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1. INTRODUCTION

Modern society expects biotechnology to be the answer for many worldwide problems like depletion of energy source, incurable illness and pollution, among other problems. Industrial use of biotechnology is bringing about new products and processes aimed at the use of renewable resources, as well as the application of green technologies with low energy consumption and environmentally healthy practices.



Textile processing is a growing industry that traditionally has used a lot of water, energy and harsh chemicals-starting from pesticides for cotton-growing to high amounts of wash waters that result in waste streams causing high environmental burdens.



The awareness of environmental impacts of chemical processing of textiles, combined with increased strict legislation on industrial effluents and consumer interest to use eco-friendly products, has led to the advanced, non-polluting chemical processes for textile fibrous material treatments, particularly in wet processing industries. Recently, it is observed that enzymes are safe to use, easy to control and biodegradable and hence can be an alternative to harsh chemicals.



Enzymes are the nature’s catalyst and logical tools for development of new biotechnology based solutions for textile wet processing. The use of enzyme technology is attractive because enzymes are highly specific and efficient and work under mild conditions. Further more, the use of enzymes results in reduced process time, energy and water, improved product quality and potential process integration. Enzymes are found in plants, microbes as well as in animals where they play an important role in the functioning of cells and can be considered as link catalyst. 



As the concern for growing environmental pollution has been increased, the search for eco friendly textile auxiliaries are increasing and in this aspect, the microbial enzymes can generally be regarded as friendly to the environment which are produced by naturally occurring non pathogenic micro-organisms. The microbial enzymes are biodegradable and therefore do not give rise to waste accumulation. Microorganisms are proving to be the cheapest source of industrial enzymes.



There are more than 3000 types of known biological enzymes. The first use of enzymes in textile industry is to desize the cotton fabric with amylase wherein the starch is hydrolyzed and it is still used extensively. Bioscouring carried out with a mixture of proteases, pectinases, lipases and cellulase has also proved to enhance the properties of cotton material. In the bleaching process, glucose oxidase is used to achieve controlled production of hydrogen peroxide from oxidation of glucose released during enzyme desizing. 



In denim washing, neutral cellulases are used instead of stones or along with stones to give faded effect. Laccases also find application in denim processing to decolourize indigo with the help of a mediator thus gives bleached effect. In flax retting, pectinases and hemicellulases are used for hydrolyzing pectin and lignin. Shrink-proofing and deprickling of wool are carried out using proteases, enzymes which modifies the scales on the fibre. A mixture of cellulase and pectinase is used in the carbonization. Degumming of silk is carried out using serine protease. Polyester hydrophilization is done with lipases which hydrolyses fatty acid esters and carboxylic acid esters in fibre. 



Cellulases are multi-component enzyme systems including endoglucanases that hydrolyse cellulose chains randomly, cellobiohydrolases that split cellobiose from cellulose ends and cellobiases that hydrolyse cellobioses to glucose. Cellulases are well established in textile wet processing as agents for fibre and fabric surface modification.


 Cellulase offers an environment friendly alternative to the harsh chemicals being used for fabric finishing in textile industry. The successful application of cellulases in textile industry started with the process called “Bio-stoning”. It was first introduced in Europe in 1989 and USA in 1990. For biostoning, the cellulase enzyme is used in place of pumice stones, to produce characteristic abraded, faded appearance of jeans. In this process the enzyme cuts bond between cotton fibers and insoluble surface adhering particles of indigo pigment to produce characteristic abraded, faded effect. The enzyme process is more attractive as it overcomes several limitations of traditional process. (Santosh et al., 2003).


Microorganisms require carbon, nitrogen, minerals, sometimes growth factors, also water and oxygen if aerobic as elements for cell biomass, energy biosynthesis and cell maintenance. Hence growth of the microorganisms varies according to physical and chemical environmental factors. Medium constituents can have a profound effect on the physiology of microorganisms and optimized product formation is often associated with particular physiological form. Medium conditions that affect product formation includes pH, viscosity, temperature, carbon, nitrogen, divalent cations, chelating agents, anionic polymers, surface-active agents and the presence of solids (Ward 1989).



Hence the present study was carried out to optimize the conditions for maximum production of cellulase enzyme used in denim biostoning from fungi. 

The objectives of this study are as follows.
· To isolate and identify the fungi producing cellulase from the selected source.                                                                                                                                                                                                           

· To optimize the growth conditions for the production of cellulase from the isolated fungi.

· To apply the produced cellulase on Denim fabric for Bio stoning process.
· To evaluate the effects of produced enzyme, commercial enzyme, and combination of stone and produced enzyme on denim.
2. REVIEW OF LITERATURE


The Review of literature pertaining to the study “Isolating cellulase producing fungi from paper industry effluent for biostoning” is discussed under the following headings.

2.1. Environmental impacts due to textile wet processing

2.2. White Biotechnology

2.2.1. The Virtual enzymes

2.2.2. Enzyme - Mechanism and Properties

2.2.3. Sources of enzymes

2.3. Enzymes in textile industry

2.4. Fungal cellulase

2.4.1. 
Mechanism of action of Cellulase

2.5. Fungal enzyme production and optimization of culture conditions

2.6. Denim - eternally young

2.6.1.
History

2.6.2.
Processing of Denim


2.6.2.1. Desizing


2.6.2.2. Denim washing

2.1. Environmental Impacts Due To Textile Processing

The textile wet processing industry is one of the major contributors of pollution to the global environments, particularly through effluent generation of diverse characteristics.  The cotton fabric pretreatment undergoes desizing to remove added starch, scouring to remove naturally presented impurities and bleaching to make the fabric white report Shukla and Lalit (2005).The textile industry also uses chemicals for cotton softening, denim washing, and silk degumming and for dyeing.  These chemicals after their use, cause pollution in the effluent some of them are corrosive which could damage the equipment and fabric it self. Mention Shukla et al. (2000).

Specific problems pertaining to the textile industry include colour removal from dye house effluent, toxic heavy metal compounds and pentachlorophenol used overseas as a rot-proofing treatment of cotton fabrics, washed out during subsequent process says Paul (1995).

As the world slowly awakens to the damaging effects of some of the chemicals that were synthesized by humans, ecology and pollution have become one of the main focus issues say Ullhas and Rahul (2006). Current awareness about the negative environmental impact of textile preparatory processes, combined with increasing strict regulation on industrial effluent has forced textile processors to consider some important aspects in 
(a) minimizing pollution of water and atmosphere during production below specified limits 

(b) minimizing the usage of harmful chemicals below specified limits and

(c) minimizing the discharge of waste water volume to possible extent (Kousar and Charya, 2002).


Eco-friendliness in textiles is one of the important issues in recent times because textiles are one of the basic necessities of human beings.  Eco-friendly textiles are those which do not contain any hazardous or toxic substance. They are biologically degradable and are produced by eco-friendly process, so that they do not cause any damage to the environment mention Anita and Sheetal (2007).
2.2. White Biotechnology

Biotechnology which can simply be defined as the application of living organisms and their components to industrial products and processes is not an industry in itself, but an important technology that will have a large impact on many different industrial sectors in the future.  Industrial use of biotechnology is known as white biotechnology.  (http://fungus.org.uk/cv/impetev.html)


Biotechnology is an emerging interdisciplinary technology that has been booming in many areas, during the recent decade.  Its profound societal impact has been considered as the huge momentum to user in a second industrial revolution.  The rapidly expanding horizons of this greener and cleaner technology have covered almost every aspect of production techniques remark Wasif et al. (2005).  It has impacted the textiles industry through the development of more efficient and more environmentally friendly manufacturing processes as well as through the design of improved textile materials. Some of biotechnology’s key role has involved the implementation, production and modification of enzymes for the improvement of textile manufacturing processes.

2.2.1. The Virtual Enzyme

Enzymes are protein molecules that can speed up complex chemical reactions.  They act as catalysts, substances that start or accelerate chemical reactions without themselves being affected. “Use of enzymes in the cotton industry has become more popular in recent years” says yachmenev, because scientists have developed highly specific enzymes that perform textile processing tasks.
(http://www.find articles.com/p/articles/mi-m3741/is2-51/ai98255284)
· Enzymes are the tools of life.  They do almost everything in a cell.  Virtually every one of life’s chemical reactions is driven by some enzymes.

· They are organic catalyst that works with a small input.

· Enzymes are not used up or changed when they “jumpstart” another molecule.  They can perform same task over and over.

