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1. INTRODUCTION

 
The Indian Textile Industry has an overwhelming presence in the economic life of the country. Apart from providing one of the basic necessities of life, the textile industry also plays a provital role through its contribution to industrial output, employment generation and export earnings to the country: Textile sector is the second largest provider of employment after agriculture. Thus, the growth and development of this industry has direct bearing on the improvement of the economy of the nation. Currently, it contributes about 14% to industrial production and 13.5% to the countries expert earnings. It provides direct employment to 35 Million people reports AEPC (2008).

           Fibers are fundamental units used in fabrications. Fibers are obtained from natural sources namely vegetable fibers, animal fibers and mineral fibers. Natural fibers are gaining progressive account as renewable environmentally acceptable, bio degradable, technical textile, as well as in building activities. India being a tropical country is blessed with plenty of renewable resources obtained from plant kingdom. The leaf fibers are hard, coarse and stiff in texture. The natural cellulose fibers come under the criteria of bio degradable textiles because of the presence of natural macromolecules like proteins and cellulose. The natural fibers are used because of its low cost and eco – friendly composite materials.


Nature provide us with the abundance of raw materials including sisal fibers which comes from the widely grow sisal plant. Sisal is the vegetable leaf fibers. It is one of the most widely used fibers and is very easily cultivated nearly 45 million tonnes of sisal fibers is produced every year. Tanzania and Brazil are two major sisal fibers producing countries. This fiber is hard fiber extracted from the leaves of sisal plants. A sisal plant produces about 200 – 250 leaves and each leaf contains 1000 – 1200 fiber bundles each of which is composed  of 4%  fiber, 0.75% cuticle, 8% dry matter and 87.25% water. Chemically, sisal fibres contain 78% celluloses, 8% lignin, 10% hemi cellulose, 2% waxes and about 1% ash of weight narrates Rao (2008).

Scouring is a cleaning process for renewing natural and acquired impurities of fibers. Common industrial practices involve use of sodium hydroxide to remove non – cellulosic materials. In this process, the individual non – cellulosic components other than natural colouring matters are converted into solute compounds are removed in subsequent washing. This traditional scouring process consumes large quantities of energy and water and is not ecofriendly. High level of pH and temperature used in this process that damages the fiber due to non – specific attack of alkali especially when performed in the presence of oxygen, it also results in loss in strength of the fiber. Hence, there was demand for scouring process carried out using mild conditions. It led to the development of substrate specific, low water consuming and environment – friendly process, namely enzymatic scouring.


Enzymes are protein substance preferred due to the reasons that these replace harsh chemical create no pollution, act as a catalyst and are biological degradable. Enzymes are used in a vast majority of textile processing facilities. The use of enzyme technology is attractive because enzymes are highly specific, highly efficient, and work under mild conditions. Further, the use of enzymes results in reduced process time, energy and water savings further improve the produce quality.


A trend is now setting in gradually to phase out the traditional chemical processing method by newer, less energy consuming and non – polluting techniques. The most exciting areas of textile research are enzymatic processing. Enzymes have been applied, (or) at least tried, in every step of textile. Wet processing enzymes are preferred in textiles because of accelerate the rate of reaction, specific in action, low temperature operation, easy to control and safe, replace hash chemical no pollution, and biologically degradable Prasad and Muthumanikkam (2006). 
Enzymatic scouring has opened new ways to lower effluent generation, the water pollution and quite good soft action. Currently and in the years to come, criteria that will be used for judging the new processes and to replace the old one may be based on the 3E principle that is efficiency, economy, and ecology with a view to preserve the product quality. This paves the way for bioprocessing in textiles.


Natural dyes have better biodegradability and generally higher compatibility with environment. They are non – toxic, non – allergic and non – carcinogenic. Today with the increase in public awareness of ecological and environmental problems related to the use of synthetic dyes, natural dyes have gained momentum. The acute ecological concern has caused to go back to the natural dyes. Interest in natural products is growing throughout the world and people are becoming aware of eco – friendly products. The colouring matter is extracted from leaves, petals, stamens, bark, roots, fruits, seeds and rinds.


Textile industry is basically divided into dry and wet processing industries. The dry processing industries include ginning, spinning, weaving, and knitting, preparating and processing of non- woven materials. The wet processing industries lime up as processing, dying and finishing units. The Textile wet processing industries consumes large volume of water and chemical out of various activities in textile wet processing industry, chemical processing contributes about 70% of water pollution.


Current awareness about the negative environmental impact of textile preparatory processes, combined with increasing strict regulation on industrial effluent has forced textile processors to consider some important aspect in, minimizing pollution of water and atmosphere during production below specified limits and minimizing the discharge of waste water volume to possible extent. Eco – friendliness is textiles are one of the important issues in recent times because textiles are one of the basic necessities of human beings mention Anita and Sheetal (2007).

The hazardous chemical result in an increase in COD (chemical oxygen demand), BOD (Biological oxygen demand) and TDS (Total dissolved solids) in the waste water, further more, they attack the cellulose fibers leading to a heavy loss of both strength and weight in the fabric. High level of pH and temperature used in the process damages the cellulosic due to non specific attack of alkali especially when performed in presence of oxygen. The outer layer of cellulose experience auto oxidation which causes strength loss.

Eco friendliness in textiles is one of the important issues in recent times, because textiles are in continuous contact with skin. Total eco – friendliness is one of the approaches, which is becoming popular. Eco – friendly textiles are those textiles products which do not contain any hazardous toxic substances and are biodegradable. The best way to produce the “Eco – friendly textiles is turn towards the nature.

Hence the attempt was made by the researcher to extract cellulase enzyme from biological source apply the same on cellulosic sisal yarn. This alternative enzymatic scouring is evaluated for its efficiency in comparison with conventional process.

The objectives of the study are to:

· identify the presence of cellulose enzyme in natural source
· extract and optimize the enzyme for activity
· optimize enzyme for scouring
· soften the sisal yarns
· evaluate the treated yarns and dyed yarns
· evaluate the effluent

· compare the cost effectiveness.
2. review of literature

A brief review and its sources of literature pertaining to the study, “Extraction and Evaluation of Cellulase from Bagasse and Biopolishing Sisal Yarn”, are presented under the following headings:

2.1 Enzyme

2.2 Sisal Fiber

2.3 Scouring

2.4 Natural Dyeing

2.5 Textile Effluent

2.6 Environmental Hazards Due to Textile Effluent

2.1. ENZYME


The term “enzyme” is derived from a Greek word “enzymos” which means in the cell or ferments say Sundar et al. (2007) Enzymes are proteins, which catalyze specific chemical reactions and are known as ‘Bio-catalyst’ states Saravanan (2006). Enzymes are high molecular weight, Complex proteins, composed of chains of amino acids linked together by peptide bonds, which are produced by all living cells. These proteins accelerate specific chemical reaction without undergoing any alteration themselves. Although enzymes are formed in living cells, they are not living material defines Ashok et al. (2010)

2.1.1 History of Enzyme


The first enzyme application was the use of barley for removal of starchy sizes from woven fabrics, as early as 1912.The first microbial amylases were used in 1950’s for the same desizing process, which today, is routinely used by the industry says Auterinen (2008). History of enzymes dates back to 17th century that describes yeast catalyzed transformation of juices into alcoholic beverages. A. Lavoisier in 1789 showed that sugar was converted to carbon dioxide and alcohols narrate Pandey et al. (2008)

2.1.2 Properties of Enzymes


Enzymes are specific: contrary to inorganic catalysts such as acids, bases, metal and metal oxides. In other words each enzymes can break down (or) synthesis one particular compounds with which they react. Enzymes are efficient catalysts: the enzyme catalase, which is found abundantly in the liver and red blood cells, is so efficient that in one minute, one enzyme molecule can catalyse the breakdown of five million molecules of hydrogen peroxide to water and oxygen. Enzymes are present in all biological systems. The usable products and the waste of most enzymatic reactions are non-toxic and readily break down according to Roda (2007).
2.1.3 Advantage of Enzyme


Enzymes are useful for textile industry because they work under mild conditions of temperature, pH, replace harsh chemicals or 100 per cent biodegradable and have a specific range of operation parameters for their optimum performance and act as catalysts, utilizing small quantity of enzyme emphasize Mehra et al. (2004) Enzymes are very effective tool in providing eco-friendly solution to the textile industry right from pretreatment to finishing says Mahapatra (2010). As the enzymes involved are totally biodegradable, the finishing process is harmless to the environment reveals Ojapalo (2001).

2.1.4 Mechanism of Enzyme Action


In the living cell, enzymes act as catalyst to speed up the complex chemical reactions which control life processes. The part of enzyme molecule that is responsible for the catalytic activity is a specific region known as active site stresses Menezes (2003). Enzymes are proteinaceous in character. Each enzyme is programmed to carry out one special task. Like a key in lock each enzyme fits together with one specific substrate modifying it in one proper way narrates Sabu (2003).

Enzymes are essential for all metabolic processes, but are not themselves living materials. They are distinguishable from other proteins because of their catalytic activity. Enzymes are natural protein molecules that act as highly efficient catalysts in biochemical reactions. They not only work efficiently and rapidly, they are also biodegradable. They are highly efficient in increasing the reaction rate of biochemical processes emphasize Shanmugasundaram and Kumaravel (2005).

The enzymes are highly substrate specific and are generally much larger than the substrate. On which they act quickly became apparent. The earliest kinetic analyses of enzymatic reactions indicated the formation of transient enzyme substrate complex. This is known as the active centre (or) the active site. A more sophisticated approach to the design of enzyme inhibitors became possible which the reactive group was attached to a substrate; in this way, the specificity of the target enzyme was utilized to achieve selective inhibitors of the enzyme have acquired major importance in the study of enzyme mechanisms reveals Aehle (2007).

The mechanism of enzyme inhibition may involve both the adsorption of enzyme to the major particulate lignin component and the interactions with the minor low molecular lignin component state Ximens et al. (2008) The mediation of chemical reactions by catalytic proteins is a central feature of living systems. Living cells make enzymes themselves are not alive and we can encourage living cells to make a slightly different type of enzyme with improved characteristics of specificity, stability and performance in industrial process says Roda (2007).

2.1.5 Bagasse


 The massive volumes of agro-waste, our food industry produces can also be definitely handled by mirroring eco systems. In the case of sugar mainly sourced from cane. The sugar content of cane is around 10-15 per cent. Thus each ton of sugar produced accounts for only a small portion of its source biomass. The rest waste known as bagasse, is typically incinerated says Pauli (2010). India produces sugarcane (290 million tones /y, 67.44 tones /ha) from area of 4, 300, 00 ha, yielding nearly 40 million metric tones of bagasse, reveal                   Premalatha et al. (2008)

           Sugarcane bagasse is a by-product of the cane sugar industry. Sugarcane stocks are pressed and the juice is collected cane sugar then is extracted from the juice. The residue of sugarcane stocks is called as sugarcane bagasse. Bagasse is a fibrous feed stuff with very little protein remarks                Macgregor (2000). Sugarcane bagasse seems to be economically viable for the production of environmentally friendly products opine Rabelo et al. (2008) 
It is a waste biomass from the sugarcane refining process. Their residues represent the longest quantity industrial biomass waste available world wide. Bagasse utilization will have a significant impact on the global bioenergy production describe Beckman and Solantausta (2001). Bagasse is the matted cellulose fiber   residue from sugarcane that has been processed in a sugar mill. One ton of sugarcane generates 250 kilogram of bagasse that based on economics as well as environmental related issues of utilization, storage and disposal state Aigbodion et al. (2010) 

2.1.5.1 Bagasse Chemical Composition


Bagasse contains about 50 per cent cellulose, 25 per cent hemi-cellulose and 25 per cent lignin say Nigam and Pandey (2009).

