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1. INTRODUCTION


Textile industry is the second largest industry in the world next to agriculture. In India, the textile industry contributes substantially to the foreign exchange. India is the second largest producer of raw cotton, cotton yarn, cellulosic fibre/yarn and silk. It is the third largest producer of synthetic fibres/yarn. It has the pride of place as the largest producer of jute. 


The industry’s importance to Indian economy can be gleaned from the fact that it contributes four per cent towards gross domestic product (GDP) and 17 per cent towards the total exports. The textile industry provides employment opportunities to 21 percent of the workforce and is the second largest provider of jobs reveals Malik (2008). In textile industries processing units are one of the major job providers, which is a growing industry that traditionally uses a lot of water, energy and chemicals, starting from pesticides for cotton growing to high amounts of wash waters that result in waste streams causing high environment problems Kalidasan (2008). 
            The main environmental problems associated with textile industry are typically those associated with water body pollution, caused by the discharge of untreated effluents. The living beings are facing great health hazards due to the accumulation of pollutants that ranges from local effects to dreadful conditions resulting in the mortality of the affected organisms Shyamala et al.( 2008).


The textile wet processing comprises mainly three operations such as pretreatments, colouration and finishing.  The pretreatments include cleaning of fibre material and making it uniformly receptive to chemicals, dyes and auxiliaries. In the case of pretreatments of cotton goods, the very first operation is the sizing of yarns to make them ready to bear the stresses and strains of weaving them into fabric.


Warp yarns for cotton and blends of cotton with other fibre materials have 10-15% added size, while synthetic filament yarns require 3-5% size add on. However, once the weaving operation is complete and fabric is prepared, the size needs to be completely removed from the fabric, by desizing in order to make it perfectly absorbent for uniform application of chemicals and colourants during further wet processes.

Conventional desizing of cotton is done by hydrolytic or oxidative process in which acids or oxidising agents are used. These chemicals have the drawback that while acting on starch may also react with cellulose, there by reducing the strength of the fabric. The effluent generates high chemical oxygen demand (COD) in the water body in which it is released.

          “Green is in” seems to be the buzzword in the textile industry, after increased awareness and concern about the environment and pollution. Also enzymes do not contribute to the effluent load. the action of the enzymes on starch is very specific and cellulose remains unaffected in the process. Inspite of all advantages of enzymes in textile processing its use is still limited. It is expected that use of enzymes will increase in near future because it can minimize negative environmental effect, which is the need of hour.


Amylolytic enzymes are capable of breaking starch sizes completely without attacking the cellulose. Therefore, use of amylase in desizing is safer than conventional desizing, where cellulose may also get hydrolysed or oxidised if the concentration of the chemical is higher than the optimum value. Enzymes are produced by living cells in plants, animals and microorganisms such as bacteria and fungi point out Sundar et al. (2007). Amylase isolated from bacterial sources is especially important for use in the various industries.


Enzymes are produced by solid and submerged fermentation of bacteria or fungi on substrates at given conditions of pH, temperature, humidity and duration reveal Gowda et.al.(2008). The solid-state fermentation (SSF) technique possesses many advantages over the conventional submerged fermentation (SMF), such as the use of raw materials as substrates, less energy and space requirement, lower capital costs, simple equipment, higher productivity and easier downstream processing. With the increasing trend towards efficient utilization of agricultural and agro-industrial residue and production of value-added agro-industrial products, SSF has attracted more attention in recent years Babitha et al.( 2007).


Optimization of medium components and fermentation process is of primary importance in any fermentation process  view Gangadharan et al. (2006). Optimization of various cultural and environmental variables individually, affects the growth of the organism and the enzyme production.


Eco friendly procedures and products have always created a niche edge in the business and society, intensely influencing the consumer psychology. Having these facts and needs in mind, the present study “Evaluating The Efficacy of Amylase Extracted from Bacillus Species for Desizing Selected Cotton Fabrics” was designed with the following objectives.

· To screen and isolate amylolytic bacteria from the kitchen waste water fed soil.

· To identify the selected bacteria.
· To optimize various parameters such as inoculum size, pH, temperature, extraction media, incubation period, different moistening agents, moisture level, carbon source, nitrogen sources and calcium chloride for maximum production of amylase by Solid State Fermentation.

· To desize the selected cotton fabrics using produced enzyme

· To evaluate the desized fabrics and compare it with conventional and commercial enzyme desized fabrics.



2.   REVIEW OF LITERATURE


Review of literature pertaining to the study is discussed under the following aspects.

2.1.COTTON
2.1.1. History of cotton

2.1.2. Properties of cotton

2.1.3. Importance of cotton

2.1.4. Processing of cotton fabrics

2.2. COTTON BLENDS

2.3. DESIZING

2.3.1. Desizing methods

2.3.1.1. Conventional desizing

2.3.1.1.1. Oxidative desizing

2.3.1.1.2. Rot steeping

2.3.1.1.3. Acid steeping

2.3.1.1.4. Disadvantage of conventional desizing

2.3.1.2. Enzymatic desizing

2.3.1.2.1. Properties of enzyme desized fabrics

2.3.1.2.2. Advantages of enzymatic desizing

2.4. ENZYMES

2.4.1. History of enzyme application in textile industry

2.4.2. Classification of enzymes

2.4.3. Enzymatic mechanism

2.4.4. Properties 

2.4.5. Application of enzymes in textile field
2.5. AMYLASE

2.5.1. Classification of amylase

2.5.2. Mechanism of amylase action

2.5.3. Desizing using amylase

2.5.4. Production of amylase

2.5.5. Solid state fermentation

2.5.6. Advantages of solid state fermentation

2.6. METHODS TO EVALUATE THE EFFICIENCY OF DESIZING

2.1. COTTON




Cotton is the main resource for thousands of consumer and industrial products manufactured throughout the world and the contribution made by cotton in the fibre industry continues to grow in importance. Cotton provides about half of all global fibre requirements say Gopalakrishnan and Nithyakumar(2008).




Cotton on the other hand being a natural fibre endowed with high moisture absorption, provides the right amount of warmth and comfort allowing friendly contact between human skin and textiles reveal Mairal and Patel(2008).

2.1.1. History of cotton




Cotton, the “king of fibres” is closely linked to human utilization affirm Sinha et al. (2006). In 445 B.C archeological evidences have proven that cotton was used in Mohanjodaro puts forward Jain (2006). Cotton felt the biggest impact from the industrial revolution in 1700’s. By the 18th century cotton become truly an international commodity. Eli Whitney invented cotton gin in 1793 reviews Narayanan (2002).

2.1.2. Properties of cotton




Roger (2000) states cotton as “hydrophilous” which means “friend of water”. Cotton remains the most miraculous fibre under the sun no other fibre comes close duplicating all the desirable characteristic combined in cotton (www.cotton.org).



Cotton fibre is known for its properties, like good absorption of fluid, biodegradability, breathability, Drapability, sterilisability, heat resistance, high wet strength, insulation, non allergic, non – irritation, renewable resource and water retention says Raghavan(2002). It withstands high temperature, stands upto abrasion wears well (www.fabrics.net). In cotton the wet strength is higher than the dry strength reports Shenai (2000). 
2.1.3. Importance of cotton




Cotton is the world first major textile fibre and it has been woven from prehistoric days to the present. It is believed that India was the first country to manufacture cotton. Among all the textile fibres, cotton is the most widely used one today. Some of the reasons for the use are its superior weaving qualities, high absorption, low cost, better feeling, excellent abrasion, pilling resistance and stability to repeated blending say Venkidusamy and Ramasundaram (2000).




Cotton is grown every year by about eighty countries observe Sharma et al. (2003) and Rai (2004). Cotton in today’s fast moving world is still nature’s wonder fibre providing thousands of useful products and supporting millions of job seekers as it moves from the field to fabric and is rightly considered as “White Gold”, according to Mahalingam (2001). Cotton enjoys an extremely positive image due to its naturalness and softness to the human skin reveal Shivaleela et al. ( 2004).




Indian textile industry employs 35 million people and provides one quarter of the country’s export earnings. It is estimated to consume 35 million bales of cotton by 2010, as pointed out by Nair and Pandian (2005). Globalization of economy and the stringent quality requirements to be met by exporting units have particularly made cotton trade and spinning industry highly conscious of the vital importance of high quality cotton as reported by Basu et al. (2003).

2.1.4. Processing of cotton fabrics




The rising living standards and the social status have given a boost to enormous fashion trends, while the basics of textile processing remains the same. Pretreatment in processing units can be categorized into dry and wet processing. Dry processing include yarn manufacturing, fabric wearing and knitting, while wet processing includes desizing, scouring, bleaching, mercerizing and dyeing report Sarkar et al.( 2004) and Anthappan et al.(2006).



In the case of pretreatments of cotton goods, the very first operation is the sizing of yarns views Shukla (2006). Size is a gelatinous substance used to stiffen fabric. It is applied to the warp threads to prevent the threads from snapping when undergoing the weave process. Usually a size is made of starch or its by – products report Prabakaran et al.( 2008).




Desizing is the removal of starch and it plays a major and very important role in achieving a perfect fabric feel. It is a process of impregnation of the greige fabric with the desizing agents, allowing the agents to degrade or solublize sizing material and finally to wash off degradation products to make it suitable for further processing, explains Sivaramakrishnan (2005). Desizing is done with alkali detergents, solvent emulsions, dispersants and sequesterants. Before dyeing, the material must be free from impurities as far as possible opine Vankar et al. (2000).

2.2. COTTON BLENDS




In a country like India, with extremes of temperature and humidity, garments made from natural fibres in cotton or blends of manmade and natural fibres are certainly preferred to pure synthetics for the reason of environment and health says Sangwan et al. (2006).




The important reason for blending is to substitute the drawbacks present in one fibre by the use of combination with another, which is superior to the former reveals Sharma and Goel (2003).As far as comfort is concerned, polyester / cotton (P / C) blends are more popular than pure polyester. Blending of these natural and synthetic fibres homogeneously thus becomes essential to take the advantage of better properties describes Prakash (2007).




When silk is blended with cotton, silk contributes a soft, smooth hand, lightness of weight with strength, resilience, comfort and good colour possibilities. According to Jody crow, a silk / cotton has a more sophisticated expensive look and is washable.The silk cotton fabrics are used for shirts, ladies dresses, scarfs, ties, sarees, etc. convey Shilpa et al. (2007).

2.3. DESIZING




Desizing is the first step which enables the garment to properly receive subsequent chemical and mechanical treatments by removing the previously applied warp size and finishes, says Shroff (2003). Desizing can be considered as a heart of the textile wet processing, as results of the subsequent processing are dependent on the effectiveness of desizing view  Flatau (2007).

2.3.1. Desizing methods
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2.3.1.1. Conventional desizing

2.3.1.1.1. Oxidative desizing




The term oxidative desizing is related more today to the use of persulphates and hydrogen peroxide in alkaline pretreatments. Persulphates and perphosphates are recommended for use in caustic desizing process to increase starch degradation views Gupta (2000).

2.3.1.1.2. Rot steeping




In this style, fabrics is stored in warm water at 40–60° C overnight to remove the starch and water soluble impurities with  natural reaction.

2.3.1.1.3. Acid steeping




The greige cloth is soaked in dilute sulfuric acid or hydrochloric acid for 4-12 hours at room temperature and then rinsed with water reports Sivaramakrishnan (2005).

2.3.1.1.4. Disadvantages of conventional desizing




Conventional desizing of the cotton is done by hydrolytic or oxidative process in which acids or oxidising agents are used. These chemicals have the drawback that while acting on starch may also react with cellulose, thereby reducing the strength of the fabric reveal Verma and Nishkam (2003). The conventional chemical desized water is not treated completely, the effluent generates high Chemical Oxygen Demand (COD) in the water body in which it is released convey Dalvi et al. (2006).

2.3.1.2. Enzymatic desizing




Amylases are used to decompose starches in sizing preparations reveal Churi et al. (2004). Enzymatic desizing is considered to be more gentle upon the cellulosic fibres because amylase enzymes degrade only starch.

2.3.1.2.1. Properties of enzyme desized fabrics

· Enzymatically desized and scoured cotton materials resulted in comparable nitrogen content, protein and fat contents as that of conventionally treated fabrics say, Paul  et al.(1997).

· The enzyme desized fabrics showed similar absorbency in the fabric that obtained through conventional process sequence reveals Saravanan (2006).

2.3.1.2.2. Advantages of enzymatic desizing

· Enzyme can be used to replace harsh conditions and harsh chemicals, thus saving energy and preventing pollution.
· They are highly specific.
· Enzymes themselves are biodegradable, so they are readily absorbed back into nature.
· Enzymes are used for desizing woven fabrics because of their highly efficient and specific way of desizing without harming the yarn.
· Low energy requirements, mild conditions of use, safe to handle, non – corrosive in their applications say Churi et al.(2004).
2.4. ENZYMES




Enzymes are biocatalysts that essentially function by facilitating and increasing the rates of chemical reactions without themselves suffering any overall change, provided that the application conditions are optimized for the particular treatment describes, Holme (2009).

2.4.1. History of enzyme application in textile industry




Enzyme technology has a longer history than genetic engineering. The history of identifying enzymes is over hundred years old, while that of using purified enzymes commercially is 60 years old, say Mishra and Rani (2007).

Since ancient times house wives were making their saree in sour butter milk to remove the starches, which is applied during the weaving of sarees. In 1960’s crude enzymes from malt extract have been used for desizing process. From 1980 onwards systematic use of specific enzyme in textile processing started, state Churi et al. (2004).




Nearly 2000 years ago, microbes were used in bark fibre retting. First enzyme application dates back to early 1912, when barley was used for removal of starch sizes from woven fabrics. Microbial amylases were used in the early 1950’s which today is routinely used for the desizing process, assets Anterinen (2006).




The application of enzyme on cotton textiles gained popularity after the commercial success of cellulase enzyme launched by Novo Novdisk in Japan in 1986 quote Kumar and Abdalah (2001). The concept of treating fabric with enzyme  to improve their surface properties was first developed in Japan in 1989, view Raje et al.(2001).
2.4.2. Classification of  enzymes




Classification of enzymes was standardized in 1955 by the international Biotechnology union based on the type of reaction catalysed, quotes Saravanan (2006). Later enzymes were classified according to their action as Amylase – which converts the starch into water soluble short chain compounds, Lipase – which hydrolyses fats and oils into alcohol and organic acids, pectinases– which hydrolyse pectins, cellulases which catalyses the hydrolysis of cellulosic materials and proteases – which catalyse splitting of protein molecules and in the extreme may break the protein down into the component amino acids, remark Prabu and Raj (2003).



Based on the type of biochemical reaction catalysed, enzymes are classified into six broad classes. They are Oxidoreductases, Transferases, Hydrolases, Lyases, Isomerases and Ligases report Gowda, et al.(2004).

2.4.3. Enzymatic mechanism




When an enzyme was incorporated in a medium like solvent or water, they unfold and the amino acids present in the protein were sequenced in such a manner that every enzyme acquired an active site thereby specifically, attacking a certain substrate. In other words, a particular enzyme could react with a particular substrate e.g. it is amylase or cellulase, it would react with starch or cellulose respectively describes Raghavan (2004).




Enzymes only accelerate the rate of the reaction. The active centres in the enzyme such as fissures, holes, pockets, cavities or hollows forms complex with the substrate in lock and key fashion. The bio reaction takes place in this complex and its destruction leads to the release of original enzyme and the product.
2.4.4. Properties 




Enzymes are biodegradable, inhibited by cyanides and sulphides, view Verma and Nishkam (2003). Physically enzymes are colloidal in nature and chemically are proteins. They are complex and have high molecular weights and are destroyed by high temperature, say Vigneswaran and Lakshmi (2005). They are also precipitated by ethanol or high concentrations of inorganic salts like ammonium sulphate and do not dialyse (pass through semi permeable membranes) view Sundar et al. (2007).Enzymes also have an optimum pH and its activity decreases sharply on both sides of the optimum range. Enzymes are easy to control remarks Rai (2004). 





Enzymes operate under mild conditions and produce intelligent textile products, view Vigneswaran and Lakshmi (2005). Enzymes are used in the textile industry because they accelerate reactions and act only on specific substrates. As a catalyst, enzyme requires substrate on which they can act and participate in bond – making or bond breaking process, ultimately transforming the substrate in to a product reports Rastogi(2003).
2.4.5. Application of enzymes in textile field




The application of enzymes in textile industry is one of the most rapidly growing fields in industrial enzymology. Enzymes for textile applications was first developed for stone washing jeans in 1987, it was only a matter of few years before almost every body in the denim finishing industry had heard of them and started to use them view Prabakaran et al. (2008).




Textile industry has a wide potential for adoption of enzyme technology in its processes like desizing, biowashing, biopolishing, degumming, wool finishing, effluent treatment, denim bleaching and finishing, etc., reveal Gowda et al. (2004). Patil  and Agarwal, (2008) describe the uses of different enzymes in textile processing as follows.
	Enzymes
	Uses

	1. Amylase
	Desizing / detergent

	2. Protease
	Detergent

	3. Cellulase
	Stone washing / detergent / biopolishing

	4. Hemicellulase pectinase
	Retting / carbonization

	5. Lipases
	Desizing of denim / detergent

	6. Catalase
	Bleaching

	7. Laccase
	Finishing of denim


2.5. AMYLASE




Amylases are enzymes that break down starch or glycogen, opines Sasi et al. (2008). Enzymatic desizing with amylases can remove starch without damaging cotton fabrics, views Amsamani and Anganathan (2007). Amylases are hydrolase class of enzymes, which hydrolyse 1-4 α glucosidic linkage of amylose and amylopectin of starch to convert them into soluble dextrins. Among all starch degrading enzymes, amylases are the oldest and highly useful enzymes industrially, describes Venkat (2007).

2.5.1. Classification of amylase




According to Gupta et al. (2003), amylases are classified based on how they break down the starch molecules.

i) α – amylase : Reduces the viscosity of starch by breaking down the bonds at random, therefore producing various sized chains of glucose.  α – amylase accounts for 14% of world wide distribution and ranks second in sales among the industrial enzymes, view Marrel et al.(2002).

ii) β – amylase : Breaks the glucose bonds by removing two glucose units at a time, thereby producing maltose.

iii) Amyloglucosidase : Breaks successive bonds from the non – reducing and of the straight chain, producing glucose.

iv) Endoamylase : Endoamylase catalyse hydrolysis in a random manner in the interior of the starch molecule producing linear and branched oligosaccharides of various chain length.

v) Exoamylase: Exoamylases act from the non – reducing end, successively resulting in short end products.

vi) Thermostable Amylase: Amylases which catalyse starch hydrolysis in the temperature range of 70 – 110° C  and at pH 6.0 – 6.8. 
2.5.2. Mechanism of amylase action




Amylases have been naturally designed to act on an insoluble substrate, most amylases have an extra domain. The substrate binding domain brings the catalytic domain into the close vicinity of the target substrate, enhancing the catalytic performance of the enzyme, point out Watanabe et al. (2001) and Horvothava et al. (2001).

[image: image53.jpg]





Amylase enzymes acts on 1-4 alpha glucoside linkage of amylose (linear chain) and amylopectin (branched chain). The increased use of fatty lubricants (triglycerides) decreases the speed of desizing with amylase. So lipases are used with amylase to degrade the lipids (Fats) reveals Manickam and Prasad  (2005).
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AMYLASE ACTION

2.5.3. Desizing using amylase




Enzymatic desizing process consist of three stages

· Impregnation: Process in which treatment of the fabric is done by enzymes at appropriate temperature, pH and concentration, use of suitable wetting agent is beneficial.

· Incubation stage: Where breakdown of the starch takes place and starch converts into water soluble dextrin.

· Washing: Finally, the fabric is washed to remove the breakdown products of the size from the fabric, describe Verma and Niskam (2003).
2.5.4. Production of amylase




Amylase producers are universally distributed throughout the biological kingdom. Several microorganisms belonging to fungal, bacterial, yeast and actinomycetes members are known to produce extracellular amylase enzyme with various potentials, describe Rani et al. (2003).




In addition, amylase production using microorganisms is advantageous in economic bulk production applying different fermentation strategies and microbes can be manipulated for desired enzyme characteristics reveals Venkat (2007).




Modern pretreatment systems rely upon bacterial amylase which can be engineered to operate under different processing conditions, views Holme (2009). Thermophilic and thermo tolerant species of genus Bacillus and other bacteria are reported to secrets large amount of extracellular thermostable amylases view Malhotra et al. (2000).




Sasi et al. (2008) extracted amylase from Bacillus subtilis and Bacillus  licheniformis. Cordeio  et al. (2002) produced amylase from thermophilic Bacillus sp strain SMIA – 2 isolated from a soil sample collected in camposdos Goytacazes City, Brazil. Timande and Ramani (2006) produced amylase from Bacillus subtilis isolated from the soil sample collected from Vicinity of rice mill and starch industry of Gondia city.Even though most of the amylase enzyme manufactures produce enzymes by means of submerged fermentation (SmF)   techniques, there is recently a significant interest in using solid – state fermentation (SSF) instead report Gonzales et al.( 2003).

2.5.5. Solid state fermentation




Solid – state fermentation (SSF) has emerged as an appropriate technology for the management of agro industrial residues and for their value addition. It has gained importance in the production of microbial enzymes due to several economic advantages over submerged culture, describe  Prakash et al. (2008).




The term solid – state fermentation (SSF) denotes cultivation of microorganism on solid, moist substrates in the absence of a free aqueous phase, that is, at average water activities views Pandey (2003).
2.5.6. Advantages of solid state fermentation

· SSF results in higher productivity per reactor volume, lower capital costs, less space requirements, simpler equipment and easier down stream processing explain  Martins et al. (2002).

· One of the great advantages of SSF has always been the possibility of using substrates that are abundant and cheap which are not applicable to SmF, view  Holker et al. (2004).

· Very important advantage in SSF, is that, it permits the use of agricultural and agro – industrial residues as substrates reveals Castilho et al. (2000). The agricultural residues are converted into bulk chemicals and into products with high commercial value like organic acids, proteins, alcohol and enzymes. Further more, the utilization of these compounds helps in solving pollution, which otherwise cause their disposal, describe Couto and Sanroman (2005).

· SSF, in comparison with SmF, provides higher volumetric productivities, is less prone to problems with substrate inhibition and yields enzymes with a higher temperature or pH stability.

· SSF processes are performed with less water, so the growth of contaminating bacteria and yeast is minimized. This means that, in certain cases, energy and instrumentation demanding sterilization process can be eliminated given by Holker and Lenz (2005).

2.6. METHODS TO EVALUATE THE EFFICIENCY OF DESIZING




Desizing is done by steeping the cloth either in water or in dilute mineral acid or more advantageously, by treatment with amylolytic enzymes. Efficient desizing would remove more than 80 – 90% of the starch present. Starch, if not removed to this extent, will interface with the efficiency of kiering, yielding degradation products with reducing properties; these products would act detrimentally especially on coloured yarns if they are present in the material under treatment. Hence a routine test to determine the quality of residual starch in the desized cloth is very necessary. (IS 1967 : 1961).To evaluate the efficiency of Desizing, the fabric has to under go the following evaluation methods.

Analysis of hydrolysed size




The hydrolysis of starch size by amylase to release sugar in the treatment liquor was measured by DNSA method as suggested by Shukla (2006).

Water absorbency




It was evaluated according to AATCC test method 79 – 1995 as suggested by Sheth (2001).

Weight loss




The weight of the size accounts approximately 10% of the fabric weight. Thus the measurement of weight loss is the quantitative assessment of the size removal from the fabrics. Hence, the estimation of weight loss was carried out after desizing. This was compared to the chemical, commercial and produced enzyme treatments, say  Shukla and Jaipura (2004).
Tegewa Scale method




According to Ibrahim (2004), this is the most widely used method for rating the desizing treatment qualitatively. It is based on the principle that residual starch on the fabric reacts with iodine in the Tegewa solution giving a blue colour. The depth of the colour indicated the presence of residual size on the fabric.
Tensile strength




The structural changes in the fabric after pretreatment may weaken the fabric strength. The extent of strength loss depends on the kind of chemical / enzymes that have been used for treatment (ASTM D – 5035) method.

3.  MATERIALS AND METHODS



The experimental procedure pertaining to the study was carried out under the following headings.

3.1.  PRIMARY SCREENING


3.1.1. Collection of the sample


3.1.3. Screening and isolation of amylolytic bacteria 

3.2.   SECONDARY SCREENING


3.2.1. Amylase activity


3.2.2. Selection of amylolytic bacteria


3.2.3. Identification of selected bacteria


3.2.4. Preparation of inoculum 


3.2.5. Comparison of SmF and SSF

3.3.   OPTIMIZATION OF DIFFERENT PARAMETERS FOR    

          AMYLASE PRODUCTION BY Bacillus SPECIES         


3.4. APPLICATION OF EXTRACTED AMYLASE FOR DESIZING SELECTED COTTON FABRICS

3.5.    DESIZING WITH COMMERCIAL ENZYME

3.6.    CONVENTIONAL DESIZING

3.7.    EVALUATION OF DESIZED FABRICS

3.8.    STATISTICAL ANALYSIS 

3.1. PRIMARY SCREENING
3.1.1. Collection of the sample



Kitchen waste water fed soil was collected and stored in a clean polythene bag and kept at room temperature until analysis was done.

3.1.2. Screening and Isolation of Amylolytic bacteria



One gram of the soil sample was mixed with 100ml of distilled water and serially diluted with sterile distilled water to 10-9 dilution in laminar airflow chamber (Plate I). One ml of each dilution (10-1 – 10-9) was poured in sterilized petric plates followed by 25 ml of nutrient agar medium (Beef extract – 0.3g, NaCl – 0.5g, peptone – 0.5g, agar – 2g, distilled water – 100 ml) and incubated  using incubator(Plate II) at 37°C for 48 hrs. Well grown colonies were selected and to screen for amylolytic activity the colonies were inoculated on starch agar plates by middle streak method. After 48hr of incubation at 37° C, the plates were flooded with iodine solution [I2 5g/l, KI 10g/l] to visualize starch hydrolysis. The amylolytic potential was estimated using amylolytic ratio (R/r), defined as  the diameter of the hydrolyzation zone (R) divided by the diameter   of the producing colony (r). The bacterial isolates which showed hydrolysis ratio greater than 3mm were selected for secondary screening as reported by Bernhardsdotter et al. (2005).

3.2. SECONDARY SCREENING

3.2.1. Amylase Activity



Amylase activity was assayed by DNS method given by Jayaraman (2003) using nano UV -vis spectrophotometer (Plate III) and the procedure was given in Appendix 1.



One unit of enzyme activity is defined as the amount of enzyme which liberates 1 μm of to maltose, per min under the optimum conditions of assay state Shukla et al. (2005). Amylase activity was expressed per gram of dry substrate (gds).

3.2.2. Selection of amylolytic bacteria



A loopful of each selected strain was inoculated in 100 ml of nutrient medium (Peptone – 5g and beef extract 3g) and incubated at 37° C for 48 hrs in a 250 ml Erlenmeyer flask .The cells were then removed by centrifugation using refridgerator centrifuge (Plate IV) at 5000 rpm for 20 minutes at 4°C. The culture supernatant served as crude enzyme source. Amylase activity was determined in the culture supernatant. The strain which showed maximum amylase activity was selected for the present study.

3.2.3. Identification of Bacteria



The bacterium was identified based on Gram’s staining, motility and other biochemical characteristics as stated by Kannan (2002).

The following biochemical tests were carried out to identify the bacteria.

Table I - Biochemical characteristics of bacterial isolate

	BIOCHEMICAL  CHARACTERS
	APPENDIX NUMBER

	Gram staining
	2

	Motility Test
	3

	Indole Production Test
	4

	Methyl Red Test
	5

	Voges Proskauer Test
	6

	Citrate utilization Test
	7

	Catalase Test
	8

	Oxidase Test
	9

	Urea Hydrolysis Test
	10

	Nitrate Reduction Test
	11

	Starch Hydrolysis Test 
	12

	Gelatin Hydrolysis Test
	13


	PLATE I. LAMINAR AIRFLOW CHAMBER

[image: image3.jpg]I e e A
PO RE AT
Pl -
R 8
At
o 50 et 51

Fensiscve
e BT 3 o O 4

(frrets

$a0a®a®e

(T

TPV UTTReTICUOT T L E YT
28000000000 0068€008¢
¢ L0

P20 E0090E000E800080C
600060006009 0609000080000006000008¢
E0800088008 ¢ 260080

00T
2600000000000600000
090800000600000000500
0000060806000
200098000000
©0o
°

eseccssoo
000

06606000
o0ooen0ee
9000000
000000000
0000000066
9000600

86000600086
196020000
)PeOO0DOE

9000000
- ©006000000000
56600000060 0600000080
©0500000006000000000
0960000000 0006006000800
PE00LL0BC0DS00PE00P00D00D
©00660000000900050008608
2600000800080 008008600000
0960000006068008600000000
$0009000000000000000000600
»9©00000000900080000609000
903000 DEOE0000000000506000
)9600000000000000006600
0030000009000 0000600
000000000000000600900060
00 ©0050000000000000008
2600600000060056009000000
000006009600560060000
050000000000 0600660
00600000000000000600060086
0000000060009000600800860000
P000000000000000900080006
©09000000000000009000880008008
PPECOPO0B0O0POO0P0000000066006
009800086000 00000000020005600000006
e o0Pe00PSCO0PO00000D0000009500500000 60X
0 5660880006000005000800006005600000006
0 00008600060006000005000060000050600F808%9

*c%:%¢!
e%e®0®

3
*®

eSa®
-

®
°%a®
HH

°
X
o

°

2005660006005000860000009000680
P 6008000000090 00000006000005600060089
e 0t e00s60088000000560000006000000060080000
© SEPUseIUISEUIE
se0dse
0900000
800000096 0000000000
©0500000000000000000
2000800000000600
0900006000000
fecssecoo ‘
09000000
90086000

20!

oYY
RO
oLt
* ’Q‘I“"O"O. 8 o
32IRIFXARS IO
|* ..'.'. .““‘O"

PR A Rt e X
FOETBIREIGIAS

OB TFATIEES ARG G






	PLATE II. INCUBATOR
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	PLATE III. NANO UV - VIS SPECTROPHOTOMETER [image: image5.jpg]
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	PLATE V.  SUBMERGED FERMENTATION
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3.2.4. Preparation of inoculum 



A 250 ml Erlenmeyer flask containing 100ml of nutrient broth was inoculated with a loopful of overnight grown selected strain and incubated at 37°C for 48 hrs. The culture broth was used as inoculum medium.

3.2.5. Comparison of SmF and SSF



Traditionally, amylase has been produced by submerged fermentation (SmF). In recent years, however, soild state fermentation (SSF) processes have been increasingly utilized for the production of enzyme report Kunamneni et al. (2005). 


For SmF a loopful of Bacillus species was inoculated in 250ml Erlenmeyer flask containing 100ml of sterilized nutrient broth (Plate V). Incubated at 50° C for 48 hrs  as suggested by (Asgher et al. (2007). The cells were separated by centrifugation at 5000 rpm for 20 mins at 4° C. The supernatant was used for amylase assay.



For SSF Erlenmeyer flasks each containing 5g of wheat bran, 12.5 ml mineral salt solution (in g/L : KH2 PO4 – 2, NH4NO3 – 10m NaCl -1, MgSO4 7.H2O – 1, pH : 7) were autoclaved using auto clave (plate VI)at 121° C for 15 min, cooled and inoculated with 10% (W/V) inoculum (Plate VII) Sanghi et al. (2008). The flasks were incubated at 37°C for 48 hrs. Amylase was extracted from bacterial bran (5g) using 50 ml of sodium phosphate buffer by squeezing through a wet muslin cloth followed by centrifugation at 5000 rev/min for 20 min at 4° C. The clear supernatant (crude extract) was used for amylase assay.

3.3.  
OPTIMIZATION OF DIFFERENT PARAMETERS FOR AMYLASE PRODUCTION BY Bacillus SPECIES 

3.3.1. Screening of Agro residues as substrates for the production of Amylase



SSF is defined as the cultivation of microorganisms on moist solid supports, either on inert carriers or on insoluble substrates that can, in addition, be used as carbon and energy source. The fermentation takes place in the absence or near absence of free water, thus being close to the natural environment to which microorganisms are adapted by Pandey et al. (2000).


The cost of enzyme production in submerged fermentation (SmF) is high, which necessitates reduction in production cost by alternative methods. The contents of synthetic media are very expensive and these contents might be replaced with more economically available agricultural by – products for the reduction of cost of the medium view Haq et al. (2003). The use of agricultural waste makes solid state fermentation (SSF) an attractive method report Ellaiah, et al.( 2003) and Baysal et al    ( 2003).


The potential substrate for solid state fermentation which supports amylase production was determined by taking various agro residues like millet bran(M.B), maize bran(MZ.B), wheat bran(W.B), cassava peel powder(C.P) ,rice bran (R.B), cotton seed oil cake(C.S.C) and corn bran(C.B)(Plate VIII).Solid state fermentation was carried out by taking 5 g of dry substrate to which 12.5 ml of mineral salt solution containing      (g / L)  was added to adjust the required moisture level. 



KH2PO4 
–
 2



NH4NO3 
–
 10



NaCl

–
 1



MgSO4
–
 1


The contents of the flask were mixed well and autoclaved at 121º C for 15 min. The flasks were inoculated using 1% (V/W) inoculum medium at 37º C for 48 hrs as suggested by Gangadharan et al. (2006).


· Enzyme recovery


The fermented medium was extracted with minimum volume of  phosphate buffer (pH 7). The flasks were shaken vigorously in shaker incubator (Plate IX) at 250 rpm for 30 min and filtered through Whatman No.1 filter paper. The residues were then removed by centrifugation for 20min at 4° C and the filtrate was used as the crude enzyme source.

3.3.2.   Effect of pH on Amylase production



pH of the production medium plays an important role in growth and productivity of the microorganisms. Enzymes being proteins contain ionisable groups and consequently the pH of the culture medium affects their structure and function. The growth of microbial cells is also influenced by the pH value report Shukla et al.( 2005).



In order to evaluate the effect of pH on amylase production, the initial pH of the solid substrate was adjusted to 4, 5, 6, 7, 8, 9 and 10 using 1N HCl or 1N NaOH. The flasks were inoculated with 1% inoculum and incubated at 37° C for 48 hrs. After the incubation period the enzyme was extracted and the amylase activity was determined.
3.3.3.   Effect of Inoculum size on Amylase production



Wheat bran (5g) after addition of 12.5 ml of mineral salt solution in 250ml Erlenmeyer flasks were inoculated with different amounts (2, 4, 6, 8, 10 and 12% (v/w)) of inoculum medium and incubated at 37° C for 48 h. The contents of the flasks were then harvested and assayed for amylase activity.

3.3.4.   Effect of Temperature on Amylase production


The influence of temperature on amylase production is related to the growth of the organisms as recommended by Gangadharan et al. (2006). In order to evaluate the effect of temperature on amylase production, the inoculated substrate was incubated at different temperatures such as 30, 40, 50, 60, 70, 80 and 90° C for 48 hrs. After the incubation period the amount of amylase activity was estimated.
	PLATE VI.  AUTOCLAVE 
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	PLATE VII.  SOLID STATE FERMENTATION
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	PLATE VIII.  AGROWASTE
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	PLATE IX.  SHAKER INCUBATOR
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3.3.5. Effect of extraction media on Amylase recovery


To determine the effect of extraction media on amylase production, the fermented bran was extracted with phosphate buffer pH 7.0, Acetate buffer pH 7.0, and distilled water pH 7.0 (50 ml for 5g of wheat bran) and the contents were squeezed through a wet muslin cloth. The enzyme extract was centrifuged at 5000rpm for 15 min at 4° C and the clear supernatant was used as the enzyme source.

3.3.6. Effect of Incubation period on Amylase production



The incubation time is governed by characteristics of the culture and also it is based on growth rate and enzyme production view Baysal et al. (2003). The inoculated wheat bran was incubated for different time intervals such as 24, 48, 72, 96 and 129 hrs and the amylase activity was determined.
3.3.7. Effect of different moistening agents on Amylase production



To determine the impact of different moistening agents on amylase production, four mineral salt solution prepared in distilled water were employed as moistening agents (MA).

MA I  (g/l) :   MgSO4 7H2O4  - 0.5, K2HPO4 - 1.5, pH :7 

MA II (g/l) :  MgSO4 7H2O4 - 0.5,  K2HPO4 - 1.5, yeast extract - 2.0, peptone - 2.0,               
pH: 7

MA III (g/l) : Na2HPO4 – 11.0, NaH4 PO4 - 6.0, KCl - 3.0, KCl – 3.0, MgSO4 7H2O 
- 0.1, pH: 7.

MA IV (g/l) : K2HPO4  - 0.1, (NH4) H2PO4 - 1.0, MgSO4 7H2O - 0.5, CaCl2 2H2O - 
0.1, FeSO4 - 0.1, MnSO4 - 0.1, pH: 7.



Besides these salt solutions, distilled water and deionized water were also used as moistening agents as expressed by Battan et al.( 2006). 12.5 ml of each moistening agent was added to 5g of wheat bran and incubated for 48hrs and  amylase activity was determined.

3.3.8. Effect of moisture level on Amylase production



The effect of moisture level on amylase production was tested by varying the wheat bran – to – moisture ratio (W/V) in the range of 1:1, 1:1.5, 1:2, 1:2.5 and 1:3 and amylase activity was determined .
3.3.9.   Effect of Carbon sources on Amylase production



To investigate the effects of various carbon sources on amylase production, the inoculated wheat bran was supplemented with different carbon sources such as starch, maltose, dextrose, sucrose, xylose, fructose, lactose at 1% concentration and amylase activity was determined .

3.3.10.   Effect of starch concentration on Amylase production



Various starch concentrations such as 0.5%, 1%, 1.5%, 2%, 2.5% were added to the solid substrate in order to evaluate the effect of different starch concentration on amylase production. The amylase activity was determined after the incubation period of 48 hrs.

3.3.11.   Effect of Nitrogen sources on Amylase production



Added nitrogen sources have been reported to have an inducing effect on the production of various enzymes including alpha amylase in an SSF system  report Pedersen and Nielsen(2000). To investigate the effect of various nitrogen sources on amylase production, selected bacterial strain was grown in different SSF media containing peptone, yeast extract, casein, urea, ammonium chloride, sodium nitrate, ammonium sulphate at 1% concentration and amylase activity was determined after 48 hrs.

3.3.12.   Effect of different Yeast extract concentration on Amylase production



To determine the effect of different yeast extract concentration on amylase production, the inoculated wheat bran was supplemented with 0.5, 1, 1.5, 2, 2.5, 3, 3.5 % yeast extract and amylase activity was determined in the cell free supernatant.

3.3.13. Effect of calcium ion  concentration on Amylase production


To determine the influence of calcium concentration on amylase production, varying concentrations of CaCl2 (0.01, 0.02, 0.03, 0.04 and 0.05 (g%))was added to the substrate and amylase activity was determined after 48 hrs.

 3.4.
 APPLICATION OF EXTRACTED AMYLASE FOR DESIZING SELECTED COTTON FABRICS

3.4.1. Selection of fabric



Sizing is the necessary process in the weaving to prevent the breakage of the cotton warp threads. The size material in general consists of starch either alone or in combination with other polymers.Sizing materials are coated on the surface of the thread, which causes insufficient adsorption of the water, which results in poor dyeing and finishing. Therefore, removal of the size is necessary for obtaining absorbent fabric to make it suitable for the further processing. Removal of the size is called desizing. 
Sizing is the necessary step for cotton processing. Cotton remains the most marvelous fiber under the sun and no other fibre comes close to duplication of the desirable characteristic combined in cotton (www.cotton.org)


Polyester / cotton blended fibre, fabrics have received tremendous customer supports due to their enhanced durability and aesthetic appeal particularly for their elegant look and drape  report Mairal and Patel (2008).Silk is distinguished by its strength, it has good elasticity and moderate elongation when silk is blended with cotton, silk contributes lightness of weight with strength, comfortable to wear, cool in summer, it allows for brilliant colours. Silk / cotton is washable and gives sophisticated look to the wearer.


100% cotton, polyester / cotton blend (P/C) (50/50) and silk / cotton blend (S/C)(50/50) were selected for the present study. 

TABLE - II

NOMENCLATURE OF THE SELECTED FABRICS

	Fabric
	Treatment
	Description

	A 

(Cotton)
	A
	Original

	
	A1
	Conventional

	
	A2
	Commercial Enzyme

	
	A3
	Crude Enzyme

	B

 (Poly cotton)
	B
	Original

	
	B1
	Conventional

	
	B2
	Commercial Enzyme

	
	B3
	Crude Enzyme

	C 

(Silk cotton)
	C
	Original

	
	C1
	Conventional

	
	C2
	Commercial Enzyme

	
	C3
	Crude Enzyme


3.4.2. Preparation of fabrics



Taken 5g or more good quality bleached cotton cloth free from residual sizing and finishing materials. Remove five threads from each side of the piece in order to avoid any loss of warp or weft threads in the subsequent process. Dry the piece in a stopped weighing bottle at 100 to 105° C to constant weight and weigh it accurately.



Starch the piece by passage through a 10 ± 1 percent (W/V) of good quality maize starch previously adjusted to pH between 6.5 and 7.5. Squeeze the starched pieces through a pair of squeezing rollers set to about 100 percent squeeze. Dry the pieces first in hot air and then in the weighing bottle at 100 to 105° C to constant weight and weigh it accurately, as reported by IS 1967:1961. The  same procedure was followed in the present study for the preparation of selected fabrics. 

The amount of starch present in fabric was calculated by the following formula.




d = W2 – W1
where,



d    = amount of starch in g present on the piece


W2 – Weight in g, on oven dry basis of the starched piece


W1 – Weight in g, on oven dry basis of the unstarched piece

3.4.3. Pilot study 

The success of the research mainly depends upon the steps or necessary action taken by the researcher in the initial stage,   (2007). 

Therefore a pilot study was planned and executed to optimize the desired features.

3.4.4. Optimization of  different parameters  for enzymatic desizing

Various parameters such as pH, temperature, enzyme concentration and incubation time were optimized for effective desizing of the selected cotton fabrics and its blends.

· Determination of optimum enzyme concentration


To optimize enzyme concentration for enzymatic desizing, five clean 100ml beakers were taken. Desizing was done by taking M:L ratio of 1:30. In the liquor ratio of 30, different volumes of crude enzyme solution such as 10, 15, 20, 25 and 30ml were taken. Five fabric bits of sample A were wet with distilled water, squeezed and immersed into the beakers, as described by Dalvi et al. (2006). The samples were left undistributed for 24 hrs at room temperature. After 24 hrs, the temperature was raised to 100° C to deactivate the enzyme. Finally the samples were given hot wash for 5 to 10 mins at 70° C and cold wash for 5 to 10 mins alternatively. Then the fabrics were dried in shade. The same procedure was followed for fabrics B and C. The efficiency of desizing was evaluated by calculating percentage weight loss.

·  Determination of optimum incubation time 



To determine the optimum incubation time for Biodesizing, four fabric bits of sample A weighing one gram each were cut and taken in four clean 100ml beakers, each containing optimized enzyme concentration of 60%. Then the beakers were kept at various time intervals such as 6, 12, 18 and 24 hrs at room temperature. After the specific time each sample was washed and dried in the same procedure given in the optimization of enzyme concentration. The fabrics B and C were also desized following the procedure for desizing sample A at optimized enzyme concentration of 60% and 20%. The efficiency of desizing was evaluated by calculating percentage weight loss.

· Determination of optimum temperature 



To optimize temperature for Biodesizing, five clean 100ml beakers were taken, each containing optimized enzyme concentration of 60% . Five fabric bits of sample A weighing one gram each were cut and put into these beakers. Then the beakers were maintained at different temperatures such as 30, 40, 50, 60 and 70° C for 6 hrs. After 6 hrs the samples were washed and dried in the same method given in the optimization of enzyme concentration. Similarly the fabrics B and C were treated at optimized enzyme concentration of 60% and 20% for a period of 12 hrs respectively. The efficiency of desizing was evaluated by calculating weight loss percentage.

· Determination of optimum pH 



To determine the optimum pH for Biodesizing one gram each of six fabric bits of sample A were cut and put into six clean 100 ml beakers containing optimized enzyme concentration of 60%. Then the beakers were adjusted with different pH ranges such as 5, 6, 7, 8, 9 and 10 and kept for 6 hrs at 50°C. Finally the fabrics were washed and dried as given in the optimization of enzyme concentration. Same procedure was followed for fabric B at an optimized enzyme concentration of 60% for a period of 12 hours and fabric C at an optimized enzyme concentration of 20% for a period of 12 hours respectively. The temperature was maintained as 50° C for both the fabrics B and C. The efficiency of desizing was evaluated by calculating weight loss percentage.

3.4.5.DESIZING SELECTED COTTON FABRICS UNDER OPTIMIZED CONDITIONS  WITH PRODUCED ENZYME



The optimized conditions for the Enzymatic Desizing for the present study were depicted in the Table III.
TABLE – III

OPTIMIZED PARAMETERS
	Particulars
	Fabrics

	
	Cotton
	Poly Cotton
	Silk Cotton

	Enzyme Concentration
	60%
	60%
	20%

	Incubation time (hrs)
	6 
	12 
	6 

	Temperature (°C)
	50
	50
	50

	pH
	9
	9
	9






 Based on the optimized parameters the selected cotton fabrics were desized .

 TABLE IV -  DESIZING  WITH EXTRACTED ENZYME
	Sample
	Fabric weight (g)
	Desize bath  (ml)
	Material:Liquor ratio
	Crude enzyme concentration (%)
	Vol. of enzyme (ml)
	Vol. of distilled water (ml)

	A
	103.74
	3112.2
	1:30
	60
	2060.0
	1052.2

	B
	110.82
	3324.6
	1:30
	60
	2216.4
	1107.6

	C
	117.78
	3533.4
	1:30
	20
	1177.8
	2355.6


3.5.   DESIZING WITH COMMERCIAL ENZYME



Palkozyme is a well-known desizing enzyme used in textile processing for cotton fabrics and its blends. The Desizing of sample A was carried out with a material liquor ratio of 1:8 at 10° C, pH 5.5 for 45 minutes and enzyme concentration was taken as 2%. After treatment, the temperature was raised to 100° C to deactive the enzyme. Then the fabric was washed with hot and cold water. Same procedure was followed for fabrics B and C. The efficiency of desizing was evaluated by calculating weight loss percentage as suggested by Vigneswaran and Keerthivasan (2008).
3.6.   CONVENTIONAL DESIZING



Starch based sizes can be removed by hot caustic soda treatment says Gupta(2000). Fabric A was desized with material liquor ratio of 1:15. soft water was used for better desizing and 1%  caustic soda was added to the bath. Temperature was raised to 55° C and the fabric was wetted and dipped into desize bath for 30 mins. After treatment the fabric was washed thoroughly. Following the same method fabrics B and C were desized. The efficiency of desizing was evaluated by calculating weight loss percentage.

3.7.   EVALUATION OF FABRIC



Textile testing is a valuable aid to those engaged in the production, distribution and consumption of textiles, if the instruments and techniques are used effectively mentions Jewel (2005). The right course of action may be taken from the results of testing. Hence it can be said that the testing is a means to an end.

3.7.1. Subjective evaluation of fabric



Where laboratory measurement is difficult, is a useful device 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 laboratory instrument. The decisions of each judge are, of course personal decisions and so the method is referred to as subjective assessment.



All the desized samples were evaluated visually by a panel of judges consisting of 25 post graduate students mastering Textiles and clothing, using a proforma given in Appendix 14. General appearance, texture and stiffness were the main factors taken into consideration for evaluation.

3.7.2. Objective evaluation of fabric



The starch content of the treated fabric was evaluated by various tests such as fabric strength and elongation, Fabric count, Fabric stiffness, Drapability, Fabric weight loss , Drop test, Capillary rise  test, Tegawa test and Sinking time test 
· Fabric weight 



Fabric weight is an important component for comparing the two similar fabric constructions. Saini (2004) describes fabric weight as the relative weight of the fabric and expressed as the weight of a particular size of piece, such as grams per square meter or ounces per square yard.



Weight of the fabric is determined as weights per unit area, state Stoker et al. (2005).  Sample A (10cm X 25 cm) was cut using a square template and electronic weighing balance was used to find out the weight of the samples. Same procedure was followed to find out the fabric weight of the samples B and C. Fabric weights were carefully recorded and the mean value was calculated.

· Fabric count



The determination of fabric count measures the number of warp yarns per inch and the number of weft yarns per inch, as advised by  Angappan (2002).The fabric count is the number of warp and weft yarns per unit distance. The fabric count was measured following the ASTM (D 3775-03)  procedure.The fabric is kept without tension and is free from folds and wrinkles. The determination of the number of threads per inch may be made in cure of counting glass (Pick glass). The counting glass is a small magnifying glass in a stand over a square exactly one inch way. The number of threads in the field directly gives the number of threads per inch. This is the method generally used for fabric count. The number of ends  and picks per inch were counted in ten different places and recorded for the samples A, B and C.

· 
Fabric thickness


The fabric thicknes was measured following the BS 2544:1954 procedure.The principle of measuring fabric thickness  states that 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 as suggested by Jewel(2005).



Fabric thickness gauge (Plate X) 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. Samples from fabric A were placed on the anvil plate and the lever of the pressure foot. 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 conventional desized samples B and C were tested.

· Fabric strength and elongation



The maximum tensile stress required to rupture a fabric is expressed in pounds per square inch or grams per square centimeter. The cloth tensile strength tester was used to measure the strength and elongation. The sample A was cut into 30cm X 7.5cm and placed in between the clamps. The load was applied to the sample. When the sample was broken, the movement of the lower clamp was reversed. The strength in kgs or pounds was noted from the dial. The elongation reading was noted from the scale in inches. Ten readings were taken for concordancy. In the same manner, the other samples B and C were tested following the (BIS :2000).
· Crease recovery



During the usage of a fabric, it will get creased. The ability of a fabric to resist creasing is known as crease recovery which is measured following the procedure stated  by AATCC [TM 66 – 2003]. Shirley crease recovery tester was used for this testing. Sample A, was cut with a template [5cm X 2.5cm].  The sample was folded a face-to-face, end-to-end and held it with tweezers, gripping not more than 5mm from the ends. Avoid touching the specimen with anything other than the tweezers. Place the folded specimen between the two leaves of the loading device and immediately apply the weight. Start a timing device. After 5min ± 5 sec, quickly but smoothly, remove the weight from the specimen so that the specimen press does not spring open. Using tweezers transfer the folded specimen to the instrument’s circular scale specimen holder. Insert one end of the specimen between the clamp on the specimen holder, leaving the other end to hang freely.



While the specimen is in the holder, adjust the instrument to keep the free hanging end of the specimen in alignment with the vertical mark. Frequent adjustment for 5 minutes is necessary to avoid gravitational effects.Read and record the recovery angle from the circular scale 5min ± 5 sec after inserting a specimen into a clamp. If the free end of the specimen twists, sight a vertical plan through its center and align it with the vertical mark on the circular scale. Repeat the process and note five readings for sample A. Similarly, five readings were observed for warp wise and weft wise direction for samples B and C.

· Fabric stiffness



The Shirley stiffness tester (Plate XI) was used to find the stiffness. A specimen from sample A was cut using the template. The tester was placed on a table or bench so that the horizontal platform and inclined reference line are at eye level of the operator. Adjust the platform with the help of a spirit level so that it is horizontal.



Place one of the specimens on the platform with the scale on top of it lengthwise and the zero of scale coinciding with the leading edge of the specimen. Holding the scale in the horizontal plane, start pushing the specimen and the scale slowly and steadily when the leading edges project beyond the edge of the platform. An increasing part of the specimen will over hang and start bending under its own weight. Keep an eye in such a position that the two inclined line (of the inclined plane making an angle of 41.5° with the horizontal) of the tester coincide. Stop pushing the specimen when its tip reaches the level of inclined plane. If the specimen has a tendency to twist, take a reference point at the centre of the leading edge. Do not measure the specimen which twists more than 45°. Note down the length of the over hanging portion from the scale to the nearest millimeter.



Take four readings from each specimen with each side up, first at one end and then at the other. Similarly, five reading were taken in each warp and weft direction as given by (IS 1964 : 1970). Mean values of the bending length in warp and weft wise directions were calculated. Following the above mentioned procedure the warp and weft stiffness mean values were calculated for the samples B and C.
· Drapability



Drape is one of the subjective performance characteristics of fabrics that contribute to aesthetic appeal; it is a complex property involving bending and shearing deformations report Hand Book of Textile Testing (2000). Brand (2003) defines the drape as the manner in which a fabric falls when hung on a form and it is one of the most important fabric aesthetic properties.



The Drapability of the fabric was determined using an instrument called Eureka Drape Meter. (Plate XII). Sample A and a thin brown paper were cut into circular form using the template. The sample was sandwiched between the two horizontal discs of smaller diameter (5 inches) and the unsupported annular ring of fabric was allowed to hang down under the action of gravity.  The outer glass cover was closed and brown paper was placed on the glass lid. A planner projection of the contour of draped specimen was recorded on the brown paper and it was trimmed accordingly and weighed as suggested by BIS (2000). Ten readings were recorded and mean was calculated for all the samples namely B and C. The difference in weight was calculated. The drape coefficient was calculated using the formula.





     AS – Ad


Drape coefficient F = _______________


    
                AD – Ad

AD = Area of the specimen

Ad = Area of the supporting disc

AS = Actual projected area of the specimen

· Drop test



Absorbency is defined as the propensity of a material to take in and retain a liquid, usually water, in the pores and interstices of the material .Wettability is defined as the time in seconds for a drop of water to sink into the fabric.



A burette filled with distilled water was clamped in a stand. Sample A was mounted in an embroidery frame and was placed at the base of the stand. The distance between the sample and burette nozzle was kept constant. The nozzle of the burette was opened just to allow a drop of water to fall on the sample (Plate XIII). The stop watch was started simultaneously and it was stopped when the drop of water fully sank into the material. The time taken for this was noted as given by AATCC (2008). Same procedure was repeated for ten times and the mean value was calculated. Similarly the water drop absorbancy time was recorded for samples B and C and their mean values were calculated.