· It works very fast.  They can carry out their task thousands of time per second.

· Each enzyme has its own unique structural shape which allows it to bind to or “unlock” certain other molecules called substrate.
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· When the correct “Lock and key” come a chemical bond is formed.  This helps to regulate a biochemical process.

2.2.2. Enzyme - Mechanism And Properties


Enzyme Mechanism:


The action of enzyme forms an enzyme substrate complex.    Enzymes contain a true active centre in the form of three dimensional structures like fissures, holes, pockets, cavities or hollows.  The overall rate of reaction depends on the time required to form the enzyme -substrate complex and the time required form the final product. In order to catalyze a reaction, the enzyme molecule has to form a complex with the substrate.                                     

[image: image15.png]


E+S          E-S          E+P

Where, E=Enzyme, S=Substrate molecule, P=Products remarked by Roshan and Pardeshi (2002).
Enzyme Properties:  

· Physically enzymes are colloidal in nature and chemically they are of proteins.

· Enzymes are complex and have specific molecular weight.

· They are destroyed by high temperatures because proteins get denatured

· The activity of enzymes is limited to a narrow range of pH.

· Enzymes are inhibited by cyanide, sulphides, azides etc.(Nalankilli, 1998, Nikhil & Anita (2002).
· Enzymes are safe to handle, Biodegradable in nature, work under mild conditions state Ajay and Kishor, (2003).
2.2.3. Sources Of Enzymes


Biologically active enzymes may be extracted from any living organisms. A very wide range of sources are used for commercial enzyme production. Of the hundred or so enzymes being used industrially, over one half are from fungi and yeast and over 1/3rd are from bacteria with the remainder divided between animal (8%) and plant (4%) sources. 

(http:// www.lsbv.ac.uk).  


Microbes are preferred to plants and animals as sources of enzymes because they generally are cheaper to produce, their enzyme contents are more predictable and controllable, reliable, supplies of materials of constant composition are more easily arranged. Plant and animal tissues contain more potential harmful materials than microbes, including phenolic compounds (from plants), endogenous enzyme inhibitors and proteases. Various bacteria, actinomycetes and filamentous fungi produce extra cellular cellulases when grown on cellulosic substrates report Shaque and Kluepfel (1986). The organisms ability to produce extra cellular enzymes has attracted considerable biotechnological interest, because these hydrolytic enzymes have known for potential commercial value in various industries say Deshpande et al. (1992).

Most of the commercial cellulase is produced from Trichoderma sp by submerged fermentation (smf) express Tolan and Foody (1999).Trichoderma varied as one of the most potent strains of cellulolytic fungi. Penicillium fumiculosum, Scytalidium lignicola were isolated and serves as a potential source for cellulase production. (Desai et al., 1982).

2.3. Enzymes In Textile Industry

Eco-friendly, environment safe natural products are the need for the day and it is so for textiles too express Amsamani, (2007). The field of textiles is undergoing restructuring and is also looking for many developments in biotechnology to fulfill its newer requirements. Attempts are made to widen application spectrum of enzymes from desizing, to many diverse applications such as bio-stoning, bio-polishing, degumming, wool finishing, effluent treatment and in other finishing remark  Ninge et al. (2004).,Shah et al., (2002).  Against traditional chemical methods, enzyme processes generally yield products of improved quality and reduce the use of hazardous and polluting chemicals express Mala and Vasanti, (1998).


The wrap yarns of cotton and blend are usually coated with starch size, before weaving to improve their strength and abrasion properties required for weaving. This size has to be removed before further processing for which amylases, a hydrolase class of enzymes, which hydrolyse α1-4 glucosidic linkage of amylose and amylopectin of starch to convert them into soluble dextrin’s,(Godfrey and West, 1996).


 The raw cotton materials, apart from cellulose contains oils, waxes, pectins and natural impurities this have to be removed to make cotton absorptive. It is carried out by a mixture of proteases, pectinases, lipases which enhance the fabric properties Mention Muthu and Ganesh (2004). Glucose oxidase belongs to the class of oxido reductases. This generates hydrogen per oxide and oxygen. This type of enzyme is used in bleaching reveal Shanmuga sundram and Kumaravel (2006). Pectinase and hemicellulases are used for hydrolysing pectin and lignin in flax ratting. Protease modifies the scales on the wool fiber says Deepa (1999). Cellulases are used to weaken the small protruding fibers by attacking and breaking the 1, 3-β glucosidic bond of cellulose, process is known as bio-polishing says Prakash and Sujata (2002).  In Denim fabric cellulase with or without stones create contrasting grain effect, soft finishing and fading of denims termed as bio-washing or bio-stoning.  The cellulase enzyme partially removes the indigo dye from the cotton surface during denim finishing exposing the white inner parts of cotton, thereby creating a blue-white contrasting grain effect in denims (Nalankilli, 1998).

2.4. Fungal Cellulase


Cellulase, a group of hydrolytic enzymes convert cellulosic waste to glucose. Cellulases have wide range of application in food, animal food, textiles, detergents and in chemical industries.  It offers an environmental friendly alternative to the harsh chemical being used for fabric finishing in textile industry mention Santosh et al. (2003).

Cellulolytic enzymes are produced by a large number of micro organisms which include fungi and bacteria.  A big variety of cellulases mainly produced by fungi are used in textiles and other industries report Tzanko et al. (2005)  In microorganisms the enzymes are either cell-bound or extra cellular. The ability to produce extra cellular cellulolytic enzymes is wide spread in fungi reports Enari (1983). There are three types of enzymes which participate in cellulose biodegradation; β-1, 4 endoglucanase, exocellobiohyrolases and β-glucosidases.  Endoglucanses randomly hydrolyze internal β-1, 4 bonds of cellulose molecules acting preferably on amorphous regions of cellulose fibers.  Apparently endoglucanases are key enzymes responsible for bio-polishing of cotton fabrics and for indigo removal in the process of enzymatic denim treatment .Cellobiohydrolases split cellobiose residues from the non-reducing or reducing ends of cellulose molecule, acting on both crystalline and amorphous regions of cellulose molecule. β-Glucosidases hydrolyze cellobiose and oligosaccharides in solution to glucose, the end product of enzymatic cellulose hydrolysis says (Rainam et al.,2002, Arkady et al., 2005).

2.4.1. Mechanism Of Action Of Cellulase


The presence of fungal cellulase proteins in aqueous indigo dispersions leads to the adsorption of cellulase to indigo (Campos et al 2000).  Reduction in indigo particle size results in a better “solubilization” of the insoluble indigo dye remark Andreaus et al. (2000).  The adsorption of indigo to cellulase and the capacity to carry micro fine indigo particles depends on the type of the enzyme and type of cellulose binding domain of the used enzyme (Cavalo Paulo et al., 1998).


Whole enzymes of Trichoderma reesei, Humicola insolens, cellumon Fimi etc, were found to have more affinity to indigo and cause more back staining than the core enzyme without cellulase binding domain (Gusakor et al., 2001).

2.5. Fungal Enzyme Production And Optimization Of Culture Conditions


Increased microbial cellulase production has been studied extensively by optimizing growth conditions and also through the use of genetic approaches, (Kubicek et al., 1990, Suominen and Reinikainen 1992).


Ellouz et al. (1995) under took a study on the optimization of cellulase production by a hypercellulolytic mutant of Pencillium Occitanis. Cellulase production by Pencillium sp. depends on the nature of the nitrogen source and the C/N ratio.  Crude substrates such as wheat bran and wheat flour residues were tested in combination with a local cellulose esparto grass paper pulp as an alternative nitrogen source.  Abrha and Goshe (1992) studied the effect of some carbon and nitrogen sources and surfactants on the production of the cellulase complex by Cladosporium sp.  They also studied the effect of pH and temperature on cellulase production.  Maheswari et al. (1993) studied the efficiency of Trichoderma reesi with substrate, wheat straw, which had undergone different physical, chemical and physicochemical treatments, and report that the wheat straw, pretreated with either alkali or steam or both together, was used 46% more efficiently by Trichoderma reesi than untreated straw.


A cellulolytic fungus Hunmicola fuscoatra was isolated from the paper mill effluent irrigated soil.  The optimum substrate concentration and pH of the medium for the maximum production of cellulase by the fungus were found to be 0.5% W/V and 7.0 receptively state Rajendran et al. (1994).


