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I INTRODUCTION

Textile processing is a growing industry which has traditionally used a lot of water, energy and harsh chemicals, starting from the use of pesticides for cotton growing to the use of high amounts of wash waters that result into waste streams causing high environmental burdens                     (Roda, 2007). Textile industry is highly water intensive and is one of the major contributors of water pollution in India 

The meaning of eco-friendly wet processing is to use such dyes, chemicals and processing ingredients which are biodegradable and having no contents of harmful, hazardous, toxic ingredients. Eco-friendly textile is the need of the day. Eco-friendly means not only environment protection but also energy conservation (Bhat, 2012).

Industrial use of biotechnology, known as white biotechnology, is bringing about new products and processes aimed at the use of renewable resources, as well as the application of green technology with low energy consumption and environmentally healthy practices. 

Enzyme, nature’s catalysts, are the logical tool for the development of new biotechnology based solution for textile wet processing. The first enzyme application was the use of barley for removal of starchy sizes from woven fabrics as early as 1912. The first microbial amylases were used in 1950s for the desizing process, which today is routinely used in the industry. Since then, several other enzymes have been introduced for industrial applications and enzymes such as cellulases, catalases, laccases and pectinases are gaining more and more foot hold in textile industry (Auterinen, 2008).

The use of enzyme technology is attractive because enzymes are highly specific, highly efficient and work under mild conditions of PH and temperature. They are biodegradable and pose practically no threat to environment.  The present rapid developments in industrial production of various enzymes for specific uses have been possible due to the progress in genetic engineering (Churi et al., 2004).

Enzymatic processes have been increasingly incorporated in textiles over the last years. Cotton, wool and  flax are natural materials used in textile that can be processed with enzyme. Enzymes have been used in desizing, scouring, polishing, washing, degumming, peroxide degradation in bleaching baths, decolourisation of dye house waste waters, bleaching of released dye stuff and for inhibiting dye transfer. Many new applications are under development such as natural and synthetic fiber modification, enzymatic dyeing, finishing etc. (Gulbitz et al., 2005).

“Denim is one of the world’s oldest fabric yet it remains eternally young”. The story of Denim fabric is as old as discovery of the indigo dye. The name jean was actually derived from the French word “Genes” (Gokom consultants, 2007). Denim garments are looked at as major trend setter by our youth. The spread of denim culture all over the world brought with it a trend of fast changing fashion (Prasad, 2008). 

Denim known as Jeans is made from tightly woven twill. Conventional cotton has been used for making the fabric and with passing time different blends have taken their place in this very popular fabric (Bhat, 2007). The length wise yarns (warp) are dyed with the blue dye indigo and the horizontal yarns (weft) with white. The blue strands become the threads that show on the outside of denim. To give a washed down effect and worn look, denim (garments) fabrics are first desized, followed by treatment with fading enzymes (Kelkar et al., 2005).

Cellulases have been widely used for textile treatments such as denim processing and biopolishing of cotton fabrics. There are three types of cellulase enzymes which participate in cellulose biodegradation. Endo 1, 4,-α-glucanases, exocellobiohydrolases and α-glucosidases.

Endoglucanases randomly hydrolyze internal α-1,4-bonds of cellulose molecules, acting preferably on amorphous regions of cellulose fibers. Endoglucanases are key enzymes responsible for biopolishing of cotton fabrics and for indigo removal in the process of enzymatic denim treatment (Sinitsyna et al, 2005). Cellobiohydrolases degrade the cellulose chain from one end, there by producing cellobios(two glucose moleculer linked together). β–glucosidases complete the hydrolysis reaction by converting cellobioses in to glucose (Kalaichelvan, 2007).

Cellulases are derived from both fungal and bacterial source. They find extensive application on cellulosic material and about 10 percent of the finishing of these materials is estimated to be performed by these enzymes to achieve various effects. They also find application in food, pharma and paper industries. Cellulase used in biofinishing of cellulosic fabrics are derived from more than ten, different fungal species which vary in their component, composition, application, pH and special effects produced (Vardhini, 2006).

Laccase is an extracellular, multi-copper enzyme that uses molecular oxygen to oxidize various aromatic and non-aromatic compounds by a radical catalyzed reaction mechanism (Maccabe, 2007). Laccase find application in denim processing to decolour indigo  thus giving a bleached effect.

The first commercial use of laccases in the textile industry has been in the denim washing process, where laccase mediator system have been used to reduce back staining, enhance abrasion levels and to bleach indigo (Auterinen, 2008).

Utilisation of enzymes for denim garment processing are eco-friendly and meet the requirements of processors looking for ecofriendly alternative chemicals for processing. Hence the present study “Enzymatic Denim Processing using Cellulase and Laccase” aims with the following objectives:
1. To screen and identify amylase, cellulase and laccase producing fungal isolates.

2. To optimize various parameters for enzyme production.

3. To desize, fade and bleach the selected denim fabric by conventional, commercial enzymatic and crude enzymatic method.

4.  To evaluate the physical and mechanical properties of original and treated denim fabrics.

5. To compare the efficiency of the produced enzymes with that of commercial enzymes in denim processing.

2. REVIEW OF LITERATURE


The review of literature pertaining to the study “Enzymatic Denim Processing using Cellulase and Laccase”, is discussed under the following headings:


2.1. Enzymes



2.1.1. Mechanism of action



2.1.2. Properties



2.1.3. Advantages



2.1.4. Sources


2.2. Enzymes in Textile Industry


2.3. Denim



2.3.1. Introduction



2.3.2. Denim processing



2.3.3. Conventional denim fading


           2.3.4. Disadvantage of pumice stone usage



2.3.5 Enzymatic denim fading



2.3.6. Advantage of enzyme wash


2.4. Desizing



2.4.1. Introduction



2.4.2.
Amylase



2.4.3. Mechanism of action



2.4.4. Application



2.4.5. Amylase in denim desizing


2.5. Cellulase



2.5.1. Introduction



2.5.2. Mechanism of action



2.5.3. Application



2.5.4. Cellulase in denim fading


          2.6. Laccase



2.6.1. Introduction



2.6.2. Mechanism of action



2.6.3. Application



2.6.4. Laccase in denim bleaching



2.6.5. Advantages of laccase denim bleaching



2.6.6. Conventional method of denim bleaching

         2.7. Optimisation of culture conditions


2.1. ENZYMES

Enzymes are high molecular weigh complex proteins, composed of chain of aminoacids linked together by peptide bonds; which are produced by all living cells. These protein accelerate specific chemical reaction without undergoing any alteration themselves (Ashok et al., 2012). Enzyme is a Greek word “Enzymos” meaning in the cell or from the wall (Prince, 2004).

2.1.1. Mechanism of Action 

Enzyme forms an enzyme substrate complex. Enzymes contain a true active center in the form of three dimensional structure 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 from final product. In order to catalyse a reaction, the enzyme molecule has to form a complex with substrate.


E + S ( E – S ( E + P

Where E = Enzyme, S = Substrate molecule, P = Product (Paul et al., 2002).

2.1.2. Properties

· Enzymes are complex and have high molecular weight

· Enzymatic reactions are reversible

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

· Enzyme are inhibited by cyanide, sulphides, azides etc. (Vigneswaran, 2004).
 2.1.3. Advantages 

· Enzymes are very mild components to the environment (Prabu and Arputharaj, 2003).

· Enzymes have low temperature optimum. They are biologically degradable and are safe to use. They can replace harsh chemicals                   (Rai, 2004).


Extremely specific nature of reactions involved with practically no side effect (Raghunandan et al., 2004).

2.1.4. Sources 

Major sources of enzymes are plants, animals and microorganisms.

· Plant sources are influenced by agricultural economic competing for cultivation and couple with national political forces, which control agricultural activities.

· Similarly, prospects for supply of animal enzymes depend on political agricultural policies that control the production of live stock for slaughter with the result that the uses industries are increasing their interests in microbial enzyme with recent advanced development in fermentation technology microorganisms are proving to be the cheapest source of industrial enzymes (Walavalkal, 2005).

2.2. ENZYMES IN TEXTILE INDUSTRY



Eco-friendly, natural product are the need for the day and it is so for textile (AmsamanI and Ranganathen, 2007). Use of enzymes in the cotton industry has become more popular in recent years.


Various application of enzymes include fading of denim, bioscouring, bio bleaching, bio- polishing, bio- softening of wool, peroxide removal, print washing, washing of reactive dyes, colour removal in effluent etc. (Menezes, 2004).


The warp 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 α,1-4 glycosidic linkage of amylase and amylopectin of starch to convert them into soluble dextrins (Shukla et al., 2005).


The raw cotton materials, apart from cellulose contains oils, waxes, pectin and natural impurities which have to be removed to make cotton absorptive. The process is called scouring. It is carried out by a mixture of proteases, pectinases, lipases which enhance the fabric properties (Manikam and Prasad, 2004).


The major industrial applications of cellulases include “bio polishing” of fabrics and producing stone washed look of denim” and as laundry detergent for improving fabric softness and brightness (Kumari et al., 2011).


Whiteness indices of the enzymatically bleached goods are close to those of the fabric bleached conventially with hydrogen peroxide. With lower energy costs and less water usage, the process presents an economically interesting alternative for the textile preparation industry (Ashok et al., 2012).

