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1.  INTRODUCTION


When one reviews the slow and steady development of the universe, one can clearly see the earth as blue green ball with fresh and soft water to drink, clear and cool natural air to breath and safe light for the growth and survival of every living atom. But the thirst for mankind to achieve great comforts has forced him to use nature as he likes, resulting in “pollution”. Pollution is an undesirable change in the physical, chemical or biological characterization of our basic amenities (air, land and water) causing harmful effect on human life or that of other desirable species and cultural assets remark Tripathi and Gowil (2001). There are various factors responsible for the pollution which includes over population, rapid industrialization, deforestation, urbanization, and contamination of water bodies takes place due to discharge of effluents from industries. The industrial effluents are drained out into the water bodies or drainage, nearby the industries without any proper treatments which results in the spoil of the entire environment. Many industries including leather, laundry and canned foods makes industrial pollution, but textile industry plays a major factor in pollution though it is vital in the development of the Indian economy. The various activities of the textile industry, cause pollution in one or the other component of the earth. Amongst these, the textile wet processing units list different activities like desizing, scouring, bleaching, dyeing and finishing which pushout coloured chemical filled water to rivers, and vacant lands which in turn has resulted in problems of using safe water, air and land.


In this new millennium, maintenance of safe environmental balance is becoming a necessary requirement state Patel et al. (2005). The awareness of the environmental impact of chemical processing of textiles combined with strict legislation on industrial effluent, has led to the advanced, non-polluting chemical process for the treatment of textile materials, especially in the wet processing industries. Since the government agencies are putting more restrictions for control in effluent quality, eco‑friendliness has become the need of the day. All the drawbacks of the traditional chemicals can be virtually eliminated by the use of enzymes in textile processes. 


Enzymes are referred to as biological catalyst and the enzyme catalysed reaction takes place at low temperature and requires only extremely small amount of enzymes states Marginalis (2004). Enzymes are safe to use, easy to control and completely biodegradable and the enzymatic treatments are advantageous, as it requires only decreased water, energy and chemical consumption, milder process condition and environmentally friendly process, so they are used as an alternative for hazardous chemicals in textile wet processings. The cost of enzyme isolation and purification is high and the separation methods used to release the enzyme undamaged from the cell is also delicate and tedious (Encyclopedia of chemical Processing and Design, 1983). The commercial enzymes, which are available in the market are extremely costly for the normal processors to use and to compete with the global market. Therefore, the use of natural enzyme will be a beneficial remedy and economical. 


Mushrooms are edible fungi. Fungal based enzyme technology is fast developing and these days, emphasis is more on exploring the naturally occurring fungal strains for a variety of enzymes namely cellulase, protease, pectinase, amylase and lipase. There are various varieties of edible mushrooms cultivated throughout the world for consumption. Paddy straw mushroom (Volvariella volvacea) is one of the most common edible fungus grown in India and is appreciated for its distinct flavour, taste, higher protein content and minimal cropping duration. This type of mushroom is traditionally grown on paddy straw which is abundantly available substrate and mushroom cultivation makes a proper utilization of this waste resource. The increased productivity of mushroom in India has raised the problem of proper disposal of the spent mushroom compost or spent mushroom substrate on a large scale. The agricultural wastes used for mushroom cultivation are not completely utilized even after cropping. Some of the nutrients remains unutilized in the spent compost and the compost or the substrate is called as spent, when one full crop of mushroom is taken, and the further extension of cropping cannot be done. Thus, if researches could be directed towards the usage of the enzymes present in spent mushroom substrate, it would solve the problem of disposal of mushroom house waste apart from reducing the cost incurred in the process where in it is incorporated. Considering the presence of cellulase in spent mushroom substrate, an attempt is made to see the effect of spent mushroom substrate for biopolishing cotton.


Colours are an integral part of human perception and are part of human life. Since, the early times, dyes were extracted from varieties of plants, animals and mineral sources. Due to accidental invention of synthetic dyes by William Henry Perkin in 1856, natural dyes were cruisified. On the other hand, synthetic dyes grew slowly and steadily occupying every atom of colour. Synthetic dyes produced bright colours with good colour fastness properties. Hence this industry grew to great heights. Only after 1980s man realized that this dyes were not only colouring fabrics and other fancy items but every element of the earth, like water and soil. Synthetic dyes have proved themselves cancerious, toxic, pollutative and non-biodegradable, thus now, the attention is focused towards the older art of dyeing with natural dyes. 


Hence, this study has been planned to use two wasted natural resource, for finishing and colouring cotton the ‘King of Fibers’.


The main objective of the study are as follows :

· to study the enzyme present in spent mushroom substrate.

· to use spent mushroom substrate for biopolishing.

· to evaluate the performances of the spent mushroom substrate biopolished cotton fabric.

2.  REVIEW OF LITERATURE


The reference pertaining to the study is review under the following headings :


2.1
Cotton



2.1.1
History of Cotton



2.1.2
Chemical Composition of Cotton Fibre



2.1.3
Properties of Cotton



2.1.4
Various Treatment given to Cotton Fabric


2.2
Enzymes



2.2.1
History of Enzymes



2.2.2
Classification and Nomenclature of Enzymes



2.2.3
Properties of Enzymes



2.2.4
Other factors influencing the activity of enzymes



2.2.5
Active Sites



2.2.6
Energy of Activation



2.2.7
Sources of Enzymes



2.2.8
Cellulase



2.2.9
Mechanism of Enzymatic Hydrolysis



2.2.10
Use of Enzymes in Textile Processes


2.3
Biopolishing


2.4
Mushrooms

2.4.1 Growth Substrates for Cultivation of Edible Fungi /

Mushroom  Production on Ligno cellulose.

2.4.2
Types of Mushrooms

2.4.3
Enzymes from Mushroom and its Compost

2.4.4
Properties of Mushroom

2.4.5
Cultivation of Paddy Straw Mushroom


2.4.5.1   Substrate Preparation


2.4.5.2   Bed Preparation and Spawning


2.4.5.3   Spawn run


2.4.5.4    Cropping

2.1 COTTON

India is the birth place of cotton, the white downy fibrous substance, covering the seed of the cotton plants states Deulkar (1988). According to Murphy (2000) cotton fiber is found in the seed pods of plants belonging to the genus Gossypium. Storey (1992) mentions that each cotton fibre is built up of twenty to thirty layers of cellulose in an orderly series of spring – like spirals and as the cotton ball opens, the fibres dry into flat, twisted ribbon like shape become kinked together and interlocked. Cotton fibres, being short and having a fuzzy nap comes from the seed case of the cotton plants views Paine (1987). According to Bukayev (1984), cotton fibre has the shape of a tube with one end breaking when the fibre is torn away from the seeds. Sinha et al. (2006) describe cotton as the commercial crop in India and contributes 9 to 10 per cent of the global production in market. Cotton is the most consumed natural fibre in the world, mostly consisting of cellulosic units with an empirical formula (C6H10O5)n state Singh et al. (2001).

2.1.1 History of Cotton

The manufacture of cotton originated in India about 1100 B.C. and the methods used for production did not have much practical differences, until within a comparatively recent date views Barker (1998). Brown (2002) expresses that the excavations at Mohenjadaro of Indus valley in India, unearthed some fragments of cotton cloth and the archeological evidence indicates that, they date back to about 3000 B.C. Cotton was used in Egypt before flax was known and was planted at Florida in 1556. The British cotton textile trade flourished tremendously from 1800-1850, after the invention of cottongin by Eliwhitney in 1793 and the production was diminished in U.S., during U.S. Civilwar mentions Hollen et al (1988).

Collier and Tortora (2001) state that, from India, cotton cultivation spread west to Egypt and east into China and South Pacific. America and Russia stands first in the production of cotton, followed by China, reports Nakamura (2000).

2.1.2
Chemical Composition of Cotton Fibre


Kaplan (2001) gives the chemical composition of a cotton fibre.
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2.1.3
Properties of Cotton


The elongation representing “the extension of the material, when stressed to the point of rupture” is high when compared to other cellulosic fibres and the stiffness representing “the ratio of breaking stress to breaking strain” is also high when compared to other textile fibres states Shenai (1996). According to Deulkar (1988), cotton does not hold moisture so as well as wool or silk, but absorbs it and so feels damp much more quickly and is a good conductor of heat. Mishra (2000) mentions that the strength of cotton fibres increases with higher humidity and varies depending on the thickness of the wall and maturity of fibres. Being porous, the cotton fibre is porous and exhibits capillary effects to a higher degree.


Cotton has a combination of properties like, the absorbency and comfort which make it a continuing favourite for baby cotton, undershirts and all type of winter and summer wear view Stamper et al. (1988). According to Tate (2004), cotton and cotton blends are most widely used, because they are inexpensive, colourful, comfortable and are available in a great variety of styles and weights in both woven and knitted fabrics. 


Cotton fibre has a very good tendency to absorb rich and brilliant colour and is relatively resistant to abrasion and sunlight and it releases soil easily says Yates (2002). Bukayev (1984) states that cotton withstands the action of water and light for a long time and has good resistance towards weak solutions of alkalis and acids, whereas concentrated solutions of acids (H2SO4, HCl and HNO3) as well as straight sun’s rays cause destruction to cotton fabrics.


Mercerizing with alkaline liquor causes swelling of cotton fibre which is associated with improved luster and increased dye uptake view Gohl and Vilensky (1999). Collier and Tortora (2001) express that mildew grows on cotton fibres, when it is stored under the conditions of dampness, and these fungus, stains the fibre and eventually rots and degrades the fibre. Other bacteria and fungi from the soiled moist areas and the prolonged exposure to sunlight causes deteriorations. 

2.1.4 Various treatments given to cotton fabric

The raw cotton is carded, combed, spun, slashed and woven or knitted into cloth called as griege cloth and is subjected to various treatments such as desizing, scouring, bleaching, mercerizing, dyeing or printing and finishing, says Manivasakam (1995). Cotton must be thoroughly prepared for subsequent wet processing treatments and the purpose of the preparation is to make the textile substrate uniformly absorbent. Dantyagi (1996), expresses that griege goods are harsh to handle and contains impurities even in the form of oil stains, and thus finishing processes are essential to make fabric attractive and serviceable. Scouring and bleaching removes impurities from the fabric and leaves it white. Various finishes like calendering, glazing, antibacterial finish, crepe finish, moireing and napping would enhance the properties of cotton fabric to a greater extent mentions Corbman (1987). Holme (2004) says that cotton fabrics may be treated with enzymes to modify the fabric appearance, properties and performance using cellulase enzyme. Biopolishing is a cellulase enzyme treatment for improving the surface of cellulosic fabrics and garments opine Manickam and Prasad (2004). 

2.2 ENZYMES

Enzymes are protein which accelerates the rates of a wide variety of chemical reactions which occur in biological systems under thermodynamically unfavourable conditions state Pawar and Chatwal (2000). Enzymes are complex catalysts produced by living cells having a high degree of specificity and efficiency, which permit biological reaction to occur rapidly through well defined pathways and the enzymes accelerate the reactions, without being lost in the process says Ambika (1998).