· Capillary rise test



Paul (2005) pointed out that the capillary travel method measures the rapidity of absorption. 5 pieces of sample A were cut measuring cut 15 cm length and 2.5 cm width. One end of the sample strip was pasted with a glass rod which was placed on heavy wooden blocks and at the other end, two grams weight was attached to keep the sample straight. At the weighed end 2 cm of the sample was allowed to immerse in a tray of distilled water (Plate XIV). The rise of the water level in the strip was noted by keeping time as constant (1 minute). The same procedure was repeated for the samples B and C and the mean value was calculated and recorded.

·  Sinking time test



Sinking test is a simple test that helps to measure the Wettability of a fabric. In this method, conditioned sample A was cut into a number of equal sized squares of 1” X 1” and added to a 1000 ml beaker which was filled with distilled water (Plate  XV). The stop watch was started when the fabric struck the surface of water and stopped when the last corner sank below the water surface AS reported  by  AATCC (2008). The test was carried out for the samples B, C and the mean time for sinking was calculated and recorded.
·  Iodine test for starch



A portion of the processed cloth is treated with a drop of 0.005N of the prepared iodine solution Appendix 15 and the colour developed after 30 seconds was noted . With starch, iodine gives deep blue – black colour, 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 A1, A2, A3, B1, B2, B3, C1, C2  and C3 were placed over clean white chart and a drop of 0.005N solution was allowed on the fabric and the colour after 30 sec. was naturally evaluated.

3.8. Statistical analysis

 
The results of the tests were analysed statistically by selecting appropriate tests. The difference within the samples was analysed using one way  ANNOVA .

	PLATE X.  THICKNESS GAUGE
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	PLATE XI.  STIFFNESS TESTER
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	PLATE XII.  DRAPEMETER
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	PLATE XIII.  DROP TESTER

[image: image15.jpg]S B TR TRD






	PLATE XIV. CAPILLARY TESTER
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	PLATE XV.  SINKING TESTER
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4. RESULTS AND DISCUSSION


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

4.1 Screening and isolation of amylolytic bacteria 

4.2 Identification of selected bacteria

4.3 Selection of agrowaste as substrate for the production of amylase by Bacillus species

4.4 Optimization of cultural conditions for amylase production by Bacillus species

4.4.1. Effect of inoculum size on amylase production
4.4.2. Effect of pH on amylase production 
4.4.3. Effect of temperature on amylase production 
4.4.4. Effect of extraction media on amylase recovery 
4.4.5. Effect of incubation period on amylase production 
4.4.6. Effect of different moistening agents on amylase production 
4.4.7. Effect of moisture level on amylase production 
4.4.8. Effect of carbon sources on amylase production 
4.4.9. Effect of different starch concentration on amylase production.
4.4.10. Effect of nitrogen sources on amylase production   
4.4.11. Effect of different yeast extract concentration on amylase production


4.4.12
.Effect of calcium chloride on amylase production 
4.5
Fabric evaluation
4.1 SCREENING AND ISOLATION OF AMYLOLYTIC BACTERIA 

Serial dilution technique was performed on nutrient agar plates to isolate bacteria from kitchen waste water fed soil. Twenty six well grown colonies were obtained. These bacterial colonies were plated in starch agar medium to isolate amylolytic bacteria. The zones of growth and hydrolysis of the medium was measured (Plate XVI). Among 26 isolates, 17 isolates were found to show amylolytic activity. Out of 17 isolates, six isolates showed good hydrolysis ratio (>3.0 mm), six isolates showed moderate (>2.0 mm) and five showed poor hydrolysis ratio (Table – V). Amylase activity was determined for the six isolates and the results are presented in Table –VI.

TABLE V – GROWTH AND HYDROLYSIS RATIO OF THE ISOLATED BACTERIAL STRAINS FROM KITCHEN WASTE WATER FED SOIL

	S.No
	GROWTH : HYDROLYSIS RATIO (mm)
	NUMBER OF COLONIES

	1
	3.0 – 4.0
	6

	2
	2.0 – 3.0
	6

	3
	0.5 – 2.0
	5


TABLE VI- AMYLASE ACTIVITY OF THE SELECTED ISOLATES AFTER 24 HRS OF INCUBATION IN SUBMERGED FERMENTATION

	S.No
	SELECTED STRAINS
	AMYLASE

ACTIVITY (U/ml)

	1
	T1
	149.89

	2
	T2
	120.92

	3
	T3
	101.61

	4
	T4
	140.23

	5
	T5
	159.54

	6
	T6
	101.61


Plate XVI

HYDROLYSIS ZONE OF BACTERIA IN STARCH AGAR MEDIUM (IODINE TEST) 
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FIGURE. 1 AMYLASE ACTIVITY OF THE SELECTED ISOLATES AFTER 24 HRS OF INCUBATION IN SUBMERGED FERMENTATION
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From the Table VI and Figure.1 it is clear that out of the six isolates T5 was found to show maximum amylase activity and hence T5 isolate was selected for the present study.
4.2. IDENTIFICATION OF SELECTED BACTERIA
            Table VII and plate xvii depicts the biochemical characteristics of related bacterial stain. 
TABLE VII- MORPHOLOGICAL AND BIOCHEMICAL CHARACTERISTICS OF SELECTED ISOLATE
	PARAMETERS
	CHARACTERISTICS

	a. Cellular Characteristics

    Morphology

   Staining Characteristics
	Straight, Rod shape 

Gram positive

	b. Cultural Characteristics

     Nutrient Agar Colonies
	Finger like projections

	c. Motility
	Motile

	d. Biochemical Characteristics

Indole Production Test

Methyl Red Test

Voges Proskauer Test

Citrate utilization Test

Catalase Test

Oxidase test 

Urea Hydrolysis Test

Nitrate Reduction Test

Starch Hydrolysis Test 

Gelatin Hydrolysis Test


	Negative

Negative

Positive

Negative

Positive 

Positive

Positive

Positive

Positive

Positive



Based on the morphology Gram staining and biochemical characteristics, the isolated bacterium was identified as Bacillus sp. 
PLATE – XVII.  BIOCHEMICAL CHARACTERISTICS OF Bacillus species

 

Bacillus sp.  on Nutrient agar      

     Indole test




     Methyl red test




Voges Proskaur test
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               Urea Hydrolysis test
 

Nitrate Reduction test


         Starch Hydrolysis test
                  
 Gelatin Hydrolysis test

4.3. SELECTION OF AGROWASTE AS SUBSTRATE FOR THE PRODUCTION OF AMYLASE BY BACILLUS SPECIES


The selection of agrowaste as substrate for the production of amylase by Bacillus sp. was depicted in Table VIII and Figure – 2.

TABLE VIII - Selection of agro wastes as substrate for the production of amylase by bacillus sp.

	AGRO WASTES
	AMYLASE ACTIVITY (U/gds)

	WHEAT BRAN
	133.99

	RICE BRAN
	19.61

	MILLET BRAN
	59.58

	CORN BRAN
	26.42

	MAIZE BRAN
	36.55

	CASSAVA PEEL POWDER
	39.46

	COTTON SEED OIL CAKE
	125.94


                    gds- per gram dry substrate.
FIGURE. 2 - Selection of agro wastes as substrate for the production of amylase 
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From the Table VIII and Figure. 2, it is evident that all the substrates supported growth and amylase production by Bacillus sp. Wheat bran with maximum activity (133.99 U/gds) was proved to be superior to the other substrates followed by cotton seed oil cake > millet bran > cassava peel powder > maize bran> corn bran > rice bran. In SSF, the selection of a suitable solid substrate for fermentation process is a critical factor and thus involves the screening of a number of agro – industrial materials for microbial growth and product formation. 


The obtained result was in agreement with Anto et al. (2006), who reported maximum alpha amylase production by Bacillus cereus MTCC1305 using wheat bran for SSF. Haq et al. (2003) also report that wheat bran is the best substrate for amylase production by Bacillus licheniformis among different agricultural by products. Hence to conclude wheat bran was selected as substrate for the production of amylase.
4.4. OPTIMIZATION OF CULTURAL CONDITIONS FOR AMYLASE PRODUCTION BY Bacillus sp.
4.4.1. Effect of inoculum size on amylase production.


The effect of inoculum size on amylase production is given in Table IX and Figure 3.
TABLE IX - Effect of inoculum size on amylase production

	INOCULUM

SIZE (%)
	AMYLASE ACTIVITY

(U/gds)

	2
	108.08

	4
	115.59

	6
	92.18

	8
	84.22

	10
	130.71

	12
	74.09


FIGURE. 3 - Effect of inoculum size on amylase production
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From the Table IX and Figure. 3, it is evident that the highest enzyme production (130.71 U/gds) was achieved at an inoculum level of 10% (V/W). Minimum amylase activity was observed at 12% (V/W) (74.09 U/gds) which indicates that high inoculum levels are inhibitory in nature.


Similar result was obtained by Kunamneni et al. (2005) for the production of amylase in solid state fermentation by the thermophilic fungus Thermomyces lanuginosus. Based on the obtained results it could be concluded that the inoculum concentration at 10% was found to be optimum for the production of amylase. 

4.4.2. Effect of ph on amylase production 
The effect of pH on amylase production was presented in Table X  and  Figure 4.    
TABLE X - Effect of ph on amylase production

	Ph
	AMYLASE ACTIVITY (U/gds)

	4
	103.77

	5
	104.96

	6
	107.84

	7
	152.00

	8
	127.65

	9
	126.70

	10
	84.10


FIGURE – 4. Effect of ph on amylase production 
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From the Table X and Figure. 4, it is clear that the optimum pH for amylase production was found to be at pH 7 (152.00 U/gds). Above and below this pH value, the activity was markedly less. The production of amylase was found to be higher in alkaline medium. This may be due to the fact that bacteria required neutral pH for the production of amylase. Increasing the initial pH of the medium above 7.0 results in decrease in amylase production. The result was similar with the result obtained by Timande and Ramani (2006), who reported an optimum pH of 7.0 for the production of amylase in liquid culture by Bacillus subtilis. Based on the obtained results, it could be concluded that the initial pH value of 7.0 resulted  maximum production of amylase.

4.4.3. Effect of temperature on amylase production 

The effect of temperature on amylase production by Bacillus was studied and reported in Table XI and Figure  5.
TABLE  XI - Effect of temperature on amylase production

	TEMPERATURE (°C)
	AMYLASE ACTIVITY (U/gds)

	30
	74.51

	40
	84.36

	50
	142.96

	60
	111.65

	70
	84.36

	80
	74.14

	90
	65.66


FIGURE – 5.  Effect of temperature on amylase production
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From the Table XI and Figure. 5, it is clear that the enzyme production increased with rise in temperature and reached maximum at 50° C (142.96 U/gds). Above 50° C there was gradual decrease in amylase production.


The result was in agreement with Teodoro and Martins (2000), who reported an increased amylase production at 50° C by Bacillus sp. The present strain grew at 30° C to 60° C with optimum at 50° C. So it is considered as thermophilic bacterium. Shukla and Kar (2006) reveals that due to the thermophilic nature of the isolate, the optimum production temperature was higher than the usual. Hence it could be concluded that 50° C was the optimum temperature for amylase production. 
4.4.4. Effect of extraction media on amylase recovery
Table – XII and Figure – 6 shows the effect of extraction media on amylase recovery. 

TABLE XII - Effect of extraction media on amylase recovery

	
EXTRACTION MEDIA
	AMYLASE ACTIVITY (U/gds)

	ACETATE BUFFER
	62.52

	PHOSPHATE BUFFER
	68.01

	DISTILLED WATER
	163.81


FIGURE – 6.  Effect of extraction media on amylase recovery 
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From the Table XII and Figure. 6 it is clear that the maximum amylase yield (163.81 U/gds) was obtained when distilled water was used as a extraction media  followed by phosphate buffer and acetate buffer (6.52 U/gds). The medium used for the extraction of crude enzyme from the fermented matter was found to have a profound effect on the enzyme yield. Hence the optimum extraction media, the distilled water was used for the recovery of amylase.
4.4.5. Effect of incubation period on amylase production 

The effect of incubation period on amylase production is presented in Table XIII and Figure 7.

TABLE XIII - Effect of incubation time on amylase production

	INCUBATION TIME (hr)
	AMYLASE ACTIVITY (U/gds)

	24
	28.60

	48
	88.97

	72
	177.93

	96
	155.73

	120
	141.02


FIGURE – 7.  EFFECT OF INCUBATION TIME ON AMYLASE PRODUCTION 
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The period required for incubation depends on the growth rate of the microorganisms and its enzyme production pattern. From the table XIII and Figure. 7 the optimum incubation time for amylase production was found to be at 72 hrs (177.93 U/gds). The enzyme yield showed a gradual decrease on further extension of fermentation period. The decrease in enzyme yield may be because of denaturation or decomposition of amylase due to interaction with other components in the medium.


The observed result was in accordance with Anto et al. (2006) who has reported an optimum incubation period of 72 hrs for amylase 

production by  Bacillus sp. Hence it could be concluded that the optimum incubation period was 72 hrs for amylase production.

4.4.6. Effect of different moistening agents on amylase production 

Table – XIV and Figure – 8 shows the effect of different moistening agents on amylase production

TABLE XIV - Effect of different moistening agents on amylase production

	MOISTENING AGENT
	AMYLASE ACTIVITY (U/gds)

	I
	99.91

	II
	81.52

	III
	88.59

	IV
	49.80

	V
	73.87

	TAP WATER
	91.30

	DISTILLED WATER
	98.19


FIGURE – 8. Effect of different moistening agents on amylase production
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From the table XIV and Figure 8 it is clear that among the various moistening agents used for the production of amylase, highest amylase activity (99.9 U/gds) was found in MAI closely followed by distilled water and tap water. Less enzyme production (49.80 U/gds) was found by using MA IV. Increased amylase production with MAI reveals that the organisms require supplementation of minerals, which greatly increase the amylase production and activity.


Similar results was observed by Asgher et al, (2006) who reported increased Thermostable α – amylase production from a moderately thermophilic Bacillus subtilis using MA I. Hence the optimum moistening agent MA I was used for amylase production. 

4.4.7. Effect of moisture level on amylase production 

The effect of moisture level on amylase production was depicted in Table – XV and Figure – 9.
TABLE XV - Effect of moisture level on amylase production

	MOISTURE LEVEL RATIO (W/V)
	AMYLASE ACTIVITY (U/gds)

	1:1
	183.81

	1:1.5
	160.32

	1:2
	154.38

	1:2.5
	153.99

	1:3.0
	126.99



From the table XV and Figure 9 high enzyme activity (183.81 U/gds) was obtained when the substrate: moisture ratio was maintained as 1:1 in comparison with that of high moisture levels. This may be because, higher moisture level decreased porosity, changes particle structure, promotes development of stickiness, reduces gas volume and decreased diffusion, which results in lowered oxygen transfer reported by Ramesh and Lonsane (1990).
FIGURE – 9.  Effect of moisture level on amylase production
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The activity decreased gradually when the moisture level was increased and the minimum activity (126.99 U/gds) was obtained with maximum moisture content of 1:30 (W/V). However Battan et al. (2006) has reported that production of xylanase by alkaliphilic Bacillus pumilus at a substrate – to – moisture ratio of 1:2.5 (W/V). Hence the optimum moisture level of 1:1 was maintained for amylase production.

4.4.8. Effect of carbon sources on amylase production

The effect of different carbon sources (1%W/V) was studied and depicted in Table – XVI and Figure – 10.
TABLE XVI - Effect of carbon sources on amylase productions
	CARBON SOURCES (1%)
	AMYLASE ACTIVITY (U/gds)

	CONTROL
	66.26

	DEXTROSE
	21.09

	FRUCTOSE
	63.35

	LACTOSE
	110.90

	MALTOSE
	119.40

	SUCROSE
	127.37

	STARCH
	184.38


FIGURE – 10. Effect of carbon sources on amylase production 
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From the table XVI and Figure 10, it is evident that highest amylase production (183.81 U/gds) was obtained in medium containing starch. It was also observed that sucrose and maltose favoured amylase synthesis whereas dextrose inhibited amylase synthesis. Starch is a generally accepted nutritional component for induction of amylolytic enzymes in most species of the genus Bacillus is subjected to catabolic repression by readily metabolisable substrate such as glucose and fructose.


The observed result was in agreement with Kar and Ray (2008), who reported starch as the optimum substrate for the production of thermostable  α – amylase by Streptomyces erumpens. Soluble starch was reported to be the belt carbon source of thermostable amylolytic enzyme production adviced by Reddy et al. (1999). Hence starch was considered as the optimum carbon source for amylase production.

4.4.9. Effect of different starch concentrations on amylase productions 

Table – XVII and Figure – 11 depicted that the amylase production increased with the starch concentration.

Among the different carbon sources supplemented 1% (W/V) starch showed highest enzyme activity (186.97 U/gds). The enzyme production however, was suppressed at higher concentration of starch at 2.5 % (W/V).

TABLE XVII - Effect of different starch concentrations on amylase productions
	STARCH CONCENTRATIONS (%)
	AMYLASE ACTIVITY (U/gds)

	0.5
	140.79

	1.0
	186.97

	1.5
	120.79

	2.0
	83.47

	2.5
	65.82


FIGURE – 11. Effect of different starch concentrations on amylase productions 
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Hossain et al. (2006) has also found out that 1% (W/V) starch enhances the production of amylolytic enzyme by B.sterothermophilus. Hence it could be concluded that 1% (W/V) starch in the basal medium is optimum for the production of amylase by Bacillus sp.

4.4.10. Effect of nitrogen sources on amylase productions

The effect of nitrogen source on amylase production was studied with different nitrogen sources and the results were presented in Table XVIII and Figure – 12.
TABLE XVIII- Effect of nitrogen source on amylase production

	NITROGEN SOURCE (1%)
	AMYLASE ACTIVITY (U/gds)

	Control
	61.19

	Yeast extract
	190.34

	Tryptone
	107.17

	Peptone
	106.60

	Beef extract
	99.64

	Casein
	92.61

	Urea
	72.71

	Ammonium chloride
	69.16

	Sodium  nitrate
	65.59

	Ammonium sulphate
	62.00


FIGURE  12.  Effect of nitrogen source on amylase production
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The table XVIII and Figure 12 reveals that in comparison with the control 61.19 (U/gds), there was significant increase in enzyme yield by the supplementation of nitrogen sources. Maximum increase in enzyme production was noted with the addition of yeast extract (190.34 U/gds) followed by tryptone (107.17 U/gds), peptone (106.60 U/gds) and Beef extract (99.64 U/gds). The inorganic nitrogen sources such as ammonium chloride, ammonium sulphate and sodium nitrate inhibit amylase synthesis. Hence it could be concluded that yeast extract was seems to be the best nitrogen source for amylase production. 


Santos and Martins (2003) has reported that optimum production of amylase by Bacillus sp was found when yeast extract was cued as a nitrogen source.

4.4.11. Effect of different yeast extract concentration on  amylase productions 

The effect of various concentrations of yeast extract on amylase production was studied and reported in Table XIX and Figure – 13.

TABLE XIX- Effect of yeast extract concentrations on amylase productions
	YEAST EXTRACT (%)
	ACTIVITY (U/gds)

	0.5
	151.00

	1.0
	159.43

	1.5
	201.91

	2.0
	166.17

	2.5
	138.55

	3.0
	132.83

	3.5
	121.73



From the table XIX and Figure 13 The concentration of yeast extract was found to be important factor in the amylase synthesis and thus the influence of this compound on amylase synthesis by Bacillus sp was investigated and 1.5% (201.91 U/gds) was found to be the optimum concentration. The table reveals that increasing the concentration of yeast extract to 3.5% (121.73 U/gds) lowered the amylase synthesis.
FIGURE – 13. Effect of yeast extract concentrations   on amylase production
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The findings was in accordance with Prakash et al. (2008) produced enzyme from Metarhizium anisopliae conidiospores used 1.5% yeast extract solid – state fermentation. Hence it could be concluded that the 1.5% yeast extract was considered as optimum concentration for amylase production.  

4.4.12. Effect of calcium chloride on amylase productions

The effect different concentrations of calcium chloride on amylase production by Bacillus sp. was studied and reported in Table XX and Figure – 14.

TABLE XX - Effect of calcium chloride   on amylase productions
	CaCl2 (%)
	AMYLASE ACTIVITY (U/gds)

	CONTROL
	201.91

	0.2
	90.30

	0.4
	92.11

	0.6
	119.02

	0.8
	141.01

	1.0
	212.44


FIGURE – 14.  Effect of calcium chloride   on amylase production
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The Table XX and Figure 14 reveal that 1% CaCl2 was found to be optimum for the production of amylase. This may be due to the fact that calcium ions were the best binder, stabilizer and activator of amylase. But lower concentrations inhibit the enzyme synthesis. Enzyme production was enhanced when the calcium ion was present in the medium at higher concentration.


However Qader et al, (2006) reported that increase in calcium ions results in reduction of amylase enzyme production by Bacillus sp. Hence 1%  CaCl2  was maintained as a optimum concentration for the production of amylase
4.5 FABRIC EVALUATION

4.5.1.Subjective evaluation
· Visual examination


The results of the visual examination of conventional, commercial enzyme and crude enzyme desized samples are shown in Table XXI.
Table XXI-Visual Inspection of the Desized Samples
	S. No
	Samples
	General appearance
	Texture
	Stiffness

	
	
	G
	F
	P
	S
	C
	R
	L
	M
	H

	A

(Cotton)
	A1
	60
	40
	-
	30
	65
	5
	50
	45
	5

	
	A2
	15
	40
	45
	45
	33
	22
	52
	48
	-

	
	A3
	74
	26
	-
	77
	23
	-
	73
	27
	-

	B

(Poly cotton)
	B1
	28
	32
	40
	64
	36
	-
	44
	56
	-

	
	B2
	48
	40
	12
	24
	32
	48
	24
	66
	-

	
	B3
	56
	44
	-
	32
	38
	40
	60
	40
	-

	C

(Silk cotton)
	C1
	60
	40
	-
	60
	40
	-
	32
	40
	28

	
	C2
	56
	44
	-
	64
	36
	-
	54
	46
	-

	
	C3
	98
	2
	-
	90
	10
	-
	64
	36
	-


G – GOOD
F – FAIR
P – POOR
S – SOFT    C – COURSE 
L – LOW
 
M - MEDIUM   H - HIGH    
R - ROUGH


The desized samples were evaluated for general appearance, stiffness and texture. The results conclude that the samples A1, A2, C1 and  C3 were rated to be good for general appearance by 60, 74, 60 and 98 percent of the judges respectively. With regard to luster, samples A3, B1, C2 and C3 were rated to be soft by 77, 64, 64 and 90 percent of the judges. With regard to stiffness samples A3, B3  and C3 were rated to be less by 73, 60 and 64 percent of the judges respectively. Crude enzyme treated samples show good appearance, soft and luster than other treated samples. Hence it could be concluded by visual examination that enzymatically desized sample was comparable with that of commercial and conventional desized samples.   
4.5.2 Objective evaluation

· Fabric weight  


The fabric weight and analysis of variance of the original and treated samples are shown in Table XXII and Figure 15. 
Table XXII - Fabric Weight

	S.No
	Samples
	Mean

(GSM)
	Gain or Loss over

Original
	‘F’ value

	
	
	
	Original
	%
	

	1
	A
	86.5
	-
	-
	

	2
	A1
	84.6
	1.9
	2.2
	

	3
	A2
	77.9
	8.6
	9.94
	43.0768**

	4
	A3
	81.8
	4.7
	5.43
	

	5
	B0
	84.4
	-
	-
	

	6
	B1
	80.8
	3.6
	4.27
	

	7
	B2
	83.5
	0.9
	4.06
	1.4552NS

	8
	B3
	83.3
	1.1
	1.30
	

	9
	C0
	105.8
	-
	-
	

	10
	C1
	102.6
	3.2
	3.02
	

	11
	C2
	88.0
	17.8
	16.8
	28.2831 NS

	12
	C3
	91.7
	14.1
	13.33
	



** Significant at 1% level 
NS - Non  significant



From Table XXII and Figure 15 it is clear that the fabric weight of all the treated samples decreased when compared with their originals. It may be due to the removal of starch in the fabrics. Maximum decrease was seen in sample C2 as 17% and minimum decrease was observed in sample B2  as 1%. 


Higher reduction in weight was observed in commercial enzymatic desized samples (A2 and C2). With regard to produced enzymatic desizing, maximum reduction was seen in sample C3 for silk cotton fabric. But the same method produces moderate reduction for cotton and poly cotton fabrics.
Figure 15 - Fabric Weight
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Statistical analysis proves that the fabric A shows significant difference at 1% level, whereas there was no significant difference for fabrics B and C. Hence it could be concluded that the efficiency of produced enzyme was comparable with that of commercial enzyme and superior to conventional method.
· Fabric count (warp)

The following Table XXIII and Figure 16 illustrates the fabric count of original, extracted enzyme treated, conventional and commercial enzyme treated fabrics in warp direction

.

Table XXIII - Fabric count (warp)

	S.No
	Samples
	Mean

No. of warp / inch
	Gain or Loss over

Original
	‘F’ values

	
	
	
	Actual
	%
	

	1
	A0
	73
	-
	-
	

	2
	A1
	73
	0
	0
	

	3
	A2
	72
	1
	1.4
	0.1058NS

	4
	A3
	72
	1
	1.4
	

	5
	B0
	95
	-
	-
	

	6
	B1
	93
	2
	2.1
	

	7
	B2
	92
	3
	3.2
	0.5496NS

	8
	B3
	93
	2
	2.1
	

	9
	C0
	82
	-
	-
	

	10
	C1
	84
	2
	2.4
	

	11
	C2
	82
	0
	0
	0.3536NS

	12
	C3
	83
	1
	1.2
	



NS-Non  Significant 

Figure 16  - Fabric count (warp)
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From XXIII and Figure 16, it is clear that decrease in fabric count was noticed in all the samples except C1 Because the removal of starch allows the movement of yarns from its position in the fabrics. Maximum decrease in fabric count was observed in samples B2 as 3.2 %. Fabrics A1 and C2 does not show any change in fabric count. Hence it could be concluded that the conventional, commercial and produced enzyme treated samples shows decrease in fabric count (warp).



· Fabric count (weft)


The following Table XXIV and Figure 17 illustrates the fabric count of original, conventional, extracted enzyme treated and commercial enzyme treated fabrics in weft direction.


From Table XXIV and Figure 17, it is clear that maximum increase in  fabric count was shown by  c1 and c2  as 9.4%  followed by B2 .The usage of produced enzyme shows maximum increase in fabric weft count for cotton and poly cotton whereas the fabric count decrease in silk cotton. Because of desizing, the weft threads came closer which results in increase in weft count for cotton and poly cotton warp.
Table  XXIV - Fabric count (weft)

	S.No
	Samples
	Mean

No. of weft / inch
	Gain or Loss over

Original
	‘F’ values

	
	
	
	Actual
	%
	

	1
	A0
	56
	-
	-
	

	2
	A1
	57
	1
	0.8
	

	3
	A2
	59
	3
	5.4
	1.2534NS

	4
	A3
	61
	5
	9
	

	5
	B0
	61
	-
	-
	

	6
	B1
	59
	2
	3.3
	

	7
	B2
	56
	5
	8.2
	66.9656**

	8
	B3
	65
	4
	6.6
	

	9
	C0
	64
	-
	-
	

	10
	C1
	70
	6
	9.4
	

	11
	C2
	70
	6
	9.4
	26.7890**

	12
	C3
	60
	4
	6.3
	



NS - Non  Significant 


**  - significant at 1% level
Figure  17- Fabric count (weft)
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Fabrics B and C showed significant difference at 1% level. Hence it could be concluded that the produced enzyme treated fabrics A3 and B3 showed increased fabric weft count followed by conventional and commercial enzyme treated samples.

· Fabric Thickness 


The fabric thickness and the analysis of variance of the original and treated samples are shown in Table XXV and Figure 18.

Table XXV - Fabric Thickness

	S.No
	Samples
	Mean

(mm)
	Gain or Loss over

Original
	‘F’ values

	
	
	
	Actual
	%
	

	1
	A0
	0.24
	-
	
	

	2
	A1
	0.30
	0.06
	
	

	3
	A2
	0.27
	0.03
	
	36.842**

	4
	A3
	0.32
	0.05
	
	

	5
	B0
	0.24
	-
	
	

	6
	B1
	0.25
	0.01
	
	

	7
	B2
	0.23
	-0.01
	
	20.635**

	8
	B3
	0.26
	0.02
	
	

	9
	C0
	0.25
	-
	
	

	10
	C1
	0.35
	-0.10
	
	

	11
	C2
	0.31
	0.06
	
	47.679**

	12
	C3
	0.42
	0.17
	
	



** significant at 1% level

 
Table XXV and Figure 18 proves that there is an increase in fabric thickness in all the treated samples except B2 when compared to their original samples. Maximum increase is observed in sample produced enzyme treated C3. The increase or decrease in the fabric thickness was due to the variation in fabric count during desizing process.

Figure 18 - Fabric Thickness 
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Statistical analysis proved that there was significant difference in fabrics A, B and C at 5% level in fabric thickness. Hence it could be concluded that the desizing using produced enzyme increased fabric thickness in all the fabrics when compared with commercial enzyme and conventional treated fabrics.
·  Fabric tensile strength (warp)


The following Table XXVI and Figure 19 shows tensile strength of original, extracted enzyme treated and commercial enzyme and chemical treated fabrics in warp direction.

The Table XXVI and Figure 19 depict the loss of tensile strength in all the treated samples when compared with original fabrics. The main reason for loss of strength was due to the removal of starch in the fabric after desizing. Maximum decrease in tensile strength was showed by conventional treated sample B1 whereas minimum decrease was noticed in commercial enzyme treated sample C2 followed by produced enzyme treated sample C3.
Table XXVI - Tensile strength (warp)

	S.No
	Samples
	Mean

(kg)
	Gain or Loss over

Original
	‘F’ values

	
	
	
	Actual
	%
	

	1
	A0
	45.6
	-
	-
	

	2
	A1
	36
	-9.6
	21.1
	

	3
	A2
	39.4
	-6.2
	13.6
	10.202**

	4
	A3
	38
	-7.6
	16.7
	

	5
	B0
	54.4
	-
	-
	

	6
	B1
	39.8
	-14.6
	26.8
	

	7
	B2
	40.6
	-13.8
	25.4
	15.636**

	8
	B3
	45.4
	-9
	16.5
	

	9
	C0
	16.2
	-
	-
	

	10
	C1
	12
	-4.2
	26
	

	11
	C2
	16
	-0.2
	1.2
	12.196**

	12
	C3
	15
	1.2
	18.5
	



**  significant at 1% level

Figure 19 - Tensile strength (warp)
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The statistical analysis proved that the fabrics A, B and C were significant at 1% level with respect to tensile strength along warp direction. Hence it could be concluded that the loss of warp tensile strength was minimum in commercial enzyme treated fabrics, followed by produced enzyme treated fabrics and conventional treated samples.
· Fabric tensile strength (weft)

The fabric weft strength and analysis of variance of the original, crude enzyme, chemical and commercial enzyme treated samples are presented in Table XVII and Figure 20.  

Table XVII - Tensile strength (weft)

	S.No
	Samples
	Mean

(kg)
	Gain or Loss over

Original
	‘F’ values

	
	
	
	Actual
	%
	

	1
	A0
	17.6
	-
	-
	

	2
	A1
	13.4
	4.2
	23.86
	

	3
	A2
	14.8
	2.8
	15.91
	0.6369NS

	4
	A3
	15
	2.6
	13.64
	

	5
	B0
	33.8
	-
	-
	

	6
	B1
	22.6
	11.2
	33.14
	

	7
	B2
	23.4
	10.4
	30.77
	14.2243*

	8
	B3
	25.4
	8.4
	24.85
	

	9
	C0
	43
	-
	-
	

	10
	C1
	30.8
	12.2
	288.37
	

	11
	C2
	29.8
	13.2
	30.70
	6.6179*

	12
	C3
	40
	3
	6.98
	



NS- non  significant 


 * significant at 5% level 

Figure  20 - Tensile strength (weft)
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 From the Table XXVII and Figure 20 it is obvious that the loss of tensile strength was noticed in all the treated samples when compared with original fabrics. Maximum decrease in fabric tensile strength was shown by C1. Minimum decrease was obtained by C3.  


Fabric B and C shows significant difference at 5% level. Hence it could be concluded that the loss of weft tensile strength was minimum in the produced enzyme treated fabrics when compared with conventional and commercial enzyme treated fabrics.

· Fabric elongation (warp)



Table XXVIII and Figure 21, shows the fabric elongation of original, conventional, extracted enzyme treated and commercial enzyme treated fabrics in warp direction.

 From the Table XXVIII and Figure 21, it is obvious that the sample C2 showed maximum elongation value as 6.36cm and sample A1  showed minimum elongation of 1.4cm. This is because silk has more elasticity when compared with cotton and poly cotton. 




Table XXVIII- Fabric Elongation (warp)

	S.No
	Samples
	Mean

(cm)
	Gain or Loss over

Original
	‘F’ values

	
	
	
	Actual
	%
	

	1
	A0
	1.38
	-
	-
	

	2
	A1
	1.4
	0.02
	1.4
	

	3
	A2
	2.15
	0.77
	55.8
	7.9375**

	4
	A3
	1.5
	0.12
	8.7
	

	5
	B0
	1.7
	-
	-
	

	6
	B1
	1.82
	0.12
	7.1
	

	7
	B2
	2.49
	0.79
	46.5
	4.185NS

	8
	B3
	2.0
	0.03
	17.6
	

	9
	C0
	3.53
	-
	-
	

	10
	C1
	5.02
	1.49
	42.2
	

	11
	C2
	6.36
	2.83
	80.2
	35.658**

	12
	C3
	4.05
	0.52
	14.7
	


**  significant at 1% level

NS - non  significant 

Figure 21- Fabric Elongation warp
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The statistical analysis proves that there was significant difference in fabrics A and C at 1% level. It is concluded that the commercial enzyme treated samples showed maximum elongation in warp followed by conventional and produced enzyme treated samples.

4.8.2.7. Fabric elongation (weft)



The fabric elongation (weft) and the analysis of variance of the original and treated samples are shown in Table XXIX and Figure 22.

Table XXIX  - Fabric Elongation (weft)

	S.No
	Samples
	Mean

(cm)
	Gain or Loss over

Original
	‘F’ values

	
	
	
	Actual
	%
	

	1
	A0
	2.71
	-
	-
	

	2
	A1
	2.8
	0.09
	3.3
	

	3
	A2
	2.91
	0.02
	7.4
	0.9667NS

	4
	A3
	2.93
	0.22
	8.1
	

	5
	B0
	1.93
	-
	-
	

	6
	B1
	2.42
	0.49
	25.4
	

	7
	B2
	2.33
	0.04
	20.7
	13.13**

	8
	B3
	2.95
	1.02
	52.8
	

	9
	C0
	1.6
	-
	-
	

	10
	C1
	2.53
	0.93
	58.1
	

	11
	C2
	2.73
	1.13
	52.8
	11.2037**

	12
	C3
	2.18
	0.58
	36.3
	



**  significant at 1% level


NS - Non  Significant 
Figure 22- Fabric Elongation (weft)


 From Table XXIX and Figure 22 it is evident that the maximum elongation was shown by C2 and minimum elongation was seen in A1 when compared with their respective originals. The produced enzyme treated samples results in maximum weft fabric elongation in all the fabrics except in silk cotton.


The statistical analysis confirms that the fabrics B and C were significant at 1% level. Therefore it is concluded that the conventional enzyme treated samples showed maximum elongation in weft followed by produced enzyme treated and commercial enzyme treated samples.

· Fabric crease Recovery (warp)


The Table XXX and Figure 23 features the crease recovery (warp) and the analysis of variance of the original and treated samples. 

From the Table XXX and Figure 23 it is clear that the maximum crease recovery warp in A2 (103.6°) and the minimum crease recovery warp of 85.4°C was seen in sample in C1. There was an increase in crease recovery angle in samples A3, B1, B2, and C3 compared with all the treated samples. The results prove that increase in crease recovery angle (warp) of treated sample was due to the reduction in starch content.

The statistical analysis proved that the fabric A and B were significant at 1% level. So it could be concluded that commercial enzyme treated samples showed maximum crease recovery followed by produced enzyme and conventional treated samples.

Table XXX - Crease Recovery (warp)

	S.No
	Samples
	Mean

(angle)
	Gain or Loss over

Original
	‘F’ values

	
	
	
	Actual
	%
	

	1
	A0
	102.4
	-
	-
	

	2
	A1
	100.4
	2
	1.95
	

	3
	A2
	103.6
	1.2
	1.17
	7.72**

	4
	A3
	90
	12.4
	12.11
	

	5
	B0
	111.8
	-
	-
	

	6
	B1
	91
	20.8
	18.60
	

	7
	B2
	94.4
	17.4
	15.56
	9.04**

	8
	B3
	87
	24.8
	22.18
	

	9
	C0
	75.8
	-
	-
	

	10
	C1
	85.4
	9.6
	12.66
	

	11
	C2
	88.8
	13
	13
	2.63NS

	12
	C3
	85.6
	9.8
	12.93
	



** significant at 1% level


NS- Non  Significant 

Figure  23- Crease Recovery (warp)
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· Fabric Crease Recovery (Weft)


The fabric weft Crease Recovery and the analysis of variance of the original and treated samples are shown in Table XXXI and Figure 24.

As presented in table XXXI indicates the maximum crease recovery angle was seen in sample A1 (93.4) whereas minimum crease recovery angle was seen in the sample C1 (77.4). In produced enzyme treated samples B3 and C3 shows maximum increase when compared with other treated samples.


Statistical analysis confirms that the fabrics A, B and C have exhibited significant difference at 1% level with regard to crease recovery (weft). Hence it could be concluded that the maximum crease recovery angle in weft was seen in conventionally desized samples followed by produced enzyme and commercial enzyme treated samples.

Table XXXI - Crease Recovery (Weft)

	S.No
	Samples
	Mean

(angle)
	Gain or Loss over

Original
	‘F’ values

	
	
	
	Actual
	%
	

	1
	A0
	66.6
	-
	-
	

	2
	A1
	93.4
	26.8
	40.2
	

	3
	A2
	86.6
	20
	30.1
	48.3406**

	4
	A3
	89.2
	22.6
	33.9
	

	5
	B0
	110.8
	-
	-
	

	6
	B1
	99
	11.8
	10.65
	

	7
	B2
	91.2
	19.6
	17.69
	10.536**

	8
	B3
	90.0
	20.8
	18.77
	

	9
	C0
	70.2
	-
	-
	

	10
	C1
	77.4
	7.2
	10.26
	

	11
	C2
	80.4
	10.2
	14.53
	5.3031**

	12
	C3
	90.4
	20.2
	28.77
	



**  significant at 1% level
Figure 24 - Crease Recovery (weft)
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· Fabric Stiffness (warp)


Table XXXII and Figure 25 show the fabric stiffness of original, conventional and commercial enzyme treated samples.

Table XXXII - Fabric Stiffness (warp)
	S.No
	Samples
	Mean

(cm)
	Gain or Loss over

Original
	‘F’ values

	
	
	
	Actual
	%
	

	1
	A0
	3.6
	-
	-
	

	2
	A1
	2.6
	1
	27.8
	

	3
	A2
	2.0
	1.6
	44.4
	10.6597**

	4
	A3
	2.3
	1.3
	36
	

	5
	B0
	3.3
	-
	-
	

	6
	B1
	2.3
	1.0
	30.3
	

	7
	B2
	2.5
	0.8
	24.2
	3.2883NS

	8
	B3
	2.4
	0.9
	27.3
	

	9
	C0
	2.3
	-
	-
	

	10
	C1
	1.7
	0.6
	26.1
	

	11
	C2
	1.8
	0.5
	21.8
	0.8678NS

	12
	C3
	1.7
	0.6
	26.1
	



 **  significant at 1% level


NS - Non  Significant 


The decrease in stiffness shows the increase in soft and smoothness of fabric. From the Table XXXII it is clear that the mean stiffness of all the treated samples decreased when compared with original fabrics. The sample A2 showed maximum decrease in  stiffness and C2 showed  minimum decrease in stiffness. This is due to the removal of starch in the fabrics which inturn reduces the stiffness of fabrics. Fabric A shows significant difference at 1% level in fabric stiffness. 

Figure 25 - Fabric Stiffness (warp) 
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Hence the findings are concluded that the decrease in fabric stiffness in warp by the produced enzyme was comparable with that of conventional and commercially enzyme.

· Fabric Stiffness (weft)


The fabric stiffness (weft) and the analysis of variance of the original, conventional, commercial enzyme and crude enzyme treated fabrics are presented in Table XXXIII and Figure 26.

From the Table XXXIII and Figure 26 it is clear that the maximum decrease in stiffness was shown by samples C2 and C3 when compared with other treated and original samples. The minimum decrease in stiffness was seen in B1. Statistical analysis confirms that the fabrics A, B and C do not show any significant difference. Hence it could be concluded that the conventional enzyme treated samples shows maximum decrease in fabric weft stiffness, followed by commercial and produced enzyme treated samples. 
Table XXXIII- Fabric Stiffness (weft)
	S.No
	Samples
	Mean

(cm)
	Gain or Loss over

Original
	‘F’ values

	
	
	
	Actual
	%
	

	1
	A0
	2.5
	-
	-
	

	2
	A1
	2.2
	0.3
	12
	

	3
	A2
	1.9
	0.6
	24
	0.6818NS

	4
	A3
	2.2
	0.3
	12
	

	5
	B0
	2.6
	-
	-
	

	6
	B1
	2.4
	0.2
	9.5
	

	7
	B2
	2.3
	0.3
	11.5
	0.3517NS

	8
	B3
	2.2
	0.4
	15.4
	

	9
	C0
	3.1
	-
	-
	

	10
	C1
	2.6
	0.5
	16.1
	

	11
	C2
	2.3
	0.8
	25.8
	2.92NS

	12
	C3
	2.3
	0.8
	25.8
	



NS - Non   Significant 
Figure 26 – Fabric Stiffness (weft)
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· Drapability

The following Table - XXXIV and Figure – 27 represents the drape of original, conventional, commercial and produced enzyme treated fabrics.

The higher mean value suggest the higher drape of fabrics. The produced  enzyme treated fabrics exhibited better drape co-efficient than the original, and other treated fabrics except in fabric B, where as commercial enzyme – treated fabrics show higher per cent mean value compared with  original and other treated samples. The drapability of the fabric was increased when maximum starch was removed from the fabric.

Table  -  XXXIV  Drapability

	S.No
	Samples
	Mean

(%)
	Gain or Loss over

Original
	‘F’ values

	
	
	
	Actual
	%
	

	1
	A0
	0.54
	-
	-
	

	2
	A1
	1.17
	0.63
	116.7
	

	3
	A2
	1.1
	0.56
	103.7
	00.0709NS

	4
	A3
	1.19
	0.65
	120.4
	

	5
	B0
	0.78
	-
	-
	

	6
	B1
	0.97
	0.19
	24.4
	

	7
	B2
	1.05
	0.27
	34.6
	12.7551**

	8
	B3
	1.02
	0.24
	30.8
	

	9
	C0
	0.79
	-
	-
	

	10
	C1
	1.26
	0.47
	59.5
	

	11
	C2
	1.34
	0.55
	69.6
	11.7615**

	12
	C3
	1.41
	0.62
	78.5
	


NS- non   significant 
**-   significant at 1% level 

Figure -27  Drapability
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Fabrics B and C shows significant difference at 1% level in drapability. Hence it is concluded that both the enzymatic treatments has increased drapability in all the fabrics when compared with conventional treatment.

· Iodine test  


Iodine test was carried out on the treated samples. The absence of blue colour indicates efficient desizing. The treated samples did not show blue colour which directly indicates efficient desizing process. 

· Drop test

The following Table - XXXV and Figure –28 describe that the absorbency time was less in all treated samples over their originals. This may be due to the removal of starch which enhances the penetration of water into the fabrics. Maximum difference in absorbency time is noticed in sample A3, B3 and C3 whereas minimum difference in absorbency time was seen in samples B1 and C1. From the results it could be concluded that all the treated samples especially crude enzyme treated samples have effectively reduced absorbency time of the fabrics.

Table  -XXXV  Drop Test

	S.No
	Samples
	Mean

(sec)
	Gain or Loss over

Original

	
	
	
	Actual
	%

	1
	A0
	1158.72
	-
	-

	2
	A1
	80.4
	1078.72
	94.82

	3
	A2
	60.0
	1098.72
	94.79

	4
	A3
	3.2
	1155.52
	99.73

	5
	B0
	397.0
	-
	-

	6
	B1
	265.0
	132.0
	33.25

	7
	B2
	120
	217
	67.36

	8
	B3
	4.72
	392
	98.8

	9
	C0
	91.2
	-
	-

	10
	C1
	78
	13.2
	14.47

	11
	C2
	28
	63.2
	69.31

	12
	C3
	24
	67.2
	73.68


Figure  - 28  Drop Test
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Sinking Time Test

The table  XXXVI  and figure -29 describes the sinking time of the original and treated samples.

Table  -XXXVI  Sinking Time Test

	S.No
	Samples
	Mean

(sec)
	Gain or Loss over

Original

	
	
	
	Actual
	%

	1
	A0
	3871.0
	-
	-

	2
	A1
	59.0
	3812.0
	98.04

	3
	A2
	75.6
	3795.4
	98.15

	4
	A3
	36.0
	3835.0
	99.07

	5
	B0
	3486.0
	-
	-

	6
	B1
	39.0
	3447.0
	98.88

	7
	B2
	36.8
	3449.2
	98.94

	8
	B3
	29.4
	3456.6
	99.14

	9
	C0
	3442.0
	-
	-

	10
	C1
	94.0
	-3348.0
	97.27

	11
	C2
	53.4
	3388.6
	98.45

	12
	C3
	33.2
	3408.8
	99.04



From the table it is obvious that minimum sinking time was taken by all the treated samples when compared with their originals. This is because of the removal of starch which increases absorbency of the fabrics. Maximum difference in absorbency time is noticed in samples A3, B3, and C3. Hence it is concluded that the produced enzyme treated fabrics took minimum sinking time when compared with other treated samples because of its effective desizing.

Figure   -29  Sinking Time Test
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· Capillary rise test (warp and weft)


The Table -XXXVII and Figure –30 illustrates the capillary rise of original and treated samples in warp and weft direction.

Table  - XXXVII  Capillary rise test (warp and weft)
	S.No
	Samples
	
	Warp
	Weft

	
	
	Mean (cm)
	Gain or Loss over

Original
	Mean (cm)
	Gain or Loss over

Original

	1
	A0
	0.08
	-
	0.5
	-

	2
	A1
	1.62
	1.54
	1.7
	1.2

	3
	A2
	1.6
	1.52
	1.6
	1.1

	4
	A3
	2.08
	2.0
	2.4
	1.9

	5
	B0
	0.42
	-
	0.4
	-

	6
	B1
	1.78
	1.36
	2.2
	1.8

	7
	B2
	1.14
	0.72
	1.4
	1.0

	8
	B3
	2.28
	1.86
	1.5
	1.1

	9
	C0
	1.34
	-
	1.1
	-

	10
	C1
	1.74
	0.4
	1.9
	0.8

	11
	C2
	1.72
	0.38
	1.8
	0.7

	12
	C3
	1.96
	0.62
	3.8
	2.7


Figure  --30 Capillary raise test (warp and weft)

[image: image49.emf] 

0.0

1.0

2.0

3.0

4.0

Original

Chemical

Commercial

Enzyme

Crude

Enzyme

Original

Chemical

Commercial

Enzyme

Crude

Enzyme

Original

Chemical

Commercial

Enzyme

Crude

Enzyme

A B C

Fabric samples

Mean raise (cm)



The maximum absorbency was shown by samples A3, B3, and C3 in warp. Hence it is concluded that the produced enzyme treated samples shows higher capillary rise when compared to other treated samples in warp direction. Whereas in weft, the samples A3, B1, and C3 show maximum increase in capillary rise. Hence it is proved that the treated samples especially produced enzyme treated samples has significant difference in wickability of the fabrics
5.  SUMMARY AND CONCLUSION


The success of the textile industry is based on the production of good quality textiles, matching the demands of the consumer. Environmental consideration is now becoming vital factors during the selection of consumer goods all over the world. Owing to the demands of global consumer the researches are being carried out for new eco-friendly processes.


Cotton has always ruled out the textile world and rightly known as the “king of fibres”. Cotton and its blends are highly versatile, easily available, comfortable during wear and has excellent washing property. Cotton has to undergo various pretreatment processes before dyeing and finishing. The important pretreatment for cotton is desizing in which various oxidizing agents and acids are used. Which contributes half of the organic effluent load generated from textile mills. It also reduces the strength and durability of the cotton fabrics.


The negative environmental impact of textile preparatory processes, combined with increasingly strict regulations on industrial effluents has forced textile processors to minimize the pollution load in textile chemical processes.


Hence biotechnology has extended its application on textiles especially the use of enzyme in various textile processes. Enzyme technology is gaining wider recognition because of their non – toxic, eco – friendly and biodegradable characteristics. In this reference a good start can be made at the very first step in processing of fabrics, desizing which is the removal of starch from the fabrics. Considering this the research is focused upon “Evaluating the efficacy of amylase extracted from Bacillus species for desizing selected cotton fabrics” is an attempt which involves the following objectives.

· To screen and isolate amylolytic bacteria from the kitchen waste water fed soil sample.

· To identify the selected bacteria

· To optimize various parameters such as inoculum size, pH, temperature, extraction media, incubation period, different moistening agents, moisture level, carbon source, nitrogen sources and calcium chloride concentration.  for maximum production of amylase by Solid State Fermentation.

· To desize the selected cotton fabrics using produced enzyme

· To evaluate the desized fabric and compare it with conventional and commercial enzyme desized fabrics.
Methodology adopted for this study includes 

Isolation and Identification of amylolytic bacteria 



Kitchen waste water fed soil was selected as a source for isolating amylolytic bacteria. The bacterial isolates were plated over starch agar medium.  Bacterial strains which showed maximum zone of clearance were isolated and amylase activity was determined. The bacterial strain which showed maximum activity was selected and identified as Bacillus  species by gram staining and various biochemical tests.

Optimization of growth conditions for amylase production by Bacillus  species 

Optimization of growth conditions are needed to enhance the enzyme production. Various agro residues as substrates were screened for maximum amylase production.


The effects of various parameters such as pH, temperature, incubation time, inoculum concentration, carbon source, nitrogen source, moistening agents and calcium chloride on amylase production by Bacillus sp was determined. 


Based on the result obtained from the production optimization of amylase, the enzymatic desizing of the selected cotton fabrics was carried out. Various parameters were optimized for enzymatic desizing such as Enzyme concentration, incubation time, pH and temperature. 


Subjective and objective evaluation of the desized fabrics and control were carried out to determine the efficiency of desizing methods.

Findings of the study
 

· Among the agro residues, wheat bran was found to produce maximum amylase.

· The optimum inoculum concentration for amylase production was found to be 10% (V/w).

· An incubation time of 72 hrs resulted in maximum production of amylase.

· Optimum pH for amylase production was found to be at pH 7.

· The optimum temperature for amylase production was found to be at 50º C.

· The best extraction media for amylase recovery was found to be distilled water.

· Amylase production was enhanced by the supplementation of starch at 1% (w/w) and yeast  extract at 1.5% (w/w) concentration.

· The best moistening agent for amylase production was found to be MAI at 1:1 ratio.

· CaCl2 at 1%  concentration acts as an activator for the production of amylase.


Based on the optimization studies, amylase was produced on large scale under optimized conditions by Bacillus sp. The enzyme was extracted and used for desizing the selected cotton fabrics.
Optimization of desizing selected cotton fabrics using produced enzyme

	Particulars
	Fabrics

	
	Cotton
	Polycotton
	Silkcotton

	Enzyme concentration (% v/v)
	60
	60
	20

	Incubation time (hrs)
	6
	12
	12

	Temperature (º C)
	50
	50
	50

	pH
	9
	9
	9


Evaluation of desized fabrics


The desized samples were visually examined in the terms of general appearance, stiffness and texture. Compared with the conventional and commercial enzyme treated samples, the produced enzymes treated samples were rated good in general appearance, texture and stiffness. 

· In fabrics A and C the commercial enzyme  desized samples show  maximum weight loss followed by the produced enzyme treated samples whereas in fabric B conventional desized sample shows maximum weight loss followed by produced enzyme treated samples.

· With regard to fabric count warp, a maximum decrease is observed in conventional desized sample (A1). In fabric B commercial enzyme desized sample (B​2)  showed maximum decrease and in C produced enzyme treated sample (C3) showed maximum decrease.

· The loss of fabric tensile strength was found to be minimum in commercial enzyme desized samples in fabrics A and C. In fabric B, produced  enzyme shows minimum loss of fabric tensile strength in warp, whereas in weft the loss of fabric tensile strength was in minimum in produced enzyme.

· Maximum elongation in warp direction was seen in all the commercial enzyme treated samples followed by produced enzyme treated samples. The produced enzyme treated samples shows maximum elongation in fabrics A and B in the weft direction.
· The maximum crease recovery angle in warp was seen in commercial enzyme treated samples A2, B2 and C2 whereas in weft the maximum crease recovery angle was seen in conventional desized samples A1 and B1. In fabric C the produced enzyme treated sample shows maximum crease recovery in weft.

· Maximum decrease in stiffness was observed in commercial enzyme treated sample A2 in both warp and weft direction. In fabric B, the conventional desized sample shows maximum decrease. In fabric C the produced enzyme and conventional desized samples shows maximum decrease in warp stiffness. In weft the produced enzyme treated samples shows maximum decrease in samples B3 and C3. The conventional enzyme desized sample A2 shows maximum decrease in fabric weft stiffness.

· For the fabrics A and C, the produced enzyme treated samples shows maximum drapability but for B the commercial enzyme desized samples show maximum drapability.

· All the fabrics treated with the produced enzyme took minimum time for absorbency when compared with other samples in drop and sinking time test.