2.3. DENIM

2.3.1. Introduction
           “Denim is one of the worlds is oldest fabrics, yet it remains eternally young” (Gokum Consultants, 2007). The word denim is an Americanization of the French Name “Serge de Nimes”, a fabric which originated in Nimes, French during the middle ages (Shehai, 2003).In 1864, Webster’s dictionary listed the shortened English version denim.

             Denim fabric is made from 100% cotton yarns (Periyasamy et al., 2012). The denim fabric is constructed with warp faced 2/1 or 3/1 twill weave. Due to this construction the fabric seems to be dyed uniformly with the colour in which warp yarns are dyed (Mahato, 2005). Denim is the only fabric in which warps are sized after dyeing (Shelke, 2001).


The word denim is almost synonymously used for high fashion garment. Denim has become so popular throughout the world, because of its unique blue colour, elegant appearance and flexibility in use (Suman abd Khambru, 2007).


“Denim is ever green classic in the fashion cycle”. Denim is popular because it is comfortable. The yarn is traditionally dyed with the blue pigment obtained from indigo dye. Indigo was most significant natural dye known to mankind until the introduction of synthetic dyes, at the end of the 19th century (Vijayalakshmi et al., 2012). The fabric is constructed by interlacing warp and filling yarns in progressive alternation which creates or a diagonal effect on the fare or right surface of diagonally parallel ridges (Kelkar et all, 2005).

2.3.2. Denim Processing


Denim processing involves the following steps (Khanna and               Maheswari, 2004).

Desizing

(
Hot and cold rinse

(
Denim fading

(
(Stone wash / acid enzyme wash / neutral enzyme wash / stone + enzyme / mechanical dry abrasion)

(
Hot and cold rinse

(
Hypochloride bleaching

(
Cold rinse

(
Anti Chloro treatment

(
Cold rinse


Softner treatment




Tinting  / dyeing


Hydro extract





     Softner


Tumble dry





Hypo extract









Tumble dry

2.3.3. Conventional Denim Fading


Denim is the most preferred clothing of today’s youth. Various items made of denim are  pants, shirts, skirts, jackets, belts and caps etc. The appearance of this fabric is continuously modified to appeal to the varied fashion trends of different generation (Goyal and Prabhu, 2006).


Stone washed jeans are Jeans that have been treated to produce a faded, worn out appearance. This is usually accomplished either by washing Jeans with pumic stone in rotating drum or by using chemicals to create the appearance without the use of a rotating drum (Sahghvi, 2003).


The production of faded or washed down Jeans has emerged as one of the most popular finishes in the garment wet processing. The production of “aged” denim garments was conventionally done with help of pumice stone or other abrasive material (Bhat, 2007). Stone wash is carried out using pumic stones in rotary drum washes to effect abrasion of the stones against garment thereby indigo dyeing loosens with resultant faded look (Kelkal et al., 2005).


A number of people and organization have claimed to have invented stone washing. According to Strauss and O’Donald Freeland, an employee of the Great Western Garment Company, invented “stone washing” denim in  1950s. Inventor Claude Blankt has also been credited with having invented the technique in 1970s (Parthiban et al., 2007).

2.3.4. Disadvantage of Pumice Stone Usage


Stones cause wear and tear of the fabric, also it, creates the problem of environment disposition of waste of the grit produced by the stones (Khanna and Maheshwari, 2004).

      The quality of the abrasion process is difficult to control. Too little will not give the desired look. Too much can damage the fabric particularly at the nems and waist bands (Montazer and Maryan, 2009). The outcome of a load of Jeans is never uniform, with a significant percentage always getting rained by too much abrasion.

2.3.5. Enzymatic Denim Fading

The finishing of denim garments has been revolutionized by the application of enzymes as an alternative to the pumic stone washing process (Kochovi et al., 1990). Cellulase treatment of cotton fabric is an environmentally friendly way of  improving the property of the fabrics. It is already recognized that cellulase with strong endo glucanase activity are preferred for achieving the aged look of denims and this effect is best obtained in machines that provide vigorous heating action(Klarkson et al., 1995). 
           Cellulase enzyme have been introduced in to the finishing process, turning the stone washing process into a “bio-stoning process” (Roda, 2007).   Bio stoning with cellulase enzyme was introduced to attain a stone washed look, totally without stones / damage to garments (Gokum Consultants, 2007).

            Denim is a leave grade cotton twill with indigo a dyed warps. The colour is mainly absorbed at the surface of the woven cloth is rubbed, colour can be removed leaving a lightly coloured or faded appearance. As colour is concentrated only on the surface of fabric fading can be achieved with minimum loss of fabric strength and thickness. Cellulase removes the colour by partially hydrolyzing the surface of the fibre that contains the dye (Shukla et al., 2000).

2.3.6. Advantage of Enzyme Wash


Soft handle and attractive clean appearance is obtained without severe damage to the surface of yarn.


Simple process handling and minimum effluent problem. Increased gloss or luster. 
          Low attraction energy requirement (Periyasamy ,2012)

          Less weight loss of denim, environmentally friendly treatment (Khanna and Maheswari, 2004).

2.4. DESIZING

2.4.1. Introduction

Sizing is the necessary by means o which cotton warps are provided with sufficient strength to be able to withstand the friction and abrasion encountered during weaving process (Shukla et al., 2000).


The process of desizing is mainly responsible for the removal of the added sizing materials. Since it leads to degradation of starch, the BOD and dissolved solids generated from the desizing process are of very high order as compared to other wet processes (Sanjeev and Shukla, 2006).


Traditional desizing is performed by using acid or oxidative desizing agent which is associated with many draw backs and limitations.


Due to uncontrolled and non-specific reaction the cellulase material gets damaged and loose strength. With the introduction of enzyme based desizing process the limitation and drawbacks of tradition as  desizing process can be overcome (Sanghvi, 2003). The enzymatic desizing process is performed by using alpha amylase enzyme(Goyal and Prabhu, 2006).

2.4.2. Amylase

Introduction


Amylase are the important enzymes, particularly in the process involving starch hydrolysis. Though they originate from different sources (Plants, animals and microorganisms), in industry. They are mainly produced from the microbes due to their higher yield and thermostability (Thippeswamy et al., 2006).


Amylases can be divided into two categories

Amylases




Endo amylases


     Exo amylases

                           α-amylases

β-amylases

Amyloglucosidase


Endo amylases catalyse hydrolysis in a random manner in the interior of the starch molecule. This action causes the formation of linear and branched oligosaccharides of various chain lengths.


Exo amylases hydrolyse from the non-reducing end successfully resulting in short end products (Gupta et al., 2003).


α-amylases (E.C.3.2.1.1) are extracellular enzymes that randomly cleave the α-1,4 linkages between adjacent glucose units in the linear amylase chain and generate glucose, maltose and maltotriose units (Kar et al., 2008).


β-amylases are also called as exo amylases, They break down the           β –linkages removing two glucose units at a time, thereby producing maltose.


Amyloglucosidase, also known as glucoamylases, break successive bonds from the non-reducing end of the straight chain producing glucose (Crueger, 2000).   

2.4.3. Mechanism of action


Starch is a polysaccharide containing amylose (linear chain) and amylopectin (branched chain). The amylase is bio converted to 100% by the alpha amylases into glucose whereas the amylo pectin is only converted to 50% in to glucose and maltose (Mogne and Khera, 2005).

2.4.4. Application


The amylase group of enzymes is of great significance because of its wide range of industrial and domestic application (Esfahanibolandbalaie et al., 2008). Amylase have extensive application in food, fermentation, paper  pharmaceutical and sugar industries(Ikram-ul-Had, 2002). In textile industry, amylase is used for the removal at starch sizing and as additives in detergents (FAO, 2001 and                Oyeleke et al., 2009).

2.4.5. Amylase in Denim Desizing


Enzymatic desizing with amylases can remove starch without damaging cotton fabrics (Amsamani and Ranganathan, 2007).


 Alpha amylases convert insoluble starches to soluble sugar enough to be washed off from the fabric (Sivaramakrishnan, (2005);Goyal and Prabhu, (2006).

2.4.6. Advantages of Enzymatic  Desizing
· No strength loss 
· less time and energy (Kelkar et al., 2005).
· Feel of fabric is much softer and less hairiness on the fabric. (sivaramakrishnan, 2005).

· Process time of desizing can be reduced

· Neutralisation is not required because same processing conditions are required in next process therefore zero salt formation in ETP (Khanna and Maheswari, 2004).

2.5. CELLULASE

2.5.1. Introduction


Cellulase, crystalline polymer of D-glucose residues connected by β -1, 4 glycosidic linkage, being the primary structure material of plant cell wall, is the most abundant carbohydrate in nature. Cellulase is degraded by an enzyme called cellulase (Shanmugapriya et al., 2012).


Cellulases are a group of hydrolytic enzymes which are capable of degrading cellulose to smaller glucose units (Ran et al., 2012). Cellulose have wide range of application in food, animal, textile, detergent and in chemical industries. It offers can environmental friendly alternative to the harsh chemical being used for fabric finishing in textile industry (Santosh et al., 2003).


Cellulases are inducible enzymes which are synthesized by large number of microorganisms either cell bound or extracellular during their growth on cellulosic materials. This enzyme is produced by several microorganisms, including bacteria and fungi (Saravana et al., 2012).

