SOFTENING OF COIR FIBRE USING   CELLULASE ENZYME EXTRACTED FROM        TRICHODERMA SPECIES

By

                                  M.RAMYA

                                      (Reg. No. 06PBS06)
                           A DESSERTATION SUBMITTED TO 

THE AVINASHILINGAM UNIVERSITY FOR WOMEN    COIMBATORE – 641 043

IN PARTIAL FULFILMENT OF THE REQUIREMENTS FOR

   THE DEGREE OF MASTER OF SCIENCE IN 
BIO-TEXTILES

APRIL 2008
Acknowledgement

ACKNOWLEDGEMENT

The researcher expresses her heartfelt thanks and gratitude to “God Almighty” and her “Parents,” for their great blessings, support and advice for the successful completion of her study.


The investigator sincerely expresses her gratitude to Thiru. T.K. Shanmuganandam, B.A, B.L, Chancellor, Avinashilingam University for Women, Coimbatore, for extending his valuable consent and providing opportunity to earn knowledge and wisdom in this university.


The investigator extends her gratefulness to Hony. Col. Dr. (Tmt.) Saroja Prabhakaran, M.A., Dip. Ed, Vice Chancellor,  The Director, Hall of Residence, Avinashilingam University for Women, Coimbatore, for her valuable help and encouragement during the course of the investigation.

The researcher places her heartful records to Dr. (Tmt). Gowri Ramakrishnan, M. Sc (Madras), M. Phil., Ph.D. (Avinashilingam), Registrar and Dr. (Tmt.) Sathyavathimuthu, M. Sc, Dip. Ed., M. Phil., Ph.D., Dean, Faculty of Home Science, Avinashilingam University for Women, Coimbatore, for their kind support provided throughout the study. 

The investigator is greatful to Dr. (Tmt). G. Krishnabai, M. Sc, M. Phil., Dip. Ed, (Madras), Ph.D. (Mother Teresa), Professor and Head of the Department of Textiles and Clothing, Avinashilingam University for Women, Coimbatore, for her timely help and support to carryout the study.

The researcher expresses her gratefulness and heartfelt thanks to her guide (Tmt.) K.Lakshmi, M.Sc (Madras), M.Phil (Bharathiyar), Ph.D. (Avinashilingam), Reader, Department of Textiles and Clothing, Avinashilingam University for Women, Coimbatore, for her valuable untiring help, guidance, and encouragement to carryout the research work successfully. She also expresses her sincere thanks to all the staff members in the department of Textiles and Clothing, for their valuable suggestion and help to the completion of study. 

She owes her gratitude to Coir Board, Pollachi and Coir Training Center, Kinathukadavu, for providing Technical help and support to carryout the study successfully. And also she expresses her gratitude to R.V.R. Agencies, Tex Park Road, Coimbatore, for providing the required material to carryout the study.

The investigator expresses her sincere thanks to SITRA, SIMA, TNAU KCT and AVINASHILINGAM UNIVERSITY for providing library facilities to carryout the investigation successfully.

The researcher extent her heartful thanks to her beloved parents, sisters, brothers, brother-in-law, relatives, and friends for extending their support that helped her mentally to overcome obstacles in completion of the study.                             

Contents

LIST OF CONTENTS
CHAPTER                                 TITLE                         

  PAGE NO
LIST OF TABLES

LIST OF FIGURES

LIST OF PLATES

LIST OF APPENDICES

I          INTRODUCTION 






1
II
REVIEW OF LITERATURE




6
2.1 
History, cultivation and Harvesting of coir fibre

7
2.2 
Methods of retting, extraction and classification 
of coir fibre.






8
2.3 
Physical and chemical structure of coir fibre


9
2.4 Grading and uses of coir




11
2.5 Spinning and dyeing of coir fibre



13
2.6 
Production and export of coir




13
2.7 
History and sources of enzymes



16
2.8 
Classification and properties of enzymes


18
2.9 
Mechanism and kinetics of enzymes.



21
2.10 
Application of enzymes in textile industry.