· The produced enzyme treated samples shows maximum capillary rise for all the fabrics in comparison with other treated and original samples.
CONCLUSION


Developing countries are now begining to scrutinize the environmental impact of textile and other industrial processes, with the goal of minimizing chemical contributions to the effluent. With the integrated use of biochemistry, microbiology and chemical engineering, one can aim to achieve the technological application of the capacities of microbes in any field that needs upgradation in harmony with nature.


Enzyme technology is a promising technology to fulfill expected future requirements and it is one way to attain leadership in traditional textile wet processing areas, by protecting the environment, reducing energy and chemical needs. Therefore at a minimal cost the present study is based on Efficiency, Economy and Ecology, the 3E principles.


In a nutshell it could be concluded that synthesized enzymes could be effectively used for ecofriendly wet processes. The results thus obtained from the study open new roads for textile processing units, especially Export Oriented Units which focus on ecofriendly and cost effective production.

Limitations


Due to lack of time, purification of the extracted enzyme could not be carried out. 

Recommendations

· Thermostable Amylase producing bacteria could be isolated.

· Immobilization of Amylase could be done and its potentiality in reusage could be studied.

· Purification of Amylase enzyme could be done. 
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APPENDIX I

DETERMINATION OF AMYLASE ACTIVITY 

PRINCIPLE


The reducing sugars produced by the action of ( - and / or ( - amylases react with dinitrosalicylic acid and reduce it to a brown coloured product, nitroaminosalicylic acid.

REAGENTS 

1. Sodium acetate buffer, 0.1M pH 4.7

2. 1% starch solution: Prepared a fresh solution by dissolving 1g starch in 100ml acetate buffer. Slightly warmed, if necessary.

3. Dinitrosalicyclic acid reagent 

Dissolved by stirring 1g dinitrosalicylic acid, 200mg crystalline phenol and 50mg sodium sulphite in 100ml of 1% NaOH. Stored at 4oC.

4. 40% Rochelle salt solution (Potassium sodium tartarate)

5. Standard maltose: Dissolved 50mg maltose in 50ml distilled water in a standard flask & stored it in a refrigerator.

PROCEDURE


Pipetted out 1ml of starch solution and 1ml of enzyme in a test tube. Incubated it at 27oC for 15 minutes. Stopped the reaction by the addition of 2ml of dinitrosalicylic acid reagent. Heated the solution in a boiling water bath for 5 minutes. While the tubes were warm, added 1ml of potassium sodium tartarate solution. Then cooled it in running tap water. Made up the volume to 10ml in all the tubes. Read the absorbance at 560nm. Terminated the reaction at zero time in the control tubes. Prepared a standard with 50-1000(g maltose.
APPENDIX - 2

GRAM STAINING

Procedure


Thin smears of the bacterial isolates were added on glass slides, air dried and then heat fixed. Added crystal violet for 30 seconds and washed the slides with distilled water. Then the slides were flooded with Grams iodine solution for 30 seconds and washed with distilled water. Decolourised the smear with ethanol until no more colour flows from the smear and counter stained with safranine for 1 minute and washed with water. After drying, the slide was examined microscopically under oil immersion. 

APPENDIX - 3

MOTILITY TEST

Principle 


This technique is meant for microscopic observation of living bacteria. Due to their small size and close refractive index to that of water, they cannot be observed readily under unstained condition. Motility of the bacteria due to flagella can be seen using this technique. 

Procedure


A drop of unknown bacteria was placed on the centre of the cover slip with the four corners covered by Vaseline. Place the depression slide on the cavity slide in such a way that the drop does not move or contact the sidewall of the well. Examine the preparation under low power and high power objective. 

APPENDIX - 4

INDOLE PRODUCTION TEST

Principle


Tryptophan present in peptones of the culture media is acted upon by the enzyme tryptophanase and converted into indole, pyruvic acid and ammonia. Indole reacts with kovac’s reagent ( Para dimethyl  aminobenzaldehyde ) to produce a cherry red colour product. 

Procedure 


Peptone broth was taken in a test tube, sterilized, cooled, inoculated with the bacterial culture and incubated at 37oC for 24 hours. After incubation period, kovac’s reagent was added. Cherry red ring formation indicates indole positive. absence of red ring indicates negative result. 
APPENDIX – 5

METHYL RED TEST

Principle


Organisms belonging to enterobacteriaceae ferment glucose via pyruvate and produces mixed acids such as acetic acid, lactic acid, succinic acid, formic acid, ethanol, CO2 and H2. Because of the abundant acid production, the final pH of the broth drops to less than 4.5 which can be detected by pH indicators. 

Procedure


MR-VP broth was inoculated with the bacterial culture and incubated at 37oC for 24 hrs. Methyl red solution was added after incubation period. Change in colour of the broth from yellow to red indicates a positive result. Absence of red colour indicates negative result.
APPENDIX - 6

VOGES PROSKAUER TEST

Principle


One group of bacteria belonging to enterobacteriaceae ferment glucose to produce butylene glycol, and acetone which are more neutral in nature. The end products are detected by VP reagent. 

Procedure


MR-VP broth was sterilized, inoculated with bacterial cultural and incubated at 37oC for 24 hrs. 40% KOH solution (VP reagent 1) and Barrit’s alpha napthol solution (VP reagent 2) was added after incubation period. Gently shakes the tube for 30 seconds with the caps off to expose the media to oxygen. Change in the colour of broth from yellow to pink indicates the positive result. No colour change indicates the negative result. 
APPENDIX - 7

CITRATE UTILIZATION TEST

Principle


Certain organisms can utilize citrate as sole carbon source and grow. During the growth acetate and other alkaline carbonates are produced. This reaction is shown by the change in colour of the indicator [ Bromothymol blue]. Bromothymol blue is green when acidic (pH 6.9 and below) and blue when alkaline (pH 7.6 and higher).

Procedure



The organism was streaked onto Simmon’s citrate agar slants. The tubes were incubated at 37oC for 24-48 hours. Following incubation period the citrate tubes turns from green to deep Prussian blue colour which indicates positive result. No colour change indicates negative result. 

APPENDIX - 8

CATALASE TEST

Principle


Some organisms possesses the enzyme catalase that splits hydrogen peroxide into oxygen and water in presence of catalase is indicated by bubbles of free oxygen gas. 

Procedure 


To 1ml of bacterial culture 0.5 ml of 3% Hydrogen Peroxide was added. Immediate liberation of air bubbles indicates that the organism is catalase positive and no liberation of air bubbles indicates that the organism is catalase negative. 

APPENDIX -9

OXIDASE TEST

Principle


The enzyme oxidase that forms the part of electron transport system is possessed by some bacterial. Cytochrome oxidase catalyses the oxidation of a reduced cytochrome by molecular oxygen, resulting in the formation of water or hydrogen peroxide.

Procedure


A piece of filter paper was taken in a clean petri dish and 2 or 3 drops of freshly prepared oxidase reagent was added. A loopful of bacteria culture was placed onto the filter paper. The presence of purple colour within 10 to 15 seconds indicates that the suspected organism was oxidase positive.

APPENDIX - 10

UREA HYDROLYSIS TEST

Principle


Urea is a waste nitrogenous material excreted out by animals. Some bacteria degrade the nitrogen and carbon bond in urea to form carbon dioxide and ammonia in the presence of a hydrolytic enzyme urease. The carbon dioxide and ammonia reacts to form ammonium carbonate, an alkaline end product, which increase the pH of the medium. This can be detected by incorporating a pH indicator in the medium, which changes the colour during alkaline conditions. 

Procedure


Sterile Chrristensen’s Urea Agar tubes were prepared and the tubes were inoculated with the bacterial culture and incubated at 37oC for 24-48 hours. Following incubation period, urease positive tubes are deep pink in colour. No colour change indicates negative result. 

APPENDIX -11

NITRATE REDUCTION TEST

Principle


Certain bacteria use nitrates in the place of oxygen as an external terminal electron acceptor. Nitrate can easily be reduced to nitrate by nitrate reductase. In case of aerobic bacteria, oxygen is first used to prevent nitrite reduction and then utilize nitrate. The nitrite may further give rise to nitrogen, ammonia and nitrogen oxide. 
Procedure


Nitrate broth was sterilized, inoculated and incubated at the 37oC for 18-24 hours. After incubation, 0.5 ml of alpha napthalamine reagent and 0.5ml of sulfanilic acid was added. Red colouration indicates the positive results and absence of red colour indicates the negative result. 

APPENDIX – 12

STARCH HYDROLYSIS TEST

Principle


Starch is an insoluble polymer of glucose, which acts as a source of carbon and nitrogen for microorganism, which has an ability to degrade them. Starch degrading microorganism transports the degraded form across the cytoplasmic membrane of the cell. Some bacteria possess the ability to produce amylase that breaks starch into maltose. The amylase is an extra cellular enzyme, which is released from the cells of microorganism. 

Procedure


Sterile starch agar plates were prepared and the bacterial culture was streaked onto the plates. The plates were incubated at 37oC for 48 hours. The surfaces of the plates were flooded with iodine solution. 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.
APPENDIX - 13
GELATIN HYDROLYSIS TEST

Principle


Gelatin is an incomplete protein present as liquid above 25oC and solidified when cooled below 25oC. Large protein molecules are hydrolyzed by exoenzymes an the smaller products of hydrolysis are transported into all the cell. Hydrolysis (liquefaction) of gelatin is brought about by microbes producing proteolytic exoenzymes known as geletinase, which acts on gelatin in the medium. It can be detected by observing liquefaction ( i.e. even very low temperature at 4oC will not restore the gelatin characteristics ) or testing with a protein precipitating material i.e. flooding the gelatin agar medium with mercuric chloride solution and  observing the plates of clearing around the line of growth. Liquefaction of gelatin being the commonest proteolytic property is used as an index to determine the proteolytic activity of an organism.
Procedure


About 20ml of the sterilized medium (KH2PO4-0.5g, K2PO4-1.5g, gelatin-4g, glucose- 0.05g, distilled water-1000ml) was poured into the sterile plates and was allowed to solidify. Each isolate was inoculated into the medium as single streak. The plates were then kept in inverted position and incubated at 37ºC for 24 hours. Then the plates were flooded with mercuric chloride(15g of HgCl2 in 100ml of distilled water, 20ml of HCl was added and mixed well the solution and the zone of hydrolysis was observed.
APPENDIX – 14

Performa for visual examination of treated samples

	Fabric
	Treatment
	General appearance
	Texture
	Stiffness

	
	
	G
	F
	P
	G
	F
	P
	G
	F
	P

	1
	A1
	
	
	
	
	
	
	
	
	

	
	A2
	
	
	
	
	
	
	
	
	

	
	A3
	
	
	
	
	
	
	
	
	

	2
	B1
	
	
	
	
	
	
	
	
	

	
	B2
	
	
	
	
	
	
	
	
	

	
	B3
	
	
	
	
	
	
	
	
	

	3
	C1
	
	
	
	
	
	
	
	
	

	
	C2
	
	
	
	
	
	
	
	
	

	
	C3
	
	
	
	
	
	
	
	
	


APPENDIX – 15
IODINE SOLUTION

Iodine
-
1 g

Potassium iodine

-
2 g

Distilled water

-
300 ml
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		S. No		pH		Protease activity U/ml/min																AGRO RESIDUES		Amylase Activity IU/ml/min

																						Greengram husk		0.37

		1		5		0.205																Castor oil cake		0.462

		2		6		0.134																Coconut oil cake		1.665

		3		7		0.03																Cotton seed oil cake		1.38

		4		8		0.064																Blackgram husk		0.83

		5		9		0.254																Rice bran		1.9

		6		10		0.03																Wheat bran		2.31

		7		11		0.008																Groundnut oil cake		1.38

				Temperature (º C)		protease Activity (U/ml/min)

				17		0.03

				27		0.008

				37		0.322
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				WHEAT BRAN :		Amylase Activity IU/ml/min
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				S.No		Carbon sources (1%)		Protease activity (U/ml/min)		Specific activity
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				1		Starch		0.064		0.134

				2		Wheat		0.389		3.33

				3		Maltose		0.153		0.203

				4		Sucrose		0.086		0.217

				5		Rice bran		0.019		0.048
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				Peptone		0.131																				Starch		2.03

				Casein		0.182																				Casein		0.182

				NITROGEN SOURCES		Amylase Activity IU/ml/min

				Yeast extract		0.6

				Beef extract		0.74

				Tryptone		1.38

				Ammonium sulphate		1.11

				Ammonium oxalate		1.18

				Casein		1.38

				Ammonium chloride		0.925

				Peptone		2.86

				Potassium nitrate		1.9

				Urea		1.38

				Inoculum concentration		Protease activity (U/ml/min)

				(%)

				1		0.031

				2		0.254

				3		0.109

				4		0.086

				5		0.075

				6		0.041

				7		0.008

		Samples		Mean (cm)

		OS		1.37

		CSA		0.41

		BSA		1.625

		PSA		1.685

		SELECTED STRAIN		ACTIVITY

				U/ml

		T1		207.82

		T2		198.16

		T3		188.51

		T4		169.2

		S.No		SELECTED STRAIN		ACTIVITY

						U/ml

		1		T1		149.89

		2		T2		120.92

		3		T3		101.61

		4		T4		140.23

		5		T5		159.54

		6		T6		101.61

				AGRO WASTES		ACTIVITY

						U/gds

				WHEAT BRAN		133.99

				RICE BRAN		19.61

				MILLET BRAN		59.58

				CORN BRAN		26.42

				MAIZE BRAN		36.55

				CASSAVA PEAL POWDER		39.46

				COTTON SEEDOIL CAKE		125.94

				INOCULUM		ACTIVITY

				SIZE (%)		U/gds

				2		108.08

				4		115.59

				6		92.18

				8		84.22

				10		130.71

				12		74.09

				pH		ACTIVITY

						U/gds

				4		103.77

				5		104.96

				6		107.84

				7		152

				8		127.65

				9		126.7

				10		84.1

		TEMPATURE		ACTIVITY

		° C		U/gds

		30		74.51

		40		84.36

		50		142.96

		60		111.65

		70		84.36

		80		74.14

		90		65.66

		EXTRACTION MEDIA		ACTIVITY

				U/gds

		ACITATE BUFFER		62.52

		PHOSPHATE BUFFER		68.01

		DISTILLED WATER		163.81

				INCUBATION TIME		ACTIVITY

				(hr)		U/gds

				24		28.6

				48		88.97

				72		177.93

				96		155.73

				120		141.02

				MOISTENING AGENT		ACTIVITY

						U/gds

				I		99.91

				II		81.52

				III		88.59

				IV		49.8

				V		73.87

				TAP WATER		91.3

				DISTILLED WATER		98.19

						ACTIVITY

				MOISTURE LEVEL RATIO (W/V)		U/gds

				1:1		183.81

				1:1.5		160.32

				1:2		154.38

				1:2.5		153.99

				1:3		126.99

				CARBON SOURCES  (1%)		ACTIVITY U/gds

				CONTROL		66.26

				DEXTROSE		21.09

				FRUCTOSE		63.35

				LACTOSE		110.9

				MALTOSE		119.4

				SUCROSE		127.37

				STARCH		184.38

						STARCH CONCENTRATION (%)		ACTIVITY

								U/gds

						0.5		140.79

						1.0		186.97

						1.5		120.79

						2.0		83.47

						2.5		65.82

						NITROGEN SOURCE (1%)		ACTIVITY U/gds

						CONTROL		61.19

						YEAST EXTRACT		190.34

						TRIPTONE		107.17

						PEPTONE		106.6

						BEEF EXTRACT		99.64

						CASEIN		92.61

						UREA		72.71

						AMMONIUMCHLORIDE		69.16

						SODIUM  NITRATE		65.59

						AMMONIUM SULPHATE		62

				BEEF EXTRACT (%)		ACTIVITY

						U/gds

				0.5		151

				1.0		159.43

				1.5		201.91

				2.0		166.17

				2.5		138.55

				3.0		132.83

				3.5		121.73

						CaCl2 (%)		ACTIVITY

								U/gds

						CONTROL		201.91

						0.2		90.3

						0.4		92.11

						0.6		119.02

						0.8		141.01

						1.0		212.44
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ACTIVITY U/gds

Incubation Time

ACTIVITY (U/gds)

0

0

0

0

0



		I

		II

		III

		IV

		V

		TAP WATER
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ACTIVITY U/gds

Moistening Agent

ACTIVITY (U/gds)

99.91
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49.8

73.87
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		0.0007060185

		0.0007118056
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ACTIVITY U/gds

CaCl2 (%)

ACTIVITY (U/gds)



		Enzyme concentration (ml)		Weight loss (%)												Time     (Hours)		Weight loss (%)														pH		Weight loss (%)												Temperature (0º C)		Weight loss (%)

		3		0.19												3		5														4		2		2%										25		6		6%

		4		0.55												6		18														5		4		4%										35		14		14%

		5		0.74												9		10														6		13		13%										45		17		17%

		6		2.36												12		8														7		14		12%										55		11		11%

		7		0.925												15		5														8		9		9%										65		7		7%

		8		0.74												18		4														9		5		5%

		9		0.63												21		1														10		5

																24		1

																										TEMPERATURE		Amylase Activity IU/ml/min												TIME (Hrs)		Amylase Activity U/ml/min

																																								24		2.31

																										27		1.9												36		1.235

																										37		2.58												48		0.924

																										50		0.925												60		0.74

																										60		0.74												72		0.51

																										90		0.62

																																		1		0.74

																																		1.5		0.925

																																		2		2.31

																																		2.5		1.9

																																		3		1.01

																																		3.5		0.832

																																		4		0.73

																																		4.5		0.55

																																		5		0.432

																																METAL IONS		Amylase Activity U/ml/min

																																CaCl2		1.48

																																KCl		0.37

																																MgSO4		1.09

																																CuSO4		1.38

																																HgCl2		0.74

																																FeSO4		0.832

																																Pb(NO3)2		0.55
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Chart2

		Original
A

		conventional

		Commercial Enzyme

		Crude Enzyme

		Original
B

		Conventional

		Commercial Enzyme

		Crude Enzyme

		Original
C

		Conventional

		Commercial Enzyme

		Crude Enzyme



Mean No. of weft / inch

Fabric samples

fabric count warp ( inch)

73

73

72

72

95

93

92

93

82

84

82

83



fabric weight (15)

		Fabric		Samples		Mean (GSM)

		A		Original		86.5

				Chemical		84.6

				Commercial Enzyme		77.9

				Crude Enzyme		82

		B		Original		84.4

				Chemical		80.8

				Commercial Enzyme		83.5

				Crude Enzyme		82.8

		C		Original		105.8

				Chemical		102.6

				Commercial Enzyme		88

				Crude Enzyme		89.2





fabric weight (15)

		0

		0
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		0

		0

		0

		0

		0

		0

		0

		0



Mean (GSM)

Fabric Weight (gsm/sq.m)



fabric weight (16)

		Fabric		Samples		Mean (GSM)

		A		Original		86.5

				Chemical		84.6

				Commercial Enzyme		77.9

				Crude Enzyme		82

		B		Original		84.4

				Chemical		80.8

				Commercial Enzyme		83.5

				Crude Enzyme		82.8

		C		Original		105.8

				Chemical		102.6

				Commercial Enzyme		88

				Crude Enzyme		89.2





fabric weight (16)
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		0
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Mean (GSM)

Fabric Weight (gsm/sq.m)



fabric weight (17)

		Fabric		Samples		Mean (GSM)

		A		Original		86.5

				Chemical		84.6

				Commercial Enzyme		77.9

				Crude Enzyme		82

		B		Original		84.4

				Chemical		80.8

				Commercial Enzyme		83.5

				Crude Enzyme		82.8

		C		Original		105.8

				Chemical		102.6

				Commercial Enzyme		88

				Crude Enzyme		89.2





fabric weight (17)
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		0

		0
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Mean (GSM)

Fabric Weight (gsm/sq.m)



fabric weight (18)

		Fabric		Samples		Mean (GSM)

		A		Original		86.5

				Chemical		84.6

				Commercial Enzyme		77.9

				Crude Enzyme		82

		B		Original		84.4

				Chemical		80.8

				Commercial Enzyme		83.5

				Crude Enzyme		82.8

		C		Original		105.8

				Chemical		102.6

				Commercial Enzyme		88

				Crude Enzyme		89.2





fabric weight (18)
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Mean (GSM)

Fabric Weight (gsm/sq.m)



fabric weight (19)

		Fabric		Samples		Mean (GSM)

		A		Original		86.5

				Chemical		84.6

				Commercial Enzyme		77.9

				Crude Enzyme		82

		B		Original		84.4

				Chemical		80.8

				Commercial Enzyme		83.5

				Crude Enzyme		82.8

		C		Original		105.8

				Chemical		102.6

				Commercial Enzyme		88

				Crude Enzyme		89.2





fabric weight (19)
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Mean (GSM)

Fabric Weight (gsm/sq.m)



fabric weight (20)

		Fabric		Samples		Mean (GSM)

		A		Original		86.5

				Chemical		84.6

				Commercial Enzyme		77.9

				Crude Enzyme		82

		B		Original		84.4

				Chemical		80.8

				Commercial Enzyme		83.5

				Crude Enzyme		82.8

		C		Original		105.8

				Chemical		102.6

				Commercial Enzyme		88

				Crude Enzyme		89.2





fabric weight (20)
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		0

		0
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Mean (GSM)

Fabric Weight (gsm/sq.m)



fabric weight (21)

		Fabric		Samples		Mean (GSM)

		A		Original		86.5

				Chemical		84.6

				Commercial Enzyme		77.9

				Crude Enzyme		82

		B		Original		84.4

				Chemical		80.8

				Commercial Enzyme		83.5

				Crude Enzyme		82.8

		C		Original		105.8

				Chemical		102.6

				Commercial Enzyme		88

				Crude Enzyme		89.2





fabric weight (21)
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Mean (GSM)

Fabric Weight (gsm/sq.m)



fabric weight (22)

		Fabric		Samples		Mean (GSM)

		A		Original		86.5

				Chemical		84.6

				Commercial Enzyme		77.9

				Crude Enzyme		82

		B		Original		84.4

				Chemical		80.8

				Commercial Enzyme		83.5

				Crude Enzyme		82.8

		C		Original		105.8

				Chemical		102.6

				Commercial Enzyme		88

				Crude Enzyme		89.2





fabric weight (22)

		0

		0
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		0

		0
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		0

		0



Mean (GSM)

Fabric Weight (gsm/sq.m)



fabric weight (23)

		Fabric		Samples		Mean (GSM)

		A		Original		86.5

				Chemical		84.6

				Commercial Enzyme		77.9

				Crude Enzyme		82

		B		Original		84.4

				Chemical		80.8

				Commercial Enzyme		83.5

				Crude Enzyme		82.8

		C		Original		105.8

				Chemical		102.6

				Commercial Enzyme		88

				Crude Enzyme		89.2





fabric weight (23)

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0



Mean (GSM)

Fabric Weight (gsm/sq.m)



Capillary 

		Fabric		Samples		Mean (GSM)

		A		Original		86.5								Mean warp (cm)		Mean weft (cm)

				Chemical		84.6

				Commercial Enzyme		77.9				A		Original		0.08		0.48

				Crude Enzyme		82						Chemical		1.62		1.68

		B		Original		84.4						Commercial Enzyme		1.6		1.64

				Chemical		80.8						Crude Enzyme		1.63		1.68

				Commercial Enzyme		83.5				B		Original		0.42		0.4

				Crude Enzyme		82.8						Chemical		1.78		2.2

		C		Original		105.8						Commercial Enzyme		1.14		1.4

				Chemical		102.6						Crude Enzyme		2.72		1.5

				Commercial Enzyme		88				C		Original		1.34		1.1

				Crude Enzyme		89.2						Chemical		1.74		1.86

												Commercial Enzyme		1.72		1.78

												Crude Enzyme		1.24		4.24





Capillary 

		0		0		0

		0		0		0

		0		0		0

		0		0		0

		0		0		0

		0		0		0

		0		0		0

		0		0		0

		0		0		0

		0		0		0

		0		0		0

		0		0		0



Mean (GSM) 86.5 84.6

Mean (GSM) Mean warp (cm)  84.6

Mean (GSM) Mean weft (cm) 84.6

Mean raise (cm)



Sinking Time Test

		Fabric		Samples		Mean (GSM)

		A		Original		3871

				Chemical		59

				Commercial Enzyme		75.6

				Crude Enzyme		23.4

		B		Original		3486

				Chemical		39

				Commercial Enzyme		36.8

				Crude Enzyme		24.78

		C		Original		3442

				Chemical		94

				Commercial Enzyme		53.4

				Crude Enzyme		21.8





Sinking Time Test

		0

		0
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		0

		0

		0

		0
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		0



Mean (GSM)

Sinking absorbency (sec)



Drop Test

		Fabric		Samples		Mean (GSM)

		A		Original		1158.72

				Chemical		80.4

				Commercial Enzyme		60

				Crude Enzyme		60

		B		Original		397

				Chemical		265

				Commercial Enzyme		129.6

				Crude Enzyme		120

		C		Original		91.2

				Chemical		78

				Commercial Enzyme		28

				Crude Enzyme		24





Drop Test

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0



Mean (GSM)

Mean absorbency (sec)



Drapability

		Fabric		Samples		Mean (GSM)

		A		Original		0.54

				Chemical		1.17

				Commercial Enzyme		1.1

				Crude Enzyme		1.18

		B		Original		0.78

				Chemical		0.97

				Commercial Enzyme		1.05

				Crude Enzyme		1.02

		C		Original		0.79

				Chemical		1.26

				Commercial Enzyme		1.34

				Crude Enzyme		1.41





Drapability

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0



Mean (GSM)

Drapability (%)



Stiffness weft

		Fabric		Samples		Mean (GSM)

		A		Original		2.5

				Chemical		2.2

				Commercial Enzyme		1.9

				Crude Enzyme		2.31

		B		Original		2.61

				Chemical		2.41

				Commercial Enzyme		2.3

				Crude Enzyme		2.3

		C		Original		3.1

				Chemical		2.6

				Commercial Enzyme		2.37

				Crude Enzyme		2.41





Stiffness weft

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0



Mean (GSM)

Stiffness weft (cm)



Stiffness warp

		Fabric		Samples		Mean (cm)

		A		Original		3.6

				Chemical		2.6

				Commercial Enzyme		2

				Crude Enzyme		2.3

		B		Original		3.3

				Chemical		2.3

				Commercial Enzyme		2.5

				Crude Enzyme		2.4

		C		Original		2.3

				Chemical		1.7

				Commercial Enzyme		1.8

				Crude Enzyme		1.7





Stiffness warp

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0



Mean (cm)

Stiffness warp (cm)



Crease Recovery weft

		Fabric		Samples		Mean (cm)

		A		Original		66.6

				Chemical		93.4

				Commercial Enzyme		86.6

				Crude Enzyme		88.8

		B		Original		110.8

				Chemical		99

				Commercial Enzyme		91.2

				Crude Enzyme		87.6

		C		Original		70.2

				Chemical		77.4

				Commercial Enzyme		80.4

				Crude Enzyme		82.8





Crease Recovery weft

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0



Mean (cm)

Crease Recovery weft (cm)



Crease Recovery warp

		Fabric		Samples		Mean (cm)

		A		Original		102.4

				Chemical		100.4

				Commercial Enzyme		103.6

				Crude Enzyme		109.4

		B		Original		111.8

				Chemical		91.8

				Commercial Enzyme		94.4

				Crude Enzyme		109

		C		Original		75.8

				Chemical		85.4

				Commercial Enzyme		88.8

				Crude Enzyme		89.4





Crease Recovery warp

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0



Mean (cm)

Crease Recovery warp (cm)



Fabric Elongation weft

		Fabric		Samples		Mean (cm)

		A		Original		27.1

				Chemical		28

				Commercial Enzyme		29.1

				Crude Enzyme		32.4

		B		Original		19.3

				Chemical		24.2

				Commercial Enzyme		23.3

				Crude Enzyme		27.3

		C		Original		16

				Chemical		25.3

				Commercial Enzyme		27.3

				Crude Enzyme		26.9





Fabric Elongation weft

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0



Mean (cm)

Fabric Elongation weft (cm)



Fabric Elongation warp

		Fabric		Samples		Mean (cm)

		A		Original		1.4

				Chemical		1.4

				Commercial Enzyme		2.2

				Crude Enzyme		2

		B		Original		0.7

				Chemical		1.8

				Commercial Enzyme		2.5

				Crude Enzyme		2

		C		Original		3.5

				Chemical		5.2

				Commercial Enzyme		6.4

				Crude Enzyme		6.04





Fabric Elongation warp

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0



Mean (cm)

Fabric Elongation warp (cm)



tensile  strength weft

		Fabric		Samples		Mean No. of weft / inch

		A		Original		17.6

				Chemical		13.4

				Commercial Enzyme		14.8

				Crude Enzyme		15.2

		B		Original		33.8

				Chemical		22.6

				Commercial Enzyme		23.4

				Crude Enzyme		25.4

		C		Original		43

				Chemical		30.8

				Commercial Enzyme		29.8

				Crude Enzyme		38.4





tensile  strength weft

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0



Mean No. of weft / inch

Tensile  strength weft (inch)



tensile  strength warp

		Fabric		Samples		Mean No. of warp / inch

		A		Original		45.6

				Chemical		36

				Commercial Enzyme		39.4

				Crude Enzyme		37

		B		Original		54.4

				Chemical		59.8

				Commercial Enzyme		40.6

				Crude Enzyme		41.6

		C		Original		16.2

				Chemical		12

				Commercial Enzyme		16

				Crude Enzyme		14.4





tensile  strength warp

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0



Mean No. of warp / inch

Tensile  strength warp (inch)



Fabric Thickness

		Fabric		Samples		Mean (mm)

		A		Original		0.24

				Chemical		0.3

				Commercial Enzyme		0.27

				Crude Enzyme		0.24

		B		Original		0.24

				Chemical		0.25

				Commercial Enzyme		0.23

				Crude Enzyme		0.25

		C		Original		0.25

				Chemical		0.35

				Commercial Enzyme		0.31

				Crude Enzyme		0.34





Fabric Thickness

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0



Mean (mm)

Fabric thickenss (mm)



Fabric count warp

		Fabric		Samples		Mean No. of weft / inch

		A		Original		73

				conventional		73

				Commercial Enzyme		72

				Crude Enzyme		72

		B		Original		95

				Conventional		93

				Commercial Enzyme		92

				Crude Enzyme		93

		C		Original		82

				Conventional		84

				Commercial Enzyme		82

				Crude Enzyme		83





Fabric count warp

		Original
A

		conventional

		Commercial Enzyme

		Crude Enzyme

		Original
B

		Conventional

		Commercial Enzyme

		Crude Enzyme

		Original
C

		Conventional

		Commercial Enzyme

		Crude Enzyme



Mean No. of weft / inch

Fabric Count weft (inch)

73

73

72

72

95

93

92

93

82

84

82

83



Fabric count weft

		Fabric		Samples		Mean No. of weft / inch

		A		Original		56

				Chemical		57

				Commercial Enzyme		59

				Crude Enzyme		60

		B		Original		61

				Chemical		60

				Commercial Enzyme		56

				Crude Enzyme		62

		C		Original		64

				Chemical		74

				Commercial Enzyme		70

				Crude Enzyme		71





Fabric count weft

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0



Mean No. of weft / inch

Fabric Count weft (inch)



fabric weight

		Fabric		Samples		Mean (GSM)

		A		Original		86.5

				Chemical		84.6

				Commercial Enzyme		77.9

				Crude Enzyme		81.8

		B		Original		84.4

				Chemical		80.8

				Commercial Enzyme		83.5

				Crude Enzyme		83.3

		C		Original		105.8

				Chemical		102.6

				Commercial Enzyme		88

				Crude Enzyme		91.7





fabric weight

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0



Mean (GSM)

Fabric Weight (gsm/sq.m)
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		Original
A

		Conventional

		Commercial Enzyme

		Crude Enzyme

		Original
B

		Conventional

		Commercial Enzyme

		Crude Enzyme

		Original
C

		Conventional

		Commercial Enzyme

		Crude Enzyme



Mean (cm)

Fabric samples

Fabric Elongation warp (cm)

1.38

1.4

2.15

1.5

1.7

1.82

2.49

2

3.53

5.02

6.36

4.05



fabric weight (15)

		Fabric		Samples		Mean (GSM)

		A		Original		86.5

				Chemical		84.6

				Commercial Enzyme		77.9

				Crude Enzyme		82

		B		Original		84.4

				Chemical		80.8

				Commercial Enzyme		83.5

				Crude Enzyme		82.8

		C		Original		105.8

				Chemical		102.6

				Commercial Enzyme		88

				Crude Enzyme		89.2





fabric weight (15)

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0



Mean (GSM)

Fabric Weight (gsm/sq.m)



fabric weight (16)

		Fabric		Samples		Mean (GSM)

		A		Original		86.5

				Chemical		84.6

				Commercial Enzyme		77.9

				Crude Enzyme		82

		B		Original		84.4

				Chemical		80.8

				Commercial Enzyme		83.5

				Crude Enzyme		82.8

		C		Original		105.8

				Chemical		102.6

				Commercial Enzyme		88

				Crude Enzyme		89.2





fabric weight (16)

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0



Mean (GSM)

Fabric Weight (gsm/sq.m)



fabric weight (17)

		Fabric		Samples		Mean (GSM)

		A		Original		86.5

				Chemical		84.6

				Commercial Enzyme		77.9

				Crude Enzyme		82

		B		Original		84.4

				Chemical		80.8

				Commercial Enzyme		83.5

				Crude Enzyme		82.8

		C		Original		105.8

				Chemical		102.6

				Commercial Enzyme		88

				Crude Enzyme		89.2





fabric weight (17)

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0



Mean (GSM)

Fabric Weight (gsm/sq.m)



fabric weight (18)

		Fabric		Samples		Mean (GSM)

		A		Original		86.5

				Chemical		84.6

				Commercial Enzyme		77.9

				Crude Enzyme		82

		B		Original		84.4

				Chemical		80.8

				Commercial Enzyme		83.5

				Crude Enzyme		82.8

		C		Original		105.8

				Chemical		102.6

				Commercial Enzyme		88

				Crude Enzyme		89.2





fabric weight (18)

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0



Mean (GSM)

Fabric Weight (gsm/sq.m)



fabric weight (19)

		Fabric		Samples		Mean (GSM)

		A		Original		86.5

				Chemical		84.6

				Commercial Enzyme		77.9

				Crude Enzyme		82

		B		Original		84.4

				Chemical		80.8

				Commercial Enzyme		83.5

				Crude Enzyme		82.8

		C		Original		105.8

				Chemical		102.6

				Commercial Enzyme		88

				Crude Enzyme		89.2





fabric weight (19)

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0



Mean (GSM)

Fabric Weight (gsm/sq.m)



fabric weight (20)

		Fabric		Samples		Mean (GSM)

		A		Original		86.5

				Chemical		84.6

				Commercial Enzyme		77.9

				Crude Enzyme		82

		B		Original		84.4

				Chemical		80.8

				Commercial Enzyme		83.5

				Crude Enzyme		82.8

		C		Original		105.8

				Chemical		102.6

				Commercial Enzyme		88

				Crude Enzyme		89.2





fabric weight (20)

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0



Mean (GSM)

Fabric Weight (gsm/sq.m)



fabric weight (21)

		Fabric		Samples		Mean (GSM)

		A		Original		86.5

				Chemical		84.6

				Commercial Enzyme		77.9

				Crude Enzyme		82

		B		Original		84.4

				Chemical		80.8

				Commercial Enzyme		83.5

				Crude Enzyme		82.8

		C		Original		105.8

				Chemical		102.6

				Commercial Enzyme		88

				Crude Enzyme		89.2





fabric weight (21)

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0



Mean (GSM)

Fabric Weight (gsm/sq.m)



fabric weight (22)

		Fabric		Samples		Mean (GSM)

		A		Original		86.5

				Chemical		84.6

				Commercial Enzyme		77.9

				Crude Enzyme		82

		B		Original		84.4

				Chemical		80.8

				Commercial Enzyme		83.5

				Crude Enzyme		82.8

		C		Original		105.8

				Chemical		102.6

				Commercial Enzyme		88

				Crude Enzyme		89.2





fabric weight (22)

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0



Mean (GSM)

Fabric Weight (gsm/sq.m)



fabric weight (23)

		Fabric		Samples		Mean (GSM)

		A		Original		86.5

				Chemical		84.6

				Commercial Enzyme		77.9

				Crude Enzyme		82

		B		Original		84.4

				Chemical		80.8

				Commercial Enzyme		83.5

				Crude Enzyme		82.8

		C		Original		105.8

				Chemical		102.6

				Commercial Enzyme		88

				Crude Enzyme		89.2





fabric weight (23)

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0



Mean (GSM)

Fabric Weight (gsm/sq.m)



Capillary 

		Fabric		Samples		Mean (GSM)

		A		Original		86.5								Mean warp (cm)		Mean weft (cm)

				Chemical		84.6

				Commercial Enzyme		77.9				A		Original		0.08		0.48

				Crude Enzyme		82						Chemical		1.62		1.68

		B		Original		84.4						Commercial Enzyme		1.6		1.64

				Chemical		80.8						Crude Enzyme		1.63		1.68

				Commercial Enzyme		83.5				B		Original		0.42		0.4

				Crude Enzyme		82.8						Chemical		1.78		2.2

		C		Original		105.8						Commercial Enzyme		1.14		1.4

				Chemical		102.6						Crude Enzyme		2.72		1.5

				Commercial Enzyme		88				C		Original		1.34		1.1

				Crude Enzyme		89.2						Chemical		1.74		1.86

												Commercial Enzyme		1.72		1.78

												Crude Enzyme		1.24		4.24





Capillary 

		0		0		0

		0		0		0

		0		0		0

		0		0		0

		0		0		0

		0		0		0

		0		0		0

		0		0		0

		0		0		0

		0		0		0

		0		0		0

		0		0		0



Mean (GSM) 86.5 84.6

Mean (GSM) Mean warp (cm)  84.6

Mean (GSM) Mean weft (cm) 84.6

Mean raise (cm)



Sinking Time Test

		Fabric		Samples		Mean (GSM)

		A		Original		3871

				Chemical		59

				Commercial Enzyme		75.6

				Crude Enzyme		23.4

		B		Original		3486

				Chemical		39

				Commercial Enzyme		36.8

				Crude Enzyme		24.78

		C		Original		3442

				Chemical		94

				Commercial Enzyme		53.4

				Crude Enzyme		21.8





Sinking Time Test

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0



Mean (GSM)

Sinking absorbency (sec)



Drop Test

		Fabric		Samples		Mean (GSM)

		A		Original		1158.72

				Chemical		80.4

				Commercial Enzyme		60

				Crude Enzyme		60

		B		Original		397

				Chemical		265

				Commercial Enzyme		129.6

				Crude Enzyme		120

		C		Original		91.2

				Chemical		78

				Commercial Enzyme		28

				Crude Enzyme		24





Drop Test

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0



Mean (GSM)

Mean absorbency (sec)



Drapability

		Fabric		Samples		Mean (GSM)

		A		Original		0.54

				Chemical		1.17

				Commercial Enzyme		1.1

				Crude Enzyme		1.18

		B		Original		0.78

				Chemical		0.97

				Commercial Enzyme		1.05

				Crude Enzyme		1.02

		C		Original		0.79

				Chemical		1.26

				Commercial Enzyme		1.34

				Crude Enzyme		1.41





Drapability

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0



Mean (GSM)

Drapability (%)



Stiffness weft

		Fabric		Samples		Mean (GSM)

		A		Original		2.5

				Chemical		2.2

				Commercial Enzyme		1.9

				Crude Enzyme		2.31

		B		Original		2.61

				Chemical		2.41

				Commercial Enzyme		2.3

				Crude Enzyme		2.3

		C		Original		3.1

				Chemical		2.6

				Commercial Enzyme		2.37

				Crude Enzyme		2.41





Stiffness weft

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0



Mean (GSM)

Stiffness weft (cm)



Stiffness warp

		Fabric		Samples		Mean (cm)

		A		Original		3.6

				Chemical		2.6

				Commercial Enzyme		2

				Crude Enzyme		2.3

		B		Original		3.3

				Chemical		2.3

				Commercial Enzyme		2.5

				Crude Enzyme		2.4

		C		Original		2.3

				Chemical		1.7

				Commercial Enzyme		1.8

				Crude Enzyme		1.7





Stiffness warp

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0



Mean (cm)

Stiffness warp (cm)



Crease Recovery weft

		Fabric		Samples		Mean (cm)

		A		Original		66.6

				Chemical		93.4

				Commercial Enzyme		86.6

				Crude Enzyme		88.8

		B		Original		110.8

				Chemical		99

				Commercial Enzyme		91.2

				Crude Enzyme		87.6

		C		Original		70.2

				Chemical		77.4

				Commercial Enzyme		80.4

				Crude Enzyme		82.8





Crease Recovery weft

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0



Mean (cm)

Crease Recovery weft (cm)



Crease Recovery warp

		Fabric		Samples		Mean (cm)

		A		Original		102.4

				Chemical		100.4

				Commercial Enzyme		103.6

				Crude Enzyme		109.4

		B		Original		111.8

				Chemical		91.8

				Commercial Enzyme		94.4

				Crude Enzyme		109

		C		Original		75.8

				Chemical		85.4

				Commercial Enzyme		88.8

				Crude Enzyme		89.4





Crease Recovery warp

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0



Mean (cm)

Crease Recovery warp (cm)



Fabric Elongation weft

		Fabric		Samples		Mean (cm)

		A		Original		27.1

				Chemical		28

				Commercial Enzyme		29.1

				Crude Enzyme		32.4

		B		Original		19.3

				Chemical		24.2

				Commercial Enzyme		23.3

				Crude Enzyme		27.3

		C		Original		16

				Chemical		25.3

				Commercial Enzyme		27.3

				Crude Enzyme		26.9





Fabric Elongation weft

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0



Mean (cm)

Fabric Elongation weft (cm)



Fabric Elongation warp

		Fabric		Samples		Mean (cm)

		A		Original		1.38

				Conventional		1.4

				Commercial Enzyme		2.15

				Crude Enzyme		1.5

		B		Original		1.7

				Conventional		1.82

				Commercial Enzyme		2.49

				Crude Enzyme		2

		C		Original		3.53

				Conventional		5.02

				Commercial Enzyme		6.36

				Crude Enzyme		4.05





Fabric Elongation warp

		Original
A

		Chemical

		Commercial Enzyme

		Crude Enzyme

		Original
B

		Chemical

		Commercial Enzyme

		Crude Enzyme

		Original
C

		Chemical

		Commercial Enzyme

		Crude Enzyme



Mean (cm)

Fabric Elongation warp (cm)



tensile  strength weft

		Fabric		Samples		Mean No. of weft / inch

		A		Original		17.6

				Chemical		13.4

				Commercial Enzyme		14.8

				Crude Enzyme		15

		B		Original		33.8

				Chemical		22.6

				Commercial Enzyme		23.4

				Crude Enzyme		25.4

		C		Original		43

				Chemical		30.8

				Commercial Enzyme		29.8

				Crude Enzyme		40





tensile  strength weft

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0



Mean No. of weft / inch

Tensile  strength weft (inch)



tensile  strength warp

		Fabric		Samples		Mean No. of warp / inch

		A		Original		45.6

				Chemical		36

				Commercial Enzyme		39.4

				Crude Enzyme		38

		B		Original		54.4

				Chemical		39.8

				Commercial Enzyme		40.6

				Crude Enzyme		45.4

		C		Original		16.2

				Chemical		12

				Commercial Enzyme		16

				Crude Enzyme		15





tensile  strength warp

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0



Mean No. of warp / inch

Tensile  strength warp (inch)



Fabric Thickness

		Fabric		Samples		Mean (mm)

		A		Original		0.24

				Chemical		0.3

				Commercial Enzyme		0.27

				Crude Enzyme		0.32

		B		Original		0.24

				Chemical		0.25

				Commercial Enzyme		0.23

				Crude Enzyme		0.26

		C		Original		0.25

				Chemical		0.35

				Commercial Enzyme		0.31

				Crude Enzyme		0.42





Fabric Thickness

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0



Mean (mm)

Fabric thickenss (mm)



Fabric count warp

		Fabric		Samples		Mean No. of weft / inch

		A		Original		72.8

				Chemical		73.2

				Commercial Enzyme		72

				Crude Enzyme		72

		B		Original		94.6

				Chemical		93.2

				Commercial Enzyme		92

				Crude Enzyme		93

		C		Original		82.4

				Chemical		84

				Commercial Enzyme		82

				Crude Enzyme		83





Fabric count warp

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0



Mean No. of weft / inch

Fabric Count weft (inch)



Fabric count weft

		Fabric		Samples		Mean No. of weft / inch

		A		Original		56.4

				Chemical		56.8

				Commercial Enzyme		59

				Crude Enzyme		61

		B		Original		60.8

				Chemical		58.8

				Commercial Enzyme		56

				Crude Enzyme		85

		C		Original		63.6

				Chemical		73.6

				Commercial Enzyme		70

				Crude Enzyme		60





Fabric count weft

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0



Mean No. of weft / inch

Fabric Count weft (inch)



fabric weight

		Fabric		Samples		Mean (GSM)

		A		Original		86.5

				Chemical		84.6

				Commercial Enzyme		77.9

				Crude Enzyme		81.8

		B		Original		84.4

				Chemical		80.8

				Commercial Enzyme		83.5

				Crude Enzyme		83.3

		C		Original		105.8

				Chemical		102.6

				Commercial Enzyme		88

				Crude Enzyme		91.7





fabric weight

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0



Mean (GSM)

Fabric Weight (gsm/sq.m)
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		Original
A

		Chemical

		Commercial Enzyme

		Crude Enzyme

		Original
B

		Chemical

		Commercial Enzyme

		Crude Enzyme

		Original
C

		Chemical

		Commercial Enzyme

		Crude Enzyme



Mean (GSM)

Fabric samples

Fabric Stiffness weft (cm)

2.5

2.2

1.9

2.2

2.6

2.4

2.3

2.2

3.1

2.6

2.3

2.3



fabric weight (15)

		Fabric		Samples		Mean (GSM)

		A		Original		86.5

				Chemical		84.6

				Commercial Enzyme		77.9

				Crude Enzyme		82

		B		Original		84.4

				Chemical		80.8

				Commercial Enzyme		83.5

				Crude Enzyme		82.8

		C		Original		105.8

				Chemical		102.6

				Commercial Enzyme		88

				Crude Enzyme		89.2





fabric weight (15)

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0



Mean (GSM)

Fabric Weight (gsm/sq.m)



fabric weight (16)

		Fabric		Samples		Mean (GSM)

		A		Original		86.5

				Chemical		84.6

				Commercial Enzyme		77.9

				Crude Enzyme		82

		B		Original		84.4

				Chemical		80.8

				Commercial Enzyme		83.5

				Crude Enzyme		82.8

		C		Original		105.8

				Chemical		102.6

				Commercial Enzyme		88

				Crude Enzyme		89.2





fabric weight (16)

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0



Mean (GSM)

Fabric Weight (gsm/sq.m)



fabric weight (17)

		Fabric		Samples		Mean (GSM)

		A		Original		86.5

				Chemical		84.6

				Commercial Enzyme		77.9

				Crude Enzyme		82

		B		Original		84.4

				Chemical		80.8

				Commercial Enzyme		83.5

				Crude Enzyme		82.8

		C		Original		105.8

				Chemical		102.6

				Commercial Enzyme		88

				Crude Enzyme		89.2





fabric weight (17)

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0



Mean (GSM)

Fabric Weight (gsm/sq.m)



fabric weight (18)

		Fabric		Samples		Mean (GSM)

		A		Original		86.5

				Chemical		84.6

				Commercial Enzyme		77.9

				Crude Enzyme		82

		B		Original		84.4

				Chemical		80.8

				Commercial Enzyme		83.5

				Crude Enzyme		82.8

		C		Original		105.8

				Chemical		102.6

				Commercial Enzyme		88

				Crude Enzyme		89.2





fabric weight (18)

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0



Mean (GSM)

Fabric Weight (gsm/sq.m)



fabric weight (19)

		Fabric		Samples		Mean (GSM)

		A		Original		86.5

				Chemical		84.6

				Commercial Enzyme		77.9

				Crude Enzyme		82

		B		Original		84.4

				Chemical		80.8

				Commercial Enzyme		83.5

				Crude Enzyme		82.8

		C		Original		105.8

				Chemical		102.6

				Commercial Enzyme		88

				Crude Enzyme		89.2





fabric weight (19)

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0



Mean (GSM)

Fabric Weight (gsm/sq.m)



fabric weight (20)

		Fabric		Samples		Mean (GSM)

		A		Original		86.5

				Chemical		84.6

				Commercial Enzyme		77.9

				Crude Enzyme		82

		B		Original		84.4

				Chemical		80.8

				Commercial Enzyme		83.5

				Crude Enzyme		82.8

		C		Original		105.8

				Chemical		102.6

				Commercial Enzyme		88

				Crude Enzyme		89.2





fabric weight (20)

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0



Mean (GSM)

Fabric Weight (gsm/sq.m)



fabric weight (21)

		Fabric		Samples		Mean (GSM)

		A		Original		86.5

				Chemical		84.6

				Commercial Enzyme		77.9

				Crude Enzyme		82

		B		Original		84.4

				Chemical		80.8

				Commercial Enzyme		83.5

				Crude Enzyme		82.8

		C		Original		105.8

				Chemical		102.6

				Commercial Enzyme		88

				Crude Enzyme		89.2





fabric weight (21)

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0



Mean (GSM)

Fabric Weight (gsm/sq.m)



fabric weight (22)

		Fabric		Samples		Mean (GSM)

		A		Original		86.5

				Chemical		84.6

				Commercial Enzyme		77.9

				Crude Enzyme		82

		B		Original		84.4

				Chemical		80.8

				Commercial Enzyme		83.5

				Crude Enzyme		82.8

		C		Original		105.8

				Chemical		102.6

				Commercial Enzyme		88

				Crude Enzyme		89.2





fabric weight (22)

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0



Mean (GSM)

Fabric Weight (gsm/sq.m)



fabric weight (23)

		Fabric		Samples		Mean (GSM)

		A		Original		86.5

				Chemical		84.6

				Commercial Enzyme		77.9

				Crude Enzyme		82

		B		Original		84.4

				Chemical		80.8

				Commercial Enzyme		83.5

				Crude Enzyme		82.8

		C		Original		105.8

				Chemical		102.6

				Commercial Enzyme		88

				Crude Enzyme		89.2





fabric weight (23)

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0



Mean (GSM)

Fabric Weight (gsm/sq.m)



Capillary 

		Fabric		Samples		Mean (GSM)

		A		Original		86.5								Mean warp (cm)		Mean weft (cm)

				Chemical		84.6

				Commercial Enzyme		77.9				A		Original		0.08		0.48

				Crude Enzyme		82						Chemical		1.62		1.68

		B		Original		84.4						Commercial Enzyme		1.6		1.64

				Chemical		80.8						Crude Enzyme		1.63		1.68

				Commercial Enzyme		83.5				B		Original		0.42		0.4

				Crude Enzyme		82.8						Chemical		1.78		2.2

		C		Original		105.8						Commercial Enzyme		1.14		1.4

				Chemical		102.6						Crude Enzyme		2.72		1.5

				Commercial Enzyme		88				C		Original		1.34		1.1

				Crude Enzyme		89.2						Chemical		1.74		1.86

												Commercial Enzyme		1.72		1.78

												Crude Enzyme		1.24		4.24





Capillary 

		0		0		0

		0		0		0

		0		0		0

		0		0		0

		0		0		0

		0		0		0

		0		0		0

		0		0		0

		0		0		0

		0		0		0

		0		0		0

		0		0		0



Mean (GSM) 86.5 84.6

Mean (GSM) Mean warp (cm)  84.6

Mean (GSM) Mean weft (cm) 84.6

Mean raise (cm)



Sinking Time Test

		Fabric		Samples		Mean (GSM)

		A		Original		3871

				Chemical		59

				Commercial Enzyme		75.6

				Crude Enzyme		23.4

		B		Original		3486

				Chemical		39

				Commercial Enzyme		36.8

				Crude Enzyme		24.78

		C		Original		3442

				Chemical		94

				Commercial Enzyme		53.4

				Crude Enzyme		21.8





Sinking Time Test

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0



Mean (GSM)

Sinking absorbency (sec)



Drop Test

		Fabric		Samples		Mean (GSM)

		A		Original		1158.72

				Chemical		80.4

				Commercial Enzyme		60

				Crude Enzyme		60

		B		Original		397

				Chemical		265

				Commercial Enzyme		129.6

				Crude Enzyme		120

		C		Original		91.2

				Chemical		78

				Commercial Enzyme		28

				Crude Enzyme		24





Drop Test

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0



Mean (GSM)

Mean absorbency (sec)



Drapability

		Fabric		Samples		Mean (GSM)

		A		Original		0.54

				Chemical		1.17

				Commercial Enzyme		1.1

				Crude Enzyme		1.18

		B		Original		0.78

				Chemical		0.97

				Commercial Enzyme		1.05

				Crude Enzyme		1.02

		C		Original		0.79

				Chemical		1.26

				Commercial Enzyme		1.34

				Crude Enzyme		1.41





Drapability

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0



Mean (GSM)

Drapability (%)



Stiffness weft

		Fabric		Samples		Mean (GSM)

		A		Original		2.5

				Chemical		2.2

				Commercial Enzyme		1.9

				Crude Enzyme		2.2

		B		Original		2.6

				Chemical		2.4

				Commercial Enzyme		2.3

				Crude Enzyme		2.2

		C		Original		3.1

				Chemical		2.6

				Commercial Enzyme		2.3

				Crude Enzyme		2.3





Stiffness weft

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0



Mean (GSM)

Stiffness weft (cm)



Stiffness warp

		Fabric		Samples		Mean (cm)

		A		Original		3.6

				Chemical		2.6

				Commercial Enzyme		2

				Crude Enzyme		2.3

		B		Original		3.3

				Chemical		2.3

				Commercial Enzyme		2.5

				Crude Enzyme		2.4

		C		Original		2.3

				Chemical		1.7

				Commercial Enzyme		1.8

				Crude Enzyme		1.7





Stiffness warp

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0



Mean (cm)

Stiffness warp (cm)



Crease Recovery weft

		Fabric		Samples		Mean (cm)

