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ABSTRACT 

The aim of our project was to study comparatively the activity of enzyme cellulase with the direct inoculation of 

an organism in the small scale production of bioethanol through laboratory oriented specifications. The project aims at the 

production of bioethanol by using the agro wastes that may cause environmental pollution .Here we produce the bioethanol 

in a eco friendly method with very less waste product. Cellulase refers to a suite of enzymes produced chiefly by fungi, 

bacteria,and protozoans that catalyze cellulolysis.However, there are also cellulases produced by a few other types of 

organisms, such as some termites microbial intestinal symbionts of other termites. The chemical method of ethanol 

production consumes lot of chemicals; hence ourproject is an alternative to it. Firstly, we obtained the corn cobs from 

commercial industries and grined into fine powder. Then collected soil samples and solid wastes, further carried the 

process of isolation and screening of highly active cellulase producing microbes. Also we isolated different strains of 

saccharomyces from grapes. Then inoculated with Trico derma viridae organism in CMC media and sabourad broth. Here 

we selected tricoderma viride because these species are major agents of decomposition and decay thus possess the capacity 

to produce a broad range of enzymes. Then pretreated the substrate with different concentrations of acid and nitrogen 

sources and kept it for overnight. After neutralized the samles and inoculated with Tricoderma organism and allowed it 

stand for 5 days and started checking the O.D of samples at alternative days.For the mass production we pretreated the 

substrate with 1%ammonium nitrate and0.5% HCl and inoculated with tricoderma culture. Then allowed it for 7 days for 

first phase fermentation. After 7 days filtered the content and inoculated with saccharomyces for second stage 

fermentation. Later obtained ethanol by distillation and estimated by potassiumdichromate method.  Thus the maximum 

yield of ethanol was maximum by the inoculation of organism and it reached to a maximum of 47% at an acid charge of 

0.5%. 

KEYWORDS: Activity of Enzyme Cellulose, Trico Derma Viridae Organism in Cmc, Potassiumdichromate Method, 

Collected Soil Samples and Solid Wastes 

INTRODUCTION 

Over the past decade, global climate change has turned from a heavily debated to widely recognized and 

documented problem. Studies have shown that the rate of global warming has risen to 0.2 ± 0.05 degrees centigrade per 

year (Hansen et al., 2010), a number which is alarming due to the capacity of ecosystems to withstand changes in 

temperatures of within 2 – 4.5 degrees centigrade before becoming unstable (IPCC, 2010). Climate change is intensified by 

the release of certain chemicals into the atmosphere, known as greenhouse gases.  

These gases include carbon dioxide, methane, and nitrous oxide, and are produced in high quantities by the 
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burning of fossil fuels, such as coal and petroleum, fuels that are the source of the majority of the world’s energy demand 

and are non-renewable relative to the rate at which they are consumed. With the energy demand only growing higher, it is 

imperative to develop clean, renewable sources of energy. 

One source of renewable energy is bioethanol. Bioethanol is ethanol produced from fermentation of sugars 

extracted from plant matter. In the United States, the most common sources of bioethanol are corn or wheat (EPA, 2010), 

but it can also be produced using sugar cane, or sugar beets. One problem with the current production of bioethanol in the 

United States is that it relies heavily on staple food crops, such as  wheat, sugarcane etc. thus creating a conflict between 

use as food versus fuel. wheat is also very energy-intensive to convert into ethanol, producing roughly the same amount of 

energy as was necessary for conversion, as opposed to crops such as corn which produce  more energy than they require to 

process and convert their sugars to ethanol. 

The production and consumption of increasingly large amounts of energy are sustaining the world’s modern 

standard of living. With few exceptions, fossil fuels have been a reliable and inexpensive feedstock for energy production. 

However, with a finite supply, current market volatility, and environmental concerns, fossil fuels do not emerge as the 

solitary solution for the world's future energy needs. Recently, there has been increased interest and research in the 

bioenergy sector for development of new, long-term energy sources. Bioenergy is a broad classification of energy 

production methods which utilize the physical and chemical properties of biomass - renewable plant-derived organic 

matter. These biomass materials include dedicated energy crops, agricultural residues, forestry wastes, aquatic vegetation, 

and municipal wastes. While there are numerous types of biomass, certain characteristics make some biomass materials 

more desirable for energy production. Energy density, moisture content, chemical composition, particle size, production 

rate, and sustainable production of the feedstock are all factors that should be considered in the selection of a desirable 

biomass feedstock. Crop residues have potential to be utilized for bioenergy production. 

