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1.0.  INTRODUCTION
⨪
             Pollution is the greatest threat posed to humanity and even to the whole biosphere. Pollution can be defined as the contamination of the environment by the undesirable substances and/or harmful chemicals causing changes in the physico chemical and biochemical properties of the environment, describe Vidhya and Usha (2007).The impact of rapid industrialization on environment is far reacting and even disturbing.  Pawar et al.(2006) state that wet processing of textile material involves the maximum possibilities of polluting chemicals being used. A number of chemicals that are being used liberally in order to enhance the quality contain toxic and hazardous substances. The textile wet processes include basic finishes like desizing, bleaching, scouring and mercerization whose effluent will ultimately be the combination of various chemicals. Shukla (2005) views that these chemicals not only damage the environment but also affect the consumer of the textile product.         

              Nowadays there is also an increased awareness towards eco-friendlyness. Modern society expects bio-auxiliaries to be the remedy for worldwide problems like depletion of energy sources, incurable illness and pollution among other problems. Industrial use of biotechnology bring about newer products and processes which aimed at the use of renewable resources as well as the application of green technologies with low energy consumption and environmentally healthy practices. The demand for eco-friendlyness introduced enzymes to the textile field. Verma et al.(2002) suggest that enzymes have come to forefront in the textile processing and have made process more eco-friendly.

             Enzymes are wonderful products from microbial fermentation. Enzymes are proteins made up of amino acids that act as a powerful catalyst in many reactions. Enzymes are essential for the metabolic processes and are distinguishable from other protein because of their catalytic activity. They are easily biodegradable and are highly reactive that increase the rate of the reaction of biochemical processes which typically proceed very slowly in some cases not at all. Enzymes are highly substrate specific and controllable biopolymer. Action of the enzyme is specific to time, temperature, pH, enzyme concentration and substrate concentration state Shanmuganandam and Kumaravel (2006). The enzyme used in textile processing are amylase for desizing, cellulase for scouring, protease for silk degumming and wool deprickling, pectinase for flax retting and laccase for bleaching, points out Mahapatra (2007). Enzymes are available either in the form of liquid, powder or granulate. Sight et al. (2004) and Moses (2004) reveal that the application of enzyme modify the surface properties of textile which acts favourably for dye uptake and then finishing processes. The concept of using enzyme was known as bio-finishing. The main objective of bio-finish is to create a top quality material with good texture and appearance, so as to avoid chemicals producing toxic effluents.

           From time immemorial, India has been popular for its fine variety of cotton clothes. Cotton chintz was one of the major items of export. They were loved by one and all for the intricacy of weaving and fineness of texture, light weighted ness and brilliance of shade. Indian cotton goods found a place of pride in the world textile market.

            Desizing is a process of removing size material (starch, poly vinyl alcohol and Carboxy methyl cellulose) from the cotton fabric. It involves the usage of acid (hydro chloric acid or acetic acid) with sodium chloride as an auxiliary where the fabric is kept always wet or else hydrolysis of cellulose take place. The conventional chemical desizing method leads to the loss of fabric strength. This draw back can be overcome by the use of enzyme, the method known as “Biodesizing”.


Amylase used for desizing acts on 1,4-alpha glycosidic linkage of amylose (linear chain) and amylopectin (branched chain) to give diversified products including dextrin and progressive polymer compound of glucose units. Menezr (2007) reports that biodesizing has high efficiency, requires low energy and there is no strength loss as it hydrolyses only starch. Amylase having approximately 25% of the enzyme market with extensive biotechnological applications in bread and baking, food, textile and paper industry and they are produced by a variety of living organisms, ranging from microbes to plants and animals. The enzyme from the microbial source meet the industrial demand of which fungal species are well known because of their ability to excrete enzyme to the environment, says Thaddeus (2005). According to Satyanarayana (2005) microorganisms are the most significant and convenient source of commercial enzymes which are cultivated in economical media with short period and larger quantities under suitable culture conditions. The microbial enzymes are biodegradable without forming waste/ sludge, state Pardeshi et al. (2002).


In recent years solid state fermentation have been increasingly utilized for the enzyme production. The crude fermented product can be used as an enzyme source. Solid state fermentation gained renewed interest in economic view and engineering advantages. The content of solid state fermentation can be made by agro waste which makes attractive alternate method of growing microorganism. Application of these agro industrial residues also solves pollution problems.


Microorganisms require carbon, nitrogen, minerals, water sometimes growth factors also water and oxygen if aerobic as elements for cell biomass, energy bio-synthesis and cell maintenance. Hence the growth of microorganisms varies according to physical and chemical environmental factor. Medium constituents can have a profound effect on the physiology of microorganisms and product formation.⨪⨪Medium conditions that affect the product formation includes pH, temperature, moisture content, nitrogen, divalent cations, chelating agents, anionic polymers, surface active agents and the presence of solids.


Hence the present study entitled Optimization and Characterization of Fungal Amylase from Aspergillus niger for desizing selected Cotton fabrics is aimed with the following objectives.

Objectives of the study are to
· isolate and identify the amylolytic fungi from selected sources

· optimize the cultural conditions for maximum enzyme production 

· characterize the produced enzyme

· desize the selected cotton fabrics using produced enzyme

· evaluate the desizing efficiency of produced enzyme

· compare the desizing efficiency of produced enzyme against 

· commercial enzyme desizing and conventional desizing

· carryout subjective and objective analysis of the treated fabrics.

2.0 .REVIEW OF LITERATURE
A brief review of literature pertaining to the study “Optimization and Characterization of Fungal amylase from Aspergillus niger for desizing selected cotton fabrics” is presented under the following headings.
2.1. Need for eco-friendly textile processing

2.2. Cotton



2.2.1. Introduction



2.2.2. Structure of cotton 



2.2.3. Properties of cotton



2.2.4. Classification of cotton



2.2.5. Uses of cotton 



2.2.6. Economy of cotton

2.3. Desizing



2.3.1. Enzymatic desizing



2.3.2. Types of desizing enzymes



2.3.3. Advantages of enzymatic desizing

2.4. The virtual enzymes

2.5. History of enzymes

2.6. Sources of enzymes

2.7. Properties of enzymes

2.8. Role of enzymes in textile processing

2.9. Advantages of enzymes in textile processing 

2.10. Amylase for desizing



2.10.1. Classification of amylase



2.10.2. Advantages of amylase in textiles

2.11. Solid State Fermentation (SSF) for fungal amylase



2.11.1. Advantages of solid state fermentation

2.12. Agro residues for amylase production

2.1. Need for eco-friendly textile processing


The wet processes of textile involves chemical, physical and physico chemical phenomenon. The whole operation of textile is called as ‘value added process’, states Girish (2005). Many chemical reactions used in the industry are non-specific reactions, often loading unwanted by products. Textile processes may require harsh condition such as acid or alkaline pH, large number of water disposal of unwanted by products which may add to effluent treatment cost, expresses Bhayare (2005). The cotton fabrics under go pretreatments like desizing, scouring and bleaching. The conventional chemicals used for these purposes contribute substantially to the chemical and biological load of the effluent, remark Shukla et al. (2000). Concern for environment hunger for eco-friendly products and processes have compelled scientists and technocrats to develop products and processes which are eco-friendly, mention Wasif and vivek (2005).


Eco-friendly materials are those which do not contain any hazardous or toxic substances. They are biologically degradable and produced by eco-friendly processes, so that they do not cause any damage to the environment, say Anita and Sheetal (2007). The demand for industrial enzymes is ever increasing owing to their application in a wide variety of processes. The enzymatic reaction products are ecologically friendly matters (only oxygen and water no salt), because enzymes are acting according to the key-lock system there is no side effect and therefore no reaction with dye or with the textile itself, mentions Nalankilli (2001).


Awareness about the negative environmental impact of textile preparatory processes forced minimal usage of harmful chemicals, minimal discharge of waste water and minimal pollution of atmosphere below specified limits, report Kousar and Charya (2002).

2.2. Cotton

2.2.1. Introduction


Kaplan (2002) defines; cotton is a white fibrous substance covering seeds harvested from cotton plant. According to Mishra et al. (2007) cotton is a natural cellulosic fiber which gas derived its name from Arabic word ‘qutun’. Watzl and Eisena (2002) report that cotton is the purest form of cellulose that can be found in nature and excels the physical and chemical homogeneity of any other vegetable fiber. Amsamani and Veena (2005) express that natural cellulosic fibers are only biodegradable fibers. Cotton, called as” king of fibers” has occupied prime position as the growing demand increase due to deforestation and increase in the population. The superiority of cotton is due to the easy availability, comfort during wear and excellent washing property because of its inherent properties, mention Bhattacharya and Patel (2004).

2.2.2. Structure of cotton


Cotton, a uni-cellular fiber, contain 90% amylose and other non-cellulosic impurities like oil, fat, wax, nitrogenous matters, say Sinha and Malini (2002). The basic material of cotton is cellulose, having an imperial formula (C6H10O5) n and a chemical structure, Chakraborty (1998). According to Ghosh (2004) each cotton seed may hold as many a 20,000 fibers of an average of staple length of 0.5-2.5” on its surface and a single boll may bear up to 1, 50,000-2, 00,000 fibers. The fibers are long, thin, crystalline shape of 100A°. It has even numbered carbon primary alcohol (CnH2n+OH), Kaplan (2001). Each hair consists of a single elongated cell. The upper end tapered to a point while the lower end is open where it has been removed from the seed by the ginning process. Cotton fibers are structurally differentiated into concentric zones. The core is hollow and is called lumen. The outer most layers called cuticle which is a thin film of fat, pectin and waxes, beneath this primary wall is present. The fiber diameter ranges from11-22µm, staple length of cotton fiber ranges from 7-25mm, the length to breadth ratio range from 6000:1, for longest best type and 350:1 for shortest and coarsest cotton type. Cotton has a distinct cuticle; in cross section it shows oval shape, well defined primary and secondary walls and lumens. The waxy layer enables it to adhere tenaciously to the fiber says Gohl (1999).
2.2.3. Properties of cotton 


Cotton fibers have attractive textile properties like heat conductivity, hygroscopic nature, high moisture transport, absorbency, drapability, wet strength insulating property and non-allergic, describe Elessner and Mayker (2003) and Sampath (2003). Cotton fiber is short and strong fiber with low price so called as dead fibers, because it has like luster, wrinkle resistance and elasticity NIIR Board. Cotton fibers have a natural twist that makes them so suitable for spinning into a very strong yarn. The ability of water penetration makes the fiber easy to remove dirt and crease easily removed by ironing, Kaplan (2002). Quick water absorption of cotton is provided by structural networks of micro fibrils. It has excellent dimensional stability, high strength even up to 175ºC and also has renewable resources and is biodegradable, states Samantha (2003).  Wrinkle resistance of cotton fiber is achieved by combination of surface resin treatment and oven drying, Ghosh (1999). Blending of cotton yields flexibility and variety in cotton that minimizes cost, un interrupted production, economizing use of imported expensive cotton, says Hajane (2004).
2.2.4. Classification of cotton


More than 100 varieties of cotton with varying range of fiber characteristics are grown commercially in various parts of India. Cotton can be classified is  based on staple length namely short, medium, medium long, long and extra long which indicates the spinnability of the fiber to fix the market value o the aw cotton, Shanmuganandam and Vivekanandam (2003).

2.2.5. Uses of Cotton 

Malik (2007) points out that cotton, most popular amongst natural fibers, is admired by consumers, the world over for its fascinating feel, comfort and versatility. Accounting for 49% of global fiber consumption, cotton is preferred for a wide range of applications, from apparel to home textiles and a variety of specialized applications. Cotton is used to make blouses, shirts, singlets, shorts, Bermudas, jackets and pants. It can also be made into bedspreads, pillowcases, carpets and curtains. In addition, cotton is used in fishnets, coffee filters, and tents and in bookbinding. The first Chinese paper was made of cotton fiber, as is the modern US dollar bill and federal stationery. Fire hoses were once made of cotton. Cotton, a type of durable cloth, is made mostly of cotton, as are T-shirts. The cotton seed which remains after the cotton is ginned is used to produce cottonseed oil, which after refining can be consumed by humans like any other vegetable oil. The cottonseed meal that is left is generally fed to livestock, (http://www.worldofmolecules.com/materials/cotton.htm)
2.2.6. Economy of cotton 
              Cotton is an integral part of textiles in India. Four million handlooms are engaged in weaving fabrics of nearly 23 different varieties of cotton, states Luther (2005). Cotton is the raw material predominantly used by the Indian Textile Industry. The major part of the India’s Textile exports and still higher proportion of domestic consumption are made of cotton and its blends review Basu and Chellamani (2004). As per the view of Nakamura (2000) the total world production varies relatively every year but it is approximately around 50,000,000 sacks (1 sack is of 500 lbs). Out of this, about 40% is produced by America and Russia by dividing into half approximately. Next to it, about 20% is produced in China. The other countries, producing cotton in good quality are India, Mexico, Egypt, Brazil, Pakistan, Turkey, Iran, Sudan, Uganda and Tanzania etc. Rai (2004) mentions that cotton is still the world’s leading textile fiber with some 20 million tones grown every year by about 80 producing countries. Cotton is the major raw material for the textile industry that provides substantial employment opportunities and contributes export earning. India, the second larger cotton producer in the world, accounts for 16.75% of the global production, Annual report (2006-2007). Cotton textile export during 2001-2002 continues to be a key driver in Indian export effects. Bangalore has been one major destination of Indian cotton textile material, Textile trends,(2003).China, India, Pakistan Turkey, USA and Brazil lead the world in both cotton production and consumption, reports Jim (2006). 
2.3. Desizing


Chappattwala and Gandhi (1993) state that starch is applied to the warp threads before weaving, to strengthen them to sustain mechanical adversities. Removal of starch through desizing operation after weaving is essential to import absorbency for further wet processing. Gavaco et al. (1998) report that desizing is the process that removes size from warp thread in the fabric after weaving. Muthumanickam and Ganesh (2005) mention that in the conventional process, using acid desizing the fabric should be kept always wet which results in the hydrolysis of cellulose. Mahapatra (2007) describes that, the normal practices starches are removed with oxidative types of desizing agents like persulphate/ sodium bromide. CMC and PVA can be removed in a boiling bath containing alkali such as NaOH/Na2CO3. Moghe and Khera (2000) explain that the purpose of desizing is to ensure the success of scour boiling, bleaching and the production of faultless dyeing. The conventional method may result in poor dying, lower degree of whiteness, insufficient absorbency, spots, reserves unevenness of dye stuff. Ashok and Maheshwar (2004) reveal that due to un controlled non-specific reaction, the cellulosic material gets damaged and losses strength. With the introduction of enzyme based desizing process, the limitations and drawbacks of traditional desizing process can be overcome.
2.3.1. Enzymatic desizing


Desizing is one of the oldest and best established textile wet process involving enzymes. Natural biodegradable sizing compounds such as starches can be hydrolyzed by amylases. Amylase breaks down starch into water soluble sugars by cleaving 1,4-alpha glycosidic bond. This kind of treatment does not affect fiber nor the environment. Churi and Khadilkar (2005) report that the biodesizing system decomposes or solubilizes starch which can be removed by washing. Shekar (1999) reveal that a variety of commercial products are available which are based on amylolytic enzymes. The commercial enzymes may be in the natural or in modified that are capable of destroying amylose type of starch, as a result forming water soluble product without affecting the fiber.