2.5.2. Mechanism of action


Cellobiohydrolases split cellobiose residues from the non-recuding or reducing ends of cellulose molecule, acting on both crystalline and amorphous regions. Glucosidases hydrolyse cellobiose and oligocaccharides to glucose, the end product of enzymatic cellulose hydrolysis (Arkady et al., 2005).

2.5.3. Application


Cellulases have attracted much interest because of the diversity of their application (Bhat and Bhat, 1997). The major industrial application of cellulases are in textile industry for ‘bio-polishing” of fabrics and producing stone washed look of denims, as well as in household laundry detergent for improving fabric softness and brightness (Kumari et al., 2011).

2.5.4. Cellulase in Denim Fading


Cellulases are produced by fungal strains such as Trichoderma reesei (Miettinenoinonen and  Elo-Vainio, 1990; Durland et al., 1988; Kubicek et al., 1991) or Humicola insolens (Neieslon and Tilchomirov, 1990) strains.

         The cellulase enzyme is used in washing on the cotton yarn and thereby facilitate the abrasion of the indigo dye from the yarn surface. The fungal cellulases are the most important from an industrial perspective (Manikam and Prasad, 2005). Cellulase enzyme are natural protein which are used in denim garment processing to get stone wash look on denim garment without using stones or by reducing the use of pumice stone (Goyal and Prabhu, 2006).

        The finishing effects delivered by cellulases are always obtained in processes were strong mechanical agitation of the fabric is provided during the treatment, for example, rotating drum washers and jets. It is also known that a balance between cellulase activity and mechanical action is required to achieve efficient fuzz fiber and pill removal without excessive fabric strength loss              (Pauo et al., 1998).


Cellulase attacks primarily on the surface of the cellulose fibre, leaving the interior of the fiber as it is thereby removing the indigo present in the surface layer of fibre (Sahghvi, 2003).


Cellulase is environment friendly in comparison to pumice stones. It reduces the percentage of damage caused to denim by tough effect of stone on them. As there is huge demand of garment with distressed jeans look, stone washing with enzyme is being used increasingly. It is also known as bio-stone washing (Lendage and Verma, 2012).

2.6. LACCASE

2.6.1. Introduction


Laccases (EC.1.10.3.2, benzenediol oxygen oxidoreductase) are either mono or multimeric copper containing enzymes that catalyze the one electron oxidation of a vast amount of phenolic substrates. Molecular oxygen serve as the terminal electron acceptor and is thus reduced to two molecules of water  (Manole et al., 2008).


Laccase is an important enzyme in lignin – degrading enzyme complex in liginolytic fungi, the other being lignin peroxidase (lip) and manganese – dependent peroxidase (MNP). Laccase has a wide range of substrate specificity and is thus used in the degradation of several of xenobiotics including synthetic dyes and industrial effluents (Souza TIClo et al., 2006).


Laccase is specific to indigo dye. It is chemically classified as an oxido –reductase. When combined with a mediator or activator, it catalyses the reaction which leads to the conversion of indigo to authranillic acid (oxidized indigo) which is colourless (Gokum Consultants, 2007).

2.6.2. Mechanism of action


The active centre of a typical fungal laccase contains four atoms of copper (II), representing three different spectroscopic classes marked  as types 1-3             (T1, T2 and T3 respectively). The electrons released from substrates are transferred sequentially to the T1 copper and the T2/T3 centre present in the active centre of laccase and then to molecular oxygen, resulting in to water (Wilkolazka, 2012).
2.6.3. Application


Laccase plays a major role in lignin degradation and their industrial and food application are increasing day by day (Couto and Herrera, 2006). Laccases are increasingly being used in a wide variety of industrial oxidative processes such as delignification, dye bleaching, pulp and paper processing, prevention of wine discoloration, production of chemicals from lignin, waste detoxification, textile dye transformation, plant fiber modification, ethanol production, bio sensors, biofuel cells etc. (Kumar et al., 2011).


Laccases in combination with redox mediators are used in textile processing to bleach denim fabrics, decolourising indigo (Paulo and                    Gubitz, 2003).

2.6.4. Laccase in denim bleaching


Laccase has an oxidative action, which is very complex. In the presence of an aqueous medium, the enzyme get oxidized and attacks the mediator to convert in to free radicals. The free radicals generated then attack the indigo and convert it into oxidized product.


Hypochlorite brightens everthing and the natural cotton becomes bright white. The blue yarn become little sky blue. Hence, the colour of the fill yarns remains unchanged. This gives a more “greyish” or ‘antique” shade compared to traditional hypochlorite bleach (Shelke, 2001).


Laccase was introduced first for enzymatic bleaching process. Laccases and  phenol oxidases are used to reduce back staining,to enhance abrasion levels and bleach indigo in denim processing, however, it has not been possible to show bleaching effect with  laccase mediator system on greige cotton              (Roda, 2007).

2.6.5. Advantages of Laccase Denim Bleaching


Reduced process time


Enzyme bleaching affects only indigo dyeing and thus gives darker shades and no colour change of the pill yarn.


Enzymatic bleaching can be applied to Lycra containing denims without strength loss (Kelkar et al., 2005).

2.6.6. Conventional method of denim bleaching

Traditional bleaches for cleaning clothes are hypochlorite and persalts. The proportions used differ widely depending on the local environmental legislations now a days textile industries are obliged to bleach without using chlorine containing compounds (Menezes and Chaudhari, 2005).


Bleaching gives different shades on denim. In this process a strong oxidative bleaching agent such as sodium hypochloride or KMNO4 is added during washing with or without stone addition (Sanghvi, 2003).


The former is used to get pale shades since there is a practical breakdown of the indigo dyeing, the latter leads to complete breakdown of the dye resulting in pure white colour. After bleaching with permanganate the fabric are exposed to sunlight to reduce the colour.


The disadvantage of hypochlorIide bleaching are poor reproducibility of shade when excess quantity of hypochloride is used. It is difficult to control the bleaching action and liquor cannot be recycled (Kelkar et al., 2005).

2.7. OPTIMIZATION OF CULTURE CONDITION


Increased microbial cellulase production has been studied extensively by optimizing growth conditions and also through the use of genetic approaches (Kubicek et al., 1991).


Keskar (1992) optimized the culture condition for the production of cellulase by Penicillium janthinellum. It produced highest enzyme activity with bagasse, rice bran and wheat bran as substrate.


Hafedh Belghith (2001) under took a study on the optimization of cellulase production by hypercellulolytic mutant of Pencillium occitanis. Cellulase production by pencillium species depends on the nature of the nitrogen source and C/N ratio. Optimum pH and optimal temperature  for P.occitanis cellulases were 5 and 600C respectively (Hadj – Taicb et al., 1992). Stability of cellulase from Pencillium occitanis during storage at 4 and 300C was upto 8 months                (Belgnith et al., 2001).


Maheswari et al. (1993) studied the efficiency of Trichoderma resei with substrate, wheat straw, which has undergone different physical, chemical and physicochemical treatments and report that the wheat straw, pre treated with either alkali or steam or both together was used 46% more efficiently by Trichoderma reesi than untreated straw.


Sudhakar and Sri (2011) carried out the production of cellulose in submerged culture of Aspergillus fumigatus and its ability to saccharidfy different cellulosic substrates. The optimum pH and optimal temperature of Aspergillus fumigatus was pH 5 and 300C for cellulase production.


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 cellulose by the fungus was found to be 0.5% w/v and 7.0 respectively (Rajendran et al.,1994).
Iii expeRIMENTAL procedure
The experimental procedure adopted for the present study “Enzymatic Denim Processing Using Cellulase and Laccase”, is discussed under the following headings:

3.1 Screening, Isolation and Identification of Fungal Isolate


3.1.1 Collection of sample


3.1.2 Isolation of fungal colonies


3.1.3 Screening of amylase producing fungal isolate


3.1.4 Screening of cellulase producing fungal isolate


3.1.5 Screening of laccase producing fungal isolate


3.1.6 Culture conditions for amylase production


3.1.7 Culture conditions for cellulase and laccase production


3.1.8 Enzyme extraction
       3.2. Determination of Enzyme activity
3.2.1. Amylase activity

3.2.2. Cellulase activity

3.2.3. Laccase activity
       3.3.  Identification of  selected fungal isolate
       3.4 Optimization of process parameters

3.4.1 pH
3.4.2 Incubation time

3.4.3 Temperature

3.4.4 Carbon source

3.4.5 Nitrogen source
3.5. Denim processing

3.51. Selection of fabric

3.5.2 Desizing
3.5.2.1 Desizing using conventional process

                                 3.5.2.2 Desizing using crude enzyme extract

3.5.2.3 Desizing using commercial enzyme

                         3.5.3 Denim washing

                                3.5.3.1. Stone washing process 

3.5.3.2. Crude enzymatic washing process

                                3.5.3.3. Commercial  enzymatic washing process

                        3.5.4. Denim bleaching

3.5.4.1. Conventional bleaching process

3.5.4.2. Crude enzymatic bleaching process

3.5.4.3. Commercial enzymatic bleaching process

         3.6. Evaluation of the fabric

3.6.1 Subjective evaluation

3.6.2. Objective Evaluation

3.6.2.1. Fabric Weight

3.6.2.2. . Fabric thickness 

3.6.2.3. Fabric stiffness

3.6.2.4. Strength and Elongation

3.6.2.5. Abrasion Resistance

                                 3.6.2.6. Crease recovery
3.1 Screening, Isolation and Identification of Fungal Isolate

3.1.1 Collection of sample


Soil samples were collected from in around Avinashilingam University campus in a sterile polythene bag. The soil samples were stored at 4oC until analysis was carried out.
3.1.2 Isolation of fungal colonies


The fungal colonies were isolated by serial dilution technique. 1ml of the soil sample was mixed with 10ml of sterile distilled water and serially up to  diluted from 10-1 to 10-8. 1ml of the each dilution was poured in petriplates containing Rose Bengal chloramphenicol agar medium and incubated at 300C for 5 days as suggested by Arnol (1986). The well grown colonies were picked up and  stored in Rose Bengal chloramphenicol agar  slants at 40C.