2.2.1 History of Enzymes

The first thorough and controlled studies of natural catalytic processes were probably those in the late 1700s and early 1800s involving the digestion of meat protein by gastric fluids says Boyer (1999). The existence of biological catalysts was predicted by a Swedish chemist Jon Jakob Berzelius in 1835 and he included biological materials in his study of chemical catalysis and found that the degradation of starch was faster with potato pieces than with sulphuric acid mention Rajvaidya and Markandey (2005).Trehan (2000) expresses that in 1860, Louis Pasteur from France first recognized the potentialities of yeast cells to ferment sugar and Edward Buchner in 1787 found that the yeast cells could be broken and the juice so extracted could also ferment sugar. Voet and Voet (1990) report that, in 1926 James Sumner found that urease crystals consisted entirely of protein and postulated that all enzymes are proteins by isolating and crystallizing urease.

Sumner’s conclusion was accepted only in later 1930s, when John Northrop and his colleagues crystallized pepsin and trypsin and found them also to be protein, and hence the later part of the 20th century has seen intensive research on enzymes catalyzing the reactions of cell metabolism say Lehninger and Nelson (1993).

2.2.2 Classification and Nomnclature of Enzymes

When the number of enzymes known were only a few, they were vaguely classified as simple protein enzyme and complex protein enzyme, intracellular (produced and acting within the cell) and extra cellular (produced by the cell but acting outside) states Sharma (1999). In 1961, the enzyme commission of the International Union of Biochemistry (IUB) proposed a comprehensive system for the classification of enzymes. According to this system, enzymes are classified into six major classes. They are oxidoreductases, transferases, hydrolases, lyases, isomerases and ligases say Narayanan et al. (2001). Mathews et al. (1992) classify enzymes depending on the nature of chemical reaction involved. Oxidoreductase are the enzyme which catalyse the transfer of hydrogen or oxygen atoms or electrons * transferases catalyses the transfer of specific groupings *  hydrolases catalyses hydrolytic reactions. According to Shenai (1998), *  lyases catalyses the cleaving of bonds * Isomerases catalyses intramolecular rearrangements and * ligases catalyses the process of formation of bonds. Woods and Pickering (1984) cite few examples for the six basic types of reaction catalysed by enzymes and gives the enzyme commission number to every enzyme.

*
Oxidoreductases
-
e.g. 1.8 acting on sulphur group of donors.

*
transferases

-
e.g. 2.6 transferring nitrogeneous groups

*
Hydrolases

-
e.g. 3.1 acting on esterbonds

*
Lyases

-
e.g. 4.3 carbon nitrogen lyases

*
Ligases

-
e.g. 6.4 forming C – C bonds

According to Holme and Peck (1993) each enzyme is attributed a four digit reference number which indicate the main feature of its catalytic nature. Name of enzyme (EC W.X.Y.Z)

EC
-
Enzyme commission number system

W
-
Indicates the reaction catalysed (1 – 6)

X
-
Indicate the general substrate or group involved

Y
-
indicates the specific substrate or coenzyme

Z
-
the serial number of the enzyme

Rao and Suryalakshmi (2003) mention that enzymes are customarily named by adding the suffix ‘ase’ to the name of the substrate on which it acts, (examples lipid – lipidase and amylum – amylase). Some enzymes are given names originally which are not directly related to substrate or action. e.g. pepsin and trypsin.

2.2.3 Properties of Enzymes

Properties of enzymes could be listed as 

*  Catalytic Nature of Enzyme


A catalyst (enzyme) increases the rate but do not change the thermodynamic properties of the system with which it is interacting (i.e.) enzyme is not changed as a result of catalysis and the enzyme does not change the equilibrium constant but simply increases the rate at which the reaction approaches equilibrium states Liss (2002). Enzymes are not consumed in the process and are effective in extremely small quantities say Mathur and Mehta (2002).

*
Colloidal Nature of Enzymes


Enzymes are colloidal in nature and thus in a liquid medium afford a large surface for the adsorption of substrate which they catalyse report Singh and Sarma (2002). 

*
pH or Hydrogen ion Concentration


Suitor and Crowley (1984), express that enzymes function most efficiently within a narrow range of pH, specific for each enzyme, and they become completely inactive outside their pH range. Bilgrami and Verma (1981) cite the investigations done by Holdane in 1930 and mention that the majority of the enzymes had their pH optima between 4 and 8.

*
Temperature


Within limits, the rate of an enzyme catalysed reaction increases with temperature because the greater kinetic energy of both enzyme and substrate molecules enhances more frequent collisions, but a further increase in temperature denatures the enzyme molecules view Becker et al. (2004). Mongomery et al. (1986) remark that high temperature denaturation is irreversible and the changes in activity above or below the optimal temperature are not always symmetric.

VARIATION IN ENZYME ACTIVITY DUE TO TEMPERATURE
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FIGURE - I

*
Specificity of Enzymes


Each enzyme is specific (i.e.,) it can operate only upon certain substrate or group of substrates and each enzyme acts only upon substances having a particular molecular pattern and chemical bond views Verma (2000). Jain (1998) classifies and explains about the specificity of enzyme action as given below :

· Absolute specificity is the capability of an enzyme to act on one substrate. E.g. – urease acts on urea to give NH3 and CO2.

· Group specificity is the capability of an enzyme to react on structurally related group of compounds. E.g. : LDH catalyses the inter conversion of pyramic and lactic acids. 

· Enzymes with optical density will react with only one of the 2 optical isomers. E.g. : arginase acts on L-arginine and not on its D-iosmer.

· Enzymes with geometrical specificity will act towards the cis and transforms e.g. : fumarase catalyses the inter conversion of fumaric and malic acid. 

2.2.4 Other Factors Influencing the Activity of Enzymes

*   Enzyme concentration


The velocity is directly proportional to enzyme concentration (i.e.) two molecules of an enzyme acting independently in solution will transform twice as much substrate in a given time as compared to one molecule, express Sawhney and Singh (1987).

*  Substrate Concentration


At a given level of enzyme concentration, the rate of product formation will increase as the substrate concentration increases. Eventually, saturation point will be reached, where additional increases in substrate concentration do not result in comparable increases in reaction rate says Fox (1999) with a diagrammatic representation. 

VARIATION OF ENZYME ACTIVITY DUE TO SUBSTRATE CONCENTRATION


FIGURE – II

*  Enzyme Inhibitors


Enzyme inhibitors are the compounds that inhibit enzymes and reduces the enzyme activity. Irreversible inhibitors become covalently linked to the enzyme and are bound so strong that they cannot be removed. Hence the enzyme activity decreases with time and eventually reaches zero. Reversible inhibitors causes rapid fall in enzyme activity with time to a reduced but constant level when equilibrium is reached states Plummer (1989).

2.2.5 Active Sites

The active site of an enzyme is the region that binds the substrates. The active site takes up a small part of the total volume of the enzyme and it is a 3-dimensional entity states Stryer (1981). The substance upon which an enzyme acts are traditionally known as substrate report Garret and Grisham (1997). The substance fits into a cleft or groove of the active site and attaches to areas of complementary change found in the active site say Hademonos and Fried (1999). According to Agarwal and Agarwal (1990), an enzyme will act on a substrate only if the substrate can fit on the surface of the enzyme molecule at active sites which have a structure complementary to the structure of substrate molecule. This is termed as ‘lock and key’ theory of enzyme action. Agarwal et al. (1981) view that enzyme work as ‘lock’ and the substrate as ‘key’ and it can be explained in the following way. 
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LOCK AND KEY MECHANISM
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FIGURE - III
Nalankilli (1998) mentions that the substrate forms a complex with enzyme. Later the substrate molecule is converted into the endo product and the enzyme itself is regenerated.

2.2.6
Energy of Activation


The activation energy is the difference between the energy of the reactant and the highest free energy state, that the reactants will have to achieve before going to products. The highest free energy state is referred to as the transition state or the activated complex reports Zubay (1984). Enzyme barriers for both an enzymically catalysed and the corresponding inn catalysed reaction (A ( B) is pictorially represented by Conn et al. (1997). 

ENERGY OF ACTIVATION
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FIGURE - IV
ANE is the activated transition state complex for the non-enzymic reaction. AE is the corresponding complex for the uncatalysed reaction. (G is the difference between the greater energy of reactant A and the lesser energy of product B. for the non‑enzymic reaction, the symbol  (ENE is the difference between energies of the activated complex and the reactant. The corresponding quantity for the enzymic reaction is  (EE.According to Rawn (1989), three criteria must be met for a chemical reaction to occur (*) the substrate must colloid (*) the molecular collision must occur with correct orientation (*) the reactant must have the sufficient energy. These factors act in concert to give a faster rate of reaction of enzyme‑catalysed reaction.

2.2.7
Sources of Enzymes

Gouda et al. (2004) classify, enzyme sources as animal, bacterial and plant enzymes. Animal enzymes comprises of catalase from liver, lipase from pancreas and protease from pancreas. And the plant enzyme protease from Carica papaya. Shukla et al. (2000) elaborate about the bacterial and fungal sources. (‑amylase is derived from Bacillus substilus and licheniformis, (‑amylase from Bacillus cereus, protease from Bacillus coagulans. Aspergillus niger, oryzae are rich source of (‑amylase, cellulase and protease. Penicillium funiculosum and trichoderma are good sources of cellulase and pectinase. 

2.2.8
Cellulase

Cellulases enzymes are natural proteins which accelerate the biodegradation of cotton cellulose, states Ajgaonkar (1995). Cellulase treatments provide fabric with smooth, soft surfaces by catalytic hydrolysis of 1, 4 - ( glycoside bonds of the cellulose molecules. Cellulase attacks primarily the surface of the fibre, leaving the interior of the fibre as it is say Koo et al. (1994). According to Klahorsf et al. (1996), cellulases are classified into 2 groups, based on the pH range in which they are effective. Acid cellulase is a type of cellulose that work effectively at the pH range of 4.5 – 5.5. It is highly active on cotton cellulase as compared to neutral cellulase. Neutral Cellulase  is comparatively less active and works at a pH 6 – 8.


The cellulase enzyme contains 3 types of enzymes which involves in the cellulose biodegradation, namely – endoglucanases, exocellobiohydrolases and glucosidases remark Sinitsyn et al. (2005). Paulo and Almeida (1996) remarks that the endoglucanases cause random hydrolytic – chain scission at the most accessible points of long chain polymers, whereas cellobiohydrolases split cellulase from the ends of cellulose molecules and the glucosidase hydrolyses cellobiose to glucose. Raje et al. (2001) opine that the crystallinity of cellulose substrate, accessible surface area, and pore dimensions are the major factors, which play a major role in the reaction of cellulase enzyme.

2.2.9
Mechanism of Enzymatic hydrolysis


Sarkar and Etters (1999) has divided the mechanism of hydrolysis of cellulose into various stages, as

· transfer of enzyme molecules from the aqueous phase to the surface of cellulose molecules,

· adsorption of the enzyme molecules on to the cellulose surface, resulting in Enzyme Substrate (E-S) complex formation,

· transfer of molecules of water to the active site of E-S complex,

· surface reaction between H2O and cellulose and

· transfer of the products to the aqueous phase.

Menezes (2002) gives a pictorial representation of the mode of action of cellulase.