2.1.5.2 Bagasse Properties


Bagasse is approximately 50 per cent water by weight, and roughly               25 per cent of weight of raw can milled becomes bagasse (moisture free basis). Typical physical properties of bagasse are, Carbon – 48.8 per cent weight, Hydrogen – 5.8 per cent weight, Oxygen – 41.7 per cent weight, Nitrogen –   0.2 per cent  weight, Ash – 3.5 per cent weight and low heating value (dry) – 13.6 MJ/kg according to Solantausta and Beckman (2001).

2.1.5.3 Bagasse Applications

Due to abundant availability of bagasse, it can serve as an ideal substrate for microbial processes for the production of value-added products such as protein enriched animal feed, enzymes, amino acids, organic acids and compounds of pharmaceutical importance state Nigam and Pandey (2008). The bagasse is mostly used as a captive boiler fuel and as raw material in paper industry. India has potential for electricity production using bagasse 29,000 GW h/y say Sivaramakrishnan et al. (2008)

2.1.6 Application of Enzyme in Textile Industry


The use of enzymes in textile processing and after care is already the best established example of the application of biotechnology to textiles opines Byrne (2001). Enzymes have found wide application in the textile industry replacing harsh and hazardous chemicals for improving production methods and fabric finishing by reducing effluent processing cost says Roda (2007).


In leather industry, new enzyme preparations for leather production have created a new opportunity for an enzymatic application. In this industry enzyme used in some of the following process, like soaking, unharing and bating. And also degreased the natural fats by using enzymes during liming process, report Afsar and Cetinkaya (2008).

2.1.7 Cellulase Enzyme


Cellulase is an enzyme which breaks down cellulosic materials and is a complex mixture of endocellulase, exocellulase, cellobiohydrase, cellobioases and several other highlight Kumar et al. (2010) Cellulase refers to a group of enzymes which hydrolyze cellulose describe Kholya et al. (2008) They are generally adaptive in their formation because these enzymes are stimulated by the presence of cellulose reveal Mehrotra and Aggarwal (2006).

Cellulase enzyme treated cellulosic fabrics of various constructions and fiber compositions exhibit significant improvement in dimensional stability after subsequent washing and drying cycles. The partial hydrolysis of fabrics with cellulase enzyme results in most effective stress relaxation with minimum weight loss say Dhurai and Natarajan (2007). It became clear that the enzyme known as “cellulase” was really a complex system of enzyme that works together synergistically to attack native cellulose emphasize Polaina and                        Maccabe (2007). 

The cellulase is one of the key enzymes for cellulose biodegradation has been found to be the most expensive step say Kotchoni et al. (2003) Cellulases are complex group of enzymes that are fundamental for the degradation of amorphour and Gystaltine cellulose in ligno cellulosic material. It is the most widespread biological material on earth report Escovar Kousen et al. (2004)

2.1.7.1 Cellulase in Textile Industry


In textile wet processing, presently cellulase is used to modify the surface and properties of cellulosic fabrics in biopolishing process; to achieve a desired hand effect narrate Shukla et al. (2005) Cellulase enzyme are extensively used in textile finishing to improve the hand of fabrics reveal                           Rajendran et al. (2010) Cellulase is used to breakdown cellulosic chain to remove protruding fibers by degradation and create wash down effect by surface etching on fabrics define Churi et al. (2004)
2.2 SISAL FIBER

Sisal is a monocotyledon plant that is widely grown as tropical (or)            sub-tropical plants reveals Seerangarajan (2008). In the production of natural fibers, sisal plays a dominant role in the field of leaf fibers. Sisal is well suited for technical application because of the interesting properties of the fiber. It is the main leaf fiber produced in the world, accounting for approximately 70 per cent of the commercial production of all such fibers says Mùssig (2010).

Sisal is an agave, Agave sisalana that yields a stiff fiber traditionally used in making twine and rope according to Rastogi (2009). Sisal fiber (Agave Sisalana) is a species of the genus ‘Agave’. The plant consist of a short and very thick stem from which arises a close rosette of leaves describe              Majumdar et al. (2008)

2.2.1 History


The Sisal plant was originated in Yucatan Peninsula of Mexico. The countries where sisal grows are: USA, Florida, Bahamars, East Africa, Brazil, Indonesia and Philippines. The fibers placed longitudinally in the leaves and are most abundant near the leaf surface highlights Mishra (2000). In Mexico, sisal hemp is called as Henequen and the plant is called a Maguey resembles the variety of sisal hemp says Nakamura (2000).


The Sisal (A.Sisalana) plant was introduced into East Africa (Tanzania) in 1893 by Dr. Richard Hindorf from Florida in USA. It was introduced into India by Portuguese during the period of 16th to 18th century points out by              Kar (2008). Sisal occupies 6th place among fiber plants, representing                        two per cent of the world’s production of plant fibers remarks Malick (2008).


During the late eighteenth century to early nineteenth century, the planting of sisal was also started on the African and Asian continent. It is potential to grow under diverse ecological and climatic conditions, ranging from hot and humid conditions. More recently, China has production of about 20,000 metric ton in 2006 according to the UN reveal                                Anandjiwala et al. (2010)

2.2.2 Cultivation


Sisal plants send up huge leaves almost from ground level. After six (or) seven years of growth, the sisal plant sends out a flower stalk that rises to 6m (20ft). Leaves are harvested when plants are 2½ to 4 years old states Cook   (2005). The fiber is extracted by a process known as decortication, where leaves are crushed and beats by a rotating wheel set with blunt knife reports Rastogi (2009).


Sisal (Agave Sisalana) is a plant of the Agave family. The stalk grows to about one meter in height. The plant produces approximately three hundred leaves throughout its productive period. When harvested, the sisal fiber is coarse and relatively inflexible. The process of turning these fibers into silky fabric involves a high degree of beating and pulping remark                                Angelo et al. (2008)


A sisal plant can produce about 200-250 leaves. Each leaf contains 1000-1200 fiber bundles, composed of 4 per cent fiber, 0.75 per cent cuticle, per cent dry matter, and 87.25 per cent water narrate Rengaswami et al. (2010)  Each leaf contains about 1000 fibers say Saxena et al. (2008). Fiber is extracted from leaves; the leaves are dark green, pointed, straight and can have a length from 2.00 meters to 3.00 meters with a width of 15-18 centimeters in general highlights Seerangarajan (2008).

2.2.3 Sisal Fiber Characteristic


The normal sisal fiber cells are straight and stiff, they are cylindrical and often straightened. The average length is about 2.5 millimeters remarks Cook (2005). The thickness about 0.01 – 0.02 millimeters and length of single fiber is 2.54-12.7millimeters. Quality is harder than Manila hemp and weaker in strength. The colour is either white (or) pale yellowish white defines Nakamura (2000). Some important physical properties of sisal fiber are their breaking strength and extension in dry and wet conditions, fiber tenacity, and durability in water reveal Goswami et al. (2008)

Sisal fiber have the  properties of gravimetric fineness of 16-35 tex, tenacity of 40-50 gram/tex, breaking extension of 2.5-4.5 per cent and bundle tenacity of 22-36 gram/tex narrates Rao (2008). Sisal fibers are smooth, straight, yellow in colour fairly coarse and inflexible which are valued for cordage use because of its strength, durability, ability to stretch, and affinity for certain dyestuff and resistance to deterioration in salt water reveal             Angelo et al. (2008)

2.2.4 Production of Sisal



The Sisal fibers are collected from reaped leaves by pressing and beating between rollers. Mexico has very large production expresses                    Nakamura (2000). The sisal fiber is derived from the leaves of the plant.  The fiber is washed and dried by mechanical (or) natural means. The dried fiber represents only 4 per cent of the total weight of the leaf. The lustrous usually creamy white, average from 80 to 120 centimeters in length and 0.2 to 0.4 millimeters in diameter reveal Vellingri et al. (2008)


The extraction of sisal fibers comprises of various methods as follows retting, boiling and mechanical method describe Asokan et al. (2008),
Retting

Sisal fiber is traditionally extracted by retting, a biodegradation process involving microbial decomposition of sisal leaves, which separates the fiber from pith. The fibers are washed and processed further. This process takes 15-21 days for a single cycle of extraction and degrades the quality of fiber. The retting process is water intensive, unhygienic and not eco-friendly.

Boiling

In this method leaves of sisal plant are boiled, subsequently beating is done then after washing and sun drying we may get the usable clean fiber.

Mechanical method

Mechanical extraction is done with the help of Raspador machine suitable for small scale operation. After fiber extraction yarn is made from the fiber but the yarn making procedure is not standardized yet because of lack of some properties like crimpy property, hydrophilic nature, inconsistency of fiber diameter and properties, limited maximum processing temperature and poor fire resistance. By the yarn, textile can be made by looming machine for composite making.
2.2.5 Chemical Constituents

The creamy white to yellow colored sisal fibers consist of the chemicals namely cellulose of 60-70 per cent, hemicellulose of 12-16 per cent, lignin of 10-11 per cent express Sanyal et al. (2008)

2.2.6 Advantage of Sisal Yarn


Sisal fiber is a member of Agavacae family it is biodegradable and environmental friendly crop. More over, sisal is a strong, stable and versatile material and it has been recognized as an important source of fiber or composites say Zhong et al. (2007) Sisal products are all made of 100 per cent natural sisal materials, which are genuine green products. They have the characteristics of durability, fire prevention, anti-corrosion, moth prevention, easy cleanness, non-static, no pollution and strong ventilation to which chemical fibers point out by Ramachandran et al. (2008)


Sisal fibers exhibit the main characteristics of make the more suited to composition for partition boards manufacturing according to Seerangarajan (2008). Good resistance to chemicals such as alkalis, salts and water, and could be used for construction. It has many advantages like thriving in wastelands and yielding superior fiber continuously for 6-8 years with least management input reveals Malick (2008).

2.2.7 Use of Sisal Yarn


Sisal is used extensively for making baler and binder twine and for sacks, paper filter and other industrial use opines Cook (2005). The smooth, straight fiber is light yellow in colour. It is used for the better grade and ropes, for the bristles of expensive brushes, and as a substitute for horsehair in upholstering narrates Corbman (2009). It is used extensively for making binder and baler twine; marine Cordage (or) ropes, sacks, matting rugs says               Jindal (2007). 