		A		Original		66.6

				Conventional		93.4

				Commercial Enzyme		86.6

				Crude Enzyme		89.2

		B		Original		110.8

				Conventional		99

				Commercial Enzyme		91.2

				Crude Enzyme		90

		C		Original		70.2

				Conventional		77.4

				Commercial Enzyme		80.4

				Crude Enzyme		90.4





Crease Recovery weft

		Original
A

		Chemical

		Commercial Enzyme

		Crude Enzyme

		Original
B

		Chemical

		Commercial Enzyme

		Crude Enzyme

		Original
C

		Chemical

		Commercial Enzyme

		Crude Enzyme



Mean (cm)

Crease Recovery weft (cm)

66.6

93.4

86.6

89.2

110.8

99

91.2

90

70.2

77.4

80.4

90.4



Crease Recovery warp

		Fabric		Samples		Mean (cm)

		A		Original		102.4

				Chemical		100.4

				Commercial Enzyme		103.6

				Crude Enzyme		90

		B		Original		111.8

				Chemical		91

				Commercial Enzyme		94.4

				Crude Enzyme		87

		C		Original		75.8

				Chemical		85.4

				Commercial Enzyme		88.8

				Crude Enzyme		85.6





Crease Recovery warp

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0



Mean (cm)

Crease Recovery warp (cm)



Fabric Elongation weft

		Fabric		Samples		Mean (cm)

		A		Original		27.1

				Chemical		28

				Commercial Enzyme		29.1

				Crude Enzyme		29.3

		B		Original		19.3

				Chemical		24.2

				Commercial Enzyme		23.3

				Crude Enzyme		29.5

		C		Original		16

				Chemical		25.3

				Commercial Enzyme		27.3

				Crude Enzyme		21.8





Fabric Elongation weft

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0



Mean (cm)

Fabric Elongation weft (cm)



Fabric Elongation warp

		Fabric		Samples		Mean (cm)

		A		Original		13.8

				Chemical		14

				Commercial Enzyme		21.5

				Crude Enzyme		15

		B		Original		17

				Chemical		18.2

				Commercial Enzyme		24.9

				Crude Enzyme		20

		C		Original		35.3

				Chemical		50.2

				Commercial Enzyme		63.6

				Crude Enzyme		40.5





Fabric Elongation warp

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0



Mean (cm)

Fabric Elongation warp (cm)



tensile  strength weft

		Fabric		Samples		Mean No. of weft / inch

		A		Original		17.6

				Chemical		13.4

				Commercial Enzyme		14.8

				Crude Enzyme		15

		B		Original		33.8

				Chemical		22.6

				Commercial Enzyme		23.4

				Crude Enzyme		25.4

		C		Original		43

				Chemical		30.8

				Commercial Enzyme		29.8

				Crude Enzyme		40





tensile  strength weft

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0



Mean No. of weft / inch

Tensile  strength weft (inch)



tensile  strength warp

		Fabric		Samples		Mean No. of warp / inch

		A		Original		45.6

				Chemical		36

				Commercial Enzyme		39.4

				Crude Enzyme		38

		B		Original		54.4

				Chemical		39.8

				Commercial Enzyme		40.6

				Crude Enzyme		45.4

		C		Original		16.2

				Chemical		12

				Commercial Enzyme		16

				Crude Enzyme		15





tensile  strength warp

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0



Mean No. of warp / inch

Tensile  strength warp (inch)



Fabric Thickness

		Fabric		Samples		Mean (mm)

		A		Original		0.24

				Chemical		0.3

				Commercial Enzyme		0.27

				Crude Enzyme		0.32

		B		Original		0.24

				Chemical		0.25

				Commercial Enzyme		0.23

				Crude Enzyme		0.26

		C		Original		0.25

				Chemical		0.35

				Commercial Enzyme		0.31

				Crude Enzyme		0.42





Fabric Thickness

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0



Mean (mm)

Fabric thickenss (mm)



Fabric count warp

		Fabric		Samples		Mean No. of weft / inch

		A		Original		72.8

				Chemical		73.2

				Commercial Enzyme		72

				Crude Enzyme		72

		B		Original		94.6

				Chemical		93.2

				Commercial Enzyme		92

				Crude Enzyme		93

		C		Original		82.4

				Chemical		84

				Commercial Enzyme		82

				Crude Enzyme		83





Fabric count warp

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0



Mean No. of weft / inch

Fabric Count weft (inch)



Fabric count weft

		Fabric		Samples		Mean No. of weft / inch

		A		Original		56.4

				Chemical		56.8

				Commercial Enzyme		59

				Crude Enzyme		61

		B		Original		60.8

				Chemical		58.8

				Commercial Enzyme		56

				Crude Enzyme		85

		C		Original		63.6

				Chemical		73.6

				Commercial Enzyme		70

				Crude Enzyme		60





Fabric count weft

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0



Mean No. of weft / inch

Fabric Count weft (inch)



fabric weight

		Fabric		Samples		Mean (GSM)

		A		Original		86.5

				Chemical		84.6

				Commercial Enzyme		77.9

				Crude Enzyme		81.8

		B		Original		84.4

				Chemical		80.8

				Commercial Enzyme		83.5

				Crude Enzyme		83.3

		C		Original		105.8

				Chemical		102.6

				Commercial Enzyme		88

				Crude Enzyme		91.7





fabric weight

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0



Mean (GSM)

Fabric Weight (gsm/sq.m)
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		Original
A

		Conventional

		Commercial Enzyme

		Crude Enzyme

		Original
B

		Conventional

		Commercial Enzyme

		Crude Enzyme

		Original
C

		Conventional

		Commercial Enzyme

		Crude Enzyme



Mean (GSM)

Fabric samples

Drapability (%)

0.54

1.17

1.1

1.19

0.78

0.97

1.05

1.02

0.79

1.26

1.34

1.41



fabric weight (15)

		Fabric		Samples		Mean (GSM)

		A		Original		86.5

				Chemical		84.6

				Commercial Enzyme		77.9

				Crude Enzyme		82

		B		Original		84.4

				Chemical		80.8

				Commercial Enzyme		83.5

				Crude Enzyme		82.8

		C		Original		105.8

				Chemical		102.6

				Commercial Enzyme		88

				Crude Enzyme		89.2





fabric weight (15)

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0



Mean (GSM)

Fabric Weight (gsm/sq.m)



fabric weight (16)

		Fabric		Samples		Mean (GSM)

		A		Original		86.5

				Chemical		84.6

				Commercial Enzyme		77.9

				Crude Enzyme		82

		B		Original		84.4

				Chemical		80.8

				Commercial Enzyme		83.5

				Crude Enzyme		82.8

		C		Original		105.8

				Chemical		102.6

				Commercial Enzyme		88

				Crude Enzyme		89.2





fabric weight (16)

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0



Mean (GSM)

Fabric Weight (gsm/sq.m)



fabric weight (17)

		Fabric		Samples		Mean (GSM)

		A		Original		86.5

				Chemical		84.6

				Commercial Enzyme		77.9

				Crude Enzyme		82

		B		Original		84.4

				Chemical		80.8

				Commercial Enzyme		83.5

				Crude Enzyme		82.8

		C		Original		105.8

				Chemical		102.6

				Commercial Enzyme		88

				Crude Enzyme		89.2





fabric weight (17)

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0



Mean (GSM)

Fabric Weight (gsm/sq.m)



fabric weight (18)

		Fabric		Samples		Mean (GSM)

		A		Original		86.5

				Chemical		84.6

				Commercial Enzyme		77.9

				Crude Enzyme		82

		B		Original		84.4

				Chemical		80.8

				Commercial Enzyme		83.5

				Crude Enzyme		82.8

		C		Original		105.8

				Chemical		102.6

				Commercial Enzyme		88

				Crude Enzyme		89.2





fabric weight (18)

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0



Mean (GSM)

Fabric Weight (gsm/sq.m)



fabric weight (19)

		Fabric		Samples		Mean (GSM)

		A		Original		86.5

				Chemical		84.6

				Commercial Enzyme		77.9

				Crude Enzyme		82

		B		Original		84.4

				Chemical		80.8

				Commercial Enzyme		83.5

				Crude Enzyme		82.8

		C		Original		105.8

				Chemical		102.6

				Commercial Enzyme		88

				Crude Enzyme		89.2





fabric weight (19)

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0



Mean (GSM)

Fabric Weight (gsm/sq.m)



fabric weight (20)

		Fabric		Samples		Mean (GSM)

		A		Original		86.5

				Chemical		84.6

				Commercial Enzyme		77.9

				Crude Enzyme		82

		B		Original		84.4

				Chemical		80.8

				Commercial Enzyme		83.5

				Crude Enzyme		82.8

		C		Original		105.8

				Chemical		102.6

				Commercial Enzyme		88

				Crude Enzyme		89.2





fabric weight (20)

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0



Mean (GSM)

Fabric Weight (gsm/sq.m)



fabric weight (21)

		Fabric		Samples		Mean (GSM)

		A		Original		86.5

				Chemical		84.6

				Commercial Enzyme		77.9

				Crude Enzyme		82

		B		Original		84.4

				Chemical		80.8

				Commercial Enzyme		83.5

				Crude Enzyme		82.8

		C		Original		105.8

				Chemical		102.6

				Commercial Enzyme		88

				Crude Enzyme		89.2





fabric weight (21)

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0



Mean (GSM)

Fabric Weight (gsm/sq.m)



fabric weight (22)

		Fabric		Samples		Mean (GSM)

		A		Original		86.5

				Chemical		84.6

				Commercial Enzyme		77.9

				Crude Enzyme		82

		B		Original		84.4

				Chemical		80.8

				Commercial Enzyme		83.5

				Crude Enzyme		82.8

		C		Original		105.8

				Chemical		102.6

				Commercial Enzyme		88

				Crude Enzyme		89.2





fabric weight (22)

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0



Mean (GSM)

Fabric Weight (gsm/sq.m)



fabric weight (23)

		Fabric		Samples		Mean (GSM)

		A		Original		86.5

				Chemical		84.6

				Commercial Enzyme		77.9

				Crude Enzyme		82

		B		Original		84.4

				Chemical		80.8

				Commercial Enzyme		83.5

				Crude Enzyme		82.8

		C		Original		105.8

				Chemical		102.6

				Commercial Enzyme		88

				Crude Enzyme		89.2





fabric weight (23)

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0



Mean (GSM)

Fabric Weight (gsm/sq.m)



Capillary 

		Fabric		Samples		Mean (GSM)

		A		Original		86.5								Mean warp (cm)		Mean weft (cm)

				Chemical		84.6

				Commercial Enzyme		77.9				A		Original		0.08		0.48

				Crude Enzyme		82						Chemical		1.62		1.68

		B		Original		84.4						Commercial Enzyme		1.6		1.64

				Chemical		80.8						Crude Enzyme		1.63		1.68

				Commercial Enzyme		83.5				B		Original		0.42		0.4

				Crude Enzyme		82.8						Chemical		1.78		2.2

		C		Original		105.8						Commercial Enzyme		1.14		1.4

				Chemical		102.6						Crude Enzyme		2.72		1.5

				Commercial Enzyme		88				C		Original		1.34		1.1

				Crude Enzyme		89.2						Chemical		1.74		1.86

												Commercial Enzyme		1.72		1.78

												Crude Enzyme		1.24		4.24





Capillary 

		0		0		0

		0		0		0

		0		0		0

		0		0		0

		0		0		0

		0		0		0

		0		0		0

		0		0		0

		0		0		0

		0		0		0

		0		0		0

		0		0		0



Mean (GSM) 86.5 84.6

Mean (GSM) Mean warp (cm)  84.6

Mean (GSM) Mean weft (cm) 84.6

Mean raise (cm)



Sinking Time Test

		Fabric		Samples		Mean (GSM)

		A		Original		3871

				Chemical		59

				Commercial Enzyme		75.6

				Crude Enzyme		23.4

		B		Original		3486

				Chemical		39

				Commercial Enzyme		36.8

				Crude Enzyme		24.78

		C		Original		3442

				Chemical		94

				Commercial Enzyme		53.4

				Crude Enzyme		21.8





Sinking Time Test

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0



Mean (GSM)

Sinking absorbency (sec)



Drop Test

		Fabric		Samples		Mean (GSM)

		A		Original		1158.72

				Chemical		80.4

				Commercial Enzyme		60

				Crude Enzyme		60

		B		Original		397

				Chemical		265

				Commercial Enzyme		129.6

				Crude Enzyme		120

		C		Original		91.2

				Chemical		78

				Commercial Enzyme		28

				Crude Enzyme		24





Drop Test

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0



Mean (GSM)

Mean absorbency (sec)



Drapability

		Fabric		Samples		Mean (GSM)

		A		Original		0.54

				Conventional		1.17

				Commercial Enzyme		1.1

				Crude Enzyme		1.19

		B		Original		0.78

				Conventional		0.97

				Commercial Enzyme		1.05

				Crude Enzyme		1.02

		C		Original		0.79

				Conventional		1.26

				Commercial Enzyme		1.34

				Crude Enzyme		1.41





Drapability

		Original
A

		Chemical

		Commercial Enzyme

		Crude Enzyme

		Original
B

		Chemical

		Commercial Enzyme

		Crude Enzyme

		Original
C

		Chemical

		Commercial Enzyme

		Crude Enzyme



Mean (GSM)

Drapability (%)

0

0

0

0

0

0

0

0

0

0

0

0



Stiffness weft

		Fabric		Samples		Mean (GSM)

		A		Original		2.5

				Chemical		2.2

				Commercial Enzyme		1.9

				Crude Enzyme		2.2

		B		Original		2.6

				Chemical		2.4

				Commercial Enzyme		2.3

				Crude Enzyme		2.2

		C		Original		3.1

				Chemical		2.6

				Commercial Enzyme		2.3

				Crude Enzyme		2.3





Stiffness weft

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0



Mean (GSM)

Stiffness weft (cm)



Stiffness warp

		Fabric		Samples		Mean (cm)

		A		Original		3.6

				Chemical		2.6

				Commercial Enzyme		2

				Crude Enzyme		2.3

		B		Original		3.3

				Chemical		2.3

				Commercial Enzyme		2.5

				Crude Enzyme		2.4

		C		Original		2.3

				Chemical		1.7

				Commercial Enzyme		1.8

				Crude Enzyme		1.7





Stiffness warp

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0



Mean (cm)

Stiffness warp (cm)



Crease Recovery weft

		Fabric		Samples		Mean (cm)

		A		Original		66.6

				Chemical		93.4

				Commercial Enzyme		86.6

				Crude Enzyme		89.2

		B		Original		110.8

				Chemical		99

				Commercial Enzyme		91.2

				Crude Enzyme		90

		C		Original		70.2

				Chemical		77.4

				Commercial Enzyme		80.4

				Crude Enzyme		90.4





Crease Recovery weft

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0



Mean (cm)

Crease Recovery weft (cm)



Crease Recovery warp

		Fabric		Samples		Mean (cm)

		A		Original		102.4

				Chemical		100.4

				Commercial Enzyme		103.6

				Crude Enzyme		90

		B		Original		111.8

				Chemical		91

				Commercial Enzyme		94.4

				Crude Enzyme		87

		C		Original		75.8

				Chemical		85.4

				Commercial Enzyme		88.8

				Crude Enzyme		85.6





Crease Recovery warp

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0



Mean (cm)

Crease Recovery warp (cm)



Fabric Elongation weft

		Fabric		Samples		Mean (cm)

		A		Original		27.1

				Chemical		28

				Commercial Enzyme		29.1

				Crude Enzyme		29.3

		B		Original		19.3

				Chemical		24.2

				Commercial Enzyme		23.3

				Crude Enzyme		29.5

		C		Original		16

				Chemical		25.3

				Commercial Enzyme		27.3

				Crude Enzyme		21.8





Fabric Elongation weft

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0



Mean (cm)

Fabric Elongation weft (cm)



Fabric Elongation warp

		Fabric		Samples		Mean (cm)

		A		Original		13.8

				Chemical		14

				Commercial Enzyme		21.5

				Crude Enzyme		15

		B		Original		17

				Chemical		18.2

				Commercial Enzyme		24.9

				Crude Enzyme		20

		C		Original		35.3

				Chemical		50.2

				Commercial Enzyme		63.6

				Crude Enzyme		40.5





Fabric Elongation warp

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0



Mean (cm)

Fabric Elongation warp (cm)



tensile  strength weft

		Fabric		Samples		Mean No. of weft / inch

		A		Original		17.6

				Chemical		13.4

				Commercial Enzyme		14.8

				Crude Enzyme		15

		B		Original		33.8

				Chemical		22.6

				Commercial Enzyme		23.4

				Crude Enzyme		25.4

		C		Original		43

				Chemical		30.8

				Commercial Enzyme		29.8

				Crude Enzyme		40





tensile  strength weft

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0



Mean No. of weft / inch

Tensile  strength weft (inch)



tensile  strength warp

		Fabric		Samples		Mean No. of warp / inch

		A		Original		45.6

				Chemical		36

				Commercial Enzyme		39.4

				Crude Enzyme		38

		B		Original		54.4

				Chemical		39.8

				Commercial Enzyme		40.6

				Crude Enzyme		45.4

		C		Original		16.2

				Chemical		12

				Commercial Enzyme		16

				Crude Enzyme		15





tensile  strength warp

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0



Mean No. of warp / inch

Tensile  strength warp (inch)



Fabric Thickness

		Fabric		Samples		Mean (mm)

		A		Original		0.24

				Chemical		0.3

				Commercial Enzyme		0.27

				Crude Enzyme		0.32

		B		Original		0.24

				Chemical		0.25

				Commercial Enzyme		0.23

				Crude Enzyme		0.26

		C		Original		0.25

				Chemical		0.35

				Commercial Enzyme		0.31

				Crude Enzyme		0.42





Fabric Thickness

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0



Mean (mm)

Fabric thickenss (mm)



Fabric count warp

		Fabric		Samples		Mean No. of weft / inch

		A		Original		72.8

				Chemical		73.2

				Commercial Enzyme		72

				Crude Enzyme		72

		B		Original		94.6

				Chemical		93.2

				Commercial Enzyme		92

				Crude Enzyme		93

		C		Original		82.4

				Chemical		84

				Commercial Enzyme		82

				Crude Enzyme		83





Fabric count warp

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0



Mean No. of weft / inch

Fabric Count weft (inch)



Fabric count weft

		Fabric		Samples		Mean No. of weft / inch

		A		Original		56.4

				Chemical		56.8

				Commercial Enzyme		59

				Crude Enzyme		61

		B		Original		60.8

				Chemical		58.8

				Commercial Enzyme		56

				Crude Enzyme		85

		C		Original		63.6

				Chemical		73.6

				Commercial Enzyme		70

				Crude Enzyme		60





Fabric count weft

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0



Mean No. of weft / inch

Fabric Count weft (inch)



fabric weight

		Fabric		Samples		Mean (GSM)

		A		Original		86.5

				Chemical		84.6

				Commercial Enzyme		77.9

				Crude Enzyme		81.8

		B		Original		84.4

				Chemical		80.8

				Commercial Enzyme		83.5

				Crude Enzyme		83.3

		C		Original		105.8

				Chemical		102.6

				Commercial Enzyme		88

				Crude Enzyme		91.7





fabric weight

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0



Mean (GSM)

Fabric Weight (gsm/sq.m)






_1302526750.xls
Chart14

		Original
A

		Conventional

		Commercial Enzyme

		Crude Enzyme

		Original
B

		Conventional

		Commercial Enzyme
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C
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Mean (GSM)

Fabric samples

Mean absorbency (sec)
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fabric weight (15)

		Fabric		Samples		Mean (GSM)

		A		Original		86.5

				Chemical		84.6

				Commercial Enzyme		77.9

				Crude Enzyme		82

		B		Original		84.4

				Chemical		80.8

				Commercial Enzyme		83.5

				Crude Enzyme		82.8

		C		Original		105.8

				Chemical		102.6

				Commercial Enzyme		88

				Crude Enzyme		89.2





fabric weight (15)

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0



Mean (GSM)

Fabric Weight (gsm/sq.m)



fabric weight (16)

		Fabric		Samples		Mean (GSM)

		A		Original		86.5

				Chemical		84.6

				Commercial Enzyme		77.9

				Crude Enzyme		82

		B		Original		84.4

				Chemical		80.8

				Commercial Enzyme		83.5

				Crude Enzyme		82.8

		C		Original		105.8

				Chemical		102.6

				Commercial Enzyme		88

				Crude Enzyme		89.2





fabric weight (16)

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0



Mean (GSM)

Fabric Weight (gsm/sq.m)



fabric weight (17)

		Fabric		Samples		Mean (GSM)

		A		Original		86.5

				Chemical		84.6

				Commercial Enzyme		77.9

				Crude Enzyme		82

		B		Original		84.4

				Chemical		80.8

				Commercial Enzyme		83.5

				Crude Enzyme		82.8

		C		Original		105.8

				Chemical		102.6

				Commercial Enzyme		88

				Crude Enzyme		89.2





fabric weight (17)

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0



Mean (GSM)

Fabric Weight (gsm/sq.m)



fabric weight (18)

		Fabric		Samples		Mean (GSM)

		A		Original		86.5

				Chemical		84.6

				Commercial Enzyme		77.9

				Crude Enzyme		82

		B		Original		84.4

				Chemical		80.8

				Commercial Enzyme		83.5

				Crude Enzyme		82.8

		C		Original		105.8

				Chemical		102.6

				Commercial Enzyme		88

				Crude Enzyme		89.2





fabric weight (18)

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0



Mean (GSM)

Fabric Weight (gsm/sq.m)



fabric weight (19)

		Fabric		Samples		Mean (GSM)

		A		Original		86.5

				Chemical		84.6

				Commercial Enzyme		77.9

				Crude Enzyme		82

		B		Original		84.4

				Chemical		80.8

				Commercial Enzyme		83.5

				Crude Enzyme		82.8

		C		Original		105.8

				Chemical		102.6

				Commercial Enzyme		88

				Crude Enzyme		89.2





fabric weight (19)

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0



Mean (GSM)

Fabric Weight (gsm/sq.m)



fabric weight (20)

		Fabric		Samples		Mean (GSM)

		A		Original		86.5

				Chemical		84.6

				Commercial Enzyme		77.9

				Crude Enzyme		82

		B		Original		84.4

				Chemical		80.8

				Commercial Enzyme		83.5

				Crude Enzyme		82.8

		C		Original		105.8

				Chemical		102.6

				Commercial Enzyme		88

				Crude Enzyme		89.2





fabric weight (20)

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0



Mean (GSM)

Fabric Weight (gsm/sq.m)



fabric weight (21)

		Fabric		Samples		Mean (GSM)

		A		Original		86.5

				Chemical		84.6

				Commercial Enzyme		77.9

				Crude Enzyme		82

		B		Original		84.4

				Chemical		80.8

				Commercial Enzyme		83.5

				Crude Enzyme		82.8

		C		Original		105.8

				Chemical		102.6

				Commercial Enzyme		88

				Crude Enzyme		89.2





fabric weight (21)

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0



Mean (GSM)

Fabric Weight (gsm/sq.m)



fabric weight (22)

		Fabric		Samples		Mean (GSM)

		A		Original		86.5

				Chemical		84.6

				Commercial Enzyme		77.9

				Crude Enzyme		82

		B		Original		84.4

				Chemical		80.8

				Commercial Enzyme		83.5

				Crude Enzyme		82.8

		C		Original		105.8

				Chemical		102.6

				Commercial Enzyme		88

				Crude Enzyme		89.2





fabric weight (22)

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0



Mean (GSM)

Fabric Weight (gsm/sq.m)



fabric weight (23)

		Fabric		Samples		Mean (GSM)

		A		Original		86.5

				Chemical		84.6

				Commercial Enzyme		77.9

				Crude Enzyme		82

		B		Original		84.4

				Chemical		80.8

				Commercial Enzyme		83.5

				Crude Enzyme		82.8

		C		Original		105.8

				Chemical		102.6

				Commercial Enzyme		88

				Crude Enzyme		89.2





fabric weight (23)

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0



Mean (GSM)

Fabric Weight (gsm/sq.m)



Capillary 

		Fabric		Samples		Mean (GSM)

		A		Original		86.5								Mean warp (cm)		Mean weft (cm)

				Chemical		84.6

				Commercial Enzyme		77.9				A		Original		0.08		0.48

				Crude Enzyme		82						Chemical		1.62		1.68

		B		Original		84.4						Commercial Enzyme		1.6		1.64

				Chemical		80.8						Crude Enzyme		1.63		1.68

				Commercial Enzyme		83.5				B		Original		0.42		0.4

				Crude Enzyme		82.8						Chemical		1.78		2.2

		C		Original		105.8						Commercial Enzyme		1.14		1.4

				Chemical		102.6						Crude Enzyme		2.72		1.5

				Commercial Enzyme		88				C		Original		1.34		1.1

				Crude Enzyme		89.2						Chemical		1.74		1.86

												Commercial Enzyme		1.72		1.78

												Crude Enzyme		1.24		4.24





Capillary 

		0		0		0

		0		0		0

		0		0		0

		0		0		0

		0		0		0

		0		0		0

		0		0		0

		0		0		0

		0		0		0

		0		0		0

		0		0		0

		0		0		0



Mean (GSM) 86.5 84.6

Mean (GSM) Mean warp (cm)  84.6

Mean (GSM) Mean weft (cm) 84.6

Mean raise (cm)



Sinking Time Test

		Fabric		Samples		Mean (GSM)

		A		Original		3871

				Chemical		59

				Commercial Enzyme		75.6

				Crude Enzyme		23.4

		B		Original		3486

				Chemical		39

				Commercial Enzyme		36.8

				Crude Enzyme		24.78

		C		Original		3442

				Chemical		94

				Commercial Enzyme		53.4

				Crude Enzyme		21.8





Sinking Time Test

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0



Mean (GSM)

Sinking absorbency (sec)



Drop Test

		Fabric		Samples		Mean (GSM)

		A		Original		1158.72

				Conventional		80.4

				Commercial Enzyme		60

				Crude Enzyme		3.2

		B		Original		397

				Conventional		265

				Commercial Enzyme		120

				Crude Enzyme		4.72

		C		Original		91.2

				Conventional		78

				Commercial Enzyme		28

				Crude Enzyme		24





Drop Test

		Original
A

		Chemical

		Commercial Enzyme

		Crude Enzyme

		Original
B

		Chemical

		Commercial Enzyme

		Crude Enzyme

		Original
C

		Chemical

		Commercial Enzyme

		Crude Enzyme



Mean (GSM)

Mean absorbency (sec)
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3.2
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120
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24



Drapability

		Fabric		Samples		Mean (GSM)

		A		Original		0.54

				Chemical		1.17

				Commercial Enzyme		1.1

				Crude Enzyme		1.19

		B		Original		0.78

				Chemical		0.97

				Commercial Enzyme		1.05

				Crude Enzyme		1.02

		C		Original		0.79

				Chemical		1.26

				Commercial Enzyme		1.34

				Crude Enzyme		1.41





Drapability

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0



Mean (GSM)

Drapability (%)



Stiffness weft

		Fabric		Samples		Mean (GSM)

		A		Original		2.5

				Chemical		2.2

				Commercial Enzyme		1.9

				Crude Enzyme		2.2

		B		Original		2.6

				Chemical		2.4

				Commercial Enzyme		2.3

				Crude Enzyme		2.2

		C		Original		3.1

				Chemical		2.6

				Commercial Enzyme		2.3

				Crude Enzyme		2.3





Stiffness weft

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0



Mean (GSM)

Stiffness weft (cm)



Stiffness warp

		Fabric		Samples		Mean (cm)

		A		Original		3.6

				Chemical		2.6

				Commercial Enzyme		2

				Crude Enzyme		2.3

		B		Original		3.3

				Chemical		2.3

				Commercial Enzyme		2.5

				Crude Enzyme		2.4

		C		Original		2.3

				Chemical		1.7

				Commercial Enzyme		1.8

				Crude Enzyme		1.7





Stiffness warp

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0



Mean (cm)

Stiffness warp (cm)



Crease Recovery weft

		Fabric		Samples		Mean (cm)

		A		Original		66.6

				Chemical		93.4

				Commercial Enzyme		86.6

				Crude Enzyme		89.2

		B		Original		110.8

				Chemical		99

				Commercial Enzyme		91.2

				Crude Enzyme		90

		C		Original		70.2

				Chemical		77.4

				Commercial Enzyme		80.4

				Crude Enzyme		90.4





Crease Recovery weft

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0



Mean (cm)

Crease Recovery weft (cm)



Crease Recovery warp

		Fabric		Samples		Mean (cm)

		A		Original		102.4

				Chemical		100.4

				Commercial Enzyme		103.6

				Crude Enzyme		90

		B		Original		111.8

				Chemical		91

				Commercial Enzyme		94.4

				Crude Enzyme		87

		C		Original		75.8

				Chemical		85.4

				Commercial Enzyme		88.8

				Crude Enzyme		85.6





Crease Recovery warp

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0



Mean (cm)

Crease Recovery warp (cm)



Fabric Elongation weft

		Fabric		Samples		Mean (cm)

		A		Original		27.1

				Chemical		28

				Commercial Enzyme		29.1

				Crude Enzyme		29.3

		B		Original		19.3

				Chemical		24.2

				Commercial Enzyme		23.3

				Crude Enzyme		29.5

		C		Original		16

				Chemical		25.3

				Commercial Enzyme		27.3

				Crude Enzyme		21.8





Fabric Elongation weft

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0



Mean (cm)

Fabric Elongation weft (cm)



Fabric Elongation warp

		Fabric		Samples		Mean (cm)

		A		Original		13.8

				Chemical		14

				Commercial Enzyme		21.5

				Crude Enzyme		15

		B		Original		17

				Chemical		18.2

				Commercial Enzyme		24.9

				Crude Enzyme		20

		C		Original		35.3

				Chemical		50.2

				Commercial Enzyme		63.6

				Crude Enzyme		40.5





Fabric Elongation warp

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0



Mean (cm)

Fabric Elongation warp (cm)



tensile  strength weft

		Fabric		Samples		Mean No. of weft / inch

		A		Original		17.6

				Chemical		13.4

				Commercial Enzyme		14.8

				Crude Enzyme		15

		B		Original		33.8

				Chemical		22.6

				Commercial Enzyme		23.4

				Crude Enzyme		25.4

		C		Original		43

				Chemical		30.8

				Commercial Enzyme		29.8

				Crude Enzyme		40





tensile  strength weft

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0



Mean No. of weft / inch

Tensile  strength weft (inch)



tensile  strength warp

		Fabric		Samples		Mean No. of warp / inch

		A		Original		45.6

				Chemical		36

				Commercial Enzyme		39.4

				Crude Enzyme		38

		B		Original		54.4

				Chemical		39.8

				Commercial Enzyme		40.6

				Crude Enzyme		45.4

		C		Original		16.2

				Chemical		12

				Commercial Enzyme		16

				Crude Enzyme		15





tensile  strength warp

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0



Mean No. of warp / inch

Tensile  strength warp (inch)



Fabric Thickness

		Fabric		Samples		Mean (mm)

		A		Original		0.24

				Chemical		0.3

				Commercial Enzyme		0.27

				Crude Enzyme		0.32

		B		Original		0.24

				Chemical		0.25

				Commercial Enzyme		0.23

				Crude Enzyme		0.26

		C		Original		0.25

				Chemical		0.35

				Commercial Enzyme		0.31

				Crude Enzyme		0.42





Fabric Thickness

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0



Mean (mm)

Fabric thickenss (mm)



Fabric count warp

		Fabric		Samples		Mean No. of weft / inch

		A		Original		72.8

				Chemical		73.2

				Commercial Enzyme		72

				Crude Enzyme		72

		B		Original		94.6

				Chemical		93.2

				Commercial Enzyme		92

				Crude Enzyme		93

		C		Original		82.4

				Chemical		84

				Commercial Enzyme		82

				Crude Enzyme		83





Fabric count warp

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0



Mean No. of weft / inch

Fabric Count weft (inch)



Fabric count weft

		Fabric		Samples		Mean No. of weft / inch

		A		Original		56.4

				Chemical		56.8

				Commercial Enzyme		59

				Crude Enzyme		61

		B		Original		60.8

				Chemical		58.8

				Commercial Enzyme		56

				Crude Enzyme		85

		C		Original		63.6

				Chemical		73.6

				Commercial Enzyme		70

				Crude Enzyme		60





Fabric count weft

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0



Mean No. of weft / inch

Fabric Count weft (inch)



fabric weight

		Fabric		Samples		Mean (GSM)

		A		Original		86.5

				Chemical		84.6

				Commercial Enzyme		77.9

				Crude Enzyme		81.8

		B		Original		84.4

				Chemical		80.8

				Commercial Enzyme		83.5

				Crude Enzyme		83.3

		C		Original		105.8

				Chemical		102.6

				Commercial Enzyme		88

				Crude Enzyme		91.7





fabric weight

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0



Mean (GSM)

Fabric Weight (gsm/sq.m)
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		Original
A

		Conventional

		Commercial Enzyme

		Crude Enzyme

		Original
B

		Conventional

		Commercial Enzyme

		Crude Enzyme

		Original
C

		Conventional

		Commercial Enzyme

		Crude Enzyme



Mean (cm)

Fabric samples

Crease Recovery weft (angle)

66.6

93.4

86.6

89.2

110.8

99

91.2

90

70.2

77.4

80.4

90.4



fabric weight (15)

		Fabric		Samples		Mean (GSM)

		A		Original		86.5

				Chemical		84.6

				Commercial Enzyme		77.9

				Crude Enzyme		82

		B		Original		84.4

				Chemical		80.8

				Commercial Enzyme		83.5

				Crude Enzyme		82.8

		C		Original		105.8

				Chemical		102.6

				Commercial Enzyme		88

				Crude Enzyme		89.2





fabric weight (15)

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0



Mean (GSM)

Fabric Weight (gsm/sq.m)



fabric weight (16)

		Fabric		Samples		Mean (GSM)

		A		Original		86.5

				Chemical		84.6

				Commercial Enzyme		77.9

				Crude Enzyme		82

		B		Original		84.4

				Chemical		80.8

				Commercial Enzyme		83.5

				Crude Enzyme		82.8

		C		Original		105.8

				Chemical		102.6

				Commercial Enzyme		88

				Crude Enzyme		89.2





fabric weight (16)

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0



Mean (GSM)

Fabric Weight (gsm/sq.m)



fabric weight (17)

		Fabric		Samples		Mean (GSM)

		A		Original		86.5

				Chemical		84.6

				Commercial Enzyme		77.9

				Crude Enzyme		82

		B		Original		84.4

				Chemical		80.8

				Commercial Enzyme		83.5

				Crude Enzyme		82.8

		C		Original		105.8

				Chemical		102.6

				Commercial Enzyme		88

				Crude Enzyme		89.2





fabric weight (17)

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0



Mean (GSM)

Fabric Weight (gsm/sq.m)



fabric weight (18)

		Fabric		Samples		Mean (GSM)

		A		Original		86.5

				Chemical		84.6

				Commercial Enzyme		77.9

				Crude Enzyme		82

		B		Original		84.4

				Chemical		80.8

				Commercial Enzyme		83.5

				Crude Enzyme		82.8

		C		Original		105.8

				Chemical		102.6

				Commercial Enzyme		88

				Crude Enzyme		89.2





fabric weight (18)

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0



Mean (GSM)

Fabric Weight (gsm/sq.m)



fabric weight (19)

		Fabric		Samples		Mean (GSM)

		A		Original		86.5

				Chemical		84.6

				Commercial Enzyme		77.9

				Crude Enzyme		82

		B		Original		84.4

				Chemical		80.8

				Commercial Enzyme		83.5

				Crude Enzyme		82.8

		C		Original		105.8

				Chemical		102.6

				Commercial Enzyme		88

				Crude Enzyme		89.2





fabric weight (19)

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0



Mean (GSM)

Fabric Weight (gsm/sq.m)



fabric weight (20)

		Fabric		Samples		Mean (GSM)

		A		Original		86.5

				Chemical		84.6

				Commercial Enzyme		77.9

				Crude Enzyme		82

		B		Original		84.4

				Chemical		80.8

				Commercial Enzyme		83.5

				Crude Enzyme		82.8

		C		Original		105.8

				Chemical		102.6

				Commercial Enzyme		88

				Crude Enzyme		89.2





fabric weight (20)

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0



Mean (GSM)

Fabric Weight (gsm/sq.m)



fabric weight (21)

		Fabric		Samples		Mean (GSM)

		A		Original		86.5

				Chemical		84.6

				Commercial Enzyme		77.9

				Crude Enzyme		82

		B		Original		84.4

				Chemical		80.8

				Commercial Enzyme		83.5

				Crude Enzyme		82.8

		C		Original		105.8

				Chemical		102.6

				Commercial Enzyme		88

				Crude Enzyme		89.2





fabric weight (21)

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0



Mean (GSM)

Fabric Weight (gsm/sq.m)



fabric weight (22)

		Fabric		Samples		Mean (GSM)

		A		Original		86.5

				Chemical		84.6

				Commercial Enzyme		77.9

				Crude Enzyme		82

		B		Original		84.4

				Chemical		80.8

				Commercial Enzyme		83.5

				Crude Enzyme		82.8

		C		Original		105.8

				Chemical		102.6

				Commercial Enzyme		88

				Crude Enzyme		89.2





fabric weight (22)

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0



Mean (GSM)

Fabric Weight (gsm/sq.m)



fabric weight (23)

		Fabric		Samples		Mean (GSM)

		A		Original		86.5

				Chemical		84.6

				Commercial Enzyme		77.9

				Crude Enzyme		82

		B		Original		84.4

				Chemical		80.8

				Commercial Enzyme		83.5

				Crude Enzyme		82.8

		C		Original		105.8

				Chemical		102.6

				Commercial Enzyme		88

				Crude Enzyme		89.2





fabric weight (23)

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0



Mean (GSM)

Fabric Weight (gsm/sq.m)



Capillary 

		Fabric		Samples		Mean (GSM)

		A		Original		86.5								Mean warp (cm)		Mean weft (cm)

				Chemical		84.6

				Commercial Enzyme		77.9				A		Original		0.08		0.48

				Crude Enzyme		82						Chemical		1.62		1.68

		B		Original		84.4						Commercial Enzyme		1.6		1.64

				Chemical		80.8						Crude Enzyme		1.63		1.68

				Commercial Enzyme		83.5				B		Original		0.42		0.4

				Crude Enzyme		82.8						Chemical		1.78		2.2

		C		Original		105.8						Commercial Enzyme		1.14		1.4

				Chemical		102.6						Crude Enzyme		2.72		1.5

				Commercial Enzyme		88				C		Original		1.34		1.1

				Crude Enzyme		89.2						Chemical		1.74		1.86

												Commercial Enzyme		1.72		1.78

												Crude Enzyme		1.24		4.24





Capillary 

		0		0		0

		0		0		0

		0		0		0

		0		0		0

		0		0		0

		0		0		0

		0		0		0

		0		0		0

		0		0		0

		0		0		0

		0		0		0

		0		0		0



Mean (GSM) 86.5 84.6

Mean (GSM) Mean warp (cm)  84.6

Mean (GSM) Mean weft (cm) 84.6

Mean raise (cm)



Sinking Time Test

		Fabric		Samples		Mean (GSM)

		A		Original		3871

				Chemical		59

				Commercial Enzyme		75.6

				Crude Enzyme		23.4

		B		Original		3486

				Chemical		39

				Commercial Enzyme		36.8

				Crude Enzyme		24.78

		C		Original		3442

				Chemical		94

				Commercial Enzyme		53.4

				Crude Enzyme		21.8





Sinking Time Test

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0



Mean (GSM)

Sinking absorbency (sec)



Drop Test

		Fabric		Samples		Mean (GSM)

		A		Original		1158.72

				Chemical		80.4

				Commercial Enzyme		60

				Crude Enzyme		60

		B		Original		397

				Chemical		265

				Commercial Enzyme		129.6

				Crude Enzyme		120

		C		Original		91.2

				Chemical		78

				Commercial Enzyme		28

				Crude Enzyme		24





Drop Test

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0



Mean (GSM)

Mean absorbency (sec)



Drapability

		Fabric		Samples		Mean (GSM)

		A		Original		0.54

				Chemical		1.17

				Commercial Enzyme		1.1

				Crude Enzyme		1.18

		B		Original		0.78

				Chemical		0.97

				Commercial Enzyme		1.05

				Crude Enzyme		1.02

		C		Original		0.79

				Chemical		1.26

				Commercial Enzyme		1.34

				Crude Enzyme		1.41





Drapability

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0



Mean (GSM)

Drapability (%)



Stiffness weft

		Fabric		Samples		Mean (GSM)

		A		Original		2.5

				Chemical		2.2

				Commercial Enzyme		1.9

				Crude Enzyme		2.31

		B		Original		2.61

				Chemical		2.41

				Commercial Enzyme		2.3

				Crude Enzyme		2.3

		C		Original		3.1

				Chemical		2.6

				Commercial Enzyme		2.37

				Crude Enzyme		2.41





Stiffness weft

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0



Mean (GSM)

Stiffness weft (cm)



Stiffness warp

		Fabric		Samples		Mean (cm)

		A		Original		3.6

				Chemical		2.6

				Commercial Enzyme		2

				Crude Enzyme		2.3

		B		Original		3.3

				Chemical		2.3

				Commercial Enzyme		2.5

				Crude Enzyme		2.4

		C		Original		2.3

				Chemical		1.7

				Commercial Enzyme		1.8

				Crude Enzyme		1.7





Stiffness warp

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0



Mean (cm)

Stiffness warp (cm)



Crease Recovery weft

		Fabric		Samples		Mean (cm)

		A		Original		66.6

				Conventional		93.4

				Commercial Enzyme		86.6

				Crude Enzyme		89.2

		B		Original		110.8

				Conventional		99

				Commercial Enzyme		91.2

				Crude Enzyme		90

		C		Original		70.2

				Conventional		77.4

				Commercial Enzyme		80.4

				Crude Enzyme		90.4





Crease Recovery weft

		Original
A

		Chemical

		Commercial Enzyme

		Crude Enzyme

		Original
B

		Chemical

		Commercial Enzyme

		Crude Enzyme

		Original
C

		Chemical

		Commercial Enzyme

		Crude Enzyme



Mean (cm)

Crease Recovery weft (cm)

0

0

0

0

0

0

0

0

0

0

0

0



Crease Recovery warp

		Fabric		Samples		Mean (cm)

		A		Original		102.4

				Chemical		100.4

				Commercial Enzyme		103.6

				Crude Enzyme		90

		B		Original		111.8

				Chemical		91

				Commercial Enzyme		94.4

				Crude Enzyme		87

		C		Original		75.8

				Chemical		85.4

				Commercial Enzyme		88.8

				Crude Enzyme		85.6





Crease Recovery warp

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0



Mean (cm)

Crease Recovery warp (cm)



Fabric Elongation weft

		Fabric		Samples		Mean (cm)

		A		Original		27.1

				Chemical		28

				Commercial Enzyme		29.1

				Crude Enzyme		29.3

		B		Original		19.3

				Chemical		24.2

				Commercial Enzyme		23.3

				Crude Enzyme		29.5

		C		Original		16

				Chemical		25.3

				Commercial Enzyme		27.3

				Crude Enzyme		21.8





Fabric Elongation weft

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0



Mean (cm)

Fabric Elongation weft (cm)



Fabric Elongation warp

		Fabric		Samples		Mean (cm)

		A		Original		13.8

				Chemical		14

				Commercial Enzyme		21.5

				Crude Enzyme		15

		B		Original		17

				Chemical		18.2

				Commercial Enzyme		24.9

				Crude Enzyme		20

		C		Original		35.3

				Chemical		50.2

				Commercial Enzyme		63.6

				Crude Enzyme		40.5





Fabric Elongation warp

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0



Mean (cm)

Fabric Elongation warp (cm)



tensile  strength weft

		Fabric		Samples		Mean No. of weft / inch

		A		Original		17.6

				Chemical		13.4

				Commercial Enzyme		14.8

				Crude Enzyme		15

		B		Original		33.8

				Chemical		22.6

				Commercial Enzyme		23.4

				Crude Enzyme		25.4

		C		Original		43

				Chemical		30.8

				Commercial Enzyme		29.8

				Crude Enzyme		40





tensile  strength weft

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0



Mean No. of weft / inch

Tensile  strength weft (inch)



tensile  strength warp

		Fabric		Samples		Mean No. of warp / inch

		A		Original		45.6

				Chemical		36

				Commercial Enzyme		39.4

				Crude Enzyme		38

		B		Original		54.4

				Chemical		39.8

				Commercial Enzyme		40.6

				Crude Enzyme		45.4

		C		Original		16.2

				Chemical		12

				Commercial Enzyme		16

				Crude Enzyme		15





tensile  strength warp

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0



Mean No. of warp / inch

Tensile  strength warp (inch)



Fabric Thickness

		Fabric		Samples		Mean (mm)

		A		Original		0.24

				Chemical		0.3

				Commercial Enzyme		0.27

				Crude Enzyme		0.32

		B		Original		0.24

				Chemical		0.25

				Commercial Enzyme		0.23

				Crude Enzyme		0.26

		C		Original		0.25

				Chemical		0.35

				Commercial Enzyme		0.31

				Crude Enzyme		0.42





Fabric Thickness

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0



Mean (mm)

Fabric thickenss (mm)



Fabric count warp

		Fabric		Samples		Mean No. of weft / inch

		A		Original		72.8

				Chemical		73.2

				Commercial Enzyme		72

				Crude Enzyme		72

		B		Original		94.6

				Chemical		93.2

				Commercial Enzyme		92

				Crude Enzyme		93

		C		Original		82.4

				Chemical		84

				Commercial Enzyme		82

				Crude Enzyme		83





Fabric count warp

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0



Mean No. of weft / inch

Fabric Count weft (inch)



Fabric count weft

		Fabric		Samples		Mean No. of weft / inch

		A		Original		56.4

				Chemical		56.8

				Commercial Enzyme		59

				Crude Enzyme		61

		B		Original		60.8

				Chemical		58.8

				Commercial Enzyme		56

				Crude Enzyme		85

		C		Original		63.6

				Chemical		73.6

				Commercial Enzyme		70

				Crude Enzyme		60





Fabric count weft

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0



Mean No. of weft / inch

Fabric Count weft (inch)



fabric weight

		Fabric		Samples		Mean (GSM)

		A		Original		86.5

				Chemical		84.6

				Commercial Enzyme		77.9

				Crude Enzyme		81.8

		B		Original		84.4

				Chemical		80.8

				Commercial Enzyme		83.5

				Crude Enzyme		83.3

		C		Original		105.8

				Chemical		102.6

				Commercial Enzyme		88

				Crude Enzyme		91.7





fabric weight

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0



Mean (GSM)

Fabric Weight (gsm/sq.m)
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		Original
A

		Chemical

		Commercial Enzyme

		Crude Enzyme

		Original
B

		Chemical

		Commercial Enzyme

		Crude Enzyme

		Original
C

		Chemical

		Commercial Enzyme

		Crude Enzyme



z

Mean (cm)

fabric samples

Fabric elongation weft(cm)

2.71

2.8

2.91

2.93

1.93

2.42

2.33

2.95

1.6

2.53

2.73

2.18



fabric weight (15)

		Fabric		Samples		Mean (GSM)

		A		Original		86.5

				Chemical		84.6

				Commercial Enzyme		77.9

				Crude Enzyme		82

		B		Original		84.4

				Chemical		80.8

				Commercial Enzyme		83.5

				Crude Enzyme		82.8

		C		Original		105.8

				Chemical		102.6

				Commercial Enzyme		88

				Crude Enzyme		89.2





fabric weight (15)

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0



Mean (GSM)

Fabric Weight (gsm/sq.m)



fabric weight (16)

		Fabric		Samples		Mean (GSM)

		A		Original		86.5

				Chemical		84.6

				Commercial Enzyme		77.9

				Crude Enzyme		82

		B		Original		84.4

				Chemical		80.8

				Commercial Enzyme		83.5

				Crude Enzyme		82.8

		C		Original		105.8

				Chemical		102.6

				Commercial Enzyme		88

				Crude Enzyme		89.2





fabric weight (16)

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0



Mean (GSM)

Fabric Weight (gsm/sq.m)



fabric weight (17)

		Fabric		Samples		Mean (GSM)

		A		Original		86.5

				Chemical		84.6

				Commercial Enzyme		77.9

				Crude Enzyme		82

		B		Original		84.4

				Chemical		80.8

				Commercial Enzyme		83.5

				Crude Enzyme		82.8

		C		Original		105.8

				Chemical		102.6

				Commercial Enzyme		88

				Crude Enzyme		89.2





fabric weight (17)

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0



Mean (GSM)

Fabric Weight (gsm/sq.m)



fabric weight (18)

		Fabric		Samples		Mean (GSM)

		A		Original		86.5

				Chemical		84.6

				Commercial Enzyme		77.9

				Crude Enzyme		82

		B		Original		84.4

				Chemical		80.8

				Commercial Enzyme		83.5

				Crude Enzyme		82.8

		C		Original		105.8

				Chemical		102.6

				Commercial Enzyme		88

				Crude Enzyme		89.2





fabric weight (18)

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0



Mean (GSM)

Fabric Weight (gsm/sq.m)



fabric weight (19)

		Fabric		Samples		Mean (GSM)

		A		Original		86.5

				Chemical		84.6

				Commercial Enzyme		77.9

				Crude Enzyme		82

		B		Original		84.4

				Chemical		80.8

				Commercial Enzyme		83.5

				Crude Enzyme		82.8

		C		Original		105.8

				Chemical		102.6

				Commercial Enzyme		88

				Crude Enzyme		89.2





fabric weight (19)

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0



Mean (GSM)

Fabric Weight (gsm/sq.m)



fabric weight (20)

		Fabric		Samples		Mean (GSM)

		A		Original		86.5

				Chemical		84.6

				Commercial Enzyme		77.9

				Crude Enzyme		82

		B		Original		84.4

				Chemical		80.8

				Commercial Enzyme		83.5

				Crude Enzyme		82.8

		C		Original		105.8

				Chemical		102.6

				Commercial Enzyme		88

				Crude Enzyme		89.2





fabric weight (20)

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0



Mean (GSM)

Fabric Weight (gsm/sq.m)



fabric weight (21)

		Fabric		Samples		Mean (GSM)

		A		Original		86.5

				Chemical		84.6

				Commercial Enzyme		77.9

				Crude Enzyme		82

		B		Original		84.4

				Chemical		80.8

				Commercial Enzyme		83.5

				Crude Enzyme		82.8

		C		Original		105.8

				Chemical		102.6

				Commercial Enzyme		88

				Crude Enzyme		89.2





fabric weight (21)

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0



Mean (GSM)

Fabric Weight (gsm/sq.m)



fabric weight (22)

		Fabric		Samples		Mean (GSM)

		A		Original		86.5

				Chemical		84.6

				Commercial Enzyme		77.9

				Crude Enzyme		82

		B		Original		84.4

				Chemical		80.8

				Commercial Enzyme		83.5

				Crude Enzyme		82.8

		C		Original		105.8

				Chemical		102.6

				Commercial Enzyme		88

				Crude Enzyme		89.2





fabric weight (22)

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0



Mean (GSM)

Fabric Weight (gsm/sq.m)



fabric weight (23)

		Fabric		Samples		Mean (GSM)

		A		Original		86.5

				Chemical		84.6

				Commercial Enzyme		77.9

				Crude Enzyme		82

		B		Original		84.4

				Chemical		80.8

				Commercial Enzyme		83.5

				Crude Enzyme		82.8

		C		Original		105.8

				Chemical		102.6

				Commercial Enzyme		88

				Crude Enzyme		89.2





fabric weight (23)

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0



Mean (GSM)

Fabric Weight (gsm/sq.m)



Capillary 

		Fabric		Samples		Mean (GSM)

		A		Original		86.5								Mean warp (cm)		Mean weft (cm)

				Chemical		84.6

				Commercial Enzyme		77.9				A		Original		0.08		0.48

				Crude Enzyme		82						Chemical		1.62		1.68

		B		Original		84.4						Commercial Enzyme		1.6		1.64

				Chemical		80.8						Crude Enzyme		1.63		1.68

				Commercial Enzyme		83.5				B		Original		0.42		0.4

				Crude Enzyme		82.8						Chemical		1.78		2.2

		C		Original		105.8						Commercial Enzyme		1.14		1.4

				Chemical		102.6						Crude Enzyme		2.72		1.5

				Commercial Enzyme		88				C		Original		1.34		1.1

				Crude Enzyme		89.2						Chemical		1.74		1.86

												Commercial Enzyme		1.72		1.78

												Crude Enzyme		1.24		4.24





Capillary 

		0		0		0

		0		0		0

		0		0		0

		0		0		0

		0		0		0

		0		0		0

		0		0		0

		0		0		0

		0		0		0

		0		0		0

		0		0		0

		0		0		0



Mean (GSM) 86.5 84.6

Mean (GSM) Mean warp (cm)  84.6

Mean (GSM) Mean weft (cm) 84.6

Mean raise (cm)



Sinking Time Test

		Fabric		Samples		Mean (GSM)

		A		Original		3871

				Chemical		59

				Commercial Enzyme		75.6

				Crude Enzyme		23.4

		B		Original		3486

				Chemical		39

				Commercial Enzyme		36.8

				Crude Enzyme		24.78

		C		Original		3442

				Chemical		94

				Commercial Enzyme		53.4

				Crude Enzyme		21.8





Sinking Time Test

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0



Mean (GSM)

Sinking absorbency (sec)



Drop Test

		Fabric		Samples		Mean (GSM)

		A		Original		1158.72

				Chemical		80.4

				Commercial Enzyme		60

				Crude Enzyme		60

		B		Original		397

				Chemical		265

				Commercial Enzyme		129.6

				Crude Enzyme		120

		C		Original		91.2

				Chemical		78

				Commercial Enzyme		28

				Crude Enzyme		24





Drop Test

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0



Mean (GSM)

Mean absorbency (sec)



Drapability

		Fabric		Samples		Mean (GSM)

		A		Original		0.54

				Chemical		1.17

				Commercial Enzyme		1.1

				Crude Enzyme		1.18

		B		Original		0.78

				Chemical		0.97

				Commercial Enzyme		1.05

				Crude Enzyme		1.02

		C		Original		0.79

				Chemical		1.26

				Commercial Enzyme		1.34

				Crude Enzyme		1.41





Drapability

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0



Mean (GSM)