CELLULASE – MODE OF ACTION
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FIGURE - V

Manickam and Prasad (2004) say that most cellulase have two functionally distinct domains namely catalytic domain and cellulose binding domain (CBD). Both the domains are linked by a glycosylated linker peptide. The catalytic domain have an active site in the shape of the tunnel or a cleft where the hydrolytic reaction take place and the CBD peptide varies from 33 ‑ 240 amino acids in length.

2.2.10   Use of Enzymes in Textile Processes


Biodesizing is based on amylases and it solubilises starches with minimal frictional damage, abrasion marks and setting of creases in the garments, especially in the heavier ones state Churi and Khadilkar (2005). Bioscouring is carried out with the use of pectinase in combination with cellulase resulting in reduced utilization of H2O and reduction in BOD / COD, salt content of the effluent state Doshi and Shelke (2001). Shenai (2001) reports that cotton fabrics can be bleached using the enzyme, glucose oxidase. Kannan and Geethamalini (2004) state that cellulase enzyme treatment is given to Denim fabrics for achieving an aged look without the use of pumice stones or harsh chemical agents. Gowda et al. (2004) state that amylase enzyme can be used for the print paste removal, which remains excess on the fabric surface after printing. Pai and Kahndual (2003) opine that catalase enzyme is used for the removal of hydrogen peroxide prior to dyeing. Shanmugasundaram and Kumaravel (2006) mentions that lipase enzymes are used to support water absorbency in polyester fabrics. Sacchi (2001) expresses that proteases act as additives to detergent to facilitate the removal of stains of proteinic origin. Patra (2003) reports that protease enzyme is used for achieving an antifelting or antishrink properties to the wool fibres under the mild conditions. Whiteness index of jute can be improved with a low dose of enzyme containing cellulase, zylanase and pectinase state Shenli and Daijinjin (2003). According to Kathirvelu (2002), enzymatic degumming involves the proteolytic degradation of sericin using a specific enzyme called protease which does not attack fibrous but enhances the affinity towards the reactive dyes. 

2.3 BIOPOLISHING

Biopolishing is a finishing process which improves fabric quality by reducing the fuzziness and pilling tendency of cellulosic fabric. Shukla et al. (2005) report that biopolishing is a process of applying the hand effect and to remove vegetable contamination such as cellulose and lignin from the fibre. Ramkumar and Abdalah (2001) mention that biopolishing gained popularity after the commercial success of cellulase enzyme launched in Japan in 1986. Moses (2004) expresses that the primary objective of biopolishing is to create the top quality textile fabric with better softness and smoothness, so as to avoid conventional chemicals that produce toxic effluent.


Biopolishing process imparts special qualities of the fabric which includes, removal of protruding fibres from the surface of the fabric by hydrolyzes states Menezes (2002). Gowda et al. (2004) say that soft, smooth feel, lustrous, fuzz free surface with antipilling property can be achieved through biopolishing. Dyeability can be improved in knitted and woven goods with the increase in enzyme treatment time opine Prabhu and Arputharaj (2003). The gloss or luster of the fabric is increased after bioploishing states Gokarneshan (2004). Better print definition, colour brightness, surface texture, drapability and softness can be achieved without any loss of absorbency states Manoharan (2003).

2.4 MUSHROOMS

The relationship between mushroom and man can be traced back to antiquity. To the ancient Romans, they were “the food of the Gods” resulting from bolts of lightning thrown to the earth by Jupiter during thunder storms and the Egyptians considered them as gift from God osiris while the Chinese viewed them as the “elixir of life” (www.mycobiotech.comt.p.= corporate & sub = anchor & article & articlepk = 104 = 21k).

There are different views regarding the origin of the term mushroom. The word mushroom is usually thought to be derived from the French ‘mousseron’, ‘moussee’ or ‘moss’. It was believed to be derived from the Greek word for sponge – “Sponggos” or “Sphoggos” referring to the sponge-like structure of same species. The Greeks used the word “Mykes” for mushroom and the science of fungi or mycology is the study of mushrooms says Kaul (1997). Mushrooms are edible fungi growing in almost all parts of the world. They are good source of the quality protein and rich in vitamins and minerals and the mushroom comprise a large heterogeneous group with different shapes, sizes and colours states Sundarraj (2005). Mushrooms are technically part of the plant kingdom. They are different organisms since they do not contain chlorophyll or have a root system. Mushrooms must also rely on organic material for their nutrition and so they are classified in three ways, as saprophytes (living on dead wood or dead tissue of living trees or dung), parasites (attacking living plant or animal tissue) or mycorrhizae (having a symbiotic relationship with plants) (www.innvista.com/health/foods/ mushrooms/intro.htm.). According to Sharma (1989), the eating of mushrooms is called mycophagy. Mushroom cultivation has become a good business these days. Agarius biosporous, volvariella volvaceae, Lentinus edodes, Amanita vaginata, Boletus edulis are some of the edible mushrooms. The observation that certain edible mushroom grow naturally on decomposing organic matter and the desire to produce a tasty source of food have led to the development of various techniques for the cultivation of mushrooms and in some cases they have been fairly profitable reports Pacioni (1981).

2.4.1 Growth Substrates for cultivation of edible fungi / mushroom production on lignocellulose

Agaricus bisporous is grown on composted straw, Letinus edodes is grown on wood logs and broad leaved trees and sterilized saw dust or rice bran, volvariella volvacea is grown on fermented rice straw and composted cotton waste, flammulina velutipes is grown on sterilised saw dust and rice bran mixtures report Wood and smith (1988). According to Gow and Gadd (1995), Pleurotus spp. is grown on straw and cotton waste, Pholiota nameto grows on logs and saw dust, Auricularia sp. And Tremella fuciformis grows on logs.

2.4.2 Types of Mushrooms

Three types of mushrooms are cultivated in India for trade and commerce. They are white button mushroom (Agaricus spp.), oyster mushrooms / dhingri (Pleurotus spp.) and paddy straw mushroom (Volvariella volvacea) states Dhar (1992). According to Chandra (1992) mushrooms are classified as white button mushroom (Agaricus bisporus), shitake (Lentious edodes), straw mushroom (Volvariella volvacea), enokitake (Flammulia velutipe), nameko (Pholisto nameko) and matsukake (Tricholoma matsutake).

2.4.3
Enzymes from Mushroom and its Compost


Species of micro organisms were isolated from mushroom component of spent paddy straw, sugarcane baggase and water hyacinth. The composition of micro flora varied with the stage of composting and among micro organisms, screened Aspergillus and Bacillus  exhibited the highest cellulase activity say Adhikary et al. (2002). The straw mushroom, Volvariella grows on a variety of lignocellulosic residues, but the paddy straw has been the traditional substrate for its cultivation and the basidomycetous fungi are known lignocellulolytic organisms that excrete extra cellular enzymes attacking cellulose, hemicellulose and lignin, report (Gupta et al., 1996). According to Claydon et al. (1990), extra cellular endocellular activity was assayed in extract from mycelium colonized compost during growth of mushroom and the changes in extra cellular endocellulase activity have been observed in compost grown and it showed an elevation in endocellulase activity at the on set of fruiting and the elevated level of activity remained high during successive flushes but declined as the fruiting period came to an end.


Rice straw and wheat bran can be recycled for a number of times to achieve better degradation of the substrates as well as for economic production of the enzymes and the production of cellulase and D-xylanase was higher on spent substrate compared with that of corresponding fresh substrates says Azizi (1989). Wood (1990) mentions that mushroom mycelium is capable of producing a battery of extra cellular enzymes able to degrade each of the individual ingredients of compost (straw and plant tissue). The mycelium of mushroom is therefore well suited to being able to utilize all types of nutrients during the enzymes are probably produced by the growing front of mycelium and released into the compost. According to Rai and Saxena (1990), the utilization of soluble substances and production of extracellular cellulolytic and phenol oxidizing enzymes (cellulase, (‑glucosidase and polyphenol oxidase) by Pleurotus sajor- caju during its growth on rice straw substrate help in optimizing the conversion of the lignocelluloses into food and feed.

2.4.4
Properties of Mushroom


Mushrooms are low in sugar, starch and calories. They have more fibrous materials and contain easily digestible protein. They are rich in vitamins and in minerals essentials for human being says Arjunan (2001). According to Mohan and Bose (1999) mushrooms are rich in vitamins like thiamine, riboflavin, niacin, biotin, pantothenic acid, folic acid and vit B12 and minerals like (K, Na, P, Cu and Zn) and hence recommended for heat and diabetic patients. Mushroom contains very useful medicinal properties, which stimulates digestion, helping blood circulation, curing chronic diseases and hypertension says Madhiazhagan (1999). Mushroom contains high amount of all the essential amino acids, the calcium and phosphorus contents help to reduce the chances of dental diseases, the high potassium content, can reduce blood pressure state Karunanithi and Santha (1996). Mushroom provide a rich addition to the diet in the form of protein, carbohydrate, valuable salt and vitamins specifically to the vegetarians and it is also called as ‘vegetable meats” opines Sarala (1997). 

2.4.5 Cultivation of Paddy Straw Mushroom

Mushroom cultivation is a viable entrepreneurial opportunity to the rural people can be a subsidiary occupation to the agriculturists and it also solves rural unemployment states Saxena (1993). In a country like India, where agriculture is the dominant profession, the agricultural waste is quite abundant. Sometimes it is wasted, burnt or allowed to rot. The conversion  of this waste can be achieved by transforming it in the form of protein rich biomass of edible mushroom for whose growing the main substrate is straw says Pathak (1995).

2.4.5.1   Substrate Preparation


The mushroom grows best on paddy straw but several other straws, composted cotton waste, cotton wastes are also used. The straw is tied into bundles and these are steeped in water in a cemented tank for one to two days. They are taken out and put on a cemented floor for few hours for draining out the excess water (www.tnau.ac.in/notesbscag).

2.4.5.2   Bed Preparation and Spawning 


The spawn is the seed material in propagation for mushroom production. Sorghum grain / chopped paddy straw supplemented with horse gram or red gram powder can be used for spawn preparation. The paddy straw is made into twists of 2.5 cm length with 5 to 8 cm diameter. They are wound clockwise in a circular fashion. Coarsely powdered horse gram is then sprinkled over the spawn bits of paddy straw spawn (http://www./google/com/search Q = cache – MS x P10CZJR4] : *www.hindu.com/seta/2006/01/12/stories/2006 or 1200241800.htm).


The procedure is repeated for different layers and then the completed bed is pressed tightly and kept in a polythene sheet say Pandey and Tewari (1990).

2.4.5.3   Spawn run


The mouth of the polytene bag is tied and kept at 35 to 40(C. A fine spray of water is given twice or thrice in a day, to provide 80 – 90 per cent humidity and kept for 10 to 15 days, mentions Bahl (1998).

2.4.5.4   Cropping


The pinheads start appearing from the bed. It takes 3 – 4 days when they attain egg size. Volvariella volvacea has to be harvested at botton or egg stage states Saxena (1993). According to Gupta (2004), spent mushroom substrate is a natural resource and its utilities include neutralizing acidic soils, facilitation of plant growth in barren areas, and in some cases in improving water quality and polluted sites. 

III.  EXPERIMENTAL PROCEDURE


The experimental procedure consists of the following steps.


