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ABSTRACT 
Stocks of coal, petrol and other non-renewable sources of energy are depleting. High cost 
involved in the generation of solar energy has been hurdle in its popularization. Moreover 
molasses cannot suffice for required ethanol, hence globalization of ethanol production by the 
use of nanomaterial is an urgent need of the hour. All the countries of the world should engage 
in producing power through nanotechnologically produced biofuels. Nanotechnology can offer a 
helping hand by mixing nano-ferric-oxide particle in the fermentation medium. When 
Gallionella iron is added in the fermentation medium of molasses in presence of yeast, the 
energy derived by bacteria is transferred to the yeast as a result, yeast utilizes more energy in 
addition to 21 Kcals during anaerobic respiration and a significant enhancement in the 
production of ethanol may takes place.  

Key Words : Iron nano material, Gallionella micro-organism, Feed stocks, 
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INTRODUCTION 

Throughout the last few decades, fossil fuels, 
such as petroleum, have been the top choice in 
fulfilling our energy demands. Even though the 
demand for energy is steadily increasing, it is 
estimated that the supply of fossil fuels will 
rich its maxima around 2025. Beyond this, the 
supply will start declining and the world will 
face an acute shortage of one of its most 
critical energy resources. This decreasing 
supply and increasing demand will lead to a 
significant rise in the prices of petroleum 
necessitating its replacement with other 
sources of energy. In order to achieve fossil 
fuel independence, it is now critical to develop 
alternative and clean energy technologies1,2. 
Towards this end, the following tasks need to 
be accomplished : 
(1) Development of advanced materials and 
their architectures that possess high energy 
densities and delivery capabilities, 

(2) Fundamental understanding of energy 
materials, 
(3) Integration of materials into energy-critical 
platforms and devices, 
(4) Development of high-efficiency and green 
energy devices, 
(5) Low-cost energy generation, storage and 
conversion, 
(6) Scalability of developed devices and 
energy materials, 
(7) Rapid transfer of technology from 
laboratories to commercial scale and 
(8) Developing the capability to generate 
abundant amounts of critical energy materials 
Achieving these goals will have a huge positive 
impact on future generations. It is clear from the 
above list that development and understanding of 
novel materials is the ab-initio step towards a 
successful alternative energy sector 3,4. 
Nanotechnology can offer a helping hand by 
mixing nano ferric-oxide in the fermentation 
medium so that we can further enhance the 
ethanol yield from the molasses due to the 
increased surface area of nano ferric-oxide. It *Author for correspondence 
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was already proved that if ferric-oxide is used as 
catalyst during fermentation it combines with the 
oxalic acid present in the molasses to form a 
complex called ferri-oxalate which is then 
dissociates by absorbing energy in the form of 
visible light. The energy so absorbed in addition 
with 21 Kcals energy liberated during anaerobic 
respiration thus becomes value addition for yeast 
to produce more ethanol and the process 
becomes photochemical5. Moreover, the quantity 
of ferric-oxide used as catalyst reduces from 500 
grams/tonne of molasses to only 5 gram/tonne, 
when used in the form of nano ferric-oxide6-8.
   

2Fe(III)(C2O4)2
3-       2Fe(C2O4)2

2-+(C2O4)2-+2CO2 
ferri-oxalate                                  
Micro-organism Gallionella (Bacteria, 
Proteobacteria, Betaproteobacteria, Nitrosomo-
nadales and Gallionellaceae) is found to be 
ideal for ethanol enhancement when used with 
iron oxide, because micro organism 
Gallionella utilizes iron compounds to derive 
energy for its metabolic processes, and secrete 
larger quantity of hydrated iron oxide. It is 
evident that large deposits of iron (III) oxide 
form in areas where iron oxidizing bacteria are 
able to thrive (Fig. 1 to Fig. 4). 

 
Fig. 1 : Gallionella micro-organism colony (in a colony counter) 

 
Fig. 2 : Image of Gallionella micro-organism 

 

 

h 
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Fig. 3 : Image of Gallionella micro-organism (Gallionella ferruginea) 

 
Fig. 4 : SEM image of a twisted stalk of Gallionella micro-organism (Gallionella ferruginea) 

Gallionella secrete this oxide in the form of 
intricate branches structures. The bacterial cell 
grows at the end of a twisted stalk of the iron 
oxide. When Gallionella iron is added in the 
fermentation medium of molasses in presence 
of yeast, the energy derived by bacteria is 
transferred to the yeast as a result, yeast 
utilizes more energy in addition to 21 Kcals 
during anaerobic respiration and a significant 
enhancement in the production of ethanol may 
take place9. 
The raw materials for ethanol industry are 
generally cane juice, cane sugar, molasses, 
beets, potatoes, etc. The most widely used 
sugar from ethanol fermentation is blackstrap 

molasses which contains about 35-40% 
sucrose, 15-20 wt. % invert sugars such as 
glucose and fructose and 28-35 wt % sugar. 
After the pH of the mash is adjusted to about 
4-5 with mineral acid, it is inoculated with the 
yeast and the fermentation is carried out at 20-
320C for about 1-3 days. The fermented wine 
is then set to the product recovery in 
purification section of the plant. The processes 
of conservation of sugars to ethanol under the 
influence of yeast bring about the conversion 
of sugars into ethanol10-14.  
Wine or fermented liquid can also be 
produced from any fruit with high sugar 
content. In Madhya Pradesh and Uttar 
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Pradesh the surplus crop of guava and 
sugarcane which are sometimes deteriorated 
in cold storages and are sold at dirt cheap 
rates, can be utilized for ethanol production. 