Rose Bengal Chloramphenical Agar

Glucose


          - 
10g

Peptone


          -  
5g

Potassium dihydrogen phosphate
- 
0.05g

Magnesium sulphate 7H2O

- 
0.05g

Rose Bengal



- 
0.035g

Chlormphenicol solution

- 
1ml

Streptomycin



- 
30g

Agar




- 
15.0g

pH




- 
7.0

(Distilled water) H2O

- 
1000ml

3.1.3 Screening of  amylase producing fungal isolate


The isolated fungal colonies were inoculated in agar plates supplemented with 1% soluble starch and incubated at 370C for 48 hours. After the incubation period, iodine solution (0.3% I2, 0.6% KL,.in H2O), was added to the medium. The diameter of the clearing zone formed around the inoculation site against a dark violet background, after the addition of iodine, was measured to represent the amylolytic activity of the isolate. The isolates displaying the widest diameter were selected (Oyeleke et al., 2009)                      (Liu et al., 2011).

3.1.4 Screening of cellulase producing fungal isolate


The isolated fungal colonies were inoculated in sterile carboxy methyl cellulose (CMC) agar plates and incubated. The hydrolytic zone, can be visualized by staining agar plates with congo red. Around 0.1%. Congo red solution is over layered on the medium and kept for 15 minutes. Destaining                is done using 1ml Nacl to make the zone clearly visible (Kalai                           Selvan et al., 2007). The fungal isolates showing the widest clear zone were selected for the present study.

3.1.5 Screening of laccase producing fungal isolate


Screening of laccase producing fungal isolate was carried out on agar plates supplemented wtih 0.02% guaiacol and 0.1% syringaldazine (Viswanath et al., 2008; Wang et al., 2012).

In the presence of guaiacol, intense reddish brown colour was produced in the medium around the fungal colonies as taken as positive reaction for the presence of laccase enzyme (Kuskinen et al., 2004; Vishwanath et al., 2008, Ang et al., 2012). The fungal isolates displaying widest clear zone  was selected for the study

3.1.6 Culture conditions for amylase production


The selected fungal isolate was cultured in submerged fermentation (SMF) for amylase production which was carried out in 250ml erlenmeyer flask containing 1g of peptone, 4g of dextrose and 100ml of distilled water (moisteaing agent). pH was adjusted to 4.5 and the flask was sterilized at 1210C for 15 minutes and cooled at room temperature. One ml of the inoculum was added, mixed well and incubated at room temperature for 4days. 

3.1.7 Culture conditions for cellulase and laccase production


The fermentation media and the procedure mentioned above was followed for cellulase and laccase production except carboxymethyl cellulose as substrate for cellulase production and dextrose as substrate for laccase production.

3.1.8 Enzyme extraction

The fermented broth was centrifuged at 5000rpm for 15min. Supernatant was filtered through what man no.1 filter paper and  the filtrate was used as the enzyme source (Vaarlakshmi et al., 2008).

3.2. Determination of Enzyme activity

3.2.1. Amylase activity

Amylase activity was assayed by DNS method (Miller, 1959).

Principle

The reducing sugar produced by the action of alpha or beta amylase reacts with dinitrosalicylic acid reagent and reduced to a brown coloured product nitro amino salicylic acid. The optical density is measured at 540nm one unit of enzyme that liberated 1µm of reducing sugar measured as maltose.

Reagents

a. Phosphate buffer (pH – 6.8)

Solution (A): 23.39g of disodium hydrogen phosphate is dissolved in 1000ml of water.

Solution (b) : 32.102 g of sodium dihydrogen phosphate is dissolved in 1000ml of water.

490ml of solution A and 510ml of solution B was mixed to prepare phosphate buffer with pH.6.8

b. Buffered starch 1% solution: Prepare a fresh solution by dissolving 1g of starch in 1000ml phosphate buffer. slightly warmed.

c. Dinitrosalicylic acid reagent  – Dissolve by stirring 1g of DNS,  200mg of crystalline phenol and 50mg sodium sulphite in 100ml of 1% sodium hydroxide. stored at 40C..

d. 40% Rochalle salt solution – 40g of sodium potassium tartarate was dissolved in 100ml of water.

e. Standard maltose solution

Dissolve 500mg maltose in 50ml distilled water in standard flask and stored in refrigerator.

Procedure

Pipette out 1ml of buffer solution to all the test tubes (S1, S2, S3, S4, S5, T, C, and B) and 0.5ml of enzyme into the test tube that is marked as T and Maltose standard is added 0.2ml to 1ml to the tubes marked as S1, S2, S3, S4, S5 respectively. Incubated it at 370C for 15minutes and then add 0.5ml of enzyme to C1 and stop the reaction by the addition of 2ml of DNS reagent to all the test tubes. Heat the solution in a boiling water bath for 10 minutes. Add 1ml of potassium sodium tartarate. Make up the volume to 10ml in all the tubes by addition of water. Read the absorvence at 540nm in a  spectrophotometer.

3.2.2. Cellulase activity
Cellulase activity was measured by the method describes by (Dension and Koehn, 1977).

Principle

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

Materials
1. Filter paper disc  (whatman 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 tartareate)

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.1 filter paper. Incubated the mixture for 15 min at 500c. Stopped the reaction by the addition of 0.5ml 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  the tubes. Measured at absorbence at 540nm. Prepared a standard with glucose in the concentration range 50-1000µg.

Calculation

One unit of enzyme activity was expressed as mg glucose released per minute  per militer .(sadasivam and manikam,2008)

3.2.3. Laccase activity

The activity of laccase was measured using Guaiacol by the following protocol.

	Reagents
	Blank
	Test

	100mM acetate buffer
	3ml
	3ml

	100mM guaiacol
	1ml
	1ml

	Culture filtrate
	-
	1ml



Absorbance for blank is measured at 470nm while that for the test samples were measured at 530nm. The change in the absorbance of the reaction mixture with guaiacol is monitored for 10mins of incubation.


Enzyme activity is measured in u/ml which is defined as the amount of enzyme catalyzing the production of one micro mole of coloured product per min per ml.

Calculation:



Activity (U/ml) = A470nm/min x 4 x vt x dilution factor








x Vs

Where,

Vt = final volume of reaction mixture (ml) = 5.00


Vs = Sample volume (ml) = 1


= Extinction co-efficient of = guaiacol  6.740/m/cm


4 = derived from unit definition and principle.(Jhadav et all, 2007).

3.3. Identification of selected fungal isolate


The selected fungal isolates were indentified by lactophenol cotton blue staining method. Lactophenol cotton blue (LCB). stains the fungal cytoplasm and provides a light blue back ground against which the walls of hyphae can readily be seen. It contains four constituents, phenol which serves as fungicide, lactic acid which stains the cytoplasm of the fungus and glycerol which gives a semipermenant preparation.

Reagent

Lactophenol cotton blue (LCB)


Phenol crystals 
-   
20g


Lactic acid

-   
20ml


Glycerol

-   
40ml


Cotton blue (1%) – 0.05g (2ml)

The above ingredients were made upto 100ml. Dissolve the phenol crystals with other ingredients by heating the mixture gently under hot water tap.

Procedure

The selected fungal isolates were identified by preparing (LCB) wet mount. A drop of LCB is placed on clear glass slide and a loopful of the fungal colony was taken and placed on the slide with the help of sterile needle. The fungal mycelia were teased gently and a cover slip was placed over the drop of LCB. The slide is then observed under microscope and identified based on morphological characteristics (Sekar et al., 2008).

3.4. Optimization of Process Parameters


Optimization of growth condition for amylase, cellulose and laccase producing fungus were carried out for the present study with respect to some of physical and biochemical parameters, such as temperature, pH, incubation time, carbon source and nitrogen source.

3.4.1 pH

Among the physical parameters, the pH of the growth  medium plays an important role by inducing morphological change in the organism and in enzyme secretion (Gupta et al., 2003). The pH of the fermentation medium was adjusted from 4.5 to 10.5 at an interval of one unit using 1N HCl or NaOH for amylase, cellulase and laccase production. The medium was inoculated with 1% of the selected fungal isolate and incubated for 3 days at room temperature (28±20C). After the incubation period, the medium was centrifuged and the enzyme activity was determined in the cell free supernatant. The pH at which the enzyme action was maximum was selected as optimum pH.

3.4.2 Incubation time

To determine the optimum incubation time for the enzyme production, the fermentation medium was taken in five different 250ml Erlenmeyer flasks. They were inoculated with 1% inoculums medium and incubated at 5 different time intervals (3, 5, 7, 9, 11 days) at room temperature. After the incubation time, the medium was centrifuged and the  enzyme activity was determined in cell free supertanatant and the optimum incubation time was followed for subsequent studies.