2.3.2. Types of desizing enzymes


(a).desizing enzymes which works at a temperature of 60-70°C




(b). heat stable desizing enzymes active at temperature ranging from 80-100°C


(c). desizing enzyme active at room temperature

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

· Effluent neutralization is not required.

· Save water, time and energy.

· Feel of fabric is much softer.

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

2.4. The virtual enzymes


Jan et al. (1999) remark that enzymes are class of proteins that function as biocatalyst, the term enzyme is derived from the Greek word “enzymos”, which means ‘in the cell or ferments’. Girish (2004) says that, they are composed of amino acids with a variety of side chains. The side chain allows the protein to create a ‘active site’ which facilitate all ranges of microenvironment for catalysis. Shukla et al. (2000) describe that molecular weight of these ferments is very high and is of the order of 104-105 and can bring hydrolysis, oxidation, reduction and coagulation. Enzymes are present in living organisms and are themselves not living organisms. Enzymes being natural protein products are completely biodegradable and accomplish their work quickly and efficiently without leaving any pollutant behind, report Schumacher et al. (2003)


Nicklsen et al. (1998) report that enzymes used in large scale in the textile industry are amylase, cellulase, oxidoreductase, lipase, pectinase and protease. Allam et al. (2000) describe that time, temperature and pH is the factors affecting the enzyme activity. Enzymes are produced at low costs in virtually un limited quantities and hold out potential forces.

2.5. History of enzymes


Enzyme technology has a longer history. The identification of enzyme application is over 100 years old, while the usage of purified enzymes commercially is 60 years old. But the small share of commercially used enzymes of a total no. of enzymes identified, suggest that the technology as a whole still in its infancy. Among 200 enzymes reported so far around 50 are found to be of greater importance for various industrial processes, says Walavakal (2005)

Gurumall et al. (2003) reveal that the use of enzymes in textile processing dates back to the middle of 19th century when malt extract was used to remove amylaceous sizes from some textile material before printing. In 20th century, the only commercially available enzyme was ‘diastase’.  Shanmuganandam and Kumaravel (2006) mention that the first use of biotechnology i.e. enzymes in textile industry to desize the cotton fabric with amylase where in the starch is hydrolyzed and it is still used extensively. The enzymes have been widely used in domestic laundering, detergents since 1960’s.

2.6. Sources of enzymes


Amylase is found in wide variety of animals, plants and microorganisms. Up to the early 1970’s it was considered that plants and animals were the only sources of enzymes, but nowadays microbial enzymes are becoming increasingly important for its technical and economical advantages, say Kalty and Fogarty (2005). Danny et al. (2004) mention that biotechnology in textiles imply the use of microorganisms and enzymes to influence processing and properties of fiber, yarn and fabric or to improve aspects of the over all textile industry. Microorganisms and enzymes have particular attributes that hold promise for improving textile industry. Alves et al. (2002) state that the production of enzymes by the microorganisms assures a potential and un limited supply and also makes it possible the genesis of new enzymatic system that cannot be obtained from plant or animal sources. Guz et al. (1997) describes that different microorganisms (like bacteria, yeast and filamentous fungi) break down extensively used for the biosynthesis of alpha amylase. Losane and Ramesh (1990) mention that the advantage of using microorganism for the production of amylase is an economical bulk production capacity and its easy manipulation. According to Elezabath et al. (2006) they are widely distributed with varying patterns. Several bacteria and fungi produce identical amylase. Pandey et al. (2002) the microbial amylase meet the industrial demand, a large no. of themselves are available commercially, they have almost replaced chemical hydrolysis, however enzymes from fungal and bacterial sources have dominated applications in industrial sectors. The amylase production is greater in fungal source than in the bacterial or yeast source; point out Vahidi et al. (2005).
2.7. Properties of Enzymes


According to Vigneswaran (2004) and Verma and Nishgam (2003), the properties of enzymes are as follows


.  §  Physically enzymes are colloidal in nature


   §  Chemically they are proteins.

   §   They are complex and have high molecular weight and high temperature
   §   They are active only in the limited pH range.

   §   The range of specificity varies from enzyme to enzyme and are reversible
   §   These are inhibited by cyanides, sulphides, oxides, etc.

2.8. Role of enzymes in textile processing


Against traditional or conventional chemical methods, enzyme process generally yield products of improved quality and reduce the use of hazardous and polluting chemicals, express Mala and Vasanthi (1998). Ninge et al. (2004) remark that enzymes, pectinase and hemi cellulase for hydrolyzing pectin and lignin in flax retting. And proteases modify the scales in the  wool finishing and for degumming, amylase used for desizing, cellulases for biodefuzzing, lipases for bioscouring, catalase for biobleaching, cellulase for biostone washing, biopilling, , and chitinase enzyme  in effluent treatment to reduce colour. And also the microorganisms are used in the activated sludge process of effluent treatment.

2.9. Advantages of using enzymes in textile processing

Thiry (2001) has listed out the following advantages of enzymes over chemicals in textile industries.

· Enzymes have characteristics of “clean chemistry” chemicals.

· Enzymes operate under mild conditions of temperature and pH. So energy cost and effluent treatment load is considerably reduced.

· It replaces non-selective harsh chemical. So even after a desired reaction, the textile material remains un attacked.

· Due to high catalytic power, they are needed in small quantities, hence the indirect cost of packing, transportation is lesser.

· Their action is easy to control. It can be easily killed or deactivated by change in pH or temperature. Later on, their presence will not affect further process. So multiple washes can be avoided leading to water, energy and effluent treatment conservation.

· They are biodegradable and hence reduce pollution load.

· There are possibilities of enzyme recycling organisms.

· Enzymes not only save money but also make money for the industry.

· Enzymes are much safer to substrates as well as to the plant personnel.

· The quality of water required for processing is much relaxed in case of enzymes except for highly alkaline water.

· Enzymes are also “clean and green” to manufactures because the main waste products of enzyme production are biomass and water which can be used as fertilizer.

 2.10. Amylases for desizing



Amylases are textile desizing enzymes which are hydrolase category that catalyse alpha glucosyl or beta glucosyl compounds of starch or glycogen. They catalyses the hydrolysis of large starchy material into smaller glucose sub unit which in turn is acted upon by other amylases to produce glucose, says Teresita (1996). Amylases are the most important industrial enzymes and are of great significance in biotechnology, views Aiyer (2005).They are in expensive and their formulation usually contains various types of exo, endo enzyme, gluco amylase and debranching enzyme with different mode of action. 

     Carless et al. (1996) describe that alpha amylase constitute the family of  endo amylase that randomly cleaves the glucosyl bonds between adjacent glucose within the linear amylose chain with the repletion of alpha anomeric configuration in the products. The production of fungal amylase has been investigated through solid state fermentation. Losane and Ramesh (1990) point out that amylase hydrolyses starchy material in an endo fashion. Modi et al. (1990) express that the amylase produces oligo saccharides and poly saccharides which depends up on viscosity of starch. Alvare (1996) describe that amylase (1, 2-alpha D glucano hydrolase, E.C.3.2.1.1.) catalyses the endo amylolytic cleavage of alpha 1, 4-glycosidic linkage of starch similar substance releasing maltose and dextrins. Typically commercial amylases are crude preparations obtained from species of filamented fungus Aspergillus. Pandey et al. (2000) and Hasaka and Ohta (1994) say that fungal sources are confirmed mostly to Aspergillus species and to only one species Penecillium.

   Interestingly the first amylase produced industrially was an amylase from   fungal source in 1894. Fungal amylases are preferred (to bacterial or yeast) due to their characteristics and advantages, says Cruger (1990).The amylase production is greater in fungal source than in the bacterial or yeast source, point out Vahidi et al. (2005)

                        Alpha amylase are widely used enzymes whose spectrum of applications as widened in many sections such as clinical, medicinal, textiles and analytical chemistry. Besides their uses of starch saccharification, they also find application in food, baking and distillating industry, remark Ramakrishnan et al. (2004). Mahfuzul et al. (2006) state that alpha amylases are distributed widely in microbes which are stable at pH 5.5 - 8.0 optimal activity occurs between 4.8 - 6.5. Most purified amylases loss its activity at 50ºC. In the presence of calcium ions, they are quite resistant to extreme temperature and pH. According to Crabb and Shetty (1999) amylases are used to pre-thin the gelatinized starch.
2.10.1. Classification of amylase

          According to Ashok et al. (2000) there are two major classes of amylase identified in the microorganisms are alpha amylase, glucoamylase in addition beta amylase. Amylase can also be classified based on its property; namely ‘saccharogenic’ which are capable of producing sugars and ‘non saccharogenic’which do not produce sugar molecules, (Cruger, 1990). According to Kamakshi et al. (2001) amylase can be classified as endo amylases (E.C.3.2.1.1.) exo amylase (E.C.3.2.1.2.), glucoamylase (E.C.3.2.1.3.), isoamylase (E.C.3.2.1.68), pullulunase (E.C.3.2.1.4.) and cyclodextrinase. Macgregor (1993) points out that a variety of alpha amylase from microbial, mammal, cereal sources were well characterized. 

Based on its activity; amylases can be classified as alpha, beta and gamma amylase. Beta amylases have plant origin also can be obtained from bacterial (clostridium species), fungal (streptomycin spices) sources and are exo acting enzyme. They cleave non reducing end of glycogen, amylose and amylopectin. Gamma amylase (GA) can be obtained from animals, plants and microorganisms. Predominantly fungal sources are used to produce amyloglucosidase (for industrial purposes), Kemze et al. (1996). Hyun and Zeikus (1990) state that gluco amylase is an exo acting enzyme which hydrolyses alpha 1,6-glycosidic linkage from the non reducing end of amylose and amylopectin of starch, with successive removal of low molecular weight products like maltose and D-glucose.

2.10.2. Advantages of Amylase in textiles


  α – Amylase [3.2.1.1] which is mainly used as a thinning agent in starch hydrolysis is widely applied in food, paper and textile industries, Konsoula and Kyraiokides (2006).  The chemical materials used in the textile industry, which are able to remove starch sizes from the textiles, are harmful for fabrics and environment. Desizing process in one of the worst source of pollution from a textile processing unit. When starch based size is solubilized by enzymatic procedure, the generated breakdown products mainly consists of natural short chain carbohydrates. 

The amount of rinsing water needed in connection with enzymatic desizing is limited because of high solubility of carbohydrates and has low content of salt and harsh chemical in the effluent, Shrivastava (1998). Microbial amylases have been proved to be an alternative to the chemical hydrolysis of starch say Thippeswamy et al.( 2006). The advantage of these enzymes is that they are specific for starch removing without damaging the support. Guzman and Paredes 1995.

The advantage of alpha amylase is that it holds minimized contamination risks, reduces reaction time and energy saving. Hydrolysis at high temperature minimizes polymerization of D-glucose to iso maltose, reveals Fogarty (1990).
2.11. Solid state fermentation (SSF) for fungal production


Solid state fermentation refers to the fermentation carried out on solid substrate without the presence of free liquids. It is found to be ideal when the organism is fungus and the substrate is in soluble, defines Shukla et al. (2005). According to Holker and  Junger (2005) the SSF denotes cultivation of microorganisms on solid, moist substrate in the absence of free aqueous phase, that is at average water activities or a proceeding which microorganisms are cultivated in the presence of liquid phase at maximal substrate concentration or on inert carriers. Heide (2007) says that SSF is the best method of obtaining fungal spores because the spores obtained are higher quality. Raimbault (1998) describes that the hyphal mode of growth of fungi and their tolerance of low water activity, high osmotic pressure conditions make fungi efficient and competitive in natural micro flora for bio conversion of solid substrates. Favella et al. (1998) view that extra cellular enzymes may be produced in liquid or solid media. SSF is more suitable than any other agar substrate fermentation (ASF) or submerged fermentation (SmF) for the fungal growth. The use of solid media permits a fast screening of large population of fungi, allowing the detection of so specific enzymes and helping in the chemo taxonomical differentiation of many microorganisms. Holken and Lenz (2004) report that a solid substrate not only supplies nutrients but also acts as an anchorage for the microbial cells. Selvakumar and Pandey et al. (1999) point out that in SSF the products are formed at or near the surface of the solid material with low moisture content. So it is necessary to select a solvent for leaching out the product from the fermented mass. 