Sisal products have been used as the ideal materials for interior decoration in automobile, hotel, restaurant, family house and the pet’s product.  A recent development expanded the range even to car parts for cabin interiors such as durable chair and table top, wall tiles, table top and car parts. The sisal fibres are also used as source of raw materials in plastic industry reveal                      Angelo et al. (2008) It is used for making ropes, sail cloth, sacks, and carpets. Sisal rope is extensively used in ship building industry, marine vessel steamers as it is resistant to saline water. It is also used as composite for floor covering expresses Mishra (2005).


Due to superior mechanical properties and recyclable nature, sisal fiber can be used as potential input material for making composites for application in building automobiles, railways, geotextiles, packaging industries etc., state Subbaro and Rao (2008). The use of sisal fiber as a reinforcement in geo-textiles had raised great interest and expectations amongst materials scientist and engineers. Sisal is currently found on embankments, bends and roadsides, serving the purpose of soil conservation and protection as hedge plantatium highlights Shukla (2008).

          Sisal has been used in making handbags, wall coverings, and very durable floor mats in automobiles. It is use as reinforcement fiber in cement (or) concrete, polyester resins, bitumen, and plaster boards has been explored. In small scale industries it is used for handicrafts, upholstery padding, sack making, paper making, floor covering says Lewin (2007).

2.3 SCOURING


Scouring removes waxes and destroys vegetable matter residues in cotton blend fabrics. Sodium hydroxide (caustic soda) is applied to the fabric, and in a chemical reaction with waxes, and fats on the fiber forms soap express Collier and Tortora (2001). Process of removing natural and acquired impurities from fiber and fabrics (e.g.: wax, pectin’s). It also supports subsequent bleaching and dyeing process scour bath usually contains alkalis, antistatic agents, lubricants, detergent and emulsifier reports Smith (2006). It is a process of purifying fabrics of native cellulosic fibers from impurities such as waxes, pectins, hemicelluloses and mineral salts says Roda (2007).


It facilitates improved absorbency by removing undesired impurities and non cellulosic substances. The efficiency of this treatment and uniformity of the product manufactured, however, to a large extent depend upon the geometry and structure of the yarns used pointed out by Goyal et al. (2007)

2.3.1 Enzymatic Scouring for Biopolishing


Biopolishing is an important, finishing treatment carried out on cellulosic fabrics using acid cellulose to achieve improvement in gloss, luminosity of colours and resistance to pilling, chill feel and clear surface. It is also an “enzymatic singing” remark Vardhini and Selvakumar (2009).                   The main objective bio-finishing are create a top quality textile. Fabric with smooth appearance and soft texture so as to avoid conventional chemicals which produce toxic effluents suggests Moses (2004).


The objective of the biopolishing process is elimination of micro fibrils of cotton through the action of cellulose enzyme. Cellulase consists of 3 enzyme exo-beta (1, 4), glucanase, endo-beta (1, 4) glucanase, and third beta glucanase cellulase hydrolyze the microfibrills (hairs and fuzz), protruding from the surface of yarns because they are most accessible to enzymatic attack. This weakens the microfibrills, which tend to break off from the main body of the fiber and leave a smooth yarn surface describe Sabale et al. (2010)


Cellulases are also used to prevent pilling and improve the smoothness and colour brightness of cotton fabrics in a process which is called biopolishing says Roda (2007).

2.3.1.1 Action of Biopolishing


Removal of cellulase hydrolysis result in systematic removal of primary and secondary walls, progressively narrate Rajendran et al. (2010)
2.3.1.2 Uses of Biopolishing

A cellulosic treatment gives the fabric a durable improvement of resistance to pilling and a clear lint and fuzz free surface structure. It gives the fabric a durable improvement of resistance to pilling, lint and fuzz free surface structure, durability and appearance narrate Muthumanikkam and Prasad (2004). Enzymes degrade naturally and replace harsh chemicals in the process. There by giving a permanent nature of the finish even after laundering, improves smoothness and colour appearance of the fabric express Ramachandran and Saravanan (2008).
2.4 NATURAL DYEING


The ‘Natural dye’ refers to the dyes obtained from insects, plants and mineral substances and is used for dyeing textile materials. The main natural dye substances, used in India have been extracted from roots, barks, flowers and fruits of various dye producing plants account Mondal et al. (2004) Today with the increase in public awareness of ecological and environmental problems related to the use of synthetic dyes, interest in natural dyes has gained momentum raise Shrivastava et al. (2005)

2.4.1 Importance


The acute ecological concern has caused to go back to the natural dyes. Interest in natural products is growing throughout the world and people are becoming aware of eco-friendly products reveal Mahale et al. (2003) Today natural dyeing is once again a matter of topic interest, because of the ecological environment according to which everything based on synthetic and chemical is frowned upon and only products with prefixes “bio”, “eco” (or) natural “count”.

Naturally, dye materials have good resistance to moth, nontoxic and non-allergic. They are eco-friendly, obtained from renewable resources, no health hazards, no mild chemical reactions are involved in processing and there is no disposal problem also, state Bansal et al. (2006)
2.4.2 Sources

Natural dyes are obtained from natural source. Generally they are non-polluting, non-allergic and ecofriendly. It is broadly classified into three categories namely, plant origin, animal origin and mineral origin. Plants are the major source of natural colourants. The colouring is extracted from leaves, petals, stamens, bark, rats, fruits, seeds and rinds. The principal vegetables dyes are Indigo, saffron, Brazil wood, logwood, Corseille, fustic, turmeric, sumach, Gulich, madder, henna and alizarin reviews Tawfik (2002).

2.4.3 Mordant


The word mordant is derived from Latin word “Modere” which means “to bite”. Mordanting is the process of pretreatment of fibers which allows the applied dye colour to be permanently fixed opines Dean (2001). In general natural dyes all fixed on the filter through a suitable metal salt known as mordant view Gill and Singh (2005). Mordants are used for fixation of the dye stuff, increasing the fastness properties or variation in the color appearance. It improves the affinity of natural dyes to the fabrics according to Bechtold and Mussak (2009). Metallic mordant are often used for dyeing of natural dyes. Alum and iron were the early mordant denotes Patil (2003).

2.4.3.1 Types of mordanting techniques


Mordanting is the process of pretreatment of fibers which allows the applied dye colour to be permanently fixed says Dean (2001). Mordanting can be carried out in 3 ways. They are pre-mordanting, simultaneous mordanting and post mordanting, express Sidhu and Jastesh (2008)

Pre-mordanting is the process of soaking the fiber in mordant bath before entering them into the dye bath. It can be done before dyeing (or) fibers can be allowed to dry completely in between mordanting and dyeing (fibers.destinysloter.com).

2.5 TEXTILE EFFLUENT


Some water used in textile processing is lost by evaporation and leakage but typically as much as 95 percent is discharged as aqueous effluent in a more (or) less contaminated form. The direct measurements of effluent compositions where, suspended solids, total dissolved solids (TDS) and dissolved organic matter. The dissolved organic matter in the effluent is more often determined as chemical oxygen demand (COD) and more variable biological oxygen demand (BOD) reveals Singh (2009). 

Textile effluent is alkaline in nature and has BOD from 900 -2000 mg / l and high COD at two to five times the BOD level state Sivaramakrishnan et al. (2008) Effluent from scouring operation contains predominantly oil and greases. It has estimated that more than 90 percent of the pollution load of textile mill waste is result of processed chemicals observe Verma and                Niskam (2001).

2.6 ENVIRONMENTAL HAZARDS DUE TO TEXTILE EFFLUENT


Textile wet processing is one of the largest and oldest industries world wide, responsible for substantial resource consumption and pollution especially in terms of water view Omelchenko et al. (2005) The processes procedure considerable amount of waste water, which is polluted by the use of dyes other harmful additives reports Galgate (2010). Effluent derived from textile and dyestuff activities can provide serious environmental impact in neighbouring receptor water bodice because of the presence of toxic dyes and chlorolignin residues say Iyer and Saxena (2000) and Saed et al. (2005)

Due to increase in BOD and COD level in the effluent, the ecological balance of marine eco-system is severely affected reveal Dharani et al. (2010) Effluent that emanate from the production process of textiles, if not properly disposed, can cause severe environmental pollution, sometimes to levels that can threaten human health, live stock, wild life, aquatic lives and indeed the entire ecosystem explain Sheth and Desai (2005).
3. experimental procedure
The experimental procedure pertaining to the study “Extraction and Evaluation of Cellulase from Bagasse for Biopolishing Sisal Yarn” comprises of the following steps.

3.1 
Selection of Yarn

3.2
Selection of Source for Enzyme Extraction

3.3
Optimization of Enzyme for Treatment 

3.4
Conventional Scouring of Sisal Yarn

3.5
Enzymatic Scouring of Sisal yarn 

3.6
Dyeing of the Yarn Samples

3.7
Evaluation 

3.8
Cost Estimation

3.9
Statistical Analysis

          3.10 
Nomenclature

3.1 Selection of Yarn

The yarn selected for the study was from the fiber from natural source namely Sisal. Due to its salient properties of high strength, luster, moisture absorbency and good affinity towards dye, it was selected for the study.
3.1.1 Procurement of Sisal yarn


The spun sisal yarn was procured from Sudha Jute Mills, Salem for the study (Plate 1a).

3.2 Selection of Source for Enzyme Extraction

3.2.1 Selection of Source


Cellulase enzyme in textile industry, are used to improve the hand of fabric mention Saravanan et al. (2010) Though they originate from different sources like plants, animals and microorganisms, plant source is the cheapest because of its easy availability and extraction procedure. Hence the waste of sugarcane called bagasse was selected for the study (Plate 1b).
3.2.2 Collection of Sample


The waste of sugarcane was collected by the investigator from local sugarcane juice vendor, near Avinashilingam Deemed University for Women. The fresh samples were collected in a sterile polythene bag and refrigerated until the analysis was carried out. (Plate 1c)
3.2.3 Extraction of Cellulase


About 80 gm of bagasse was crushed in mixie by using 100 milliliter of phosphate buffer at pH 8. The extract was filtered. The filtrate was further centrifuged at 5000 rotation per minute in a refrigerated centrifuge at 4(C and the supernatant served as the enzyme source (Plate 1d).
3.2.4 Determination of Cellulase Activity


Cellulase activity was determined as per the method described by Taraporewala and Shuh (1996). It is explained in the following steps.

· Preparation of phosphate buffer

Solutions A and solution B were prepared for the preparation of Phosphate buffer. For preparation of solution A, about 0.2M solution of Disodium hydrogen phosphate (Na2HPO4) of molecular weight 141.9, and quantity 25.392 gm per liters of water was taken. For preparation of solution B, about 0.2M solution of sodium dihydrogen phosphate (NaH2PO4) of molecular weight 159.01, and quantity 31.102 gm per liters of water was taken.

Plate I

 For preparation of phosphate buffer, 49.8 milliliter of solution A and 50.2 ml of solution B were mixed together, for pH 6.8. What man No.1 filter paper was used as substrate for identification of cellulase activity.