3.4.3 Temperature

The influence of temperature on enzyme production is related to the growth of the organism. The medium were inoculated and incubated at different temperatures such as 20, 30, 40, 50 and 600C for 5 days. After the incubation period the enzyme activity was determined. The optimum temperature was taken for further studies.

3.4.4 Carbon source

Carbon is the chief constituent and almost half of the dry weight of the fungus consists of carbon only (Rao et al., 2003). To determine the best carbon source for the enzyme production carbon sources souch as sucrose, starch, maltose, glucose, lactose and beef extract was taken at 1% concentration individually in the fermentation medium and enzyme activity was determined after 5 days. The carbon source which leads to maximum enzyme activity was chosen as best carbon source.

3.4.5 Nitrogen source


Nitrogen is an essential element which plays a major role in the growth and speculation of fungi (Rao et al., 2003). Different nitrogen sources (1%w/v) were incorporated individually in the medium for selecting the ideal one for better production. The nitrogen sources studied were yeast extract, urea, peptone, ammonium nitrate, ammonium sulphate and tryptone. The medium was inoculated and incubated at optimum time, temperature and pH and the enzyme activity was determined. Based on the enzyme activity, the suitable nitrogen source was selected. 

       The process parameters were optimized for all the three enzyme amylase, cellulase, and laccase.separately and the optimized parameters were followed for the production of enzymes.

3.5. Denim processing

3.5.1. Selection of fabric


Cotton has always ruled the textile world and is rightly known as the “king” among fibres (Pant and Nayak, 2004). Most denim is still 100% cotton with twill 2/1 weave construction (Montazer and Maryan, 2010). Denim is a warp faced twill fabric made from 65-125 warp dyed yarn and undyed weft (Raghunandan et al., 2004).


Due to Denim’s right-hand twill construction, one colour predominates on the fabric surface. The fabric is very strong and durable. “Denim is a cradle-to-grace product. It is the best and more versatile global fabric” (Vijalakshmi et al., 2012).


Hence Denim fabric was selected for the present study. The Denim fabric was provided by KG Denim,coimbatore.

3.5.2 Desizing

3.5.2.1 Conventional  process


Traditional desizing is performed by using detergent and hydrochloric acid or oxidative desizing agents. The denim fabric was desized by boilng it in a solution containing 1% hydrochloric acid for 30minutes using a material liquior ratio of 1:30 and thoroughly washed with cold water and dried  in air                               (Dalvi et al., 2007).

TABLE I

DESIZING  USING CONVENTIONAL  PROCESS 

	Parameters
	Quantity

	Fabric

M:L ratio

Detergent (or)

hydrochloric acid

Time

Temperature
	1g

1:30 

2g

1g

30min

650C


3.5.2.2. Desizing using crude enzyme extract

The crude amylase enzyme was extracted from Aspergillus niger sp. and used for desizing process.


           Desizing was carried out by taking material liquor(M:L) ratio as 1.30. 1g denim fabric was immersed in 30ml solution containing 3%  crude enzyme solution and 1% wetting agent . The sample was left undisturbed for 30 min at 50oC. The pH was maintained at  7.0.

TABLE II

DESIZING USING CRUDE ENZYME EXTRACT
	Parameters
	Quantity

	Fabric

M:L ratio

Amylase

Wetting agent

pH

Time

Temperature
	1g

1:30 
3%

1%

7

30min

Room temperature


After 30 minutes the temperature was raised to 100oC  to deactivate the enzyme and the fabric was given cold wash for 3 minutes

3.5.2.3 Desizing  using Commercial enzyme

       Desizing process involves impregnation of fabric with desizing agents, allowing into degrade or solublise the size and finally to wash off the degraded products (Athalye, 2012). The size has been removed from the fabric                surface in order to make the fibre accessible to cellulases or stones               (Belgnith et al., 2001).

Desizing was carried out by taking matrial liquor(M:L) ratio as 1.30. 1g denim fabric was immersed in 30ml solution containing 2% enzyme solution and 1% wetting agent . The sample  was left undisturbed for 25 min at 50oc. The  pH was  maintained at  7.0.

TABLE III

DESIZING  USING COMMERCIAL ENZYME

	Parameters
	Quantity

	Fabric

M:L ratio

Amylase

Wetting agent

Time

Temperature

pH
	1g

1:30 
2%

1%

25min

500C

7



After 25 minutes the temperature was raised to 100oC to deactivate the enzyme and the fabric was given cold wash for 3 minutes.

3.5.3. Denim Washing

3.5.3.1. Stone wash process

      The abrasion effect on the garment is obtained by locally removing the surface bound indigo dye. This reveals the white interior of the yarn              (Belghith et al., 2001).

           Fabric is rubbed with pumice stone for 10min. Drain the water and rinse with hot water  for 5minutes.

3.5.3.2. Crude enzymatic washing process
The cellulase enzyme extracted from Trichoderma sp was used for bio stoning. The desized denim fabric was weighed.

Crude ezyme washing was carried out by taking material liquor(M:L) ratio as 1.30. 1g denim fabric was immersed in 30ml solution containing 3%  crude enzyme solution, antiback staining agent (1%)and 1% wetting agent . The sample was left undisturbed for 40 min . The pH was maintained at 4.5.

TABLE IV

CRUDE ENZYMATIC WASHING PROCESS

	Parameters
	Quantity

	Fabric

M:L ratio

Cellulase

Wetting agent

Antiback staining agent

pH

Time

Temperature
	1g

1:30 
3%

1%

1%

4.5

40min

400C


           After 40minutes the temperature was raised to 100oC to deactivate the enzyme and the fabric was given cold wash for 3 minutes.

3.5.3.3. Commercial enzymatic washing process

Denim washing is the removal of surface dyes and fibers to give the garment a used appearance. With the fast developing finishing technology in past decades, various denim washing techniques have been devised  to produce a variety of trendy garments, one such recent washing is bio washing (Prince, 2007).
Enzyme washing was carried out by taking material liquor(M:L) ratio as 1.20. 1g denim fabric was immersed in 20ml solution containing 2%  commercial enzyme solution, antiback staining agent 1% and 1% wetting agent . The sample was left undisturbed for 30 min . The pH was maintained at 4.5.

TABLE V

COMMERCIAL ENZYMATIC WASHING PROCESS
	Parameters
	Quantity

	Fabric

M:L ratio

Cellulase

Wetting agent

Antiback staining agent

pH

Time

Temperature
	1g

1:20 
2%

1%

1%

4.5

30min

400C


          After 30 minutes the temperature was raised to 100oC to deactivate the enzyme and the fabric was given cold wash for 3 minutes.

3.5.4. Denim bleaching

3.5.4.1. Conventional bleaching process

In this process a strong oxidative bleaching agent such as sodium hypochlorite or KMNO4 is added. Bleaching process was carried out by keeping (M;L) ratio as1:30 at pH 7. Sodium hypo chlorite at 2% was added . The process was done for four minutes at 60oC.

TABLE VI

                         CONVENTIONAL BLEACHING PROCESS 
	Parameters
	Quantity

	Fabric

M:L ratio

Sodium hypo chlorite (or)

Kmno4
pH

Time

Temperature
	1g

1:30 2%

7

40min

600C


                 Fabric was given hot wash for 5 minutes, and cold wash for                    3 minutes, and then squeezed and dried.

3.5.4.2. Crude Enzymatic bleaching process


The laccase enzyme extracted from Trichoderma sp was used for bleaching process. The fabric was weighted. Then the fabric was loaded into the laundero meter with material liquor(M:L) ratio as 1.30. 1g denim fabric was immersed in 30ml solution containing 3%  enzyme solution, antiback staining agent (1%) and 1% wetting agent . The sample was left undisturbed for 40 minutes . The pH was maintained at 5.

TABLE VII
CRUDE ENZYMATIC BLEACHING PROCESS
	Parameters
	Quantity

	Fabric

M:L ratio

Laccase

Wetting agent

Antiback staining agents

pH

Time

Temperature
	1g

1:30 
3%

1%

1%

5

40min

Room temperature


After 40 minutes drain the water, rinse with hot wash for 5min and cold water for 3min. The sample was then squeezed and dried. 

3.5.4.3. Commercial  enzymatic bleaching process

Laccase is a redox enzyme using molecular oxygen as the electron acceptor. Laccase act as bleaching agent and improves the whiteness property (Ashok et al., 2012).

             Laccase decolorize indigo and thus improves finishing of denim fabric (Rai, 2004). Fabric was immersed into the Laundero meter. 
          Enzyme bleaching was carried out by taking material liquor(M:L) ratio as 1.20 1g denim fabric was immersed in 20ml solution containing 2%  enzyme solution, antiback staining agent (1%) and 1% wetting agent . The sample was left undisturbed for 30 minutes . The pH was maintained at 5.
 TABLE VIII

COMMERCIAL ENZYMATIC BLEACHING PROCESS
	Parameters
	Quantity

	Fabric

M:L ratio

Laccase

Wettig agent

Antiback staining agent

pH

Time

Temperature
	1g

1:20 
2%

1%

1%

5

30min

500C



After 30 min, the water was rained rinsed with hot water for 5 min and cold water for 3 min. The sample was then, squeezed and dried.


Nomenclature of the samples.