Drapability (%)



Stiffness weft

		Fabric		Samples		Mean (GSM)

		A		Original		2.5

				Chemical		2.2

				Commercial Enzyme		1.9

				Crude Enzyme		2.31

		B		Original		2.61

				Chemical		2.41

				Commercial Enzyme		2.3

				Crude Enzyme		2.3

		C		Original		3.1

				Chemical		2.6

				Commercial Enzyme		2.37

				Crude Enzyme		2.41





Stiffness weft

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0



Mean (GSM)

Stiffness weft (cm)



Stiffness warp

		Fabric		Samples		Mean (cm)

		A		Original		3.6

				Chemical		2.6

				Commercial Enzyme		2

				Crude Enzyme		2.3

		B		Original		3.3

				Chemical		2.3

				Commercial Enzyme		2.5

				Crude Enzyme		2.4

		C		Original		2.3

				Chemical		1.7

				Commercial Enzyme		1.8

				Crude Enzyme		1.7





Stiffness warp

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0



Mean (cm)

Stiffness warp (cm)



Crease Recovery weft

		Fabric		Samples		Mean (cm)

		A		Original		66.6

				Chemical		93.4

				Commercial Enzyme		86.6

				Crude Enzyme		88.8

		B		Original		110.8

				Chemical		99

				Commercial Enzyme		91.2

				Crude Enzyme		87.6

		C		Original		70.2

				Chemical		77.4

				Commercial Enzyme		80.4

				Crude Enzyme		82.8





Crease Recovery weft

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0



Mean (cm)

Crease Recovery weft (cm)



Crease Recovery warp

		Fabric		Samples		Mean (cm)

		A		Original		102.4

				Chemical		100.4

				Commercial Enzyme		103.6

				Crude Enzyme		109.4

		B		Original		111.8

				Chemical		91.8

				Commercial Enzyme		94.4

				Crude Enzyme		109

		C		Original		75.8

				Chemical		85.4

				Commercial Enzyme		88.8

				Crude Enzyme		89.4





Crease Recovery warp

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0



Mean (cm)

Crease Recovery warp (cm)



Fabric Elongation weft

		Fabric		Samples		Mean (cm)

		A		Original		2.71

				Chemical		2.8

				Commercial Enzyme		2.91

				Crude Enzyme		2.93

		B		Original		1.93

				Chemical		2.42

				Commercial Enzyme		2.33

				Crude Enzyme		2.95

		C		Original		1.6

				Chemical		2.53

				Commercial Enzyme		2.73

				Crude Enzyme		2.18





Fabric Elongation weft

		Original
A

		Chemical

		Commercial Enzyme

		Crude Enzyme

		Original
B

		Chemical

		Commercial Enzyme

		Crude Enzyme

		Original
C

		Chemical

		Commercial Enzyme

		Crude Enzyme



Mean (cm)

Fabric Elongation weft (cm)

2.71

2.8

2.91

2.93

1.93

2.42

2.33

2.95

1.6

2.53

2.73

2.18



Fabric Elongation warp

		Original

		Chemical

		Commercial Enzyme

		Crude Enzyme

		Original

		Chemical

		Commercial Enzyme

		Crude Enzyme

		Original

		Chemical

		Commercial Enzyme

		Crude Enzyme



Fabric samples

Fabric Elongation weft(cm)

2.71

2.8

2.91

2.93

1.93

2.42

2.33

2.95

1.6

2.53

2.73

2.18



tensile  strength weft

		Fabric		Samples		Mean (cm)

		A		Original		2.71

				Chemical		2.8

				Commercial Enzyme		2.91

				Crude Enzyme		2.93

		B		Original		1.93

				Chemical		2.42

				Commercial Enzyme		2.33

				Crude Enzyme		2.95

		C		Original		1.6

				Chemical		2.53

				Commercial Enzyme		2.73

				Crude Enzyme		2.18





tensile  strength weft

		Original
A

		Chemical

		Commercial Enzyme

		Crude Enzyme

		Original
B

		Chemical

		Commercial Enzyme

		Crude Enzyme

		Original
C

		Chemical

		Commercial Enzyme

		Crude Enzyme



Mean (cm)

Fabric Elongation warp (cm)

2.71

2.8

2.91

2.93

1.93

2.42

2.33

2.95

1.6

2.53

2.73

2.18



tensile  strength warp

		Fabric		Samples		Mean No. of weft / inch

		A		Original		17.6

				Chemical		13.4

				Commercial Enzyme		14.8

				Crude Enzyme		15

		B		Original		33.8

				Chemical		22.6

				Commercial Enzyme		23.4

				Crude Enzyme		25.4

		C		Original		43

				Chemical		30.8

				Commercial Enzyme		29.8

				Crude Enzyme		40





tensile  strength warp

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0



Mean No. of weft / inch

Tensile  strength weft (inch)



Fabric Thickness

		Fabric		Samples		Mean No. of warp / inch

		A		Original		45.6

				Chemical		36

				Commercial Enzyme		39.4

				Crude Enzyme		38

		B		Original		54.4

				Chemical		39.8

				Commercial Enzyme		40.6

				Crude Enzyme		45.4

		C		Original		16.2

				Chemical		12

				Commercial Enzyme		16

				Crude Enzyme		15





Fabric Thickness

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0



Mean No. of warp / inch

Tensile  strength warp (inch)



Fabric count warp

		Fabric		Samples		Mean (mm)

		A		Original		0.24

				Chemical		0.3

				Commercial Enzyme		0.27

				Crude Enzyme		0.32

		B		Original		0.24

				Chemical		0.25

				Commercial Enzyme		0.23

				Crude Enzyme		0.26

		C		Original		0.25

				Chemical		0.35

				Commercial Enzyme		0.31

				Crude Enzyme		0.42





Fabric count warp

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0



Mean (mm)

Fabric thickenss (mm)



Fabric count weft

		Fabric		Samples		Mean No. of weft / inch

		A		Original		72.8

				Chemical		73.2

				Commercial Enzyme		72

				Crude Enzyme		72

		B		Original		94.6

				Chemical		93.2

				Commercial Enzyme		92

				Crude Enzyme		93

		C		Original		82.4

				Chemical		84

				Commercial Enzyme		82

				Crude Enzyme		83





Fabric count weft

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0



Mean No. of weft / inch

Fabric Count weft (inch)



fabric weight

		Fabric		Samples		Mean No. of weft / inch

		A		Original		56.4

				Chemical		56.8

				Commercial Enzyme		59

				Crude Enzyme		61

		B		Original		60.8

				Chemical		58.8

				Commercial Enzyme		56

				Crude Enzyme		85

		C		Original		63.6

				Chemical		73.6

				Commercial Enzyme		70

				Crude Enzyme		60





fabric weight

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0



Mean No. of weft / inch

Fabric Count weft (inch)



		Fabric		Samples		Mean (GSM)

		A		Original		86.5

				Chemical		84.6

				Commercial Enzyme		77.9

				Crude Enzyme		81.8

		B		Original		84.4

				Chemical		80.8

				Commercial Enzyme		83.5

				Crude Enzyme		83.3

		C		Original		105.8

				Chemical		102.6

				Commercial Enzyme		88

				Crude Enzyme		91.7





		0

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0



Mean (GSM)

Fabric Weight (gsm/sq.m)






_1302526340.xls
Chart4

		Original
A

		Conventional

		Commercial Enzyme

		Crude Enzyme

		Original
B

		Conventional

		Commercial Enzyme

		Crude Enzyme

		Original
C

		Conventional

		Commercial Enzyme



Mean (mm)

Fabric samples

Fabric thickenss (mm)

0.24

0.3

0.27

0.32

0.24

0.25

0.23

0.26

0.25

0.35

0.31



fabric weight (15)

		Fabric		Samples		Mean (GSM)

		A		Original		86.5

				Chemical		84.6

				Commercial Enzyme		77.9

				Crude Enzyme		82

		B		Original		84.4

				Chemical		80.8

				Commercial Enzyme		83.5

				Crude Enzyme		82.8

		C		Original		105.8

				Chemical		102.6

				Commercial Enzyme		88

				Crude Enzyme		89.2





fabric weight (15)

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0



Mean (GSM)

Fabric Weight (gsm/sq.m)



fabric weight (16)

		Fabric		Samples		Mean (GSM)

		A		Original		86.5

				Chemical		84.6

				Commercial Enzyme		77.9

				Crude Enzyme		82

		B		Original		84.4

				Chemical		80.8

				Commercial Enzyme		83.5

				Crude Enzyme		82.8

		C		Original		105.8

				Chemical		102.6

				Commercial Enzyme		88

				Crude Enzyme		89.2





fabric weight (16)

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0



Mean (GSM)

Fabric Weight (gsm/sq.m)



fabric weight (17)

		Fabric		Samples		Mean (GSM)

		A		Original		86.5

				Chemical		84.6

				Commercial Enzyme		77.9

				Crude Enzyme		82

		B		Original		84.4

				Chemical		80.8

				Commercial Enzyme		83.5

				Crude Enzyme		82.8

		C		Original		105.8

				Chemical		102.6

				Commercial Enzyme		88

				Crude Enzyme		89.2





fabric weight (17)

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0



Mean (GSM)

Fabric Weight (gsm/sq.m)



fabric weight (18)

		Fabric		Samples		Mean (GSM)

		A		Original		86.5

				Chemical		84.6

				Commercial Enzyme		77.9

				Crude Enzyme		82

		B		Original		84.4

				Chemical		80.8

				Commercial Enzyme		83.5

				Crude Enzyme		82.8

		C		Original		105.8

				Chemical		102.6

				Commercial Enzyme		88

				Crude Enzyme		89.2





fabric weight (18)

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0



Mean (GSM)

Fabric Weight (gsm/sq.m)



fabric weight (19)

		Fabric		Samples		Mean (GSM)

		A		Original		86.5

				Chemical		84.6

				Commercial Enzyme		77.9

				Crude Enzyme		82

		B		Original		84.4

				Chemical		80.8

				Commercial Enzyme		83.5

				Crude Enzyme		82.8

		C		Original		105.8

				Chemical		102.6

				Commercial Enzyme		88

				Crude Enzyme		89.2





fabric weight (19)

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0



Mean (GSM)

Fabric Weight (gsm/sq.m)



fabric weight (20)

		Fabric		Samples		Mean (GSM)

		A		Original		86.5

				Chemical		84.6

				Commercial Enzyme		77.9

				Crude Enzyme		82

		B		Original		84.4

				Chemical		80.8

				Commercial Enzyme		83.5

				Crude Enzyme		82.8

		C		Original		105.8

				Chemical		102.6

				Commercial Enzyme		88

				Crude Enzyme		89.2





fabric weight (20)

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0



Mean (GSM)

Fabric Weight (gsm/sq.m)



fabric weight (21)

		Fabric		Samples		Mean (GSM)

		A		Original		86.5

				Chemical		84.6

				Commercial Enzyme		77.9

				Crude Enzyme		82

		B		Original		84.4

				Chemical		80.8

				Commercial Enzyme		83.5

				Crude Enzyme		82.8

		C		Original		105.8

				Chemical		102.6

				Commercial Enzyme		88

				Crude Enzyme		89.2





fabric weight (21)

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0



Mean (GSM)

Fabric Weight (gsm/sq.m)



fabric weight (22)

		Fabric		Samples		Mean (GSM)

		A		Original		86.5

				Chemical		84.6

				Commercial Enzyme		77.9

				Crude Enzyme		82

		B		Original		84.4

				Chemical		80.8

				Commercial Enzyme		83.5

				Crude Enzyme		82.8

		C		Original		105.8

				Chemical		102.6

				Commercial Enzyme		88

				Crude Enzyme		89.2





fabric weight (22)

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0



Mean (GSM)

Fabric Weight (gsm/sq.m)



fabric weight (23)

		Fabric		Samples		Mean (GSM)

		A		Original		86.5

				Chemical		84.6

				Commercial Enzyme		77.9

				Crude Enzyme		82

		B		Original		84.4

				Chemical		80.8

				Commercial Enzyme		83.5

				Crude Enzyme		82.8

		C		Original		105.8

				Chemical		102.6

				Commercial Enzyme		88

				Crude Enzyme		89.2





fabric weight (23)

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0



Mean (GSM)

Fabric Weight (gsm/sq.m)



Capillary 

		Fabric		Samples		Mean (GSM)

		A		Original		86.5								Mean warp (cm)		Mean weft (cm)

				Chemical		84.6

				Commercial Enzyme		77.9				A		Original		0.08		0.48

				Crude Enzyme		82						Chemical		1.62		1.68

		B		Original		84.4						Commercial Enzyme		1.6		1.64

				Chemical		80.8						Crude Enzyme		1.63		1.68

				Commercial Enzyme		83.5				B		Original		0.42		0.4

				Crude Enzyme		82.8						Chemical		1.78		2.2

		C		Original		105.8						Commercial Enzyme		1.14		1.4

				Chemical		102.6						Crude Enzyme		2.72		1.5

				Commercial Enzyme		88				C		Original		1.34		1.1

				Crude Enzyme		89.2						Chemical		1.74		1.86

												Commercial Enzyme		1.72		1.78

												Crude Enzyme		1.24		4.24





Capillary 

		0		0		0

		0		0		0

		0		0		0

		0		0		0

		0		0		0

		0		0		0

		0		0		0

		0		0		0

		0		0		0

		0		0		0

		0		0		0

		0		0		0



Mean (GSM) 86.5 84.6

Mean (GSM) Mean warp (cm)  84.6

Mean (GSM) Mean weft (cm) 84.6

Mean raise (cm)



Sinking Time Test

		Fabric		Samples		Mean (GSM)

		A		Original		3871

				Chemical		59

				Commercial Enzyme		75.6

				Crude Enzyme		23.4

		B		Original		3486

				Chemical		39

				Commercial Enzyme		36.8

				Crude Enzyme		24.78

		C		Original		3442

				Chemical		94

				Commercial Enzyme		53.4

				Crude Enzyme		21.8





Sinking Time Test

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0



Mean (GSM)

Sinking absorbency (sec)



Drop Test

		Fabric		Samples		Mean (GSM)

		A		Original		1158.72

				Chemical		80.4

				Commercial Enzyme		60

				Crude Enzyme		60

		B		Original		397

				Chemical		265

				Commercial Enzyme		129.6

				Crude Enzyme		120

		C		Original		91.2

				Chemical		78

				Commercial Enzyme		28

				Crude Enzyme		24





Drop Test

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0



Mean (GSM)

Mean absorbency (sec)



Drapability

		Fabric		Samples		Mean (GSM)

		A		Original		0.54

				Chemical		1.17

				Commercial Enzyme		1.1

				Crude Enzyme		1.18

		B		Original		0.78

				Chemical		0.97

				Commercial Enzyme		1.05

				Crude Enzyme		1.02

		C		Original		0.79

				Chemical		1.26

				Commercial Enzyme		1.34

				Crude Enzyme		1.41





Drapability

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0



Mean (GSM)

Drapability (%)



Stiffness weft

		Fabric		Samples		Mean (GSM)

		A		Original		2.5

				Chemical		2.2

				Commercial Enzyme		1.9

				Crude Enzyme		2.31

		B		Original		2.61

				Chemical		2.41

				Commercial Enzyme		2.3

				Crude Enzyme		2.3

		C		Original		3.1

				Chemical		2.6

				Commercial Enzyme		2.37

				Crude Enzyme		2.41





Stiffness weft

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0



Mean (GSM)

Stiffness weft (cm)



Stiffness warp

		Fabric		Samples		Mean (cm)

		A		Original		3.6

				Chemical		2.6

				Commercial Enzyme		2

				Crude Enzyme		2.3

		B		Original		3.3

				Chemical		2.3

				Commercial Enzyme		2.5

				Crude Enzyme		2.4

		C		Original		2.3

				Chemical		1.7

				Commercial Enzyme		1.8

				Crude Enzyme		1.7





Stiffness warp

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0



Mean (cm)

Stiffness warp (cm)



Crease Recovery weft

		Fabric		Samples		Mean (cm)

		A		Original		66.6

				Chemical		93.4

				Commercial Enzyme		86.6

				Crude Enzyme		88.8

		B		Original		110.8

				Chemical		99

				Commercial Enzyme		91.2

				Crude Enzyme		87.6

		C		Original		70.2

				Chemical		77.4

				Commercial Enzyme		80.4

				Crude Enzyme		82.8





Crease Recovery weft

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0



Mean (cm)

Crease Recovery weft (cm)



Crease Recovery warp

		Fabric		Samples		Mean (cm)

		A		Original		102.4

				Chemical		100.4

				Commercial Enzyme		103.6

				Crude Enzyme		109.4

		B		Original		111.8

				Chemical		91.8

				Commercial Enzyme		94.4

				Crude Enzyme		109

		C		Original		75.8

				Chemical		85.4

				Commercial Enzyme		88.8

				Crude Enzyme		89.4





Crease Recovery warp

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0



Mean (cm)

Crease Recovery warp (cm)



Fabric Elongation weft

		Fabric		Samples		Mean (cm)

		A		Original		27.1

				Chemical		28

				Commercial Enzyme		29.1

				Crude Enzyme		32.4

		B		Original		19.3

				Chemical		24.2

				Commercial Enzyme		23.3

				Crude Enzyme		27.3

		C		Original		16

				Chemical		25.3

				Commercial Enzyme		27.3

				Crude Enzyme		26.9





Fabric Elongation weft

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0



Mean (cm)

Fabric Elongation weft (cm)



Fabric Elongation warp

		Fabric		Samples		Mean (cm)

		A		Original		1.4

				Chemical		1.4

				Commercial Enzyme		2.2

				Crude Enzyme		2

		B		Original		0.7

				Chemical		1.8

				Commercial Enzyme		2.5

				Crude Enzyme		2

		C		Original		3.5

				Chemical		5.2

				Commercial Enzyme		6.4

				Crude Enzyme		6.04





Fabric Elongation warp

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0



Mean (cm)

Fabric Elongation warp (cm)



tensile  strength weft

		Fabric		Samples		Mean No. of weft / inch

		A		Original		17.6

				Chemical		13.4

				Commercial Enzyme		14.8

				Crude Enzyme		15.2

		B		Original		33.8

				Chemical		22.6

				Commercial Enzyme		23.4

				Crude Enzyme		25.4

		C		Original		43

				Chemical		30.8

				Commercial Enzyme		29.8

				Crude Enzyme		38.4





tensile  strength weft

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0



Mean No. of weft / inch

Tensile  strength weft (inch)



tensile  strength warp

		Fabric		Samples		Mean No. of warp / inch

		A		Original		45.6

				Chemical		36

				Commercial Enzyme		39.4

				Crude Enzyme		37

		B		Original		54.4

				Chemical		59.8

				Commercial Enzyme		40.6

				Crude Enzyme		41.6

		C		Original		16.2

				Chemical		12

				Commercial Enzyme		16

				Crude Enzyme		14.4





tensile  strength warp

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0



Mean No. of warp / inch

Tensile  strength warp (inch)



Fabric Thickness

		Fabric		Samples		Mean (mm)

		A		Original		0.24

				Conventional		0.3

				Commercial Enzyme		0.27

				Crude Enzyme		0.32

		B		Original		0.24

				Conventional		0.25

				Commercial Enzyme		0.23

				Crude Enzyme		0.26

		C		Original		0.25

				Conventional		0.35

				Commercial Enzyme		0.31

				Crude Enzyme		0.42





Fabric Thickness

		Original
A

		Conventional

		Commercial Enzyme

		Crude Enzyme

		Original
B

		Conventional

		Commercial Enzyme

		Crude Enzyme

		Original
C

		Conventional

		Commercial Enzyme



Mean (mm)

Fabric thickenss (mm)

0.24

0.3

0.27

0.32

0.24

0.25

0.23

0.26

0.25

0.35

0.31



Fabric count warp

		Fabric		Samples		Mean No. of weft / inch

		A		Original		72.8

				Chemical		73.2

				Commercial Enzyme		72

				Crude Enzyme		72

		B		Original		94.6

				Chemical		93.2

				Commercial Enzyme		92

				Crude Enzyme		93

		C		Original		82.4

				Chemical		84

				Commercial Enzyme		82

				Crude Enzyme		83





Fabric count warp

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0



Mean No. of weft / inch

Fabric Count weft (inch)



Fabric count weft

		Fabric		Samples		Mean No. of weft / inch

		A		Original		56.4

				Chemical		56.8

				Commercial Enzyme		59

				Crude Enzyme		61

		B		Original		60.8

				Chemical		58.8

				Commercial Enzyme		56

				Crude Enzyme		85

		C		Original		63.6

				Chemical		73.6

				Commercial Enzyme		70

				Crude Enzyme		60





Fabric count weft

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0



Mean No. of weft / inch

Fabric Count weft (inch)



fabric weight

		Fabric		Samples		Mean (GSM)

		A		Original		86.5

				Chemical		84.6

				Commercial Enzyme		77.9

				Crude Enzyme		81.8

		B		Original		84.4

				Chemical		80.8

				Commercial Enzyme		83.5

				Crude Enzyme		83.3

		C		Original		105.8

				Chemical		102.6

				Commercial Enzyme		88

				Crude Enzyme		91.7





fabric weight

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0



Mean (GSM)

Fabric Weight (gsm/sq.m)
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		Original
A

		conventional

		Commercial Enzyme

		Crude Enzyme

		Original
B

		conventional

		Commercial Enzyme

		Crude Enzyme

		Original
C

		conventional

		Commercial Enzyme

		Crude Enzyme



Mean No. of warp / inch

fabric samples

Tensile  strength warp (kg)

45.6

36

39.4

38

54.4

39.8

40.6

45.4

16.2

12

16

15



fabric weight (15)

		Fabric		Samples		Mean (GSM)

		A		Original		86.5

				Chemical		84.6

				Commercial Enzyme		77.9

				Crude Enzyme		82

		B		Original		84.4

				Chemical		80.8

				Commercial Enzyme		83.5

				Crude Enzyme		82.8

		C		Original		105.8

				Chemical		102.6

				Commercial Enzyme		88

				Crude Enzyme		89.2





fabric weight (15)

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0



Mean (GSM)

Fabric Weight (gsm/sq.m)



fabric weight (16)

		Fabric		Samples		Mean (GSM)

		A		Original		86.5

				Chemical		84.6

				Commercial Enzyme		77.9

				Crude Enzyme		82

		B		Original		84.4

				Chemical		80.8

				Commercial Enzyme		83.5

				Crude Enzyme		82.8

		C		Original		105.8

				Chemical		102.6

				Commercial Enzyme		88

				Crude Enzyme		89.2





fabric weight (16)

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0



Mean (GSM)

Fabric Weight (gsm/sq.m)



fabric weight (17)

		Fabric		Samples		Mean (GSM)

		A		Original		86.5

				Chemical		84.6

				Commercial Enzyme		77.9

				Crude Enzyme		82

		B		Original		84.4

				Chemical		80.8

				Commercial Enzyme		83.5

				Crude Enzyme		82.8

		C		Original		105.8

				Chemical		102.6

				Commercial Enzyme		88

				Crude Enzyme		89.2





fabric weight (17)

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0



Mean (GSM)

Fabric Weight (gsm/sq.m)



fabric weight (18)

		Fabric		Samples		Mean (GSM)

		A		Original		86.5

				Chemical		84.6

				Commercial Enzyme		77.9

				Crude Enzyme		82

		B		Original		84.4

				Chemical		80.8

				Commercial Enzyme		83.5

				Crude Enzyme		82.8

		C		Original		105.8

				Chemical		102.6

				Commercial Enzyme		88

				Crude Enzyme		89.2





fabric weight (18)

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0



Mean (GSM)

Fabric Weight (gsm/sq.m)



fabric weight (19)

		Fabric		Samples		Mean (GSM)

		A		Original		86.5

				Chemical		84.6

				Commercial Enzyme		77.9

				Crude Enzyme		82

		B		Original		84.4

				Chemical		80.8

				Commercial Enzyme		83.5

				Crude Enzyme		82.8

		C		Original		105.8

				Chemical		102.6

				Commercial Enzyme		88

				Crude Enzyme		89.2





fabric weight (19)

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0



Mean (GSM)

Fabric Weight (gsm/sq.m)



fabric weight (20)

		Fabric		Samples		Mean (GSM)

		A		Original		86.5

				Chemical		84.6

				Commercial Enzyme		77.9

				Crude Enzyme		82

		B		Original		84.4

				Chemical		80.8

				Commercial Enzyme		83.5

				Crude Enzyme		82.8

		C		Original		105.8

				Chemical		102.6

				Commercial Enzyme		88

				Crude Enzyme		89.2





fabric weight (20)

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0



Mean (GSM)

Fabric Weight (gsm/sq.m)



fabric weight (21)

		Fabric		Samples		Mean (GSM)

		A		Original		86.5

				Chemical		84.6

				Commercial Enzyme		77.9

				Crude Enzyme		82

		B		Original		84.4

				Chemical		80.8

				Commercial Enzyme		83.5

				Crude Enzyme		82.8

		C		Original		105.8

				Chemical		102.6

				Commercial Enzyme		88

				Crude Enzyme		89.2





fabric weight (21)

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0



Mean (GSM)

Fabric Weight (gsm/sq.m)



fabric weight (22)

		Fabric		Samples		Mean (GSM)

		A		Original		86.5

				Chemical		84.6

				Commercial Enzyme		77.9

				Crude Enzyme		82

		B		Original		84.4

				Chemical		80.8

				Commercial Enzyme		83.5

				Crude Enzyme		82.8

		C		Original		105.8

				Chemical		102.6

				Commercial Enzyme		88

				Crude Enzyme		89.2





fabric weight (22)

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0



Mean (GSM)

Fabric Weight (gsm/sq.m)



fabric weight (23)

		Fabric		Samples		Mean (GSM)

		A		Original		86.5

				Chemical		84.6

				Commercial Enzyme		77.9

				Crude Enzyme		82

		B		Original		84.4

				Chemical		80.8

				Commercial Enzyme		83.5

				Crude Enzyme		82.8

		C		Original		105.8

				Chemical		102.6

				Commercial Enzyme		88

				Crude Enzyme		89.2





fabric weight (23)

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0



Mean (GSM)

Fabric Weight (gsm/sq.m)



Capillary 

		Fabric		Samples		Mean (GSM)

		A		Original		86.5								Mean warp (cm)		Mean weft (cm)

				Chemical		84.6

				Commercial Enzyme		77.9				A		Original		0.08		0.48

				Crude Enzyme		82						Chemical		1.62		1.68

		B		Original		84.4						Commercial Enzyme		1.6		1.64

				Chemical		80.8						Crude Enzyme		1.63		1.68

				Commercial Enzyme		83.5				B		Original		0.42		0.4

				Crude Enzyme		82.8						Chemical		1.78		2.2

		C		Original		105.8						Commercial Enzyme		1.14		1.4

				Chemical		102.6						Crude Enzyme		2.72		1.5

				Commercial Enzyme		88				C		Original		1.34		1.1

				Crude Enzyme		89.2						Chemical		1.74		1.86

												Commercial Enzyme		1.72		1.78

												Crude Enzyme		1.24		4.24





Capillary 

		0		0		0

		0		0		0

		0		0		0

		0		0		0

		0		0		0

		0		0		0

		0		0		0

		0		0		0

		0		0		0

		0		0		0

		0		0		0

		0		0		0



Mean (GSM) 86.5 84.6

Mean (GSM) Mean warp (cm)  84.6

Mean (GSM) Mean weft (cm) 84.6

Mean raise (cm)



Sinking Time Test

		Fabric		Samples		Mean (GSM)

		A		Original		3871

				Chemical		59

				Commercial Enzyme		75.6

				Crude Enzyme		23.4

		B		Original		3486

				Chemical		39

				Commercial Enzyme		36.8

				Crude Enzyme		24.78

		C		Original		3442

				Chemical		94

				Commercial Enzyme		53.4

				Crude Enzyme		21.8





Sinking Time Test

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0



Mean (GSM)

Sinking absorbency (sec)



Drop Test

		Fabric		Samples		Mean (GSM)

		A		Original		1158.72

				Chemical		80.4

				Commercial Enzyme		60

				Crude Enzyme		60

		B		Original		397

				Chemical		265

				Commercial Enzyme		129.6

				Crude Enzyme		120

		C		Original		91.2

				Chemical		78

				Commercial Enzyme		28

				Crude Enzyme		24





Drop Test

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0



Mean (GSM)

Mean absorbency (sec)



Drapability

		Fabric		Samples		Mean (GSM)

		A		Original		0.54

				Chemical		1.17

				Commercial Enzyme		1.1

				Crude Enzyme		1.18

		B		Original		0.78

				Chemical		0.97

				Commercial Enzyme		1.05

				Crude Enzyme		1.02

		C		Original		0.79

				Chemical		1.26

				Commercial Enzyme		1.34

				Crude Enzyme		1.41





Drapability

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0



Mean (GSM)

Drapability (%)



Stiffness weft

		Fabric		Samples		Mean (GSM)

		A		Original		2.5

				Chemical		2.2

				Commercial Enzyme		1.9

				Crude Enzyme		2.31

		B		Original		2.61

				Chemical		2.41

				Commercial Enzyme		2.3

				Crude Enzyme		2.3

		C		Original		3.1

				Chemical		2.6

				Commercial Enzyme		2.37

				Crude Enzyme		2.41





Stiffness weft

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0



Mean (GSM)

Stiffness weft (cm)



Stiffness warp

		Fabric		Samples		Mean (cm)

		A		Original		3.6

				Chemical		2.6

				Commercial Enzyme		2

				Crude Enzyme		2.3

		B		Original		3.3

				Chemical		2.3

				Commercial Enzyme		2.5

				Crude Enzyme		2.4

		C		Original		2.3

				Chemical		1.7

				Commercial Enzyme		1.8

				Crude Enzyme		1.7





Stiffness warp

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0



Mean (cm)

Stiffness warp (cm)



Crease Recovery weft

		Fabric		Samples		Mean (cm)

		A		Original		66.6

				Chemical		93.4

				Commercial Enzyme		86.6

				Crude Enzyme		88.8

		B		Original		110.8

				Chemical		99

				Commercial Enzyme		91.2

				Crude Enzyme		87.6

		C		Original		70.2

				Chemical		77.4

				Commercial Enzyme		80.4

				Crude Enzyme		82.8





Crease Recovery weft

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0



Mean (cm)

Crease Recovery weft (cm)



Crease Recovery warp

		Fabric		Samples		Mean (cm)

		A		Original		102.4

				Chemical		100.4

				Commercial Enzyme		103.6

				Crude Enzyme		109.4

		B		Original		111.8

				Chemical		91.8

				Commercial Enzyme		94.4

				Crude Enzyme		109

		C		Original		75.8

				Chemical		85.4

				Commercial Enzyme		88.8

				Crude Enzyme		89.4





Crease Recovery warp

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0



Mean (cm)

Crease Recovery warp (cm)



Fabric Elongation weft

		Fabric		Samples		Mean (cm)

		A		Original		27.1

				Chemical		28

				Commercial Enzyme		29.1

				Crude Enzyme		32.4

		B		Original		19.3

				Chemical		24.2

				Commercial Enzyme		23.3

				Crude Enzyme		27.3

		C		Original		16

				Chemical		25.3

				Commercial Enzyme		27.3

				Crude Enzyme		26.9





Fabric Elongation weft

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0



Mean (cm)

Fabric Elongation weft (cm)



Fabric Elongation warp

		Fabric		Samples		Mean (cm)

		A		Original		1.4

				Chemical		1.4

				Commercial Enzyme		2.2

				Crude Enzyme		2

		B		Original		0.7

				Chemical		1.8

				Commercial Enzyme		2.5

				Crude Enzyme		2

		C		Original		3.5

				Chemical		5.2

				Commercial Enzyme		6.4

				Crude Enzyme		6.04





Fabric Elongation warp

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0



Mean (cm)

Fabric Elongation warp (cm)



tensile  strength weft

		Fabric		Samples		Mean No. of weft / inch

		A		Original		17.6

				Chemical		13.4

				Commercial Enzyme		14.8

				Crude Enzyme		15.2

		B		Original		33.8

				Chemical		22.6

				Commercial Enzyme		23.4

				Crude Enzyme		25.4

		C		Original		43

				Chemical		30.8

				Commercial Enzyme		29.8

				Crude Enzyme		38.4





tensile  strength weft

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0



Mean No. of weft / inch

Tensile  strength weft (inch)



tensile  strength warp

		Fabric		Samples		Mean No. of warp / inch

		A		Original		45.6

				conventional		36

				Commercial Enzyme		39.4

				Crude Enzyme		38

		B		Original		54.4

				conventional		39.8

				Commercial Enzyme		40.6

				Crude Enzyme		45.4

		C		Original		16.2

				conventional		12

				Commercial Enzyme		16

				Crude Enzyme		15





tensile  strength warp

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0



Mean No. of warp / inch

Tensile  strength warp (inch)



Fabric Thickness

		Fabric		Samples		Mean (mm)

		A		Original		0.24

				Chemical		0.3

				Commercial Enzyme		0.27

				Crude Enzyme		0.32

		B		Original		0.24

				Chemical		0.25

				Commercial Enzyme		0.23

				Crude Enzyme		0.26

		C		Original		0.25

				Chemical		0.35

				Commercial Enzyme		0.31

				Crude Enzyme		0.42





Fabric Thickness

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0



Mean (mm)

Fabric thickenss (mm)



Fabric count warp

		Fabric		Samples		Mean No. of weft / inch

		A		Original		72.8

				Chemical		73.2

				Commercial Enzyme		72

				Crude Enzyme		72

		B		Original		94.6

				Chemical		93.2

				Commercial Enzyme		92

				Crude Enzyme		93

		C		Original		82.4

				Chemical		84

				Commercial Enzyme		82

				Crude Enzyme		83





Fabric count warp

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0



Mean No. of weft / inch

Fabric Count weft (inch)



Fabric count weft

		Fabric		Samples		Mean No. of weft / inch

		A		Original		56.4

				Chemical		56.8

				Commercial Enzyme		59

				Crude Enzyme		61

		B		Original		60.8

				Chemical		58.8

				Commercial Enzyme		56

				Crude Enzyme		85

		C		Original		63.6

				Chemical		73.6

				Commercial Enzyme		70

				Crude Enzyme		60





Fabric count weft

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0



Mean No. of weft / inch

Fabric Count weft (inch)



fabric weight

		Fabric		Samples		Mean (GSM)

		A		Original		86.5

				Chemical		84.6

				Commercial Enzyme		77.9

				Crude Enzyme		81.8

		B		Original		84.4

				Chemical		80.8

				Commercial Enzyme		83.5

				Crude Enzyme		83.3

		C		Original		105.8

				Chemical		102.6

				Commercial Enzyme		88

				Crude Enzyme		91.7





fabric weight

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0



Mean (GSM)

Fabric Weight (gsm/sq.m)
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		Original
A

		Conventional

		Commercial Enzyme

		Crude Enzyme

		Original
B

		Conventional

		Commercial Enzyme

		Crude Enzyme

		Original
C

		Conventional

		Commercial Enzyme

		Crude Enzyme



Mean No. of weft / inch

Fabric sample

Fabric Count weft (inch)

56

57

59

61

61

59

56

65

64

70

70

60



fabric weight (15)

		Fabric		Samples		Mean (GSM)

		A		Original		86.5

				Chemical		84.6

				Commercial Enzyme		77.9

				Crude Enzyme		82

		B		Original		84.4

				Chemical		80.8

				Commercial Enzyme		83.5

				Crude Enzyme		82.8

		C		Original		105.8

				Chemical		102.6

				Commercial Enzyme		88

				Crude Enzyme		89.2





fabric weight (15)

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0



Mean (GSM)

Fabric Weight (gsm/sq.m)



fabric weight (16)

		Fabric		Samples		Mean (GSM)

		A		Original		86.5

				Chemical		84.6

				Commercial Enzyme		77.9

				Crude Enzyme		82

		B		Original		84.4

				Chemical		80.8

				Commercial Enzyme		83.5

				Crude Enzyme		82.8

		C		Original		105.8

				Chemical		102.6

				Commercial Enzyme		88

				Crude Enzyme		89.2





fabric weight (16)

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0



Mean (GSM)

Fabric Weight (gsm/sq.m)



fabric weight (17)

		Fabric		Samples		Mean (GSM)

		A		Original		86.5

				Chemical		84.6

				Commercial Enzyme		77.9

				Crude Enzyme		82

		B		Original		84.4

				Chemical		80.8

				Commercial Enzyme		83.5

				Crude Enzyme		82.8

		C		Original		105.8

				Chemical		102.6

				Commercial Enzyme		88

				Crude Enzyme		89.2





fabric weight (17)

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0



Mean (GSM)

Fabric Weight (gsm/sq.m)



fabric weight (18)

		Fabric		Samples		Mean (GSM)

		A		Original		86.5

				Chemical		84.6

				Commercial Enzyme		77.9

				Crude Enzyme		82

		B		Original		84.4

				Chemical		80.8

				Commercial Enzyme		83.5

				Crude Enzyme		82.8

		C		Original		105.8

				Chemical		102.6

				Commercial Enzyme		88

				Crude Enzyme		89.2





fabric weight (18)

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0



Mean (GSM)

Fabric Weight (gsm/sq.m)



fabric weight (19)

		Fabric		Samples		Mean (GSM)

		A		Original		86.5

				Chemical		84.6

				Commercial Enzyme		77.9

				Crude Enzyme		82

		B		Original		84.4

				Chemical		80.8

				Commercial Enzyme		83.5

				Crude Enzyme		82.8

		C		Original		105.8

				Chemical		102.6

				Commercial Enzyme		88

				Crude Enzyme		89.2





fabric weight (19)

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0



Mean (GSM)

Fabric Weight (gsm/sq.m)



fabric weight (20)

		Fabric		Samples		Mean (GSM)

		A		Original		86.5

				Chemical		84.6

				Commercial Enzyme		77.9

				Crude Enzyme		82

		B		Original		84.4

				Chemical		80.8

				Commercial Enzyme		83.5

				Crude Enzyme		82.8

		C		Original		105.8

				Chemical		102.6

				Commercial Enzyme		88

				Crude Enzyme		89.2





fabric weight (20)

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0



Mean (GSM)

Fabric Weight (gsm/sq.m)



fabric weight (21)

		Fabric		Samples		Mean (GSM)

		A		Original		86.5

				Chemical		84.6

				Commercial Enzyme		77.9

				Crude Enzyme		82

		B		Original		84.4

				Chemical		80.8

				Commercial Enzyme		83.5

				Crude Enzyme		82.8

		C		Original		105.8

				Chemical		102.6

				Commercial Enzyme		88

				Crude Enzyme		89.2





fabric weight (21)

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0



Mean (GSM)

Fabric Weight (gsm/sq.m)



fabric weight (22)

		Fabric		Samples		Mean (GSM)

		A		Original		86.5

				Chemical		84.6

				Commercial Enzyme		77.9

				Crude Enzyme		82

		B		Original		84.4

				Chemical		80.8

				Commercial Enzyme		83.5

				Crude Enzyme		82.8

		C		Original		105.8

				Chemical		102.6

				Commercial Enzyme		88

				Crude Enzyme		89.2





fabric weight (22)

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0



Mean (GSM)

Fabric Weight (gsm/sq.m)



fabric weight (23)

		Fabric		Samples		Mean (GSM)

		A		Original		86.5

				Chemical		84.6

				Commercial Enzyme		77.9

				Crude Enzyme		82

		B		Original		84.4

				Chemical		80.8

				Commercial Enzyme		83.5

				Crude Enzyme		82.8

		C		Original		105.8

				Chemical		102.6

				Commercial Enzyme		88

				Crude Enzyme		89.2





fabric weight (23)

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0



Mean (GSM)

Fabric Weight (gsm/sq.m)



Capillary 

		Fabric		Samples		Mean (GSM)

		A		Original		86.5								Mean warp (cm)		Mean weft (cm)

				Chemical		84.6

				Commercial Enzyme		77.9				A		Original		0.08		0.48

				Crude Enzyme		82						Chemical		1.62		1.68

		B		Original		84.4						Commercial Enzyme		1.6		1.64

				Chemical		80.8						Crude Enzyme		1.63		1.68

				Commercial Enzyme		83.5				B		Original		0.42		0.4

				Crude Enzyme		82.8						Chemical		1.78		2.2

		C		Original		105.8						Commercial Enzyme		1.14		1.4

				Chemical		102.6						Crude Enzyme		2.72		1.5

				Commercial Enzyme		88				C		Original		1.34		1.1

				Crude Enzyme		89.2						Chemical		1.74		1.86

												Commercial Enzyme		1.72		1.78

												Crude Enzyme		1.24		4.24





Capillary 

		0		0		0

		0		0		0

		0		0		0

		0		0		0

		0		0		0

		0		0		0

		0		0		0

		0		0		0

		0		0		0

		0		0		0

		0		0		0

		0		0		0



Mean (GSM) 86.5 84.6

Mean (GSM) Mean warp (cm)  84.6

Mean (GSM) Mean weft (cm) 84.6

Mean raise (cm)



Sinking Time Test

		Fabric		Samples		Mean (GSM)

		A		Original		3871

				Chemical		59

				Commercial Enzyme		75.6

				Crude Enzyme		23.4

		B		Original		3486

				Chemical		39

				Commercial Enzyme		36.8

				Crude Enzyme		24.78

		C		Original		3442

				Chemical		94

				Commercial Enzyme		53.4

				Crude Enzyme		21.8





Sinking Time Test

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0



Mean (GSM)

Sinking absorbency (sec)



Drop Test

		Fabric		Samples		Mean (GSM)

		A		Original		1158.72

				Chemical		80.4

				Commercial Enzyme		60

				Crude Enzyme		60

		B		Original		397

				Chemical		265

				Commercial Enzyme		129.6

				Crude Enzyme		120

		C		Original		91.2

				Chemical		78

				Commercial Enzyme		28

				Crude Enzyme		24





Drop Test

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0



Mean (GSM)

Mean absorbency (sec)



Drapability

		Fabric		Samples		Mean (GSM)

		A		Original		0.54

				Chemical		1.17

				Commercial Enzyme		1.1

				Crude Enzyme		1.18

		B		Original		0.78

				Chemical		0.97

				Commercial Enzyme		1.05

				Crude Enzyme		1.02

		C		Original		0.79

				Chemical		1.26

				Commercial Enzyme		1.34

				Crude Enzyme		1.41





Drapability

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0



Mean (GSM)

Drapability (%)



Stiffness weft

		Fabric		Samples		Mean (GSM)

		A		Original		2.5

				Chemical		2.2

				Commercial Enzyme		1.9

				Crude Enzyme		2.31

		B		Original		2.61

				Chemical		2.41

				Commercial Enzyme		2.3

				Crude Enzyme		2.3

		C		Original		3.1

				Chemical		2.6

				Commercial Enzyme		2.37

				Crude Enzyme		2.41





Stiffness weft

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0



Mean (GSM)

Stiffness weft (cm)



Stiffness warp

		Fabric		Samples		Mean (cm)

		A		Original		3.6

				Chemical		2.6

				Commercial Enzyme		2

				Crude Enzyme		2.3

		B		Original		3.3

				Chemical		2.3

				Commercial Enzyme		2.5

				Crude Enzyme		2.4

		C		Original		2.3

				Chemical		1.7

				Commercial Enzyme		1.8

				Crude Enzyme		1.7





Stiffness warp

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0



Mean (cm)

Stiffness warp (cm)



Crease Recovery weft

		Fabric		Samples		Mean (cm)

		A		Original		66.6

				Chemical		93.4

				Commercial Enzyme		86.6

				Crude Enzyme		88.8

		B		Original		110.8

				Chemical		99

				Commercial Enzyme		91.2

				Crude Enzyme		87.6

		C		Original		70.2

				Chemical		77.4

				Commercial Enzyme		80.4

				Crude Enzyme		82.8





Crease Recovery weft

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0



Mean (cm)

Crease Recovery weft (cm)



Crease Recovery warp

		Fabric		Samples		Mean (cm)

		A		Original		102.4

				Chemical		100.4

				Commercial Enzyme		103.6

				Crude Enzyme		109.4

		B		Original		111.8

				Chemical		91.8

				Commercial Enzyme		94.4

				Crude Enzyme		109

		C		Original		75.8

				Chemical		85.4

				Commercial Enzyme		88.8

				Crude Enzyme		89.4





Crease Recovery warp

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0



Mean (cm)

Crease Recovery warp (cm)



Fabric Elongation weft

		Fabric		Samples		Mean (cm)

		A		Original		27.1

				Chemical		28

				Commercial Enzyme		29.1

				Crude Enzyme		32.4

		B		Original		19.3

				Chemical		24.2

				Commercial Enzyme		23.3

				Crude Enzyme		27.3

		C		Original		16

				Chemical		25.3

				Commercial Enzyme		27.3

				Crude Enzyme		26.9





Fabric Elongation weft

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0



Mean (cm)

Fabric Elongation weft (cm)



Fabric Elongation warp

		Fabric		Samples		Mean (cm)

		A		Original		1.4

				Chemical		1.4

				Commercial Enzyme		2.2

				Crude Enzyme		2

		B		Original		0.7

				Chemical		1.8

				Commercial Enzyme		2.5

				Crude Enzyme		2

		C		Original		3.5

				Chemical		5.2

				Commercial Enzyme		6.4

				Crude Enzyme		6.04





Fabric Elongation warp

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0



Mean (cm)

Fabric Elongation warp (cm)



tensile  strength weft

		Fabric		Samples		Mean No. of weft / inch

		A		Original		17.6

				Chemical		13.4

				Commercial Enzyme		14.8

				Crude Enzyme		15.2

		B		Original		33.8

				Chemical		22.6

				Commercial Enzyme		23.4

				Crude Enzyme		25.4

		C		Original		43

				Chemical		30.8

				Commercial Enzyme		29.8

				Crude Enzyme		38.4





tensile  strength weft

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0



Mean No. of weft / inch

Tensile  strength weft (inch)



tensile  strength warp

		Fabric		Samples		Mean No. of warp / inch

		A		Original		45.6

				Chemical		36

				Commercial Enzyme		39.4

				Crude Enzyme		37

		B		Original		54.4

				Chemical		59.8

				Commercial Enzyme		40.6

				Crude Enzyme		41.6

		C		Original		16.2

				Chemical		12

				Commercial Enzyme		16

				Crude Enzyme		14.4





tensile  strength warp

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0



Mean No. of warp / inch

Tensile  strength warp (inch)



Fabric Thickness

		Fabric		Samples		Mean (mm)

		A		Original		0.24

				Chemical		0.3

				Commercial Enzyme		0.27

				Crude Enzyme		0.24

		B		Original		0.24

				Chemical		0.25

				Commercial Enzyme		0.23

				Crude Enzyme		0.25

		C		Original		0.25

				Chemical		0.35

				Commercial Enzyme		0.31

				Crude Enzyme		0.34





Fabric Thickness

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0



Mean (mm)

Fabric thickenss (mm)



Fabric count warp

		Fabric		Samples		Mean No. of weft / inch

		A		Original		72.8

				Chemical		73.2

				Commercial Enzyme		72

				Crude Enzyme		72

		B		Original		94.6

				Chemical		93.2

				Commercial Enzyme		92

				Crude Enzyme		93

		C		Original		82.4

				Chemical		84

				Commercial Enzyme		82

				Crude Enzyme		83





Fabric count warp

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0



Mean No. of weft / inch

Fabric Count weft (inch)



Fabric count weft

		Fabric		Samples		Mean No. of weft / inch

		A		Original		56

				Conventional		57

				Commercial Enzyme		59

				Crude Enzyme		61

		B		Original		61

				Conventional		59

				Commercial Enzyme		56

				Crude Enzyme		65

		C		Original		64

				Conventional		70

				Commercial Enzyme		70

				Crude Enzyme		60





Fabric count weft

		Original
A

		Conventional

		Commercial Enzyme

		Crude Enzyme

		Original
B

		Conventional

		Commercial Enzyme

		Crude Enzyme

		Original
C

		Conventional

		Commercial Enzyme

		Crude Enzyme



Mean No. of weft / inch

Fabric Count weft (inch)

56

57

59

61

61

59

56

65

64

70

70

60



fabric weight

		Fabric		Samples		Mean (GSM)

		A		Original		86.5

				Chemical		84.6

				Commercial Enzyme		77.9

				Crude Enzyme		81.8

		B		Original		84.4

				Chemical		80.8

				Commercial Enzyme		83.5

				Crude Enzyme		83.3

		C		Original		105.8

				Chemical		102.6

				Commercial Enzyme		88

				Crude Enzyme		91.7





fabric weight

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0



Mean (GSM)

Fabric Weight (gsm/sq.m)




_1302282359.xls
Chart6

		ACITATE BUFFER

		PHOSPHATE BUFFER

		DISTILLED WATER



ACTIVITY U/gds

Extraction Media

Amylase activity (U/gds)

62.52

68.01

163.81



Sheet5

		

		Samples		Mean (cm)

		OS		1.37

		CSA		0.41

		BSA		1.625

		PSA		1.685





Sheet5

		0

		0

		0

		0

		0



Mean (cm)



Sheet4

		Samples		Mean (kg)

		OS		1.42

		CS		0.56

		BS		1.315

		PS		1.54

		Samples		Mean (cm)

		OS		3.18

		CS		1.85

		BS		2.61

		PS		3.69

		Samples		Weight loss percentage (%)

		CS		23

		BS		14.28

		PS		22.4

		Samples		Degumming efficiency  (%)

		CS		100

		BS		62.08

		PS		97.39

		Samples		Mean (cm)

		OS		1.37

		CSA		0.41

		BSA		1.625

		PSA		1.685

		Samples		Mean (cm)

		OS		3.18

		CSA		2.38

		BSA		4.14

		PSA		4.45





Sheet4

		0

		0

		0

		0



Samples

Yarn strength (Kg)



Sheet1

		0

		0

		0

		0



Samples

Yarn Elongation (cm)



Sheet2

		0

		0

		0



Weight loss percentage (%)

Samples

Weight Loss (%)



Sheet3

		0

		0

		0



Samples

Degumming Efficiency (%)



		0

		0

		0

		0



Samples

Yarn Strength (Kg)



		0

		0

		0

		0



Samples

Yarn Elongation (cm)



		S. No		pH		Protease activity U/ml/min																AGRO RESIDUES		Amylase Activity IU/ml/min

																						Greengram husk		0.37

		1		5		0.205																Castor oil cake		0.462

		2		6		0.134																Coconut oil cake		1.665

		3		7		0.03																Cotton seed oil cake		1.38

		4		8		0.064																Blackgram husk		0.83

		5		9		0.254																Rice bran		1.9

		6		10		0.03																Wheat bran		2.31

		7		11		0.008																Groundnut oil cake		1.38

				Temperature (º C)		protease Activity (U/ml/min)

				17		0.03

				27		0.008

				37		0.322

				47		0.041

				57		0.019

				67		0.053

				77		0.019

				WHEAT BRAN :		Amylase Activity IU/ml/min

				RICE BRAN :

				1:2:2		0.72

				1:1:3		0.19

				2:2:1		0.37

				2:1:2		0.74

				1:3:1		1.38

				2:1.5:1.5		0.74

				3:1:1		2.05

				S.No		Carbon sources (1%)		Protease activity (U/ml/min)		Specific activity

										(mg/ml)

				1		Starch		0.064		0.134

				2		Wheat		0.389		3.33

				3		Maltose		0.153		0.203

				4		Sucrose		0.086		0.217

				5		Rice bran		0.019		0.048

				Nitrogen source		Protease activity (U/ml/min)																				CARBON SOURCES		Amylase Activity IU/ml/min

				-0.50%																						Maltose		2.78

				Beef extract		0.176																				Fructose		1.9

				Yeast extract		0.075																				Lactose		1.38

				Glycine		0.479																				Glucose		1.66

				Peptone		0.131																				Starch		2.03

				Casein		0.182																				Casein		0.182

				NITROGEN SOURCES		Amylase Activity IU/ml/min

				Yeast extract		0.6

				Beef extract		0.74

				Tryptone		1.38

				Ammonium sulphate		1.11

				Ammonium oxalate		1.18

				Casein		1.38

				Ammonium chloride		0.925

				Peptone		2.86

				Potassium nitrate		1.9

				Urea		1.38

				Inoculum concentration		Protease activity (U/ml/min)

				(%)

				1		0.031

				2		0.254

				3		0.109

				4		0.086

				5		0.075

				6		0.041

				7		0.008

		Samples		Mean (cm)