Bastawde (1992) performed a study on the production of cellulase by submerged culture of a strain of Aspergillus terrerus and its ability to saccharify different cellulosic substrates.  Keskar (1992) optimize the culture condition for the production of cellulase by Penicillium Janthinellum.  It produced highest enzyme activity with Bagasse, rice bran and wheat bran.
2.6. Denim - Eternally Young


A fabric made from 100% cotton and having twill construction (diagonal) is called denim states Dayamay, (2005).  It can be simply defined “as the fabric woven from indigo dyed warps and white undyed wefts in 3/1 twill fashion says Roshan and Prakash, (2003).  In today’s world of fashion, denim occupies a special place.  The spread of denim culture, all over the world, brought with it a trend of rapid changing fashions.  The finish of denim is a key parameter with denim growing into a fashion icon, the cowboy wear of yesterday has reached the pinnacle of success (Kalidasan 2004)

2.6.1. History


Denim the “wear-resistant” cotton fabrics with indigo dyed warp and grey weft yarns were produced as “Tissue De Nimes” in Nimes regions of France’s Rhone valley.  The Sergl De Nimes fabric trace back to France prior to the 17th century.  In 16th century sailors trading to and from the Italian port Geneova whose name in French was genes from which the term “Jeans” was derived (Saravanan, 2006) Anon, (1997) report that from the Italian ‘Genoese’ and the French ‘Serpe De Nimes’,  to ‘Miners’ Jeans in America, from the replacement of cotton duck in rate 1800’s by Levi Strauss for workman’s. In 1872, Levi Strauss was contacted by Jacob Davis, a tailor, to produce pants with metal rivets to improve their durability and received a patent for the same in 1873.  Later he emerged to U.S.A, made denim so popular in America and made Erwin town of North Carolina as “The Heart of Denim”.  In 1969, denim was declared as the world’s oldest fabrics, yet it remains eternally young.  In recent years, this versatile fabric has been enzyme washed to give aged look.  
2.6.2. Processing Of Denim 

2.6.2.1.
Desizing


In denim processing desizing is the first step which enables the garment to properly receive subsequent chemical and mechanical treatment by removing the previously applied wrap size & finishes report shroff, (2003).  Traditional desizing is performed by using detergent and soda or hydrochloric acid or oxidative desizing agents, which is associated with many drawbacks and limitations. Due to uncontrolled and non-specific reaction, the cellulose material gets damaged and loses strength. With the introduction of enzyme based desizing process, the limitations and drawbacks of traditional desizing process can be overcome, it is performed by using α -amylase reveal Ashok and  Maheswari, (2004). 

Advantage of enzymatic desizing over traditional desizing 

· Due to very specific reaction of enzyme, there is no adverse effect on cellulose, therefore better strength retention.

· Neutralization is not required.

· Save water, time and energy.

· Feel of fabric is much softer.

  (http://www.expresstextile.com/20030320/dyes2.shtml)

2.6.2.2. Denim washing


Denim washing is the removal of surface dyes and fibers to give the garment a used appearance. Washing consists of stone wash, enzyme wash or acid wash and their combination. Traditionally, pumice stones were used as an abrasive agent for the indigo denim fading, and this was very harsh on the fabric as well as the stainless steel garment washers.  It also resulted in a large amount of sand or stone particles in effluents, which becomes problem.  Mentions Edward, (2003).  Instead of using abrasive tools like pumice stones to create a stone washed effect or to remove surface fuzz, cellulases may be used effectively to stone wash & polish fabrics without abrasively damaging the fibers, (Jasuja, 2006).  Gubrajani says treatment of indio-based garments with enzymes gave uneven strip garment with puckering, that became most popular fashion finished product.  Treatment is also known as bio wash.  A small dose of enzyme and use of fewer stones play more sophisticated tunes such as peach skin finish report Shanmuga sundaram and Sujatha, (2006).



Biostoning is by far the most economical and environmentally friendly way to treat denim.

· Waste, pollution, quality variability, and imperfections are all reduced. And unlike pumice or acid, which get used up during the wash, enzymes can be recycled. 

· A small dose of enzymes can replace several dozen pounds of pumice stones. So productivity can be increased by 30-50% because the room formerly taken up by the pumice stones in the washing machines can now be filled with more jeans. 

· And there is no need for the time-consuming and expensive task of removing stone fragments from the jeans once the wash is done. 

· There is also no pumice dust to endanger employee health or gritty sediment to clog drains. 
· Soft handle and attractive clean appearance is obtained without severe damage to the surface of yarn. 
· Inexpensive, low-grade fabric quality can be finished to a top quality product by the removal of hairiness fluff and pills, etc. 
· Simple process handling and minimum effluent problem. 
· Better feel to touch and increased gloss or luster. 
· Prevents tendency of pilling after relatively short period of wear. 
· Can be applied on cellulose and its blend. 
· Due to mild condition of treatment process is less corrosive.
· Fancy colours - flensed surface can be obtained without or a partial use of stone. 
· More reproducible effect can be obtained. 
· It allows more loading of the garment into machines. 
· Environmental friendly treatment. 
· Less damage to seam edges and badges. 
· Wear and tear of equipment is minimum due to absence of stone. 
· Use of softener can be avoided or minimized. 
· Easy handling of floor and severs as messy sludge of stones does not interfere.
· Due to absence of stone, labour intensive operation of stone removal is not required. 
· Homogenous abrasion of the garments. 
· Puckering effect can also be obtained. 
· Problem of pumice powder contamination on garment is not there. 

(http://www. textile-enzymes.asptextile)

3. EXPERIMENTAL PROCEDURE

The experimental procedure pertaining to the study” Isolating cellulase producing fungi from paper industry effluent for biostoning” was carried out under the following headings

3.1. ISOLATION AND IDENTIFICATION OF FUNGI PRODUCING     
CELLULASE


3.1.1. Selection of Source

3.1.2. Collection of Microbial Source


3.1.3. Isolation of Fungal Colonies


3.1.4. Screening of Fungi Producing Cellulase


3.1.5. Determination of Protein


3.1.6. Determination of Specific Activity


3.1.7. Identification of Fungi

3.2. OPTIMIZATION OF GROWTH CONDITIONS FOR CELLULASE 
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3.1. ISOLATION AND IDENTIFICATION OF FUNGI PRODUCING 

       CELLULASE

3.1.1. Selection of Source


The pulp and paper are manufactured from raw materials containing cellulose fibers, generally wood, recycled paper and agricultural residue. The effluent discharged after biological treatment contains ligno cellulosic residue and other spent chemicals. As the effluent is rich in cellulosic waste, microbes growing will produce cellulase. Hence a pilot study was conducted to assay cellulase activity. Based on the pilot study, paper mill effluent was selected as a source for microbes producing cellulase.

3.1.2. Collection of Microbial Source



The effluent sample was collected from Seshasayee Paper and Boards Limited., in which Bagasse, a waste by product of sugar industry is used for manufacturing paper. The pollutants arise from this industry include wood sugars, fibers, high quality of cellulose, lignin and other chemicals reveals satish, (2002). The effluent sample was collected in a sterile can and stored at 4ْC for further analysis.

3.1.3.  Isolation of Fungal Colonies



The fungal strains were isolated by serial dilution technique. 1ml of the effluent sample was serially diluted from 10-1 to 10-8 dilution.1ml of the sample of each dilution was poured in Petri plates containing Rose Bengal Chloramphenicol agar medium (Appendix I) and incubated at 30oC for 5 days as suggested by Arnol (1986). The well grown colonies were picked up and stored in Rose Bengal Chloramphenicol agar slants at 4oC.
3.1.4. Screening of Fungi Producing Cellulase



The isolated colonies were grown on cazpekdox agar medium (Appendix II) with carboxy methyl cellulose (CMC) as carbon source and incubated at 30 ْC for 3 days. After incubation the plates were flooded with 0.1% congo red to visualize clear zone on cellulose agar plate. The fungi which showed maximum clear zone was selected and confirmed by determining the cellulase activity of all the isolates.

3.1.5. Determination of Cellulase Activity


    (Denison and koehn, 1977)

Principle



The production of reducing sugar (glucose) due to cellulolytic activity is measured by dinitrosalicylic acid method.

Reagents

1. Filter paper disc: Cut what man filter paper No.1 with a paper puncher to ensure the same surface area of substrate in the reaction tube.