METHODOLOGY 

Isolation and Screening of Cellulase Producing Microbes 

Isolation 

Sample: Samples were collected from different locations in Bangalore. 

• Cow dung and wet soil were collected from the location near Sangenomics labs. 

• Solid waste was collected from kudlu gate. 

• Paper pulp and effluent werecollected from paper mill located at Bommasandra. 

• Marine soil sample was collected from. 

Serial Dilution 

A serial dilution is the stepwise dilution of a substance in solution. Usually the dilution factor at each tenfold 

dilution for each step is called a logarithmic dilution or log-dilution. A microorganism that predominates in a mixed culture 

can be isolated in pure form by a series of dilutions. The inoculum was subjected to serial dilution in a sterile liquid 

medium, and a large number of tubes of sterile liquid medium are inoculated inoculated with aliquots of each successive 

dilution. The aim of this dilution was to inoculate a series of test tubes with a microbial suspension so dilute that there are 

some tubes showing growth of only one individual microbe. 
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Procedure 

• Ten test tube containing 9ml distilled water were autoclaved. 

• 1gm of sample was added to the first test tube and was shaken properly. And make it (10-1) dilution. 

• 1ml of suspension from the first test tube was transferred to the next test tube to make (10-2) dilution. 

• Further dilutions from 103 to 1010 were made. 

Spread Plate 

The spread plate technique is used for separation of dilute, mixed population of microorganisms, so that 

individual colonies can be isolated. In this technique microorganism were spread over the solidified agar medium with a 

sterile “L” shaped glass rod. 

Procedure 

• CMC agar medium was prepared an poured into petriplates and allowed to cool down. 

• In each plate 1ml of dilute sample was added and spreaded with the help of sterile L shaped glass rod. 

• The plates were incubated at 37°C for 48hour. 

Lacto Phenol Cotton Blue Staining 

• Mix the specimen whether a skin scraping, fluid exudate or tissue with two drops of the 10% KOH on a clean 

slide. 

•  Then add 2 drops of the lactophenol cotton blue. 

• Gently press a cover slip to make a thin mount. Also gently warming will aid in clearing the mount. 

•  Scan under low power with reduced lighting. Switch to high power to check for the presence of suspected fungal 

elements. 

•  If KOH is not available, the stain can still be used but start with step #2. 

• Lactophenol Cotton Blue: Lactic acid acts as a preservative for fungi. 

• The phenol portion kills the fungi. 

• The cotton blue stains the fungal elements. 

“Based upon the growth of olive green mat with white borders confirms that it is Trichoderma viride”. 

Substrate Preparation 

Initially 3-4 kilograms of corn cobs are collected from commercial industries. Then these cobs are sliced into 

smaller pieces called cossettes which shaped approximately like shoe string French fries. These cossettes are subjected to 

gind mills and crushed into a fine powder. 
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CMC Media Preparation 

For 100ml of water added the following ingredients in PTC bottle 

• Carboxy methyl cellulose =1g 

• Yeast Extract =0.1g 

• (NH4)SO4 =0.25g 

• K2HPO4.3H2O =0.025g 

• NaCl =0.01g 

• MgSO4.7H2O = 0.0125g 

• FeSO4.7H2O = 0.00025g 

• MnSO4.4H2O = 0.00025g 

Autoclaved the solution for 20 min at 15lbs pressure 

Sabourad Broth Preparation 

Added the following ingredients for 50ml distilled water and maintained the pH between 5.4 -5.6 by adding acid 

in PTC bottles. 

• Glucose = 2g 

• Peptone = 0.5g 

Also autoclaved the solution for 20 min at 15lbs 

Inoculation 

After solution cools down to the room temperature, inoculated the two seprate media’s with loopfull culture of 

Tricoderma viridae organism collected from the slants. Incubated it for 7 days at room temperature. Because of presence of 

cellulose in CMC enzme, cellulase will be produced as a secondary metabolite and only organism under Sabourad broth. 

DNS Assay 

To check the growth of an enzyme, DNS assay is performed. 

Principle:  The reducing sugars react with 3, 5 dinitrosalicylic acid and hence reduce it in alkaline medium to 3-

amino 5-nitro salicylic acid. The orange brown colored product has peak absorbance at 540nm. 

Reagents 

• Stock solution: Dissolved 0.1g of pure glucose in water n diluted to 100ml in a volumetric flask. This solution 

contains 1mg/ml of glucose. 