TABLE IX

NOMENCLATURE

	Fabric
	Abbreviation

	Original

Denim fabric faded using Crude extracted enzyme

Denim fabric faded using commercial enzyme

Denim fabric faded by conventional method
	O

DEE I
DCE I
DCM I

	Denim fabric bleached using crude extracted enzyme

Denim fabric bleached using commercial enzyme

Denim fabric bleached by conventional method
	DEE II
DCE II
DCM II


3.6. Evaluation of the fabric
3.6.1 Subjective evaluation

Subjective evaluation through visual inspection.


The test sample were evaluated visually uing a performa given in Table. A panel of 25 post graduate students specializing in the field of Textile and clothing were selected as judges for evaluating the samples. The evaluation, for the general appearance, faded effect and eveness of faded effect.
3.6.2. Objective Evaluation


Textile testing as a whole refers to vigours testing done on textile material which may be inside the laboratory as well as in natural setting (Raul and Jewel, 2005).

3.6.2.1. Fabric Weight


Fabric weight is the relative weight of the fabric and expressed as the weight of a particular size of piece as grams/square meter or ownces/square yard (Angappan and Gopalakrishnan, 2006).


Fabric weight of the original and treated samples were determined using GSM cutter. It is a device to cut circular specimen of 100 square centimeters of a fabric very accurately. It has 4 blades that cut the fabric when the hard wheel is rotated by applying light pressure. The sample were cut and weighted accurately using digital balance having 0.01 sensitivity. The value in gms multiplied by 100 gives grams/square meter of the fabric.


The samples were weight five times and the mean value was calculated and recorded.

3.6.2.2. Fabric thickness


Based on BS:2544:1954 the principle of fabric thickness is “Essentially the determination of the thickness of compressible material such as a 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 (Jewel, 2005).


Hungartan thickness tester was used it has two parts, the anvil and the pressure foot, which worked under a level 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 leve 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.

3.6.2.3. Fabric stiffness


Fabric stiffness indicates the resistance of the fabric to bending and it is a key factor in the study of handle and drape (Arun, 2001).Shirley stiffness tester was used to test the stiffness of the fabric. The sample A was cut to the size of 15cm x 2.5cm using the template. The sample was placed on the plat form with the template at the top of it, so that the leading edges coincide. Both were slowly pushed forward until the leading edges of the sample and the template projected beyond the edge of the plat form. The sliding of the sample was stopped when it cut both the index lines. Then the bending length of the sample read from the scale opposite a datum line engraved on the side of the plat form. Five readings were taken for sample A. Mean values of the bending length is warp and weft wise direction was calculated. Similarly other sample was calculated.

3.6.2.4. Strength and Elongation

The tensile or breaking strength of the fabric is a measure of its resistance to a tensile load or stress in either  warp or weft direction                 (Singh, 2004), and (Dhuraj and anun;2004)


Elongation is the increase in length of a specimen during tension test, expressed in units of length of the fabric when loaded (AATCC, 1995).


The strength of the all measured samples of original and treated strength using Eureka cloth tensile strength tester. 12 inch x 2 inch specimen from each sample were cut both in warp and weft direction of the fabric          2 inches apart from selvedge. The specimen was placed between the upper and lower clamp. The dial reading was set to zero by adjusting the pendulum over the quadrant scale. The elongation pointer was checked for its position in zero. Before starting the machine the pendulum lock was released and machine was switched on to run. At the point of fabric started to break the machine was switched off. The dial reading in kg was taken.


Elongation reading was noted from the elongation scale. The specimen was removed and the machine positioned back to original and five specimens of both directions from each samples were tested and readings were noted.

3.6.2.5. Abrasion Resistance


The complete movement for an abrasion cycle is dependent on the action of the abrasion machine and test method uses. It may consist of one back and forth unidirectional movement or one circular movement, or a combination of both (ASTM D.3885-04).


Abrasion resistance tester was used to determine abrasion resistance of the sample using random sampling five samples were cutted using template. The sample holder with 200Gms weight was used for this test. The rubs were standardized to 200 rotation. The sample were made to rub against the abrasive surface. After 200 rotation the samples were removed and final

3.6.2.6. Fabric crease recovery


A measure of crease resistance specified quantitatively in terms of certain parameters such as crease recovery angle (Maitra, 2007).


Shirley crease recovery tester was used to measure the crease recovery angle of the sample. A wrinkle free rectangular 2”x1” 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.

4. results and discussion


The results of the present study is discussed under the following headings:

4.1 Isolation and identification of fungi producing amylase, cellulase and laccase

4.2 Optimization of various physical and chemical parameters for enzyme production


4.2.1 Incubation time


4.2.2 Temperature


4.2.3 pH


4.2.4 Carbon source


4.2.5 Nitrogen source

4.3 Denim processing

4.4 Evaluation of the fabrics


4.4.1 Subjective  evaluation


4.4.2 Objective evaluation



4.4.2.1 Fabric weight 

                4.4.2.2 Fabric thickness



4.4.2.3 Fabric stiffness



4.4.2.4 Fabric strength  and elongation



4.4.2.5 Abrasion resistance

                     4.4.2.6 Crease recovery

4.1 Isolation and identification of fungi producing amylase, cellulase and laccase


Fungal colonies were isolated on Rose Bengal Chloramphenical agar by serial dilution technique. The isolated fungal colonies were screened for amylase, cellulase and laccase production. The fungal isolate which produced amylase, cellulase and laccase was identified by visualizing the clear zone on agar plates and further confirmed by measuring the activity.


Based on the morphology and lactophenol cotton blue staining, the fungal isolated that produced amylase was identified as Aspergillus niger and the isolate that produced cellulase and laccase was  identified as Trichoderma sp.

TABLE X
COLONY MORPHOLOGY AND MICROSCOPIC APPEARANCE OF FUNGAL ISOLATES
	S.No.
	Fungi
	Colony morphology
	Microscopic appearance

	1.
	Aspergillus niger .
	Smooth and  hyaline becoming darker
	Conidia are brown to black, rough globose

	2.
	Trichoderma sp.
	Emerald green coloured colonies with smooth and rough walls
	Masses of spores wit slimy conidial heads clustered at the tip


Plate 1,2

Plate 3,4

4.2 Optimization of various physical and chemical parameters for enzyme production
4.2.1 Incubation time

Enzyme activities were determined at different incubation periods and the results are presented in Table XI and Figure 1.
Table XI
Effect of incubation time on enzyme production
	Incubation time (Days)
	Enzyme activity (µ/ml/min)

	
	Amylase
	Cellulase
	Laccase

	3

4

5

6

7

8
	0.57

0.63

0.88

1.12

0.98

0.90
	0.59

1.15

1.21

1.95

0.59

0.41
	0.21

0.28

0.35

0.45

0.21

0.06



 Enzyme production increased with increased in incubation time. Amylase production reached  maximum  on 7th day and production of cellulase and laccase reached maximm on 6th day of incubation.

          A gradual decrease  was noticed on further increase in time. This  could be due to the denaturation or decomposition of the enzyme.


Thippeswamy et al (2006) reported maximum amylase production after 5 days of incubation by Bacillus sp.

Fadel and Elkader (1994) found out that cellulase production in fungi was maximum after 8 days of incubation. According to Ogarva et al (1982) cellulase production by Trichodarma reesei was maximum after 10 days of incubation.

4.2.2 Temperature


Temperature is directly related to the metabolic activities of the microorganism 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 XII and  Figure 2 describes the effect to temperature on growth and enzyme production by Aspergillus sp and Trichoderma sp.
Table XII
Effect of temperature on enzyme production

	Temperature (0C)
	Enzyme activity (µ/ml/min)

	
	Amylase
	Cellulase
	Laccase

	20

30

40

50

60
	0.05

0.08

1.02

0.81

0.62
	0.08

1.01

1.98

0.67

0.58
	0.04

0.07

0.56

0.60

0.35


It is observed from  Table XII, that, temperature of 400C favours the growth and enzyme production by Aspergillus sp.and Trichoderma sp. As the temperature increases, the enzyme activity decrease which may be due to denaturation of proteins at high temperature. All fungal cultures grow at a wide range of temperature from 280C to 420C but the optimum temperature for cellulose and laccase production ranged between 280C to 370C (Anandapandian et al., 2004).


Oyeleke et al., (2009), reported that the amylase production in fungi was maximum at 400C 
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4.2.3 pH.


The initial pH in the medium was varied from 4.5 to 8.5 to determine  the optimum pH for the production of amylase, cellulase and laccase and the results are presented in Table XIII and Figure 3.
Table xiii
Effect of pH on enzyme production
	pH
	Enzyme activity (µ/ml/min)

	
	Amylase
	Cellulase
	Laccase

	4.5

5.5

6.5

7.5

8.5
	0.35

0.58

1.20

0.99

0.48
	0.85

0.95

0.78

0.41

0.35
	0.28

0.67

0.54

0.32

0.11



From Table XIII and Figure 3 it is evident that amylase activity was maximum at pH 6.5 (1.20µ/ml/min). There was a decrease in amylase activity as the pH increases, above 6.5 The observed result is in agreement with Thippeswamy et al(2006) to reported 6.5 as optimum pH for amylase production.