2.11.1. Advantages of SSF

Fungal amylases can be produced using to main methods; SSF and SmF. SSF has gained renewed interest for the production of enzymes in view of several economic and engineering advantages, report Pandey et al. (2000). Ashok Kumar et al. (1996) reveal that the advantage of SSF is its simple operation, high productivity, less favourable for growth contamination and concentrated product formation. Selvakumar et al. (1996) reveal that SSF systems posses advantages like short incubation time, high volume of enzyme, less impurities as well as more economic for purification. Murado et al. (1997) describe that SSF is useful in the production of protein biomass enzyme and other valuable metabolites and have found many applications.

2.12. Agro residues for amylase production

Application of agro industrial residues in bioprocess also solves pollution problems, in which their disposal may otherwise cause, express Pandey et al. (2000). Adhinarayana et al. (2002) state that the agro residues such as rice bran (RB), wheat bran (WB),oil cakes and husks are generally considered to be the best materials for enzyme production in SSF. On a dry basis agricultural residues or substrates like corn, wheat, sorghum and other cereal grains contain around 60-75%. Starch hydrolysable glucose, report Kunamani and Singh (2005). Among the different residues used wheat bran and rice bran are the best and maximum amylase producing solid substrates, describe Baysal et al. (2003).

3.0 EXPERIMENTAL PROCEDURE

The experimental procedure pertaining to the study “Optimization and Characterization of Fungal amylase from Aspergillus niger for desizing selected cotton fabrics” was carried out under the following headings.
PHASE- I  
 Screening and Isolation of Amylolytic Fungi
3.1 Primary Screening

3.1.1. Selection of source

3.1.2. Collection of sample

3.1.3. Media for screening

3.1.4. Isolation of amylolytic fungi

3.2. Secondary Screening

3.2.1. Production and recovery of amylase

3.2.2. Amylase activity

3.2.3. Selection of amylolytic fungi

3.2.4. Maintenance of the culture

3.3. Identification of fungi

3.4. Determination of protein  
PHASE-II   
3.5. Optimization of growth conditions for amylase production by Aspergillus niger
3.5.1. Comparison of Submerged Fermentation with Solid State 

Fermentation

3.5.2. Screening of Agro residues as substrates for amylase production
3.5.3. Effect of Incubation time on amylase production

3.5.4. Effect of Moisture content on amylase production
          
            3.5.5. Effect of pH on amylase production
3.5.6. Effect of Temperature on amylase production
3.5.7. Effect of Carbon supplement on amylase production
3.5.8. Effect of Nitrogen supplement on amylase production
3.5.9. Effect of Metal ions on amylase production
PHASE-III

3.6. Enzyme Characterization 

3.6.1. Effect of Storage on amylase activity

3.6.2. Effect of pH and pH stability on amylase activity

3.6.3. Effect of Temperature and temperature stability on amylase activity

3.6.4. Effect of Substrate concentration on amylase activity

3.6.5. Effect of Substrate specificity on amylase activity

3.6.7. Effect of Activator (NaCl) on amylase activity

3.6.8. Effect of Metal ion on amylase activity

3.7. Application of amylase for Desizing

3.7.1. Selection of fabric

3.7.2. Standardization of Desizing

3.7.2.1. Standardization of Enzyme concentration

3.7.2.2. Standardization of pH

3.7.2.3. Standardization of Incubation time

3. 7.2.4. Standardization of Temperature

3.8. Desizing using produced enzyme

3.9. Conventional desizing

3.10. Desizing using commercial enzyme

3.11. Fabric evaluation

3.11.1. Subjective evaluation.

3. 11.2. Objective evaluation 

3. 11.2.1. Tensile Strength and Elongation

3. 11.2.2. Fabric Stiffness

3. 11.2.3. Drapability

3. 11.2.4. Abrasion Resistance

3. 11.2.5. Fabric Thickness. 

3. 11.2.6. Crease Recovery

3. 11.2.7. Fabric Weight

3. 11.2.8. Iodine Test

3. 11.2.9. Capillary raise 

3. 11.2.10. Sink Test. 

PHASE-I

Screening and Isolation of Amylolytic Fungi

3.1 Primary Screening

3.1.1. Selection of source


Potato processing unit waste water discharged soil, soil from near vicinity of flour mill and bakery waste water discharged soil were selected to isolate the amylolytic microorganisms (Plate 1). Habitat that contain the substrate for the enzyme are the best sources for the isolation of  amylase producing organisms, say Kasing et al.(2000).  Hence for the present study, soils enriched with starch were selected.

3.1.2. Collection of sample


The samples were collected locally in a sterile polythene bags and stored at 4°C until analysis was done.

3.1.3. Media for screening

Starch agar medium (Appendix-1) was used for screening the amylolytic fungi. 

3.1.4. Isolation of Amylolytic Fungi


Fungal strains were isolated by serial dilution technique. 1.0 g of sample was mixed with 9.0 ml of sterilized water and dilutions were made up to 10-8. 1.0 ml of each dilution was poured in Petri plates followed by 25 ml of sterilized Rose Bengal chloram phenicol agar (Appendix-2) using pour plate technique. The solidified plates were inverted and incubated at room temperature for five days as suggested by Arnol (1986).Then the well grown colonies were picked and sub cultured in potato dextrose agar (Appendix-3) slants and stored at 4ºC. 
The isolates were streaked on starch agar plates and incubated at room temperature for five days. The surface of the plates was flooded with iodine solution (Appendix-4). A clear zone surrounding the organism indicates the positive result. Dark blue colouration of the medium with no clear zone formation indicates the negative result. The isolates which showed zone of clearance more than three were selected for the study.
PLATE 1

FUNGAL COLONIES FROM DIFFERENT WASTE WATER 

DISCHARGED SOILS
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3.2. Secondary screening

3.2.1. Production and recovery of amylase


5.0 gm of dried wheat bran was taken in a 100 ml Erlenmeyer flask and moistened with 10 ml of water. Then the flask was autoclaved at 121ºC (15lb) for 15 minutes. After cooling, the flask was inoculated with one loop full of well grown fungal strain and incubated at room temperature for five days.


 The fermented media was extracted with minimum volume of 0.1M phosphate buffer using pre chilled mortar and pestle. The flask was shaked vigorously and the content was crushed and kept for one hour. Then filtered it through cheese cloth. The extract was centrifuged at 5000 rpm for 15 minutes in a refrigerated centrifuge and the supernatant was filtered through what man no.1 filter paper to remove spores completely. The filtrate was used for enzymatic assay.

3.2.2. Amylase activity

Determination of Amylase activity

(Sadashivam and Manickam, 1997)
Principle


The reducing sugar produced by the action of alpha and / or beta amylase reacts with Dinitro salicylic acid (DNS) and reduced it to a brown coloured product nitro salicylic acid.

Reagents

(1) Phosphate buffer (0.1M)

Solution A: 2.8g Disodium hydrogen phosphate in 100 ml distilled water

Solution B: 3.1g Sodium dihydrogen phosphate in 100 ml distilled water

49 ml of solution A and 51 ml of solution B were mixed to get 10 ml of 0.1M buffer.

(2) 0.1% starch solution: 1g starch in 100 ml distilled water

(3).Dinitro salicylic acid (DNS) reagent: Dissolve by stirring 1g DNS.0.2g phenol and 0.05g sulphite and 1.0g sodium hydroxide in Dinitro salicylic acid (DNS), stored at 4ºC.

(4) 40% Rochelle salt solution: 40g Sodium potassium tartarate in 100 ml distilled water.

Procedure


Pipetted out 1.0 ml of enzyme extract to 1.0 ml of buffered starch. Incubated the mixture for 15 minutes at 37ºC. Stopped the reaction by the addition of 2.0ml of DNS. Heated the mixture in boiling water bath for 5 minutes. While the reaction tubes were warm, added 1.0ml of potassium tartarate solution and cooled the tubes at room temperature. Make up the volume to 10ml in all the tubes. Measured the absorbance at 540nm. Prepared a standard with maltose in the concentration of     50-1000µg
Calculation:

One unit of enzyme activity was expressed as the international unit of maltose released per milligram of protein.

3.2.3. Selection of amylolytic fungi

Amylase activity was determined for 13 isolates which showed zone of clearance greater than three. From the 13 isolates the one which showed maximum activity was selected for the study. The strain which showed maximum zone of clearance also showed maximum activity.

3.2.4. Maintenance of the culture


The selected fungal cultures were sub cultured periodically after 15 days and stored at 4ºC.

3.3. Identification of Fungi


The selected fungus was identified by colony morphology and Lacto phenol cotton blue staining method.

Lacto phenol cotton blue stains of fungal cytoplasm and provides a light blue background against which walls of hyphae can readily be seen. It contains four constituents phenol which serves as fungicide, lactic acid which stains the cytoplasm of fungus and glycerol which gives a semi permanent preparation.

PLATE 2
SOLID STATE FERMENTATION AND SUBMERGED FERMENTATION FOR AMYLASE PRODUCTION
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PLATE 3

DIFFERENT AGRO RESIDUES SCREENED FOR 

AMYLASE PRODUCTION

[image: image3.jpg]



Reagents

Lacto phenol cotton blue (LCB)



Phenol crystals                              -   20g



Lactic acid                                     -   20ml



Glycerol                                         -   20ml



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

Make up the volume to 10 ml. Dissolve the phenol crystals with other ingredients by heating the mixture gently under hot water bath.

Procedure

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

3.4. Protein determination

Determination 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 tartarate 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 up to 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. 

PHASE-II
3.5. Optimization of growth conditions for amylase production by Aspergillus niger

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

3.5.1. Comparison of Submerged Fermentation and Solid State Fermentation

Czapekdox medium was used for submerged fermentation. The composition of the media in g/l is as follows,

  Sodium nitrate                                        -   3.g

 

           Disodium hydrogen phosphate              -   1g

   Magnesium sulphite                              -   0.5g

Potassium chloride                                -   0.5g
Ferrous sulphate                                     -  0.05g

Sucrose                                                  -   30g
Procedure

50 ml of the broth was taken in a 250 ml Erlenmeyer flask and was autoclaved at 121ºC for 15 minutes. After cooling the flasks were inoculated with one loop full of well grown strain, and incubated at 27ºC in shaker incubator for five days. The fermented product was shaken vigorously and filtered through cheese cloth. The filtrate was centrifuged at 5000rpm for 15 minutes in a refrigerated centrifuge and the supernatant was filtered through what man no.1. filter paper. And the filtrate was used for enzymatic assay. Similarly solid state fermentation was carried out with wheat bran as solid substrate. Amylase activity and the protein content was determined for both the submerged fermentation and solid state fermentation (Plate-III)

3.5.2. Screening of agro residues as substrates for amylase production 

Five gram of different agro residues such as rice bran (RB), wheat bran (WB), black gram husk (BGH), green gram husk (GGH), groundnut oil cake (GOC), coconut oil cake (COC) and gingelly oil cake (GiOC) (Plate-IV) were taken in 100ml Erlenmeyer flask and moistened with 10ml water. The flasks were autoclaved at 121ºC and inoculated with one loop full of selected fungi. Protein content and the amylase activity were determined in crude enzyme extract.

3.5.3. Effect of Incubation time on amylase production


Influence of incubation time on amylase production was determined by incubating the cultures at different days such as 3, 4, 5, 6, 7, 8 and 9. The fungal culture was inoculated in steriled wheat bran five grams taken in 100ml Erlenmeyer flask. After fixed intervals the fungal cultures were crushed and filtered. The crude enzyme extract was used for the determination of amylase activity and protein content.

3.5.4. Effect of moisture content on amylase production


Effect of moisture content was detected by varying the moisture at different ranges (45, 55, 65, 75 and 85%). Then the inoculated culture was incubated at optimized conditions and the amylase activity and protein content was determined.

 3.5.5. Effect of pH on amylase production


The impact of initial pH of the medium on amylase production was studied by adjusting pH of the moisture added to the culture medium with 0.1.N Hcl/0.1N NaOH in the range of 5.0-9.0 with one unit of increment. The inoculated culture was incubated for six days. Amylase activity and protein content was determined.

3.5.6. Effect of Temperature on amylase production


The inoculated culture was incubated for optimized conditions i.e. six days and at pH 7.0 at different temperatures (20, 30, 40, 50 and 60°C). After the incubation time the enzyme was extracted and assayed for amylase activity and protein content. 

3.5.7. Effect of Carbon supplement on amylase production


Carbon source is the chief constituent for production and almost half of the dry weight of the fungus consists of carbon, state Rao et al.(2003). The effect of supplementation of carbon source was determined by adding 0.1% of different carbon sources such as glucose, maltose, lactose, sucrose, starch and xylose. Amylase activity and protein content was determined in the crude enzyme extract.

3.5.8. Effect of Nitrogen supplement on amylase production


Nitrogen source is an essential element which plays a vital role in the growth and speculation of fungi, report Rao et al. (2003). Various nitrogen sources such as yeast extract, sodium chloride, ammonium chloride, ammonium sulphate and peptone of 0.1 %was added to the fermentation medium for better amylase production. Amylase activity and protein content was determined in the filtrate.

3.5.9. Effect of metal ions on amylase production


Influence of metal ion on amylase production was studied by incubating the culture medium with various metals at a concentration (0.1%). The metal ions used were barium, iron, calcium, mercury, magnesium and manganese. Amylase activity and protein content was estimated in the filtrate.
PHASE-II
3.6. Enzyme Characterization 

3.6.1. Effect of storage stability on amylase activity



The cell free enzyme extract was stored at 4ºC. To study the effect of storage stability, amylase activity and protein content was determined after 24, 48, 72, 96, 120, 144 and 168th hour.

3.6.2. Effect of Incubation time on amylase activity


To study the effect of incubation time on amylase activity, the enzyme was incubated with substrate for different time intervals such as 5, 10, 20, 30, 40, 50 and 60 minutes and amylase activity was determined.