2. Dinitrosalicylic acid reagent.

3. 40% Rochelle salt solution (potassium sodium tartarate).

4. Standard glucose: Dissolved 50mg glucose in 50ml distilled water.

Procedure



Pipetted out 0.5ml of enzyme extract to 32mg of dry What man No.1filter Paper. Incubated the mixture for 1 hour at 50ºC. Stopped the reaction by the addition of 0.5 ml of dinitrosalicylic acid reagent. Heated the mixture in a boiling water bath for 5 minutes. While the tubes were warm, added 1ml of potassium sodium tartarate solution and cooled the tubes to room temperature. Made up the volume to 5ml in all the tubes. Measured the absorbance at 540nm. Prepared a standard with glucose in the concentration range 50-1000µg.
Calculation



One unit of enzyme activity was expressed as the international unit of glucose released per minute per milligram of protein.
3.1.6. Determation of Protein


       (Lowry et al., 1951)

Principle 



The blue colour developed by the reduction of Phosphomolybdic, phosphotungstic components in the Folin-ciocalteau reagent by the amino acids tyrosine and Tryptophan present in the protein, plus the colour developed by the biuret reaction of the protein with alkaline cupric tartarte are measured in Lowry’s method.

Reagents

1. Solution A:1% Copper Sulphate

2. Solution B : 2% sodium Potassium tartarate

3. Solution C: 2% Sodium Carbonate in  0.1 N NaOH

4. Solution D: Mixed just before use, 1ml of solution A, 1ml of Solution B and 100 ml of Solution C.

5. Solution E:  Folin Ciocalteau reagent (Mixed equal Volumes of commercially available reagent and distilled water just prior to use). Stored by protecting from light.

6. Standard BSA: 50mg BSA in 50ml of 0.1N NaOH. Diluted 1:10 for working standard.
Procedure


Aliquots of standard protein solution (0-1000µg) were taken and the enzyme samples were made upto 1 ml with 0.1N NaOH. Shook well to treat the protein with alkali. Added 1ml of Solution D, mixed well and incubated at 37ºC for 3mins. Added 0.1ml of Solution E to each tube mixed well and incubated at 37ºC for 3mins. Read the colour developed at 670nm against a reagent blank. Fit a linear regression in a scientific calculator and read the protein concentration in the aliquot taken. 
3.1.7. Identification of Fungi



The selected fungus was identified by Lactophenol cotton blue staining method. Lactophenol cotton blue stains the fungal cytoplasm and provides a light blue background against which the walls of hyphase can readily be seen. It contains four constituents; Phenol which saves as fungicide, Lactic acid which stains the cytoplasm of fungus and glycerol which gives a semipermanent preparation.

Reagents

Lactophenol Cotton Blue (LCB):

Phenol crystals                     -   20g  

Lactic acid                          
 -   20ml

Glycerol                                -   40ml

Cotton Blue (1% aqueous)   -   0.05g (2ml)

Made up the volume to 100ml. Dissolve the phenol crystals in other ingredients by heating the mixture gently under hot water tap.

Procedure



Placed a drop of LCB on a clean glass slide. Transferred a small amount of fungus with spores and spore bearing structure as a drop using flamed needle in a glass slide. Mixed gently and placed a cover slip over the preparation. Examined under the microscope.

3.2. OPTIMIZATION OF GROWTH CONDITIONS FOR     


CELLULASE PRODUCTION

     



The effect of various physical and biochemical parameters were analyzed for the production of cellulase.

3.2.1. Effect of Incubation Time on Cellulase Production



The effect of incubation time on cellulase production was determined by incubating the fungal culture for different days such as  3,4,5,6 & 7 report Sahul et al. (2003). The fungal culture was inoculated in the cazpekdox medium containing 0.3g of Sodium nitrate, 0.1g Di-potassium hydrogen phosphate, 0.05g Magnesium sulphate, 0.05g Potassium chloride, 0.001g Ferrous sulphate, 3g Sucrose, 100ml distilled water. After the fixed interval the fungal culture was extracted by crushing in pre chilled mortar and pestle and the extract was centrifuged at 6000 rpm for 20 minutes. The cellulase activity and protein content was estimated in the supernatant.

3.2.2. Effect of Temperature on Cellulase Production



Influence of temperature on enzyme production was studied at various temperatures like 20,25,28,37 and 45ْC for 5 days. After incubation the enzyme was extracted and assayed for cellulase activity and protein content.

3.2.3. Effect of pH on Cellulase Production



The impact of initial pH of the medium on cellulase production by the fungi during submerged fermentation was studied by adjusting the pH of the medium with  1.0N HCl / 1.0 N NaOH in a range of 3.0 - 7.0 with one unit increment. The inoculated medium was incubated for 5 days at 28 ْC. Cellulase activity and protein content was determined in the culture supernatant.

3.2.4. Effect of Carbon Source on Cellulase Production



Carbon is the chief constituent and almost half of the dry weight of the fungus consists of carbon only State Rao et al. (2003). The cellulase production by fungi during submerged fermentation medium using different carbon sources was determined. The various carbon sources used were CMC, filter paper, saw dust, bagasse & wheat bran.

3.2.5. Effect of Nitrogen on Cellulase Production



Nitrogen is an essential element which plays a major role in the growth and speculation of fungi state Rao et al. (2003). Different nitrogen sources were incorporated in the medium for selecting the ideal one for better production of cellulase. The nitrogen sources used were Yeast extract, Urea, Potassium nitrate, Peptone and Ammonium nitrate.

3.3. BIO STONING 

3.3.1. Selection of fabric



Cotton has always ruled the textile world and is rightly known as the ‘king’ among fibers say Suman and Lopmudra (2004).  Most denim is still 100% cotton reports Chandan (2005).  Denim is a warp faced twill fabric made from 6s-12s warp dyed yarn and undyed weft state Raghunandan et al (2004).  Due to the ring dyeing of warp yarn of denim, a faded fashionable look is obtained.  Three type of wash down effects are created due to the removal of dyes by abrasion on the garment using stones. 



 Now in this era of biotechnology to make the processes environment friendly these effects have been given with enzymes (Edward 2002).  Denim fabric was selected for the study to give fashionable look.  The fabric detail is explained in Appendix III.
3.3.2. Treatment of the Fabric

3.3.2.1. Desizing



Desizing is the first and fore most steps in denim garment processing.  Desizing is often carried out using α-amylase enzyme, as they do not weaken or affect the cotton fibers, nor do they harm the environment remarks Jasuja (2006).  Normally for desizing denim fabric commercial amylase, Biotempase L is used.  Therefore the investigator used the same for desizing the selected fabric   Desizing using α-amylase was carried out at low temperature from 50o to 70oC.  A thermo stable α-amylase with a wider active pH range 5-9 was used. The pH was adjusted using acetic acid.  Wetting agent was added to avoid streaking problems and irreversible creases.  After 20minutes of process, water was drained and the fabric was given cold wash for 3minutes.

3.3.2.2. Commercial enzymatic washing process



Bio wash SL, a commercial enzyme was used in biostoning process. Denim washing is the removal of surface dyes and fibers to give the garment a used appearance with the developing finishing technology in past decades, the various Denim washing techniques have been devised, to produce a variety of trendy garments, one such recent washing is bio-washing. The desized denim fabric was immersed in to the Industrial washing machine.  The temperature was adjusted to 55oC using steam and pH adjusted by acetic acid to 5.5.  Wetting agent was added followed by 1.5g/l of Bio wash SL  then the fabric was processed for treated for specific time i.e., about 45min and 1.15 min.  Drain the water, rinse with hot water for 5min. and cold water for 3min. The sample was then drained, squeezed and dried.

3.3.2.3. Enzymatic washing process



The cellulase enzyme produced from Trichoderma sp. was used for biostoning process.
 The desized denim fabric was weighed. Then the fabric was loaded into the washer drum containing 60 liters water, temperature was raised to 30ºC using Steam. 1 ml per liter of wetting agent and 10ml of enzyme for 1g of fabric was added, keeping M:L ratio 1:30. The pH was adjusted to 5 using acetic acid. Abrasion was given for 45minutes followed by hot wash for 5 minutes and cold wash for 3 minutes, and then the treated fabric was squeezed and dried.