Guava and sugarcane have shown potentials. 
However, government has no enabling 
ethanol production policy from surplus crop 
which is to be sold at cheap prices (Table 1). 

Table 1 : Fruits production in Madhya Pradesh, India 

S/N Fruits Area in 
hectare 

Production 
in mnMT 

Productivity 
in MT/ha 

1 Mango 24403 2.19 9 

2 Oranges 19857 3-17 16 

3 Sweet lemon 501 0.01 16 

4 Lime  10872 1.73 16 

5 Banana 49155 19.66 40 

6 Guava  6636 1.32 20 

7 Papaya 1500 0.40 27 

8 Grapes 246 0.06 25 

9 Other fruits 81832 4.90 6 

Total 195002 33.44  

If Madhya Pradesh gets an entrepreneur 
friendly policy, and farmers get good value for 
their produce, they will be happy to sell their 
surplus guava crops, to local processing units 
for fuel ethanol production. 
In the present investigation micro-organism 
Gallionella was found to be ideal nutrient for 
ethanol enhancement when used with hydrated 
iron oxide, because micro organism 
Gallionella utilizes iron compounds to derive 
energy for its metabolic processes and secrete 
larger quantity of hydrated iron oxide. It is 
evident that large deposits of hydrated iron 
(III) oxide form, in areas where iron oxidizing 
bacteria are able to thrive. 

MATERIAL AND METHODS 
Preparation of nano material 
In the present study, we have synthesized nano 
particle with particle size of 500-600 nm by 
environmental friendly route using ferric 
acetate   and   aloe-vera   plant extract solution.  

Aloe-vera plant extract was prepared from 
30gm thoroughly washed aloe-vera leaves 
which were finally cut and boiled in 300ml of 
deionized water mixed with alcohol for two 
hours to get a homogenous solution. 
After cooling 10gm of ferric acetate is added 
150 ml of aloe-vera extract and sonicated 
under 20 kHz frequency. Intermittent heating 
of 10 minutes in continuously done for two 
hours. Temperature is continuously increased 
from room temperature to 900C till the sample 
is dried. 
The dried precursor was calcined in the 
furnace at 4000C for ½ hour, 5000C for ½ hour 
and 6000C for ½ hours. Finally, the grain 
boundary of the sample were further reduced 
by the help of ball mill using quartz spheres at 
500 rpm for 45 minutes to get nano         
particles15-18 which are characterized for crystal 
phase identification by powder x-ray 
diffraction. The particle size and morphology 
were characterized by SEM (Fig. 5 to Fig. 7). 
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Fig. 5 : XRD of balled milled iron oxide nanoparticles 

 
Fig. 6 : The high resolution SEM images of the iron oxide nanoparticles. The averagesize 

of the particle are from 500-600 nm 

 
Fig. 7 : 50nm iron oxide nano particle 
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Preparation and handling of sample 
In the present investigation, we had 
prepared twenty samples of different feed 
stocks including molasses, potato, guava, 
water nut, beet root and one sample of 
distilled water for blank reading.  The 
samples were divided into five groups B, 
C, D, E, and F and each group was further 
divided into four subgroups 1, 2, 3, 4 
except A.  
In sample A, only distilled water was taken 
for blank reading.  
All samples of group B were prepared by 
taking 20 gm molasses, 0.05% urea and 
0.01% di-sodium hydrogen phosphate and 
then were diluted up to 100 ml by distilled 
water19,20. 
Each of the samples of group C, contained 
20 gm, potato mass, which was prepared 
by the conversion of potato starch into 
maltose with the treatment of diastase 
enzyme (0.4%) at 40oC until complete 
conversion (checked with iodine solution 
until blue colour gives off) and then added 
with 0.05% urea, 0.01% disodium 
hydrogen phosphate and diluted up to 100 
ml21. Each sample of group D was 
prepared by taking 20 grm, Guava mass, 
obtained by applying the previous method. 
Each sample of group E was   prepared by 
taking 20 gm, water nut mass. Each sample 
of group F was prepared by taking 20 gm, 
Beet root mass. 
Later on all the samples were sterilized at 
15 psig for 30 minutes and after cooling 
0.5% yeast was added.  Sub group 2, 3 and 
4 of group B, C, D, E, F were then 
supplemented with 1000 nm(50 mg), 
500nm (25mg), 50nm (0.0025 mg) iron 
oxide nanomaterial respectively. 
Measurement of ethanol percent by a 
newly invented acetylation method 
The colour of the wine produced after 
fermentation   was     found to be very dark  

therefore contents of all the samples except  
A had been vaporized in the round bottom 
flask separately and condensed back to get 
colourless fermented liquid. Measurement 
of ethanol % in each sample was done by 
taking 10 ml. of each sample individually in 
the conical flask and 2 ml of acetic 
anhydride, 50 cc of N NaOH were added in 
each sample. Now excess of  NaOH in each 
flask were titrated against N/2 HCl using 
phenolphthalein as indicator till, the last 
drop of HCl gives off a pink coluor22-35.  
ROH+(CH3CO)2O      ROCOCH3 +CH3COOH  
Alcohol Acetic anhydride Ester      Acetic acid  