3.6.3. Effect of pH and pH stability on amylase activity

The optimum pH for amylase activity was determined at different pH such as 3.-10.0. The buffers used were 0.1M citrate-Na2HPO4 (pH 3.0 - 4.0), 0.1M acetate buffer (pH5.0-6.0), 0.1 M Tris Hcl buffer (pH 7.0 - 8.0) and 0.1M glycine-NaOH buffer (pH 9.0 - 10.0). To study the pH stability enzyme was pre-incubated with optimum buffer of pH 6.0 for different time intervals (15, 30, 45, 60, 75, 90, 105 and 120 mins) at room temperature. Amylase activity was measured after the incubation time to determine the pH stability.

3.6.4. Effect of temperature and temperature stability on amylase activity


The optimal temperature for amylase activity was determined by incubating the culture at different temperatures such as 25, 30, 35, 40, 45, 50 and 60ºC in the same buffer described above. Temperature stability of the enzyme was tested by pre-incubating the enzyme at optimized temperature for 1, 2, 3, 4, 5 and 6hours. Amylase activity was measured.

3.6.5. Effect of substrate concentration on amylase activity
                       
The optimal substrate concentration for amylase activity was determined at different ranges such as 0.5, 1.0, 1.5, 2, 3, 4, 5, 6 and 7 %. Finally the amylase activity was determined
3.6.6. Effect of substrate specificity on amylase activity


To study the effect of substrate specificity of amylase, different substrates such as dextrin, starch and glycogen at a concentration of 1% were taken and amylase activity was determined by DNS method.

3.6.7. Effect of Activator (NaCl) on amylase activity 


Effect of various concentrations of NaCl such as 1, 2, 3, 4, 5, 6 and 7% on amylase activity was determined. 1.0ml of each concentration was added to the reaction mixture and amylase activity was determined.

3.6.8. Effect of metal ions on amylase activity


To examine the effect of different metal ions on amylase activity, assay was performed with various metal ions at a concentration of 1.0mM. The activity assayed in the absence of metal was taken as control. The metal ions tested include copper, magnesium, manganese, calcium, potassium and zinc. Finally the amylase activity was determined for control and test samples.

3.7. Application of amylase for desizing

3.7.1. Selection of fabric


Cotton has always ruled the textile world and is rightly known as the “king” among fibers, say Suman and Lopmurda (2004). Cotton fabric is subjected to various wet processing treatments to enhance its value. The first foremost process of cotton is desizing. Now in this era of biotechnology to make the process environment friendly, these effects have been given with enzymes, states Edward  (2000). 
Details of the cotton fabrics selected for the study are given below.
TABLE-1
FABRIC DETAILS

	Fab. Code
	Fabric Type
	Weave
	Width-

inches
	Count

(S)
	Ends / inch
	Picks / inch

	A
	Long cloth
	Plain
	34
	40
	82
	80

	B
	Organdy cotton 
	Plain
	45
	40
	82
	74

	C
	Voile
	Plain
	46
	45
	69
	58

	D
	Lining-unbleached
	Plain
	42
	30
	46
	62

	E
	Ghada
	Plain
	48
	30
	63
	60


3.7.2. Standardization of Desizing

3.7.2.1. Standardization of enzyme concentration


For standardizing the concentration of amylase required for desizing, various concentrations such as 20, 40, 60, 80 and 100% of extracted amylase was pipetted into five clean 100ml glass beakers. One gram of fabric A was added to each beaker. Material liquor ratio was maintained as 1:30. The temperature, pH and incubation time was kept constant as room temperature, 7.0 and six hours respectively. After the desizing treatment, the samples were removed from the desize bath, washed, shade dried and tested for starch content by iodine test.0.005N iodine solution was taken in the burette. Iodine solution was dropped on the fabric, and then the sample was placed on a clean white surface. Based on the colour developed, starch presence (appearance of deep blue) or absence (no appearance of colour or appearance of yellow) was detected. Similarly the other samples B, C, D and E were optimized for amylase concentration.
3.7.2.2. Standardization of incubation time

Incubation time was standardized (for all the samples) by keeping the desize bath at various durations like 12,18,24,36 and 48hrs. Based on the results obtained from iodine test, the incubation time was optimized. The same test was repeated for samples B, C, D and E.

3.7.2.3. Standardization of pH


The desize bath was prepared in five 100ml beakers with different pH (5-9).The pH was adjusted using 0.1N Hcl/ 0.1N NaOH.1g of sample A was added to the desize bath and material liquor ratio was maintained as 1:30 having optimized enzyme concentration and incubation time. Iodine test was performed to identify the optimum pH. Similarly samples B, C, D and E were optimized for pH.

3.7.2.4. Standardization of temperature


Desize bath was prepared with optimum pH, incubation time and enzyme concentration. Temperature for desizing was optimized at various temperatures, such as 25,35,45,55 and 65°C. Temperature maintenance was done using incubator. After treatment the samples were tested with iodine solution and from the result temperature was optimized. Samples B, C, D and E were optimized in this same manner.

3.8. Desizing using produced enzyme

Enzymatic desizing is defined as removal size material (mostly starch) from the cotton fabric using the enzyme amylase. Depending upon the fabric weight and by keeping the material liquor ratio was maintained as 1:30 the desize bath was prepared. One meter of sample A was cut and weighed. The fabric was wetted and dipped into the desize bath fully. The fabric was bio-desized at optimize enzyme concentration, pH, incubation time, and temperature (TABLE-2). After treatment the enzyme was de-activated by raising the temperature to 100ºC for ten minutes. The fabric was taken out of the desize bath and washed thrice (to remove the detached size components) with running water and shade dried. Similarly other samples B, C, D and E were desized with the produced enzyme under optimized conditions.
(TABLE-2)
DESIZING USING PRODUCED ENZYME

	Sample


	Fabric weight

(gm)
	Material liquor ratio
	Vol.of desize bath (ml)
	Enzyme conc. 

(%)
	Vol. of enzyme

(ml)
	Vol.of distilled

water

(ml)

	AP
	75
	1:30
	2250
	40
	900
	1350

	BP
	42
	1:30
	1260
	100
	1260
	-

	CP
	53
	1:30
	1590
	40
	645
	945

	DP
	135
	1:30
	4050
	80
	3240
	810

	EP
	85
	1:30
	2550
	60
	1530
	1020


(P-produced enzyme desized material)

3.9. Conventional desizing

To compare the efficiency of produced amylase; conventional desizing and l desizing using commercial enzyme was done. One meter of sample A was cut and weighed. Material liquor ratio was maintained as 1:30 for better desizing 1% acetic acid was added to the bath. Temperature was raised to 55°C. Sample was wetted and dipped into the desize bath and was incubated for four hours. (TABLE-3). After treatment the fabric was washed thoroughly with running water and dried. Similarly the other samples B, C, D and E were desized. 

(TABLE-3)

CONVENTIONAL DESIZING
	Sample


	Fabric weight
	1% Acetic acid (ml)
	Vol.of Soft water (ml)

	ACN
	75
	22.5
	2227.5

	BCN
	42
	12.6
	1247.4

	CCN
	53
	15.9
	1574.1

	DCN
	135
	40.5
	4009.5

	ECN
	85
	25.5
	2524.5


3.10. Desizing using commercial enzyme

The commercial enzyme Tinozyme L40 was purchased from Novazyme, Ahmedabad. One meter of sample A was cut and weighed. Depending upon the fabric weight and material liquor ratio 1:8, the desize bath was prepared with 2% enzyme. Sample was wetted and dipped into the bath. Then the vessel containing desize bath was kept inside the incubator for four hours at 60ºC. After desizing treatment the enzyme was de-activated by raising temperature to 100°C for ten minutes. Then the treated sample was washed thrice and shade dried. The other samples B, C, D and E were desized with commercial enzyme similarly. 


(TABLE-4)

DESIZING USING COMMERCIAL ENZYME
	    Sample


	Fabric weight

(gm)
	Vol.of desize bath 

(ml)
	Material liquor ratio
	Vol.of enzyme (2%)(ml)
	Vol.of Soft water

(ml)

	ACM
	75
	600
	1:8
	12
	588

	BCM
	42
	336
	1:8
	6.72
	329.28

	CCM
	53
	424
	1:8
	8.48
	415.52

	DCM
	135
	1080
	1:8
	21.6
	1058.4

	ECM
	85
	680
	1:8
	13.6
	666.4


     (CM-commercial enzyme desized sample)

3.11. Fabric evaluation

3. 11.1. Objective evaluation

3. 11.1.1. Visual examination


Where laboratory measurement is difficult, a useful device is to submit the range of samples to a number of judges or experts and ask them to rank them in order of preference. In some cases the agreement between the judges may be compared with the ranking given by a laboratory instrument. The decisions of each judge are, of course personal decisions and so the method is referred to as subjective assessment (Booth, 1996).All the desized samples were evaluated visually by a panel of judges consists of 25 post graduate students mastering Textiles and Clothing, using a Performa given in. General appearance, texture and stiffness were the main factors taken into consideration for evaluation. 

3. 11.2. Subjective Evaluation

3. 11.2.1. Tensile strength and elongation


The maximum tensile stress required to rupture a fabric expressed as pounds per square inch or grams per square centimeter states Conway (1997). The cloth Tensile strength tester (Plate-4) was used to measure the strength and elongation. The sample A of 33 cm x 7 cm was cut and placed in the clamps. The load was applied to the sample and when the sample broken, the movement of the lower clamp was reversed. The strength in kgs or pounds was read from the dial. The elongation reading was noted from the scale in inches. Ten readings were taken for concordance. In the same manner, the other samples such as B, C, D and E of different treatments (conventional desizing, commercial enzyme desizing and produced enzyme desizing) were tested.
3. 11.2.2. 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, ASTM (1983). Shirley stiffness tester (Plate 5) as used to test the stiffness of the fabric. The sample A was cut to the size of 15 cm X 2.5 cm using the template. The sample was placed on the platform 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 platform. 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 platform. Four readings were taken for A sample. Mean values of the bending length in warp and weft wise direction were calculated. Similarly, the other samples such as B, C, D and E of different treatments were tested

3. 11.2.3. Fabric thickness


The principle of measuring fabric thickness in BS: 2544:1954 states that “essentially, the determination of the thickness of a 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).Fabric thickness gauge (Plate-6) was used to measure the thickness of the sample. 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 thousands of an inch. Each division on the dial read 0.01 mm. The sample was placed on the anvil plate and the lever of the pressure foot each released very slowly and the pressure foot pressed the sample. The dial indicated the thickness of the sample and the mean was calculated. Similarly, the other enzyme treated (Crude and Commercial) and chemically desized samples were tested.

3. 11.2.4. Fabric weight


The weight per unit area can be described in terms of ounces per square yard or grams per square meter or ounces per yard or grams per meter (Wingate and Mobbler, 1970). The electronic balance was used for the study. The sample A was cut to the template size (9 cm X 9 cm). Then the sample A was placed in the plate of the weighing balance. The result was recorded in grams from the monitor. The procedure was repeated ten times for sample A. In the same manner, other samples such as B, C, D, and E, of various treatments also were tested.
3. 11.2.5. Crease recovery

During usage of a fabric it will be creased. The ability of the fabric to resist creasing is called as crease recovery, states Saville (1991). Shirley crease recovery tester (Plate-7) was used for testing; the samples were cut from the fabric with the template of 5 X2.5cm in warp and weft directions. The sample A was folded gently and to end with its edges in one line, with the help of the tweeze. The folded specimen was placed on the lower plate of the loading device and the load was applied gently. After the load was removed, the specimen transferred to the clamp of the tester. As the specimen recovers, the dial is rotated to keep the free de of the specimen in the line with the knife edge. At the time of end period allowed for recovery, the recovery angle in degrees was read on the dial, and then the readings were observed. The readings were taken for all the samples B, C, D and E of various treatments were tested in both warp and weft direction.
3. 11.2.6. Abrasion resistance



Abrasions just one aspect of wear and is the rubbing away of the component fibers and yarn of the fabric. This may be classified as plane or flat abrasion and the former abrades flat area of the fabric edge abrasion, and the later is used to abrade the folds and collars. In the flat abrasion, the rubbing is accompanied by flexing and bending, defines Angappan et al. (1987) and Booth (1990). According to ASTM (2000) abrasion is the waving away of any part of a material by rubbing against another surface. The Eureka Martindale abrasion resistance tester (Plate-8) was used to determine the fabric resistance to friction. The security of abrasion varies nature of the abradant. Five samples were cut at and random from each of the treated fabric using a template. The initial weight of the sample was taken accurately to the nearest of 0.001gm using electronic balance sample was hold with 200gm weight was used for this purpose. The rubs were standardized to 10. The samples were made to rub against the abrasive surface. After ten revolutions, the samples were removed and the final weight of each sample was found out. Weight loss due to abrasion was calculated. Like wise, other sample B, C, D, and E of different treatment were tested.

3. 11.2.7. Drapability


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 (Plate9). 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.

3. 11.2.8. Iodine test 

A portion of the processed cloth was treated with a drop of 0.005 N of the prepared iodine solution and the colour developed after 30 seconds was noted. With starch, iodine gives deep blue – black colour, which falls to blue and then to brown, brownish yellow, and yellow as the starch is broken down. A pale yellow brown indicates complete break down of starch. The test is extremely sensitive and it will be positive even for traces of starch residue. The desized samples A, B, C, D and E using different treatments were placed over clean white chart and a drop of 0.005 N iodine solution was allowed on the fabric and the colour change after 30 seconds was evaluated visually. 

3. 11.2.9. Capillary raise of fabric
According to Booth (1996), the ability of a fabric to absorb water especially by a wicking or capillary action may be discovered by timing the rate at which clumps up a narrow strip of fabric suspended vertically with its lower and dipped into the water. A rectangular strip of sample A with 1cm width and 7 cm length was marked to the fabric and cut. Immersed 1 cm into the water by clamping 5 gm of weight observed the time taken from the water to travel for each cm and the time was recorded. Capillary raise was tested for both original and treated fabrics.