• DNS reagent: 

• Distilled water = 100ml 
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• 3,5 DNS = 0.748g 

• NaOH = 1.377g 

The above ingredients were dissolved gently in water bath @ 80 degree Celsius until a clear solution was 

obtained. Then the following chemicals were added. 

• Rochelle salt (sodium potassium tartrate) = 21.186g 

• Phenol (melted @ 60 deg Celsius) = 0.529ml 

• sodium meta bisulphite = 0.586g 

After dissolving the above ingredients the solution was filtered through a large coarse sintered glass filter and 

stored @ room temperature in an amber colored bottle to avoid photo oxidation. 

Preparation of Unknown: Added 1g of substrate to a 10ml of autoclaved water and added 10ml of enzyme 

which was separated by centrifugation method. 

Procedure 

• Pipetted out 0.1, 0.2, 0.4, 0.6, 0.8 & 1ml of standard working glucose solution into a series of test tubes. 

• Diluted to 1ml with distilled water. 

• Took 0.4ml of distilled water in another test tube which serves as blank. 

• Added 1.5ml of DNs reagent to each test tube and mixed the contents properly. 

• Heated in rapidly boiling water bath for 15min. 

• Mixed well and read the absorbance at 540nm. 

• Plotted the graph of absorbance vs concentration of glucose in mg. 

• Took 0.5ml of unknown sample, repeated 2-7 steps and found out the OD of the sample and hence found out the 

concentration using the standard graph 

Pretreatment 

Principle:  By treating the substrate with acids, alkali and nitrogen sources, breaks jthe bond between atoms and 

makes organism to act easily on the substrate and also provide sufficient nitrogen for growth of an organism. 

Procedure 

• Prepared 20ml of 0.3%, 0.5%, 0.7%, 0.9% and 1% of HCL in separate PTC bottles and labelled them. 

• Also prepared 20ml of 0.3%, 0.5%, 0.7%,0.9% and 1% of NaOH in separate PTC bottles and labelled them. 

• Prepared 20ml of 1% of nitrogen sources like Ammonium nitrate, Sodium nitrate, Ammonium sulphate, Urea and 

Ammonium phosphate in separate PTC bottles and label them. 

• Added 1g of substrate to each bottle and kept it for 24hrs. 
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• After 24hrs neutralized the each mixture by adding acid or base. 

• Autoclaved the mixture 

Inoculation 

Add a loop full of organism Trichoderma viridae to above bottles which is collected from initially incubated in 

Sabourad broth for 7 days. Alternatively checked the O.D from inoculated bottles starting from 5thday till it decreases.  

DNS Assay 

Added 1.5ml of DNS to 0.5ml of each culture supernant which was collected in a testube from spin down sample 

of different concentrations of  pretreted and organism inoculated alkali, acid and nitrogen source bottles. Heated the 

testubes in boiling water for 15 min, cooled it to room temperature and then taken the readings at 540nm 

Isolation of Yeast 

To isolate yeast strains,spoilt fruits namely black grape,green grape and strawberries were collected from the fruit 

vendors separately. 

Isolation of Yeast Strains 

Different strains of  Saccharomyces  were isolated from decaying  black grapes,green grapes and strawberries by 

serial dilution,spread plate and streak plate techniques.The micro-organisms were isolated on specifically prepared Yeast 

Potato Dextrose(YPD) media (yeast extract-10g, peptone-20g, dextrose-20g, agar-20g,pH-5.8) and Potato Dextrose 

Agar(PDA) media (Potato infusion-200g, Dextrose-20g, Agar-20g) to determine the successful growth of micro-organisms 

and its isolation 

The strains were identified through Lacto phenol Cotton Blue fungal staining procedure and they were found to be 

Saccharomyces strains that were able to grow at room temperature. After the identification of the strains, pure cultures 

were prepared of each yeast strain on. 

Preparation of YEPD Broth 

Added the following components to PTC bottles containing 10ml of distilled water. 

• Glucose = 0.2g 

• Peptone = 0.2g 

• Yeast extract = 0.1g 

Mixed the solution and added 25ml of prepared agar to it. Mixed thoroughly and poured it to a petri plate. Autoclaved 

the plates at 1210C with 15lbs pressure and then allowed it to solidify.Taken a Yeast culture and plated it by streak method 

to obtain pure single colonies. 