· Preparation of DNS reagent (Dinitrosalicylic acid)
About one gram of DNS, 200 milligram of crystalline phenol and 50 milligram sodium sulphite and one gram of sodium hydroxide mixed thoroughly in 100 millilitre of water

· Enzyme solution 

About 1 ml of bagasse solution was taken, from the prepared solution.

3.2.4.1 Identification of Cellulase Activity

The test tubes “T1” and “C1” were taken and 1 ml of buffer solution was added into the test tubes. About 0.5 ml of enzyme was added to test tube “T1”. The standard solutions of 0.2, 0.4, 0.6, 0.8, and 1.0 ml was taken in the standard test tubes S1, S2, S3, S4, and S5 respectively. All the test tubes were incubated for 30 minutes at 45(C in an incubator (Plate V). About 0.5 ml of enzyme was taken in test tube “C1”. The enzymatic reaction was stopped by adding 2 ml of DNS to all the test tubes. These test tubes were heated in boiling water bath for 10 minutes. And 1 ml of sodium potassium tartarate solution was added when warm. The test tubes were cooled and water of about 7, 5.5, 5.8, 5.6, 5.2 and5.0 ml were added to test tubes T1,C1, S1, S2, S3, S4 and S5  respectively to increase the volume. The absorbency at 540 nm was recorded.
3.2.5 Optimization of Various Parameters for the Cellulase Activity

The cellulase activity was optimizes for incubation time, pH, temperature, and presented under chapter results and discussion.
3.2.5.1 Incubation Time

The enzyme activity for incubation time was determined by taking 10 test tubes comprising of tubes for test (T1, T2, T3, T4, and T5) and control (C1, C2, C3, C4 and C5). The enzyme activity procedure was carried out by incubating all the tubes at varying time namely 15, 30, 45, 60 and 75 minutes at 37(C. After incubation period, the colour developed was read at 540 nm using calorimeter and recorded individually. (Plate 2a)

3.2.5.2 pH

The enzyme activity for pH was determined by taking 10 test tubes comprising of tubes for test (T1, T2, T3, T4, and T5) and control (C1, C2, C3, C4 and C5). The tubes were added with different pH namely 5.0, 6.0, 7.5, 8.0 and 9.0. The enzyme activity procedure was carried out by incubating all tubes for 15 minutes at 37(C. The colour developed was read at 540 nm using calorimeter, and recorded individually.

3.2.5.3 Temperature


The enzyme activity for temperature was determined by taking 10 test tubes comprising of tubes for test (T1, T2, T3, T4, and T5) and control (C1, C2, C3, C4 and C5). The enzyme activity procedure was carried out by incubating all the tubes at varying temperature namely 20(C, 30(C, 40(C, 50(C and 60(C for 15 minutes. After incubation period, the colour developed was read at 540nm using calorimeter, and recorded individually.

3.3 Optimization of Enzyme for Treatment

In order to obtain the best results for biopolishing sisal yarn, various essential physical parameters were optimized.

3.3.1 Enzyme Proportion

The optimum proportion of the enzyme to water was determined by taking different concentrations namely 1:0, 1:1, 1:2, and 2:1. One gram of the sisal yarn sample was added to the beakers containing different concentrations of the enzyme individually. This was kept in water bath at 50(C for 1 hour. The scoured yarn samples were removed and washed thoroughly with cold water and dried. The optimum enzyme proportion was obtained by calculating the minimum weight loss, of the yarn sample.

3.3.2 Incubation Time 


The incubated time was optimized using, optimized enzyme proportion which was incubated at 45(C at different time intervals namely 15, 30, 45, 60 and 75 minutes with one gram of yarn sample individually. After incubation period the yarn samples were washed separately with cold water, dried and weighted.

3.3.3 Temperature

The optimized enzyme proportion and incubation time were utilized for optimizing temperature which was incubated at different temperature namely 20(C, 30(C, 40(C, 50(C, 60(C for 60 minutes with one gram of yarn sample individually. After incubation period the yarn samples were washed separately with cold water, dried and weighted.

3.3.4 pH

The optimized enzyme proportion, incubation time and temperature were utilized for optimizing pH. The optimum pH for biopolishing was determined using different pH of 5.0, 6.0, 7.5, 8.0 and 9.0 by keeping the temperature constant at 50(C for 60 minutes. The pH of the phosphate buffer (0.1m) used for extraction of enzyme was adjusted using 0.1N Hcl (or) 0.1N NaOH. One gram of sisal yarn was added to the enzyme extracts at different pH. After the incubation period the yarn was washed with cold water, dried and weighed.

3.3.5 Large Scale Extraction of Cellulase


About 800 gm of sugarcane waste (bagasse) was weighed using Electronic weighing balance (Plate 2b) and collected in a clean vessel.                  The bagasse was crushed with 1 litre of 0.1m of phosphate buffer of pH 8.0 using mixie. The extract obtained was filtered into a beaker. The filtrate was further centrifuged at 4(C at 5000 rotation per minute using a refrigerated centrifuge (Plate 2c) and the supernatant served as the enzyme source.

3.4 Conventional Scouring of Sisal Yarn Samples

Scouring is to remove the non cellulosic cuticle constituents prior to bleaching and dyeing and it also improves wettability of the fibers there by facilitating uniform dyeing and finishing says Nakamura (2000). The conventional scouring was carried out with the following procedure as suggested by Krishnabai and Sunitha (2005).This is shown in Table I.
TABLE I
CONVENTIONAL SCOURING OF SISAL YARN SAMPLES

	S.No
	Particulars
	Operational range

	1.

2.

3.

4.

5.

6.
	Sodium hydroxide

Soda ash

Wetting agent 

Temperature

Time

Material : Liquor ratio
	4 %

1%

0.5%

50( – 60(C

1 hour

1:10


About 24 gm of sodium hydroxide, 6 gm of soda ash, and 3 gm of wetting agent were mixed in 6000 ml of water and the solution was boiled for period of 1 hour and the temperature was adjusted to 50(-60(C in a water bath (Plate 2d). After 1 hour yarn sample was removed, washed with hot and cold water and then dried (Plate 3a).

3.5 Enzymatic Scouring of Yarn Samples

Based on the standardized procedure, 250 gm of sisal yarn was treated using the following composition as shown in Table II.

TABLE II

ENZYMATIC SCOURING OF YARN SAMPLES

	S.No
	Particulars
	Operational range

	1.

2.

3.

4.

5.
	Enzyme extract 

pH

Temperature

Time

M:L
	1 litre

8.0

50(C

60 minutes

1:8


The yarns were pretreated in water for ½ hour at 100(C. The enzyme was taken in a clean vessel and 250 gm of sisal yarn was immersed. The vessel was placed in the water bath at 50(C for duration of 60 minutes as noted by Gouveia et al. (2010), that enzymes are biocatalyst operate under moderate temperatures (30(C - 60(C) and pH level (3 - 8). After which the sisal yarn sample was removed, washed thoroughly with cold water and dried. (Plate 3b).

3.6 Dyeing of the Yarn Samples
Dyeing brings out the special quality of the fiber into bloom while at the   same time offering flexibility to fashion designers describes Iyer (2005).  

3.6.1 Selection of the Source 

Natural dyes are obtained mainly from three sources vegetable, animal, and mineral define Maulik et al. (2005) of these the vegetable dyes are most  commonly used. The dye selected for the study was root of Madder which consists of botanical name-Rubia Cordifolia, english name-Indian Madder, common name-Manjistha, Manjit. Madder was used to obtain rich vibrant red, orange colour and it promotes the healing of skin tissues damaged by injury (or) infection (www.apexherbex.com). Hence Madder was selected for the study (Plate 4a).

3.6.2 Extraction of Natural Dye
Seerangarajan (1999) points out that dye from natural source can be extracted in alkaline, acidic and aqueous medium, as aqueous medium does not involve the use of harmful chemicals, to extract the dye, the investigator selected aqueous medium for the study.

The roots of Madder were procured and converted into fine powder. This powder weighing 100 gm was boiled in 1000 ml of water for 1 hour at 100(C this was cooled and filtered for use (Plate 4b).

3.6.3 Selection of Mordant
Sivakumar et al. (2003), reports that natural dyes may require some mordanting agents in order to produce affinity between the fiber and dye. As mentioned by Pal and Rao (2003), the most commonly used mordant are alum, and it is considered as the best mordant in  dyeing natural dyes as their environmental toxicity is low. Hence the researcher selected alum as the mordant for the study. Alum procured was crushed to powder and used as mordanting agent (Plate 4c and 4d).

3.6.4 Selection of Mordanting Techniques

The premordanting technique with alum mordant is more popular method, hence this technique adopted for the study. Alum was dissolved in 1000 ml required volume of water and the weighing 250 gm of yarn was immersed into the solution at 95(C for 1 hour. Then the dyeing process was carried out at 100(C for 1 hour. The conventional scoured dyed yarn and enzymatic scoured yarn samples were then washed and dried. (Plate 3c and 3d).

3.7 Evaluation


Evaluations of yarn and water samples are given as under.

Plate 2

Plate 3

Plate 4

3.7.1 Analysis of Effluent

The conventional and enzymatic scoured effluents obtained through the processes were analyzed for pH, TSS, TDS, BOD, COD, Hardness and Alkalinity. These parameters were determined as per suggestion of Kaul and Goutam (2002) (Plate 5).

3.7.1.1 pH


pH is the measure of intensity of acidity (or) alkalinity and determines the concentration of hydrogen ions present in water report Ansarin and Parmar (2008). It is the most important parameters as it indicates instantaneously, the acidic (or) alkaline condition of the effluent water views Kenkel (2002).
The pH meter was first standardized using buffer solutions of pH 7.0 and pH 9.2. The electrodes were rinsed in distilled water and immersed in the conventional and enzymatic scoured effluent samples and readings were noted in the digital display (Plate 6).

3.7.1.2 Total Suspended Solids (TSS)

Suspended solids of the conventional and enzymatic scoured effluent samples were estimated by centrifuged method. About 50 ml of conventional and enzymatic effluent samples was centrifuged and after centrifugation the residue was washed with distilled water, recentrifuged and the suspended solids in the centrifuge tubes were filtered through a pre-weighed What Man No.1 filter paper and then the filter paper was dried at 105(C. The increase in weight was equal to the amount of suspended solids. The suspended solids present in the sample were calculated by using the formula.


Total suspended solids in mg/l =



3.7.1.3 Total Dissolved Solids (TDS)


About 50 ml of the conventional and enzymatic scoured effluent samples was taken in a pre-weighed silica dish and the sample was evaporated to dryness using water bath. After complete evaporation the final weight of the silica dish was taken. The total dissolved solids present in the samples were calculated by using the following formula.


Total dissolved solids in mg/l =

3.7.1.4 Biochemical Oxygen Demand (BOD)
Analyses of the BOD of conventional and enzymatic effluent scoured samples were carried by following procedure.
· Preparation of manganous sulfate solution

About 91 gm of manganous sulfate monohydrate, MnSo4.H2O was dissolved in 250 ml of distilled water. 