3.1
Selection of Material


3.2
Pretreatment



3.2.1
Need for Pretreatment



3.2.2
Desizing


3.3
Biopolishing



3.3.1
Biopolishing and its Advantages



3.3.2
Selection of Enzyme Sources




3.3.2.1   Natural Enzymes




3.3.2.2   Commercial Enzymes



3.3.3
Estimation of Enzyme



3.3.4
Estimation of Protein



3.3.5
Standardizing Enzyme Activity



3.3.6
Actual Biopolishing



3.3.7
Commercial Biopolishing Procedure


3.4
Dyeing



3.4.1
Selection of the Source



3.4.2
Extraction of the Dyes



3.4.3
Dyeing



3.4.4
Actual Dyeing


3.5
Nomenclature of the Samples


3.6
Evaluation



3.6.1
Subjective Evaluation



3.6.2
Objective Evaluation




3.6.2.1   Fabric Weight




3.6.2.2   Fabric Thickness




3.6.2.3   Tensile Strength and Elongation




3.6.2.4   Fabric Stiffness




3.6.2.5   Abrasion Resistance




3.6.2.6   Drapability




3.6.2.7   Crease Recovery




3.6.2.8   Pilling Test




3.6.2.9   Colour Fastness Tests





    3.6.2.9.1
Fastness to Sunlight





    3.6.2.9.2
Fastness to Washing





    3.6.2.9.3
Fastness to Wet and Dry Pressing





    3.6.2.9.4
Fastness to Rubbing / Crocking





    3.6.2.9.5
Fastness to Perspiration



3.6.3
Dye Absorption of Treated Samples



3.6.4
Wear Study

3.1
SELECTION OF MATERIAL


Cotton has a unique position among textiles and is referred to as the “King of Textiles”, states Sekar (2001). According to Yadav et al. (2003), the quality of the fabric for clothing depends to a great extent on the aesthetic appeal, transport of air and moisture and these comfort factors makes cotton popular in the world of fashions. Bhattacharya and Patel (2004) say that the superiority of cotton is due to its easy availability and washing properties. Cotton has excellent physical properties, like high wet strength, high moisture regain, resistance to static elasticity mention Agrawal and Jakhmola (1997). Due to these facts, 100 per cent cotton material was selected for the study. The details of the fabric are presented in Appendix – I.

3.2
PRETREATMENT

3.2.1
Need for Pretreatment

Fabric preparation or pretreatment is the first step in textile processing and the basic purpose of it is to remove all natural and added impurities to make the material ready or subsequent processes reports Jaiprakash (1997). Cotton, whether present as fiber or yarn or hosiery or woven fabric requires some form of pretreatment to make it suitable for dyeing and finishing, and the basic function of the pretreatment is to impart uniform, good absorbency and whiteness without chemically damaging the cotton says Alat (2001). Therefore, pretreatment is a very essential process, to improve the finished quality of the fabric. 

3.2.2 Desizing

Desizing is the first step, which enables the garment properly receive subsequent mechanical and chemical treatments by removing the previously applied warp sizes and finishes states Shroff (2003). The size mainly consists of starch, wax and tallow and all these remains on the warp yarns, even after weaving the cloth. The process of removal of starch size from the cloth is known as desizing mention, Sayed et al. (2001). Desizing is done with alkali, detergents, solvent emulsions and dispersants says Pardeshi (2004). Hence, the fabric was desized with five per cent detergent in boiling water for 30 mins to enhance the finish applied to it.

3.3
BIOPOLISHING

3.3.1
Biopolishing and its Advantages

Cellulase enzymes are used for the removal of microfibrils from the fiber surface, which is the potential cause of pilling formation and it is a finishing treatment on cellulose fabric known as Biopolishing says Sacchi (2001). Biopolishing is a controlled hydrolysis of cellulose fibre by the cellulase enzyme so as to improve surface appearance by attacking the fine yarn and degrading the cellulose chain, consequently resulting in decreased tear strength view Basu and Chakrabarty (1997).

Biopolishing imparts certain advantageous qualities to the fabric such as, the surface of the fabric becomes smoother with improved handle and reduced pilling effect states Lal (2001). Biopolishing treatment is safe and efficient as it is carried out under mild conditions and chemicals with accurate control so as to give the fabric with luster, clean appearance and soft handle remark Kalidas and Selvakumar (2003). Thus, the selected fabric was subjected to biopolishing. 

3.3.2
Selection of Enzyme Sources

Enzymes can be obtained from different sources, based on their availability viz.  natural sources, commercial sources were selected for the study.

3.3.2.1   Natural Enzymes

Papain, bromelain and ficin obtained from a variety of plant have predominant proteolytic activity. The enzymes derived from the animal glands include pancreatic enzymes (http://www.specialityenzymes.com/enzymes. sht.ml). The plant and microbial enzymes are highly active at higher temperature and an acidic environment, whereas animal enzymes demonstrate maximum activity at body temperature and at a neutral to alkaline pH range (http://books.google.co.in/books). Wood (1989), says that different species of mushrooms like Volvariella, pleurotus are grown on partially composted straw. And studies revealed that, most of these fungi, efficiently degrade lignin, and the enzymes produced include cellulases, xylanase and other hemicellulose degrading enzymes. Hence spent mushroom substrate was used as a source of cellulase enzyme for the study. 

3.3.2.2   Commercial Enzymes

The most widely used enzymes available for commercial use are pectinases, cellulase, glucanase and glycosidase. The latter three types are generally sold as blends with pectinases (http://www.wynboer.co.za/recent articles/0.11 enzymes.PhP3). Cellulase enzymes are commercially available for variety of applications. Most of them do not involve extensive hydrolysis of cellulose. For eg. : the textile industry applications for cellulases require less than one per cent hydrolysis (http://ereweb.co.doc.gov/biomasscommercial_ status.htm.). So, commercial cellulase enzyme Bisoft L+  was purchased from the Biocon Private Limited, Bangalore and was used as a source for commercial biopolishing treatment.

3.3.3
Estimation of Enzyme

Cellulase enzyme activity of spent mushroom substrate (fermented paddy straw) was determined by following the procedure given by Denism and Koehn (1977).

· 0.5 ml of enzyme extract was pippetted out to 32 mg of dry Whatman number one filter paper which was cut with a paper punch of 7 mm diameter, to ensure the same surface area of substrate in the reaction tube. And then incubated the mixture for one hour at 50°C.

· The reaction was stopped by the addition of 0.5 ml of dinitrosalicylic acid reagent.

· The mixture was heated in a boiling water bath for five minutes, while the tubes were warm, one ml of potassium sodium tartarate solution (40 per cent Rochelle salt solution) was added and then the tubes were cooled to room temperature.

· Standard glucose was made by dissolving 50 mg of glucose in 50 ml of distilled water.

· The volume was made up to five ml in all the tubes. The absorbance was measured at 540 nm. A standard was prepared with glucose in the concentration range 50 and 1000 (g.

Depending on the optical density, the enzyme activity was calculated and expressed as milligram.

3.3.4
Estimation of Protein

The determination of protein content was carried out with the procedure given by Lowry et al. (1951).

· The standard protein solution (100 (g – 1000 (g) and the sample solutions were made upto one ml with 0.1 N sodium hydroxide and shook well to treat the protein with alkali.

· Five ml of a solution containing one ml of one per cent copper sulphate solution, one ml of two per cent sodium potassium tartarate solution and ten ml of two per cent sodium caronate in 0.1 N sodium hydroxide solution was added after thorough mixing. Then again it was mixed well and incubated at 37°C for three minutes.

· 0.5 ml of 1 N folin ciocalteau reagent (mixed equal volume of commercially available reagent and diluted with water just prior to use) was added to each tube, mixed well and incubated for further three minutes at 37°C. the colour developed at 610 nm against the reagent blank was measured.

Depending on the optical density, the protein content was estimated and expressed in milligram and presented in the chapter results and discussion.

3.3.5
Standardizing Enzyme Activity

Mycelium colonized compost (50 gm) was immersed in distilled water (100 ml), agitated and left to stand at room temperature for half an hour. Coarse solid debris was removed by filtration, through nylon gauze and the filtrate clarified by centrifugation at 12,000 g for 15 minutes, the supernatant, a brown clear liquid was stored at - 10°C state Claydon et al. (1990).

· In the present study, the spent mushroom substrate (Plate I and II) the spent mushroom compost of paddy straw mushroom (Volvariella volvacea) was immersed in the aqueous medium for one hour.

· After thorough washing, the filtration was carried out with the plain woven cotton fabric to remove the straws (Plate III).

· The desized cotton fabric was cut into 16 pieces each containing three‑fourth of a meter.

· These samples were subjected to the filtered solution at four different percentages and time durations, (five, ten, fifteen and twenty per cent and for four, six, eight and ten hours) at neutral pH and at the room temperature.

· The samples namely 5 (, 10 (, 15 (, 20 ( (samples treated for four hours at five, ten, fifteen, twenty per cent) were removed from the solution after four hours and rinsed thoroughly with hot water to in activate the enzymes and then dried. 

· Similar processes were repeated for the samples 5 ((, 10 ((, 15 (( and 20 ((, which is been introduced in the filtered solution for six hours.

· The samples namely 5 (((, 10 (((, 15 (((, 20 ((( (samples treated for eight hours at five, ten, fifteen and twenty per cent) and the samples 5 (V, 10 (V, 15 (V, 20 (V (samples treated for ten hours at five, ten, fifteen and twenty per cent) are removed from the enzyme solution, thoroughly rinsed and dried after eight and ten hours respectively.

· All the 16 samples were subjected to visual examination to evaluate the appearance and feel of the treated samples. Tensile strength, fabric weight and thickness were the objective tests carried out to select a sample which had minimum difference in its weight, thickness and strength. The results of the pilot study prove, sample 10 ((( to show satisfactory properties with use of minimum spent mushroom substrate. Therefore, the parameters given for the sample 10 (((, was selected for the actual biopolishing. The pilot study samples are presented in Appendix  II.

3.3.6 Actual Biopolishing

TABLE – I

PARAMETERS FOR ACTUAL BIOPOLISHING

Parameters
Operational Range

Time

Temperature

pH

Percentage


8 hrs

Room temperature

Neutral

10%


Four meters of desized fabric was immersed in ten per cent spent mushroom substrate solution (Plate IV) for eight hours at room temperature and at neutral pH. After eight hours, the sample was removed from the solution, rinsed thoroughly with hot water to inactivate the enzymes and then dried.

3.3.7
Commercial Biopolishing Procedure

Biopolishing, employing acid cellulase with pH (4.5 – 5.5) and higher activity removes fine surface fuzz and fibrils from cotton and viscose fabrics. But the weight loss in the base fabric is typical and the reduction in fabric strength can be controlled says Manoharan (2003). 

The procedure for bioplishing was followed as per the specifications by the Biocon Private Company Ltd.

TABLE – II

PARAMETERS FOR COMMERCIAL BIOPOLISHING

Parameters 
Operational Range

Enzyme

Temperature

pH

Time

MLR

Acetic Acid


1% acid cellulase

50 - 55(C

4.5 – 5.5

45 – 60 minutes

1:8 to 1:15

Maintain pH


Enzyme Bisoft L+ (3.8 ml) was dissolved in soft water in the ratio 1 : 15. The pH of the solution was adjusted with acetic acid using pH meter and placed in the water bath at 50(C. After 50 minutes, the temperature was raised to inactivate the enzyme then the sample was removed from the bath and rinsed thoroughly with soft water. The biopolished samples are presented in Appendix III.