It is clear from Table III and Figure 3 that cellulase and laccase  production was maximum at pH 5.0. Increase in pH above 5.5 decrease cellulose and laccase production 


Schoichief (1985) reported that the optimum pH for cellulase and laccase activity was from 4.5 to 5.5 and also there is a decline in the enzyme activity below or above the optimum pH range.


Based on the obtained results the initial pH of the fermentation medium was adjusted to 5.5 for the production of cellulase and laccase and pH 6.5 for the production of amylase.

4.2.4 Carbon source


Carbon source stimulates the growth and enzyme production. The effect of carbon source on the production of amylase, cellulase and laccase was determined and presented in Table XIV.
Table XIV
Enzyme production on different carbon sourceS
	Carbon source (1%) 
	Enzyme activity (µ/ml/min)

	
	Amylase
	Cellulase
	Laccase

	Sucrose

Dextrose

Maltose

Starch

Beef extract

Lactose
	1.08

1.80

0.84

1.98

0.56

0.48
	0.28

0.98

1.40

1.60

0.26

0.54
	0.11

0.29

0.07

0.26

0.21

0.06



Among the carbon sources starch was found to enhance amylase (1.98µ/ml/min)and cellulase (1.60µ/ml/min)  production followed by dextrose and maltose. Dextrose was found to be the suitable carbon source for the production of laccase (0.29 µ/ml/min) followed by starch and beef extract.


Mulimani (2006) studied the effect of carbon source on the production of amylase and reported that 1% starch was the best carbon source. Okeke and Obi (1993) reported that filter paper and microcrystalline cellulose were the best carbon source for the production of cellulase and laccase.
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4.2.5 Nitrogen source


Nitrogen source is an important factor that affects enzyme production Table XV and Figure 5 shows the effect of nitrogen source on amylase production by Aspergillus sp , and cellulase and laccase production by Trichoderma sp.

Table XV
Enzyme production on different nitrogen sources
	Nitrogen source (1%)
	Enzyme activity (µ/ml/min)

	
	Amylase
	Cellulase
	Laccase

	Urea

Yeast

Peptone

Tryptone

Ammonium sulphite

Ammonium nitrate
	0.40

0.50

0.38

1.28

0.92

0.48
	0.52

1.82

1.07

0.40

0.83

0.79
	0.18

0.30

0.15

0.06

0.15

0.09
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Among the nitrogen sources tested, tryptone was found to be the best nitrogen source for the production of amylase (1.28µ/m//min) followed by ammonium sulphite.


Yeast extract was found to be the best nitrogen source for the production of cellulase and –laccase

4.3 Denim processing


Denim fabric was desized by both conventional and enzymatic method. The fabric was biofaded and bleached using commercial and produced cellulose and laccase enzyme respectively.

4.4 Evaluation of  the fabrics
           All the treated samples  were evaluated both subjectively and  objectively.

4.4.1 Subjective evaluation

Subjective evaluation is the method of describing the fabric handle based on the experience and variable sensitivity of human being. Textiles are touched, squeezed, rubbed to obtain information about physical parameters (Mandal and Zhiming, 2006).

Visual Examination


Original and treated fabric were evaluated visually for general appearance, soft and smoothness and evenness of fade and the results are presented in Table XVI.

Table XVI
Visual evaluation of the fabric

	Sample
	General appearance
	Soft and smoothness
	Evenness 

	
	Excellent
	Good
	Excellent
	Good
	Excellent
	Good

	O

DEEI

DCEI

DCMI

DEE – II

DCE-II

DCM - II
	70

78

77

74

75

73

69
	30

22

23

26

25

27

31
	60

79

75

71

74

73

70
	40

21

25

29

26

27

30
	65

77

75

65

74

72

69
	35

23

25

35

26

28

31


General appearance

It is clear from Table and Figure, that the general appearance of the original and treated samples were rated as excellent by 75% of the judges.

Soft and smoothness

Regarding the smoothness, the treated smaples were rated as smooth textured fabric by 75% of the judges Original and conventionally treated samples was seemed to be rough when compared to enzyme treated sample.

Evenness in  fading and bleaching

The Enzymatically treated samples were rated as even by 75% of the Judges. The general appearance, soft and smoothness and evenness of the fabrics treated with extracted enzymes are comparable with conventional and commercial enzyme treated fabrics. 

4.4.2. Objective Evaluation

4.4.2.1 Fabric weight


The  fabric weight and analysis of variance of the samples are given in Table XVII and Figure 6.
TABLE XVII
FABRIC WEIGHT

	Sample
	Mean Value (gms)
	Loss or gain over original
	% loss or gain over original
	F value

	0

DEE I

DCE I

DCM I

DEE II

DCE II

DCM II
	4.124

4.336

4.312

4.222

4.293

4.237

3.98
	-0.209

-0.188

-0.002

-0.169

-0.113

-0.144
	5.067

4.558

0.048

4.097

2.740

3.491
	6.518**


** Significant at 1% level
From Table XVII and Figure 6, it is clear that the weight of all the samples increased after treatment when compared to the original.

Maximum increase in weight was noticed in samples DEEI.

Statistical analysis proves that  there is a significant  difference at 1% level between the original and treated samples.

The result prove that the increase in Fabric weight was found to be  higher in enzyme treated samples when compared to the conventionally treated samples.

4.4.2.2 Fabric thickness

Fabric thickness and analysis of variance of the sample O, DEE I, DCE I, DCM I, DEE II, DCE II and DCM II are presented in Table XVIII and  Figure7.

TABLE XVIII
FABRIC THICKNESS

	Sample
	Mean thickness (mm)
	Loss or gain over original
	% or loss gain over original
	F value

	O

DEE I

DCE I

DCM I

DEE II
DCE II 

DCM II
	87.4

113

101

95.4

85.2

80.2

76.4
	-25.6

-13.6

-8

2.2

7.2

11
	29.29

15.56

9.153

2.517

8.237

12.58
	56.962**


** Significant at 1% level
From Table XVIII and Figure 7, it is evident  that the fabric thickness was found to be  samples. The maximum in DEEI and DCEI and minimum increase is seen in DEE II and DCE II samples.
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4.4.2.3 Fabric stiffness (warp)

Fabric stiffness and the analysis of variance of the original and the treated samples are shown in Table XIX and Figure 8. 
TABLE XIX
FABRIC STIFFNESS (WARP)

	Samples
	Mean stiffness warp (mm)
	Loss gain original
	% loss/ gain over original
	F Value

	O

DEE I

DCE I

DCM I

DEE II
DCE II 

DCM II
	3.3

3.1

3.04

2.7

2.98

2.7

2.42
	0.2

0.26

0.6

0.32

0.6

0.88
	6.06

7.87

18.18

9.69

18.18

26.6
	4.372**


** Significant at 1% level 
It is confirmed from Table XIX and Figure 8 that mean warp bending length is decreased in all the samples. The statistical analysis proves that there was a significant difference at 1% level between the original and treated fabrics.
Fabric  stiffness (weft)

The weft stiffness and the analysis of variance of the original of the samples are shown in Table XX and Figure 9.

TABLE XX
FABRIC STIFFNESS (WEFT)

	Samples
	Mean Stiffness weft (cm)
	Loss / gain over original
	% loss/ gain over original
	F value

	O

DEE I

DCE I

DCM I

DEE II
DCE II 

DCM II
	2.4

2.28

2.26

2.26

2.28

2.2

1.98
	0.12

0.14

1.061

0.12

0.2

0.42
	5.0

5.8

5.8

8.33

5.0

17.5
	1.566 NS


NS-Non Significant 

It is obvious from the Table XX and Figure 9 that there was a decrease in bending length in all the samples. Maximum decrease was seen in sample DCM II.
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4.4.2.4 Fabric strength (Warp)


Tensile strength in warp and analysis of variance of the samples are Table XXI and Figure 10.

TABLE XXI
FABRIC STRENGTH (WARP)

	Samples
	Mean strength (kg)
	Loss / gain over original
	% loss/ gain over original
	F value

	O

DEE I

DCE I

DCM I

DEE II
DCE II 

DCM II
	104.4

156.2

140.2

92.4

135

125.6

64.4
	-51.8

-35.8

12

-30.6

-21.2

40
	49.61

34.29

11.49

29.31

20.30

38.31
	246.35 **


** Significant at 1% level
From Table XXI and Figure 10 it is clear that the strength of all the samples (warp direction) increased when compared with the original. The maximum increase in fabric strength is noticed in DEE I.


The increase in strength was found to be significant at 1% level on comparison between the original and treated fabrics. 
Fabric strength (Weft)


Tensile strength and analysis of variance of the original and the treated samples are shown in Table XXII and Figure 11.

TABLE XXII
FABRIC STRENGTH (WEFT)

	Samples
	Mean strength (kg)
	Loss / gain over original
	% loss/ gain over original
	F value

	O

DEE I

DCE I

DCM I

DEE II
DCE II 

DCM II
	93.2

135.6

121.6

68.4

120.6

09.6

58.8
	-42.4

-28.4

24.8

-27.4

-16.4

34.4
	45.49

30.47

26.60

29.39

17.59

36.90
	180.132 **


  ** Significant at 1% level

From Table XXII and Figure 11, it is clear that there was an  increase in strength of all the samples except DCM II along weft direction when compared to the original.


Statistical analysis shows that the increase in fabric strength was found to be  significant at  1% level when compared between samples.
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Fabric Elongation (warp)


Elongation and analysis of variance of the samples in warp direction are presented in Table XXIII and Figure 12.