· Preparation of alkaline iodide azide reagent
About 175 grams of potassium hydroxide and 37.5 grams of potassium   iodide were dissolved in 250 ml of distilled water.
About 2.5 grams of sodium oxide in 10 ml distilled water. Pour the azide solution to the alkali iodide solution and mix well. 

· Concentrated Sulfuric acid was also used as a reagent for the process
· Preparation Sodium thiosulfate solution, 0.025N


Sodium thiosulfate solution (0.1N) solution of required volume was dissolved in 1000 ml of distilled water in a volumetric flask.

· Preparation Starch solution


About one gram of starch was dissolved in a liter of water. 

· Procedure

The samples were collected in a BOD bottle. Added 2 ml manganous sulfate solution followed by the addition of 2 ml alkali-iodide-oxide reagent. Stoppered the bottle without entertainment of air and mixed by inverting the bottle for 10 times. Allowed the precipitate to settle completely which leave a clear supernatant liquid. Carefully removed the stopper and added 2 ml concentration Sulphuric acid by the sides of the bottle and mixed thoroughly Measure 203 ml of the solution from the bottle was transferred into a conical flask of 500 ml capacity. The sample was titrated immediately with 0.025N sodium thio sulfate solution by using starch as the indicator. For determination the BOD, use one set of sample dilution and dilution water found out the initial dissolved oxygen content, the other set of samples dilution water was kept in the BOD incubator (Plate 7) at 200(C (in dark) for five days, determined the DO content of dilution water and sample dilutions, using the procedure.

Calculation


DO5 (mg/l) = 8 x 1000 x N x V





V1
Where,


N 
= Normality of sodium thiosulfate


V 
= Volume of thiosulfate


V1 
= Volume of sample

DO5 
= Dissolved Oxygen after five day

DO
= Dissolved oxygen at initial

BOD (mg/l) 
= DO – DO5

Plate
3.7.1.5 Chemical Oxygen Demand (COD)


Analyses of COD of the conventional and enzymatic scoured effluent samples were carried by the following procedure.

· Preparation of potassium dichromate solution (0.25N)


About 12.2 gm of dried potassium dichromate was mixed in 100 ml of distilled water.

· Preparation of potassium iodine solution


About 2 gm of potassium iodide and one gram of iodine was dissolved in 300 ml distilled water.

· Preparation Sodium thiosulfate solution, 0.025N


Sodium thiosulfate solution (0.1N) solution of required volume was dissolved in 1000 ml of distilled water in a volumetric flask.

· Preparation Starch solution


About one gram of starch was dissolved in a little water. 

· Concentrated Sulfuric acid was also used as a reagent for the proces
· Procedure


About 50 ml of both effluent samples are taken in COD flask and 5 ml of potassium dichromate solution were added. And the solution was kept at 100(C for 1 hour. And 5 ml of potassium iodine solution and 10 ml of sulphuric acid were mixed in the samples. Then titrate the samples with sodium thiosulphate, disappeared of pale yellow colour. Then 1 ml of starch was added as indicator, and then the colour burns to blue. The samples are again titrated with sodium thiosulphate till blue disappears.

Calculations


COD = 8 x C x (B-A)




V


C 
= Concentration of Titrant


A
= Titrant of sample


B
= Blank


V
= Volume of sample

3.7.1.6 Total Hardness


Total hardness of the conventional and enzymatic scoured effluent samples were estimated by EDTA titrimetric method 

· Preparation of buffer solution

 Abut 16.9 gm of ammonium chloride was dissolved in 143 ml of ammonium hydroxide, 1.179 gm of disodium salt of EDTA and 780mg of magnesium sulphate were added in 250 ml of water.

· Preparation of inhibitor

About 4.5 gm of hydroxylamise or hydrochloride were added in 100 ml of 95 per cent ethanol.

· Preparation of standard EDTA titrant (0.02N)
About 3.723 gm of Disodium methylene diamine tetra acetate dehydrate was dissolved in 1000 ml of water.
· Preparation of erichrome black-T indicator


About 0.5 gram of erichrome black-T was mixed with 100 gm of sodium chloride to obtain a dye powder mixture.

· Procedure


About 50 ml of the conventional and enzymatic scoured effluent samples were taken in a conical flask and 2 ml of buffer solution and 1 ml of the inhibitor were added. After adding a pinch of Erichrome Black-T indicator it was titrated against standard EDTA, till the wine red colour changed into blue. The volume of EDTA used was noted.

Calculation


Total hardness as CaCo3 (mg/l) =      ml EDTA titrant x 1 x 1000






                  Volume of sample in ml

3.7.1.7 Alkalinity
Phenolphthalein alkalinity and total alkalinity of the conventional and enzymatic effluent scoured samples were carried by the following procedure.

· Procedure

About 50 ml of the conventional and enzymatic scoured effluent samples, which was diluted, was taken in a 250 ml conical flask. Added phenolphthalein indicator solution. If a pink coloration not occurred, it indicated nil phenolphthalein alkalinity. If a pink colour appeared then titrated with 0.02N sulphuric acid until the solutions becomes colourless. Added 3 drops of mixed indicator solution to the sample in which phenolphthalein alkalinity had been determined and titrated against 0.02N sulphuric acid to light pink.

Calculation

Phenolphthalein alkalinity

Phenolphthalein alkalinity 

as CaCo3 (mg/ ml)         =                         

Total alkalinity

Total alkalinity as CaCo3 

         (mg/ ml)            =    

3.7.2 Analysis of Scoured Yarn Samples


The conventional scoured and enzymatic scoured yarn samples were subjectively and objectively evaluated for various essential parameters.
3.7.2.1 Subjective Evaluation

The original, conventional and enzymatic scoured yarn samples were mounted on a chart and evaluated visually for its appearance, colour, lustre and texture by a panel of judges consisting of 25 post graduate students mastering Textiles and Clothing, using a porforma which given in appendix I. 

3.7.2.2 Objective Evaluation

Standard yarn tests such as strength and elongation, yarn count, yarn diameter, yarn twist per inch, chemical constituent, wickability and microscopic view, were carried out in the original, conventionally scoured and enzymatic scoured  yarn.

3.7.2.2.1 Yarn Strength and Elongation 

The test for finding strength and elongation of the yarn samples were carried out as per Uster Standard Method ASTM D 2256 – 02 in Certificate No. T-358 laboratory. Single strand tensile equipment which followed the principle of constant – rate – of extension (CRE) was utilized for finding the single yarn strength and elongation of original, conventional scoured and enzymatic scoured sisal yarns (Plate 9a).
3.7.2.2.2 Yarn Diameter 
Image analyzer was utilized for finding the yarn diameter in mm in Certificate No. T-358 laboratory. The diameter was found for the original, conventional scoured and enzymatic scoured sisal yarn (Plate 9b).
3.7.2.2.3 Twist per Inch 

Twist per inch in double yarn was found using microprocessor as per ASTM 1423 – 2002. And also the direction of the twist was found. This test was carried out for the original, conventional scoured and enzymatic scoured sisal yarn (Plate 9c).
3.7.2.2.4 Yarn Count 

The count of yarn sample is a numerical expression which defines its fineness. It is also called as a yarn number (or) liner density. Cut and weight was carried out to find the count of the original, conventional scoured and enzymatic scoured sisal yarn (Plate 9d).
3.7.2.2.5 Wickability of Yarn 

Wicking can only occur when a liquid wets fibers assembled with capillary space. The wickability of the yarn samples were determined as per suggestion of Patnaik et al. (2006)


The yarns were wound at constant tension around a frame on which two raised platforms were mounted. The ends on the platform were fixed with sellotape and the remaining portions of the yarns were cut and removed. A scale was attached next to the yarns and the frame. A beaker containing distilled water with 1 per cent dye solution was prepared. The frame was slowly lowered into the solution so that 2 cm lengths of yarns remained submerged in the solution. Simultaneously, a stop watch was presses and the rise of dye solution through the yarn was continuously monitored. The time required to cross every cm mark was noted (Plate 9e).

3.7.2.2.6 Chemical Constituents

 The yarn samples chemical constituents were found out in Certificate No.T-358 laboratory. The chemical constituents were carried out for original, conventional scoured and enzymatic scoured sisal yarn.
3.7.2.2.7 Microscopic View
In order to evaluate changes in the surface morphology, the original, conventional scoured and enzymatic scoured sisal yarn. The samples were analyzed for its cross sectional and longitudinal view of the yarn in Certificate No. T-0354/0355 testing laboratory.

plate
3.7.3 Analysis of Dyed Yarn Samples
 The conventional and enzymatic scoured dyed yarn samples were subjectively and objectively evaluated for various essential parameters.

3.7.3.1 Subjective Evaluation

The conventional and enzymatic scoured dyed yarn samples were mounted on a chart and evaluated visually for its appearance, evenness, brilliancy of colour, lustre and texture by a panel of judges consisting of 25 post graduate students mastering Textiles and Clothing, using a porforma which given in appendix I. 

3.7.3.2 Objective Evaluation
The conventional and enzymatic scoured dyed yarn samples were objectively evaluated by using colourfastness test for washing and light.
3.7.3.2.1 Analysis of Dyed Yarn Samples to Colorfastness
When a colored material is subjected to particular conditions like light and washing, the color may change in depth, hue (or) brightness brief Gulrajani and Deepti (2001). The American Association of Textile Colourants and Chemist (AATCC, 1955) has established standard terminology for rating color fastness properties. The investigator followed the AATCC grey scales.
3.7.3.2.1.1 Colorfastness to Washing (Launder - o – meter) 
The launderometer consist of a central axis with four rods with eight rods with stainless steel jaw with tight fitting lids which rotates inside the hot water bath in clockwise direction when the machine is in function. Test sample of 5 cm size was cut from each of the dyed samples, were sandwiched between undyed desized muslin, yarns one at a time. Composite specimen were washed with 4g of phosphate ECE –B detergent powder in100  ml of water for 45 minutes at 400c for the wash test, after which the samples were rinsed in cold water thoroughly, squeezed well and dried. The colour change and staining of the samples were assed using AATCC grey scales (Plate 8).

3.7.3.2.1.2 Colourfastness to Light
Colour fastness to light refers to the ability of the fabric to withstand colour change when exposed to sunlight, views Saini (2000).

According to Bureau of Indian Standards (2000), the samples of the textile yarn was exposed to day light under prescribed conditions including protection from rain. The fatness was assessed by comparing the change in colour of the specimen with that of the standard patterns. An area of textile product not less than 6 cm should be used so that each exposed portion is not less than 2 cm. The specimen may be parallel to the machine direction. The specimen and the standard patterns were simultaneously exposed today light everyday from sunrise to sunset. Until the contrast between the exposed and the unexposed of the specimen or the standard pattern. These specimens were assed using AATCC grey scale. 

3.8 Cost Estimation

The cost was estimated for scouring 1 kg of yarn by both conventional and enzymatic methods and compared. This is presented in the chapter result and discussion.
3.9 Statistical Analysis
The results of various laboratory tests were analyzed statistically using test for analysis done for tests like strength and elongation. Analysis was carried to find out the significant difference between the conventional and enzymatic finished samples.