3.4
DYEING

Natural dyes are those colourants which are obtained from plant, animal or mineral sources with little or no chemical processing at all, Gupta (2000). Since natural dyes are eco‑friendly and do not require chemical processing, they are selected for the dyeing of biopolished fabric. Therefore natural dye was selected.

3.4.1
Selection of the Source

It is believed that the art of dyeing had it origin in India and the dyes can be extracted from various natural sources like root, leaf, bark, trunk or fruit of plants belonging to vegetable origin, from few insects of animal origin, from various inorganic metal salts and metal oxides of mineral origin states Chavan (1995). Coconut (Cocos mucifera) is grown in more than 80 countries of the world and in India, cultivated under varying soil and climatic conditions in seven states and three union territories. Considering the availability, dye was extracted from tender coconut shell (Plate  V).

3.4.2
Extraction of the Dyes

Hundred grams of infant fruit stalk coconut was immersed in one litre of water having 45(C. After stirring, the temperature was raised to boiling for twenty minutes till the solution becomes 500 ml. The solution was cooled and filtered says Seri (2002). Following the same procedure dye extract was prepared. The tender coconut shell was broken into pieces and soaked in soft water over night. Then, to the boiling water, the tender coconut shell pieces (Plate VI) were added. 50 grams of raw material was added to 1000 ml of water. Then it was allowed to boil for two and half hours.

This was then filtered with a cotton cloth to remove the tender coconut shell pieces. “Alum and ferrous sulphate are environmentally accepted mordants” report Saxena et al. (1997). Therefore alum was used. Three gm / litre of alum was added to the boiling solution, then heating was stopped after half an hour of boiling.

3.4.3 Dyeing

The original sample was soaked in 5, 10 and 15 per cent of dye extract with 2 and 5 per cent of mordant powder for 2, 3, 5 and 10 hours. Later they were removed and washed. But the colour was not fast. Therefore number of trials were given. Based on this study it was found that colour could be retained if washing was carried after 24 hours. Therefore the dyed fabrics were dried for 1, 3 and 5 days in shade before washing. The results proved that ten per cent of spent mushroom substrate with five per cent of alum mordant dyed for three hours had the brightest shade. Similarly samples dried for three days had produced more or less the same shade. Thus from the pilot studies it was found that the dyed fabrics require three days time to retain the colour absorbed. 

3.4.4
Actual Dyeing

The original sample, the natural biopolished sample, the commercially biopolished sample were soaked in the dyed extract (10 per cent) along with the mordant alum (five per cent) for three hours. Then it is removed from the dye bath and dried under the shade for 24 hours. After three days, the dyed samples were given five washes with soft water and then dried under shade. The dyed samples are presented in Appendix  III.

3.5
NOMENCLATURE OF THE SAMPLES


For convenience the samples were named as given in the Table III.

TABLE – III

NOMENCLATURE OF THE SAMPLES
S.No.
Samples
Names 

1.

2.

3.

4.

5.

6.

7.
Original sample

Naturally biopolished sample

Commercial biopolished sample

Naturally dyed sample

Natural biopolished dyed sample

Commercially biopolished dyed sample

Naturally biopolished dyed wear study sample
O

A

B

C

D

E

F

3.6
EVALUATION

Textile testing is necessary to measure the properties of new fibers, fabric constructions and finishes developed in it states Taylor (1972). Therefore the samples were subjected to various textile tests.

3.6.1 Subjective Evaluation

Some properties of textile are of great importance but difficult to assess numerically. In these cases, a useful method is to submit the range of sample to a number of judges or and ask them to evaluate in the order of their preference. The decision of each judge are personal decision and due to that reason, the method is referred to as subjective assessment states Booth (1996). The 16 samples were subjectively evaluated by 20 judges after pilot study. General appearance, softness and smoothness were the main aspects taken into consideration and the proforma used for the study is given in the Appendix IV. The dyed samples of the final study were subjectively evaluated by 20 judges. General appearance, brightness in colour, evenness in colour, texture and lustre were the aspects taken into consideration and the proforma used for the study is given in the Appendix  V.

3.6.2
Objective Evaluation

The physical tests for objective evaluation was carried out in the laboratory. The physical tests includes, determination of fabric weight, fabric thickness, tensile strength and elongation, stiffness, abrasion resistance, drapability, crease recovery and pilling test. Colour fastness tests like fastness to sunlight, fastness to washing, fastness to wet and dry pressing, fastness to rubbing / crocking and fastness to perspiration.

3.6.2.1   Fabric Weight


The weight per unit area can be described in terms of ounces per square yard or grams per square meter or ounces per yard or grams per metre say Wingate and Mobbler (1970). The OhausadventureTM Balance (Plate X) was used for the study. The samples were cut to the template size (3 ½” x 3 ½”). Then, the samples were placed in the plate of the weighing balance. The results, which were displayed in the monitor was recorded in grams. The procedure was repeated ten times for each of the sample.

3.6.2.2   Fabric Thickness


The fabric is kept between two plane parallel plates and the distance between the plates is measured when arbitrary pressure applied and this is known as thickness of fabric. Batty Thickness Gauge (Plate IX) was used to measure the thickness of the sample. Each sample was placed in between the anvil and the presser foot. The thickness of the fabric was indicated in the dial gauge in millimeters. Ten different readings were taken by varying the positions, for each of the sample. 

3.6.2.3   Tensile Strength and Elongation


The maximum tensile stress required to rupture a fabric expressed as pound per square inch or grams per square centimeter states Conway (1997). Eureka Tensile Strength Tester (Plate VIII) was used for testing the tensile strength and elongation of the samples. The samples were cut with the dimensions of length 12” and width 2 ½” in warp and weft directions from various parts of the fabric. Each sample was loaded in the clamp. The load was applied to the sample, and as the sample breaks, the value shown by the movement of the pointer in the dial was recorded. The length of elongation was recorded in meters. The process was repeated to take ten values for each of the samples.

3.6.2.4   Fabric Stiffness


Fabric stiffness indicates the resistance of the fabric to bending and it is a key factor in the study of handle and drape, ASTM (1983). Shirley Stiffness Tester (Plate XI) was used to determine the stiffness of the samples. The samples were cut in warp direction to the size of the template (6” x 1”). Each of the samples were placed at the top of a platform with the template on top so that the edges coincide. Both were pushed forward together until the leading edge of the sample and the template project beyond the edge of the platform. When the sliding of sample coincide with that of the index lines, the value was noted. The procedure was repeated ten times, and the readings were recorded. The same test was repeated in the weft direction.

3.6.2.5   Abrasion Resistance


The number of cycles of abrader, leading to the appearance of a hole on the fabric is a measure of abrasion resistance of the fabric sample states Chattopadhyay (2001). Martindale Abrasion Resistance Tester (Plate XIII) was used for the study. Standard emery paper, as abrading surface was fitted to the reciprocating abrader head. The samples were cut to the size of the template and weighed then it was mounted in the sample holder, and allowed to rotate for 50 revolutions. The samples were taken from the sample holder and weighed again. The procedure was repeated to get ten initial and final readings for all the samples.

3.6.2.6   Drapability


Drape is the ability of a fabric to assume a graceful appearance in use (Plate XIV). It is an important property of textile materials which allows fabric to orient itself into graceful folds or pleats as a result of force of gravity remark Angappan and Gopalakrishnan (2002). A circular sample of diameter 10” was supported on a circular disc of diameter 5”. So, the unsupported area of the fabric drapes over the edge of the supporting disc. The projected area of the draped sample was traced in a sheet, and then weighed, and recorded. The drape co‑efficient percentage was calculated by using the formula for all the samples.


Drape co-efficient (%)
=
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where,


AS
=
Area of the draped sample


AD
=
Area of undraped sample that is area of casted shadow of the            


outer ring – constant value


Ad
=
Area of casted shadow of supporting disc – Constant value

3.6.2.7   Crease Recovery


During usage of a fabric, it will get creased. The ability of a fabric to resist creasing is known as crease recovery (Saville, 1999). 


Shirley Crease Recovery Tester was used for testing the recovery angle. The instrument consists of a circular dial which carries the clamp for holding the sample. Directly under the centre of the dial is a knife edge and on index line for measuring the recovery angle. The scale of the instrument is engraved. The sample of dimension 2” / 1” was creased by folding it into half and placing it under a load of two kilograms. After a minute, the weight was removed and sample was slowly transferred to the fabric clamp of the crease recovery tester and allowed to recover from crease. Warp and weft crease recovery angle were reported separately. The ten readings in each direction was recorded and the mean value was calculated.

3.6.2.8   Pilling Test


Pilling is an undesirable phenomenon that affects the hand and the appearance of garments. The pill formation on fabric surface follows four stages namely fuzz forming, fuzz entanglement, pill forming and pill wear off express Long and Wei (2004).


The sample measuring 5” x 5” was stitched so as to be a firm fit when placed round a rubber tube 6” long and 1 ¼” outside dia and 1/8” thick. The cut ends of the fabric were covered by cellophane tape. Four such tubes were placed in a box lined with cork 1.8” in thick. It was rotated at 60 rpm for five hours. After the test was over, the extent of pilling was assessed visually by comparison with the arbitrary standard 1, 2 and 3. Fabrics of standard  1  become hairy but donot pill, fabrics of standard 2 become hairy and pills lightly, while fabrics of standard 3 become hairy and pill more severely. This was repeated ten times for all the samples and the readings were noted.

3.6.2.9   Colour Fastness Tests


The term colour fastness describes the resistance of dyed or printed textiles to various agencies to which they may be exposed during use of manufacture expresses Clarke (2004). Good colour fastness means that a dyestuff or pigment will retain its original colour with conditions of wear or use, cleaning or washing and storage cites Lyle (1976).


The biopolished and dyed samples were subjected to colour fastness tests, like washing, rubbing (or) crocking, perspiration and sunlight to assess their colour fastness. 

3.6.2.9.1   Fastness to Sunlight


A samples (C, D, E) of size, length 4”, width 1” were cut from each of the dyed samples. Each sample was equally divided into eight parts. A chart paper of equal size and the same number of divisions marked on it was attached to the sample. The first division of the chart paper was cut and exposed to sunlight on the first day. The next division of chart was cut on the second day and was repeated consequently for seven days. The samples after exposure for seven days was assessed for colour change, using grey scale and the unexposed sample. The results were then calculated.

3.6.2.9.2   Fastness to Washing


The sample with colour fastness to washing, should not show colour change after the test, and the colour should not have bled into the white cloth mentions Jewel (2005). The samples of 4” x 4” were sandwiched with the equal dimension of white cloth and soaked in a solution of water with five per cent detergent at room temperature for about twenty minutes. Then the sample was kneaded, rinsed, squeezed, and dried under shade. Then the samples were assessed for colour change using grey scale, and the results were recorded. 

3.6.2.9.3   Fastness to Wet and Dry Pressing


The samples were cut to the size of 4” x 4”. Each sample was sandwiched with the equal dimension of two wet white cotton cloth on either sides. The samples were then pressed and assessed for colour change with a grey scale.


