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ABSTRACT 
 

In the course of ethanol production, many by-products are produced. These by-
products are of huge importance, in terms of their composition and role towards the 
value addition to the process. The integrated process consists of the production of 
ethanol for energy and single cell protein and enzyme production from waste 
generated is the economic way to utilize biomass. Stillage which is rich in residual 
sugar and other nutrients may be suitable for cell growth and Single Cell Protein 
(SCP) production (protein-enriched animal feeds).  
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INTRODUCTION 
In the course of ethanol production, 

many by-products also are produced7. These 
by-products are of huge importance, in terms 
of their composition and role towards the 
value addition to the process. In many parts 
of the world, ethanol is produced from corn. 
The stillage remained after the distillation 
has good quantity of moisture and nutrients. 
The pH, electrical conductivity, Biochemical 
Oxygen Demand and Chemical Oxygen 
demand is such that the application of this 
type of waste in the agricultural fields and 
addition in the water bodies may deteriorate 
the aesthetic value. Therefore, stillage which 
is rich in residual sugar and other nutrients 
may be suitable for cell growth and Single 

Cell Protein (SCP) production (protein-
enriched animal feeds). 

So, here we can implement the two 
concepts, the first is the production of 
ethanol and the second is the production of 
single cell protein for the consumption of 
livestock5.   

MATERIAL AND METHODS 
Media and microorganism for single cell 
protein production 

Corn stillage after ethanol distillation 
was obtained and sterilized by autoclaving at 
1200C for 15 minutes. Aspergillus awamori 
and Trichoderma viride was used for the 
Single Cell Protein production. The 
inoculum of fungus was grown in Potato 
Dextrose Agar (Ranken Ranbaxy, India) at 
30° C for 48 hours. An agar plug of 6mm 
was used for inoculation of corn stillage. The 
inoculum contains approximately 108 spores 
of fungi.  
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Aerobic fermentation for single cell 
protein and enzyme production 

Sterilized corn stillage (250ml) was 
inoculated with agar plug (6mm) of 
Aspergillus awamori and Trichoderma viride 
and mixed culture mycelia. The flasks were 
kept at 32°C in incubator for 30 days. 
Samples of the fermented liquids were 
filtered with Whatmann filter paper no. 1 and 
the biosolids were analyzed for moisture, 
residual sugar, protein and ash content. The 
liquid filtrate obtained was also analyzed for 
the different hydrolytic enzymatic activities. 

Analytical methods 
The moisture content was determined by 

standard drying method in an oven at 105°C 
to constant mass. Protein content was 
estimated as the total nitrogen by the 
Kjeldahl method multiplied by 6.25. Ash 
content was determined by slow combustion 
of the sample at 650°C for 2 hours4. The 
content of reducing sugar was determined by 
3,5-dinitrosalicylic acid method6. A standard 
curve was drawn by measuring absorbance 
of known concentrations of glucose solutions 
at 570 nm. Ethanol concentration was 
determined by means of gas liquid 
chromatography using Chemito GC. N2 was 
used as carrier gas (20ml/min), injection port 
and FID detector temperatures were 210°C 
and column temperature was 70°C.  Samples 
of 2µl were injected directly into the column. 
Enzyme activity was assayed in the filtrate 
after centrifugation at 10000rpm for 20 
minutes. Ethanol was expressed as % (v/v).  
Cellulase activity (β-1-4-exoglucanase, β-1-
4-endoglucanase & β-glucosidase) was 
assayed with filter paper/CMC/cellobiase as 
substrate in a reaction mixture and 1 ml of 
appropriately diluted filtrate containing crude 
enzyme at 50°C for 30 minutes3. Amylase1 

activity was estimated by using starch as 
substarte and xylanase was estimated by the 
method of Ghose and Bisaria (1987). One 
international unit was defined as the amount 
of enzyme release one µmol of glucose per 
minute per ml of reaction. At least three 
measurements were made for each condition 
and the data given were averages. 

RESULTS AND DISCUSSION 
In this investigation, cellulytic fungi 

were grown in the stillage so that hydrolytic 
enzyme produced during growth and may be 
recovered along with fungal biomass. The 
biomass can be supplied as animal feed and 
crude enzyme may be sold for different 
applications. The maximum protein content 
was observed in A.awamori, followed by 
T.viride and mixed culture. The potential of 
lignocellulytic fungi for hydrolytic enzyme 
production was also evaluated, amylase 
activity was found to be in the range of 3.01-
3.72 IUml-1. This may be due to the presence 
of starch in stillage which is an inducer as 
well as substrate for amylase enzyme. 
Activity of cellulase and xylanase was found 
to be highest in filtrate obtained after the 
growth of A.niger and T.viride indicating 
synergistic action of both the fungal strains. 
These hydrolytic enzymes can further be 
concentrated by ammonium sulfate 
precipitation and can be sold as crude 
enzyme for commercial applications. 

CONCLUSION 
The waste generated after the ethanol 

production having the appreciable amount of 
carbon source can serve as the good fodder. 
The obtained enzymes also enhance the 
feasibility of the process. The extraction and 
purification of Single Cell Protein and 
enzymes should also be considered to make 
the product acceptable. 
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