		OS		1.37

		CSA		0.41

		BSA		1.625

		PSA		1.685

		SELECTED STRAIN		ACTIVITY

				U/ml

		T1		207.82

		T2		198.16

		T3		188.51

		T4		169.2

		S.No		SELECTED STRAIN		ACTIVITY

						U/ml

		1		T1		149.89

		2		T2		120.92

		3		T3		101.61

		4		T4		140.23

		5		T5		159.54

		6		T6		101.61

				AGRO WASTES		ACTIVITY

						U/gds

				WHEAT BRAN		133.99

				RICE BRAN		19.61

				MILLET BRAN		59.58

				CORN BRAN		26.42

				MAIZE BRAN		36.55

				CASSAVA PEAL POWDER		39.46

				COTTON SEEDOIL CAKE		125.94

				INOCULUM		ACTIVITY

				SIZE (%)		U/gds

				2		108.08

				4		115.59

				6		92.18

				8		84.22

				10		130.71

				12		74.09

				pH		ACTIVITY

						U/gds

				4		103.77

				5		104.96

				6		107.84

				7		152

				8		127.65

				9		126.7

				10		84.1

		TEMPATURE		ACTIVITY

		° C		U/gds

		30		74.51

		40		84.36

		50		142.96

		60		111.65

		70		84.36

		80		74.14

		90		65.66

		EXTRACTION MEDIA		ACTIVITY

				U/gds

		ACITATE BUFFER		62.52

		PHOSPHATE BUFFER		68.01

		DISTILLED WATER		163.81

				INCUBATION TIME		ACTIVITY

				(hr)		U/gds

				24		28.6

				48		88.97

				72		177.93

				96		155.73

				120		141.02

				MOISTENING AGENT		ACTIVITY

						U/gds

				I		99.91

				II		81.52

				III		88.59

				IV		49.8

				V		73.87

				TAP WATER		91.3

				DISTILLED WATER		98.19

						ACTIVITY

				MOISTURE LEVEL RATIO (W/V)		U/gds

				01:01.0		183.81

				01:01.5		160.32

				01:02.0		154.38

				01:02.5		153.99

				01:03.0		126.99

				CARBON SOURCES  (1%)		ACTIVITY U/gds

				CONTROL		66.26

				DEXTROSE		21.09

				FRUCTOSE		63.35

				LACTOSE		110.9

				MALTOSE		119.4

				SUCROSE		127.37

				STARCH		184.38

						STARCH CONCENTRATION (%)		ACTIVITY

								U/gds

						0.5		140.79

						1.0		186.97

						1.5		120.79

						2.0		83.47

						2.5		65.82

						NITROGEN SOURCE (1%)		ACTIVITY U/gds

						CONTROL		61.19

						YEAST EXTRACT		190.34

						TRIPTONE		107.17

						PEPTONE		106.6

						BEEF EXTRACT		99.64

						CASEIN		92.61

						UREA		72.71

						AMMONIUMCHLORIDE		69.16

						SODIUM  NITRATE		65.59

						AMMONIUM SULPHATE		62

				BEEF EXTRACT (%)		ACTIVITY

						U/gds

				0.5		151

				1.0		159.43

				1.5		201.91

				2.0		166.17

				2.5		138.55

				3.0		132.83

				3.5		121.73

						CaCl2 (%)		ACTIVITY

								U/gds

						CONTROL		201.91

						0.2		90.3

						0.4		92.11

						0.6		119.02

						0.8		141.01

						1.0		212.44
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WHEAT BRAN : RICE BRAN : COCONUT OIL CAKE

Amylase activity (IU/ml/min)
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ACTIVITY U/gds

Agro Waste

ACTIVITY (U/gds)



		0

		0

		0

		0

		0

		0



U/gds

INOCULUM SIZE (%)

ACTIVITY (U/gds)

0

0

0

0

0

0



		0

		0

		0

		0

		0

		0

		0



ACTIVITY U/gds

pH

ACTIVITY  (U/gds)

0

0

0

0

0

0

0



		0

		0

		0

		0

		0

		0

		0



ACTIVITY U/gds

TEMPATURE °C

ACTIVITY (U/gds)

0

0

0

0

0

0

0



		0

		0

		0



ACTIVITY U/gds

Extraction Media

ACTIVITY (U/gds)



		0

		0

		0

		0

		0



ACTIVITY U/gds

Incubation Time

ACTIVITY (U/gds)

0

0

0

0

0



		0

		0

		0

		0

		0

		0

		0



ACTIVITY U/gds

Moistening Agent

ACTIVITY (U/gds)



		0

		0

		0

		0

		0



ACTIVITY

ACTIVITY (U/gds)

Moisture Level Ratio (W/V)

0

0

0

0

0



		0

		0

		0

		0

		0

		0

		0



ACTIVITY U/gds

Carbon Sources (1%)

ACTIVITY (U/gds)



		0

		0

		0

		0

		0



ACTIVITY U/gds

Starch Concentration (%)

ACTIVITY (U/gds)

0

0

0

0

0



		0

		0

		0

		0

		0

		0

		0

		0

		0

		0



ACTIVITY U/gds

Moisture Level Ratio (W/V)

ACTIVITY (U/gds)



		0

		0

		0

		0

		0

		0

		0



ACTIVITY U/gds

Beef Extract (%)

ACTIVITY (U/gds)

0

0

0

0

0

0

0



		0

		0

		0

		0

		0

		0



ACTIVITY U/gds

CaCl2 (%)

ACTIVITY (U/gds)



		Enzyme concentration (ml)		Weight loss (%)												Time     (Hours)		Weight loss (%)														pH		Weight loss (%)												Temperature (0º C)		Weight loss (%)

		3		0.19												3		5														4		2		2%										25		6		6%

		4		0.55												6		18														5		4		4%										35		14		14%

		5		0.74												9		10														6		13		13%										45		17		17%

		6		2.36												12		8														7		14		12%										55		11		11%

		7		0.925												15		5														8		9		9%										65		7		7%

		8		0.74												18		4														9		5		5%

		9		0.63												21		1														10		5

																24		1

																										TEMPERATURE		Amylase Activity IU/ml/min												TIME (Hrs)		Amylase Activity U/ml/min

																																								24		2.31

																										27		1.9												36		1.235

																										37		2.58												48		0.924

																										50		0.925												60		0.74

																										60		0.74												72		0.51

																										90		0.62

																																		1		0.74

																																		1.5		0.925

																																		2		2.31

																																		2.5		1.9

																																		3		1.01

																																		3.5		0.832

																																		4		0.73

																																		4.5		0.55

																																		5		0.432

																																METAL IONS		Amylase Activity U/ml/min

																																CaCl2		1.48

																																KCl		0.37

																																MgSO4		1.09

																																CuSO4		1.38

																																HgCl2		0.74

																																FeSO4		0.832

																																Pb(NO3)2		0.55





		0

		0

		0

		0

		0

		0

		0



Weight loss (%)

pH

Amylase activity (IU/ml/min)

0

0

0

0

0

0

0



		0		0

		0		0

		0		0

		0		0

		0		0



Temperature (ºC)

Amylase activity (IU/ml/min)

0

0

0

0

0

0

0

0

0

0



		0

		0

		0

		0

		0

		0

		0



Weight loss (%)

pH

Weight loss (%)

0

0

0

0

0

0

0



		0

		0

		0

		0

		0



Weight loss (%)

Temperature  (º C )

Weight loss (%)

0

0

0

0

0



		0

		0

		0

		0

		0



Amylase Activity U/ml/min

Time (Hrs)

Amylase activity (IU/ml/min)

0

0

0

0

0



		0

		0

		0

		0

		0

		0

		0

		0

		0



Inoculum concentration (%)

Amylase activity (IU/ml/min)

0

0

0

0

0

0

0

0

0



		0

		0

		0

		0

		0

		0

		0



Amylase Activity U/ml/min

METAL IONS (0.1%)

Amylase Activity (IU/ml/min)



		50





STARCH  CONCENTRATION  (%)  ACTIVITY   U/gds   0.5  140.79   1 .0  1 86.97   1.5  120.79   2 .0  83.47   2.5  65.82    





_1302291019.xls
Chart14

		CONTROL

		0.2

		0.4

		0.6

		0.8

		1.0



ACTIVITY U/gds

CaCl2 (%)

ACTIVITY (U/gds)

201.91

90.3

92.11

119.02

141.01

212.44



Sheet5

		

		Samples		Mean (cm)

		OS		1.37

		CSA		0.41

		BSA		1.625

		PSA		1.685





Sheet5

		0

		0

		0

		0

		0



Mean (cm)



Sheet4

		Samples		Mean (kg)

		OS		1.42

		CS		0.56

		BS		1.315

		PS		1.54

		Samples		Mean (cm)

		OS		3.18

		CS		1.85

		BS		2.61

		PS		3.69

		Samples		Weight loss percentage (%)

		CS		23

		BS		14.28

		PS		22.4

		Samples		Degumming efficiency  (%)

		CS		100

		BS		62.08

		PS		97.39

		Samples		Mean (cm)

		OS		1.37

		CSA		0.41

		BSA		1.625

		PSA		1.685

		Samples		Mean (cm)

		OS		3.18

		CSA		2.38

		BSA		4.14

		PSA		4.45





Sheet4

		0

		0

		0

		0



Samples

Yarn strength (Kg)



Sheet1

		0

		0

		0

		0



Samples

Yarn Elongation (cm)



Sheet2

		0

		0

		0



Weight loss percentage (%)

Samples

Weight Loss (%)



Sheet3

		0

		0

		0



Samples

Degumming Efficiency (%)



		0

		0

		0

		0



Samples

Yarn Strength (Kg)



		0

		0

		0

		0



Samples

Yarn Elongation (cm)



		S. No		pH		Protease activity U/ml/min																AGRO RESIDUES		Amylase Activity IU/ml/min

																						Greengram husk		0.37

		1		5		0.205																Castor oil cake		0.462

		2		6		0.134																Coconut oil cake		1.665

		3		7		0.03																Cotton seed oil cake		1.38

		4		8		0.064																Blackgram husk		0.83

		5		9		0.254																Rice bran		1.9

		6		10		0.03																Wheat bran		2.31

		7		11		0.008																Groundnut oil cake		1.38

				Temperature (º C)		protease Activity (U/ml/min)

				17		0.03

				27		0.008

				37		0.322
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				57		0.019

				67		0.053

				77		0.019

				WHEAT BRAN :		Amylase Activity IU/ml/min
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				2:2:1		0.37
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				1:3:1		1.38

				2:1.5:1.5		0.74
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				S.No		Carbon sources (1%)		Protease activity (U/ml/min)		Specific activity
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				1		Starch		0.064		0.134

				2		Wheat		0.389		3.33

				3		Maltose		0.153		0.203

				4		Sucrose		0.086		0.217

				5		Rice bran		0.019		0.048

				Nitrogen source		Protease activity (U/ml/min)																				CARBON SOURCES		Amylase Activity IU/ml/min

				-0.50%																						Maltose		2.78
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		4		T4		140.23
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		0

		0

		0



Mean (GSM)

Fabric Weight (gsm/sq.m)



fabric weight (19)

		Fabric		Samples		Mean (GSM)

		A		Original		86.5

				Chemical		84.6

				Commercial Enzyme		77.9

				Crude Enzyme		82

		B		Original		84.4

				Chemical		80.8

				Commercial Enzyme		83.5

				Crude Enzyme		82.8

		C		Original		105.8

				Chemical		102.6

				Commercial Enzyme		88

				Crude Enzyme		89.2





fabric weight (19)

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0



Mean (GSM)

Fabric Weight (gsm/sq.m)



fabric weight (20)

		Fabric		Samples		Mean (GSM)

		A		Original		86.5

				Chemical		84.6

				Commercial Enzyme		77.9

				Crude Enzyme		82

		B		Original		84.4

				Chemical		80.8

				Commercial Enzyme		83.5

				Crude Enzyme		82.8

		C		Original		105.8

				Chemical		102.6

				Commercial Enzyme		88

				Crude Enzyme		89.2





fabric weight (20)

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0



Mean (GSM)

Fabric Weight (gsm/sq.m)



fabric weight (21)

		Fabric		Samples		Mean (GSM)

		A		Original		86.5

				Chemical		84.6

				Commercial Enzyme		77.9

				Crude Enzyme		82

		B		Original		84.4

				Chemical		80.8

				Commercial Enzyme		83.5

				Crude Enzyme		82.8

		C		Original		105.8

				Chemical		102.6

				Commercial Enzyme		88

				Crude Enzyme		89.2





fabric weight (21)

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0



Mean (GSM)

Fabric Weight (gsm/sq.m)



fabric weight (22)

		Fabric		Samples		Mean (GSM)

		A		Original		86.5

				Chemical		84.6

				Commercial Enzyme		77.9

				Crude Enzyme		82

		B		Original		84.4

				Chemical		80.8

				Commercial Enzyme		83.5

				Crude Enzyme		82.8

		C		Original		105.8

				Chemical		102.6

				Commercial Enzyme		88

				Crude Enzyme		89.2





fabric weight (22)

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0



Mean (GSM)

Fabric Weight (gsm/sq.m)



fabric weight (23)

		Fabric		Samples		Mean (GSM)

		A		Original		86.5

				Chemical		84.6

				Commercial Enzyme		77.9

				Crude Enzyme		82

		B		Original		84.4

				Chemical		80.8

				Commercial Enzyme		83.5

				Crude Enzyme		82.8

		C		Original		105.8

				Chemical		102.6

				Commercial Enzyme		88

				Crude Enzyme		89.2





fabric weight (23)

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0



Mean (GSM)

Fabric Weight (gsm/sq.m)



Capillary 

		Fabric		Samples		Mean (GSM)

		A		Original		86.5								Mean warp (cm)		Mean weft (cm)

				Chemical		84.6

				Commercial Enzyme		77.9				A		Original		0.08		0.48

				Crude Enzyme		82						Chemical		1.62		1.68

		B		Original		84.4						Commercial Enzyme		1.6		1.64

				Chemical		80.8						Crude Enzyme		1.63		1.68

				Commercial Enzyme		83.5				B		Original		0.42		0.4

				Crude Enzyme		82.8						Chemical		1.78		2.2

		C		Original		105.8						Commercial Enzyme		1.14		1.4

				Chemical		102.6						Crude Enzyme		2.72		1.5

				Commercial Enzyme		88				C		Original		1.34		1.1

				Crude Enzyme		89.2						Chemical		1.74		1.86

												Commercial Enzyme		1.72		1.78

												Crude Enzyme		1.24		4.24





Capillary 

		0		0		0

		0		0		0

		0		0		0

		0		0		0

		0		0		0

		0		0		0

		0		0		0

		0		0		0

		0		0		0

		0		0		0

		0		0		0

		0		0		0



Mean (GSM) 86.5 84.6

Mean (GSM) Mean warp (cm)  84.6

Mean (GSM) Mean weft (cm) 84.6

Mean raise (cm)



Sinking Time Test

		Fabric		Samples		Mean (GSM)

		A		Original		3871

				Chemical		59

				Commercial Enzyme		75.6

				Crude Enzyme		23.4

		B		Original		3486

				Chemical		39

				Commercial Enzyme		36.8

				Crude Enzyme		24.78

		C		Original		3442

				Chemical		94

				Commercial Enzyme		53.4

				Crude Enzyme		21.8





Sinking Time Test

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0



Mean (GSM)

Sinking absorbency (sec)



Drop Test

		Fabric		Samples		Mean (GSM)

		A		Original		1158.72

				Chemical		80.4

				Commercial Enzyme		60

				Crude Enzyme		60

		B		Original		397

				Chemical		265

				Commercial Enzyme		129.6

				Crude Enzyme		120

		C		Original		91.2

				Chemical		78

				Commercial Enzyme		28

				Crude Enzyme		24





Drop Test

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0



Mean (GSM)

Mean absorbency (sec)



Drapability

		Fabric		Samples		Mean (GSM)

		A		Original		0.54

				Chemical		1.17

				Commercial Enzyme		1.1

				Crude Enzyme		1.18

		B		Original		0.78

				Chemical		0.97

				Commercial Enzyme		1.05

				Crude Enzyme		1.02

		C		Original		0.79

				Chemical		1.26

				Commercial Enzyme		1.34

				Crude Enzyme		1.41





Drapability

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0



Mean (GSM)

Drapability (%)



Stiffness weft

		Fabric		Samples		Mean (GSM)

		A		Original		2.5

				Chemical		2.2

				Commercial Enzyme		1.9

				Crude Enzyme		2.31

		B		Original		2.61

				Chemical		2.41

				Commercial Enzyme		2.3

				Crude Enzyme		2.3

		C		Original		3.1

				Chemical		2.6

				Commercial Enzyme		2.37

				Crude Enzyme		2.41





Stiffness weft

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0



Mean (GSM)

Stiffness weft (cm)



Stiffness warp

		Fabric		Samples		Mean (cm)

		A		Original		3.6

				Chemical		2.6

				Commercial Enzyme		2

				Crude Enzyme		2.3

		B		Original		3.3

				Chemical		2.3

				Commercial Enzyme		2.5

				Crude Enzyme		2.4

		C		Original		2.3

				Chemical		1.7

				Commercial Enzyme		1.8

				Crude Enzyme		1.7





Stiffness warp

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0



Mean (cm)

Stiffness warp (cm)



Crease Recovery weft

		Fabric		Samples		Mean (cm)

		A		Original		66.6

				Chemical		93.4

				Commercial Enzyme		86.6

				Crude Enzyme		88.8

		B		Original		110.8

				Chemical		99

				Commercial Enzyme		91.2

				Crude Enzyme		87.6

		C		Original		70.2

				Chemical		77.4

				Commercial Enzyme		80.4

				Crude Enzyme		82.8





Crease Recovery weft

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0



Mean (cm)

Crease Recovery weft (cm)



Crease Recovery warp

		Fabric		Samples		Mean (cm)

		A		Original		102.4

				Chemical		100.4

				Commercial Enzyme		103.6

				Crude Enzyme		109.4

		B		Original		111.8

				Chemical		91.8

				Commercial Enzyme		94.4

				Crude Enzyme		109

		C		Original		75.8

				Chemical		85.4

				Commercial Enzyme		88.8

				Crude Enzyme		89.4





Crease Recovery warp

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0



Mean (cm)

Crease Recovery warp (cm)



Fabric Elongation weft

		Fabric		Samples		Mean (cm)

		A		Original		27.1

				Chemical		28

				Commercial Enzyme		29.1

				Crude Enzyme		32.4

		B		Original		19.3

				Chemical		24.2

				Commercial Enzyme		23.3

				Crude Enzyme		27.3

		C		Original		16

				Chemical		25.3

				Commercial Enzyme		27.3

				Crude Enzyme		26.9





Fabric Elongation weft

		Original
A

		Chemical

		Commercial Enzyme

		Crude Enzyme

		Original
B

		Chemical

		Commercial Enzyme

		Crude Enzyme

		Original
C

		Chemical

		Commercial Enzyme

		Crude Enzyme



Mean (cm)

Fabric Elongation weft (cm)

27.1

28

29.1

32.4

19.3

24.2

23.3

27.3

16

25.3

27.3

26.9



Fabric Elongation warp

		Fabric		Samples		Mean (cm)

		A		Original		1.4

				Chemical		1.4

				Commercial Enzyme		2.2

				Crude Enzyme		2

		B		Original		0.7

				Chemical		1.8

				Commercial Enzyme		2.5

				Crude Enzyme		2

		C		Original		3.5

				Chemical		5.2

				Commercial Enzyme		6.4

				Crude Enzyme		6.04





Fabric Elongation warp

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0



Mean (cm)

Fabric Elongation warp (cm)



tensile  strength weft

		Fabric		Samples		Mean No. of weft / inch

		A		Original		17.6

				Conventional		13.4

				Commercial Enzyme		14.8

				Crude Enzyme		15

		B		Original		33.8

				Conventional		22.6

				Commercial Enzyme		23.4

				Crude Enzyme		25.4

		C		Original		43

				Conventional		30.8

				Commercial Enzyme		29.8

				Crude Enzyme		40





tensile  strength weft

		Original
A

		Chemical

		Commercial Enzyme

		Crude Enzyme

		Original
B

		Chemical

		Commercial Enzyme

		Crude Enzyme

		Original
C

		Chemical

		Commercial Enzyme

		Crude Enzyme



Mean No. of weft / inch

Tensile  strength weft (inch)

17.6

13.4

14.8

15

33.8

22.6

23.4

25.4

43

30.8

29.8

40



tensile  strength warp

		Fabric		Samples		Mean No. of warp / inch

		A		Original		45.6

				Chemical		36

				Commercial Enzyme		39.4

				Crude Enzyme		38

		B		Original		54.4

				Chemical		39.8

				Commercial Enzyme		40.6

				Crude Enzyme		45.4

		C		Original		16.2

				Chemical		12

				Commercial Enzyme		16

				Crude Enzyme		15





tensile  strength warp

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0



Mean No. of warp / inch

Tensile  strength warp (inch)



Fabric Thickness

		Fabric		Samples		Mean (mm)

		A		Original		0.24

				Chemical		0.3

				Commercial Enzyme		0.27

				Crude Enzyme		0.32

		B		Original		0.24

				Chemical		0.25

				Commercial Enzyme		0.23

				Crude Enzyme		0.26

		C		Original		0.25

				Chemical		0.35

				Commercial Enzyme		0.31

				Crude Enzyme		0.42





Fabric Thickness

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0



Mean (mm)

Fabric thickenss (mm)



Fabric count warp

		Fabric		Samples		Mean No. of weft / inch

		A		Original		72.8

				Chemical		73.2

				Commercial Enzyme		72

				Crude Enzyme		72

		B		Original		94.6

				Chemical		93.2

				Commercial Enzyme		92

				Crude Enzyme		93

		C		Original		82.4

				Chemical		84

				Commercial Enzyme		82

				Crude Enzyme		83





Fabric count warp

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0



Mean No. of weft / inch

Fabric Count weft (inch)



Fabric count weft

		Fabric		Samples		Mean No. of weft / inch

		A		Original		56.4

				Chemical		56.8

				Commercial Enzyme		59

				Crude Enzyme		61

		B		Original		60.8

				Chemical		58.8

				Commercial Enzyme		56

				Crude Enzyme		85

		C		Original		63.6

				Chemical		73.6

				Commercial Enzyme		70

				Crude Enzyme		60





Fabric count weft

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0



Mean No. of weft / inch

Fabric Count weft (inch)



fabric weight

		Fabric		Samples		Mean (GSM)

		A		Original		86.5

				Chemical		84.6

				Commercial Enzyme		77.9

				Crude Enzyme		81.8

		B		Original		84.4

				Chemical		80.8

				Commercial Enzyme		83.5

				Crude Enzyme		83.3

		C		Original		105.8

				Chemical		102.6

				Commercial Enzyme		88

				Crude Enzyme		91.7





fabric weight

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0



Mean (GSM)

Fabric Weight (gsm/sq.m)






_1302523519.xls
Chart9

		Original
A

		Conventional

		Commercial Enzyme

		Crude Enzyme

		Original
B

		Conventional

		Commercial Enzyme

		Crude Enzyme

		Original
C

		Conventional

		Commercial Enzyme

		Crude Enzyme



Mean (cm)

Fabric samples

Crease Recovery warp (angle)

102.4

100.4

103.6

90

111.8

91

94.4

87

75.8

85.4

88.8

85.6



fabric weight (15)

		Fabric		Samples		Mean (GSM)

		A		Original		86.5

				Chemical		84.6

				Commercial Enzyme		77.9

				Crude Enzyme		82

		B		Original		84.4

				Chemical		80.8

				Commercial Enzyme		83.5

				Crude Enzyme		82.8

		C		Original		105.8

				Chemical		102.6

				Commercial Enzyme		88

				Crude Enzyme		89.2





fabric weight (15)

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0



Mean (GSM)

Fabric Weight (gsm/sq.m)



fabric weight (16)

		Fabric		Samples		Mean (GSM)

		A		Original		86.5

				Chemical		84.6

				Commercial Enzyme		77.9

				Crude Enzyme		82

		B		Original		84.4

				Chemical		80.8

				Commercial Enzyme		83.5

				Crude Enzyme		82.8

		C		Original		105.8

				Chemical		102.6

				Commercial Enzyme		88

				Crude Enzyme		89.2





fabric weight (16)

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0



Mean (GSM)

Fabric Weight (gsm/sq.m)



fabric weight (17)

		Fabric		Samples		Mean (GSM)

		A		Original		86.5

				Chemical		84.6

				Commercial Enzyme		77.9

				Crude Enzyme		82

		B		Original		84.4

				Chemical		80.8

				Commercial Enzyme		83.5

				Crude Enzyme		82.8

		C		Original		105.8

				Chemical		102.6

				Commercial Enzyme		88

				Crude Enzyme		89.2





fabric weight (17)

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0



Mean (GSM)

Fabric Weight (gsm/sq.m)



fabric weight (18)

		Fabric		Samples		Mean (GSM)

		A		Original		86.5

				Chemical		84.6

				Commercial Enzyme		77.9

				Crude Enzyme		82

		B		Original		84.4

				Chemical		80.8

				Commercial Enzyme		83.5

				Crude Enzyme		82.8

		C		Original		105.8

				Chemical		102.6

				Commercial Enzyme		88

				Crude Enzyme		89.2





fabric weight (18)

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0



Mean (GSM)

Fabric Weight (gsm/sq.m)



fabric weight (19)

		Fabric		Samples		Mean (GSM)

		A		Original		86.5

				Chemical		84.6

				Commercial Enzyme		77.9

				Crude Enzyme		82

		B		Original		84.4

				Chemical		80.8

				Commercial Enzyme		83.5

				Crude Enzyme		82.8

		C		Original		105.8

				Chemical		102.6

				Commercial Enzyme		88

				Crude Enzyme		89.2





fabric weight (19)

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0



Mean (GSM)

Fabric Weight (gsm/sq.m)



fabric weight (20)

		Fabric		Samples		Mean (GSM)

		A		Original		86.5

				Chemical		84.6

				Commercial Enzyme		77.9

				Crude Enzyme		82

		B		Original		84.4

				Chemical		80.8

				Commercial Enzyme		83.5

				Crude Enzyme		82.8

		C		Original		105.8

				Chemical		102.6

				Commercial Enzyme		88

				Crude Enzyme		89.2





fabric weight (20)

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0



Mean (GSM)

Fabric Weight (gsm/sq.m)



fabric weight (21)

		Fabric		Samples		Mean (GSM)

		A		Original		86.5

				Chemical		84.6

				Commercial Enzyme		77.9

				Crude Enzyme		82

		B		Original		84.4

				Chemical		80.8

				Commercial Enzyme		83.5

				Crude Enzyme		82.8

		C		Original		105.8

				Chemical		102.6

				Commercial Enzyme		88

				Crude Enzyme		89.2





fabric weight (21)

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0



Mean (GSM)

Fabric Weight (gsm/sq.m)



fabric weight (22)

		Fabric		Samples		Mean (GSM)

		A		Original		86.5

				Chemical		84.6

				Commercial Enzyme		77.9

				Crude Enzyme		82

		B		Original		84.4

				Chemical		80.8

				Commercial Enzyme		83.5

				Crude Enzyme		82.8

		C		Original		105.8

				Chemical		102.6

				Commercial Enzyme		88

				Crude Enzyme		89.2





fabric weight (22)

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0



Mean (GSM)

Fabric Weight (gsm/sq.m)



fabric weight (23)

		Fabric		Samples		Mean (GSM)

		A		Original		86.5

				Chemical		84.6

				Commercial Enzyme		77.9

				Crude Enzyme		82

		B		Original		84.4

				Chemical		80.8

				Commercial Enzyme		83.5

				Crude Enzyme		82.8

		C		Original		105.8

				Chemical		102.6

				Commercial Enzyme		88

				Crude Enzyme		89.2





fabric weight (23)

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0



Mean (GSM)

Fabric Weight (gsm/sq.m)



Capillary 

		Fabric		Samples		Mean (GSM)

		A		Original		86.5								Mean warp (cm)		Mean weft (cm)

				Chemical		84.6

				Commercial Enzyme		77.9				A		Original		0.08		0.48

				Crude Enzyme		82						Chemical		1.62		1.68

		B		Original		84.4						Commercial Enzyme		1.6		1.64

				Chemical		80.8						Crude Enzyme		1.63		1.68

				Commercial Enzyme		83.5				B		Original		0.42		0.4

				Crude Enzyme		82.8						Chemical		1.78		2.2

		C		Original		105.8						Commercial Enzyme		1.14		1.4

				Chemical		102.6						Crude Enzyme		2.72		1.5

				Commercial Enzyme		88				C		Original		1.34		1.1

				Crude Enzyme		89.2						Chemical		1.74		1.86

												Commercial Enzyme		1.72		1.78

												Crude Enzyme		1.24		4.24





Capillary 

		0		0		0

		0		0		0

		0		0		0

		0		0		0

		0		0		0

		0		0		0

		0		0		0

		0		0		0

		0		0		0

		0		0		0

		0		0		0

		0		0		0



Mean (GSM) 86.5 84.6

Mean (GSM) Mean warp (cm)  84.6

Mean (GSM) Mean weft (cm) 84.6

Mean raise (cm)



Sinking Time Test

		Fabric		Samples		Mean (GSM)

		A		Original		3871

				Chemical		59

				Commercial Enzyme		75.6

				Crude Enzyme		23.4

		B		Original		3486

				Chemical		39

				Commercial Enzyme		36.8

				Crude Enzyme		24.78

		C		Original		3442

				Chemical		94

				Commercial Enzyme		53.4

				Crude Enzyme		21.8





Sinking Time Test

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0



Mean (GSM)

Sinking absorbency (sec)



Drop Test

		Fabric		Samples		Mean (GSM)

		A		Original		1158.72

				Chemical		80.4

				Commercial Enzyme		60

				Crude Enzyme		60

		B		Original		397

				Chemical		265

				Commercial Enzyme		129.6

				Crude Enzyme		120

		C		Original		91.2

				Chemical		78

				Commercial Enzyme		28

				Crude Enzyme		24





Drop Test

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0



Mean (GSM)

Mean absorbency (sec)



Drapability

		Fabric		Samples		Mean (GSM)

		A		Original		0.54

				Chemical		1.17

				Commercial Enzyme		1.1

				Crude Enzyme		1.18

		B		Original		0.78

				Chemical		0.97

				Commercial Enzyme		1.05

				Crude Enzyme		1.02

		C		Original		0.79

				Chemical		1.26

				Commercial Enzyme		1.34

				Crude Enzyme		1.41





Drapability

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0



Mean (GSM)

Drapability (%)



Stiffness weft

		Fabric		Samples		Mean (GSM)

		A		Original		2.5

				Chemical		2.2

				Commercial Enzyme		1.9

				Crude Enzyme		2.31

		B		Original		2.61

				Chemical		2.41

				Commercial Enzyme		2.3

				Crude Enzyme		2.3

		C		Original		3.1

				Chemical		2.6

				Commercial Enzyme		2.37

				Crude Enzyme		2.41





Stiffness weft

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0



Mean (GSM)

Stiffness weft (cm)



Stiffness warp

		Fabric		Samples		Mean (cm)

		A		Original		3.6

				Chemical		2.6

				Commercial Enzyme		2

				Crude Enzyme		2.3

		B		Original		3.3

				Chemical		2.3

				Commercial Enzyme		2.5

				Crude Enzyme		2.4

		C		Original		2.3

				Chemical		1.7

				Commercial Enzyme		1.8

				Crude Enzyme		1.7





Stiffness warp

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0



Mean (cm)

Stiffness warp (cm)



Crease Recovery weft

		Fabric		Samples		Mean (cm)

		A		Original		66.6

				Chemical		93.4

				Commercial Enzyme		86.6

				Crude Enzyme		88.8

		B		Original		110.8

				Chemical		99

				Commercial Enzyme		91.2

				Crude Enzyme		87.6

		C		Original		70.2

				Chemical		77.4

				Commercial Enzyme		80.4

				Crude Enzyme		82.8





Crease Recovery weft

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0



Mean (cm)

Crease Recovery weft (cm)



Crease Recovery warp

		Fabric		Samples		Mean (cm)

		A		Original		102.4

				Conventional		100.4

				Commercial Enzyme		103.6

				Crude Enzyme		90

		B		Original		111.8

				Conventional		91

				Commercial Enzyme		94.4

				Crude Enzyme		87

		C		Original		75.8

				Conventional		85.4

				Commercial Enzyme		88.8

				Crude Enzyme		85.6





Crease Recovery warp

		



Mean (cm)

Crease Recovery warp (cm)



Fabric Elongation weft

		Fabric		Samples		Mean (cm)

		A		Original		27.1

				Chemical		28

				Commercial Enzyme		29.1

				Crude Enzyme		29.3

		B		Original		19.3

				Chemical		24.2

				Commercial Enzyme		23.3

				Crude Enzyme		29.5

		C		Original		16

				Chemical		25.3

				Commercial Enzyme		27.3

				Crude Enzyme		21.8





Fabric Elongation weft

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0



Mean (cm)

Fabric Elongation weft (cm)



Fabric Elongation warp

		Fabric		Samples		Mean (cm)

		A		Original		13.8

				Chemical		14

				Commercial Enzyme		21.5

				Crude Enzyme		15

		B		Original		17

				Chemical		18.2

				Commercial Enzyme		24.9

				Crude Enzyme		20

		C		Original		35.3

				Chemical		50.2

				Commercial Enzyme		63.6

				Crude Enzyme		40.5





Fabric Elongation warp

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0



Mean (cm)

Fabric Elongation warp (cm)



tensile  strength weft

		Fabric		Samples		Mean No. of weft / inch

		A		Original		17.6

				Chemical		13.4

				Commercial Enzyme		14.8

				Crude Enzyme		15

		B		Original		33.8

				Chemical		22.6

				Commercial Enzyme		23.4

				Crude Enzyme		25.4

		C		Original		43

				Chemical		30.8

				Commercial Enzyme		29.8

				Crude Enzyme		40





tensile  strength weft

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0



Mean No. of weft / inch

Tensile  strength weft (inch)



tensile  strength warp

		Fabric		Samples		Mean No. of warp / inch

		A		Original		45.6

				Chemical		36

				Commercial Enzyme		39.4

				Crude Enzyme		38

		B		Original		54.4

				Chemical		39.8

				Commercial Enzyme		40.6

				Crude Enzyme		45.4

		C		Original		16.2

				Chemical		12

				Commercial Enzyme		16

				Crude Enzyme		15





tensile  strength warp

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0



Mean No. of warp / inch

Tensile  strength warp (inch)



Fabric Thickness

		Fabric		Samples		Mean (mm)

		A		Original		0.24

				Chemical		0.3

				Commercial Enzyme		0.27

				Crude Enzyme		0.32

		B		Original		0.24

				Chemical		0.25

				Commercial Enzyme		0.23

				Crude Enzyme		0.26

		C		Original		0.25

				Chemical		0.35

				Commercial Enzyme		0.31

				Crude Enzyme		0.42





Fabric Thickness

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0



Mean (mm)

Fabric thickenss (mm)



Fabric count warp

		Fabric		Samples		Mean No. of weft / inch

		A		Original		72.8

				Chemical		73.2

				Commercial Enzyme		72

				Crude Enzyme		72

		B		Original		94.6

				Chemical		93.2

				Commercial Enzyme		92

				Crude Enzyme		93

		C		Original		82.4

				Chemical		84

				Commercial Enzyme		82

				Crude Enzyme		83





Fabric count warp

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0



Mean No. of weft / inch

Fabric Count weft (inch)



Fabric count weft

		Fabric		Samples		Mean No. of weft / inch

		A		Original		56.4

				Chemical		56.8

				Commercial Enzyme		59

				Crude Enzyme		61

		B		Original		60.8

				Chemical		58.8

				Commercial Enzyme		56

				Crude Enzyme		85

		C		Original		63.6

				Chemical		73.6

				Commercial Enzyme		70

				Crude Enzyme		60





Fabric count weft

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0



Mean No. of weft / inch

Fabric Count weft (inch)



fabric weight

		Fabric		Samples		Mean (GSM)

		A		Original		86.5

				Chemical		84.6

				Commercial Enzyme		77.9

				Crude Enzyme		81.8

		B		Original		84.4

				Chemical		80.8

				Commercial Enzyme		83.5

				Crude Enzyme		83.3

		C		Original		105.8

				Chemical		102.6

				Commercial Enzyme		88

				Crude Enzyme		91.7





fabric weight

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0



Mean (GSM)

Fabric Weight (gsm/sq.m)
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		Original
A

		Chemical

		Commercial Enzyme

		Crude Enzyme

		Original
B

		Chemical

		Commercial Enzyme

		Crude Enzyme

		Original
C

		Chemical

		Commercial Enzyme

		Crude Enzyme



Mean (cm)

Fabric samples

Fabric Stiffness warp (cm)

3.6

2.6

2

2.3

3.3

2.3

2.5

2.4

2.3

1.7

1.8
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fabric weight (15)

		Fabric		Samples		Mean (GSM)

		A		Original		86.5

				Chemical		84.6

				Commercial Enzyme		77.9

				Crude Enzyme		82

		B		Original		84.4

				Chemical		80.8

				Commercial Enzyme		83.5

				Crude Enzyme		82.8

		C		Original		105.8

				Chemical		102.6

				Commercial Enzyme		88

				Crude Enzyme		89.2





fabric weight (15)

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0



Mean (GSM)

Fabric Weight (gsm/sq.m)



fabric weight (16)

		Fabric		Samples		Mean (GSM)

		A		Original		86.5

				Chemical		84.6

				Commercial Enzyme		77.9

				Crude Enzyme		82

		B		Original		84.4

				Chemical		80.8

				Commercial Enzyme		83.5

				Crude Enzyme		82.8

		C		Original		105.8

				Chemical		102.6

				Commercial Enzyme		88

				Crude Enzyme		89.2





fabric weight (16)

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0



Mean (GSM)

Fabric Weight (gsm/sq.m)



fabric weight (17)

		Fabric		Samples		Mean (GSM)

		A		Original		86.5

				Chemical		84.6

				Commercial Enzyme		77.9

				Crude Enzyme		82

		B		Original		84.4

				Chemical		80.8

				Commercial Enzyme		83.5

				Crude Enzyme		82.8

		C		Original		105.8

				Chemical		102.6

				Commercial Enzyme		88

				Crude Enzyme		89.2





fabric weight (17)

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0



Mean (GSM)

Fabric Weight (gsm/sq.m)



fabric weight (18)

		Fabric		Samples		Mean (GSM)

		A		Original		86.5

				Chemical		84.6

				Commercial Enzyme		77.9

				Crude Enzyme		82

		B		Original		84.4

				Chemical		80.8

				Commercial Enzyme		83.5

				Crude Enzyme		82.8

		C		Original		105.8

				Chemical		102.6

				Commercial Enzyme		88

				Crude Enzyme		89.2





fabric weight (18)

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0



Mean (GSM)

Fabric Weight (gsm/sq.m)



fabric weight (19)

		Fabric		Samples		Mean (GSM)

		A		Original		86.5

				Chemical		84.6

				Commercial Enzyme		77.9

				Crude Enzyme		82

		B		Original		84.4

				Chemical		80.8

				Commercial Enzyme		83.5

				Crude Enzyme		82.8

		C		Original		105.8

				Chemical		102.6

				Commercial Enzyme		88

				Crude Enzyme		89.2





fabric weight (19)

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0



Mean (GSM)

Fabric Weight (gsm/sq.m)



fabric weight (20)

		Fabric		Samples		Mean (GSM)

		A		Original		86.5

				Chemical		84.6

				Commercial Enzyme		77.9

				Crude Enzyme		82

		B		Original		84.4

				Chemical		80.8

				Commercial Enzyme		83.5

				Crude Enzyme		82.8

		C		Original		105.8

				Chemical		102.6

				Commercial Enzyme		88

				Crude Enzyme		89.2





fabric weight (20)

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0



Mean (GSM)

Fabric Weight (gsm/sq.m)



fabric weight (21)

		Fabric		Samples		Mean (GSM)

		A		Original		86.5

				Chemical		84.6

				Commercial Enzyme		77.9

				Crude Enzyme		82

		B		Original		84.4

				Chemical		80.8

				Commercial Enzyme		83.5

				Crude Enzyme		82.8

		C		Original		105.8

				Chemical		102.6

				Commercial Enzyme		88

				Crude Enzyme		89.2





fabric weight (21)

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0



Mean (GSM)

Fabric Weight (gsm/sq.m)



fabric weight (22)

		Fabric		Samples		Mean (GSM)

		A		Original		86.5

				Chemical		84.6

				Commercial Enzyme		77.9

				Crude Enzyme		82

		B		Original		84.4

				Chemical		80.8

				Commercial Enzyme		83.5

				Crude Enzyme		82.8

		C		Original		105.8

				Chemical		102.6

				Commercial Enzyme		88

				Crude Enzyme		89.2





fabric weight (22)

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0



Mean (GSM)

Fabric Weight (gsm/sq.m)



fabric weight (23)

		Fabric		Samples		Mean (GSM)

		A		Original		86.5

				Chemical		84.6

				Commercial Enzyme		77.9

				Crude Enzyme		82

		B		Original		84.4

				Chemical		80.8

				Commercial Enzyme		83.5

				Crude Enzyme		82.8

		C		Original		105.8

				Chemical		102.6

				Commercial Enzyme		88

				Crude Enzyme		89.2





fabric weight (23)

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0



Mean (GSM)

Fabric Weight (gsm/sq.m)



Capillary 

		Fabric		Samples		Mean (GSM)

		A		Original		86.5								Mean warp (cm)		Mean weft (cm)

				Chemical		84.6

				Commercial Enzyme		77.9				A		Original		0.08		0.48

				Crude Enzyme		82						Chemical		1.62		1.68

		B		Original		84.4						Commercial Enzyme		1.6		1.64

				Chemical		80.8						Crude Enzyme		1.63		1.68

				Commercial Enzyme		83.5				B		Original		0.42		0.4

				Crude Enzyme		82.8						Chemical		1.78		2.2

		C		Original		105.8						Commercial Enzyme		1.14		1.4

				Chemical		102.6						Crude Enzyme		2.72		1.5

				Commercial Enzyme		88				C		Original		1.34		1.1

				Crude Enzyme		89.2						Chemical		1.74		1.86

												Commercial Enzyme		1.72		1.78

												Crude Enzyme		1.24		4.24





Capillary 

		0		0		0

		0		0		0

		0		0		0

		0		0		0

		0		0		0

		0		0		0

		0		0		0

		0		0		0

		0		0		0

		0		0		0

		0		0		0

		0		0		0



Mean (GSM) 86.5 84.6

Mean (GSM) Mean warp (cm)  84.6

Mean (GSM) Mean weft (cm) 84.6

Mean raise (cm)



Sinking Time Test

		Fabric		Samples		Mean (GSM)

		A		Original		3871

				Chemical		59

				Commercial Enzyme		75.6

				Crude Enzyme		23.4

		B		Original		3486

				Chemical		39

				Commercial Enzyme		36.8

				Crude Enzyme		24.78

		C		Original		3442

				Chemical		94

				Commercial Enzyme		53.4

				Crude Enzyme		21.8





Sinking Time Test

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0



Mean (GSM)

Sinking absorbency (sec)



Drop Test

		Fabric		Samples		Mean (GSM)

		A		Original		1158.72

				Chemical		80.4

				Commercial Enzyme		60

				Crude Enzyme		60

		B		Original		397

				Chemical		265

				Commercial Enzyme		129.6

				Crude Enzyme		120

		C		Original		91.2

				Chemical		78

				Commercial Enzyme		28

				Crude Enzyme		24





Drop Test

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0



Mean (GSM)

Mean absorbency (sec)



Drapability

		Fabric		Samples		Mean (GSM)

		A		Original		0.54

				Chemical		1.17

				Commercial Enzyme		1.1

				Crude Enzyme		1.18

		B		Original		0.78

				Chemical		0.97

				Commercial Enzyme		1.05

				Crude Enzyme		1.02

		C		Original		0.79

				Chemical		1.26

				Commercial Enzyme		1.34

				Crude Enzyme		1.41





Drapability

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0



Mean (GSM)

Drapability (%)



Stiffness weft

		Fabric		Samples		Mean (GSM)

		A		Original		2.5

				Conventional		2.2

				Commercial Enzyme		1.9

				Crude Enzyme		2.31

		B		Original		2.61

				Conventional		2.41

				Commercial Enzyme		2.3

				Crude Enzyme		2.3

		C		Original		3.1

				Conventional		2.6

				Commercial Enzyme		2.37

				Crude Enzyme		2.41





Stiffness weft

		Original
A

		Chemical

		Commercial Enzyme

		Crude Enzyme

		Original
B

		Chemical

		Commercial Enzyme

		Crude Enzyme

		Original
C

		Chemical

		Commercial Enzyme

		Crude Enzyme



Mean (GSM)

Stiffness weft (cm)



Stiffness warp

		Fabric		Samples		Mean (cm)

		A		Original		3.6

				Chemical		2.6

				Commercial Enzyme		2

				Crude Enzyme		2.3

		B		Original		3.3

				Chemical		2.3

				Commercial Enzyme		2.5

				Crude Enzyme		2.4

		C		Original		2.3

				Chemical		1.7

				Commercial Enzyme		1.8

				Crude Enzyme		1.7





Stiffness warp

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0



Mean (cm)

Stiffness warp (cm)



Crease Recovery weft

		Fabric		Samples		Mean (cm)

		A		Original		66.6

				Chemical		93.4

				Commercial Enzyme		86.6

				Crude Enzyme		89.2

		B		Original		110.8

				Chemical		99

				Commercial Enzyme		91.2

				Crude Enzyme		90

		C		Original		70.2

				Chemical		77.4

				Commercial Enzyme		80.4

				Crude Enzyme		90.4





Crease Recovery weft

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0



Mean (cm)

Crease Recovery weft (cm)



Crease Recovery warp

		Fabric		Samples		Mean (cm)

		A		Original		102.4

				Chemical		100.4

				Commercial Enzyme		103.6

				Crude Enzyme		90

		B		Original		111.8

				Chemical		91

				Commercial Enzyme		94.4

				Crude Enzyme		87

		C		Original		75.8

				Chemical		85.4

				Commercial Enzyme		88.8

				Crude Enzyme		85.6





Crease Recovery warp

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0



Mean (cm)

Crease Recovery warp (cm)



Fabric Elongation weft

		Fabric		Samples		Mean (cm)

		A		Original		27.1

				Chemical		28

				Commercial Enzyme		29.1

				Crude Enzyme		29.3

		B		Original		19.3

				Chemical		24.2

				Commercial Enzyme		23.3

				Crude Enzyme		29.5

		C		Original		16

				Chemical		25.3

				Commercial Enzyme		27.3

				Crude Enzyme		21.8





Fabric Elongation weft

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0



Mean (cm)

Fabric Elongation weft (cm)



Fabric Elongation warp

		Fabric		Samples		Mean (cm)

		A		Original		13.8

				Chemical		14

				Commercial Enzyme		21.5

				Crude Enzyme		15

		B		Original		17

				Chemical		18.2

				Commercial Enzyme		24.9

				Crude Enzyme		20

		C		Original		35.3

				Chemical		50.2

				Commercial Enzyme		63.6

				Crude Enzyme		40.5





Fabric Elongation warp

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0



Mean (cm)

Fabric Elongation warp (cm)



tensile  strength weft

		Fabric		Samples		Mean No. of weft / inch

		A		Original		17.6

				Chemical		13.4

				Commercial Enzyme		14.8

				Crude Enzyme		15

		B		Original		33.8

				Chemical		22.6

				Commercial Enzyme		23.4

				Crude Enzyme		25.4

		C		Original		43

				Chemical		30.8

				Commercial Enzyme		29.8

				Crude Enzyme		40





tensile  strength weft

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0



Mean No. of weft / inch

Tensile  strength weft (inch)



tensile  strength warp

		Fabric		Samples		Mean No. of warp / inch

		A		Original		45.6

				Chemical		36

				Commercial Enzyme		39.4

				Crude Enzyme		38

		B		Original		54.4

				Chemical		39.8

				Commercial Enzyme		40.6

				Crude Enzyme		45.4

		C		Original		16.2

				Chemical		12

				Commercial Enzyme		16

				Crude Enzyme		15





tensile  strength warp

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0



Mean No. of warp / inch

Tensile  strength warp (inch)



Fabric Thickness

		Fabric		Samples		Mean (mm)

		A		Original		0.24

				Chemical		0.3

				Commercial Enzyme		0.27

				Crude Enzyme		0.32

		B		Original		0.24

				Chemical		0.25

				Commercial Enzyme		0.23

				Crude Enzyme		0.26

		C		Original		0.25

				Chemical		0.35

				Commercial Enzyme		0.31

				Crude Enzyme		0.42





Fabric Thickness

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0



Mean (mm)

Fabric thickenss (mm)



Fabric count warp

		Fabric		Samples		Mean No. of weft / inch

		A		Original		72.8

				Chemical		73.2

				Commercial Enzyme		72

				Crude Enzyme		72

		B		Original		94.6

				Chemical		93.2

				Commercial Enzyme		92

				Crude Enzyme		93

		C		Original		82.4

				Chemical		84

				Commercial Enzyme		82

				Crude Enzyme		83





Fabric count warp

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0



Mean No. of weft / inch

Fabric Count weft (inch)



Fabric count weft

		Fabric		Samples		Mean No. of weft / inch

		A		Original		56.4

				Chemical		56.8

				Commercial Enzyme		59

				Crude Enzyme		61

		B		Original		60.8

				Chemical		58.8

				Commercial Enzyme		56

				Crude Enzyme		85

		C		Original		63.6

				Chemical		73.6

				Commercial Enzyme		70

				Crude Enzyme		60





Fabric count weft

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0



Mean No. of weft / inch

Fabric Count weft (inch)



fabric weight

		Fabric		Samples		Mean (GSM)

		A		Original		86.5

				Chemical		84.6

				Commercial Enzyme		77.9

				Crude Enzyme		81.8

		B		Original		84.4

				Chemical		80.8

				Commercial Enzyme		83.5

				Crude Enzyme		83.3

		C		Original		105.8

				Chemical		102.6

				Commercial Enzyme		88

				Crude Enzyme		91.7





fabric weight

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0



Mean (GSM)

Fabric Weight (gsm/sq.m)
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		Original
B		Original
B		Original
B

		Chemical		Chemical		Chemical

		Commercial Enzyme		Commercial Enzyme		Commercial Enzyme

		Crude Enzyme		Crude Enzyme		Crude Enzyme

		Original
C		Original
C		Original
C

		Chemical		Chemical		Chemical

		Commercial Enzyme		Commercial Enzyme		Commercial Enzyme

		Crude Enzyme		Crude Enzyme		Crude Enzyme



Mean (GSM) 86.5 84.6

Mean (GSM) Mean warp (cm)  84.6

Mean (GSM) Mean weft (cm) 84.6

Fabric samples

Mean raise (cm)

0

0.08

0.5

0

1.62

1.7

0

1.6

1.6

0

2.08

2.4

0

0.42

0.4

0

1.78

2.2

0

1.14

1.4

0

2.28

1.5

0

1.34

1.1

0

1.74

1.9

0

1.72

1.8

0

1.96

3.8



fabric weight (15)

		Fabric		Samples		Mean (GSM)

		A		Original		86.5

				Chemical		84.6

				Commercial Enzyme		77.9

				Crude Enzyme		82

		B		Original		84.4

				Chemical		80.8

				Commercial Enzyme		83.5

				Crude Enzyme		82.8

		C		Original		105.8

				Chemical		102.6

				Commercial Enzyme		88

				Crude Enzyme		89.2





fabric weight (15)

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0



Mean (GSM)

Fabric Weight (gsm/sq.m)



fabric weight (16)

		Fabric		Samples		Mean (GSM)

		A		Original		86.5

				Chemical		84.6

				Commercial Enzyme		77.9

				Crude Enzyme		82

		B		Original		84.4

				Chemical		80.8

				Commercial Enzyme		83.5

				Crude Enzyme		82.8

		C		Original		105.8

				Chemical		102.6

				Commercial Enzyme		88

				Crude Enzyme		89.2





fabric weight (16)

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0



Mean (GSM)

Fabric Weight (gsm/sq.m)



fabric weight (17)

		Fabric		Samples		Mean (GSM)

		A		Original		86.5

				Chemical		84.6

				Commercial Enzyme		77.9

				Crude Enzyme		82

		B		Original		84.4

				Chemical		80.8

				Commercial Enzyme		83.5

				Crude Enzyme		82.8

		C		Original		105.8

				Chemical		102.6

				Commercial Enzyme		88

				Crude Enzyme		89.2





fabric weight (17)

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0



Mean (GSM)

Fabric Weight (gsm/sq.m)



fabric weight (18)

		Fabric		Samples		Mean (GSM)

		A		Original		86.5

				Chemical		84.6

				Commercial Enzyme		77.9

				Crude Enzyme		82

		B		Original		84.4

				Chemical		80.8

				Commercial Enzyme		83.5

				Crude Enzyme		82.8

		C		Original		105.8

				Chemical		102.6

				Commercial Enzyme		88

				Crude Enzyme		89.2





fabric weight (18)

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0



Mean (GSM)

Fabric Weight (gsm/sq.m)



fabric weight (19)

		Fabric		Samples		Mean (GSM)

		A		Original		86.5

				Chemical		84.6

				Commercial Enzyme		77.9

				Crude Enzyme		82

		B		Original		84.4

				Chemical		80.8

				Commercial Enzyme		83.5

				Crude Enzyme		82.8

		C		Original		105.8

				Chemical		102.6

				Commercial Enzyme		88

				Crude Enzyme		89.2





fabric weight (19)

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0



Mean (GSM)

Fabric Weight (gsm/sq.m)



fabric weight (20)

		Fabric		Samples		Mean (GSM)

		A		Original		86.5

				Chemical		84.6

				Commercial Enzyme		77.9

				Crude Enzyme		82

		B		Original		84.4

				Chemical		80.8

				Commercial Enzyme		83.5

				Crude Enzyme		82.8

		C		Original		105.8

				Chemical		102.6

				Commercial Enzyme		88

				Crude Enzyme		89.2





fabric weight (20)

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0



Mean (GSM)

Fabric Weight (gsm/sq.m)



fabric weight (21)

		Fabric		Samples		Mean (GSM)

		A		Original		86.5

				Chemical		84.6

				Commercial Enzyme		77.9

				Crude Enzyme		82

		B		Original		84.4

				Chemical		80.8

				Commercial Enzyme		83.5

				Crude Enzyme		82.8

		C		Original		105.8

				Chemical		102.6

				Commercial Enzyme		88

				Crude Enzyme		89.2





fabric weight (21)

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0



Mean (GSM)

Fabric Weight (gsm/sq.m)



fabric weight (22)

		Fabric		Samples		Mean (GSM)

		A		Original		86.5

				Chemical		84.6

				Commercial Enzyme		77.9

				Crude Enzyme		82

		B		Original		84.4

				Chemical		80.8

				Commercial Enzyme		83.5

				Crude Enzyme		82.8

		C		Original		105.8

				Chemical		102.6

				Commercial Enzyme		88

				Crude Enzyme		89.2





fabric weight (22)

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0



Mean (GSM)

Fabric Weight (gsm/sq.m)



fabric weight (23)

		Fabric		Samples		Mean (GSM)

		A		Original		86.5

				Chemical		84.6

				Commercial Enzyme		77.9

				Crude Enzyme		82

		B		Original		84.4

				Chemical		80.8

				Commercial Enzyme		83.5

				Crude Enzyme		82.8

		C		Original		105.8

				Chemical		102.6

				Commercial Enzyme		88

				Crude Enzyme		89.2





fabric weight (23)

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0



Mean (GSM)

Fabric Weight (gsm/sq.m)



Capillary 

		Fabric		Samples		Mean (GSM)

		A		Original		86.5								Mean warp (cm)		Mean weft (cm)