3. 11.2.12.Sink test

Booth (1996) describes that the sinking test is the simple test that helps to measure the wet ability of a fabric. As suggested by Sinkle (1979) five samples of fabric A were cut into size of 5 X5 cm. a 1000ml baker was filled with distilled water and few drops of wetting agent. The sample was dropped on to the surface of the water from a standard height. The stop watch was started when the fabric struck the surface of the water and stopped when the last corner sank below the water surface. Time required for the sample to sink was noted. The same procedure as repeated for the untreated and treated fabrics B, C, D and E. Readings were recorded and mean was calculated.

PLATE 4
TENSILE STRENGHT TESTER
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PLATE 5
STIFFNESS TESTER
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PLATE 6
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PLATE 7
CREASE RECOVERY TESTER
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PLATE 8

ABRASION RESISTANCE TESTER
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PLATE 9

DRAPABILITY TESTER
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4.0. RESULTS AND DISCUSSION

 The results of this study are presented and discussed under the following headings.
PHASE-I

4.1. Screening and isolation of Amylolytic fungi

4.2. Identification of selected fungi
PHASE-II

4.3. Optimization of growth conditions for amylase production by 
                             Aspergillus niger

4.3.1. Comparison of Submerged Fermentation with Solid State      

          Fermentation

4.3.2. Screening of Agro residues as substrates for the production 
of amylase
4.3.3. Effect of extraction methods on amylase production

4.3.4. Effect of Incubation time on amylase production
           


 4.3.5. Effect of Moisture content on amylase production
4.3.6. Effect of pH on amylase production
4.3.7. Effect of Temperature on amylase production
4.3.8. Effect of Carbon supplement on amylase production
4.3.9. Effect of Nitrogen supplement on amylase production
4.3.10. Effect of Metal ion on amylase production
PHASE-III

4.4. Enzyme Characterization 

4.4.1. Effect of Storage on amylase activity

4.4.2. Effect of pH and pH stability on amylase activity

4.4.3. Effect of temperature and temperature stability on amylase 

          activity

4.4.4. Effect of substrate concentration on amylase activity

4.4.5. Effect of Substrate specificity on amylase activity

4.4.6. Effect of Activator (NaCl) on amylase activity

4.4.7. Effect of Metal ions on amylase activity

4.5. Fabric Evaluation 
4.5.1. Subjective evaluation.

4.5.2. Objective evaluation 

PHASE-I

4.1. Screening and isolation of Amylolytic fungi


Serial dilution technique was performed on Rose Bengal chloramphenicol agar plates to isolate fungi from the waste water discharged soils. Based on the growth: hydrolysis 13 well differentiated colonies were isolated and amylase activity was determined (Table 5). The isolates were streaked on starch agar medium.
TABLE-5
 Growth hydrolysis ratio of selected fungal colonies in starch agar
	S.No
	Fungal Colony (FC)
	Growth: Hydrolysis (cm)
	Amylase activity

(IU/ml/min)

	1
	FC1
	3.0
	3.4

	2
	FC2
	2.5
	2.6

	3
	FC3
	2.41
	2.4

	4
	FC4
	2.80
	2.8

	5
	FC5
	3.21
	3.1

	6
	FC6
	2.89
	2.6

	7
	FC7
	3.75
	4.4

	8
	FC8
	3.0
	3.2

	9
	FC9
	3.09
	3.4

	10
	FC10
	3.56
	3.8

	11
	FC11
	3.71
	4.2

	12
	FC12
	3.60
	3.9

	13
	FC13
	3.68
	4.1


From the above Table 5 it is clear that FC7 strain showed maximum amylase activity (4.4 IU/ml/min) and produced highest growth: hydrolysis ratio of 3.75. Hence FC7 strain was selected for the study.
4.2. Identification of selected fungi

Based on the colony morphology and Lacto phenol cotton Blue staining, the isolated fungi was identified as Aspergillus niger. Table 6 and Plate 10 show the colony morphology and the microscopic appearance of Aspergillus niger.
TABLE- 6
Colony morphology and microscopic appearance of Aspergillus niger
	S.NO
	FUNGI
	COLONY

MORPHOLOGY
	MICROSCOPIC APPEARANCE

	1.
	Aspergillus niger

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




Plate 10

Colony morphology and Microscopic appearance of Aspergillus Niger
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PHASE-II

4.3.Optimization of growth conditions for amylase production byAspergillusniger

4.3.1. Comparison of solid state fermentation and submerged fermentation


Effect of fermentation media on amylase production by Aspergillus niger was depicted in Figure 1. From the Figure, it is clear that amylase production was greater in SSF than in SmF. The results obtained are in agreement with Heide (2007) and Murado (1997) who have reported maximum amylase production by Penicillium species in SSF than in SmF.

4.3.2. Screening of agro residues as substrates on amylase production


Figure 2 shows the effect of agro residues as substrates for amylase production.


From Figure 2 it is obvious that amylase production was maximum in wheat bran than the other solid substrates. Adinarayanan (2005) and Sumitra (2004) report that all the solid substrates supported growth and amylase formation by Aspergillus oryzae, while wheat bran proved superior to the other substrates, report 
4.3.3. Effect of incubation time on amylase production 


Effect of incubation time on amylase production was depicted in Figure 3.To determine the optimum incubation time, inoculated culture medium was incubated for 3-8 days. From Figure 3 it is obvious that maximum amylase production was found to be at 6th day of incubation. Before and after six days there was a gradual decrease in amylase production. But as per Cherry (2004) the maximum amylase production by Aspergillus fumigatus was shown at 3rd day. Kathiresan and Manivannan (2006) reported that amylase production was maximum on 5th day of incubation by Penicillium species.

4.3.4. Effect of moisture content on amylase production

Figure 4 depicts the effect of moisture content on amylase production. From the Figure it is clear that the maximum amylase production was obtained at 55% moisture level. Babu and Satyanarayana (1995) and Kugun et al. (2005) reported that the maximum amylase production was at 90% moisture level in Trichoderma species.
Optimization of growth conditions for amylase production by Aspergillus niger

      Fig. 1; comparison of culture media           Fig.2; screening of agro residues
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              Fig.3; Effect of incubation time               Fig.4; Effect of Moisture content
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4.3.5. Effect of pH on amylase production


Figure 5 shows the effect of pH on amylase production. From the Figure, the optimum pH was found to be at 7.0. The production of amylase increase as pH of the moisture increases and reached maximum at pH 7.0 after which decrease in amylase production was observed. The obtained result coincides with Ikram et al. (2003) who reported that Aspergillus niger maximum amylase at pH 7.0. But according to Fadel and Batal (2000) Aspergillus species showed higher amylase production at pH 6.0.

4.3.6. Effect of Temperature on amylase production


Effect of Temperature on amylase production was depicted in Figure 6. there was an increase in temperature up to 30ºC. After which gradual decrease was observed. The optimum temperature for amylase production was found to be at 30°C. Results obtained by Kundu and Gupta (1990) and Karthigeyan et al. (2006) showed maximum amylase production at 30°C by fungal species.
4.3.7. Effect of Carbon supplement on amylase production


Effect of Carbon supplement on amylase production was shown in Figure 7. From the Figure7. Minimum increase was seen in maltose as 20mg/ml, it is obvious that the maximum amylase production was observed in sucrose at 0.1%. The nature and amount of carbon supplement in culture media is important for the growth and production of extra cellular amylase. Patel et al. (2004) reported that Aspergillus oryzae produced maximum amylase with Lactose as a carbon supplement. Amylase production by Aspergillus Tamarii was maximum by the supplement of starch, Fabiana et al. (1999).

4.3.8. Effect of Nitrogen supplement on amylase production


Figure 8 shows the effect of nitrogen supplement on amylase production. From Figure 8, it is clear that amylase production was maximum with peptone as 36 at 0.1% followed by yeast extract as 35as a nitrogen supplement. The amount of nitrogen source can play a critical role in production of amylase. The obtained result was in agreement with that of Thaddeus et al. (2005) who have reported that peptone enhances the amylase production by Geobacillis species. As per Ikram et al. (2002) Yeast extract produced maximum amylase by Aspergillus niger.
             Fig.5; Effect of pH                             Fig.6; Effect of Temperature
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         Fig.7. Effect of Carbon supplement                   Fig.8; Effect of Nitrogen supplement

[image: image17.emf]35.4

24

20

30

37

31

33

0

5

10

15

20

25

30

35

40

control Glc Mal Lac Suc Starch Xyl

Carbon supplement(0.1%)

Specific specificity(mg/ml)

[image: image18.emf]35.4

35

30

28 28

36

0

5

10

15

20

25

30

35

40

control yeast

extract

Nacl NH4cl NH4SO4 peptone

Nitrogen supplement(0.1%)

Speciifc activity(mg/ml)


      Fig.9; Effect of metal ions
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4.3.9. Effect of metal ions on amylase production


Effect of metal ions on amylase production was depicted in Figure 9.  Presence of Fe in the medium stimulates amylase production where as Hg resist the amylase production. Thaddeus et al. (2005) reported that Zn stimulates the amylase production by Geobacillus species and inhibited by Cu.

4.4. Enzyme characterization

4.4.1. Effect of storage on amylase activity 


Figure 11 shows the effect of storage on amylase activity. From the Figure, it is understood that amylase activity was maximum at 24hrs of production. There was no appreciable decrease in amylase activity on storage till 96hrs, which indicates the stability of enzyme on storage. The obtained result coincides with Nesrin et al. (2006) who have reported that amylase produced from porcine pancreas has maximum activity at the first day of production.

4.4.2 Effect of pH and pH stability on amylase activity


Figure 12 and 13 shows that the effect of pH on amylase activity. Amylase activity was maximum at pH 6.0 and it is stable for 15 minutes. Hence it could be concluded that the produced amylase has optimum pH at 6.0 and there was decrease in amylase activity above and below pH 6.0.Hoque et al. (2006) reported amylase activity was maximum at pH 7.0 and Pandya et al.(2005) report that amylase produced from Aspergillus oryzea has maximum activity at pH 5.5, and it is stable for 20 minutes and as time increases stability decreased..

4.4.3. Effect of temperature and temperature stability on amylase activity


 Figure 14 and 15 shows the effect of temperature and temperature on stability amylase activity. Amylase activity was found to be maximum at 40°C and it is stable for four hours was at 40°C. After four hours decline in amylase activity was noted. Hence it could be concluded that the optimum temperature for amylase activity 40°C and it is stable for four hours. According to Faifeng et al. (2006) amylase activity by yeast was found to be maximum at 60°C, as time increases amylase activity decreased.  




Enzyme characterization
                Fig.10; Effect of storage                             Fig. 11; Effect of pH [image: image20.emf]0
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             Fig. 12; Effect of pH stability                  Fig.13; Effect of Temperature

[image: image22.emf]0

0.5

1

1.5

2

2.5

15 30 45 60 75 90 105

pH stability (min)

Amylase 

activity(U/ml/min)

[image: image23.emf]0

1

2

3

4

5

6

7

8

9

control 35 40 45 50 55 60 65

Temperature-degree celcious

Amylase activity(U/ml/min)


Fig.14; Effect of Temperature stability
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4.4.4. Effect of substrate concentration on amylase activity


Figure 16 shows the effect of substrate concentration on amylase activity. From the hyperbolic curve obtained it is clear that amylase activity increases with increase substrate concentration from 0.5-4.0 %. As per Priti et al. (2005) hyperbolic curve was obtained with maximum amylase activity by Aspergillus oryzea. Cherry et al. (2004) reported that amylase from Aspergillus fumigatus has maximum activity at substrate concentration 4 %. 

4.4.5. Effect of substrate specificity on amylase activity


Figure 17 shows the effect of substrate specificity on amylase activity. From the results obtained it is clear that amylase has greater specificity towards starch than dextrin and glycogen. The result was in agreement with Fernando et al. (2004) who has reported that amylase produced from yeast has greater specificity towards starch.

4.4.6. Effect of activator (NaCl) on amylase activity 


Figure 18 shows the effect of metal ions on amylase activity. Amylase activity was maximum with 1% NaCl.  As NaCl concentration increases the activity decreased. The result coincides with that of Carlos et al. (2003) and Morie et al. (2002) who have reported that amylase production by Bacillus species was maximum at 1 % of NaCl.

4.4.7. Effect of metal ions on amylase activity


Figure 19 shows the effect of metal ions on amylase activity. Amylase activity was increased with the addition of Zn and activity was reduced by adding Cu. Hence it could be concluded that Zn acts as an activator of amylase. The result was in agreement with that of Kenya et al. (2004) reported that amylase from pseudomonas has maximum activity with Manganese.
    Fig.15; Effect of substrate concentration             Fig.16 Effect of activator
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Fig.17 Effect of substrate specificity
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Fig .18; Effect of Metal ions
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4.5. Fabric evaluation
4.5.1. Subjective evaluation
4.5.1.1. Visual examination of treated fabrics

TABLE 7

VISUAL INSPECTION OF THE DESIZED SAMPLES

	S. No
	Samples
	General appearance
	Texture
	Stiffness

	
	
	G
	F
	P
	S
	C
	R
	L
	M
	H

	1
	A CN
	-
	48
	52
	76
	24
	-
	28
	36
	36

	
	ACM
	40
	60
	-
	96
	24
	-
	48
	52
	-

	
	AP
	56
	44
	-
	100
	-
	-
	56
	44
	-

	2
	BCN
	64
	20
	16
	-
	68
	32
	44
	36
	20

	
	BCM
	28
	32
	40
	-
	36
	64
	-
	36
	64

	
	BP
	20
	16
	64
	-
	28
	72
	-
	16
	84

	3
	CCN
	24
	32
	48
	24
	76
	-
	36
	36
	28

	
	CCM
	60
	40
	-
	88
	12
	-
	52
	48
	-

	
	CP
	48
	32
	12
	88
	20
	-
	48
	48
	4

	4
	DCN
	24
	40
	48
	24
	76
	-
	36
	56
	8

	
	DCM
	60
	32
	-
	76
	24
	-
	60
	32
	8

	
	DP
	48
	40
	12
	80
	20
	-
	52
	44
	4

	5
	ECN
	-
	40
	60
	12
	68
	20
	28
	56
	8

	
	ECM
	100
	-
	-
	72
	20
	8
	84
	16
	-

	
	EP-
	56
	44
	-
	60
	36
	4
	76
	24
	-




G – GOOD

F – FAIR

P – POOR




S – SOFT

C – COURSE
               L – LOW 



M - MEDIUM       
H - HIGH    

R - ROUGH

The desized [chemical, commercial enzyme treated and crude enzyme] samples were evaluated for the general appearance, stiffness and texture. The results conclude that the samples AP, BCN, CCM, DCM and ECM were rated to be good for general appearance by 56, 64, 60, 60 and 100 percent of the judges respectively. With regard to stiffness, samples AP, CCM, DP and ECM were rated to be soft by 100, 88, 80 and 72 percent of the judges respectively.
4.5.2. OBJECTIVE EVALUATION

4.5.2.1 FABRIC WEIGHT  

The fabric weight and analysis of the original and treated samples are shown in Table 8 and Figure 19.
 