TABLE XXIII
FABRIC ELONGATION (WARP)

	S.No.
	Samples
	Mean value (inches)
	Loss / gain over original
	% loss/ gain over original
	F value

	1.

2.

3.

4.

5.

6.

7.
	O

DEE I

DCE I

DCM I

DEE II
DCE II 

DCM II
	1.68

2.62

1.7

1.16

1.7

1.64

1.5
	-0.94

-0.02

-0.52

-0.02

0.04

0.3
	55.95

11.90

30.95

1.19

2.38

10.71
	32.83**


** Significant at 1% level.
From Table XXIII and Figure 12 it is clear that  there is an increase in elongation in enzymatically treated samples. The maximum reduction is observed in samples treated by conventional method.

Statistical analysis shows that there was a significant difference at 1% level among the samples.

Fabric Elongation (Weft)

 
Elongation and analysis of variance of the samples in weft direction are presented in Table XXIV and Figure 13.

TABLE XXIV
FABRIC ELONGATION (WEFT)

	S.No
	Samples
	Mean  (inches)
	Loss / gain over original
	% loss/ gain over original
	F value

	1.

2.

3.

4.

5.

6.

7.
	O

DEE I

DCE I

DCM I

DEE II
DCE II 

DCM II
	2.24

3.62

2.78

1.82

2.56

2.18

2.42
	-1.38

-0.54

0.42

-0.32

-0.18

0.06
	61.60

24.10

18.75

14.28

8.03

2.67
	734.30**


** Significant at 1% level.
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From Table XXIV and Figure 13 it is clear that  there is an increase in elongation in enzymatically treated samples. Maximum reduction is observed in sample DCM II.

Statistical analysis shows that there was a significant difference at 1% level among the samples.

4.4.2.5 Abrasion Resistance

Abrasion resistance and analysis of variance of the treated samples are shown in Table XXV and Figure 14.

TABLE XXV
ABRASION RESISTANCE

	Samples
	Mean  (g)
	Loss / gain over original
	% loss/ gain over original
	F value

	O

DEE I

DCE I

DCM I

DEE II
DCE II 

DCM II
	4.113

4.332

4.313

4.168

4.225

4.119

3.938
	-0.219

-0.2

-0.05

-0.112

-0.0066

-0.175
	5.324

4.862

1.215

2.723

1.604

4.25
	308.070 **


 ** Significance at 1% level.

From Table XXV and Figure 14 it is clear that the abrasion resistance of the sample was better when compared to the original. Thus it is concluded better abrasion resistance in DEEI when compared with original.

4.4.2.6 Crease Recovery (warp)

The crease Recovery and the analysis of variance of the original and the treated samples are shown in Table XXVI Figure 15.
TABLE XXVI
CREASE RECOVERY(WARP)
	Samples
	Mean warp crease recovery (0)
	Loss / gain over original
	% loss/ gain over original
	F value

	O

DEE I

DCE I

DCM I

DEE II
DCE II 

DCM II
	129.6

107

93.6

101.6

106.6

103

91.2
	22.6

36

28

23

26.6

38.4
	17.43

27.77

21.60

17.74

20.52

29.62
	19.489**


** Significant at 1% level

The above Table XXVI and Figure 15 showed warp crease recovery of the samples. With respect to enzyme treatments, maximum crease recovery resulted in DEE I. Minimum crease recovery was noticed in DEE II. The statistical analysis implies that the crease recovery treated samples shows significant difference at 1% level in warp direction.
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 Crease recovery (weft)

The fabric wet crease recovery and analysis of variance of the original and treated samples are presented in  Table XXVII and Figure 16.

TABLE XXVII
CREASE RECOVERY (WEFT)
	Samples
	Mean weft crease recovery (0)
	Loss / gain over original
	% loss/ gain over original
	F value

	O

DEE I

DCE I

DCM I

DEE II
DCE II 

DCM II
	107.4

98

97.2

85.6

96.4

94.6

85.4
	94

11.04

12.54

11

12.8

22
	8.75

10.27

11.67

10.24

11.91

20.48
	20.481**


** Significance at 1% level.


[image: image16.emf]0

20

40

60

80

100

120

Mean crease recovery

O DEE I DCE I DCM I DEE II DCE II DCM II

Samples


CREASE RECOVERY (WEFT)

FIGURE 16
From the Table XXVII and Figure 16 it is obvious that there reduction in weft crease recovery of all the samples. It Shows maximum and minimum difference in the samples DEE I  and  DEM II respectively.  
The statistical analysis shows that the difference in the crease recovery of all  the samples is significant at 1% level in weft direction.

5 Summary and conclusion


Biotechnology has impacted the textile industry through the development of more efficient and more environment friendly manufacturing process, as well as through the design of improved textile material. Some of biotechnology’s key roles have involved the implementation, production and modification of enzymes for the improvement of textile manufacturing processes. Today white biotechnology is geared towards creating new material and biobased products and providing alternative to chemical processes. These efforts lead to the development of improved enzymes such as amylase, hemicellulase, or cellulase, laccase 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 processes such as biostoning, biobleaching etc. Hence the present study, “Enzymatic Denim Processing using Cellulase and Laccase” was conducted with the following objectives.

Objectives of the study

· To screen and identify amylase, cellulase and laccase producing fungal isolates.

· To desize, fade and bleach the selected denim fabric by conventional, commercial enzymatic and crude enzymatic method.

· To evaluate the physical and mechanical properties of original and treated fabrics.

· To compare the efficiency of the produced enzymes with that of commercial enzymes in denim processing.

Methodology adopted
Fungi producing amylase, cellulase and laccase  were isolated from soil samples by serial dilution method. Well grown colonies were inoculated in Sabroud Dextrose medium. Amylase producing fungal isolates were isolated by flooding the starch agar plates with iodine solution, congo red solution for cellulase, guaiacol solution for laccase. A clear zone was observed around the selected fungi. The fungi obtained by this method were tested for amylase, cellulose and  laccase production. The maximum amylase activity produced by the fungi was identified as Aspergillus Niger and cellulase and laccase activity produced by the fungi was identified as Trichoderma Sp.

Optimization of cultural conditions for amylase, cellulase and laccase production


The effect of various physical and chemical parameters such as Incubation time, temperature, pH, carbon and nitrogen sources were optimize for enzyme production.  Enzymes were produced at optimized condition.
· The denim fabric was desized by conventional, commercial enzymatic and crude enzymatic method and bleached.

· The desized fabric was faded and  bleaching using conventional, commercial enzymatic, crude enzymatic method.

· The treated fabrics were evaluated both subjectively and objectively.

Findings

· A total of 12 different fungal colonies were isolated. Among the fungal isolates the fungal strain that produce maximum amylase was identified  as Aspergillus niger. Hence  it was selected for the present study for the production of amylase. Laccase and cellulase was found to be produced maximally by Trichoderma Sp. Hence it was selected.

·  An incubation time of 6 days was found to be optimum for the production of amylase whereas an incubation time of 5 days produced maximum cellulase and laccase.

· pH of 6.5 enhanced amylase production. An acidic pH of 4.5 was found to be the optimum pH for cellulase and laccase production.

· A temperature of 400C was found to be the optimum temperature  for amylase production. A temperature of 300C enhanced fungal growth, cellulase  and laccase production.

· Starch at 1 per cent concentration was found to be the suitable carbon source for the production of amylase and cellulase. Dextrose was found to stimulate laccase production.

· Yeast extract enhances the production of laccase and cellulase.Tryptone stimulates the production of amylase. 
· Amylase, cellulase and laccase were produced at optimal conditions and used for the processing of denim fabric.

· Crude enzyme treated samples were rated as excellent for general appearance, smoothness and evenness in fading. 
· Among the treated samples crude enzyme treated samples recorded maximum increase in strength.

· Fabric elongation of all the treated samples was found to be decreased . The maximum reduction  is observed in sample treated by conventional method

· Thickness of all the treated samples increased when compared with the original

· Weight of all the treated samples increase when compared with the original  sample. The increase  in fabric weight was found to be significant at 1% level.  The increase in fabric weight was maximum in enzyme treated fabrics. 

· The crease recovery angle decreased after treatment in both warp and weft  directions . The maximum reduction was observed in the sample treated by conventional method.

· There was a decrease in fabric stiffness in both warp  and weft direction irrespective of the treatment methods.

· Abrasion resistance increased after treatment  when compared with original.

Conclusion

 Denim fabric is one of the most loved fabric  irrespective of age and sex. The faded effect created is basically done with stone washing, and increased whitening property using hypochloride bleach  which in turn reduces the strength  of the fabric and also pollute the environment. This problem emphasis researchers to find an alternative. The result of this study has proved that cellulase and laccase extracted from fungi could be effectively used for denim fading and bleaching.  The study has laid a new road for safer and cleaner production  of denim fabrics, which could be a stepping stone for Indian denim manufactures to meet the requirement of eco labeling.

Recommendation

· Agro- wastes could be ultilized  as substrate for the production of enzymes.

· Bacterial strains could be tried for the production of denim fading enzymes.
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APPENDIX I

FABRIC DETAILS
ORIGINAL FABRIC

Fabric type
:
Denim

Dye


:
Indigo dye

Weave

:
Twill (3/1)

APPENDIX II
FABRIC SAMPLES
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