseeded sun flower heads. 
Fig. 2, which indicate higher crystallinity of 
the pretreated sample. The crystalinty index 
was 0.67 and 0.5 for the pretreated sample and 
untreated deseeded sun flower heads, 
respectively. The crystalinity index of the 
pretreated sample was higher because of the 
hemicellulose and lignin which are amorphous 
materials.18 
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Fig. 1 : Un treated deseeded sun flower head (Control) X-ray diffraction 

 

Fig. 2 : Treated deseeded sunflower head (chemical and fungal treated) X-ray diffraction. 

The Fig. 3 and Fig. 4 shows two distinctive 
peaks and after analyzing the plot, found out 
that one peak corresponds to Hydrogen (H) 
and the other is Oxygen (O2); thus, it was 
conclude 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 
deseeded sun flower head of the spectrum and 
the assignment of the peak 650, 850, 1000 cm-1 
due to C__H bending vibration A peak 1480, 
1500, shows C__O (str) vibration respectively. 
1700, 2280, is due to N__H stretching 
vibration. A peak 650, 850Cm-1 C=O (str) of 
carbonyl group. A peak due to C__H stretching 
vibration appears to 2450, 2150 and a broad 

peak 2890, 3000, 3485, shows O __H 
Stretching due to alcoholic group. 19 
Particle size analyzer particle size 
The deseeded sunflower heads powders were 
used for the particle size analysis. (Instrument: 
Microtrac Zetatrac). The powder were weighed 
0.005 grams dissolved in 10 ml of distilled 
water after dissolving 3 ml of solution was 
taken  in to the corvette of the particle size 
instrument (Fig. 5). For the analysis of the 
particle size, instrument requires input data 
like density, refractive index of the powder, 
after 2 minutes it will show the calculated 
graphs. Instruments used Microtrac (Zetatrac). 
The result for deseeded sunflower head was a 
particle size of 5.09 micro meters.20
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Fig. 3 : Untreated deseeded sun flower head FTIR 

 
Fig. 4 :   Treated deseeded sun flower head (chemical and fungal  treated) FTIR 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Fig. 5 : Particle size analyses of the deseeded sun flower head 
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Scanning Electron Microscope (SEM) images 
The deseeded sunflower head are biomass 
substrates used in chemical and fungal 
pretreatments. The samples are sputtered 
with gold coating, this step was done at  
Indian Institute of Science (IISC) Bangalore, 

after gold coating, samples viewed under  
Scanning Elect-ronic Microscope (SEM) 
Hitachi 1500 Japan make, samples are kept 
in  two sided carbon tape adhesive to sample 
holder stub, then scanned the sputtered 
sample in (SEM) (Fig. 6 to Fig. 9).21 

 
Fig. 6 : Untreated  deseeded sunflower head, 

 
Fig. 7 : Treated  deseeded sunflower head (chemical) 

 
Fig. 8 : Deseeded sunflower head 
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Fig.  9 : Fungus (Aspergillus flavus ) growth  on the deseeded sunflower head 

     RESULTS AND DISCUSSION 
From the results it is evident that, Saccharomyces 
cerevisiae is found having more affinity to 
convert the reducing sugars to ethanol by 
fermentation.  It was also observed that the 
chemically treated substrate (deseeded sunflower 
head), with sodium hydroxide, is more amenable 
for Aspergillus flavus   activities and yields more  

reducing sugars compared to untreated substrate 
and thus enhances the available reducing sugar 
for Saccharomyces cerevisiae fermentation 
activity to produce ethanol.22-26 Deseeded 
sunflower head after sodium hydroxide treatment 
can be subjected to Aspergillus flavus and 
Saccharomyces cerevisiae fermentation 
sequentially yields good quantity of ethanol 
(Table 2 to Table 5). 

Table 2 : Treated deseeded sun flower head (fungal and chemical) 

pH 
Reducing sugar  produced by  

Aspergillus flavus by using deseeded 
sunflower head (Temperature 30oC)% 

Ethanol produced by deseeded 
sunflower head by using 

Saacromyces cerevisiae 180 
(Temperature 30oC)% 

4 0.102 0.0182 
4.5 0.521 0.0193 
5 1.958 1.4. 

5.5 2.00 1.89 
6.0 1.25 0.94 
6.5 0.921 0.585 
7.0 0.512 0.215 
7.5 0.205 0.10 

Table 3 : Untreated deseeded sunflower head 

pH 
Reducing sugar  produced by  

Aspergillus flavus   by using deseeded 
sunflower head(Temperature 30oC)% 

Ethanol produced by deseeded 
sunflower head by using 

Saccharomyces cerevisiae 180 
(Temperature 30oC)% 

4 0.182 0.01 
4.5 0.193 0.112 
5 0.305 0.235 

5.5 0.385 0.202 
6.0 0.298 0.204 
6.5 0.165 0.13 
7.0 0.115 0.12 
7.5 0.111 0.01 
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Table 4 : Un treated deseeded sunflower head 

pH 
Reducing sugar  produced by  

Aspergillus flavus   by using deseeded 
sunflower head (Temperature 30oC)% 

Ethanol produced by deseeded 
sunflower head by using 

Saccharomyces cerevisiae 181 
(Temperature 30oC)% 

4 0.102 0.11 
4.5 0.521 0.292 
5 0.655 0.46 
5.5 0.765 0.446 
6.0 0.598 0.304 
6.5 0.321 0.272 
7.0 0.215 0.112 
7.5 0.105 0.101 