TABLE 8

                                                     FABRIC WEIGHT

	S.No
	Fabric
	Fabric Weight

 (mg)
	Loss or Gain over Original
	t  value
	f  value

	
	
	Mean
	Actual
	%
	-
	19.91**

	1
	A0
	83.60
	-
	-
	
	

	2
	A CN
	81.22
	2.38
	2.83
	7.06**
	

	3
	ACM
	83.40
	0.20
	0.238
	0.98**
	

	4
	AP
	80.00
	3.60
	4.28
	3.72*
	

	5
	B0
	41.66
	-
	-
	-
	27.85**

	6
	BCN
	41.60
	0.06
	0.16
	0.086**
	

	7
	BCM
	38.04
	3.62
	8.69
	8.54*
	

	8
	BP
	37.34
	4.32
	10.37
	6.10*
	

	9
	C0
	80.92
	-
	-
	-
	147.21**

	10
	CCN
	70.70
	10.22
	12.57
	32.74**
	

	11
	CCM
	73.92
	7.0
	8.61
	29.58*
	

	12
	CP
	75.00
	5.9
	7.25
	7.27NS
	

	13
	D0
	172.38
	-
	-
	-
	188.92**

	14
	DCN
	161.24
	11.14
	6.46
	25.31**
	

	15
	DCM
	170.72
	1.66
	0.96
	4.86**
	

	16
	DP
	161.40
	10.98
	6.36
	16.09**
	

	17
	E0
	127.18
	-
	-
	-
	3.90*

	18
	ECN
	107.36
	19.82
	15.46
	1.92*
	

	19
	ECM
	110.08
	17.10
	13.34
	1.69**
	

	20
	EP
	106.70
	20.48
	15.97
	1.99**
	


FIGURE 19

FABRIC WEIGHT 
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From Table 8 and Figure 19, it is clear that the fabric weight of all the treated samples have decreased. The maximum decrease was observed in between E0 and EP as 15.96%. The minimum decrease is observed in between A0 and ACM as 0.20%. The analysis of variance shoes there is a significant difference between treatments in samples A, B, C and D at 1 % level and 5 % level in sample E.

4.5.2.2. Fabric Thickness 

The fabric thickness and analysis of the original and treated samples are shown in Table 9 and Figure 20

TABLE 9

FABRIC THICKNES

	S.No
	Fabric
	Fabric Thickness (mm)
	Loss or Gain over Original
	t value
	f value

	
	
	Mean
	Actual
	%
	-
	157.42**

	1
	A0
	0.15
	-
	-
	
	

	2
	A CN
	0.27
	0.12
	7.68
	18.39**
	

	3
	ACM
	0.31
	0.15
	9.6
	23**
	

	4
	AP
	0.25
	0.09
	5.76
	13.85**
	

	5
	B0
	0.11
	-
	-
	7.04**
	31.05**

	6
	BCN
	0.23
	0.11
	9.8
	2.86**
	

	7
	BCM
	0.14
	0.03
	26.76
	0.82NS
	

	8
	BP
	0.12
	0.01
	8.92
	-
	

	9
	C0
	0.14
	-
	-
	15.15**
	111.46**

	10
	CCN
	0.30
	0.15
	102.6
	14.34**
	

	11
	CCM
	0.26
	0.12
	82.08
	51.43**
	

	12
	CP
	0.27
	0.12
	82.08
	-
	

	13
	D0
	0.42
	-
	-
	2.59NS
	3.06*

	14
	DCN
	0.44
	0.01
	4.09
	2.59NS
	

	15
	DCM
	0.48
	0.06
	24.54
	1.17NS
	

	16
	DP
	0.44
	0.01
	4.09
	-
	

	17
	E0
	0.20
	-
	-
	5.27**
	7.62**

	18
	ECN
	0.29
	0.08
	40
	2.70NS
	

	19
	ECM
	0.27
	0.06
	30
	3.37NS
	

	20
	EP
	0.26
	0.06
	24
	
	


FIGURE 20

FABRIC THICKNESS 
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Table 9 and Figure 20 proved that there is an increase in fabric thickness in all the treatments, when compared to the original samples. The maximum increase was observed in CCN as 102.6%, minimum decrease was in DP as 4.09%. The analysis of variance shows that there is a significant difference between treatments at 1% level in all the samples except sample D. Hence it could be concluded that the enzymatic treatment does not have significant impact on fabric thickness  

4.5.2.3. Fabric strength in warp


The fabric warp strength and analysis of variance of the original and treated samples are shown in the Table 10 and Figure 21.

TABLE 10

FABRIC STRENGTH - WARP

	S.No
	Fabric
	Fabric warp strength(kg)
	Loss or Gain over Original
	t value
	f value

	
	
	Mean
	Actual
	%
	-
	5.86**

	1
	A0
	19.60
	-
	-
	
	

	2
	A CN
	17.00
	-2.6
	13.26
	1.85NS


	

	3
	ACM
	14.00
	-5.6
	28.56
	2.41NS
	

	4
	AP
	19.20
	-0.4
	2.04
	0.19NS
	

	5
	B0
	16.80
	-
	-
	-
	13.95**

	6
	BCN
	13.80
	-3.0
	17.85
	2.63NS
	

	7
	BCM
	8.00
	-8.8
	52.36
	6.31**
	

	8
	BP
	12.40
	-4.4
	26.18
	3.80*
	

	9
	C0
	16.80
	-
	-
	3.16NS
	27.04**

	10
	CCN
	13.00
	-3.0
	17.85
	7.20**
	

	11
	CCM
	8.40
	-8.7
	49.98
	8.55**
	

	12
	CP
	13.60
	-3.2
	19.04
	0.55NS
	

	13
	D0
	26
	-
	-
	-
	0.96NS

	14
	DCN
	23.6
	-2.4
	9.24
	0.55NS
	

	15
	DCM
	21.8
	-4.2
	16.17
	4.88**
	

	16
	DP
	22.8
	-3.2
	12.29
	1.18NS
	

	17
	E0
	33.73
	-
	-
	-
	17.64**

	18
	ECN
	30.80
	-2.2
	6.6
	2.26**
	

	19
	ECM
	24.00
	-9.0
	27
	6.9**
	

	20
	EP
	82.20
	-4.9
	148
	0.99NS
	


FIGURE 21

FABRIC STRENGTH – WARP
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From the Table 10 and Figure 21 it is obvious that there was a decrease in fabric strength in all the samples except EP. The analysis of variance showed that there is a significant difference in treatments of samples A, B, C, D and E at 1 % level. Hence it could be concluded that, fabric strength does not decrease much in the produced amylase treated fabrics when compared with conventional and commercial enzyme treated samples.
4.5.2.4. Fabric strength in weft


The fabric warp strength and analysis of variance of the original and treated samples are shown in the Table 11 and Figure 22.

TABLE 11

FABRIC STRENGTH - WEFT

	S.No
	Fabric
	Fabric weft strength(kg)
	Loss or Gain over Original
	t value
	f value

	
	
	Mean
	Actual
	%
	-
	3.27*

	1
	A0
	16
	-
	-
	
	

	2
	A CN
	13
	-2.6
	16.25
	1.18
	

	3
	ACM
	14.20
	-1.8
	11.25
	1.85
	

	4
	AP
	16
	0.0
	0
	0.0
	

	5
	B0
	5.0
	-
	-
	-
	7.00**

	6
	BCN
	4.8
	-6.0
	124.
	1.0NS
	

	7
	BCM
	3.6
	2
	24.99
	6.0**
	

	8
	BP
	4.0
	-0.2
	4.16
	1.0NS
	

	9
	C0
	13
	-
	-
	-
	125.18**

	10
	CCN
	6.4
	-6.8
	51.47
	11.66**
	

	11
	CCM
	6.6
	-6.6
	49
	26.18**
	

	12
	CP
	11
	-2.2
	16.65
	4.49**
	

	13
	D0
	27
	-
	-
	-
	20.60**

	14
	DCN
	22
	-1.8
	8.1
	0.76NS
	

	15
	DCM
	12
	-9.4
	42.3
	6.71**
	

	16
	DP
	21
	-0.80
	3.6
	0.53NS
	

	17
	E0
	26
	-
	-
	-
	108**

	18
	ECN
	20
	-5.2
	20
	4.49**
	

	19
	ECM
	10
	-15
	57
	23**
	

	20
	EP
	19
	-6.4
	24
	5.48**
	


FIGURE 22

FABRIC STRENGTH – WEFT
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 The above table shows the fabric strength (weft) of original and treated samples. Table 11 and Figure 22 it is obvious that the fabric tensile strength was decreased in all the treatments. The two way analysis of variance shows that there was no significant difference between treatments of sample A but 1 % significant level was noted in samples B, C, D and E. Hence it could be concluded that produced amylase treatment didn’t affect fabric weft strength in weft direction.
4.5.2.5. Fabric warp elongation


The fabric warp elongation and analysis of variance of the original and treated samples are shown in the Table 12 and Figure 23.

TABLE 12

FABRIC ELONGATION - WARP

	S.No
	Fabric
	Fabric warp elongation(cm)
	Loss or Gain over Original
	t value
	f value

	
	
	Mean
	Actual
	%
	-
	1.29NS

	1
	A0
	1.30
	-
	-
	
	

	2
	A CN
	1.06
	-0.24
	1.85
	1.53NS
	

	3
	ACM
	1.12
	-0.18
	13.84
	1.55NS
	

	4
	AP
	1.12
	-0.26
	19.99
	0.94NS
	

	5
	B0
	0.58
	-
	-
	-
	24.19**

	6
	BCN
	0.58
	0.0
	0.0
	0.0NS
	

	7
	BCM
	1.34
	0.76
	130
	6.77**
	

	8
	BP
	0.99
	0.32
	5.50
	3.3**
	

	9
	C0
	0.66
	-
	-
	-
	76.72**

	10
	CCN
	1.38
	0.72
	108
	9.79**
	

	11
	CCM
	1.12
	1.36
	69
	6.78**
	

	12
	CP
	2.02
	0.0
	15.6
	15.6**
	

	13
	D0
	1.34
	-
	-
	-
	0.86NS

	14
	DCN
	1.43
	0.20
	0.0
	0.0NS
	

	15
	DCM
	1.54
	0.26
	14.8
	1.90NS
	

	16
	DP
	1.60
	0.0
	19.24
	1.37NS
	

	17
	E0
	1.24
	-
	-
	-
	1.29NS

	18
	ECN
	1.08
	-12.8
	-12.8
	0.69NS
	

	19
	ECM
	0.84
	32
	32
	2.10NS
	

	20
	EP
	1.36
	96
	96
	0.53NS
	


FIGURE  23

FABRIC  ELONGATION – WARP
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From the Table 12 and Figure 23 it is obvious that the mean of fabric elongation in warp increased in all the treatments of samples B, C, and D and decreased in A and E. Maximum increase was observed in CP as 15.6 and maximum decrease was in A CM as 13.84. The analysis of variance shows that there is no significant difference between treatments of samples A and E.  5% significance in sample C, and 1 % significance in sample B and D were noted. Hence it could be concluded that the produced amylase increases the elongation in warp direction.

4.5.2.6. Fabric weft elongation

The fabric weft elongation and analysis of variance of the original and treated samples are shown in the Table 13 and Figure 24.