For dry pressing, each samples were sandwiched with two dry white cotton on either sides and pressed. Then the samples were assessed for colour change with the grey scale.

3.6.2.9.4   Fastness to Rubbing / Crocking


Some coloured materials can have good fastness to light, wash, etc. but stains white material when rubbed on it, says Hall (1980).


Sasmira Crockmeter (Plate XV) was used for the study. For dry crocking, the sample was fastened to the flat base of the crockmeter and a white cotton cloth was mounted on the rubbing finger, and each sample was given 25 rubs. Then, the colour transfer from the dyed material to the white material was assessed with the help of the grey scale.


For wet crocking, dampened white cotton material was used and the procedure for dry crocking was repeated and the samples were compared with the grey scale and the values were recorded.

3.6.2.9.5    Fastness to Perspiration


Perspiration may be acid or alkali and hence acid and alkali tests should be made reports Jewel (2005). The samples were cut to the dimension 4” x 4”, and sandwiched between the white cotton material and stitched on one side. Then the prepared samples were saturated with the respective acidic and alkaline solutions and kept for 30 minutes, after which they were removed and squeezed. The samples were placed in between two plastic plates inside the persipirometer. The load was adjusted to ten pounds and the loaded equipment was placed in an oven for four hours at 38°C. After four hours, the loaded instrument was removed from the oven and the samples were dried in shade. The colour transfer from the tested samples were assessed with the comparison of the grey scale and recorded.


The grey scale rating o the colour fastness tests of the dyed samples are presented in the chapter results and discussion. 

3.6.3
Dye Absorption of the Treated Samples


Dye absorption of cotton samples was measured using X-Rite Colour Difference Meter (CDM). CDM aims at giving quantitative form to the human sensation of colour. It is based on how the eye perceives a mixtures of three primary colours (red green, and yellow). The CDM stores a single reference against which all subsequent measurements are compared. The samples D and E were subjected to dye absorption test. Their  (E values were noted. The results are presented in Chapter 4, results and discussion.

3.6.4 Wear Study

The wear study is essential, to evaluate the comfortness and serviceability of the fabric. It includes, different aspects, namely selection of garment, selection of subject and washing procedure

· Selection of Garment

The garment selected for the wear study was blouse, as it is comfortable to wear and most preferred by most of the adolescent girls. Mathews (1991) describes blouses as garment worn on top of skirts.

· Selection of Subject

An adolescent girl was selected, as the subject for wear study as they are more critical about the garments they wear. She was asked to wear it from evening 8.00 PM to morning 6.00 AM and the subject wearing the garment is shown in Plate VII.

· Washing Procedure

Soft water and mild detergent powder was used for the study. Five grams of detergent was added to one litre of water. Then after each wear, the sample was soaked in the detergent selection for ten minutes, and then washed, following kneading and squeezing. The washed samples were rinsed well in water and dried under the shade says Dantyagi (2004). Hence this procedure was used and repeated for ten days. 




IV.  RESULTS AND DISCUSSION


The results of the study are discussed under the following headings :

4.1 Subjective Evaluation

4.1.1 Visual Examination of Biopolished Pilot Study Samples

4.1.2 Evaluation of the Dyed Samples

4.2 Objective Evaluation

4.2.1 Fabric Warp Strength 

4.2.2 Fabric Weft Strength

4.2.3 Fabric Warp Elongation

4.2.4 Fabric Weft Elongation

4.2.5 Fabric Warp Stiffness

4.2.6 Fabric Weft Stiffness

4.2.7 Fabric Warp Crease Recovery

4.2.8 Fabric Weft Crease Recovery

4.2.9 Fabric Thickness

4.2.10 Fabric Weight

4.2.11 Abrasion Resistance

4.2.12 Drapability

4.2.13 Pilling Tests

4.2.14 Colour Fastness Tests

4.2.15 Dye Absorption

4.3 Wear Study

4.1 SUBJECTIVE EVALUATION

4.1.1
Visual Examination of Biopolished Pilot Study Samples

The results of the visual examination of biopolished pilot study samples are shown in the Table – IV.

TABLE - IV

VISUAL EXAMINATION OF BIOPOLISHED PILOT STUDY SAMPLE

S.No.
Samples
General appearance
Texture



G
F
P
SS
S
C

1.


5 I

10 I

15 I

20 I


60

70

65

80
40

30

35

20
-

-

-

-
60

65

55

60
10

10

15

30
30

25

20

20

2.
5 II

10 II

15 II

20 II


65

75

70

80
35

25

30

20
-

-

-

-
65

75

75

80
25

15

20

20
10

10

5

-

3.
5 III

10 III

15 III

20 III


80

85

85

90
20

15

15

10
-

-

-

-
75

95

90

95
20

5

10

5
5

-

-

-

4.
5 IV

10 IV

15 IV

20 IV


70

85

90

85
30

15

10

15
-

-

-

-
70

90

95

95
20

10

5

5
10

-

-

-

G – Good  ; F – Fair ; P – Poor

S&S – Soft and Smooth ; S – Soft ; C – Coarse


The results conclude that the samples 10 III, 15 III, 20 III and the samples 10 IV, 15 IV and 20 IV have good softness and smoothness. But the sample 10 III was selected for the final study as it needed only less amount of spent mushroom substrate. 

4.1.2
Evaluation of the Dyed Samples


The results of the visual inspection are presented in the Table – V.

TABLE ‑ V

PROFORMA FOR EVALUATION OF THE DYED SAMPLES

Dyed samples
General appearance
Brightness in colour
Evenness in colour
Texture
Lustre


G
F
P
B
M
D
G
F
P
S
M
C
L
ML
D

C

D

E
90

85

90
10

15

10
-

-

-
90

90

95
10

10

5
-

-

-
80

85

80
20

15

20
-

-

-
80

100

100
20

-

-
-

-

-
75

90

95
25

10

5
-

-

-



G – Good
A – Bright
S – Smooth
L – Lustre



F – Fair 
M – Medium
M – Medium
ML – Medium Lustre



P – Poor
D – Dull

C – Coarse
D - Dull


The dyed samples were evaluated for the general appearance, brightness and evenness in colour, texture and luster. Samples D and E are rated to be good for smoothness by 100 per cent of the judges. With regard to luster and general appearance samples E and D were rated good by 95 and 85 per cent of the judges respectively. 

4.2
OBJECTIVE EVALUATION

4.2.1
Fabric Warp Strength


The warp strength and the analysis of variance of the original and treated samples are shown in the Tables – VI, VI(a) and Figure VI.

TABLE – VI

FABRIC WARP STRENGTH
S.No.
Sample
Mean strength (kg)
Loss or gain over original
Percentage of loss or gain

1.

2.

3.

4.

5.

6.

7.
O

A

B

C

D

E

F
40.3

36.8

37.1

38.1

38.4

39.4

38.2
-

3.5

3.2

2.2

1.9

0.9

2.1
-

8.684

7.940

5.459

4.714

2.233

5.210



SEd

CD (5 per cent)

CD (1 per cent)



0.49

          0.98


          1.30

TABLE – VI(a)

ANALYSIS OF VARIANCE OF FABRIC WARP STRENGTH

Source of variation
Degrees of freedom
Sum of squares
Mean square
F ratio

Samples

Error

Total
6

63

69
89.4928571

76.0250000

165.5178571
14.9154762

1.2067460
12.36**

C.V. = 2.9 per cent.

** - Significant at one per cent level.

FABRIC WARP STRENGTH
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FIGURE - VI


The Table – VI, represents the warp strength of the original and treated samples. A minimal difference of two per cent and a maximum difference of nine per cent is seen in the samples E and F respectively. The overall comparison shows that the treated samples have reduced its warp strength. The analysis of variance, Table – VI(a) indicates that the F ratio between the sample is 12.36 and it is significant at one per cent level.

4.2.2
Fabric Weft Strength


The weft strength and the analysis of variance of the original and treated samples are shown in the Tables – VII, VII(a) and Figure VII.
 

TABLE – VII

FABRIC WEFT STRENGTH
S.No.
Sample
Mean strength (kg)
Loss or gain over original
Percentage of loss or gain

1.

2.

3.

4.

5.

6.

7.
O

A

B

C

D

E

F
36.4

33.4

33.9

35.4

35.0

36.2

34.6
-

3.0

2.5

1.0

1.4

0.2

1.8
-

8.2417

6.868

2.747

3.846

0.549

4.945



SEd

CD (5 per cent)

CD (1 per cent)



0.37

          0.74


          0.99

TABLE – VII(a)

ANALYSIS OF VARIANCE OF FABRIC WEFT STRENGTH

Source of variation
DF
Sum of squares
Mean square
F ratio

Samples

Error

Total
6

63

69
74.8857143

43.6000000

118.4857143
12.4809524

0.6920635


18.03**

C.V. = 2.4 per cent.

** - Significant at one per cent level.

FABRIC WEFT STRENGTH
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FIGURE - VII


The Table – VII, shows the weft strength of the original and treated samples. The results prove that the sample E has the minimum difference of two per cent in weft strength, whereas the sample A, has the maximum difference of eight per cent. But the overall comparison shows that there is no increase in the weft strength of the treated samples. The analysis of variance shows that the F ratio is 18.03 and it is significant at one per cent level.

4.2.3
Fabric Warp Elongation


The warp elongation and the analysis of variance of the original and treated samples are shown in the Tables – VIII, VIII(a) and Figure – VIII.

TABLE – VIII

FABRIC WARP ELONGATION
S.No.
Sample
Mean elongation (inches)
Loss or gain over original
Percentage of loss or gain

1.

2.

3.

4.

5.

6.

7.
O

A

B

C

D

E

F
2.1

1.8

1.9

1.9

2.0

2.0

2.0
-

0.3

0.2

0.2

0.1

0.1

0.1
-

14.285

9.523

9.523

4.761

4.761

4.761



SEd

CD (5 per cent)

CD (1 per cent)



0.06

          0.11


          0.15

TABLE – VIII(a)

ANALYSIS OF VARIANCE FOR FABRIC WARP ELONGATION

Source of variation
DF
Sum of squares
Mean square
F ratio

Samples

Error

Total
6

63

69
0.55485714

1.01100000

1.56585714
0.09247619

0.01604762
5.76**

C.V. = 6.5 per cent.

** - Significant at one per cent level.


From the Table VIII, it is clear that the sample D, E and F has the minimum difference in the warp elongation of five per cent when compared to the original and the maximum difference of 14 per cent is seen in the sample A. Hence it can be concluded that the biopolishing and dyeing treatments did not increased the elongation of the samples in the warp direction. The analysis of variance shows that the F ratio is 5.76 and is significant at one per cent level. 

FABRIC WARP ELONGATION


[image: image8.emf]0

0.5

1

1.5

2

2.5

Mean elongation (inches)

O A B C D E F

Samples


FIGURE - VIII

4.2.4
Fabric Weft Elongation


The weft elongation and the analysis of variance of the original and treated samples are shown in the Tables – IX, XI(a) and Figure IX.

TABLE – IX

FABRIC WEFT ELONGATION
S.No.
Sample
Mean elongation (inches)
Loss or gain over original
Percentage of loss or gain

1.