				Chemical		84.6

				Commercial Enzyme		77.9				A		Original		0.08		0.5

				Crude Enzyme		82						Chemical		1.62		1.7

		B		Original		84.4						Commercial Enzyme		1.6		1.6

				Chemical		80.8						Crude Enzyme		2.08		2.4

				Commercial Enzyme		83.5				B		Original		0.42		0.4

				Crude Enzyme		82.8						Chemical		1.78		2.2

		C		Original		105.8						Commercial Enzyme		1.14		1.4

				Chemical		102.6						Crude Enzyme		2.28		1.5

				Commercial Enzyme		88				C		Original		1.34		1.1

				Crude Enzyme		89.2						Chemical		1.74		1.9

												Commercial Enzyme		1.72		1.8

												Crude Enzyme		1.96		3.8





Capillary 

		0		0		0

		0		0		0

		0		0		0

		0		0		0

		0		0		0

		0		0		0

		0		0		0

		0		0		0

		0		0		0

		0		0		0

		0		0		0

		0		0		0



Mean (GSM) 86.5 84.6

Mean (GSM) Mean warp (cm)  84.6

Mean (GSM) Mean weft (cm) 84.6

Mean raise (cm)



Sinking Time Test

		Fabric		Samples		Mean (GSM)

		A		Original		3871

				Chemical		59

				Commercial Enzyme		75.6

				Crude Enzyme		36

		B		Original		3486

				Chemical		39

				Commercial Enzyme		36.8

				Crude Enzyme		29.4

		C		Original		3442

				Chemical		94

				Commercial Enzyme		53.4

				Crude Enzyme		33.2





Sinking Time Test

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0



Mean (GSM)

Sinking absorbency (sec)



Drop Test

		Fabric		Samples		Mean (GSM)

		A		Original		1158.72

				Chemical		80.4

				Commercial Enzyme		60

				Crude Enzyme		3.2

		B		Original		397

				Chemical		265

				Commercial Enzyme		120

				Crude Enzyme		4.72

		C		Original		91.2

				Chemical		78

				Commercial Enzyme		28

				Crude Enzyme		24





Drop Test

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0



Mean (GSM)

Mean absorbency (sec)



Drapability

		Fabric		Samples		Mean (GSM)

		A		Original		0.54

				Chemical		1.17

				Commercial Enzyme		1.1

				Crude Enzyme		1.19

		B		Original		0.78

				Chemical		0.97

				Commercial Enzyme		1.05

				Crude Enzyme		1.02

		C		Original		0.79

				Chemical		1.26

				Commercial Enzyme		1.34

				Crude Enzyme		1.41





Drapability

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0



Mean (GSM)

Drapability (%)



Stiffness weft

		Fabric		Samples		Mean (GSM)

		A		Original		2.5

				Chemical		2.2

				Commercial Enzyme		1.9

				Crude Enzyme		2.2

		B		Original		2.6

				Chemical		2.4

				Commercial Enzyme		2.3

				Crude Enzyme		2.2

		C		Original		3.1

				Chemical		2.6

				Commercial Enzyme		2.3

				Crude Enzyme		2.3





Stiffness weft

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0



Mean (GSM)

Stiffness weft (cm)



Stiffness warp

		Fabric		Samples		Mean (cm)

		A		Original		3.6

				Chemical		2.6

				Commercial Enzyme		2

				Crude Enzyme		2.3

		B		Original		3.3

				Chemical		2.3

				Commercial Enzyme		2.5

				Crude Enzyme		2.4

		C		Original		2.3

				Chemical		1.7

				Commercial Enzyme		1.8

				Crude Enzyme		1.7





Stiffness warp

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0



Mean (cm)

Stiffness warp (cm)



Crease Recovery weft

		Fabric		Samples		Mean (cm)

		A		Original		66.6

				Chemical		93.4

				Commercial Enzyme		86.6

				Crude Enzyme		89.2

		B		Original		110.8

				Chemical		99

				Commercial Enzyme		91.2

				Crude Enzyme		90

		C		Original		70.2

				Chemical		77.4

				Commercial Enzyme		80.4

				Crude Enzyme		90.4





Crease Recovery weft

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0



Mean (cm)

Crease Recovery weft (cm)



Crease Recovery warp

		Fabric		Samples		Mean (cm)

		A		Original		102.4

				Chemical		100.4

				Commercial Enzyme		103.6

				Crude Enzyme		90

		B		Original		111.8

				Chemical		91

				Commercial Enzyme		94.4

				Crude Enzyme		87

		C		Original		75.8

				Chemical		85.4

				Commercial Enzyme		88.8

				Crude Enzyme		85.6





Crease Recovery warp

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0



Mean (cm)

Crease Recovery warp (cm)



Fabric Elongation weft

		Fabric		Samples		Mean (cm)

		A		Original		27.1

				Chemical		28

				Commercial Enzyme		29.1

				Crude Enzyme		29.3

		B		Original		19.3

				Chemical		24.2

				Commercial Enzyme		23.3

				Crude Enzyme		29.5

		C		Original		16

				Chemical		25.3

				Commercial Enzyme		27.3

				Crude Enzyme		21.8





Fabric Elongation weft

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0



Mean (cm)

Fabric Elongation weft (cm)



Fabric Elongation warp

		Fabric		Samples		Mean (cm)

		A		Original		13.8

				Chemical		14

				Commercial Enzyme		21.5

				Crude Enzyme		15

		B		Original		17

				Chemical		18.2

				Commercial Enzyme		24.9

				Crude Enzyme		20

		C		Original		35.3

				Chemical		50.2

				Commercial Enzyme		63.6

				Crude Enzyme		40.5





Fabric Elongation warp

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0



Mean (cm)

Fabric Elongation warp (cm)



tensile  strength weft

		Fabric		Samples		Mean No. of weft / inch

		A		Original		17.6

				Chemical		13.4

				Commercial Enzyme		14.8

				Crude Enzyme		15

		B		Original		33.8

				Chemical		22.6

				Commercial Enzyme		23.4

				Crude Enzyme		25.4

		C		Original		43

				Chemical		30.8

				Commercial Enzyme		29.8

				Crude Enzyme		40





tensile  strength weft

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0



Mean No. of weft / inch

Tensile  strength weft (inch)



tensile  strength warp

		Fabric		Samples		Mean No. of warp / inch

		A		Original		45.6

				Chemical		36

				Commercial Enzyme		39.4

				Crude Enzyme		38

		B		Original		54.4

				Chemical		39.8

				Commercial Enzyme		40.6

				Crude Enzyme		45.4

		C		Original		16.2

				Chemical		12

				Commercial Enzyme		16

				Crude Enzyme		15





tensile  strength warp

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0



Mean No. of warp / inch

Tensile  strength warp (inch)



Fabric Thickness

		Fabric		Samples		Mean (mm)

		A		Original		0.24

				Chemical		0.3

				Commercial Enzyme		0.27

				Crude Enzyme		0.32

		B		Original		0.24

				Chemical		0.25

				Commercial Enzyme		0.23

				Crude Enzyme		0.26

		C		Original		0.25

				Chemical		0.35

				Commercial Enzyme		0.31

				Crude Enzyme		0.42





Fabric Thickness

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0



Mean (mm)

Fabric thickenss (mm)



Fabric count warp

		Fabric		Samples		Mean No. of weft / inch

		A		Original		72.8

				Chemical		73.2

				Commercial Enzyme		72

				Crude Enzyme		72

		B		Original		94.6

				Chemical		93.2

				Commercial Enzyme		92

				Crude Enzyme		93

		C		Original		82.4

				Chemical		84

				Commercial Enzyme		82

				Crude Enzyme		83





Fabric count warp

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0



Mean No. of weft / inch

Fabric Count weft (inch)



Fabric count weft

		Fabric		Samples		Mean No. of weft / inch

		A		Original		56.4

				Chemical		56.8

				Commercial Enzyme		59

				Crude Enzyme		61

		B		Original		60.8

				Chemical		58.8

				Commercial Enzyme		56

				Crude Enzyme		85

		C		Original		63.6

				Chemical		73.6

				Commercial Enzyme		70

				Crude Enzyme		60





Fabric count weft

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0



Mean No. of weft / inch

Fabric Count weft (inch)



fabric weight

		Fabric		Samples		Mean (GSM)

		A		Original		86.5

				Chemical		84.6

				Commercial Enzyme		77.9

				Crude Enzyme		81.8

		B		Original		84.4

				Chemical		80.8

				Commercial Enzyme		83.5

				Crude Enzyme		83.3

		C		Original		105.8

				Chemical		102.6

				Commercial Enzyme		88

				Crude Enzyme		91.7





fabric weight

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0



Mean (GSM)

Fabric Weight (gsm/sq.m)
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Chart1

		Original
A

		Chemical

		Commercial Enzyme

		Crude Enzyme

		Original
B

		Chemical

		Commercial Enzyme

		Crude Enzyme

		Original
C

		Chemical

		Commercial Enzyme

		Crude Enzyme



Mean No. of weft / inch

Fabric samples

Fabric weight (GSM)

86.5

84.6

77.9

81.8

84.4

80.8

83.5

83.3

105.8

102.6

88

91.7



fabric weight (15)

		Fabric		Samples		Mean (GSM)

		A		Original		86.5

				Chemical		84.6

				Commercial Enzyme		77.9

				Crude Enzyme		82

		B		Original		84.4

				Chemical		80.8

				Commercial Enzyme		83.5

				Crude Enzyme		82.8

		C		Original		105.8

				Chemical		102.6

				Commercial Enzyme		88

				Crude Enzyme		89.2





fabric weight (15)

		Original
A

		Chemical

		Commercial Enzyme

		Crude Enzyme

		Original
B

		Chemical

		Commercial Enzyme

		Crude Enzyme

		Original
C

		Chemical

		Commercial Enzyme

		Crude Enzyme



Mean (GSM)

Fabric Weight (gsm/sq.m)

86.5

84.6

77.9

82

84.4

80.8

83.5

82.8

105.8

102.6

88

89.2



fabric weight (16)

		Fabric		Samples		Mean (GSM)

		A		Original		86.5

				Chemical		84.6

				Commercial Enzyme		77.9

				Crude Enzyme		82

		B		Original		84.4

				Chemical		80.8

				Commercial Enzyme		83.5

				Crude Enzyme		82.8

		C		Original		105.8

				Chemical		102.6

				Commercial Enzyme		88

				Crude Enzyme		89.2





fabric weight (16)

		Original
A

		Chemical

		Commercial Enzyme

		Crude Enzyme

		Original
B

		Chemical

		Commercial Enzyme

		Crude Enzyme

		Original
C

		Chemical

		Commercial Enzyme

		Crude Enzyme



Mean (GSM)

Fabric Weight (gsm/sq.m)

86.5

84.6

77.9

82

84.4

80.8

83.5

82.8

105.8

102.6

88

89.2



fabric weight (17)

		Fabric		Samples		Mean (GSM)

		A		Original		86.5

				Chemical		84.6

				Commercial Enzyme		77.9

				Crude Enzyme		82

		B		Original		84.4

				Chemical		80.8

				Commercial Enzyme		83.5

				Crude Enzyme		82.8

		C		Original		105.8

				Chemical		102.6

				Commercial Enzyme		88

				Crude Enzyme		89.2





fabric weight (17)

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0



Mean (GSM)

Fabric Weight (gsm/sq.m)



fabric weight (18)

		Fabric		Samples		Mean (GSM)

		A		Original		86.5

				Chemical		84.6

				Commercial Enzyme		77.9

				Crude Enzyme		82

		B		Original		84.4

				Chemical		80.8

				Commercial Enzyme		83.5

				Crude Enzyme		82.8

		C		Original		105.8

				Chemical		102.6

				Commercial Enzyme		88

				Crude Enzyme		89.2





fabric weight (18)

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0



Mean (GSM)

Fabric Weight (gsm/sq.m)



fabric weight (19)

		Fabric		Samples		Mean (GSM)

		A		Original		86.5

				Chemical		84.6

				Commercial Enzyme		77.9

				Crude Enzyme		82

		B		Original		84.4

				Chemical		80.8

				Commercial Enzyme		83.5

				Crude Enzyme		82.8

		C		Original		105.8

				Chemical		102.6

				Commercial Enzyme		88

				Crude Enzyme		89.2





fabric weight (19)

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0



Mean (GSM)

Fabric Weight (gsm/sq.m)



fabric weight (20)

		Fabric		Samples		Mean (GSM)

		A		Original		86.5

				Chemical		84.6

				Commercial Enzyme		77.9

				Crude Enzyme		82

		B		Original		84.4

				Chemical		80.8

				Commercial Enzyme		83.5

				Crude Enzyme		82.8

		C		Original		105.8

				Chemical		102.6

				Commercial Enzyme		88

				Crude Enzyme		89.2





fabric weight (20)

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0



Mean (GSM)

Fabric Weight (gsm/sq.m)



fabric weight (21)

		Fabric		Samples		Mean (GSM)

		A		Original		86.5

				Chemical		84.6

				Commercial Enzyme		77.9

				Crude Enzyme		82

		B		Original		84.4

				Chemical		80.8

				Commercial Enzyme		83.5

				Crude Enzyme		82.8

		C		Original		105.8

				Chemical		102.6

				Commercial Enzyme		88

				Crude Enzyme		89.2





fabric weight (21)

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0



Mean (GSM)

Fabric Weight (gsm/sq.m)



fabric weight (22)

		Fabric		Samples		Mean (GSM)

		A		Original		86.5

				Chemical		84.6

				Commercial Enzyme		77.9

				Crude Enzyme		82

		B		Original		84.4

				Chemical		80.8

				Commercial Enzyme		83.5

				Crude Enzyme		82.8

		C		Original		105.8

				Chemical		102.6

				Commercial Enzyme		88

				Crude Enzyme		89.2





fabric weight (22)

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0



Mean (GSM)

Fabric Weight (gsm/sq.m)



fabric weight (23)

		Fabric		Samples		Mean (GSM)

		A		Original		86.5

				Chemical		84.6

				Commercial Enzyme		77.9

				Crude Enzyme		82

		B		Original		84.4

				Chemical		80.8

				Commercial Enzyme		83.5

				Crude Enzyme		82.8

		C		Original		105.8

				Chemical		102.6

				Commercial Enzyme		88

				Crude Enzyme		89.2





fabric weight (23)

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0



Mean (GSM)

Fabric Weight (gsm/sq.m)



Capillary 

		Fabric		Samples		Mean (GSM)

		A		Original		86.5								Mean warp (cm)		Mean weft (cm)

				Chemical		84.6

				Commercial Enzyme		77.9				A		Original		0.08		0.48

				Crude Enzyme		82						Chemical		1.62		1.68

		B		Original		84.4						Commercial Enzyme		1.6		1.64

				Chemical		80.8						Crude Enzyme		1.63		1.68

				Commercial Enzyme		83.5				B		Original		0.42		0.4

				Crude Enzyme		82.8						Chemical		1.78		2.2

		C		Original		105.8						Commercial Enzyme		1.14		1.4

				Chemical		102.6						Crude Enzyme		2.72		1.5

				Commercial Enzyme		88				C		Original		1.34		1.1

				Crude Enzyme		89.2						Chemical		1.74		1.86

												Commercial Enzyme		1.72		1.78

												Crude Enzyme		1.24		4.24





Capillary 

		0		0		0

		0		0		0

		0		0		0

		0		0		0

		0		0		0

		0		0		0

		0		0		0

		0		0		0

		0		0		0

		0		0		0

		0		0		0

		0		0		0



Mean (GSM) 86.5 84.6

Mean (GSM) Mean warp (cm)  84.6

Mean (GSM) Mean weft (cm) 84.6

Mean raise (cm)



Sinking Time Test

		Fabric		Samples		Mean (GSM)

		A		Original		3871

				Chemical		59

				Commercial Enzyme		75.6

				Crude Enzyme		23.4

		B		Original		3486

				Chemical		39

				Commercial Enzyme		36.8

				Crude Enzyme		24.78

		C		Original		3442

				Chemical		94

				Commercial Enzyme		53.4

				Crude Enzyme		21.8





Sinking Time Test

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0



Mean (GSM)

Sinking absorbency (sec)



Drop Test

		Fabric		Samples		Mean (GSM)

		A		Original		1158.72

				Chemical		80.4

				Commercial Enzyme		60

				Crude Enzyme		60

		B		Original		397

				Chemical		265

				Commercial Enzyme		129.6

				Crude Enzyme		120

		C		Original		91.2

				Chemical		78

				Commercial Enzyme		28

				Crude Enzyme		24





Drop Test

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0



Mean (GSM)

Mean absorbency (sec)



Drapability

		Fabric		Samples		Mean (GSM)

		A		Original		0.54

				Chemical		1.17

				Commercial Enzyme		1.1

				Crude Enzyme		1.18

		B		Original		0.78

				Chemical		0.97

				Commercial Enzyme		1.05

				Crude Enzyme		1.02

		C		Original		0.79

				Chemical		1.26

				Commercial Enzyme		1.34

				Crude Enzyme		1.41





Drapability

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0



Mean (GSM)

Drapability (%)



Stiffness weft

		Fabric		Samples		Mean (GSM)

		A		Original		2.5

				Chemical		2.2

				Commercial Enzyme		1.9

				Crude Enzyme		2.31

		B		Original		2.61

				Chemical		2.41

				Commercial Enzyme		2.3

				Crude Enzyme		2.3

		C		Original		3.1

				Chemical		2.6

				Commercial Enzyme		2.37

				Crude Enzyme		2.41





Stiffness weft

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0



Mean (GSM)

Stiffness weft (cm)



Stiffness warp

		Fabric		Samples		Mean (cm)

		A		Original		3.6

				Chemical		2.6

				Commercial Enzyme		2

				Crude Enzyme		2.3

		B		Original		3.3

				Chemical		2.3

				Commercial Enzyme		2.5

				Crude Enzyme		2.4

		C		Original		2.3

				Chemical		1.7

				Commercial Enzyme		1.8

				Crude Enzyme		1.7





Stiffness warp

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0



Mean (cm)

Stiffness warp (cm)



Crease Recovery weft

		Fabric		Samples		Mean (cm)

		A		Original		66.6

				Chemical		93.4

				Commercial Enzyme		86.6

				Crude Enzyme		88.8

		B		Original		110.8

				Chemical		99

				Commercial Enzyme		91.2

				Crude Enzyme		87.6

		C		Original		70.2

				Chemical		77.4

				Commercial Enzyme		80.4

				Crude Enzyme		82.8





Crease Recovery weft

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0



Mean (cm)

Crease Recovery weft (cm)



Crease Recovery warp

		Fabric		Samples		Mean (cm)

		A		Original		102.4

				Chemical		100.4

				Commercial Enzyme		103.6

				Crude Enzyme		109.4

		B		Original		111.8

				Chemical		91.8

				Commercial Enzyme		94.4

				Crude Enzyme		109

		C		Original		75.8

				Chemical		85.4

				Commercial Enzyme		88.8

				Crude Enzyme		89.4





Crease Recovery warp

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0



Mean (cm)

Crease Recovery warp (cm)



Fabric Elongation weft

		Fabric		Samples		Mean (cm)

		A		Original		27.1

				Chemical		28

				Commercial Enzyme		29.1

				Crude Enzyme		32.4

		B		Original		19.3

				Chemical		24.2

				Commercial Enzyme		23.3

				Crude Enzyme		27.3

		C		Original		16

				Chemical		25.3

				Commercial Enzyme		27.3

				Crude Enzyme		26.9





Fabric Elongation weft

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0



Mean (cm)

Fabric Elongation weft (cm)



Fabric Elongation warp

		Fabric		Samples		Mean (cm)

		A		Original		1.4

				Chemical		1.4

				Commercial Enzyme		2.2

				Crude Enzyme		2

		B		Original		0.7

				Chemical		1.8

				Commercial Enzyme		2.5

				Crude Enzyme		2

		C		Original		3.5

				Chemical		5.2

				Commercial Enzyme		6.4

				Crude Enzyme		6.04





Fabric Elongation warp

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0



Mean (cm)

Fabric Elongation warp (cm)



tensile  strength weft

		Fabric		Samples		Mean No. of weft / inch

		A		Original		17.6

				Chemical		13.4

				Commercial Enzyme		14.8

				Crude Enzyme		15.2

		B		Original		33.8

				Chemical		22.6

				Commercial Enzyme		23.4

				Crude Enzyme		25.4

		C		Original		43

				Chemical		30.8

				Commercial Enzyme		29.8

				Crude Enzyme		38.4





tensile  strength weft

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0



Mean No. of weft / inch

Tensile  strength weft (inch)



tensile  strength warp

		Fabric		Samples		Mean No. of warp / inch

		A		Original		45.6

				Chemical		36

				Commercial Enzyme		39.4

				Crude Enzyme		37

		B		Original		54.4

				Chemical		59.8

				Commercial Enzyme		40.6

				Crude Enzyme		41.6

		C		Original		16.2

				Chemical		12

				Commercial Enzyme		16

				Crude Enzyme		14.4





tensile  strength warp

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0



Mean No. of warp / inch

Tensile  strength warp (inch)



Fabric Thickness

		Fabric		Samples		Mean (mm)

		A		Original		0.24

				Chemical		0.3

				Commercial Enzyme		0.27

				Crude Enzyme		0.24

		B		Original		0.24

				Chemical		0.25

				Commercial Enzyme		0.23

				Crude Enzyme		0.25

		C		Original		0.25

				Chemical		0.35

				Commercial Enzyme		0.31

				Crude Enzyme		0.34





Fabric Thickness

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0



Mean (mm)

Fabric thickenss (mm)



Fabric count weft (2)

		Fabric		Samples		Mean No. of weft / inch

		A		Original		72.8

				Chemical		73.2

				Commercial Enzyme		72

				Crude Enzyme		72

		B		Original		94.6

				Chemical		93.2

				Commercial Enzyme		92

				Crude Enzyme		93

		C		Original		82.4

				Chemical		84

				Commercial Enzyme		82

				Crude Enzyme		83





Fabric count weft (2)

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0



Mean No. of weft / inch

Fabric Count weft (inch)



Fabric count weft

		Fabric		Samples		Mean No. of weft / inch

		A		Original		86.5

				Chemical		84.6

				Commercial Enzyme		77.9

				Crude Enzyme		81.8

		B		Original		84.4

				Chemical		80.8

				Commercial Enzyme		83.5

				Crude Enzyme		83.3

		C		Original		105.8

				Chemical		102.6

				Commercial Enzyme		88

				Crude Enzyme		91.7





Fabric count weft

		Original
A

		Chemical

		Commercial Enzyme

		Crude Enzyme

		Original
B

		Chemical

		Commercial Enzyme

		Crude Enzyme

		Original
C

		Chemical

		Commercial Enzyme

		Crude Enzyme



Mean No. of weft / inch

Fabric Count weft (inch)

56

57

59

60

61

60

56

62

64

74

70

71



fabric weight

		Fabric		Samples		Mean (GSM)

		A		Original		86.5

				Chemical		84.6

				Commercial Enzyme		77.9

				Crude Enzyme		81.8

		B		Original		84.4

				Chemical		80.8

				Commercial Enzyme		83.5

				Crude Enzyme		83.3

		C		Original		105.8

				Chemical		102.6

				Commercial Enzyme		88

				Crude Enzyme		91.7





fabric weight

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0



Mean (GSM)

Fabric Weight (gsm/sq.m)
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		Original
A

		Chemical

		Commercial Enzyme

		Crude Enzyme

		Original
B

		Chemical

		Commercial Enzyme

		Crude Enzyme

		Original
C

		Chemical

		Commercial Enzyme

		Crude Enzyme



Mean (GSM)

Fabrics samples

Sinking absorbency (sec)

3871

59

75.6

36

3486

39

36.8

29.4

3442

94

53.4

33.2



fabric weight (15)

		Fabric		Samples		Mean (GSM)

		A		Original		86.5

				Chemical		84.6

				Commercial Enzyme		77.9

				Crude Enzyme		82

		B		Original		84.4

				Chemical		80.8

				Commercial Enzyme		83.5

				Crude Enzyme		82.8

		C		Original		105.8

				Chemical		102.6

				Commercial Enzyme		88

				Crude Enzyme		89.2





fabric weight (15)

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0



Mean (GSM)

Fabric Weight (gsm/sq.m)



fabric weight (16)

		Fabric		Samples		Mean (GSM)

		A		Original		86.5

				Chemical		84.6

				Commercial Enzyme		77.9

				Crude Enzyme		82

		B		Original		84.4

				Chemical		80.8

				Commercial Enzyme		83.5

				Crude Enzyme		82.8

		C		Original		105.8

				Chemical		102.6

				Commercial Enzyme		88

				Crude Enzyme		89.2





fabric weight (16)

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0



Mean (GSM)

Fabric Weight (gsm/sq.m)



fabric weight (17)

		Fabric		Samples		Mean (GSM)

		A		Original		86.5

				Chemical		84.6

				Commercial Enzyme		77.9

				Crude Enzyme		82

		B		Original		84.4

				Chemical		80.8

				Commercial Enzyme		83.5

				Crude Enzyme		82.8

		C		Original		105.8

				Chemical		102.6

				Commercial Enzyme		88

				Crude Enzyme		89.2





fabric weight (17)

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0



Mean (GSM)

Fabric Weight (gsm/sq.m)



fabric weight (18)

		Fabric		Samples		Mean (GSM)

		A		Original		86.5

				Chemical		84.6

				Commercial Enzyme		77.9

				Crude Enzyme		82

		B		Original		84.4

				Chemical		80.8

				Commercial Enzyme		83.5

				Crude Enzyme		82.8

		C		Original		105.8

				Chemical		102.6

				Commercial Enzyme		88

				Crude Enzyme		89.2





fabric weight (18)

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0



Mean (GSM)

Fabric Weight (gsm/sq.m)



fabric weight (19)

		Fabric		Samples		Mean (GSM)

		A		Original		86.5

				Chemical		84.6

				Commercial Enzyme		77.9

				Crude Enzyme		82

		B		Original		84.4

				Chemical		80.8

				Commercial Enzyme		83.5

				Crude Enzyme		82.8

		C		Original		105.8

				Chemical		102.6

				Commercial Enzyme		88

				Crude Enzyme		89.2





fabric weight (19)

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0



Mean (GSM)

Fabric Weight (gsm/sq.m)



fabric weight (20)

		Fabric		Samples		Mean (GSM)

		A		Original		86.5

				Chemical		84.6

				Commercial Enzyme		77.9

				Crude Enzyme		82

		B		Original		84.4

				Chemical		80.8

				Commercial Enzyme		83.5

				Crude Enzyme		82.8

		C		Original		105.8

				Chemical		102.6

				Commercial Enzyme		88

				Crude Enzyme		89.2





fabric weight (20)

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0



Mean (GSM)

Fabric Weight (gsm/sq.m)



fabric weight (21)

		Fabric		Samples		Mean (GSM)

		A		Original		86.5

				Chemical		84.6

				Commercial Enzyme		77.9

				Crude Enzyme		82

		B		Original		84.4

				Chemical		80.8

				Commercial Enzyme		83.5

				Crude Enzyme		82.8

		C		Original		105.8

				Chemical		102.6

				Commercial Enzyme		88

				Crude Enzyme		89.2





fabric weight (21)

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0



Mean (GSM)

Fabric Weight (gsm/sq.m)



fabric weight (22)

		Fabric		Samples		Mean (GSM)

		A		Original		86.5

				Chemical		84.6

				Commercial Enzyme		77.9

				Crude Enzyme		82

		B		Original		84.4

				Chemical		80.8

				Commercial Enzyme		83.5

				Crude Enzyme		82.8

		C		Original		105.8

				Chemical		102.6

				Commercial Enzyme		88

				Crude Enzyme		89.2





fabric weight (22)

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0



Mean (GSM)

Fabric Weight (gsm/sq.m)



fabric weight (23)

		Fabric		Samples		Mean (GSM)

		A		Original		86.5

				Chemical		84.6

				Commercial Enzyme		77.9

				Crude Enzyme		82

		B		Original		84.4

				Chemical		80.8

				Commercial Enzyme		83.5

				Crude Enzyme		82.8

		C		Original		105.8

				Chemical		102.6

				Commercial Enzyme		88

				Crude Enzyme		89.2





fabric weight (23)

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0



Mean (GSM)

Fabric Weight (gsm/sq.m)



Capillary 

		Fabric		Samples		Mean (GSM)

		A		Original		86.5								Mean warp (cm)		Mean weft (cm)

				Chemical		84.6

				Commercial Enzyme		77.9				A		Original		0.08		0.48

				Crude Enzyme		82						Chemical		1.62		1.68

		B		Original		84.4						Commercial Enzyme		1.6		1.64

				Chemical		80.8						Crude Enzyme		1.63		1.68

				Commercial Enzyme		83.5				B		Original		0.42		0.4

				Crude Enzyme		82.8						Chemical		1.78		2.2

		C		Original		105.8						Commercial Enzyme		1.14		1.4

				Chemical		102.6						Crude Enzyme		2.72		1.5

				Commercial Enzyme		88				C		Original		1.34		1.1

				Crude Enzyme		89.2						Chemical		1.74		1.86

												Commercial Enzyme		1.72		1.78

												Crude Enzyme		1.24		4.24





Capillary 

		0		0		0

		0		0		0

		0		0		0

		0		0		0

		0		0		0

		0		0		0

		0		0		0

		0		0		0

		0		0		0

		0		0		0

		0		0		0

		0		0		0



Mean (GSM) 86.5 84.6

Mean (GSM) Mean warp (cm)  84.6

Mean (GSM) Mean weft (cm) 84.6

Mean raise (cm)



Sinking Time Test

		Fabric		Samples		Mean (GSM)

		A		Original		3871

				Chemical		59

				Commercial Enzyme		75.6

				Crude Enzyme		36

		B		Original		3486

				Chemical		39

				Commercial Enzyme		36.8

				Crude Enzyme		29.4

		C		Original		3442

				Chemical		94

				Commercial Enzyme		53.4

				Crude Enzyme		33.2





Sinking Time Test

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0



Mean (GSM)

Sinking absorbency (sec)



Drop Test

		Fabric		Samples		Mean (GSM)

		A		Original		1158.72

				Chemical		80.4

				Commercial Enzyme		60

				Crude Enzyme		3.2

		B		Original		397

				Chemical		265

				Commercial Enzyme		120

				Crude Enzyme		4.72

		C		Original		91.2

				Chemical		78

				Commercial Enzyme		28

				Crude Enzyme		24





Drop Test

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0



Mean (GSM)

Mean absorbency (sec)



Drapability

		Fabric		Samples		Mean (GSM)

		A		Original		0.54

				Chemical		1.17

				Commercial Enzyme		1.1

				Crude Enzyme		1.19

		B		Original		0.78

				Chemical		0.97

				Commercial Enzyme		1.05

				Crude Enzyme		1.02

		C		Original		0.79

				Chemical		1.26

				Commercial Enzyme		1.34

				Crude Enzyme		1.41





Drapability

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0



Mean (GSM)

Drapability (%)



Stiffness weft

		Fabric		Samples		Mean (GSM)

		A		Original		2.5

				Chemical		2.2

				Commercial Enzyme		1.9

				Crude Enzyme		2.2

		B		Original		2.6

				Chemical		2.4

				Commercial Enzyme		2.3

				Crude Enzyme		2.2

		C		Original		3.1

				Chemical		2.6

				Commercial Enzyme		2.3

				Crude Enzyme		2.3





Stiffness weft

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0



Mean (GSM)

Stiffness weft (cm)



Stiffness warp

		Fabric		Samples		Mean (cm)

		A		Original		3.6

				Chemical		2.6

				Commercial Enzyme		2

				Crude Enzyme		2.3

		B		Original		3.3

				Chemical		2.3

				Commercial Enzyme		2.5

				Crude Enzyme		2.4

		C		Original		2.3

				Chemical		1.7

				Commercial Enzyme		1.8

				Crude Enzyme		1.7





Stiffness warp

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0



Mean (cm)

Stiffness warp (cm)



Crease Recovery weft

		Fabric		Samples		Mean (cm)

		A		Original		66.6

				Chemical		93.4

				Commercial Enzyme		86.6

				Crude Enzyme		89.2

		B		Original		110.8

				Chemical		99

				Commercial Enzyme		91.2

				Crude Enzyme		90

		C		Original		70.2

				Chemical		77.4

				Commercial Enzyme		80.4

				Crude Enzyme		90.4





Crease Recovery weft

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0



Mean (cm)

Crease Recovery weft (cm)



Crease Recovery warp

		Fabric		Samples		Mean (cm)

		A		Original		102.4

				Chemical		100.4

				Commercial Enzyme		103.6

				Crude Enzyme		90

		B		Original		111.8

				Chemical		91

				Commercial Enzyme		94.4

				Crude Enzyme		87

		C		Original		75.8

				Chemical		85.4

				Commercial Enzyme		88.8

				Crude Enzyme		85.6





Crease Recovery warp

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0



Mean (cm)

Crease Recovery warp (cm)



Fabric Elongation weft

		Fabric		Samples		Mean (cm)

		A		Original		27.1

				Chemical		28

				Commercial Enzyme		29.1

				Crude Enzyme		29.3

		B		Original		19.3

				Chemical		24.2

				Commercial Enzyme		23.3

				Crude Enzyme		29.5

		C		Original		16

				Chemical		25.3

				Commercial Enzyme		27.3

				Crude Enzyme		21.8





Fabric Elongation weft

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0



Mean (cm)

Fabric Elongation weft (cm)



Fabric Elongation warp

		Fabric		Samples		Mean (cm)

		A		Original		13.8

				Chemical		14

				Commercial Enzyme		21.5

				Crude Enzyme		15

		B		Original		17

				Chemical		18.2

				Commercial Enzyme		24.9

				Crude Enzyme		20

		C		Original		35.3

				Chemical		50.2

				Commercial Enzyme		63.6

				Crude Enzyme		40.5





Fabric Elongation warp

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0



Mean (cm)

Fabric Elongation warp (cm)



tensile  strength weft

		Fabric		Samples		Mean No. of weft / inch

		A		Original		17.6

				Chemical		13.4

				Commercial Enzyme		14.8

				Crude Enzyme		15

		B		Original		33.8

				Chemical		22.6

				Commercial Enzyme		23.4

				Crude Enzyme		25.4

		C		Original		43

				Chemical		30.8

				Commercial Enzyme		29.8

				Crude Enzyme		40





tensile  strength weft

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0



Mean No. of weft / inch

Tensile  strength weft (inch)



tensile  strength warp

		Fabric		Samples		Mean No. of warp / inch

		A		Original		45.6

				Chemical		36

				Commercial Enzyme		39.4

				Crude Enzyme		38

		B		Original		54.4

				Chemical		39.8

				Commercial Enzyme		40.6

				Crude Enzyme		45.4

		C		Original		16.2

				Chemical		12

				Commercial Enzyme		16

				Crude Enzyme		15





tensile  strength warp

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0



Mean No. of warp / inch

Tensile  strength warp (inch)



Fabric Thickness

		Fabric		Samples		Mean (mm)

		A		Original		0.24

				Chemical		0.3

				Commercial Enzyme		0.27

				Crude Enzyme		0.32

		B		Original		0.24

				Chemical		0.25

				Commercial Enzyme		0.23

				Crude Enzyme		0.26

		C		Original		0.25

				Chemical		0.35

				Commercial Enzyme		0.31

				Crude Enzyme		0.42





Fabric Thickness

		0

		0
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		0

		0

		0

		0

		0

		0

		0

		0



Mean (mm)

Fabric thickenss (mm)



Fabric count warp

		Fabric		Samples		Mean No. of weft / inch

		A		Original		72.8

				Chemical		73.2

				Commercial Enzyme		72

				Crude Enzyme		72

		B		Original		94.6

				Chemical		93.2

				Commercial Enzyme		92

				Crude Enzyme		93

		C		Original		82.4

				Chemical		84

				Commercial Enzyme		82

				Crude Enzyme		83





Fabric count warp

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0



Mean No. of weft / inch

Fabric Count weft (inch)



Fabric count weft

		Fabric		Samples		Mean No. of weft / inch

		A		Original		56.4

				Chemical		56.8

				Commercial Enzyme		59

				Crude Enzyme		61

		B		Original		60.8

				Chemical		58.8

				Commercial Enzyme		56

				Crude Enzyme		85

		C		Original		63.6

				Chemical		73.6

				Commercial Enzyme		70

				Crude Enzyme		60





Fabric count weft

		0
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		0

		0

		0

		0

		0

		0

		0

		0

		0



Mean No. of weft / inch

Fabric Count weft (inch)



fabric weight

		Fabric		Samples		Mean (GSM)

		A		Original		86.5

				Chemical		84.6

				Commercial Enzyme		77.9

				Crude Enzyme		81.8

		B		Original		84.4

				Chemical		80.8

				Commercial Enzyme		83.5

				Crude Enzyme		83.3

		C		Original		105.8

				Chemical		102.6

				Commercial Enzyme		88

				Crude Enzyme		91.7





fabric weight

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0



Mean (GSM)

Fabric Weight (gsm/sq.m)
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		OS		1.37

		CSA		0.41
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Sheet4

		Samples		Mean (kg)

		OS		1.42

		CS		0.56

		BS		1.315

		PS		1.54

		Samples		Mean (cm)

		OS		3.18

		CS		1.85

		BS		2.61

		PS		3.69

		Samples		Weight loss percentage (%)

		CS		23

		BS		14.28

		PS		22.4

		Samples		Degumming efficiency  (%)

		CS		100

		BS		62.08

		PS		97.39

		Samples		Mean (cm)

		OS		1.37

		CSA		0.41

		BSA		1.625

		PSA		1.685

		Samples		Mean (cm)
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Samples

Yarn Strength (Kg)
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Samples

Yarn Elongation (cm)



		S. No		pH		Protease activity U/ml/min																AGRO RESIDUES		Amylase Activity IU/ml/min

																						Greengram husk		0.37

		1		5		0.205																Castor oil cake		0.462

		2		6		0.134																Coconut oil cake		1.665

		3		7		0.03																Cotton seed oil cake		1.38

		4		8		0.064																Blackgram husk		0.83

		5		9		0.254																Rice bran		1.9

		6		10		0.03																Wheat bran		2.31

		7		11		0.008																Groundnut oil cake		1.38

				Temperature (º C)		protease Activity (U/ml/min)

				17		0.03

				27		0.008

				37		0.322

				47		0.041

				57		0.019

				67		0.053

				77		0.019

				WHEAT BRAN :		Amylase Activity IU/ml/min

				RICE BRAN :

				1:2:2		0.72

				1:1:3		0.19

				2:2:1		0.37

				2:1:2		0.74

				1:3:1		1.38

				2:1.5:1.5		0.74

				3:1:1		2.05

				S.No		Carbon sources (1%)		Protease activity (U/ml/min)		Specific activity

										(mg/ml)

				1		Starch		0.064		0.134

				2		Wheat		0.389		3.33

				3		Maltose		0.153		0.203

				4		Sucrose		0.086		0.217

				5		Rice bran		0.019		0.048

				Nitrogen source		Protease activity (U/ml/min)																				CARBON SOURCES		Amylase Activity IU/ml/min

				-0.50%																						Maltose		2.78

				Beef extract		0.176																				Fructose		1.9

				Yeast extract		0.075																				Lactose		1.38

				Glycine		0.479																				Glucose		1.66

				Peptone		0.131																				Starch		2.03

				Casein		0.182																				Casein		0.182

				NITROGEN SOURCES		Amylase Activity IU/ml/min

				Yeast extract		0.6

				Beef extract		0.74

				Tryptone		1.38

				Ammonium sulphate		1.11

				Ammonium oxalate		1.18

				Casein		1.38

				Ammonium chloride		0.925

				Peptone		2.86

				Potassium nitrate		1.9

				Urea		1.38

				Inoculum concentration		Protease activity (U/ml/min)

				(%)

				1		0.031

				2		0.254

				3		0.109

				4		0.086

				5		0.075

				6		0.041

				7		0.008

		Samples		Mean (cm)

		OS		1.37

		CSA		0.41

		BSA		1.625

		PSA		1.685

		SELECTED STRAIN		ACTIVITY

				U/ml

		T1		207.82

		T2		198.16

		T3		188.51

		T4		169.2

		S.No		SELECTED STRAIN		ACTIVITY

						U/ml

		1		T1		149.89

		2		T2		120.92

		3		T3		101.61

		4		T4		140.23

		5		T5		159.54

		6		T6		101.61

				AGRO WASTES		ACTIVITY

						U/gds

				WHEAT BRAN		133.99

				RICE BRAN		19.61

				MILLET BRAN		59.58

				CORN BRAN		26.42

				MAIZE BRAN		36.55

				CASSAVA PEAL POWDER		39.46

				COTTON SEEDOIL CAKE		125.94

				INOCULUM		ACTIVITY

				SIZE (%)		U/gds

				2		108.08

				4		115.59

				6		92.18

				8		84.22

				10		130.71

				12		74.09

				pH		ACTIVITY

						U/gds

				4		103.77

				5		104.96

				6		107.84

				7		152

				8		127.65

				9		126.7

				10		84.1

		TEMPATURE		ACTIVITY

		° C		U/gds

		30		74.51

		40		84.36

		50		142.96

		60		111.65

		70		84.36

		80		74.14

		90		65.66

		EXTRACTION MEDIA		ACTIVITY

				U/gds

		ACITATE BUFFER		62.52

		PHOSPHATE BUFFER		68.01

		DISTILLED WATER		163.81

				INCUBATION TIME		ACTIVITY

				(hr)		U/gds

				24		28.6

				48		88.97

				72		177.93

				96		155.73

				120		141.02

				MOISTENING AGENT		ACTIVITY

						U/gds

				I		99.91

				II		81.52

				III		88.59

				IV		49.8

				V		73.87

				TAP WATER		91.3

				DISTILLED WATER		98.19

						ACTIVITY

				MOISTURE LEVEL RATIO (W/V)		U/gds

				01:01.0		183.81

				01:01.5		160.32

				01:02.0		154.38

				01:02.5		153.99

				01:03.0		126.99

				CARBON SOURCES  (1%)		ACTIVITY U/gds

				CONTROL		66.26

				DEXTROSE		21.09

				FRUCTOSE		63.35

				LACTOSE		110.9

				MALTOSE		119.4

				SUCROSE		127.37

				STARCH		184.38

						STARCH CONCENTRATION (%)		ACTIVITY

								U/gds

						0.5		140.79

						1.0		186.97

						1.5		120.79

						2.0		83.47

						2.5		65.82

						NITROGEN SOURCE (1%)		ACTIVITY U/gds

						CONTROL		61.19

						YEAST EXTRACT		190.34

						TRIPTONE		107.17

						PEPTONE		106.6

						BEEF EXTRACT		99.64

						CASEIN		92.61

						UREA		72.71

						AMMONIUMCHLORIDE		69.16

						SODIUM  NITRATE		65.59

						AMMONIUM SULPHATE		62

				BEEF EXTRACT (%)		ACTIVITY

						U/gds

				0.5		151

				1.0		159.43

				1.5		201.91

				2.0		166.17

				2.5		138.55

				3.0		132.83

				3.5		121.73

						CaCl2 (%)		ACTIVITY

								U/gds

						CONTROL		201.91

						0.2		90.3

						0.4		92.11

						0.6		119.02

						0.8		141.01

						1.0		212.44





		0

		0

		0

		0

		0

		0

		0



pH

Protease activity (U/ml/min)

0

0

0

0

0

0

0



		0

		0

		0

		0

		0

		0

		0



protease Activity (U/ml/min)

Temperature (º C)

Protease activity (U/ml/min)

0

0

0

0

0

0

0



		0

		0

		0

		0

		0

		0

		0



WHEAT BRAN : RICE BRAN : COCONUT OIL CAKE

Amylase activity (IU/ml/min)



		0

		0

		0

		0

		0



Carbon (1%)

Protease activity (U/ml/min)



		0

		0

		0

		0

		0



Nitrogen Sources (0.5%)

Protease activity (U/ml/min)



		0

		0

		0

		0

		0

		0

		0

		0

		0

		0



Amylase Activity IU/ml/min

Nitrogen sources (0.5%)

Amylase activity (IU/ml/min)



		0

		0

		0

		0

		0

		0

		0



Inoculum concentration (%)

Protease activity (U/ml/min)



		0

		0

		0

		0

		0

		0



Amylase Activity IU/ml/min

Carbon Sources (1%)

Amylase Activity (IU/ml/min)



		0

		0

		0

		0

		0

		0

		0

		0



Amylase Activity IU/ml/min

Agro residues

Protease activity (IU/ml/min)



		0

		0

		0

		0



ACTIVITY U/ml

Strains

Activity (U/ml)



		0

		0

		0

		0

		0

		0



ACTIVITY U/ml

Strains

ACTIVITY (U/ml)



		0

		0

		0

		0

		0

		0

		0



ACTIVITY U/gds

Agro Waste

ACTIVITY (U/gds)



		0

		0

		0

		0

		0

		0



U/gds

INOCULUM SIZE (%)

ACTIVITY (U/gds)

0

0

0

0

0

0



		0

		0

		0

		0

		0

		0

		0



ACTIVITY U/gds

pH

ACTIVITY  (U/gds)

0

0

0

0

0

0

0



		0

		0

		0

		0

		0

		0

		0



ACTIVITY U/gds

TEMPATURE °C

ACTIVITY (U/gds)

0

0

0

0

0

0

0



		0

		0

		0



ACTIVITY U/gds

Extraction Media

ACTIVITY (U/gds)



		0

		0

		0

		0

		0



ACTIVITY U/gds

Incubation Time

ACTIVITY (U/gds)

0

0

0

0

0



		0

		0

		0

		0

		0

		0

		0



ACTIVITY U/gds

Moistening Agent

ACTIVITY (U/gds)



		0

		0

		0

		0

		0



ACTIVITY

ACTIVITY (U/gds)

Moisture Level Ratio (W/V)

0

0

0

0

0



		0

		0

		0

		0

		0

		0

		0



ACTIVITY U/gds

Carbon Sources (1%)

ACTIVITY (U/gds)



		0

		0

		0

		0

		0



ACTIVITY U/gds

Starch Concentration (%)

ACTIVITY (U/gds)

0

0

0

0

0



		0

		0

		0

		0

		0

		0

		0

		0

		0

		0



ACTIVITY U/gds

Moisture Level Ratio (W/V)

ACTIVITY (U/gds)



		0

		0

		0

		0

		0

		0

		0



ACTIVITY U/gds

Beef Extract (%)

ACTIVITY (U/gds)

0

0

0

0

0

0

0



		0

		0

		0

		0

		0

		0
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		Enzyme concentration (ml)		Weight loss (%)												Time     (Hours)		Weight loss (%)														pH		Weight loss (%)												Temperature (0º C)		Weight loss (%)

		3		0.19												3		5														4		2		2%										25		6		6%

		4		0.55												6		18														5		4		4%										35		14		14%

		5		0.74												9		10														6		13		13%										45		17		17%

		6		2.36												12		8														7		14		12%										55		11		11%

		7		0.925												15		5														8		9		9%										65		7		7%

		8		0.74												18		4														9		5		5%

		9		0.63												21		1														10		5

																24		1

																										TEMPERATURE		Amylase Activity IU/ml/min												TIME (Hrs)		Amylase Activity U/ml/min

																																								24		2.31

																										27		1.9												36		1.235

																										37		2.58												48		0.924

																										50		0.925												60		0.74

																										60		0.74												72		0.51

																										90		0.62

																																		1		0.74

																																		1.5		0.925

																																		2		2.31

																																		2.5		1.9

																																		3		1.01

																																		3.5		0.832

																																		4		0.73

																																		4.5		0.55

																																		5		0.432

																																METAL IONS		Amylase Activity U/ml/min

																																CaCl2		1.48

																																KCl		0.37

																																MgSO4		1.09

																																CuSO4		1.38

																																HgCl2		0.74

																																FeSO4		0.832

																																Pb(NO3)2		0.55
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		BS		1.315

		PS		1.54

		Samples		Mean (cm)

		OS		3.18

		CS		1.85

		BS		2.61

		PS		3.69

		Samples		Weight loss percentage (%)

		CS		23

		BS		14.28

		PS		22.4

		Samples		Degumming efficiency  (%)

		CS		100

		BS		62.08

		PS		97.39

		Samples		Mean (cm)

		OS		1.37

		CSA		0.41

		BSA		1.625

		PSA		1.685

		Samples		Mean (cm)
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Samples

Yarn Elongation (cm)



		S. No		pH		Protease activity U/ml/min																AGRO RESIDUES		Amylase Activity IU/ml/min

																						Greengram husk		0.37

		1		5		0.205																Castor oil cake		0.462

		2		6		0.134																Coconut oil cake		1.665

		3		7		0.03																Cotton seed oil cake		1.38

		4		8		0.064																Blackgram husk		0.83

		5		9		0.254																Rice bran		1.9

		6		10		0.03																Wheat bran		2.31

		7		11		0.008																Groundnut oil cake		1.38

				Temperature (º C)		protease Activity (U/ml/min)

				17		0.03

				27		0.008

				37		0.322

				47		0.041

				57		0.019

				67		0.053

				77		0.019

				WHEAT BRAN :		Amylase Activity IU/ml/min

				RICE BRAN :

				1:2:2		0.72

				1:1:3		0.19

				2:2:1		0.37

				2:1:2		0.74

				1:3:1		1.38

				2:1.5:1.5		0.74

				3:1:1		2.05

				S.No		Carbon sources (1%)		Protease activity (U/ml/min)		Specific activity

										(mg/ml)

				1		Starch		0.064		0.134

				2		Wheat		0.389		3.33

				3		Maltose		0.153		0.203

				4		Sucrose		0.086		0.217

				5		Rice bran		0.019		0.048

				Nitrogen source		Protease activity (U/ml/min)																				CARBON SOURCES		Amylase Activity IU/ml/min

				-0.50%																						Maltose		2.78

				Beef extract		0.176																				Fructose		1.9

				Yeast extract		0.075																				Lactose		1.38

				Glycine		0.479																				Glucose		1.66

				Peptone		0.131																				Starch		2.03

				Casein		0.182																				Casein		0.182

				NITROGEN SOURCES		Amylase Activity IU/ml/min

				Yeast extract		0.6

				Beef extract		0.74

				Tryptone		1.38

				Ammonium sulphate		1.11

				Ammonium oxalate		1.18

				Casein		1.38

				Ammonium chloride		0.925

				Peptone		2.86

				Potassium nitrate		1.9

				Urea		1.38

				Inoculum concentration		Protease activity (U/ml/min)

				(%)

				1		0.031

				2		0.254

				3		0.109

				4		0.086

				5		0.075

				6		0.041

				7		0.008

		Samples		Mean (cm)

		OS		1.37

		CSA		0.41

		BSA		1.625

		PSA		1.685

		SELECTED STRAIN		ACTIVITY

				U/ml

		T1		207.82

		T2		198.16

		T3		188.51

		T4		169.2

		S.No		SELECTED STRAIN		ACTIVITY

						U/ml

		1		T1		149.89

		2		T2		120.92

		3		T3		101.61

		4		T4		140.23

		5		T5		159.54

		6		T6		101.61

				AGRO WASTES		ACTIVITY

						U/gds

				WHEAT BRAN		133.99

				RICE BRAN		19.61

				MILLET BRAN		59.58

				CORN BRAN		26.42

				MAIZE BRAN		36.55

				CASSAVA PEAL POWDER		39.46

				COTTON SEEDOIL CAKE		125.94

				INOCULUM		ACTIVITY

				SIZE (%)		U/gds

				2		108.08

				4		115.59

				6		92.18

				8		84.22

				10		130.71

				12		74.09

				pH		ACTIVITY

						U/gds

				4		103.77

				5		104.96

				6		107.84

				7		152

				8		127.65

				9		126.7

				10		84.1

		TEMPATURE		ACTIVITY

		° C		U/gds

		30		74.51

		40		84.36

		50		142.96

		60		111.65

		70		84.36

		80		74.14

		90		65.66

		EXTRACTION MEDIA		ACTIVITY

				U/gds

		ACITATE BUFFER		62.52

		PHOSPHATE BUFFER		68.01

		DISTILLED WATER		163.81

				INCUBATION TIME		ACTIVITY

				(hr)		U/gds

				24		28.6

				48		88.97

				72		177.93

				96		155.73

				120		141.02

				MOISTENING AGENT		ACTIVITY

						U/gds

				I		99.91

				II		81.52

				III		88.59

				IV		49.8

				V		73.87

				TAP WATER		91.3

				DISTILLED WATER		98.19

						ACTIVITY

				MOISTURE LEVEL RATIO (W/V)		U/gds

				01:01.0		183.81

				01:01.5		160.32

				01:02.0		154.38

				01:02.5		153.99

				01:03.0		126.99

				CARBON SOURCES  (1%)		ACTIVITY U/gds

				CONTROL		66.26

				DEXTROSE		21.09

				FRUCTOSE		63.35

				LACTOSE		110.9

				MALTOSE		119.4

				SUCROSE		127.37

				STARCH		184.38

						STARCH CONCENTRATION (%)		ACTIVITY

								U/gds

						0.5		140.79

						1.0		186.97

						1.5		120.79

						2.0		83.47

						2.5		65.82

						NITROGEN SOURCE (1%)		ACTIVITY U/gds

						CONTROL		61.19

						YEAST EXTRACT		190.34

						TRIPTONE		107.17

						PEPTONE		106.6

						BEEF EXTRACT		99.64

						CASEIN		92.61

						UREA		72.71

						AMMONIUMCHLORIDE		69.16

						SODIUM  NITRATE		65.59

						AMMONIUM SULPHATE		62

				BEEF EXTRACT (%)		ACTIVITY

						U/gds

				0.5		151

				1.0		159.43

				1.5		201.91

				2.0		166.17

				2.5		138.55

				3.0		132.83

				3.5		121.73

						CaCl2 (%)		ACTIVITY

								U/gds

						CONTROL		201.91

						0.2		90.3

						0.4		92.11

						0.6		119.02

						0.8		141.01

						1.0		212.44
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CaCl2 (%)
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		Enzyme concentration (ml)		Weight loss (%)												Time     (Hours)		Weight loss (%)														pH		Weight loss (%)												Temperature (0º C)		Weight loss (%)