3.10 Nomenclature

Nomenclature for original, conventional, enzymatic scoured and dyed samples are given in Table III.

TABLE III

NOMENCLATURE
	S.No
	Nomenclature
	Samples

	1.

2.

3.

4.

5.
	OS

CSS

ESS

CSSD

ESSD
	Original sisal yarn sample

Conventional scoured sisal yarn sample

Enzymatic scoured sisal yarn sample

Conventional scoured  dyed sisal yarn sample

Enzymatic scoured  dyed sisal yarn sample


4. RESULTS AND DISCUSSION


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

4.1 Identification of Cellulase Activity 

4.2 Optimization of Various Parameters for Cellulase Activity

4.3 Optimization of Enzyme for Scouring

4.4 Evaluation
4.5 Cost Estimation
4.1 Identification of Cellulase Activity

The activity of cellulase enzyme from bagasse was noted the absorbency of 1.07 nm at 540 nm.
4.2 Optimization of Time, pH and Temperature for Cellulase Activity


The optimization of time, pH and temperature for effective reaction of cellulase enzyme from sugarcane waste namely bagasse is presented in       Table IV.

TABLE IV

OPTIMIZATION OF TIME, pH AND TEMPERATURE FOR             CELLULASE ACTIVITY

	S. No
	Particulars
	Absorbency at 540 nm

	1.


	Time (minutes)

15

30

45

60

75
	0.46

0.51

0.54

0.64

0.54

	2.


	pH

5.0

6.0

7.5

8.0

9.0
	0.12

0.37

1.22

1.45

0.75

	3.
	Temperature ((C)

20

30

40

50

60
	0.20

0.38

0.21

0.41

0.22


Time


From the Table IV, it is vivid that among five different observations made for optimizing time, the absorbency rate was the maximum at 60 minutes of 0.64 nm followed by 45 minutes and 30 minutes with 0.54 nm and 0.57 nm respectively.

pH


Among five different observations carried out for the optimization of pH levels the absorbency rate was to be the maximum at pH of 8 (alkaline) with absorbency rate of 1.45 nm followed, by pH 7.5 and 6 with 1.22 nm and 0.37 nm respectively.

Temperature


Of various observations made for optimizing temperature, the maximum absorbency rate of 0.4 nm was observed at 50(C followed, by the temperatures of 30(C and 40(C of 0.38 nm and 0.21 nm respectively


Hence it could be concluded that the absorbency rate of cellulase was highly effective at time of 60 minutes, pH of 8 and temperature of 50(C  (Figure 1).

4.3 Optimization of Enzyme for Scouring 

Optimization of enzyme for proportion, time, pH and temperature are presented and discussed under.

4.3.1. Optimization of Enzyme Proportion for Scouring


The effect of different proportion of enzyme to water on scouring of yarn samples is given in Table V.
TABLE V

OPTIMIZATION OF ENZYME PROPORTION FOR SCOURING

	S. No
	Proportion (Enzyme: water)
	Weight

	
	
	Original Yarn (grams)
	scoured yarn (grams)
	Loss value (grams)
	Loss (%)

	1.

2.

3.

4.
	1:0

1:1

1:2

2:1
	1.00

1.00

1.00

1.00
	0.841
0.851
0.854
0.841
	0.16

0.15

0.15

0.15
	16

15

16

16



From Table V, it is clear that minimum weight loss of 15 per cent was noted at enzyme: water proportion of 1:1. The other proportions namely 1:0, 1:2 and 2:1 showed a high weight loss of 16 per cent. Hence the proportion of enzyme to water of 1:1 was considered for further study.

4.3.2. Optimization of Incubation Time for Scouring


The effect of different incubation time of scouring of yarn is given in Table VI.
TABLE VI
OPTIMIZATION OF INCUBATION TIME FOR SCOURING

	S. No
	Indication time (min)
	Weight

	
	
	Original Yarn (grams)
	Scoured yarn (grams)
	Loss value (grams)
	Loss (%)

	1.

2.

3.

4.

5.
	15

30

45

60

75
	1.00

1.00

1.00

1.00

1.00
	0.86

0.87

0.86

0.88

0.84
	0.14

0.13

0.14

0.12

0.16
	14

13

14

12

16



From table VI, it seen that minimum weight loss of 12 per cent was noted with incubation time of 60 minutes, whereas the others showed higher weight loss in yarn samples ranging between 13 per cent – 16 per cent at different incubation time of 15,30,45 and 75 minutes. The time 60 minutes was considered for further study as it showed the best result.
4.3.3 Optimization of Temperature for Scouring


The effect of different temperature on scouring of yarn is given in             Table VII.

TABLE VII

OPTIMIZATION OF TEMPERATURE FOR SCOURING

	S. No
	Temperature ((C)
	Weight

	
	
	Original Yarn (grams)
	Scoured yarn (grams)
	Loss value (grams)
	Loss (%)

	1.

2.

3.

4.

5.
	20

30

40

50

60
	1.00

1.00

1.00

1.00

1.00
	0.85

0.86

0.87

0.89

0.82
	0.15

0.14

0.13

0.11

0.18
	15

14

13

11

18



Table VII, it seen that minimum weight loss 11 per cent was noted at temperature of 50(C. The other temperature utilized showed higher weight loss in the yarn samples ranging from 13 per cent to 18 per cent at different temperatures. The maximum loss of weight was observed at temperature of 60(C. Thus the temperature of 50(C gave the best result.

4.3.4 Optimization of pH for Scouring


The effect of different pH on scouring of yarn is given in Table VIII

TABLE VIII

OPTIMIZATION OF pH FOR SCOURING

	S. No
	pH
	Weight

	
	
	Original yarn (grams)
	Scoured yarn (grams)
	Loss value (grams)
	Loss (%)

	1.

2.

3.

4.

5.
	5.0

6.0

7.5

8.0

9.0
	1.00

1.00

1.00

1.00

1.00
	0.86

0.88

0.89

0.91

0.88
	0.14

0.12

0.11

0.09

0.12
	14

12

11

9

12



From the VIII, it seen that a, minimum weight loss of 9 per cent was noted at pH of 8. The other settings of pH showed higher weight loss in the yarn samples ranging from11 per cent to 14 per cent at different pH. Thus pH 8 the best result.

4.3.5 The Optimized Parameters for Enzyme Scouring
The optimized parameter for enzyme scouring is presented in Table IX.

TABLE IX

OPTIMIZED PARAMETERS FOR ENZYMATIC SCOURING

	S. No
	Parameters 
	Operational Range 

	1.

2.

3.

4.
	Proportion 

Time 

Temperature 

pH
	1:1

60 minutes

50(C

8



From Table IX, it is observed that the selected operational ranges were proportion of 1:1, time of 60 minutes, temperature of 50(C and pH of 8. These finalized operational ranges were followed for further study.

4.4 Evaluation
4.4.1 Analysis of Conventional and Enzymatic Scoured Effluent

Analyses of conventional and enzymatic scoured effluents for their physicochemical parameters are given in Table X.
TABLE X

ANALYSIS OF CONVENTIONAL AND ENZYMATIC SCOURED EFFLUENT
	S. No
	Parameters
	Conventional Effluent
	Enzymatic effluent
	Difference Percentage 

	1.

2.

3.

4.

5.

6.

7.

8.
	pH

Total suspended solids (TSS) mg/l

Total dissolved solids (TDS) mg/l

BOD (Biological oxygen demand) mg/l

COD (Chemical oxygen demand) mg/l

Total hardness mg/l

Phenolphthalein alkalinity (as caco3) mg/l

Total alkalinity (as caco3) mg/l  
	12.5

5600

4880

36.4

12.8
250

600

720
	7.8

2000

2200

32.4

2.8
72

12

64
	37.6

64

55

10.9

78.2

71

98

91



  
From table X, it is clear that the pH for conventional effluent was 12.5(alkaline) whereas in enzymatic effluent pH was reduced to 7.8(neutral) and the difference percentage was 37.6.
The total suspended solids (TSS) conventional effluent was 5600 mg/l whereas in enzymatic effluent it was reduced to 2000 mg/l and the difference was noted to be 64 per cent.
The total dissolved solids (TDS) were noted as 4880 mg/l in conventional effluent, and it was reduced to 2200 mg/l in enzymatic effluent. The difference of percentage was observed as 55.

The BOD (Biological oxygen demand) for conventional effluent was 36.4 mg/l whereas in enzymatic effluent it was reduced to 32.4 mg/l and the difference was observed 10.9 per cent.
The COD (Chemical oxygen demand) for conventional effluent was 12.8 mg/ l whereas in enzymatic effluent was reduced to 2.8 mg/l and percentage of difference was noted to be 78.2.

The total hardness for conventional effluent was observed as 250 mg/l whereas in enzymatic effluent hardness reduced to 72 mg/l and the percentage of difference was 71.

The phenolphthalein alkalinity for conventional effluent was observed as 600 mg/l whereas in enzymatic effluent it was reduced to 12 mg/l and the percentage of difference was 98.
The total alkalinity of conventional effluent was 720 mg/l whereas in enzymatic effluent was it was reduced to 64 mg/l. The difference was observed as 99 per cent.

Hence it could be concluded that the enzymatic effluent showed drastic difference in pH, TDS, TSS, BOD, COD, total hardness, phenolphthalein alkalinity, and total alkalinity over the conventional effluent thereby expressing the discharge of water with lesser pollutants which may be ecofriendly.
4.2.2 Analysis of Scoured Yarn Samples 

4.2.2.1 Subjective Evaluation


The original and scoured yarn samples were visually evaluated. 

4.2.2.1.1 Visual Assessment of Sisal Yarn Samples

Visual assessment of original and scoured yarn samples are given in               

TABLE XI

VISUAL ASSESSMENT OF SISAL YARN SAMPLES (%)
	S.No
	Sample
	General appearance
	Colour
	Texture 
	Lustre

	
	
	G
	F
	P
	B
	M
	D
	S
	C
	VC
	H
	M
	L

	1.
	OS
	8
	40
	52
	0
	40
	60
	0
	84
	16
	0
	68
	32

	2.
	CSS
	0
	24
	76
	0
	24
	76
	0
	12
	88
	0
	24
	76

	3.
	ESS
	84
	16
	0
	20
	80
	0
	76
	24
	0
	48
	52
	0


G-Good; F- Fair; P – Poor; B – Bright; M –Moderate; D – Dull; S – Soft; C – Coarse; VC – Very coarse; H – High;             M- Medium; L – Low.

General appearance:


From the Table X1,
sample ESS was rated as good in general appearance by 84 per cent of judges. The sample CSS and OS were rated as poor in appearance by 76 and 52 per cent of judges respectively.

Colour


The sample ESS was rated as medium in colours by 80 per cent of judges. The sample CSS and OS were rated as dull in colour by 76 and 60 per cent of judges respectively.

Texture


The sample ESS rated as soft in texture by 76 per cent of judges. The sample CSS was rated as very coarse in texture by 88 per cent of judges and the sample OS was rated as coarse in texture by 84 per cent of judges.