3.3.2.4. Combination Washing Process 



The isolated cellulase enzyme can also be combined with the pumice stone, which results in aged look (Shanmugasundram and Sujata, 2006).  Around 0.5 kg pumice stone is used for one kg garment and 50% of the normal dosage of the enzyme was used, and the same procedure was followed as for enzymatic washing process.
3.4. EVALUATION OF THE FABRIC

Nomenclature of the Samples

	Name of the Enzyme Source
	Abbreviation

	Original

Produced Crude Enzyme(45min)
Stone and Enzyme(45min)
Commercial Enzyme(45min) Produced Crude Enzyme(1.15min)
Stone and Enzyme(1.15min)
Commercial Enzyme(1.15min)


	O

PE I

SE I

CE I

PE II

SE II

CE II




3.4.1. Subjective Evaluation

          Subjective evaluation through visual inspection


The test samples were evaluated visually using a Performa given in Table  I A panel of 50 post graduate students specializing in the field of textile and clothing were selected as judges for evaluating the samples. They evaluated the samples bio was with crude enzyme, stone and crude enzyme and commercial enzyme for the general appearance, fade effect and evenness of fade effect.
 3.4.2. Objective Evaluation

3.4.2.1. Bursting strength


Bursting strength is the strength of a fabric against a multidirectional flow of pressure (Raul, 2005). Hydraulic bursting strength tester (Plate I) was used to determine the fabric strength of the samples. The specimen for the test sample was 1/2 inch greater in diameter than the out side diameter of the clamp ring. Ten specimens are chosen avoiding inclusion of the same ends in the different specimens. Like wise the samples O, PE I, PE II, SE I, SE II, CE I, CE II were tested.

3.4.2.2. Fabric Thickness



The essential determination of thickness of a compressible material such as textile fabric consists of the precise measurement of the distance between two plane parallel plates as the pressure foot and the other as the anvil (Arindam Basu, 2001). Hungartan thickness tester (plate II) was used. It has two parts, the anvil and the pressure foot, which worked under a lever string action. On the top, a dial indicated the thickness of the sample in thousand of an inch. Each division on the dial read 0.01mm. The sample was placed on the anvil plate and the lever of pressure foot released very slowly and the pressure foot pressed the sample. The dial indicates the thickness of the samples and the mean was calculated for the enzyme treated samples.

 3.4.2.3. Fabric Weight



The weight of a fabric can be described in two ways, either as the weight per unit area or the weight per unit length, states Booth, (1996).The electronic balance (plate III ) was used for the study. The samples were cut into 3 ½" X 3 ½”, the samples were cut at random from ten different place of the fabric .Then the samples were placed in the weighing balance. Then the reading was recorded in grams. 

3.4.2.4. Fabric Crease Recovery



Crease will occur on the fabric during its usage. The ability of a fabric to resist creasing is known as crease recovery express Seville, (1999). Shirley crease recovery tester (plate IV) was used to measure the crease recovery angle of the sample. A wrinkle free rectangular 2" X 1" specimen was folded in half and compressed under a load for specified time. The load was then removed and the specimen was allowed to recover for the specific time. The amount of recovery is expressed in recovery angle. The recovery angle was tested both in warp and weft wise of the samples O, PE I, PE II, SE I, SE II, CE I, CE II.

3.4.2.5. Fabric Stiffness



According to Arindam Basu (2001), bending length is the length of fabric that will bend under its own weight. Shirley Stiffness tester (Plate V) was used to determine the stiffness of the enzyme treated samples. The fabric was cut according to the template size of 2.5 cm wide and 20 cm length, ten samples were cut parallel to warp and vise versa in weft. Both template and specimen was transferred to the platform with the material.

3.4.2.6. Drape




Drape is the ability of a fabric to assume graceful appearance in use, generally considered to be a visual rather than tactile property, observed as the tendency of the fabric to bend under its own weight into pleasing folds views Brand, (2003).Drape of the fabric was determined using Eureka Drape meter (plate VI ). A circular specimen fabric of diameter 10" was supported on a circular disc of diameter 5". The unsupported area of the fabric draped over the edge of the supporting disc. On supporting the fabric assured the folded configuration due to gravity falls down. The draped area was drawn on a paper and was cut to its shape. Drape coefficient was calculated.





Ws-Wd

               Drape co-efficient F=   WD-Ad

   

Where,                                 
                WD
 - Weight of the paper whose area is equal to the area of 

       
    the specimen.


    Wd 
- Weight of the paper whose area is equal to the area of 

       
      
    the supporting disc.


     Ws - Weight of the paper whose area is equal to the 


               area of the specimen.


     Ad  - Area of the supporting disc

           PLATE I




           PLATE II
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       ELECTRONIC BALANCE
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                                                               DRAPE TESTER

4.0 RESULTS AND DISCUSSION


The textile industry has been quick to adopt new textile enzymes because they accelerate reactions, act only on specific substrates, operate under mild conditions, are safe and easy to control, can replace harsh chemicals and are biologically degradable (Subramaniam et al., 2006). In the present investigation fungi producing biostoning enzyme cellulase was isolated, the selected fungi was identified and subcultured.  Most microbial enzyme used in industries are extracellular in origin.  Their production is influenced externally by physical and biochemical parameters.   The results observed and obtained for the study entitled “Isolating cellulase producing fungi from paper industry effluent for biostoning” are presented and discussed as follows.
4.1. ISOLATION AND IDENTIFICATION OF FUNGI PRODUCING               
        CELLULASE 


Fungal colonies were isolated on Rose Bengal chloramphenical agar medium by serial dilution technique. The isolated fungal colonies were screened for cellulase production. The fungi producing maximum cellulase was identified by visualizing the clear zone on CMC agar plate and confirmed by measuring the cellulase activity of all the cellulolytic fungi, which is depicted in Table I. Based on the colony morphology and Lacto phenol cotton Blue staining, the isolated fungi was identified as Trichoderma sp. Table I and Plate VII. And Plate VIII shows colony morphology and the microscopic observations of the Trichoderma sp.
TABLE I
Cellulase activity of the isolated fungi
	S.No
	Colonies
	Cellulase activity

IU/ ml /min

	1

2

3

4

5

6

7
	FC1
FC2

FC3

FC4

FC5

FC6

FC7
	0.5256

1.1437

0.6139

0.4373

0.8788

0.9671

0.7905




         FC = Fungal Colonies

TABLE  II
COLONY MORPHOLOGY AND MICROSCOPIC APPEARANCE OF FUNGAL ISOLATE
	S.NO
	FUNGI
	COLONY

MORPHOLOGY
	MICROSCOPIC APPEARANCE

	1.
	Trichoderma Sp.


	Emerald green coloured colonies with smooth and rough walls
	Masses of spores with slimy conidial heads clustered at the tip.




PLATE VII

FUNGAL COLONY ISOLATED FROM PAPER INDUSTRY EFFLUENT
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PLATE  VIII

MICROSCOPIC APPEARANCE OF THE ISOLATED FUNGAL

COLONIES


4.2.OPTIMIZATION OF CULTURAL CONDITIONS FOR FUNGAL

      CELLULASE PRODUCTION
4.2.1. Effect of incubation time on cellulase production


For determining the optimum incubation time for cellulase production by Trichoderma sp. the incubation was carried out up to 7 days and the enzyme activity was examined for every 24 hrs from 3rd day to 7th day.  Cellulase activity was found to be maximum at 120th hour i.e., on the 5th day, the enzyme activity gradually decreased on 6th and 7th day. The data is shown in the Table III and Figure 1. Fadel and Elkader (1994) reported that Cellulase production in fungi was maximum after 8th days incubation. According to Ogawa et al. (1982) cellulase production was maximum after 10 days of incubation by Trichoderma reesi.
TABLE III

Effect of incubation time on cellulase production by 

Trichoderma sp 

	Incubation time 

(hrs)
	Cellulase activity

IU/ ml /min
	Specific activity

IU/ mg

	72

96

120

144

168
	0.5985

1.1554

1.9510

0.5985

0.5190
	5.738

3.021

4.468

2.082

2.047


FIGURE  1
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4.2.2. Effect of Temperature on cellulase production




Temperature is directly related to the metabolic activities of the micro organism and it affects the proper growth and product formation by the organism (Konsane et al., 1985).  Every organism has its own optimal temperature at which it grows maximum and produces the desired product.Table IV and Figure 2 describes the effect of temperature on growth and enzyme production by Trichoderma sp. It is observed from the Table that, temperature of 28oC favors the maximum growth of Trichoderma sp and the yield of cellulase. As the temperature increases the activity decreases which may due to denaturation of proteins at higher temperature.  All fungal cultures grew at a wide range of temperature from 28oC to 42oC, but the optimum temperature for cellulase production ranged between 28oC to 37oC (Anandapandian  et al., 2002)
TABLE IV