TABLE 13

FABRIC ELONGATION - WEFT

	S.No
	Fabric
	Fabric weft elongation(cm)
	Loss or Gain over Original
	t value
	f value

	
	
	Mean
	Actual
	%
	-
	0.44NS

	1
	A0
	1.06
	-
	-
	
	

	2
	A CN
	1.10
	0.04
	3.77
	0.43NS
	

	3
	ACM
	1.08
	0.02
	1.88
	0.53NS
	

	4
	AP
	1.14
	0.08
	7.54
	2.13NS
	

	5
	B0
	0.78
	-
	-
	-
	60.86**

	6
	BCN
	0.56
	-0.28
	35.84
	5.71**
	

	7
	BCM
	0.68
	-0.10
	12.8
	0.95NS
	

	8
	BP
	1.68
	0.0
	115.2
	20.12**
	

	9
	C0
	1.36
	-
	-
	-
	4.19*

	10
	CCN
	0.98
	-0.38
	28
	1.47NS
	

	11
	CCM
	0.76
	-0.38
	28
	7.17**
	

	12
	CP
	1.30
	-0.60
	44
	0.49NS
	

	13
	D0
	1.28
	-
	-
	-
	0.66NS

	14
	DCN
	1.26
	-0.20
	1.56
	0.114
	

	15
	DCM
	1.12
	-0.16
	12.49
	1.55
	

	16
	DP
	1.30
	0..02
	1.56
	0.15
	

	17
	E0
	1.10
	-
	-
	-
	1.29NS

	18
	ECN
	1.48
	0.38
	34.54
	4.41*
	

	19
	ECM
	1.40
	0.30
	27
	2.17NS
	

	20
	EP
	1.14
	0.04
	3.6
	1.0NS
	


FIGURE 24

FABRIC ELONGATION – WEFT
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Table 13 and Figure 24 shows that fabric elongation in weft increased was reduced over the original fabric. The maximum increase in weft elongation was noted in BP and maximum decrease in CCM. The analysis of variance shows that there was no significant difference between treatments of sample A. 5 % significance level in sample C and 1% significant difference in sample B and D. Hence it could be concluded that the enzyme treatment increase the fabric elongation in weft direction in all the samples compared to the conventional and commercial enzyme treated samples.
4.5.2.7. Fabric warp stiffness 

The fabric warp stiffness and analysis of variance of the original and treated samples are shown in the Table 14 and Figure 25

TABLE 14

FABRIC WARP STIFFNESS

	S.No
	Fabric
	Fabric Stiffness warp(cm)
	Loss or Gain over Original
	t value
	f value

	
	
	Mean
	Actual
	%
	-
	252.09**

	1
	A0
	2.12
	-
	-
	
	

	2
	A CN
	1.60
	-0.52
	24.52
	4.66**
	

	3
	ACM
	1.6
	-14.48
	68.87
	16.38**
	

	4
	AP
	1.58
	-0.54
	25.46
	7.21**
	

	5
	B0
	5.5
	-
	-
	-
	43.54**

	6
	BCN
	4.8
	-0.70
	12.72
	7.0
	

	7
	BCM
	3.54
	-1.96
	35.63
	9.72
	

	8
	BP
	4.12
	-1.38
	25.08
	13.53
	

	9
	C0
	1.5
	-
	-
	-
	0.89NS

	10
	CCN
	1.30
	-0.2
	13.33
	3.16
	

	11
	CCM
	1.40
	-0.1
	6.66
	065
	

	12
	CP
	1.3
	0.0
	0
	0.0
	

	13
	D0
	3.06
	-
	-
	-
	27.72**

	14
	DCN
	1.56
	-1.5
	49
	13**
	

	15
	DCM
	2.06
	-1.0
	32.67
	4.08**
	

	16
	DP
	2.28
	-0.78
	19.87
	6.28**
	

	17
	E0
	2.04
	-
	-
	-
	7.59**

	18
	ECN
	1.52
	-0.52
	19.99
	5.09**
	

	19
	ECM
	1.72
	-0.32
	30.76
	3.13*
	

	20
	EP
	1.84
	-0.20
	19.23
	1.53NS
	


FIGURE 25

FABRIC STIFFNESS WARP
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Table 14 and Figure 25 shows fabric stiffness in warp direction of original and treated samples.
Table 14 and Figure 25 explain that there is a decrease in fabric warp stiffness of treated fabrics. The maximum decrease was found to be in ACM as 68.87%, minimum decrease was at CCM as 6.66% The analysis of variance shows that there was no significant difference between treatments of sample C and 1% significance in samples A, B, D and E. Hence it could be concluded that decrease in fabric stiffness was higher in produced amylase treatment than in conventional and commercial enzyme treated samples.
4.5.2.8. Fabric stiffness- weft

The fabric weft stiffness and analysis of variance of the original and treated samples are shown in the Table 15 and Figure 26.

TABLE 15

FABRIC  STIFFNESS  WEFT

	S.No
	Fabric
	Fabric Stiffness weft(cm)
	Loss or Gain over Original
	t value
	f value

	
	
	Mean
	Actual
	%
	-1.59NS
	3.56*

	1
	A0
	1.76
	-
	-
	
	

	2
	A CN
	1.44
	-0.32
	18.17
	2.79*
	

	3
	ACM
	1.26
	-0.50
	28.40
	2.21NS
	

	4
	AP
	1.42
	-0.34
	19.31
	
	

	5
	B0
	4.36
	-
	-
	-
	32.71**

	6
	BCN
	3.84
	-0.52
	11.93
	7.07**
	

	7
	BCM
	2.42
	-1.94
	44.52
	18**
	

	8
	BP
	3.56
	-0.80
	18.36
	11.31**
	

	9
	C0
	1.20
	-
	-
	-
	7.24**

	10
	CCN
	1.04
	-0.16
	13.33
	1.96**
	

	11
	CCM
	1.00
	-0.20
	16.66
	3.65**
	

	12
	CP
	0.90
	-0.30
	24.99
	4.24**
	

	13
	D0
	2.0
	-
	-
	
	4.05*

	14
	DCN
	1.48
	-0.5
	26
	4.49**
	

	15
	DCM
	1.38
	-0.62
	31
	3.49*
	

	16
	DP
	1.40
	-0.60
	30
	2.12NS
	

	17
	E0
	2.00
	-
	-
	-
	19.92**

	18
	ECN
	1.58
	-0.42
	21
	4.8**
	

	19
	ECM
	1.28
	-0.72
	36
	12.34**
	

	20
	EP
	1.34
	-0.66
	33
	7.11**
	


FIGURE 26

FABRIC STIFFNESS WEFT
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Table 15 and figure 26 shows fabric stiffness in weft of original and treated samples.

 From the Table 15 and Figure 26 it is clear that there was a decrease in fabric stiffness in the treated samples. The maximum decrease was observed in BCM as 44.52% and minimum decrease in BCN as 11.93. The analysis of variance shows that there is 5 % significance in treatments of samples A and D, and 1 % significance in samples B, C and E. Hence it could be concluded that decrease in fabric stiffness in weft is comparable with that of conventional and commercial enzyme treated samples.
4.5.2.9. Abrasion resistance of fabric


The fabric abrasion resistance and analysis of variance of the original and treated samples are shown in the Table 16 and Figure 27.

TABLE 16

ABRASION RESISTANCE 
	S.No
	Fabric
	Fabric Abrasion resistance(mg)
	Loss or Gain over Original
	t value
	f value

	
	
	Mean
	Actual
	%
	-
	17.46**

	1
	A0
	6
	-
	-
	
	

	2
	A CN
	7.2
	1.2
	23.90
	2.05NS
	

	3
	ACM
	9.6
	3.6
	59.76
	7.06**
	

	4
	AP
	7.0
	1.0
	16.66
	1.41NS
	

	5
	B0
	3.60
	-
	-
	-
	23.14**

	6
	BCN
	14
	10.40
	28.8
	6.14**
	

	7
	BCM
	5.80
	2.2
	61.0
	11**
	

	8
	BP
	5
	1.4
	38.87
	35*
	

	9
	C0
	3.8
	-
	-
	-
	44.90**

	10
	CCN
	7.6
	3.8
	99.97
	5.72**
	

	11
	CCM
	13.2
	9.4
	24.00
	9.59**
	

	12
	CP
	6.4
	2.6
	68.00
	3.47*
	

	13
	D0
	10.20
	-
	-
	
	16.48**

	14
	DCN
	7.8
	-2.4
	23.52
	6.0**
	

	15
	DCM
	7.8
	-2.4
	23.52
	4.0*
	

	16
	DP
	6.2
	-4.0
	45.38
	12.6**
	

	17
	E0
	5.6
	-
	-
	
	9.30**

	18
	ECN
	7.6
	2.0
	17.8
	4.47*
	

	19
	ECM
	7.6
	2.0
	17.8
	6.3**
	

	20
	EP
	5.8
	2.0
	17.8
	0.53NS
	


FIGURE 27

ABRASION RESISTANCE
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Table 16 and Figure 27shows the abrasion resistance of original and treated fabrics.
From the Table 16 and Figure 27 it is obvious that abrasion resistance was increased in all the samples except sample D. The maximum increase was observed in BCN as 28.8% and minimum increase was obtained in ECN and ACM as 1.17%. The analysis of variance shows that there is a significant difference in treatments between samples A, B, C, D and E at 1 % level. So that it could be concluded that produced enzyme enhance abrasion resistance of all the fabrics.
4.5.2.10. Fabric crease recovery- warp


The fabric crease recovery in warp and analysis of variance of the original and treated samples are shown in the Table 17 and Figure 28. 

TABLE 17

FABRIC CREASE RECOVERY-WARP

	S.No
	Fabric
	crease recovery warp(cm)
	Loss/gain over original
	t value
	f value

	
	
	Mean
	Actual
	%
	-
	50.36**

	1
	A0
	85
	-
	-
	
	

	2
	A CN
	100
	15.80
	18.45
	7.58NS
	

	3
	ACM
	107
	22
	25.74
	8.43NS
	

	4
	AP
	101
	16.4
	19.18
	7.36**
	

	5
	B0
	87.4
	-
	-
	
	9.87**

	6
	BCN
	100
	26
	29.74
	3079*
	

	7
	BCM
	114.00
	13
	14.87
	7.7**
	

	8
	BP
	103.00
	15.6
	17.84
	23.00**
	

	9
	C0
	72
	-
	-
	-
	481.88**

	10
	CCN
	99.20
	27.20
	37.53
	15.11**
	

	11
	CCM
	93.80
	21.80
	30.08
	29.66**
	

	12
	CP
	1.6.60
	34.60
	47.47
	51.11**
	

	13
	D0
	83.40
	-
	-
	-
	127.92**

	14
	DCN
	85.40
	2.0
	2.38
	0.69NS
	

	15
	DCM
	123
	39.60
	47.12
	20.15**
	

	16
	DP
	96.40
	13
	15.47
	11.83**
	

	17
	E0
	93
	-
	-
	
	54.66**

	18
	ECN
	92.00
	-1.00
	1.07
	0.58NS
	

	19
	ECM
	86.80
	6.2
	6.05
	3.24*
	

	20
	EP
	104.40
	11.40
	12.19
	9.74**
	


          FIGURE 29

 FABRIC CREASE RECOVERY-WARP
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 Table 17 and Figure 29 shows the crease recovery in warp direction of original and treated samples

 The above Table 17 and Figure 29 shows that the maximum difference in crease recovery was observed in sample CP as 47.47% and minimum difference in ECN as 1.07%. the analysis of variance shows that there was 1% significant difference in all the samples. Hence it could be concluded that there is an increase in crease recovery in all the treated samples over the original samples

4.5.2.11. Fabric crease recovery- weft


The fabric crease recovery in weft and analysis of variance of the original and treated samples are shown in the Table 18 and Figure 29.

TABLE 18

FABRIC WEFT CREASE RECOVERY

	S.No
	Fabric
	Fabric crease recovery weft(cm)
	Loss or Gain over Original
	t value
	f value

	
	
	Mean
	Actual
	%
	-
	3.62*

	1
	A0
	96.60
	-
	-
	
	

	2
	A CN
	95.80
	-0.80
	0.82
	0.23NS
	

	3
	ACM
	101.20
	4.60
	4.73
	1.32NS
	

	4
	AP
	105.20
	8.60
	8.91
	2.60NS
	

	5
	B0
	80
	-
	-
	-
	14.18**

	6
	BCN
	95.80
	15.80
	19.75
	3.10*
	

	7
	BCM
	96
	16
	20
	3.66**
	

	8
	BP
	100
	26
	32.5
	4.82**
	

	9
	C0
	87.60
	-
	-
	-
	14**

	10
	CCN
	93.00
	5.4
	6.15
	22.04**
	

	11
	CCM
	90.60
	3.0
	3.42
	3.35*
	

	12
	CP
	95.40
	7.8
	8.89
	5.75**
	

	13
	D0
	97
	-
	-
	-
	4.24*

	14
	DCN
	108
	11
	11.33
	2.32NS
	

	15
	DCM
	92
	4.6
	4.74
	0.64NS
	

	16
	DP
	108
	11
	11.33
	2.32NS
	

	17
	E0
	107.80
	-
	-
	-
	10.84**

	18
	ECN
	98
	-8.6
	7.91
	5.17**
	

	19
	ECM
	102.60
	-4.8
	4.4
	3.63*
	

	20
	EP
	100
	-7.4
	6.8
	3.81**
	


FIGURE 29

FABRIC WEFT CREASE RECOVERY
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The above Table 18 and Figure 29 shows that a maximum difference in crease recovery was observed in sample BCM as 20%and minimum difference in CCM as 3.42%.  the analysis of variance showed that three was 1% significant difference in samples A and D. And 5 % significance e was noted in samples B, C and E. Hence it could be concluded that there is an increase in crease recovery in all the treated samples over the original samples.


.
4.5.2.12. Drape co-efficient
The fabric drape co-efficient of the original and treated samples are shown in the Table 19 and Figure 30
TABLE 19

DRAPE CO-EFFICIENT

	S.No
	Fabric
	Fabric drape coefficient
	Loss or Gain over Original

	
	
	Mean
	Actual
	%

	1
	A0
	0.87
	-
	-

	2
	A CN
	0.87
	-2
	-2.27

	3
	ACM
	0.85
	-1
	-1.14

	4
	AP
	0.86
	-2
	-2.27

	5
	B0
	0.81
	-
	-

	6
	BCN
	0.79
	-2
	-2.4

	7
	BCM
	0.80
	-1
	-1.2

	8
	BP
	0.64
	-17
	-20.4

	9
	C0
	0.51
	-
	-

	10
	CCN
	0.53
	-3
	-5.17

	11
	CCM
	0.60
	2
	3.49

	12
	CP
	0.54
	-5
	-8.62

	13
	D0
	0.57
	-
	-

	14
	DCN
	0.60
	-3
	-5.17

	15
	DCM
	053
	2
	3.49

	16
	DP
	0.54
	5
	-8.62

	17
	E0
	0.76
	-
	-

	18
	ECN
	0.70
	-6
	-7.8

	19
	ECM
	0.70
	-6
	-7.8

	20
	EP
	0.64
	-22
	-132


FIGURE 30

DRAPE CO-EFFICIENT
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Table 19 and Figure 29 shows that mean values of the drape coefficient was found to be minimum in all the treated samples when compared to the original samples. The minimum loss percentage of 1.14% in sample ACM, where as maximum loss of 132 % in sample EP were noticed. In enzyme treated samples, the drape coefficient was very low, compared to the original and conventional treatments. In produced and commercial enzyme treatment, there is no much difference in their drape co-efficient. The minimum value change co-efficient indicates the worst drapability of the fabric and maximum value indicates the best drapability of the fabric.
 Hence it could be concluded that the produced crude enzyme treatment imparts better drapability to the cotton fabric. so enzyme treatment is very much significant for desizing.