Table 5 : Treated deseeded sun flower head (fungal and chemical) 

pH 
Reducing sugar  produced by  

Aspergillus flavus   by using deseeded 
sunflower head (Temperature 30oC)% 

Ethanol produced by deseeded 
sunflower head by using 

Saccharomyces cerevisiae 181 
(Temperature 30oC)% 

4 0.102 0.0101 
4.5 0.521 0.221 
5 1.958 1.195 
5.5 2.00 1.91 
6.0 1.25 1.0 
6.5 0.921 0.412 
7.0 0.512 0.312 
7.5 0.205 0.112 

CONCLUSION 
Saccharomyces cerevisiae is having more 
affinity to convert the reducing sugars to ethanol 
by fermentation. The degrading of the 
lignocelluloses material by enzymatic activity 
Aspergillus flavus are the fungus by which the  
reducing sugars were obtained in the form of 
glucose and then subjected to fermentation 
process to produce the ethanol. Thus,  
Aspergillus flavus enhances the available 
reducing sugar (2%) for fermentation activity by 
using Saccharomyces cereveceae to produce 
ethanol. The chemical treated shows the 1.9% of 
ethanol. 

REFERENCES 
1. Gray K.A., Zhao L. and Emptage M., 

Reducing sugars to ethanol by fermentation  
Bioethanol. Curr. Opin. Chem. Biol., 10(1), 
141–146, (2006). 

2. Hahn-Hägerdahl B., Karhumaa K., Fonseca 
C., Spencer-Martins I. and Gorwa-Grauslund  

M.F.,  Towards industrial pentosefermenting 
yeast strains, Appl. Microbiol. Biotechnol., 
74(1),  937–953, (2007). 

3. Torney F., Noeller L., Scarpa A. and Wang 
K., Genetic engineering approaches to 
improve bioethanol production from maize, 
Curr. Opin. Biotechnol., 18(1),1–7, (2007). 

4. Dominik Antoni, Vladimir V. Zverlov and 
Wolfgang H. Schwarz.,  Biofuels from 
microbes, Appl. Microbiol. Biotechnol., 
77(1), 23–35, (2007). 

5. V. Nallathambi Gunaseelan, Anaerobic 
digestion of biomass for methane production 
: A Review., Biom. Ene., 13(1/2),83-114, 
(1997). 

6. M. Edrees, M.S. Shaulkamy, S.S. Mabrouk 
and A.F. Abdel-Fattah, Studies on the comp-
osition of sunflower seed heads, Qual. Plant. 
Hum. Nutr., 25(3/4), 247-252, (1975). 

7. Mujgan Telli Okur and Nurdan Eken 
Saracoglu., Fermentation of sunflower seed 
hull hydrolysate ethanol by Pichia stipitis, 



J. Environ. Res. Develop. 
Journal of Environmental Research And Development      Vol. 9 No. 02, October-December 2014 

341 
 

Bioresour. Technol.,  99(1), 2162-2169, 
(2008). 

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

9. Carlos A., Cardona A. and O scar J. 
Sanchez, Review fuel ethanol production : 
Process design trends and integration 
opportunities, Biore. Technol., 98(1), 415–
2457, (2007). 

10. A. A. Koutinas, P. Vianoulis, K. Gravalos 
and K. Koliopoulos, A processing scheme 
for industrial,  ethanol production from 
straw, Ene. Conc. Manag., 12(1), 131-135, 
(1981). 

11. 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). 

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

13. Mujgan Telli Okur and Nurdan Eken 
Saracoglu and Ethanol production  from 
sunflower Seed Hull hydrolysate by Pichia 
stipitis under uncontrolled pH condtions in a 
bioreactor., Turk. J. Eng. Environ. Sci., 
30(1), 317-322, (2006). 

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

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

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

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

18. M. Pandaa, S. Paridab, A. Parijac and S. C. 
Dasc., Synthesis and characterization of agro 
based biocomposite with amino resin, Res. J. 
Pharma., Biol. Chem. Sci., 1(4), 554-568, 
(2010). 

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

20. 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), Int. J. Chem. Technol.,  
2(1), 12-20, (2010). 

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

22. U. G. Sawaiker, K. G. Gupta and S. R. 
Asolekar, Effect of effluent recycling and 
shock load on the biodegradation of organic 
solvent in UASB reactors, J. Environ. Res. 
Develop., 6(3), 554-561, (2012). 

23. Swati Soni and Sanjay Timande, 
Biotechnological utilization of dairy waste to 
solve environmental problems, J. Environ. 
Res. Develop., 6(3A), 721-726, (2012). 

24. B. Bharti and Ghosh Pranab Kumar, A study 
on efficiency of five different carbon sources 
on sulfate reduction, J. Environ. Res. 
Develop., 7(1A), 416-420, (2012). 

25. Shrivastava Ajeet Kumar and Agrawal 
Pushpa, Microbial pretreatment of 
lingnocellulosic materials and production of 
bioethanol, J. Environ. Res. Develop., 7(1A), 
375-380, (2012). 

26. Che Hafizan and Noor Z. Z., Bio fuel, 
Advantages and disadvantages based on Life 
Cycle Assessment (LCA) perspective, J. 
Environ. Res. Develop., 7(4), 1444-1449, 
(2013).  