Effect of temperature on cellulase production by 

Trichoderma sp
	Temperature

(oC)
	Cellulase activity

IU/ml
	Specific activity

IU/mg

	20

25

28

37

45


	0.5190

0.7576

1.3145

0.9963

0.8372
	1.993

1.790

1.948

2.247

1.947


FIGURE 2
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4.2.3. Effect of pH on cellulase production


The initial pH in the medium was varied from 3.0 to 7.0, for finding out the optimum pH for the production of cellulase.  A 1 unit difference was tested between pH 3.0 to 7.0.  It was observed from the Table V and Figure 3, that cellulase activity was maximum at pH 5.0. There was a decrease in cellulase activity as the pH increases. The obtained results was in agreement with Anandapandian et al. (2002) who has reported that the optimum pH for cellulase activity was from 4.5 to 5.5 and also there is a decline in the enzyme activity below and above the optimum pH range.  Shoichiet (1985) observed that the initial pH value of the medium has a great effect on the growth of organism, on the permeability of the cell membrane, as well as on the biosynthesis and stability of the enzyme. The obtained results was also in comparable with the cellulase production of Trichoderma viride, Pseudo koningi, Trichoderma harzinoum,
 Aspergilluterus, a fumigatus (Peitersen, 1977, Trivedi and Rao, 1979 and Kalra and sandhu 1986) Based on the obtained results, the initial pH value of the medium was adjusted to 5.0 for maximum production of cellulase.
TABLE V

	pH   
	Cellulase activity

IU/ml/min
	Specific activity

IU/mg

	3

4

5

6

7


	0.5190

0.6781

1.6328

1.0759

0.5190
	2.163

1.344

1.820

1.998

1.764


Effect of pH on cellulase production by Trichoderma sp
FIGURE 3 
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4.2.4 Effect of carbon source on cellulase production

The source of carbon used in growth medium of cellulolytic fungi has two effects.  It stimulates the growth and enzyme production or only growth is favored with reduction of enzyme activity (Reese and Mandel 1960). The induction of cellulase production by carbon sources was tested with different cellulosic materials.  From the results shown in Table VI and Figure 4 Filter paper (what man No.1) was the most effective inducer of the cellulase production.  The obtained results were in agreement with Okeke and obi (1993) who reported that Filter paper and microcrystalline cellulose were the best carbon sources for the production of cellulase.  

TABLE VI

Effect of carbon source on cellulase production by 

Trichoderma sp

	Carbon source
	Cellulase activity

IU/ml/min
	Specific activity

IU/mg

	CMC

Filter paper

Wheat bran

Bagasse

Saw dust
	0.6781

1.6328

1.1554

1.5532

0.6781
	1.344

2.221

1.767

2.193

1.553


FIGURE   4
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4.2.5. Effect of Nitrogen source on cellulase production


 Nitrogen in media is an important factor that affects enzyme production. Table VII and Figure 5 shows the effect of Nitrogen source on cellulase production Trichoderma sp. was cultured under different nitrogen sources for studying the impact in production of cellulase. The nitrogen sources used were urea , Ammonium nitrate, yeast extract, peptone and potassium nitrate Among the different nitrogen sources experimented, yeast extract was found to be the best nitrogen source.  
TABLE VII

Effect of Nitrogen Source on Cellulase Production by
 Trichoderma sp
	Nitrogen source
	Cellulase activity   IU/ml/min
	Specific activity

µmol  ml-1 mg

	Urea

Ammonium nitrate

Yeast Extract

Peptone

Potassium Nitrate
	0.4394

0.8372

2.1897

1.0759

0.4394
	0.870

1.462

2.235

1.146

0.837


FIGURE 5
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4.3. EVALUATION OF FABRIC


4.3.1. Subjective Evaluation



Visual examination of Biostoned pilot study samples


The result of the visual examination of biostoned pilot study samples are       shown in the Table  
TABLE VIII

	S.No
	Sample
	General Appearance
	Soft and Smoothness
	Evenness of Fade

	
	
	Percentage of judges results

	
	
	G
	F
	P
	G
	F
	P
	Even
	Uneven

	1

2

3

4

5

6


	PEI

PEII

SEI

SEII

CEI

CEII
	24

30

28

29

27

29
	21

16

17

12

20

16
	5

4

5

9

3

5


	22

35

29

30

25

30
	17

12

12

14

19

15


	11

3

9

6

6

5
	44

45

46

43

43

42


	6

5

4

7

7

8


              G-Good, F-Fair, P-Poor


The result conclude that the sample PEII, SEII and CEII samples have good appearance, soft and smoothness, but the sample CEII shows maximum uneven 

Fadedness when compared to other samples.

4.3.2. Objective Evaluation 
4.3.2.1. Bursting Strength



The Bursting Strength and the analysis of variance of the original and the treated samples are shown in the Table IX, IX (a) and Figure 6 

TABLE IX

 Bursting Strength

	S.No
	Sample
	Mean Strength (kg/cm2)
	Loss or Gain Over Original
	% Loss or Gain

	1

2

3

4

5

6

7
	O

PEI

PEII

SEI

SEII

CEI

CEII
	10.2

9.05

9.3

9.25

9.40

6.43

4.87
	-
-1.15
-0.9

-0.95

-0.8

-3.77

-5.33
	-

55.63

54.41

54.65

53.92

68.48

76.12


FIGURE 6
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TABLE IX (a)

Analysis of variance for Fabric strength

	
	Sum of squares
	df
	Mean square
	F
	Significance

	Enzyme
	4157.656


	2
	2078.828
	1.144
	Ns

	Time
	53.890
	1
	53.890
	0.030
	Ns

	2. way interactions

Enzyme * Time
	248.710
	2
	124.355
	0.068
	Ns



	Error
	98095E.732
	54
	1816E.588
	-
	-

	Total
	102555.988
	59
	1738.237
	-
	-



From the Table IX and figure 6 it is clear that there is reduction in bursting strength in all the treated samples when compared to the original. The maximum and minimum reduction is observed in samples CEII and SEII. Hence it could be concluded that commercial enzyme reduced the fabric strength when compare to produced enzyme. Apart, increase in time show higher reduction in strength, irrespective of the type of treatment.


From the analysis of variance for bursting it is evident that there is no significant difference in type of treatment given.

4.3.2.2. Fabric Thickness

The Fabric Thickness and the analysis of variance of the original and the treated samples are shown in the Table X, X (a) and Figure 7

TABLE X
Fabric thickness

	S.No
	Sample
	Mean Thickness (mm)
	Loss or Gain Over Original
	% Loss or Gain

	1

2

3

4

5

6

7
	O

PEI

PEII

SEI

SEII

CEI

CEII
	63.00

69.60

69.30

69.80

69.50

68.40

68.00
	-

-0.104

-0.1

-0.107

-0.103

-0.085

-0.079
	-

-10.47

-10.00

-10.79

-10.31

-8.57

-7.93


TABLE X (a)
Analysis of variance for Fabric thickness

	
	Sum of squares
	df
	Mean square
	F
	Sig

	Main effects
	Enzyme
	62.232
	2
	31.116
	35.100
	**

	
	Time
	4.199
	1
	4.199
	4.737
	*

	2- way interactions 
	Enzyme * Time
	8.398E-02
	2
	4.199E-02
	0.047
	Ns


	Error
	
	47.871
	54
	0.887
	
	

	Total
	
	114.386
	59
	1.939
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From the Table X and Figure 7, it is evident that, Mean fabric thickness has increased in all the samples irrespective of enzymatic treatments and time. The maximum increase in fabric thickness is noticed in SEI and PEI (10.79%, 10.47%) as minimum increase is seen in CEI and CEII as (8.57%, 7.93%) respectively.  

The ‘F’ value proves to be significant at 1% and 5% on comparison between the enzymatic treatment and time respectively.