4.5.2.13. Wettability of original and treated samples

4.5.2.13.1. Capillary raise 

TABLE 21
WETTABILITY OF ORIGINAL AND TREATED FABRICS

	   S.No
	 Sample
	        Capillary raise
	          Sinkability

	
	
	Mean

(sec)
	%of loss or gain
	Mean

(sec)
	% of loss or gain

	1
	A0
	240
	-
	100
	-

	2
	A CN
	90
	63
	26
	74

	3
	ACM
	270
	13
	20
	80

	4
	AP
	90
	63
	25
	75

	5
	B0
	200
	-
	95
	-

	6
	BCN
	100
	50
	30
	68.4

	7
	BCM
	90
	55
	25
	74

	8
	BP
	88
	60
	20
	80

	9
	C0
	250
	-
	105
	-

	10
	CCN
	120
	52
	32
	74

	11
	CCM
	110
	70
	24
	77

	12
	CP
	110
	70
	21
	80

	13
	D0
	240
	-
	110
	-

	14
	DCN
	60
	75
	35
	68

	15
	DCM
	120
	50
	30
	73

	16
	DP
	45
	81
	28
	71

	17
	E0
	180
	-
	113
	-

	18
	ECN
	90
	16
	37
	62

	19
	ECM
	60
	16
	30
	74

	20
	EP
	45
	75
	27
	71


Table 21 shows the capillary raise of original and treated samples.

From the Table 21 it is clear that the capillary raise is high in all the treated samples than the original samples. Maximum difference of 81 % in sample DP, whereas minimum difference of 13 % in sample ACM was noticed. From the results obtained it could be concluded that the enzyme treatment particularly, produced enzyme treatment showed decrease in time absorbency in capillary raise, when compared to the conventional and commercial enzyme treated samples.

4.5.2.14.2. Sink test


Table 21 shows the sinkability of original and treated samples.


From the Table it is obvious that the time taken for the treated samples was reduced when compared to that of the original samples. Maximum difference of 80 % in samples BP and CP, and minimum difference of 62 % in sample ECN. From the results obtained, it could be concluded that the enzyme treatment has appreciable decrease in time for sinkability of desized cotton fabrics, when compared to that of conventional and commercial enzyme treated samples.
4.5.2.14. Iodine test


The desizing efficiency of the different methods (conventional, commercial enzyme and produced enzyme) was visually examined by the appearance of colour change due to iodine solution. The bio-desized sample immediately produced yellow colour with iodine solution.
Hence it could be concluded that produced amylase has greater desizing efficiency than the other two methods of desizing.

5.0. SUMMARY AND CONCLUSION

Textile industry is one of the largest industry generating revenue and large employment. But unfortunately the textile industry is the largest contributor of pollution.  Eco-friendliness is the basic need in textile wet processing. Novel efficient strategies for cotton wet processing are needed that are economical and reduce the impact on the environment. This can be achieved by the application of Biotechnology, in other words enzymatic treatment. Cotton desizing not only renders softness to the fabric but gently prepare the fabric for subsequent textile processing. Keeping all these in mind, the present study entitled” Optimization and Characterization of Fungal amylase from Aspergillus niger for desizing selected cotton fabrics” was selected which involves the following objectives
Objectives of the study are to
· isolate and identify the amylolytic fungi from selected sources

· optimize the cultural conditions for maximum enzyme production 

· characterize the produced enzyme

· desize the selected cotton fabrics using produced enzyme

· evaluate the desizing efficiency of produced enzyme

· compare the desizing efficiency of produced enzyme against 

· commercial enzyme desizing and conventional desizing

· carryout subjective and objective analysis of the treated fabrics.
Isolation and identification of Fungal strain

The desizing enzyme amylase plays a vital role in textile processing which can be obtained from microbial sources. For the large scale production of enzymes, fungal sources are preferred due to their higher yield, maximum activity and thermo stability. Among the three different soils, potato processing unit waste water discharged soil was selected for amylase production, since it is rich in starch, the microbes growing will produce amylase, a starch degrading enzyme. A single amylase producing fungi was isolated using serial dilution technique, and was identified as Aspergillus niger.

Optimization of growth conditions for amylase production by Aspergillus niger

Optimization of growth conditions is essential to improve the microbial growth and enzyme production. Culture media, substrate, incubation time, moisture level, pH, temperature, carbon and nitrogen supplement and metal ions were optimized for amylase production.
 Enzyme characterization

Enzyme characterization is needed to judge the capacity of an enzyme, thereby reaction time and energy consumption could be reduced. Characterization of produced amylase was carried out in terms of storage, pH and pH stability, temperature and temperature stability, substrate concentration, substrate specificity, effect of activator and metal ions.

Desizing process


Desizing process using conventional, commercial enzyme and produced enzyme treatment was carried out under the following conditions.
TABLE 21

	S.No
	       Particulars
	                  Enzyme
	     Acid 

	
	
	     Produced 
	  Commercial
	

	1
	Enzyme concentration
	30 mg/g fabric
	2%
	1%

	2
	M:L
	1:30
	1:8
	1:30

	3
	Temperature (°C)
	35
	60
	55

	4
	pH
	7.0
	65
	6.0

	5
	Duration (hrs)
	12
	4
	4


Findings of the study include:
· Wheat bran was found to be the best solid substrate for the production of amylase.

· Amylase production by Aspergillus niger was maximum at pH 7.0, temperature 30°C, incubation time of six days, with the moisture content of 55%.

·  Sucrose and Peptone stimulates the production of amylase, Iron has less inhibitory effect among the metal ions tested.

· Amylase is stable for 96 hrs; amylase activity is maximum at pH 6.0, temperature 40°C, with optimum substrate concentration of 3 %.

·  Amylase activity has higher specificity towards starch. 1 % of NaCl enhances amylase activity. Copper inhibits amylase activity.
Evaluation of treated fabrics

The fabric was evaluated to determine the effect of produced enzyme treatment on the properties of fabric.

· The treated samples were visually evaluated in terms of general appearance, stiffness and texture. Compared with the chemically treated samples, the enzyme treated samples were good in appearance, very low in stiffness and smooth and soft in texture.

· The maximum decrease in fabric weight was seen in between samples E0 and EP as 15.97 %.The minimum decrease is observed in between samples A0 and ACM as 0.20 % respectively. Hence it could be concluded that the enzyme treatments increased fabric weight.  

· A maximum increase in fabric thickness is observed in sample ACN as 102.6 %. As far as, sample DP is considered a minimum increase of 4.09 % is seen. Usages of commercial enzyme do not show a significant difference, when compared with crude enzyme and chemical treatments, therefore produced enzymatic treatment do not contribute to fabric thickness.    

· The tensile strength of produced and commercial enzyme treated fabrics was increased in AP, ADP when compared to their originals. Hence it can be concluded that the enzyme treatment enhances the fabric tensile strength unlike the chemical treated one.

· The mean value of the fabric weft strength in all the chemical treated samples decreased when compared to original and enzyme treated samples. Hence it may be concluded that the fabric tensile strength in weft direction is increased in enzyme treated fabrics.

· There is an increase in the level of fabric elongation (in both warp and weft) in all the treated samples over their originals. From the results it is evident that the efficiency of produced crude enzyme is comparable with that of commercial enzyme. 

· The mean fabric stiffness in warp and weft direction was higher in chemical treated samples when compared with the enzyme treated samples. This proved that enzymes act efficiently in the removal of starch when compared with the chemicals. 

· The increase recovery angle (warp and weft) of enzyme treated samples shows reduction in starch content over original and chemical treated one.

· The enzyme treated samples has great drapability and wettability over chemical treated samples.

· Iodine test for the desized sample by produced enzyme and commercial enzyme treatment proves the complete removal of starch by the appearance of yellow colour.  Hence it could be concluded that, the produced and commercial enzyme is suitable for desizing.

Conclusion


‘Green chemistry, clean technology’ is the key word in textile industry after increased about the pollution and its impacts. This issue has called for safer production in every product. Researches emphasis on reduction of pollution loads and increases the quality of the effluent. Biotechnology has opened a new path, by application of enzyme for textile wet processes named ‘Bio processing’. Hence this study based upon the application of enzyme for cotton desizing has thrown light on easy availability, utilization of agricultural wastes, better efficiency and eco-friendly nature of the amylase. Enzyme application also reduces cost, time and energy. Bioprocess technology in industries reduced pollution by avoiding chemical usage and also made use of waste materials like waste water. As enzymes have minimal negative environmental effect, its application has paved a way to clean and green environment 


 The results of the study prove the potential of enzymes in producing green label products, which in turn would be the right solution to solve environmental issues. So enzymes can be considered as “Boon for Textiles” for the nature.   
Limitations


Due to lack of time purification of extracted enzyme and molecular weight determination could not be studied.
Recommendations
· Reusability of enzyme could be determined by immobilization.

· Amylase production from the bacterial source may be studied and could be compared with that of fungal amylase.

· As some of the microbial enzymes enhances dye uptake of the fabric, ‘natural dye from microbes’ could be studied.
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APPENDIX – 1
COMPOSITION OF STARCH AGAR MEDIUM

	S.NO.
	COMPOSITION


	g/l

	1
	Peptic digest of animal tissue
	         5

	2
	Yeast extract
	1.5

	3
	 Beef extract
	1.5

	4
	Starch
	2.0

	5
	Sodium acetate 
	5.0

	6
	Agar
	15


APPENDIX – 2
COMPOSITION OF ROSE BENGAL CHLORAMPHENICOL

AGAR MEDIUM
	S.NO.
	COMPOSITION


	g/ l

	1
	Peptone 
	5

	2
	Glucose 
	10

	3
	 Potassium dihydrogen phosphate
	1

	4
	Magnesium Sulphate
	0.5

	5
	 Rose Bengal
	0.05

	6
	Chloramphenicol
	1

	7
	Agar
	15.5

	     8  
	Distilled water
	1000







APPENDIX –3
COMPOSITION OF POTATO DEXTROSE AGAR MEDIUM
	S.NO.
	COMPOSITION


	g/ l

	1
	Potatoes in fusion form
	300

	2
	Dextrose
	20

	3
	Agar
	15


APPENDIX –4

PREPARATION OF IODINE SOLUTION
	S.NO.
	COMPOSITION
	QUANTITY

	1
	Sodium Chloride
	1 g

	2
	Potassium iodide
	2 g

	3
	Distilled water
	300 ml


APPENDIX 5

FABRIC SAMPLES
	*
	Original fabric
	Conventional method treated fabric
	Commercial enzyme treated fabric
	Produced enzyme treated fabric

	A
	
	
	
	

	B
	
	
	
	

	C
	
	
	
	

	D
	
	
	
	

	E
	
	
	
	


APPENDIX – 6
NOMENCLATURE OF THE SAMPLE 

	FABRIC
	NOMENCLATURE
	DESCRIPTION



	A
	A0
	Original fabric-A

	
	ACN
	Conventional method treated fabric-A

	
	ACM
	Commercial enzyme treated fabric-A

	
	AP
	Produced enzyme treated fabric-A

	B
	B0
	Original fabric-B

	
	BCN
	Conventional method treated fabric-B

	
	BCM
	Commercial enzyme treated fabric-B

	
	BP
	Produced enzyme treated fabric-B

	C
	C0
	Original fabric-C

	
	CCN
	Conventional method treated fabric-C

	
	CCM
	Commercial enzyme treated fabric-C

	
	CP
	Produced enzyme treated fabric-C

	D
	D0
	Original fabric-D

	
	DCN
	Conventional method treated fabric-D

	
	DCM
	Commercial enzyme treated fabric-D

	
	DP
	Produced enzyme treated fabric-D

	E
	E0
	Original fabric-E

	
	ECN
	Conventional method treated fabric-E

	
	ECM
	Commercial enzyme treated fabric-E

	
	EP
	Produced enzyme treated fabric-E


APPENDIX –7

PROFORMA FOR VISUAL EXAMINATION OF TREATED SAMPLES
	S. No
	Samples
	General appearance
	Texture
	Stiffness

	
	
	G
	F
	P
	S
	C
	R
	L
	M
	H

	1
	A CN 
	
	
	
	
	
	
	
	
	

	
	ACM
	
	
	
	
	
	
	
	
	

	
	AP
	
	
	
	
	
	
	
	
	

	2
	BCN
	
	
	
	
	
	
	
	
	

	
	BCM
	
	
	
	
	
	
	
	
	

	
	BP
	
	
	
	
	
	
	
	
	

	3
	CCN
	
	
	
	
	
	
	
	
	

	
	CCM
	
	
	
	
	
	
	
	
	

	
	CP
	
	
	
	
	
	
	
	
	

	4
	DCN
	
	
	
	
	
	
	
	
	

	
	DCM
	
	
	
	
	
	
	
	
	

	
	DP
	
	
	
	
	
	
	
	
	

	5
	ECN
	
	
	
	
	
	
	
	
	

	
	ECM
	
	
	
	
	
	
	
	
	

	
	EP
	
	
	
	
	
	
	
	
	