		3		0.19												3		5														4		2		2%										25		6		6%

		4		0.55												6		18														5		4		4%										35		14		14%

		5		0.74												9		10														6		13		13%										45		17		17%

		6		2.36												12		8														7		14		12%										55		11		11%

		7		0.925												15		5														8		9		9%										65		7		7%

		8		0.74												18		4														9		5		5%

		9		0.63												21		1														10		5

																24		1

																										TEMPERATURE		Amylase Activity IU/ml/min												TIME (Hrs)		Amylase Activity U/ml/min

																																								24		2.31

																										27		1.9												36		1.235

																										37		2.58												48		0.924

																										50		0.925												60		0.74

																										60		0.74												72		0.51

																										90		0.62

																																		1		0.74

																																		1.5		0.925

																																		2		2.31

																																		2.5		1.9

																																		3		1.01

																																		3.5		0.832

																																		4		0.73

																																		4.5		0.55

																																		5		0.432

																																METAL IONS		Amylase Activity U/ml/min

																																CaCl2		1.48

																																KCl		0.37

																																MgSO4		1.09

																																CuSO4		1.38

																																HgCl2		0.74

																																FeSO4		0.832

																																Pb(NO3)2		0.55
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		Samples		Mean (cm)

		OS		1.37

		CSA		0.41
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		Samples		Mean (kg)

		OS		1.42

		CS		0.56

		BS		1.315

		PS		1.54

		Samples		Mean (cm)

		OS		3.18

		CS		1.85

		BS		2.61

		PS		3.69

		Samples		Weight loss percentage (%)

		CS		23

		BS		14.28

		PS		22.4

		Samples		Degumming efficiency  (%)

		CS		100

		BS		62.08

		PS		97.39

		Samples		Mean (cm)

		OS		1.37

		CSA		0.41

		BSA		1.625

		PSA		1.685

		Samples		Mean (cm)

		OS		3.18

		CSA		2.38

		BSA		4.14

		PSA		4.45
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Samples

Yarn Elongation (cm)



		S. No		pH		Protease activity U/ml/min																AGRO RESIDUES		Amylase Activity IU/ml/min

																						Greengram husk		0.37

		1		5		0.205																Castor oil cake		0.462

		2		6		0.134																Coconut oil cake		1.665

		3		7		0.03																Cotton seed oil cake		1.38

		4		8		0.064																Blackgram husk		0.83

		5		9		0.254																Rice bran		1.9

		6		10		0.03																Wheat bran		2.31

		7		11		0.008																Groundnut oil cake		1.38

				Temperature (º C)		protease Activity (U/ml/min)

				17		0.03

				27		0.008

				37		0.322

				47		0.041

				57		0.019

				67		0.053

				77		0.019

				WHEAT BRAN :		Amylase Activity IU/ml/min

				RICE BRAN :

				1:2:2		0.72

				1:1:3		0.19

				2:2:1		0.37

				2:1:2		0.74

				1:3:1		1.38

				2:1.5:1.5		0.74

				3:1:1		2.05

				S.No		Carbon sources (1%)		Protease activity (U/ml/min)		Specific activity

										(mg/ml)

				1		Starch		0.064		0.134

				2		Wheat		0.389		3.33

				3		Maltose		0.153		0.203

				4		Sucrose		0.086		0.217

				5		Rice bran		0.019		0.048

				Nitrogen source		Protease activity (U/ml/min)																				CARBON SOURCES		Amylase Activity IU/ml/min

				-0.50%																						Maltose		2.78

				Beef extract		0.176																				Fructose		1.9

				Yeast extract		0.075																				Lactose		1.38

				Glycine		0.479																				Glucose		1.66

				Peptone		0.131																				Starch		2.03

				Casein		0.182																				Casein		0.182

				NITROGEN SOURCES		Amylase Activity IU/ml/min

				Yeast extract		0.6

				Beef extract		0.74

				Tryptone		1.38

				Ammonium sulphate		1.11

				Ammonium oxalate		1.18

				Casein		1.38

				Ammonium chloride		0.925

				Peptone		2.86

				Potassium nitrate		1.9

				Urea		1.38

				Inoculum concentration		Protease activity (U/ml/min)

				(%)

				1		0.031

				2		0.254

				3		0.109

				4		0.086

				5		0.075

				6		0.041

				7		0.008

		Samples		Mean (cm)

		OS		1.37

		CSA		0.41

		BSA		1.625

		PSA		1.685

		SELECTED STRAIN		ACTIVITY

				U/ml

		T1		207.82

		T2		198.16

		T3		188.51

		T4		169.2

		S.No		SELECTED STRAIN		ACTIVITY

						U/ml

		1		T1		149.89

		2		T2		120.92

		3		T3		101.61

		4		T4		140.23

		5		T5		159.54

		6		T6		101.61

				AGRO WASTES		ACTIVITY

						U/gds

				WHEAT BRAN		133.99

				RICE BRAN		19.61

				MILLET BRAN		59.58

				CORN BRAN		26.42

				MAIZE BRAN		36.55

				CASSAVA PEAL POWDER		39.46

				COTTON SEEDOIL CAKE		125.94

				INOCULUM		ACTIVITY

				SIZE (%)		U/gds

				2		108.08

				4		115.59

				6		92.18

				8		84.22

				10		130.71

				12		74.09

				pH		ACTIVITY

						U/gds

				4		103.77

				5		104.96

				6		107.84

				7		152

				8		127.65

				9		126.7

				10		84.1

		TEMPATURE		ACTIVITY

		° C		U/gds

		30		74.51

		40		84.36

		50		142.96

		60		111.65

		70		84.36

		80		74.14

		90		65.66

		EXTRACTION MEDIA		ACTIVITY

				U/gds

		ACITATE BUFFER		62.52

		PHOSPHATE BUFFER		68.01

		DISTILLED WATER		163.81

				INCUBATION TIME		ACTIVITY

				(hr)		U/gds

				24		28.6

				48		88.97

				72		177.93

				96		155.73

				120		141.02

				MOISTENING AGENT		ACTIVITY

						U/gds

				I		99.91

				II		81.52

				III		88.59

				IV		49.8

				V		73.87

				TAP WATER		91.3

				DISTILLED WATER		98.19

						ACTIVITY

				MOISTURE LEVEL RATIO (W/V)		U/gds

				01:01.0		183.81

				01:01.5		160.32

				01:02.0		154.38

				01:02.5		153.99

				01:03.0		126.99

				CARBON SOURCES  (1%)		ACTIVITY U/gds

				CONTROL		66.26

				DEXTROSE		21.09

				FRUCTOSE		63.35

				LACTOSE		110.9

				MALTOSE		119.4

				SUCROSE		127.37

				STARCH		184.38

						STARCH CONCENTRATION (%)		ACTIVITY

								U/gds

						0.5		140.79

						1.0		186.97

						1.5		120.79

						2.0		83.47

						2.5		65.82

						NITROGEN SOURCE (1%)		ACTIVITY U/gds

						CONTROL		61.19

						YEAST EXTRACT		190.34

						TRIPTONE		107.17

						PEPTONE		106.6

						BEEF EXTRACT		99.64

						CASEIN		92.61

						UREA		72.71

						AMMONIUMCHLORIDE		69.16

						SODIUM  NITRATE		65.59

						AMMONIUM SULPHATE		62

				BEEF EXTRACT (%)		ACTIVITY

						U/gds

				0.5		151

				1.0		159.43

				1.5		201.91

				2.0		166.17

				2.5		138.55

				3.0		132.83

				3.5		121.73

						CaCl2 (%)		ACTIVITY

								U/gds

						CONTROL		201.91

						0.2		90.3

						0.4		92.11

						0.6		119.02

						0.8		141.01

						1.0		212.44
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ACTIVITY (U/gds)



		Enzyme concentration (ml)		Weight loss (%)												Time     (Hours)		Weight loss (%)														pH		Weight loss (%)												Temperature (0º C)		Weight loss (%)

		3		0.19												3		5														4		2		2%										25		6		6%

		4		0.55												6		18														5		4		4%										35		14		14%

		5		0.74												9		10														6		13		13%										45		17		17%

		6		2.36												12		8														7		14		12%										55		11		11%

		7		0.925												15		5														8		9		9%										65		7		7%

		8		0.74												18		4														9		5		5%

		9		0.63												21		1														10		5

																24		1

																										TEMPERATURE		Amylase Activity IU/ml/min												TIME (Hrs)		Amylase Activity U/ml/min

																																								24		2.31

																										27		1.9												36		1.235

																										37		2.58												48		0.924
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																																MgSO4		1.09
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		OS		1.42

		CS		0.56
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		CS		1.85

		BS		2.61
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		Samples		Weight loss percentage (%)
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		PS		22.4

		Samples		Degumming efficiency  (%)
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Samples
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		S. No		pH		Protease activity U/ml/min																AGRO RESIDUES		Amylase Activity IU/ml/min

																						Greengram husk		0.37

		1		5		0.205																Castor oil cake		0.462

		2		6		0.134																Coconut oil cake		1.665

		3		7		0.03																Cotton seed oil cake		1.38

		4		8		0.064																Blackgram husk		0.83

		5		9		0.254																Rice bran		1.9

		6		10		0.03																Wheat bran		2.31

		7		11		0.008																Groundnut oil cake		1.38

				Temperature (º C)		protease Activity (U/ml/min)

				17		0.03

				27		0.008

				37		0.322

				47		0.041

				57		0.019

				67		0.053

				77		0.019

				WHEAT BRAN :		Amylase Activity IU/ml/min

				RICE BRAN :

				1:2:2		0.72

				1:1:3		0.19

				2:2:1		0.37

				2:1:2		0.74

				1:3:1		1.38

				2:1.5:1.5		0.74

				3:1:1		2.05

				S.No		Carbon sources (1%)		Protease activity (U/ml/min)		Specific activity

										(mg/ml)

				1		Starch		0.064		0.134

				2		Wheat		0.389		3.33

				3		Maltose		0.153		0.203

				4		Sucrose		0.086		0.217

				5		Rice bran		0.019		0.048

				Nitrogen source		Protease activity (U/ml/min)																				CARBON SOURCES		Amylase Activity IU/ml/min

				-0.50%																						Maltose		2.78

				Beef extract		0.176																				Fructose		1.9

				Yeast extract		0.075																				Lactose		1.38

				Glycine		0.479																				Glucose		1.66

				Peptone		0.131																				Starch		2.03

				Casein		0.182																				Casein		0.182

				NITROGEN SOURCES		Amylase Activity IU/ml/min

				Yeast extract		0.6

				Beef extract		0.74

				Tryptone		1.38

				Ammonium sulphate		1.11

				Ammonium oxalate		1.18

				Casein		1.38

				Ammonium chloride		0.925

				Peptone		2.86

				Potassium nitrate		1.9

				Urea		1.38

				Inoculum concentration		Protease activity (U/ml/min)

				(%)

				1		0.031

				2		0.254

				3		0.109

				4		0.086

				5		0.075

				6		0.041

				7		0.008

		Samples		Mean (cm)

		OS		1.37

		CSA		0.41

		BSA		1.625

		PSA		1.685

		SELECTED STRAIN		ACTIVITY

				U/ml

		T1		207.82

		T2		198.16

		T3		188.51

		T4		169.2

		S.No		SELECTED STRAIN		ACTIVITY

						U/ml

		1		T1		149.89

		2		T2		120.92

		3		T3		101.61

		4		T4		140.23

		5		T5		159.54

		6		T6		101.61

				AGRO WASTES		ACTIVITY

						U/gds

				WHEAT BRAN		133.99

				RICE BRAN		19.61

				MILLET BRAN		59.58

				CORN BRAN		26.42

				MAIZE BRAN		36.55

				CASSAVA PEAL POWDER		39.46

				COTTON SEEDOIL CAKE		125.94

				INOCULUM		ACTIVITY

				SIZE (%)		U/gds

				2		108.08

				4		115.59

				6		92.18

				8		84.22

				10		130.71

				12		74.09

				pH		ACTIVITY

						U/gds

				4		103.77

				5		104.96

				6		107.84

				7		152

				8		127.65

				9		126.7

				10		84.1

		TEMPATURE		ACTIVITY

		° C		U/gds

		30		74.51

		40		84.36

		50		142.96

		60		111.65

		70		84.36

		80		74.14

		90		65.66

		EXTRACTION MEDIA		ACTIVITY

				U/gds

		ACITATE BUFFER		62.52

		PHOSPHATE BUFFER		68.01

		DISTILLED WATER		163.81

				INCUBATION TIME		ACTIVITY

				(hr)		U/gds

				24		28.6

				48		88.97

				72		177.93

				96		155.73

				120		141.02

				MOISTENING AGENT		ACTIVITY

						U/gds

				I		99.91

				II		81.52

				III		88.59

				IV		49.8

				V		73.87

				TAP WATER		91.3

				DISTILLED WATER		98.19

						ACTIVITY

				MOISTURE LEVEL RATIO (W/V)		U/gds

				01:01.0		183.81

				01:01.5		160.32

				01:02.0		154.38

				01:02.5		153.99

				01:03.0		126.99

				CARBON SOURCES  (1%)		ACTIVITY U/gds

				CONTROL		66.26

				DEXTROSE		21.09

				FRUCTOSE		63.35

				LACTOSE		110.9

				MALTOSE		119.4

				SUCROSE		127.37

				STARCH		184.38

						STARCH CONCENTRATION (%)		ACTIVITY

								U/gds

						0.5		140.79

						1.0		186.97

						1.5		120.79

						2.0		83.47

						2.5		65.82

						NITROGEN SOURCE (1%)		ACTIVITY U/gds

						CONTROL		61.19

						YEAST EXTRACT		190.34

						TRIPTONE		107.17

						PEPTONE		106.6

						BEEF EXTRACT		99.64

						CASEIN		92.61

						UREA		72.71

						AMMONIUMCHLORIDE		69.16

						SODIUM  NITRATE		65.59

						AMMONIUM SULPHATE		62

				BEEF EXTRACT (%)		ACTIVITY

						U/gds

				0.5		151

				1.0		159.43

				1.5		201.91

				2.0		166.17

				2.5		138.55

				3.0		132.83

				3.5		121.73

						CaCl2 (%)		ACTIVITY

								U/gds

						CONTROL		201.91

						0.2		90.3

						0.4		92.11

						0.6		119.02

						0.8		141.01

						1.0		212.44
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		Enzyme concentration (ml)		Weight loss (%)												Time     (Hours)		Weight loss (%)														pH		Weight loss (%)												Temperature (0º C)		Weight loss (%)

		3		0.19												3		5														4		2		2%										25		6		6%

		4		0.55												6		18														5		4		4%										35		14		14%

		5		0.74												9		10														6		13		13%										45		17		17%

		6		2.36												12		8														7		14		12%										55		11		11%

		7		0.925												15		5														8		9		9%										65		7		7%

		8		0.74												18		4														9		5		5%

		9		0.63												21		1														10		5

																24		1

																										TEMPERATURE		Amylase Activity IU/ml/min												TIME (Hrs)		Amylase Activity U/ml/min

																																								24		2.31

																										27		1.9												36		1.235

																										37		2.58												48		0.924

																										50		0.925												60		0.74

																										60		0.74												72		0.51

																										90		0.62

																																		1		0.74

																																		1.5		0.925

																																		2		2.31

																																		2.5		1.9

																																		3		1.01

																																		3.5		0.832

																																		4		0.73

																																		4.5		0.55

																																		5		0.432

																																METAL IONS		Amylase Activity U/ml/min

																																CaCl2		1.48

																																KCl		0.37

																																MgSO4		1.09

																																CuSO4		1.38

																																HgCl2		0.74

																																FeSO4		0.832

																																Pb(NO3)2		0.55
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		Samples		Mean (kg)

		OS		1.42

		CS		0.56

		BS		1.315

		PS		1.54

		Samples		Mean (cm)

		OS		3.18

		CS		1.85

		BS		2.61

		PS		3.69

		Samples		Weight loss percentage (%)

		CS		23

		BS		14.28

		PS		22.4

		Samples		Degumming efficiency  (%)

		CS		100

		BS		62.08

		PS		97.39

		Samples		Mean (cm)

		OS		1.37

		CSA		0.41

		BSA		1.625

		PSA		1.685

		Samples		Mean (cm)

		OS		3.18

		CSA		2.38

		BSA		4.14

		PSA		4.45





Sheet4

		0

		0

		0

		0



Samples

Yarn strength (Kg)



Sheet1

		0

		0

		0

		0



Samples

Yarn Elongation (cm)



Sheet2

		0

		0

		0



Weight loss percentage (%)

Samples

Weight Loss (%)



Sheet3

		0

		0

		0



Samples

Degumming Efficiency (%)



		0

		0

		0

		0



Samples

Yarn Strength (Kg)



		0

		0

		0

		0



Samples

Yarn Elongation (cm)



		S. No		pH		Protease activity U/ml/min																AGRO RESIDUES		Amylase Activity IU/ml/min

																						Greengram husk		0.37

		1		5		0.205																Castor oil cake		0.462

		2		6		0.134																Coconut oil cake		1.665

		3		7		0.03																Cotton seed oil cake		1.38

		4		8		0.064																Blackgram husk		0.83

		5		9		0.254																Rice bran		1.9

		6		10		0.03																Wheat bran		2.31

		7		11		0.008																Groundnut oil cake		1.38

				Temperature (º C)		protease Activity (U/ml/min)

				17		0.03

				27		0.008

				37		0.322

				47		0.041

				57		0.019

				67		0.053

				77		0.019

				WHEAT BRAN :		Amylase Activity IU/ml/min

				RICE BRAN :

				1:2:2		0.72

				1:1:3		0.19

				2:2:1		0.37

				2:1:2		0.74

				1:3:1		1.38

				2:1.5:1.5		0.74

				3:1:1		2.05

				S.No		Carbon sources (1%)		Protease activity (U/ml/min)		Specific activity

										(mg/ml)

				1		Starch		0.064		0.134

				2		Wheat		0.389		3.33

				3		Maltose		0.153		0.203

				4		Sucrose		0.086		0.217

				5		Rice bran		0.019		0.048

				Nitrogen source		Protease activity (U/ml/min)																				CARBON SOURCES		Amylase Activity IU/ml/min

				-0.50%																						Maltose		2.78

				Beef extract		0.176																				Fructose		1.9

				Yeast extract		0.075																				Lactose		1.38

				Glycine		0.479																				Glucose		1.66

				Peptone		0.131																				Starch		2.03

				Casein		0.182																				Casein		0.182

				NITROGEN SOURCES		Amylase Activity IU/ml/min

				Yeast extract		0.6

				Beef extract		0.74

				Tryptone		1.38

				Ammonium sulphate		1.11

				Ammonium oxalate		1.18

				Casein		1.38

				Ammonium chloride		0.925

				Peptone		2.86

				Potassium nitrate		1.9

				Urea		1.38

				Inoculum concentration		Protease activity (U/ml/min)

				(%)

				1		0.031

				2		0.254

				3		0.109

				4		0.086

				5		0.075

				6		0.041

				7		0.008

		Samples		Mean (cm)

		OS		1.37

		CSA		0.41

		BSA		1.625

		PSA		1.685

		SELECTED STRAIN		ACTIVITY

				U/ml

		T1		207.82

		T2		198.16

		T3		188.51

		T4		169.2

		S.No		SELECTED STRAIN		ACTIVITY

						U/ml

		1		T1		149.89

		2		T2		120.92

		3		T3		101.61

		4		T4		140.23

		5		T5		159.54

		6		T6		101.61

				AGRO WASTES		ACTIVITY

						U/gds

				WHEAT BRAN		133.99

				RICE BRAN		19.61

				MILLET BRAN		59.58

				CORN BRAN		26.42

				MAIZE BRAN		36.55

				CASSAVA PEAL POWDER		39.46

				COTTON SEEDOIL CAKE		125.94

				INOCULUM		ACTIVITY

				SIZE (%)		U/gds

				2		108.08

				4		115.59

				6		92.18

				8		84.22

				10		130.71

				12		74.09

				pH		ACTIVITY

						U/gds

				4		103.77

				5		104.96

				6		107.84

				7		152

				8		127.65

				9		126.7

				10		84.1

		TEMPATURE		ACTIVITY

		° C		U/gds

		30		74.51

		40		84.36

		50		142.96

		60		111.65

		70		84.36

		80		74.14

		90		65.66

		EXTRACTION MEDIA		ACTIVITY

				U/gds

		ACITATE BUFFER		62.52

		PHOSPHATE BUFFER		68.01

		DISTILLED WATER		163.81

				INCUBATION TIME		ACTIVITY

				(hr)		U/gds

				24		28.6

				48		88.97

				72		177.93

				96		155.73

				120		141.02

				MOISTENING AGENT		ACTIVITY

						U/gds

				I		99.91

				II		81.52

				III		88.59

				IV		49.8

				V		73.87

				TAP WATER		91.3

				DISTILLED WATER		98.19

						ACTIVITY

				MOISTURE LEVEL RATIO (W/V)		U/gds

				01:01.0		183.81

				01:01.5		160.32

				01:02.0		154.38

				01:02.5		153.99

				01:03.0		126.99

				CARBON SOURCES  (1%)		ACTIVITY U/gds

				CONTROL		66.26

				DEXTROSE		21.09

				FRUCTOSE		63.35

				LACTOSE		110.9

				MALTOSE		119.4

				SUCROSE		127.37

				STARCH		184.38

						STARCH CONCENTRATION (%)		ACTIVITY

								U/gds

						0.5		140.79

						1.0		186.97

						1.5		120.79

						2.0		83.47

						2.5		65.82

						NITROGEN SOURCE (1%)		ACTIVITY U/gds

						CONTROL		61.19

						YEAST EXTRACT		190.34

						TRIPTONE		107.17

						PEPTONE		106.6

						BEEF EXTRACT		99.64

						CASEIN		92.61

						UREA		72.71

						AMMONIUMCHLORIDE		69.16

						SODIUM  NITRATE		65.59

						AMMONIUM SULPHATE		62

				BEEF EXTRACT (%)		ACTIVITY

						U/gds

				0.5		151

				1.0		159.43

				1.5		201.91

				2.0		166.17

				2.5		138.55

				3.0		132.83

				3.5		121.73

						CaCl2 (%)		ACTIVITY

								U/gds

						CONTROL		201.91

						0.2		90.3

						0.4		92.11

						0.6		119.02

						0.8		141.01

						1.0		212.44
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		Enzyme concentration (ml)		Weight loss (%)												Time     (Hours)		Weight loss (%)														pH		Weight loss (%)												Temperature (0º C)		Weight loss (%)

		3		0.19												3		5														4		2		2%										25		6		6%

		4		0.55												6		18														5		4		4%										35		14		14%

		5		0.74												9		10														6		13		13%										45		17		17%

		6		2.36												12		8														7		14		12%										55		11		11%

		7		0.925												15		5														8		9		9%										65		7		7%

		8		0.74												18		4														9		5		5%

		9		0.63												21		1														10		5

																24		1

																										TEMPERATURE		Amylase Activity IU/ml/min												TIME (Hrs)		Amylase Activity U/ml/min

																																								24		2.31

																										27		1.9												36		1.235

																										37		2.58												48		0.924

																										50		0.925												60		0.74

																										60		0.74												72		0.51

																										90		0.62

																																		1		0.74

																																		1.5		0.925

																																		2		2.31

																																		2.5		1.9

																																		3		1.01

																																		3.5		0.832

																																		4		0.73

																																		4.5		0.55

																																		5		0.432

																																METAL IONS		Amylase Activity U/ml/min

																																CaCl2		1.48

																																KCl		0.37

																																MgSO4		1.09

																																CuSO4		1.38

																																HgCl2		0.74

																																FeSO4		0.832

																																Pb(NO3)2		0.55
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		S. No		pH		Protease activity U/ml/min																AGRO RESIDUES		Amylase Activity IU/ml/min

																						Greengram husk		0.37

		1		5		0.205																Castor oil cake		0.462

		2		6		0.134																Coconut oil cake		1.665

		3		7		0.03																Cotton seed oil cake		1.38

		4		8		0.064																Blackgram husk		0.83

		5		9		0.254																Rice bran		1.9

		6		10		0.03																Wheat bran		2.31

		7		11		0.008																Groundnut oil cake		1.38

				Temperature (º C)		protease Activity (U/ml/min)

				17		0.03

				27		0.008

				37		0.322

				47		0.041

				57		0.019

				67		0.053

				77		0.019

				WHEAT BRAN :		Amylase Activity IU/ml/min

				RICE BRAN :

				1:2:2		0.72

				1:1:3		0.19

				2:2:1		0.37

				2:1:2		0.74

				1:3:1		1.38

				2:1.5:1.5		0.74

				3:1:1		2.05

				S.No		Carbon sources (1%)		Protease activity (U/ml/min)		Specific activity

										(mg/ml)

				1		Starch		0.064		0.134

				2		Wheat		0.389		3.33

				3		Maltose		0.153		0.203

				4		Sucrose		0.086		0.217

				5		Rice bran		0.019		0.048

				Nitrogen source		Protease activity (U/ml/min)																				CARBON SOURCES		Amylase Activity IU/ml/min

				-0.50%																						Maltose		2.78

				Beef extract		0.176																				Fructose		1.9

				Yeast extract		0.075																				Lactose		1.38

				Glycine		0.479																				Glucose		1.66

				Peptone		0.131																				Starch		2.03

				Casein		0.182																				Casein		0.182

				NITROGEN SOURCES		Amylase Activity IU/ml/min

				Yeast extract		0.6

				Beef extract		0.74

				Tryptone		1.38

				Ammonium sulphate		1.11

				Ammonium oxalate		1.18

				Casein		1.38

				Ammonium chloride		0.925

				Peptone		2.86

				Potassium nitrate		1.9

				Urea		1.38

				Inoculum concentration		Protease activity (U/ml/min)

				(%)

				1		0.031

				2		0.254

				3		0.109

				4		0.086

				5		0.075

				6		0.041

				7		0.008

		Samples		Mean (cm)

		OS		1.37

		CSA		0.41

		BSA		1.625

		PSA		1.685

		SELECTED STRAIN		ACTIVITY

				U/ml

		T1		207.82

		T2		198.16

		T3		188.51

		T4		169.2

		S.No		SELECTED STRAIN		ACTIVITY

						U/ml

		1		T1		149.89

		2		T2		120.92

		3		T3		101.61

		4		T4		140.23

		5		T5		159.54

		6		T6		101.61

				AGRO WASTES		ACTIVITY

						U/gds

				WHEAT BRAN		133.99

				RICE BRAN		19.61

				MILLET BRAN		59.58

				CORN BRAN		26.42

				MAIZE BRAN		36.55

				CASSAVA PEAL POWDER		39.46

				COTTON SEEDOIL CAKE		125.94

				INOCULUM		ACTIVITY

				SIZE (%)		U/gds

				2		108.08

				4		115.59

				6		92.18

				8		84.22

				10		130.71

				12		74.09

				pH		ACTIVITY

						U/gds

				4		103.77

				5		104.96

				6		107.84

				7		152

				8		127.65

				9		126.7

				10		84.1

		TEMPATURE		ACTIVITY

		° C		U/gds

		30		74.51

		40		84.36

		50		142.96

		60		111.65

		70		84.36

		80		74.14

		90		65.66

		EXTRACTION MEDIA		ACTIVITY

				U/gds

		ACITATE BUFFER		62.52

		PHOSPHATE BUFFER		68.01

		DISTILLED WATER		163.81

				INCUBATION TIME		ACTIVITY

				(hr)		U/gds

				24		28.6

				48		88.97

				72		177.93

				96		155.73

				120		141.02

				MOISTENING AGENT		ACTIVITY

						U/gds

				I		99.91

				II		81.52

				III		88.59

				IV		49.8

				V		73.87

				TAP WATER		91.3

				DISTILLED WATER		98.19

						ACTIVITY

				MOISTURE LEVEL RATIO (W/V)		U/gds

				01:01.0		183.81

				01:01.5		160.32

				01:02.0		154.38

				01:02.5		153.99

				01:03.0		126.99

				CARBON SOURCES  (1%)		ACTIVITY U/gds

				CONTROL		66.26

				DEXTROSE		21.09

				FRUCTOSE		63.35

				LACTOSE		110.9

				MALTOSE		119.4

				SUCROSE		127.37

				STARCH		184.38

						STARCH CONCENTRATION (%)		ACTIVITY

								U/gds

						0.5		140.79

						1.0		186.97

						1.5		120.79

						2.0		83.47

						2.5		65.82

						NITROGEN SOURCE (1%)		ACTIVITY U/gds

						CONTROL		61.19

						YEAST EXTRACT		190.34

						TRIPTONE		107.17

						PEPTONE		106.6

						BEEF EXTRACT		99.64

						CASEIN		92.61

						UREA		72.71

						AMMONIUMCHLORIDE		69.16

						SODIUM  NITRATE		65.59

						AMMONIUM SULPHATE		62

				BEEF EXTRACT (%)		ACTIVITY

						U/gds

				0.5		151

				1.0		159.43

				1.5		201.91

				2.0		166.17

				2.5		138.55

				3.0		132.83

				3.5		121.73

						CaCl2 (%)		ACTIVITY

								U/gds

						CONTROL		201.91

						0.2		90.3

						0.4		92.11

						0.6		119.02

						0.8		141.01

						1.0		212.44
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		Enzyme concentration (ml)		Weight loss (%)												Time     (Hours)		Weight loss (%)														pH		Weight loss (%)												Temperature (0º C)		Weight loss (%)

		3		0.19												3		5														4		2		2%										25		6		6%

		4		0.55												6		18														5		4		4%										35		14		14%

		5		0.74												9		10														6		13		13%										45		17		17%

		6		2.36												12		8														7		14		12%										55		11		11%

		7		0.925												15		5														8		9		9%										65		7		7%

		8		0.74												18		4														9		5		5%

		9		0.63												21		1														10		5

																24		1

																										TEMPERATURE		Amylase Activity IU/ml/min												TIME (Hrs)		Amylase Activity U/ml/min

																																								24		2.31

																										27		1.9												36		1.235

																										37		2.58												48		0.924

																										50		0.925												60		0.74

																										60		0.74												72		0.51

																										90		0.62
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																																CuSO4		1.38

																																HgCl2		0.74

																																FeSO4		0.832

																																Pb(NO3)2		0.55
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		Samples		Mean (kg)

		OS		1.42

		CS		0.56

		BS		1.315

		PS		1.54

		Samples		Mean (cm)

		OS		3.18

		CS		1.85

		BS		2.61

		PS		3.69

		Samples		Weight loss percentage (%)

		CS		23

		BS		14.28

		PS		22.4

		Samples		Degumming efficiency  (%)

		CS		100

		BS		62.08

		PS		97.39

		Samples		Mean (cm)

		OS		1.37

		CSA		0.41

		BSA		1.625

		PSA		1.685

		Samples		Mean (cm)

		OS		3.18
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		BSA		4.14

		PSA		4.45
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Samples

Yarn Elongation (cm)



		S. No		pH		Protease activity U/ml/min																AGRO RESIDUES		Amylase Activity IU/ml/min

																						Greengram husk		0.37

		1		5		0.205																Castor oil cake		0.462

		2		6		0.134																Coconut oil cake		1.665

		3		7		0.03																Cotton seed oil cake		1.38

		4		8		0.064																Blackgram husk		0.83

		5		9		0.254																Rice bran		1.9

		6		10		0.03																Wheat bran		2.31

		7		11		0.008																Groundnut oil cake		1.38

				Temperature (º C)		protease Activity (U/ml/min)

				17		0.03

				27		0.008

				37		0.322

				47		0.041

				57		0.019

				67		0.053

				77		0.019

				WHEAT BRAN :		Amylase Activity IU/ml/min

				RICE BRAN :

				1:2:2		0.72

				1:1:3		0.19

				2:2:1		0.37

				2:1:2		0.74

				1:3:1		1.38

				2:1.5:1.5		0.74

				3:1:1		2.05

				S.No		Carbon sources (1%)		Protease activity (U/ml/min)		Specific activity

										(mg/ml)

				1		Starch		0.064		0.134

				2		Wheat		0.389		3.33

				3		Maltose		0.153		0.203

				4		Sucrose		0.086		0.217

				5		Rice bran		0.019		0.048

				Nitrogen source		Protease activity (U/ml/min)																				CARBON SOURCES		Amylase Activity IU/ml/min

				-0.50%																						Maltose		2.78

				Beef extract		0.176																				Fructose		1.9

				Yeast extract		0.075																				Lactose		1.38

				Glycine		0.479																				Glucose		1.66

				Peptone		0.131																				Starch		2.03

				Casein		0.182																				Casein		0.182

				NITROGEN SOURCES		Amylase Activity IU/ml/min

				Yeast extract		0.6

				Beef extract		0.74

				Tryptone		1.38

				Ammonium sulphate		1.11

				Ammonium oxalate		1.18

				Casein		1.38

				Ammonium chloride		0.925

				Peptone		2.86

				Potassium nitrate		1.9

				Urea		1.38

				Inoculum concentration		Protease activity (U/ml/min)

				(%)

				1		0.031

				2		0.254

				3		0.109

				4		0.086

				5		0.075

				6		0.041

				7		0.008

		Samples		Mean (cm)

		OS		1.37

		CSA		0.41

		BSA		1.625

		PSA		1.685

		SELECTED STRAIN		ACTIVITY

				U/ml

		T1		207.82

		T2		198.16

		T3		188.51

		T4		169.2

		S.No		SELECTED STRAIN		ACTIVITY

						U/ml

		1		T1		149.89

		2		T2		120.92

		3		T3		101.61

		4		T4		140.23

		5		T5		159.54

		6		T6		101.61

				AGRO WASTES		ACTIVITY

						U/gds

				WHEAT BRAN		133.99

				RICE BRAN		19.61

				MILLET BRAN		59.58

				CORN BRAN		26.42

				MAIZE BRAN		36.55

				CASSAVA PEAL POWDER		39.46

				COTTON SEEDOIL CAKE		125.94

				INOCULUM		ACTIVITY

				SIZE (%)		U/gds

				2		108.08

				4		115.59

				6		92.18

				8		84.22

				10		130.71

				12		74.09

				pH		ACTIVITY

						U/gds

				4		103.77

				5		104.96

				6		107.84

				7		152

				8		127.65

				9		126.7

				10		84.1

		TEMPATURE		ACTIVITY

		° C		U/gds

		30		74.51

		40		84.36

		50		142.96

		60		111.65

		70		84.36

		80		74.14

		90		65.66

		EXTRACTION MEDIA		ACTIVITY

				U/gds

		ACITATE BUFFER		62.52

		PHOSPHATE BUFFER		68.01

		DISTILLED WATER		163.81

				INCUBATION TIME		ACTIVITY

				(hr)		U/gds

				24		28.6

				48		88.97

				72		177.93

				96		155.73

				120		141.02

				MOISTENING AGENT		ACTIVITY

						U/gds

				I		99.91

				II		81.52

				III		88.59

				IV		49.8

				V		73.87

				TAP WATER		91.3

				DISTILLED WATER		98.19

						ACTIVITY

				MOISTURE LEVEL RATIO (W/V)		U/gds

				01:01.0		183.81

				01:01.5		160.32

				01:02.0		154.38

				01:02.5		153.99

				01:03.0		126.99

				CARBON SOURCES  (1%)		ACTIVITY U/gds

				CONTROL		66.26

				DEXTROSE		21.09

				FRUCTOSE		63.35

				LACTOSE		110.9

				MALTOSE		119.4

				SUCROSE		127.37

				STARCH		184.38

						STARCH CONCENTRATION (%)		ACTIVITY

								U/gds

						0.5		140.79

						1.0		186.97

						1.5		120.79

						2.0		83.47

						2.5		65.82

						NITROGEN SOURCE (1%)		ACTIVITY U/gds

						CONTROL		61.19

						YEAST EXTRACT		190.34

						TRIPTONE		107.17

						PEPTONE		106.6

						BEEF EXTRACT		99.64

						CASEIN		92.61

						UREA		72.71

						AMMONIUMCHLORIDE		69.16

						SODIUM  NITRATE		65.59

						AMMONIUM SULPHATE		62

				BEEF EXTRACT (%)		ACTIVITY

						U/gds

				0.5		151

				1.0		159.43

				1.5		201.91

				2.0		166.17

				2.5		138.55

				3.0		132.83

				3.5		121.73

						CaCl2 (%)		ACTIVITY

								U/gds

						CONTROL		201.91

						0.2		90.3

						0.4		92.11

						0.6		119.02

						0.8		141.01

						1.0		212.44
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		Enzyme concentration (ml)		Weight loss (%)												Time     (Hours)		Weight loss (%)														pH		Weight loss (%)												Temperature (0º C)		Weight loss (%)

		3		0.19												3		5														4		2		2%										25		6		6%

		4		0.55												6		18														5		4		4%										35		14		14%

		5		0.74												9		10														6		13		13%										45		17		17%

		6		2.36												12		8														7		14		12%										55		11		11%

		7		0.925												15		5														8		9		9%										65		7		7%

		8		0.74												18		4														9		5		5%

		9		0.63												21		1														10		5

																24		1

																										TEMPERATURE		Amylase Activity IU/ml/min												TIME (Hrs)		Amylase Activity U/ml/min

																																								24		2.31

																										27		1.9												36		1.235

																										37		2.58												48		0.924

																										50		0.925												60		0.74

																										60		0.74												72		0.51

																										90		0.62

																																		1		0.74

																																		1.5		0.925

																																		2		2.31

																																		2.5		1.9

																																		3		1.01

																																		3.5		0.832

																																		4		0.73

																																		4.5		0.55

																																		5		0.432

																																METAL IONS		Amylase Activity U/ml/min

																																CaCl2		1.48

																																KCl		0.37

																																MgSO4		1.09

																																CuSO4		1.38

																																HgCl2		0.74

																																FeSO4		0.832

																																Pb(NO3)2		0.55
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Sheet4

		Samples		Mean (kg)

		OS		1.42

		CS		0.56

		BS		1.315

		PS		1.54

		Samples		Mean (cm)

		OS		3.18

		CS		1.85

		BS		2.61

		PS		3.69

		Samples		Weight loss percentage (%)

		CS		23

		BS		14.28

		PS		22.4

		Samples		Degumming efficiency  (%)

		CS		100

		BS		62.08

		PS		97.39

		Samples		Mean (cm)

		OS		1.37

		CSA		0.41

		BSA		1.625

		PSA		1.685

		Samples		Mean (cm)

		OS		3.18

		CSA		2.38

		BSA		4.14

		PSA		4.45
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Samples

Yarn Elongation (cm)



		S. No		pH		Protease activity U/ml/min																AGRO RESIDUES		Amylase Activity IU/ml/min

																						Greengram husk		0.37

		1		5		0.205																Castor oil cake		0.462

		2		6		0.134																Coconut oil cake		1.665

		3		7		0.03																Cotton seed oil cake		1.38

		4		8		0.064																Blackgram husk		0.83

		5		9		0.254																Rice bran		1.9

		6		10		0.03																Wheat bran		2.31

		7		11		0.008																Groundnut oil cake		1.38

				Temperature (º C)		protease Activity (U/ml/min)

				17		0.03

				27		0.008

				37		0.322

				47		0.041

				57		0.019

				67		0.053

				77		0.019

				WHEAT BRAN :		Amylase Activity IU/ml/min

				RICE BRAN :

				1:2:2		0.72

				1:1:3		0.19

				2:2:1		0.37

				2:1:2		0.74

				1:3:1		1.38

				2:1.5:1.5		0.74

				3:1:1		2.05

				S.No		Carbon sources (1%)		Protease activity (U/ml/min)		Specific activity

										(mg/ml)

				1		Starch		0.064		0.134

				2		Wheat		0.389		3.33

				3		Maltose		0.153		0.203

				4		Sucrose		0.086		0.217

				5		Rice bran		0.019		0.048

				Nitrogen source		Protease activity (U/ml/min)																				CARBON SOURCES		Amylase Activity IU/ml/min

				-0.50%																						Maltose		2.78

				Beef extract		0.176																				Fructose		1.9

				Yeast extract		0.075																				Lactose		1.38

				Glycine		0.479																				Glucose		1.66

				Peptone		0.131																				Starch		2.03

				Casein		0.182																				Casein		0.182

				NITROGEN SOURCES		Amylase Activity IU/ml/min

				Yeast extract		0.6

				Beef extract		0.74

				Tryptone		1.38

				Ammonium sulphate		1.11

				Ammonium oxalate		1.18

				Casein		1.38

				Ammonium chloride		0.925

				Peptone		2.86

				Potassium nitrate		1.9

				Urea		1.38

				Inoculum concentration		Protease activity (U/ml/min)

				(%)

				1		0.031

				2		0.254

				3		0.109

				4		0.086

				5		0.075

				6		0.041

				7		0.008

		Samples		Mean (cm)

		OS		1.37

		CSA		0.41

		BSA		1.625

		PSA		1.685

		SELECTED STRAIN		ACTIVITY

				U/ml

		T1		207.82

		T2		198.16

		T3		188.51

		T4		169.2

		S.No		SELECTED STRAIN		ACTIVITY

						U/ml

		1		T1		149.89

		2		T2		120.92

		3		T3		101.61

		4		T4		140.23

		5		T5		159.54

		6		T6		101.61

				AGRO WASTES		ACTIVITY

						U/gds

				WHEAT BRAN		133.99

				RICE BRAN		19.61

				MILLET BRAN		59.58

				CORN BRAN		26.42

				MAIZE BRAN		36.55

				CASSAVA PEAL POWDER		39.46

				COTTON SEEDOIL CAKE		125.94

				INOCULUM		ACTIVITY

				SIZE (%)		U/gds

				2		108.08

				4		115.59

				6		92.18

				8		84.22

				10		130.71

				12		74.09

				pH		ACTIVITY

						U/gds

				4		103.77

				5		104.96

				6		107.84

				7		152

				8		127.65

				9		126.7

				10		84.1

		TEMPATURE		ACTIVITY

		° C		U/gds

		30		74.51

		40		84.36

		50		142.96

		60		111.65

		70		84.36

		80		74.14

		90		65.66

		EXTRACTION MEDIA		ACTIVITY

				U/gds

		ACITATE BUFFER		62.52

		PHOSPHATE BUFFER		68.01

		DISTILLED WATER		163.81

				INCUBATION TIME		ACTIVITY

				(hr)		U/gds

				24		28.6

				48		88.97

				72		177.93

				96		155.73

				120		141.02

				MOISTENING AGENT		ACTIVITY

						U/gds

				I		99.91

				II		81.52

				III		88.59

				IV		49.8

				V		73.87

				TAP WATER		91.3

				DISTILLED WATER		98.19

						ACTIVITY

				MOISTURE LEVEL RATIO (W/V)		U/gds

				01:01.0		183.81

				01:01.5		160.32

				01:02.0		154.38

				01:02.5		153.99

				01:03.0		126.99

				CARBON SOURCES  (1%)		ACTIVITY U/gds
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		S. No		pH		Protease activity U/ml/min																AGRO RESIDUES		Amylase Activity IU/ml/min

																						Greengram husk		0.37

		1		5		0.205																Castor oil cake		0.462

		2		6		0.134																Coconut oil cake		1.665

		3		7		0.03																Cotton seed oil cake		1.38

		4		8		0.064																Blackgram husk		0.83

		5		9		0.254																Rice bran		1.9

		6		10		0.03																Wheat bran		2.31

		7		11		0.008																Groundnut oil cake		1.38

				Temperature (º C)		protease Activity (U/ml/min)

				17		0.03

				27		0.008

				37		0.322

				47		0.041

				57		0.019

				67		0.053

				77		0.019

				WHEAT BRAN :		Amylase Activity IU/ml/min

				RICE BRAN :

				1:2:2		0.72

				1:1:3		0.19

				2:2:1		0.37

				2:1:2		0.74

				1:3:1		1.38

				2:1.5:1.5		0.74

				3:1:1		2.05

				S.No		Carbon sources (1%)		Protease activity (U/ml/min)		Specific activity

										(mg/ml)

				1		Starch		0.064		0.134

				2		Wheat		0.389		3.33

				3		Maltose		0.153		0.203

				4		Sucrose		0.086		0.217

				5		Rice bran		0.019		0.048

				Nitrogen source		Protease activity (U/ml/min)																				CARBON SOURCES		Amylase Activity IU/ml/min

				-0.50%																						Maltose		2.78

				Beef extract		0.176																				Fructose		1.9

				Yeast extract		0.075																				Lactose		1.38

				Glycine		0.479																				Glucose		1.66

				Peptone		0.131																				Starch		2.03

				Casein		0.182																				Casein		0.182

				NITROGEN SOURCES		Amylase Activity IU/ml/min

				Yeast extract		0.6

				Beef extract		0.74

				Tryptone		1.38

				Ammonium sulphate		1.11

				Ammonium oxalate		1.18

				Casein		1.38

				Ammonium chloride		0.925

				Peptone		2.86

				Potassium nitrate		1.9

				Urea		1.38

				Inoculum concentration		Protease activity (U/ml/min)
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				4		0.086
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		T1		207.82

		T2		198.16

		T3		188.51

		T4		169.2
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		1		T1		149.89
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		3		T3		101.61

		4		T4		140.23

		5		T5		159.54

		6		T6		101.61

				AGRO WASTES		ACTIVITY

						U/gds

				WHEAT BRAN		133.99

				RICE BRAN		19.61

				MILLET BRAN		59.58

				CORN BRAN		26.42

				MAIZE BRAN		36.55

				CASSAVA PEAL POWDER		39.46

				COTTON SEEDOIL CAKE		125.94

				INOCULUM		ACTIVITY

				SIZE (%)		U/gds

				2		108.08

				4		115.59

				6		92.18

				8		84.22

				10		130.71

				12		74.09

				pH		ACTIVITY

						U/gds

				4		103.77

				5		104.96

				6		107.84

				7		152

				8		127.65

				9		126.7

				10		84.1

		TEMPATURE		ACTIVITY

		° C		U/gds

		30		74.51
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		ACITATE BUFFER		62.52
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				IV		49.8
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				DISTILLED WATER		98.19
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				MOISTURE LEVEL RATIO (W/V)		U/gds

				01:01.0		183.81

				01:01.5		160.32

				01:02.0		154.38

				01:02.5		153.99

				01:03.0		126.99

				CARBON SOURCES  (1%)		ACTIVITY U/gds

				CONTROL		66.26

				DEXTROSE		21.09

				FRUCTOSE		63.35

				LACTOSE		110.9

				MALTOSE		119.4

				SUCROSE		127.37

				STARCH		184.38
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				0.5		151
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				1.5		201.91

				2.0		166.17

				2.5		138.55
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				3.5		121.73
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		6		2.36												12		8														7		14		12%										55		11		11%

		7		0.925												15		5														8		9		9%										65		7		7%

		8		0.74												18		4														9		5		5%

		9		0.63												21		1														10		5

																24		1

																										TEMPERATURE		Amylase Activity IU/ml/min												TIME (Hrs)		Amylase Activity U/ml/min
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Samples
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		S. No		pH		Protease activity U/ml/min																AGRO RESIDUES		Amylase Activity IU/ml/min

																						Greengram husk		0.37

		1		5		0.205																Castor oil cake		0.462

		2		6		0.134																Coconut oil cake		1.665

		3		7		0.03																Cotton seed oil cake		1.38

		4		8		0.064																Blackgram husk		0.83

		5		9		0.254																Rice bran		1.9

		6		10		0.03																Wheat bran		2.31

		7		11		0.008																Groundnut oil cake		1.38

				Temperature (º C)		protease Activity (U/ml/min)

				17		0.03

				27		0.008

				37		0.322

				47		0.041

				57		0.019

				67		0.053

				77		0.019

				WHEAT BRAN :		Amylase Activity IU/ml/min

				RICE BRAN :

				1:2:2		0.72

				1:1:3		0.19

				2:2:1		0.37

				2:1:2		0.74

				1:3:1		1.38

				2:1.5:1.5		0.74

				3:1:1		2.05

				S.No		Carbon sources (1%)		Protease activity (U/ml/min)		Specific activity

										(mg/ml)

				1		Starch		0.064		0.134

				2		Wheat		0.389		3.33

				3		Maltose		0.153		0.203

				4		Sucrose		0.086		0.217

				5		Rice bran		0.019		0.048

				Nitrogen source		Protease activity (U/ml/min)																				CARBON SOURCES		Amylase Activity IU/ml/min

				-0.50%																						Maltose		2.78

				Beef extract		0.176																				Fructose		1.9

				Yeast extract		0.075																				Lactose		1.38

				Glycine		0.479																				Glucose		1.66

				Peptone		0.131																				Starch		2.03

				Casein		0.182																				Casein		0.182

				NITROGEN SOURCES		Amylase Activity IU/ml/min

				Yeast extract		0.6

				Beef extract		0.74

				Tryptone		1.38

				Ammonium sulphate		1.11

				Ammonium oxalate		1.18

				Casein		1.38

				Ammonium chloride		0.925

				Peptone		2.86

				Potassium nitrate		1.9

				Urea		1.38

				Inoculum concentration		Protease activity (U/ml/min)

				(%)

				1		0.031

				2		0.254

				3		0.109

				4		0.086

				5		0.075

				6		0.041

				7		0.008

		Samples		Mean (cm)

		OS		1.37

		CSA		0.41

		BSA		1.625

		PSA		1.685

		SELECTED STRAIN		ACTIVITY

				U/ml

		T1		207.82

		T2		198.16

		T3		188.51

		T4		169.2

		S.No		SELECTED STRAIN		ACTIVITY

						U/ml

		1		T1		149.89

		2		T2		120.92

		3		T3		101.61

		4		T4		140.23

		5		T5		159.54

		6		T6		101.61

				AGRO WASTES		ACTIVITY

						U/gds

				WHEAT BRAN		133.99

				RICE BRAN		19.61

				MILLET BRAN		59.58

				CORN BRAN		26.42

				MAIZE BRAN		36.55

				CASSAVA PEAL POWDER		39.46

				COTTON SEEDOIL CAKE		125.94

				INOCULUM		ACTIVITY

				SIZE (%)		U/gds

				2		108.08

				4		115.59

				6		92.18

				8		84.22

				10		130.71

				12		74.09

				pH		ACTIVITY
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				4		103.77

				5		104.96

				6		107.84

				7		152

				8		127.65

				9		126.7

				10		84.1

		TEMPATURE		ACTIVITY

		° C		U/gds

		30		74.51

		40		84.36

		50		142.96

		60		111.65

		70		84.36

		80		74.14

		90		65.66

		EXTRACTION MEDIA		ACTIVITY

				U/gds

		ACITATE BUFFER		62.52

		PHOSPHATE BUFFER		68.01

		DISTILLED WATER		163.81

				INCUBATION TIME		ACTIVITY

				(hr)		U/gds

				24		28.6

				48		88.97

				72		177.93

				96		155.73

				120		141.02

				MOISTENING AGENT		ACTIVITY

						U/gds

				I		99.91

				II		81.52

				III		88.59

				IV		49.8

				V		73.87

				TAP WATER		91.3

				DISTILLED WATER		98.19

						ACTIVITY

				MOISTURE LEVEL RATIO (W/V)		U/gds

				01:01.0		183.81

				01:01.5		160.32

				01:02.0		154.38

				01:02.5		153.99

				01:03.0		126.99

				CARBON SOURCES  (1%)		ACTIVITY U/gds

				CONTROL		66.26

				DEXTROSE		21.09

				FRUCTOSE		63.35

				LACTOSE		110.9

				MALTOSE		119.4

				SUCROSE		127.37

				STARCH		184.38

						STARCH CONCENTRATION (%)		ACTIVITY

								U/gds

						0.5		140.79

						1.0		186.97

						1.5		120.79

						2.0		83.47

						2.5		65.82

						NITROGEN SOURCE (1%)		ACTIVITY U/gds

						CONTROL		61.19

						YEAST EXTRACT		190.34

						TRIPTONE		107.17

						PEPTONE		106.6

						BEEF EXTRACT		99.64

						CASEIN		92.61

						UREA		72.71

						AMMONIUMCHLORIDE		69.16

						SODIUM  NITRATE		65.59

						AMMONIUM SULPHATE		62

				BEEF EXTRACT (%)		ACTIVITY

						U/gds

				0.5		151

				1.0		159.43

				1.5		201.91

				2.0		166.17

				2.5		138.55

				3.0		132.83

				3.5		121.73

						CaCl2 (%)		ACTIVITY

								U/gds

						CONTROL		201.91

						0.2		90.3

						0.4		92.11

						0.6		119.02

						0.8		141.01

						1.0		212.44
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WHEAT BRAN : RICE BRAN : COCONUT OIL CAKE
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Inoculum concentration (%)
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ACTIVITY U/gds

CaCl2 (%)

ACTIVITY (U/gds)



		Enzyme concentration (ml)		Weight loss (%)												Time     (Hours)		Weight loss (%)														pH		Weight loss (%)												Temperature (0º C)		Weight loss (%)

		3		0.19												3		5														4		2		2%										25		6		6%

		4		0.55												6		18														5		4		4%										35		14		14%

		5		0.74												9		10														6		13		13%										45		17		17%

		6		2.36												12		8														7		14		12%										55		11		11%

		7		0.925												15		5														8		9		9%										65		7		7%

		8		0.74												18		4														9		5		5%

		9		0.63												21		1														10		5

																24		1

																										TEMPERATURE		Amylase Activity IU/ml/min												TIME (Hrs)		Amylase Activity U/ml/min

																																								24		2.31

																										27		1.9												36		1.235

																										37		2.58												48		0.924

																										50		0.925												60		0.74

																										60		0.74												72		0.51

																										90		0.62

																																		1		0.74

																																		1.5		0.925

																																		2		2.31

																																		2.5		1.9

																																		3		1.01

																																		3.5		0.832

																																		4		0.73

																																		4.5		0.55

																																		5		0.432

																																METAL IONS		Amylase Activity U/ml/min

																																CaCl2		1.48

																																KCl		0.37

																																MgSO4		1.09

																																CuSO4		1.38

																																HgCl2		0.74

																																FeSO4		0.832

																																Pb(NO3)2		0.55
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Amylase Activity U/ml/min

METAL IONS (0.1%)

Amylase Activity (IU/ml/min)



		50





STARCH  CONCENTRATION  (%)  ACTIVITY   U/gds   0.5  140.79   1 .0  1 86.97   1.5  120.79   2 .0  83.47   2.5  65.82    