4.3.2.3. Fabric Weight


The Fabric Weight and the analysis of variance of the original and the treated samples are shown in the Table XI, XI (a) and Figure 8

TABLE XI

Fabric Weight

	S.No
	Sample
	Mean Fabric Weight (g)
	Loss or Gain Over Original
	% Loss or Gain

	1

2

3

4

5

6

7
	O

PEI

PEII

SEI

SEII

CEI

CEII
	3.393

3.495

3.481

3.531

3.510

3.429

3.407
	-

-0.10

-0.08

-0.13

-0.11

-0.03

-0.01
	-

-3.006

-2.602

-4.055

-3.442

-1.067

-0.424


TABLE XI (a)
Analysis of variance for Fabric weight

	
	Sum of squares
	df
	Mean square
	F
	Sig

	Main effects
	Enzyme
	94.332
	2
	47.166
	4524.256
	**

	
	Time
	4.589
	1
	4.589
	440.167
	**

	2- way interactions 
	Enzyme * Time
	0.169
	2
	8.471E-02
	8.125
	**


	Error
	
	0.563
	54
	1.043E-02
	
	

	Total
	
	99.653
	59
	1.689
	
	


FIGURE 8

Fabric weight
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 The Table XI, XI (a) and Figure 8 show that there is increase in fabric weight in all the samples, when compared to the original.  The maximum increase is observed in sample SE I and minimum increase in CEII as 3.53g and 3.40g.  Hence it could be concluded that the increase in strength is irrespective type of treatments, and time.


From the analysis of variance, fabric weight confirmed that there is 5% significant difference in type of treatment and time.
4.3.2.4. Fabric Warp Crease Recovery

The Fabric Warp Crease Recovery and the analysis of variance of the original and the treated samples are shown in the Table XII, XII (a) and Figure 9

TABLE XII

Fabric Warp Crease Recovery

	S.No
	Sample
	Mean Warp Crease Recovery (a)
	Loss or Gain Over Original
	% Loss or Gain

	1

2

3

4

5

6

7
	O

PEI

PEII

SEI

SEII

CEI

CEII
	141.80

137.20

122.90

131.80

125.90

114.70

105.10
	-

04.60

18.90

10.00

15.90

27.10

36.70
	-

3.24

13.32

07.05

11.21

19.11

25.88


TABLE XII (a)
Analysis of variance for Fabric Warp Crease Recovery

	
	Sum of squares
	df
	Mean square
	F
	Sig

	Main effects
	Enzyme
	2541.589
	2
	1270.794
	374.950
	**

	
	Time
	736.086
	1
	736.086
	217.184
	**

	2- way interactions 
	Enzyme * Time
	88.144
	2
	44.072
	13.004
	**


	Error
	
	183.019
	54
	3.389
	
	

	Total
	
	3548.838
	59
	60.150
	
	


FIGURE 9

Fabric Warp Crease Recovery
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The above Table XII, XII (a) and Figure 9 shows warp crease recovery of the samples. With respect to enzyme treatments, maximum crease recovery results in CEII as 25.8% and minimum crease recovery in PEI as 3.2% with respect to warp direction.  The statistical analysis implies that the crease recovery of the entire enzyme treated samples shows significance at 5% level in warp direction. 

4.3.2.5. Fabric Weft Crease Recovery

The Fabric Weft Crease Recovery and the analysis of variance of the original and the treated samples are shown in the Table XIII, XIII (a) and Figure 10

TABLE XIII

Fabric Weft Crease Recovery

	S.No
	Sample
	Mean Weft Crease Recovery (angle)
	Loss or Gain Over Original
	% Loss or Gain

	1

2

3

4

5

6

7
	O

PEI

PEII

SEI

SEII

CEI

CEII
	124.70

95.50

95.20

107.00

85.90

81.10

70.30
	-

29.2

29.5

17.7

38.8

43.6

54.4
	-

23.41

23.65

14.19

31.11

34.96

43.62


TABLE XIII (a)
Analysis of variance for Fabric Weft Crease Recovery
	
	Sum of squares
	df
	Mean square
	F
	Sig

	Main effects
	Enzyme
	3506.496
	2
	1753.248
	1008.364
	**

	
	Time
	1111.290
	1
	1111.290
	639.148
	**

	2- way interactions 
	Enzyme * Time
	695.580
	2
	347.790
	200.028
	**


	Error
	
	93.890
	54
	1.739
	
	

	Total
	
	5407.257
	59
	91.648
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From the Table XIII, XIII (a) and Figure 10 it is obvious that there is reduction in weft crease recovery of the all samples.  It shows maximum and minimum differences in the samples (in angles) SEI and CEII as 107º and 70.3º   respectively.   The statistical analysis shows that the crease recovery of all samples is significant at 5% level in weft direction.  

4.3.2.6. Fabric Warp Stiffness.


The Fabric Warp Stiffness and the analysis of variance of the original and the treated samples are shown in the Table XIV, XIV (a) and Figure 11
TABLE XIV
Fabric Warp Stiffness

	S.No
	Sample
	Mean warp stiffness (cm)
	Loss or gain over original
	% Loss or gain

	1.

2.

3.

4.

5.

6.

7.
	O

PEI

PEII

SEI

SEII

CEI

CEII
	2.02

1.97

1.944

1.836
1.664
1.904

1.790


	-

0.05

0.08

0.18
0.36
0.12

0.23
	-

2.47

3.96

8.91
17.82

5.94

11.38


TABLE XIV (a)
Analysis of variance for Fabric Warp Stiffness 
	      
	Sum of squares
	df
	Mean square
	F
	Sig

	Main effects
	Enzyme
	699.649
	2
	349.824
	30.716
	**

	
	Time
	0.696
	1
	0.696
	0.61
	Ns

	2- way interactions 
	Enzyme * Time
	310.804
	2
	155.402
	13.645
	**


	Error
	
	273.339
	54
	11.389
	
	

	Total
	
	1284.487
	59
	44.293
	
	


FIGURE 11
[image: image11.emf]2.02

1.97

1.944

1.836

1.664

1.904

1.79

0

0.5

1

1.5

2

2.5

Mean warp stiffness (cm)

O PEI PEII SEI SEII CEI CEII

Sample

FABRIC WARP STIFFNESS

O PEI PEII SEI SEII CEI CEII



It is confirmed from the Table XIV, XIV (a) and Figure 11 that mean warp bending length is increased in all the samples.  The maximum difference is seen in SEI (17.8%) and minimum in PEII (3.96%) respectively.  The statistical analysis proves that the bending length between the enzymes treated samples and between times is significant at 5% level.

4.3.2.7 Fabric weft stiffness.

The Fabric Weft Crease Recovery and the analysis of variance of the original and the treated samples are shown in the Table XV, XV (a) and Figure 12
TABLE XV

Fabric Weft Stiffness

	S.No
	Sample
	Mean Weft Stiffness (cm)
	Loss or Gain Over Original
	% Loss or Gain

	1

2

3

4

5

6

7
	O

PEI

PEII

SEI

SEII

CEI

CEII
	2.28

2.22

2.16

2.27
2.13
2.24

2.08
	-

0.06

0.12

0.01
0.15
0.04

0.02
	-

2.63

5.26

0.43
6.57
1.70
0.87


TABLE XV (a)

Analysis of variance for Fabric Weft Stiffness
	
	Sum of squares
	df
	Mean square
	F
	Sig

	Main effects
	Enzyme
	3506.496
	2
	1753.248
	1008.364
	**

	
	Time
	1111.290
	1
	1111.290
	639.148
	**

	2- way interactions 
	Enzyme * Time
	695.580
	2
	347.790
	200.028
	**


	Error
	
	93.890
	54
	1.739
	
	

	Total
	
	5407.257
	59
	91.648
	
	


FIGURE 12
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It is obvious from the Table XV, XV (a) and Figure 12, the mean weft bending length shows decrease in all enzyme treated samples. The maximum difference is seen in samples SEI and CEI and minimum in SEII and CEII. The ‘F’ value shows significant variance at 2% level between enzyme treatments and between times.