Lustre


The samples OS and ESS were rated as medium in lustre by 68 per cent and 52 per cent of judges respectively. The sample CSS was rated as low in lustre by 76 per cent judges.


Hence it could be concluded that enzymatic scoured sisal yarn sample was good in general appearance, medium in colour, soft in texture and medium in lustre, showing the improvement in the yarn over original sample. It also showed better result than the conventional scouring process.

4.4.2.2 Objective Evaluation


The original and scoured sisal yarn samples were objectively evaluated for the strength and elongation, twist per inch, diameter, yarn count and wickability.

4.2.2.2.1 Strength of Original and Scoured Yarn Samples

The strength and the analysis of variance of the original and scoured yarn samples are given in Tables XIIa and XIIb.

TABLE XIIa
STRENGTH OF ORIGINAL AND SCOURED YARN SAMPLES
	S.No
	Sample
	Yarn strength
(grams)
	Loss/gain

	
	
	
	Value
	%

	1.

2.

3.
	OS

CSS

ESS
	6370.5

5990.4

8348.4
	–

-380.1

1977.9
	–

5.97

31.04


TABLE XIIb
ANALYSIS OF VARIANCE

	Source
	DF
	SS
	MS
	F

	Actual

Error

Total
	2

6

8
	9616728.42

6865.44

9623593.86
	4808364.21

1144.24

1202949.23
	4202.23**


**Significant at 1% level

From Table XIIa, it is clear that there is loss in strength in sample CSS of 5.97 per cent, whereas sample ESS showed gain in strength of 31.04 per cent over the original yarn sample. High level of pH and temperature used in the process damage the cellulosic which causes strength loss say Lawson and Durrant (2000). The above table also reveals the same.

The statistical Table XIIb also proves a significance of 1% with F value of 4202.23  (Figure 2).

 Hence it could be concluded that sample ESS showed better in strength than sample CSS proving the benefit of enzymatic scouring. 

4.4.2.2.2Elongation of Original and Scoured Yarn Samples

The yarn elongation and the analysis of variance of the original and scoured yarn samples are presented in Tables XIIIa and XIIIb.

TABLE XIIIa
ELONGATION OF ORIGINAL AND SCOURED YARN SAMLES
	S.No.
	Sample
	Yarn elongation (%)
	Loss/gain

	
	
	
	Value
	%

	1.

2.

3.
	OS

CSS

ESS
	7.22

7.55

7.76
	–

0.33

0.54
	–

4.58

7.48


TABLE XIIIb
ANALYSIS OF VARIANCE

	Source
	DF
	SS
	MS
	F

	Actual

Error

Total
	2

6

8
	0.4446

0.0239

0.4685
	0.2223

0.0039

0.0585
	55.69**


**Significant at 1% level
From Table XIIIa it is clear that there is gain in elongation in sample ESS and CSS of 4.58 per cent and 7.48 respectively over the original yarn sample.

The statistical table XIIIb also proves a significance of 1% level with             F-value of 55.69 (Figure 3).

Hence, it concluded that sample ESS showed higher increase in elongation than sample CSS over sample OS 
4.4.2.2.3 Diameter of Original and Scoured Yarn Samples

The yarn diameter and the analysis of variance of the original and scoured samples are presented in Tables XIVa and XIVb.
TABLE XIVa
DIAMETER OF ORIGINAL AND SCOURED YARN SAMPLES
	S.No.
	Sample
	Yarn diameter (mm)
	Loss/gain

	
	
	
	Value
	%

	1.

2.

3.
	OS

CSS

ESS
	1.01

0.882

1.0882
	–

-0.13

0.007832
	–

12.67

7.74


TABLE XIVb
ANALYSIS OF VARIANCE

	Source
	DF
	SS
	MS
	F

	Actual

Error

Total
	2

6

8
	0.1123

0.0001

0.1125
	0.05616

0.00003

0.01406
	1810.42**


**Significant at 1% level
From Table XIVa, it clear that there was loss in diameter in sample CSS of 12.67 per cent whereas sample ESS showed gain in diameter of                          7.74 per cent over the original yarn sample.

The statistical Table XIVb also proves a significance of 1% with F value of 1810.42** (Figure 4).

Hence it could be concluded that sample ESS showed increase in diameter over original yarn sample. 

4.4.2.2.4 Twist per Inch of Original and Scoured Yarn Samples

The double yarn TPI and the analysis of variance of the original and scoured yarn samples are presented in Tables XVa and XVb.

TABLE XVa
 TWIST PER INCH OF ORIGINAL AND SCOURED YARN SAMPLES
	S.No.
	Sample
	Double yarn TPI
	Loss/gain

	
	
	
	Value
	%

	1.

2.

3.
	OS

CSS

ESS
	3.19

3.09

2.97
	–

-0.1

-0.22
	–

3.13

6.9


TABLE XVb
ANALYSIS OF VARIANCE

	Source
	DF
	SS
	MS
	F

	Actual

Error

Total
	2

6

8
	0.0728

0.0024

0.0752
	0.0364

0.0004

0.0094
	87.85**


**Significant at 1% level


From Table XVa, it is noted that there is a reduction in twist per inch in sample ESS and CSS of 6.9 per cent and 3.13 per cent respectively over the original yarn sample.
The statistical table XVb also proves a significance of 1% with F value 87.85** (Figure 5).
Hence it concluded that sample ESS and CSS showed decrease in twist per inch, with more reduction in sample scoured with enzyme.

4.4.2.2.5 Yarn Count of Original and Scoured Yarn Samples

The yarn count and the analysis of variance of the original and scoured yarn samples are given in Tables XVIa and Table XVIb.
TABLE XVIa
YARN COUNT OF ORIGINAL AND SCOURED YARN SAMPLES
	S.No.
	Sample
	Yarn count (mm)
	Loss/gain

	
	
	
	Value
	%

	1.

2.

3.
	OS

CSS

ESS
	1.07

1.32

1.14
	–

0.25

0.07
	–

23.36

6.54


TABLE XVIb
ANALYSIS OF VARIANCE

	Source
	DF
	SS
	MS
	F

	Actual

Error

Total
	2

6

8
	0.099

0.0003

0.1001
	0.04990

0.00005

0.1251
	955.75**


**Significant at 1From the Table XVIa it is shown that there is a gain in yarn count in samples CSS and ESS of 23.36 and 6.54 per cent respectively, while compared to the original.


The statistical Table XVIb also proves a significance of 1% with F value 955.75** (Figure 6).


Hence it could be concluded that, sample CSS and ESS showed increase in yarn count
.

4.4.2.2.6 Wickability of Original and Scoured Yarn Samples


The yarn wickability and analysis of variance of the original and scoured yarn samples are given in Tables XVIIa and XVIIb.
TABLE XVIIa
WICKABILITY OF ORIGINAL AND SCOURED YARN SAMPLES
	S.No.
	Sample
	Yarn Wickability 

( seconds)
	Loss/gain

	
	
	
	Value
	%

	1.

2.

3.
	OS

CSS

ESS
	28

8

5
	–

-20

-23
	–

71.43

82.14


TABLE XVIIb
ANALYSIS OF VARIANCE

	Source
	DF
	SS
	MS
	F

	Actual

Error

Total
	2

6

8
	974.00

0.044
974.04
	487.00

0.0074

121.755
	65089.54**


**Significant at 1% level
From Table XVIIa, it is obvious that the original sample took                        28 seconds for absorbing water to the level of 1 cm, whereas it was noted to have a decrease in samples CSS of 71.43 per cent and ESS of 82.4 per cent.

The statistical Table XVIIb also proves a significance of 1% with                  F value of 65089.54 (Figure 7).

Hence it concluded that though both the scouring processes improved the absorbency of the yarn samples, the yarn scoured with enzyme showed better result than the conventional method of scoring.

4.4.2.2.7 Chemical constituents of original and scoured yarn


The chemical constituent of the yarn samples of original, conventional and enzymatic scoured samples are given in Table XVIII

TABLE XVIII
CHEMICAL CONSTITUENTS OF ORIGINAL AND SCOURED YARN SAMPLES (%)

	Sample
	Cellulose 
	Lignin content 

	OS

CSS

ESS
	68.36

81.72

82.26
	5.03

2.91

2.69


From Table XVIII, it is clear that the cellulose content of original sisal sample was only 68.36 per cent as it is increased on conventional scouring in sample CSS to 81.72 per cent and in enzymatic scouring in sample ESS to 82.26 per cent.


The lignin content of original sisal sample (OS) was noted to be 5.03 per cent whereas on the samples CSS and ESS, exhibit a reduction of lignin to 2.91 per cent 2.69 per cent. The cellulase is used to remove vegetable contamination like lignin from the fibers mention Shukla et al. (2005) The above table also reveals the same.


Hence it could be concluded that both the scouring processes increased the cellulose content and decreased the lignin content in the yarn samples. Of the two methods, the enzymatic scouring process showed a higher increase in cellulose and higher decrease in lignin content.

4.4.2.2.8 Microscopic Appearance

On comparing microscopic appearance of original and treated yarn samples both yarn sample CSS and ESS showed removal of fibrils.

From the longitudinal microscopic appearance, it is clear that the number of fibrils present in original were removed to greater exert in sample ESS than sample CSS.


As for the cross sectional view, also a reduction of fibrils were observed in the sample ESS over sample CSS (Plate 14).


Hence the hairiness of the fiber inturn the yarn could be reduced to a very great extent by the enzymatic scouring process.

4.4.3 Analysis of Dyed Yarn Samples

The dyed samples of conventionally scoured and enzymatically scoured sisal yarn were subjectively and objectively evaluated.

4.4.3.1 Subjective Evaluation


The dyed samples of conventionally scoured and enzymatically scoured sisal yarn were visually assessed.

4.4.3.1.1 Visual Assessment of Dyed Yarn Samples

Visual assessment of dyed samples of conventionally scoured yarn and enzymatic scoured yarn are presented in Table XIX.


TABLE XIX
VISUAL ASSESSMENT OF DYED YARN SAMPLES
	Sample
	General appearance
	Evenness
	Brilliancy of colour
	Lustre
	Texture

	
	G
	F
	P
	E
	UE
	B
	VB
	D
	H
	M
	L
	S
	M
	C

	CSSD
	8
	60
	32
	12
	88
	0
	4
	96
	0
	16
	84
	0
	12
	88

	ESSD
	68
	28
	4
	80
	20
	36
	56
	8
	64
	36
	0
	52
	40
	8


G-Good; F- Fair; P – Poor; E – Even;  UE – Un Even; B – Bright; VB– Very Bright; D – Dull; H – High;    M – Medium; L – Low; S – Soft; C – Course;
General appearance

From Table XIX sample ESSD was rated as good in general appearance by 68 per cent of judges, followed by 28 per cent judges as fair. The sample CSSD was rated as fair by the maximum number of judges in general appearance by 60 per cent of judges followed by 32 per cent judges who rated the same as poor.