2.

3.

4.

5.

6.

7.
O

A

B

C

D

E

F
2.7

2.4

2.4

2.3

2.4

2.5

2.3
-

0.3

0.3

0.4

0.3

0.2

0.4
-

11.111

11.111

14.814

11.111

7.407

14.814



SEd

CD (5 per cent)

CD (1 per cent)



0.05

          0.11


          0.14

TABLE – IX(a)

ANALYSIS OF VARIANCE FOR FABRIC WEFT ELONGATION

Source of variation
DF
Sum of squares
Mean square
F ratio

Samples

Error

Total
6

63

69
1.12485714

0.88500000

2.00985714
0.1847619

0.1404762
13.35**

C.V. = 4.9 per cent.

** - Significant at one per cent level.


Table  IX, reveals that the sample E has the minimum difference of seven per cent from that of the original for weft elongation. Samples A, B and F have the equal amount of difference of about 11 per cent, from that of the original. The samples C and F, has the maximum difference of 15 per cent when compared to that of the original. Hence, the treatments have created minimum effect on the weft elongation of the samples. The analysis of variance is found to be 13.35 and it is significant at one per cent level. 

FABRIC WEFT ELONGATION
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FIGURE - IX

4.2.5
Fabric Warp Stiffness


The warp stiffness and the analysis of variance of the original and treated samples are shown in the Tables – X, X(a) and Figure – X.

TABLE – X

FABRIC WARP STIFFNESS
S.No.
Sample
Mean stiffness (inches)
Loss or gain over original
Percentage of loss or gain

1.

2.

3.

4.

5.

6.

7.
O

A

B

C

D

E

F
2.4

2.1

2.2

2.1

2.2

2.2

2.1
-

0.3

0.2

0.3

0.2

0.2

0.3
-

12.500

8.333

12.500

8.333

8.333

12.500



SEd

CD (5 per cent)

CD (1 per cent)



0.02

          0.05


          0.06

TABLE – X(a)

ANALYSIS OF VARIANCE FOR FABRIC WARP STIFFNESS

Source of variation
Degrees of Freedom
Sum of squares
Mean square
F ratio

Samples

Error

Total
6

63

69
1.00285714

0.16300000

1.16585714
0.16714286

0.00258730
64.60**

C.V. = 2.3 per cent.

** - Significant at one per cent level.


Table  X, features a minimum difference of eight per cent in warp stiffness for the samples B, D and E, whereas a maximum difference of 13 per cent is seen in the samples A, C and F. From the results, it could be said that the treatments had not created any dramatic difference in the warp stiffness of the samples. The analysis of variance dictates that the F ratio is 64.60 and it is significant at one per cent level. 

FABRIC WARP STIFFNESS
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FIGURE - X

4.2.6
Fabric Weft Stiffness


The weft stiffness and analysis of variance of the original and treated samples are shown in the Tables – XI, XI(a) and Figure - XI.

TABLE – XI

FABRIC WEFT STIFFNESS
S.No.
Sample
Mean stiffness (inches)
Loss or gain over original
Percentage of loss or gain

1.

2.

3.

4.

5.

6.

7.
O

A

B

C

D

E

F
2.2

1.9

1.9

1.8

1.9

1.9

1.7
-

0.3

0.3

0.4

0.3

0.3

0.5
-

13.636

13.636

18.181

13.636

13.636

22.727



SEd

CD (5 per cent)

CD (1 per cent)



0.03

          0.06


          0.08

TABLE – XI(a)

ANALYSIS OF VARIANCE FOR FABRIC WEFT STIFFNESS

Source of variation
DF
Sum of squares
Mean square
F ratio

Samples

Error

Total
6

63

69
1.60000000

0.28000000

1.88000000
0.26666667

0.00444444
60.00**

C.V. = 3.5 per cent.

** - Significant at one per cent level.


Table  XI shows a decrease in the stiffness of all the samples, when compared to the original. The maximum difference is seen in the sample  F  as 23 per cent. Apart sample C also shows the second maximum difference of 18 per cent. All the other samples, A, B, D and E, show the same weft stiffness readings. The analysis of variance for weft stiffness between the samples is significant at one per cent and the F ratio is found to be 60.00.

FABRIC WEFT STIFFNESS
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4.2.7
Fabric Warp Crease Recovery


The warp crease recovery and the analysis of variance of the original and treated samples are shown in the Tables – XII, XII(a) and Figure – XII.

TABLE – XII

FABRIC WARP CREASE RECOVERY
S.No.
Sample
Mean crease recovery (angle)
Loss or gain over original
Percentage of loss or gain

1.

2.

3.

4.

5.

6.

7.
O

A

B

C

D

E

F
115

104

107

101

95

95

91
-

11

8

14

20

20

24
-

9.565

6.956

12.173

17.391

17.391

20.860



SEd

CD (5 per cent)

CD (1 per cent)



0.80

          1.60


          2.10

TABLE – XII(a)

ANALYSIS OF VARIANCE FOR FABRIC WARP CREASE RECOVERY

Source of variation
DF
Sum of squares
Mean square
F ratio

Samples

Error

Total
6

63

69
3965.771429

194.000000

4159.771429
660.961905

3.079365


214.64**

C.V. = 1.7 per cent.

** - Significant at one per cent level.


The Table XII indicates a decrease in warp crease recovery in the treated samples, when compared to that of the original. The minimum difference seven per cent of a maximum of 21 per cent is seen in the samples B and F respectively. Hence, the overall comparison of the treated samples with that of the original, shows that the biopolishing and dyeing treatments have reduced the warp crease recovery. 

The F ratio is found to be 214.64, which is clear from the analysis of variance table, and it is significant at one per cent level. 

FABRIC WARP CREASE RECOVERY
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4.2.8
Fabric Weft Crease Recovery


The weft crease recovery and the analysis of variance of the original and treated samples are shown in the Tables – XIII, XIII(a) and Figure – XIII.

TABLE – XIII

FABRIC WEFT CREASE RECOVERY
S.No.
Sample
Mean crease recovery (angle)
Loss or gain over original
Percentage of loss or gain

1.

2.

3.

4.

5.

6.

7.
O

A

B

C

D

E

F
111

103

105

99

95

94

91
-

8

6

12

16

17

20
-

7.209

5.405

10.810

14.414

15.315

18.018



SEd

CD (5 per cent)

CD (1 per cent)



0.7

          1.5


          2.0

TABLE – XIII(a)

ANALYSIS OF VARIANCE FOR FABRIC WEFT CREASE RECOVERY

Source of variation
DF
Sum of squares
Mean square
F ratio

Samples

Error

Total
6

63

69
3122.342857

170.800000

3293.142857
520.390476

2.711111
191.95**

C.V. = 1.7 per cent.

** - Significant at one per cent level.


The above Table XIII reveals that there is reduction of weft crease recovery in all treated samples when compared to that of original. A maximum difference of 18 per cent is seen in the sample F and a minimum difference of 5.4 per cent is seen in the sample B. Therefore the overall comparison shows a maximum difference in the dyed samples than that of the biopolished samples. The results show significance at one per cent level with a F ratio of 191.95. 

FABRIC WEFT CREASE RECOVERY
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4.2.9
Fabric Thickness


The fabric thickness and the analysis of variance of the original and treated samples are shown in the Tables – XIV, XIV(a) and Figure - XIV.

TABLE – XIV

FABRIC THICKNESS
S.No.
Sample
Mean thickness (mm)
Loss or gain over original
Percentage of loss or gain

1.

2.

3.

4.

5.

6.

7.
O

A

B

C

D

E

F
0.41

0.43

0.43

0.45

0.44

0.45

0.43
-

0.02

0.02

0.04

0.03

0.04

0.02
-

4.878

4.878

9.756

7.314

9.756

4.878



SEd

CD (5 per cent)

CD (1 per cent)



0.002

          0.004


          0.005

TABLE – XIV(a)

ANALYSIS OF VARIANCE FOR FABRIC THICKNESS

Source of variation
DF
Sum of squares
Mean square
F ratio

Samples

Error

Total
6

63

69
0.01322857

0.00128000

0.01450857
0.00220476

0.00002032
108.52**

C.V. = 1.0 per cent.

** - Significant at one per cent level.


From Table  XIV, it is clear that the sample C has the maximum increase in fabric thickness when compared to the original. The minimum difference is observed in the sample A, B and F. The comparison between all the treated samples and the original sample shows a significant difference. Hence it could be concluded that the biopolishing and dyeing treatments have increased the fabric thickness. The analysis of variance, for fabric thickness between the samples is significant at one per cent level and the F ratio is 108.52. 

FABRIC THICKNESS
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FIGURE - XIV

4.2.10   Fabric Weight


The fabric weight and the analysis of variance of the original and treated samples are shown in the Tables – XV, XV(a) and Figure - XV.

TABLE – XV

FABRIC WEIGHT
S.No.
Sample
Mean weight (gm)
Loss or gain over original
Percentage of loss or gain

1.

2.

3.

4.

5.

6.

7.
O

A

B

C

D

E

F
1.057

0.995

1.007

1.040

1.051

1.055

1.019
-

0.062

0.050

0.017

0.006

0.002

0.038
-

5.865

4.730

1.608

0.567

0.189

3.595



SEd

CD (5 per cent)

CD (1 per cent)



0.0022

          0.0043


          0.0058

TABLE – XV(a)

ANALYSIS OF VARIANCE FOR FABRIC WEIGHT

Source of variation
DF
Sum of squares
Mean square
F ratio

Samples

Error

Total
6

63

69
0.03781740

0.00148290

0.03930030
0.00630290

0.00002354
267.77**

C.V. = 0.5 per cent.

** - Significant at one per cent level.


Table  XV, shows a loss of weight in all the treated samples. With regard to fabric weight, the minimum loss is observed in sample D and the maximum loss is seen in sample A, as six per cent and one per cent respectively. Hence it could be concluded that the biopolishing and dyeing treatments have reduced the weight of the fabric.


The analysis of variance for fabric weight between the samples are significant at one per cent and the F ratio is found to be 267.77. 

FABRIC WEIGHT
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4.2.11 Abrasion Resistance

The abrasion resistance and the analysis of variance of the original and treated samples are shown in the Table – XVI, XVI(a) and Figure - XVI.

TABLE – XVI

ABRASION RESISTANCE

S.No.
Sample
Mean difference
Loss or gain over original
Percentage of loss or gain

1.

2.

3.

4.

5.

6.

7.
O

A

B

C

D

E

F
0.005

0.005

0.004

0.005

0.004

0.005

0.006
-

0.001

-

0.001

-

0.001

0.002
-

25

-

25

-

25

50



SEd

CD (5 per cent)

CD (1 per cent)



0.019

          0.0039


          0.0052

TABLE – XIV(a)

ANALYSIS OF VARIANCE FOR ABRASION RESISTANCE

Source of variation
DF
Sum of squares
Mean square
F ratio

Samples

Error

Total
6

63

69
0.00012469

0.00119680

0.00132149
0.00002078

0.00001900
1.09NS

C.V. = 85 per cent.

** - Significant at one per cent level.


The Table – XIV, shows the abrasion resistance of the original and treated samples. The samples B and D, does not show any difference in the abrasion resistance, when compared to the original.