4.3.2.8. Drape

The Fabric Drape and the analysis of variance of the original and the treated samples are shown in Table XVI, XVI (a) and Figure 13
TABLE XVI

Fabric Drape

	S.No
	Sample
	Mean Drape
	Loss or Gain Over  original
	% Loss or Gain

	1

2

3

4

5

6

7
	O

PEI

PEII

SEI

SEII

CEI

CEII
	0.536

0.341

0.210

0.240

0.197

0.270

0.235
	-

0.19

0.32

0.29

0.33

0.26

0.30
	-

36.36

60.84

55.29

63.22

49.64

56.15


TABLE XVI (a)
Analysis of variance for Fabric Drape

	
	Sum of squares
	df
	Mean square
	F
	Sig

	Main effects
	Enzyme
	1151.016
	2
	575.508
	94.381
	**

	
	Time
	2524.34
	1
	2524.340
	413.981
	**

	2- way interactions 
	Enzyme * Time
	997.760
	2
	498.880
	81.814
	**


	Error
	
	329.277
	54
	6.098
	
	

	Total
	
	5002.392
	59
	84.786
	
	


FIGURE 13
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Table XVI, XVI (a) and Figure 13 that depicts Drape ability of the tested sample which shows increase after the enzyme treatment. The drape ability is enhanced in SEII which is followed by PEII as 63.22%,60.84%.  
The ‘F’ values prove that the drapability of the treated samples are significant at 5% on comparison with the type of treatment and time.
5.0 Summary and Conclusion


Environmental regulation has put intense pressure on the textile industry to generate less pollution.  Never fear! Biology is here to safeguard the environment.  Today white biotechnology is geared towards creating new materials and bio based products and providing alternative to chemical process.  These efforts lead to the development of improved enzymes such as amylase, hemicellulase or cellulase that could be used in textile industry.  Microbial enzymes have proved to produce more commercial enzymes for industrial application, which has become an integral part of the textile industry, replacing chemical processes.  Enzymes have opened up number of possibilities in textile process, one such process is Biostoning.  Hence the present study, entitled as “Isolating cellulase producing fungi from paper industry effluent for biostoning” was conducted.
Objective of the study

· To isolate and identify the fungi producing cellulase from the paper industry effluent.

· To optimize the growth conditions for the production of cellulase from the isolated fungi.

· To apply the produced cellulase enzyme on denim fabric for biostoning process.
· To study the effect of isolated enzyme with stones for biostoning process.

· To compare the effect of biostoning using isolated enzyme with that of commercial enzyme.

Methodology:

Isolation and identification of fungi producing cellulase 



The micro organisms were isolated by the serial dilution method.  Well grown colonies were inoculated in Capekdox Carboxy Methyl Cellulase medium.  Cellulolytic colonies were identified by flooding the plates with congo red solution. A clear zone was observed around the cellulytic fungi.  The fungi obtained by this method were tested for maximum cellulase production.  The maximum cellulase activity produced by the fungi was identified as Trichoderma Sp.

Optimization of cultural conditions for fungal cellulase production


The effect of various physical as well as chemical factors in the production of cellulase was carried out.  The various factors affecting cellulase production were incubation time, temperature, pH, carbon and nitrogen sources. The maximum cellulase produced was observed at pH 5.  The optimum temperature for cellulase production was found as 28ºC.  This might be due to the fact that most of the fungi are Mesophytes.



The maximum production of cellulase by Trichoderma sp. was seen at 120th hrs.  With various carbon sources, filter paper was found to be the maximum inducer which shows highest cellulase activity.  The most suitable nitrogen source was found to be yeast extract for the production of cellulase by Trichoderma sp. 

Biostoning:



Biostoning is the finish given to denim fabrics to give a used up effect.  Generally this process is carried out by washing the fabric with stones.  Recently, commercial enzymes are used to produce the same effect.  In this study 100% cotton denim fabric was selected.  It was subjected to three methods of biostoning.

Commercial enzymatic washing process



The desized denim fabric was immersed in to the Industrial washing machine.  The temperature was adjusted to 55oC using steam and pH adjusted by acetic acid to 5.5.  Wetting agent was added followed by 1.5g/l of Bio wash SL  then the fabric was processed for treated for specific time i.e., about 45min and 1.15 min.  Drain the water, rinse with hot water for 5min. and cold water for 3min. The sample was then drained, squeezed and dried.
· Enzymatic washing

The desized denim fabric was weighed. Then the fabric was loaded into the washer drum containing 60litre water, temperature was raised to 30ºC using Steam. 1 ml per liter of wetting agent and 10ml of enzyme for 1g of fabric was added, keeping M:L ratio 1:30. The pH was adjusted to 5 using acetic acid. Abrasion was given for 45minutes followed by hot wash for 5 minutes and cold wash for 3 minutes, then the treated fabric was squeezed and dried.

· Combination washing process.

The isolated cellulase enzyme can also be combined with the pumice stone, which results in aged look (Shanmugasundram and Sujata, 2006).  Around 0.5 kg pumice stone is used for one kg garment and 50% of the normal dosage of the enzyme was used, and the same procedure was followed as for enzymatic washing process.

 Each of the biostoning processes were carried out for 45 and 1.15 min.  The samples were named as follows.

Nomenculature of the Samples
	Name of the Enzyme Source
	Abbreviation

	Original

Produced Enzyme (45 min)
Stone and Enzyme (45 min)
 Commercial Enzyme (45 min)
	O

PEI

SEI

CEI

	Produced Enzyme(1.15min)
Stone and Enzyme(1.15min)
Commercial Enzyme(1.15min)
	PEII

SEII

CEII


The original and treated samples were subjected to visual inspection.  Apart parameters like busting strength, fabric thickness, fabric weight, fabric crease recovery (warp and weft) fabric stiffness (warp and weft) drape and fabric abrasion were evaluated.

Results:

· Visual inspection showed a good smooth and soft texture in all the samples except CE II, which showed high rate of fade ness.

· Bursting strength of all the treated samples was reduced.  The maximum reduction is observed in samples treated with commercial enzyme.  Increase in time also decreased strength irrespective of the type of treatment.

· Thicknesses of all the samples have increased after treatment.  The ‘F’ value is significant al 1% and 5% on comparison between the enzymatic treatment and time respectively.

· Weight of all the treated samples have also increased when compared with the original sample.  Statistically the increase in fabric weight is significant at 5% level on comparison between treatments and time.

· The crease recovery angle shows a decrease after treatment in both the warp and weft directions.  The maximum reduction is observed in the samples treated with commercial enzymes.  The ‘F’ value of the samples, when compared with the type of treatment and time is significant at 5% in both warp and weft direction.

· The fabric stiffness in both warp and weft direction show a decrease after treatment.  

· The drape coefficient values of the treated samples show a decrease when compared to the original.  This proves that there is an increase in drapability after treatment.  Drapability is significant when compared with the type of treatment and time.  It is also clear that increase in time increase drapability in the usage of all the three types of treatments.

Conclusion:


A denim fabric is one of most loved product irrespective of age and sex.  The faded effect created is basically done with stone washing which in turn reduces the strength of the fabric.  Hence in the modern days commercial enzymes are applied.  This also reduce strength and on the other hand.  This problem emphases researches to find an alternative.  The result of this study has proved that cellulase extracted from fungi isolated from paper industry effluent could be effectively used for biostoning.  The study has laid a new road for safer and leaner production of denim fabrics, which could be a stepping stone for Indian Denim manufactures to time to requirements of eco labeling.

Recommendations:

· Cellulase production with several other fungal strains could be examined using the optimized medium.

· Cellulase production from bacterial source may be studied and could be compared with fungal cellulase.

· Agro wastes can be used as a carbon source. So the biomass can be utilized for production of cellulolytic enzyme.

· Isolation of enzymes from other industrial waste water could be tried.
Limitations:


Purification of the extracted enzyme could not be carried out because of 

insufficient of time.
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APPENDIX –I

COMPOSITION OF ROSE BENGAL CHLORAMPHENICOL

AGAR MEDIUM

Composition







Peptone






5.0 g 
Glucose






10.0 g
Potassium dihydrogen phosphate



1.0 g
Magnesium sulfate





0.5 g
Rose Bengal






0.05 g
Chloramphenicol





0.1 g
Agar







15.5 g
Distilled water


                                 1000ml




pH 7.2±0.2at25ºC.

APPENDIX –II
COMPOSITION OF CZAPEKDOX MEDIUM

Composition 






Sodium nitrate





3 g

Di Pottasium hydrogen phosphate


1 g

Megnesium sulphate




0.50 g

Pottassium Chloride




0.50 g

Ferrous sulphate





0.01 g

Sucrose






30  g

Distilled water





1000ml
APPENDIX-III

FABRIC DETAILS






Fabric type 
:
Denim





Dye


:
Indigo Dye





Weave

:
Twill (3/1)





Price (per meter)
:        Rs.  86/-

FABRIC SAMPLES


       PEI







PEII


 SEI







SEII

                   CEI







CEII
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