Evenness


The sample ESSD was rated as even in dye adherence by the maximum of 80 per cent of judges, whereas the sample CSSD was rated as uneven by 88 per cent of judges.

Brilliancy of colour


The sample ESSD was rated as very bright in brilliancy of colour by the maximum of 56 per cent of judges whereas the sample CSSD was rated as dull by the maximum number of 96 per cent of judges.

Lustre


The sample ESSD was rated as high in lustre by 64 per cent of judges followed by 36 per cent of judges followed by 16 per cent of judges who rated it as medium.

Texture


The sample ESSD was rated as soft in Texture by the maximum of 52 per cent of judges followed by 40 per cent judges was rated it as medium. The sample CSSD was rated as coarser by the maximum of 88 per cent of judges.

Hence it could be concluded that the enzymatic scouring showed better appearance, evenness of dyeing, brilliancy of colour, lustre, and texture on dyeing than the yarns those were scoured by the conventional method.

4.4.3.2 Objective Evaluation

The dyed samples of conventionally scoured yarn and enzymatic scoured yarn were objectively evaluated for colour fastness to washing and colourfastness to light.

4.4.3.2.1 Colourfastness to Washing


A finding of the colour fastness test to washing is shown in Table XX.

TABLE XX
COLOUR FASTNESS TO WASHING
	S.No.
	Sample
	Washing

	
	
	Colour
	Staining

	1.

2.
	CSSD

ESSD
	3/4

4/5
	4

5




    3/4 – Fair; 4/5 – Very good; 4 – Good; 5 - Excellent



From the Table XX, it is evident that the samples CSSD was rated as fair of 3/4  in colour fastness to washing whereas the sample ESSD was rated as very good of 4/5 for colour fastness to washing.


As for staining, sample CSSD was rated as good of 4, whereas sample ESSD was rated as excellent of 5.


Hence the samples scoured with enzyme showed better result in colourfastness to washing.

4.4.3.2.2 Colourfastness to Light


The yarn samples evaluated for colourfastness to light are presented in Table XXI.

TABLE XXI
COLOURFASTNESS TO LIGHT
	S.No.
	Sample
	Sunlight

	1.

2.
	CSSD

ESSD
	3/4

4/5




         3/4 – Fair; 4/5 – Very good; 4 – Good; 5 - Excellent


From the Table XXI it is shown that the samples CSSD was rated as fair of 3/4 for colourfastness to sunlight and sample ESSD was rated as very good of 4/5 for colourfastness to sunlight.


Hence the samples scoured with enzyme showed better result in colourfastness to light.

4.5 Cost Estimation

The cost was estimated for scouring of 1 kg of yarn for both conventional and enzymatic methods for comparison and they are presented in Table XXII.

TABLE XXII

COST ESTIMATION

	S.No.
	Particulars
	Quantity  (grams)
	Rate(Rs.)

	
	Conventional Scouring

	1.

2.

3.

4.
	Sodium hydroxide

Soda ash 

Wetting agent

Water
	24

6

2

6 litres
	8.29

2.3

1

​​​​​​​​​​​​​-

	
	Total
	11.59

	
	Enzymatic Scouring

	5.

6.
	Sugarcane waste (bagasse)

Water 
	800

3 liters
	2

-

	
	Total
	2



From Table XXII, it is clear that the expenditure incurred for enzymatic scouring of 1 Kg of sisal yarn was only Rs. 2, whereas the conventional method showed an expense of Rs. 11.59 for the same. About 82.74 per cent difference of reduction in cost was observed in natural scouring process. 
 The use of  

enzymes as a biotechnological process can significantly reduce the emission of chemicals and can also reduce the process cost say Sallat et al. (2010), the above findings also proves the same statement.


The water consumption for conventional scouring process was higher of about 6 litres than the enzymatic scouring process as it required only 3 litres of water.


Hence it could be concluded that the enzymatic scouring process using bagasse was noted to be more economical and water saving than the conventional method of scouring. 
5. SUMMARY AND CONCLUSION

The Indian Textile Industry has an overwhelming presence in the economic life of the country. Apart from providing one of the basic necessities of life, the textile industry also plays a provital role through its contribution to industrial output, employment generation and export earnings to the country. Textile sector is the second largest provider of employment after agriculture. Thus, the growth and development of this industry has direct bearing on the improvement of the economy of the nation.

The hazardous chemical result in an increase in COD (chemical oxygen demand), BOD (Biological oxygen demand) and TDS (Total dissolved solids) in the waste water, further more, they attack the cellulose fibers leading to a heavy loss of both strength and weight in the fabric. High level of pH and temperature used in the process damages the cellulosic due to non specific attack of alkali especially when performed in presence of oxygen. The outer layer of cellulose experience auto oxidation which causes strength loss.


Eco friendliness in textiles is one of the important issues in recent times, because textiles are in continuous contact with skin. Total eco – friendliness is one of the approaches, which is becoming popular. Eco – friendly textiles are those textiles products which do not contain any hazardous toxic substances and are biodegradable. The best way to produce the “Eco – friendly textiles is turn towards the nature. 

Hence, with the above facts in mind, the researcher selected the cellulase enzyme from biological source to apply on sisal yarn for enzymatic scouring for the study. This is an endeavour on the road to ecofriendlines which involves the following objectives for the study were to

· identify the presence of cellulase enzyme in natural source.

· extract and optimize the enzyme for activity.

· optimize enzyme for scouring.

· soften the sisal yarns.

· evaluate the treated yarns and dyed yarns.

· evaluate the effluent.

· compare the cost effectiveness

Experimental procedure

· Procurement of Sisal Yarn

The spun sisal yarn was procured for the study due to its salient properties of high strength, lustre, moisture absorbency and good affinity towards dye.

· Selection of Enzyme

The cellulase enzyme from sugarcane waste namely bagasse were selected because of abundant availability and it was collected from local sugarcane juice vendor 
· Extraction of Enzyme

About 80 grams of bagasse was crushed with phosphate buffer of 6.8 pH, to extract cellulase.
· Identifying the Cellulase Enzyme for Activity
 The bagasse solutions were identified for cellulase enzyme activity by using phosphate buffer.

· Optimization of Various Parameters for the Cellulase Activity
The optimization of various parameters like time, pH and temperature were detected for the best result for the cellulase activity.

· Optimization of Enzyme for Treatment

The optimization of various parameters like enzyme proportion, time, temperature and pH were detected for the best result of enzymatic treatment.

· Large Scale Extraction of Cellulase
About 800 gm of bagasse were crushed with 1 litre of 0.1m of phosphate buffer of pH 8.0 using mixie. The filtrates were further centrifuged and the supernatant served as the enzyme source for the study.

· Conventional Scouring of Sisal Yarn Samples

The sisal yarn samples were taken in a scouring bath which was added with 24 gm of sodium hydroxide, 6 gm of soda ash, and 3 gm of wetting agent in 6000 ml of water and the solution were boiled for period of 1 hour and the temperature were adjusted to 50(-60(. Then the yarn samples were removed, washed with hot and cold water and then dried.

· Enzymatic Scouring of Yarn Samples

The optimized proportion of enzyme to water was taken in beaker and the yarn samples were immersed in it. And the beaker was kept in a water bath for optimized temperature and time. Then the samples were washed and dried.

· Dyeing of the Yarn Samples
The madder roots were made into powder and extract of it was taken in a beaker. Then the pre mordanted yarn samples with alum were taken and immersed in the dye bath. Then the beaker was kept in the water bath for 1 hour at 100(C.

· Analysis of Effluent
The conventional and enzymatic scoured effluents obtained through the processes were analyzed for pH, TSS, TDS, BOD, COD, Hardness and Alkalinity.

· Subjective Evaluation of Scoured Yarn Samples

The original, conventional and enzymatic scoured yarn samples were visually assessed for its appearance, colour, lustre and texture.

· Objective Evaluation of Scoured Yarn Samples
The yarn samples were objectively evaluated for strength and elongation, yarn count, yarn diameter, yarn twist per inch, chemical constituent, wickability and microscopic appearance.

· Subjective  Evaluation of Dyed Yarn Samples

The conventional and enzymatic scoured dyed yarn samples were visually assessed for its appearance, evenness, brilliancy of colour, lustre and texture.

· Objective Evaluation of Dyed Yarn Samples

Colourfastness tests for washing and light were carried out, for the dyed yarn sample as these were essential one.
· Statistical Analysis
The sisal yarn samples were statistically analyzed for analysis of variance.
Findings of the study

·  The presence of cellulase enzyme was found to be in sugarcane waste   namely bagasse.
· The absorbency rates of cellulase were highly effective at time of 60 minutes, pH of 8 and temperature of 50(C were found through optimization.
· The operational ranges were selected for the study was proportion of 1:1, time of 60 minutes, temperature of 50(C and pH of 8 through optimization.
· The enzymatic effluent showed a drastic difference in pH, TDS, TSS, BOD, COD, total hardness, phenolphthalein alkalinity, and total alkalinity over the conventional effluent as it discharged water with lesser pollutants.
· Sample ESS showed better strength than sample CSS proving the benefit of enzymatic scouring. 
· Sample ESS showed higher increase in elongation than sample CSS over sample OS.
· Sample ESS showed increase in diameter over original yarn sample. 
· Sample ESS and CSS showed decrease in twist per inch, with more reduction in sample scoured with enzyme.
· Sample CSS and ESS showed increase in yarn count.
· Both the scouring processes improved the absorbency of the yarn samples, the yarn scoured with enzyme showed better result than the conventional method of scoring. 
· The scouring processes increased the cellulose content and decreased the lignin content in the yarn samples. Of the two methods, the enzymatic scouring process showed a higher increase in cellulose and higher decrease in lignin content, there by reducing the stiffness of yarn samples.
· The hairiness of the fiber inturn the yarn could be reduced to a very great extent by the enzymatic scouring process through microscopic appearance.
· For dyeing, the enzymatic scouring showed better appearance, evenness of dyeing, brilliancy of colour, lustre, and texture on dyeing than the yarns those were scoured by the conventional method.
· The samples scoured with enzyme showed better result in colourfastness to washing and light.
· The enzymatic scouring process using bagasse was noted to be more economical and water saving than the conventional method of scouring.
Conclusion


Thus the enzymatic scouring with bagasse on sisal yarn improved the characteristics of the yarn more than the conventional method of scouring. It improved the yarn strength, elongation, yarn count and absorbency. It also decreased the lignin content and hairiness of the yarns to a very great extent. The cellulase activity on sisal yarn increased the dye affinity and also showed a better result in colourfastness properties than the conventional method. The enzymatic scouring process using bagasse was noted to be more economical than the conventional method of scouring. Hence the enzymatic scouring using bagasse is ecofriendly, cost effective, water saving and highly advantageous.
Recommendations
· The sugarcane waste namely bagasse could be utilized for treating other vegetable fibers due to the presence of cellulase enzyme in it.

· Similar study could be carried out using corn husk for softening sisal or any other vegetable fiber.

· The sisal yarn treated with cellulase enzyme obtained from bagasse could be dyed with other natural dyes.
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