Quadrant Streaking 

• Using a sterile inoculating loop, transferd a loopful of broth culture or a single colony from a plate to one edge of 

the agar plate. 
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• Drew the loop back and forth gently over the surface of the agar, spreading the cells over part of the plate. 

• Flamed the loop and cooled it by touching an edge of the plate that has been inoculated. 

• Using the cool sterile inoculating loop, streaked from area 1 into area 2 by makimg a series of straight lines away 

from edge of the inoculated area. 

• then streaked from area 2 to 3 and 3 to 4 by alteranate heating and cooling the loop 

• This area of plate should have very few bacterial cells, which should produce well isolate colonies. 

After streaking incubated the plates under 370C for 24hrs. 

Staining 

• “Heat-fixed” the slide with the specimen by passing it over a heat source, such as a flame, several times using a 

forceps. The slide should be passed very quickly through the flame and not be heated excessively. Placed slide on 

the staining tray. 

• Flooded the fixed smear with crystal violet solution and allow to remain for 1 minute. 

• Rinsed off the crystal violet with distilled or tap water. 

• Mounted and observed the specimen under oil immersion 40X microscope. 

• Growing cells with buds confirmed the Yeast. 

Inoculation of Enzyme with Yeast 

Yeast here we used is sacchromyces cervesia. 5ml of saccharomyces cervesia is taken in a bottle and to this 

enzyme filterate is added which was separated by centrifugation at 9000rpm for 10min. allowed the solution for two days 

and then ethanol is separated by distillation and it is estimated by potassium dichromate method. 

Simple Distillation 

 

Figure 1 

Procedure 

• Added the solution into a round bottomed flask via funnel. 
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• Cold water inlet is connected to tap. 

• Cold water outlet is allowed to flow out in sink. 

• Clamp a 50 mL round bottom flask into the bowl of the Thermo well. The flask should be immobile 

• Connected thermo well to power supply 

• Set the temperature for 700c 

• Turn on the tap to supply water at gentle but steady stream 

• As the temperature rised rapidly and vapors begin passing through the sidearm into the condenser, coalescing into 

droplets that run into the receiving flask. 

• Distilled until one of the following occurred 

• The receiving flask is 75% full 

• Or about 5ml of volume remains in boiling flask 

• Turned off the heat source and did not distill until boiling flask is completely dry. 

• Transfered the remaining residue to the container in the fume hood labelled POT RESIDUE 

• Collected the distillate and estimated the ethanol content by potassium dichromate method. 

Cleaned the distillation flask with soap and water 

Potassium Dichromate Method 

Principle: This method uses a redox titration to find the concentration of ethanol in an aqueous solution. The 

ethanol is oxidised to ethanoic acid by reacting it with an excess of potassium dichromate in acid. 

Procedure 

• Added 0.5g of potassium dichromate in 50ml of chilled 6N H2SO4  

•  Pipetted out 0%, 5%, 10%, 15%, 20%, 25%, 50%, 75%, 85%, and 100% of ethanol &  into a series of test tubes. 

• Then added 2.5ml of potassium dichromate to each testube 

• Kept the solutions at 600c for 30min in hot air oven 

• Took 1.5ml of unknown sample and repeated the steps 3 and 4 

• Took the absorbance at 600nm 

• Then  the concentration of unknown is found out by using standard graph Mass production of ethanol: 

• Added 500ml of 0.5% HCL to 50g of corn cob powder taken in a large 2litre conical flask 

• Allowed it to stand overnight 

• Next day neutrlized the solution by adding strong base 
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• Then added 5g of 1% Ammonium nitrate 

• Autoclaved the solution 

• Inoculated with 30ml of tricoderma culture 

• Allowed it for 7 days to act the organism on cellulose and covert into reducing sugars. 

• Then filtered the solution to separate the debris 

• This filterate is inoculated with yeast sacchromyces cervesia 

• Again allowed it for 4 days  to act the yeast on reducing sugars to convert into ethanol 

• This solution is subjected to simple distillation where the ethanol is separated. 

• Ethanol collected is estimated by Pottasium dichromate method using standard graph. 