HOH+ (CH3CO)2O2                 CH3COOH  
Water Acetic anhydride           Acetic acid 

RESULTS AND DISCUSSION 
The Table 1 reveals that in absence of nano  
particle, the yield of ethanol in molasses, 
potato, guava, water nut and beet root was 
29.9, 28.25, 25.07, 21.85 and 21.62.  
When 50 mg of 1000 nm sized nanoparticle 
along with Gallionella was used, the yield 
of ethanol was 30.70, 28.5, 25.87, 24.15 
and 23.80. Upon using 25 mg of 500 nm 
sized nanoparticle along with Gallionella a 
further increase in yield was again 
noticed.It was very encouraging to note that 
upon using 0.0025 mg of 50 nm sized 
nanoparticle along with Gallionella the 
final outcome in yield was 32.43, 32.3, 
27.02, 25.41 and 24.26. Therefore, it is 
clear that the maximum yield of ethanol in 
each sample was obtained upon using 
0.0025 nm of 50 nm sized nanoparticle 
along with Gallionella. This proved that as 
the size of the nano was reduced, its surface 
area increased exponentially to produce 
more percentage of the ethanol (Table 2).  
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Table 2 : Enhancement in the yield of ethanol 

Sample 
group 
(mass) 

Sample 
subgroup 

% of nutrients Used 
Vol. of N/2 

HCl 
required 

C.C 

Vol. of N/2 HCl 
to neutralize 

excess of NaOH 
C.C. 

Vol. of N 
HCl 

required 
C.C. 

Ethanol 
produced in 

%. (with 
Iron oxide 

+Gallionella) 

Ethanol 
produced in 
%. (with out 
+Gallionella) 

Urea  % 

Di-Sod. 
hydrogen 
phosphate 

% 

Iron nano material with 
Gallionella 

1000nm 500nm 50nm 

A (Blank) - - - - - - 9.5 - - - - 

B 
(Molasses) 

1 0.05 0.01 - - - 35.5 26 13 29.9 29.0 

2 0.05 0.01 50mg - - 36.2 26.7 13.35 30.705 29.4 

3 0.05 0.01 - 25mg - 37.1 27.6 13.8 31.4 29.9 

4 0.05 0.01 - - 0.0025mg 37.7 28.2 14.1 32.43 30.0 

C 
(Potato) 

1 0.05 0.01 - - - 34.1 24.6 12.3 28.25 27.9 

2 0.05 0.01 50mg - - 34.3 24.8 12.4 28.5 27.1 

3 0.05 0.01 - 25mg - 35.4 25.9 12.95 29.75 28.0 

4 0.05 0.01 - - 0.0025mg 37.6 28.1 14.05 32.3 31.3 

D 
(Guava) 

1 0.05 0.01% - - - 31.3 21.8 10.9 25.07 24.2 

2 0.05 0.01% 50mg - - 32.0 22.5 11.25 25.875 24.0 

3 0.05 0.01% - 25mg - 32.6 23.1 11.55 26.46 24.9 

4 0.05 0.01% - - 0.0025mg 33.0 23.5 11.75 27.025 25.3 

E 
(waternut) 

1 0.05 0.01% - - - 28.5 19 9.5 21.85 20.0 
2 0.05 0.01% 50mg - - 30.5 21 10.5 24.15 23.4 
3 0.05 0.01% - 25mg - 31.0 21.5 10.75 24.725 23.10 
4 0.05 0.01% - - 0.0025mg 31.6 22.1 11.05 25.415 24.00 

F 
(Beetroot) 

1 0.05 0.01% - - - 28.3 18.8 9.4 21.62 20.1 
2 0.05 0.01% 50mg - - 30.2 20.7 10.35 23.805 22.01 
3 0.05 0.01% - 25mg - 30.4 20.9 10.45 24.035 23.22 
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CONCLUSION 
The result, obtained are encouraging. It was 
observed that by decreasing the size of iron nano 
material, the yield of ethanol was increased as 
per increase in its surface area. Ferric-oxide nano 
particle along with Gallionella is fully capable of 
producing significant amount of ethanol, from 
the feed stocks. If nano material is added in the 
fermentation medium of molasses, guava, beet 
root, trapa along with Gallionella micro-
organism, the yield of ethanol is increased 
according to the % of iron nano material added. 
Thus, by globalizing Indian sugar technologies 
we can increase our contribution of worlds GDP 
utilizing maximum molasses which is the great 
material resource of ethanol and the part of 
wealth of our nation.   
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