The analysis of variance for abrasion resistance between the samples are not significant and the F ratio is found to be 1.09.

ABRASION RESISTANCE
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4.2.12
Drapability


The drapability co-efficient of the original and treated samples are shown in the Table – XVII and Figure – XVII.

TABLE – XVII

DRAPABILITY
Samples
Mean
Drapability Co-efficient (%)

O

A

B

C

D

E

F
3.293

2.9492

3.016

3.0542

2.8152

2.938

2.7436
78.15

64.67

67.29

68.79

59.41

64.23

56.611


The Table – XVII shows the mean values of the drapability tests of original and treated samples. The drapability co‑efficient is found to be the minimum in the sample F and the maximum in the original sample. The overall comparison shows that the treatment given to the fabric have decreased the drapability co‑efficient. Therefore, it could be concluded that the drapability of the treated samples has increased. 

DRAPABILITY
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4.2.13
  Piling Tests


The pilling tendency of the samples A, B, D and E was reduced, to a great extent due to the biopolishing treatment.

4.2.14
  Colour Fastness Tests


The  colour  fastness  of  the  dyed  samples  are  shown  in   the  Table – XVIII. 

TABLE – XVIII

COLOUR FASTNESS OF THE DYED SAMPLES (GREY SCALE RATINGS)

S.No.
Samples
Sunlight
Washing
Pressing
Crocking
Perspiration




Colour change
Staining
wet
Dry
Wet
Dry
Acid
Alkali



Colour change


Colour change
Staining
Colour change 
Staining
Colour change
Staining
Colour change
Staining
Colour change
Staining
Colour change
staining

1.

2.

3.
C

D

E
4/5

4/5

4/5


4/5

4/5

4/5
4

4/5

4/5
5

5

5
4/5

5

4/5
5

5

5
5

5

5
4/5

4/5

4/5
4

4/5

4/5
5

5

5
4/5

4/5

4
4

4/5

4
4

4/5

4/5
4/5

4

4
4

4

4/5

1 – Very Poor ; 2 – Poor ; 3 – Moderate ; 4 – Good ; 4/5 – Very Good ; 5 – Excellent.


The grey scale rating of the colour fastness of the dyed samples show that the sample C has excellent colour fastness to pressing and good fastness towards perspiration. The sample D has very good fastness towards sunlight and good fastness towards alkali perspiration. The sample E has very good fastness towards crocking and washing.

4.2.15    Dye Absorption

The total colour difference (E, from the sample C was determined and (E was found to be +2.07 and +2.05 for the sample A and B respectively. Thus, the biopolishing treatments have enhanced the dye uptake. 

4.3 WEAR STUDY

The study proved that there is no allergic reactions, or itching due to the biopolishing and dyeing treatments and so the garment was comfortable for the adolescent girl.

5.  SUMMARY AND CONCLUSION

The awareness of environment impact of chemical processing of textiles, combined with increased strict legislation on industrial effluents and consumers’ interest to use eco-friendly products has led to the advanced, non-polluting chemical process for textile fibrous material treatment, particularly in the wet processing industries. Recently, it is observed that, enzymes are safe to use, easy to control, biodegradable and hence enzymes can an be used as an alternate for harsh chemicals but operated under mild conditions. Enzymes are naturally occurring high molecular weight proteins capable of catalyzing chemical reactions and are known as “Bio-Catalyst”. Compared to the traditional catalysts, enzymes give greater reaction rate at relatively lower temperatures and atmospheric pressure and at lower energy consumption. Commercially available enzymes are costly. Hence, if a research could be carried out using the naturally available enzymes, it will be cost benefit and economical. Considering these facts research is planned to be carried using spent mushroom substrate for bio polishing of cotton fabrics.

OBJECTIVES


The objectives of the study are as follows :

· to study the enzyme present in the spent mushroom substrate.

· to use spent mushroom substrate for bio-polishing.

· To study the properties of fabrics bio-polished using mushroom house waste.

· to evaluate the performances of the spent mushroom substrate bio-polished cotton fabric.

Methodology

Selection of Material


The quality of the fabric for clothing depends to a great extent on the aesthetic appeal, transport of air and moisture and these comfort factors makes cotton popular in the world of fashions. Considering these facts 100 per cent cotton was used.

Pretreatment


The basic purpose of the fabric preparation is to remove all natural and added impurities and make the material ready for subsequent process. Hence pretreatment was given to the material, to improve its finished quality.

Desizing


Desizing is the first step which enable the garment properly receive mechanical and chemical treatment by removing the previously applied warp sizes and finishes. So, for the actual study, the selected fabric was desized with five per cent detergent in boiling water for 30 mins to enhance the finish applied to it.

Biopolishing


Cellulase enzymes are used for the removal of microfibrils from the fibre surface which is the potential cause of pilling formation and it is a finishing treatment on cellulose fabric known as biopolishing. Since biopolishing imparts many advantageous qualities, the selected cotton fabric was subjected to biopolishing.

Selection of enzyme sources


Spent mushroom substrate is a natural resource and it has various utilities such as, acting as a nutrient source for nutritionally poor soils, neutralizing acidic soils, facilitate of plant growth in barren areas. Reviews prove that fifty per cent of the nutrients remains unutilized, in the spent compost. So, the spent mushroom substrate or the spent mushroom compost of paddy straw  mushroom (Volvariella Volvacea) was used for the production of cellulase enzyme to biopolish cotton.

Estimation of enzyme activity and protein content

The cellulase enzyme activity and spent mushroom substrate was determined by the procedure given by Denism and Koehn (1977), and the determination of protein content was carried out with the procedure given by Loury et al. (1951).

Standardising biopolishing process
Pilot studies were conducted to standardise the temperature, time and the percentage of spent mushroom substrate required for biopolishing.

Actual biopolishing

S.No.
Parameters
Operational Range

1.

2.

3.

4.
Time

Temperature

Percentage

pH
8 hrs

Room temperature

10%

Neutral

Based on the pilot studies, the desized cotton fabric was immersed in ten per cent spent mushroom substrate solution with neutral pH, at room temperature. After eight hours the treated fabric was thoroughly rinsed and dried in shade.

Commercial Biopolishing Procedures


Commercial enzyme Bi-soft L+ (3.8 ml) was dissolved in soft ware in the ratio 1:15. The pH of the solution was adjusted with acetic acid using pH meter and placed in the water bath at 50°C. After 50 minutes, the temperature was raised to inactivate the enzyme, than the sample was removed from the bath and rinsed thoroughly with soft water.

Dyeing

Natural dyes are those colourants which are obtained from plant, animal or mineral sources with little or no chemical processing at all. Therefore, natural dye was selected. Coconut (Cocos mucifer) is grown in more than 80 countries of the world and in India, cultivated under varying soil and climatic conditions in seven states and three union territories. Considering the availability, dye was extracted from tender coconut shell.

Extraction of the Dyes


The tender coconut shell was broken into pieces and soaked in soft water over night. Then, to the boiling water, the tender coconut shell pieces were added. 50 gms of raw material was added to 1000 ml of water. Then it was allowed to boil for two and half hours. The filteration was carried out with a cotton cloth, to remove the tender coconut shell pieces. Being eco-friendly alum was used as a mordant.

Actual Dyeing


The original sample, the natural biopolished sample, the commercial biopolished sample were soaked it is removed from the dyebath (10 per cent) for three hours. Then it is removed from the dyebath and dried under the shade for 24 hours. After 4-5 days, the dyed samples were given five washes with soft water and then dried under shade. 

Evaluation


The visual inspection proved that biopolishing with spent mushroom substrate improved the feel and appearance of cotton fabric. Tensile strength, fabric weight, fabric thickness, crease recovery, drapability test, pilling test and abrasion resistance test were the objective tests carried to judge the performance of the treated fabrics. 

Results

· The cellulase activity present in the spent mushroom substrate was estimated as 0.0175 mg / dl and the protein content was estimated as 0.0136 mg / dl. 

· The warp and weft strength of the biopolished sample was reduced around 8 per cent from the original sample. 

· The drapability of the biopolished sample is enhanced and the fabric thickness is also increased from that of the original. 

· The warp and weft stiffness of the biopolished sample was reduced to 13 per cent  and 11 per cent respectively. 

· The pilling tendency and the abrasion resistance of the samples were reduced.

The warp strength of the dyed samples C, D and E was reduced by 5.4 per cent, 4.7 per cent and 2.2 per cent respectively. The results prove that the sample has the minimum difference of 0.2 per cent from that of the original.

There is a loss of 0.2 per cent, 0.1 per cent and 0.1 per cent of the warp elongation of the samples C, D and E from that of the original. The weft elongation of the dyed samples C, D and E was found to be reduced to 14.8 per cent, 11.1 per cent and 7.4 per cent respectively. The warp stiffness of the dyed samples shows a difference of 12.5 per cent, 8.3 per cent and 8.3 per cent respectively. Thirteen per cent of reduction was seen in the weft stiffness of the sample D and E. The thickness and drapability of the dyed samples was found to be enhanced from that of the original. There was a minimum loss of weight (i.e.) less than one per cent from the original. The crease recovery of the dyed samples showed a duration of around 17 per cent in the warp direction and it ranged between ten to fifteen per cent in the weft direction. The abrasion resistance of the samples was reduced and the samples showed good fastness towards pressing and washing. 

CONCLUSION

The result of this study has thrown light on a simple and effective method of biopolishing cotton fabrics using spent mushroom substrate. Apart from producing a fabric with good feel and excellent drapability this method has been cost effective also. Thus, it could be concluded that, in the modern era, where pollution is a major problem, a method of using natural enzymes especially from agricultural waste for enhancing the qualities of the “king of fibers” will open doors for new and safe textile processing units.

RECOMMENDATIONS FOR FUTURE RESEARCH WORK

· Similar processes could be carried out, by varying different natural sources of enzymes.

· Biopolishing treatment could be tried on other cellulosic fibres and blends. 

· Treatments, like bleaching, scouring, could also be tried with the use of spent mushroom substrate.

· Coconut shell dye extract could be used to dye other fabrics and blends.
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APPENDIX – IV

PROFORMA FOR VISUAL EXAMINATION OF BIOPOLISHED

PILOT STUDY SAMPLE

S.No.
Samples
General appearance
Texture



G
F
P
SS
S
C

1.


5 I

10 I

15 I

20 I









2.
5 II

10 II

15 II

20 II









3.
5 III

10 III

15 III

20 III









4.
5 IV

10 IV

15 IV

20 IV









G – Good  ; F – Fair ; P – Poor

SS – Soft and Smooth ; S – Soft ; C – Coarse

APPENDIX – V

PROFORMA FOR EVALUATION OF THE DYED SAMPLES

S.No.
Dyed sample
General appearance
Brightness in colour
Evenness in colour
Texture
Lustre



G
F
P
B
M
D
G
F
P
S
M
C
L
ML
D

1

2

3


C

D

E
















G – Good
B – Bright
S – Soft

L – Lustre

F – Fair

M – Medium
M – Medium
ML – Medium Lustre

P – Poor
D – Dull

C – Coarse
D - Dull

Activity increased by temperative rise





Optimum temperature





Activity





Increasing temperature results in denaturation
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Substrate concentration
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