RESULTS AND DISCUSSIONS 

Tabulation 

Table 1: Tabulation of Standard DNS 

Volume of 
Glucose in 

Ml 

Volume 
of H2O 
In Ml 

Volume 
of DNS 
In Ml 

Boil In Water 
Bath For 10 

Min 

Volume 
of Water 

In Ml 

OD at 
540 Nm 

0.1 0.9 0.6 At 800c 3 0.1 
0.2 0.8 0.6  3 0.16 
0.3 0.6 0.6  3 0.40 
0.4 0.4 0.6  3 0.52 
0.2 0.2 0.6  3 0.57 
1 0.0 0.6  3 0.66 

 
Table 2: O. D of Unknown Conc of Enzyme 

Period of 
Redings 

Blank 
in 

Nm 

Without 
Enzyme 
in Nm 

With 
Enzyme 
in Nm 

Initial 
reading 

0 0.18 0.29 

Reading 
after 4hrs 

0 0.18 0.25 

Reading 
after 
24hrs 

0 0.30 0.31 

Reading 
after 
48hrs 

0 0.28 0.48 
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Standard DNS Graph 

 

Figure 2 

Table 3: From STD Graph, Concentrations of Unknown Samples is Found as 

Period of 
Readings 

Blank 
(Mg/Ml) 

Without 
Enzyme(Mg/Ml) 

With 
Enzyme(Mg/Ml) 

Initial reading 0 0.21 0.30 
After 4 hrs 0 0.21 0.28 
After 24hrs 0 0.34 0.36 
After 48hrs 0 0.32 0.55 

 

From table-it shows that concentration of an enzyme is increased periodically, there is a successful growth of an 
organism. 

Table 4: O.D of Pretreated Samples 

Sample 
Blank 
in Nm 

5th 
Day in 

Nm 

7th 
Day in 

Nm 

9th 
Day in 

Nm 

12th 

Day in 
Nm 

0.3% 
HCl 

0 0.10 0.30 0.05 0.27 

0.5% HCl 0 0.31 0.93 0.21 0.94 
0.7% HCl 0 0.25 0.49 0.06 0.51 
0.9% HCl 0 0.19 0.45 0.18 0.94 
1% HCl 0 0.13 0.20 0.13 0.59 
0.3% NaOH 0 0.07 0.17 0.05 0.21 
0.5% NaOH 0 0.08 0.61 0.03 0.36 
0.7% NaOH 0 0.10 0.32 0.12 0.93 
0.9% NaOH 0 0.07 0.28 0.06 0.49 
1% NaOH 0 0.12 0.32 0.06 0.30 
1%A.Nit rate 0 0.30 0.81 0.14 0.68 
1% S.Nitr ate 0 0.21 0.62 0.10 0.65 
1%A.sul-phate 0 0.12 0.55 0.13 0.75 
1% Urea 0 0.03 0.39 0.00 0.18 
1% A.Pho-
spate 

0 0.10 0.54 0.03 0.16 

 
From the table the O.D of an 0.5% HCL and 1% Ammonium nitrate is showing maximum for 7th day. Hence 

these parameters were selected for mass production of ethanol. Their respective concentrations are found out by using 

standard DNS graph. 

Table 5: Concentrations of HCL and Ammonium Nitrate in Mg/Ml 

Sample Blank 5th Day 7th Day 9th Day 
12th 
Day 

0.3%HCL in 0 0.35 1.06 0.24 1.07 
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mg/ml 
1%Ammonium 
nitrare in mg/ml 

0 0.30 0.94 0.16 0.78 

 
Table 6: Tabulation of Standard Potassium Dichromate Samples 

Std 
Ethanol 

in % 

Potassium 
Dichromate 

in Ml 

Keep samples 
at 600C for 

30min 

O.D 
600nm 

0% 2.5  0 
2 2.5  0.13 
4 2.5  0.26 
6 2.5  0.32 
8 2.5  0.39 
10 2.5  0.41 
12 2.5  0.49 
14 2.5  0.61 
16 2.5  0.67 
18 2.5  0.69 

 

Graph 6.2.0.Std Graph Fir Estimation of Ethanol 

 

Figure 3 

RESULTS 

• From graph the concentration of ethanol produced using enzyme is identified to be very less (O.D=0.04). 

• But the concentration of ethanol produced using organism is found as nearly 3% (O.D= 2.25) 

CONCLUSIONS 

The main purpose of our project is the comparative study of two phase production of biofuel from solid waste and 

resource optimization. From obtained data we conclude that ethanol can be produced effectively by pretreating the 

substrate with acids and fermenting with organism saccharomyces servecia rather than treating with enzyme cellulase. 

With regardless of time constraint, the purity and concentration of the ethanol can be further improvised by either 

fermenting the substrate for longer period of time or by the repeated distillation. 
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