23

III 
METHODOLOGY






25

3.1 Selection and collection of the fibre



25
3.2 Selection and collection of the enzymes



25
3.3 Selection of the microorganism




26

3.4 Cultivation and isolation of extra cellular enzymes

26
3.4.1 Primary screening





26

3.4.1.1 Selection of source and collection of sample

26
           3.4.1.2 Pilot study





27
           3.4.1.3 Isolation and screening of fungal culture

27



3.4.2 Secondary screening





27

3.4.2.1 Selection of fungal colonies



27
3.4.2.2 Extraction and Assay of enzymes


27

3.4.2.3 Selection of fungi by cellulose hydrolysis

29
3.4.2.4 Identification of selected fungi


29
3.4.2.5 Maintenance of culture 



30
3.4.2.6 Media used for fermentation



30

3.5. Optimization of growth conditions for cellulase production
30 
3.5.1 Production of cellulase on various substrates

30
3.5.2 PH






31
3.5.3 Temperature





31
3.5.4 Incubation time





31
3.5.5 Moisture content




32
3.5.6 Carbon source





32
3.5.7 Nitrogen source





32
3.5.8 Metal ions





32
3.5.9 Solvents for extraction of enzymes


33
3.5.10 Protein estimation




33

3.6 Production of cellulase enzymes




33

3.7 Application of enzymes on coir fibre



34

3.7.1 Optimization of enzymatic treatment on coir

34
3.7.1.1 Enzyme proportion



34
3.7.1.2 Time





34
3.7.1.3 Temperature




34
3.7.1.4 Substrate proportion



34
3.7.2  Extracted cellulase enzyme treatment of coir fibre
36


3.7.3 Commercial Piscean QK Cellulase treatment

36
3.7.4 Commercial bioscour GX-1 enzyme treatment

36

3.8 Determination of dye uptake of coir fibre
       before and after treatment




36
3.8.1 Selection and collection of dye



36
3.8.2 Procedure for dyeing




36
3.8.3 Preparation of end product by using treated coir fibre
38

3.9 Evaluation of the treated sample




38
3.9.1 Subjective evaluation




38
3.9.1.1 Visual Inspection



38
3.9.2 Objective evaluation




39
3.9.2.1 Fibre bundle strength and elongation

39

3.9.2.2 Fibre fineness




40
3.9.2.3 Flexural rigidity



40
3.9.2.4 Fibre weight




41

3.10 Statistical analysis





41

IV 
RESULTS AND DISCUSSION




42

4.1 Selection and Identification of Fungi



42
4.2 Optimization of growth conditions for cellulase production
43


4.2.1 Substrate 





43

4.2.2 PH






44
4.2.3 Temperature





46

4.2.4 Incubation time





48

4.2.5 Moisture content




48
4.2.6 Carbon source





49

4.2.7 Nitrogen source





51

4.2.8 Metal ions





51

4.2.9 Solvents for enzyme extraction



52

4.2.10 Selected parameters for cellulase production

55

 4.3 Optimization of enzyme treatment on coir


55

4.3.1 Enzyme concentration




55

4.32 Incubation time





55

4.3.3 Temperature





56

4.3.4 Substrate concentration




56

4.3.5 Selected parameters for coir treatment 


56

4.4 Subjective evaluation





56

4.4.1 Visual Inspection




56
4.5 Objective evaluation





58


4.5.1 Fibre bundle strength



58


4.5.2 Elongation




59


4.5.3 Fineness





61
4.5.4 Flexural Rigidity



63
4.5.5 Fibre weight




66

SUMMARY AND CONCLUSSION



67
BIBLIOGRAPHY

APPENDICES

LIST OF TABLES
TABLE NO                                    TITLE                    

   PAGE NO
I
Structure and properties of coir fibre




10


II
Chemical composition of coir fibre




11
III
Contribution of microorganism for the production of
 
commercial Enzymes






18
IV
Bacterial and fungal origin for enzyme production


18
V
Enzymes and their application




23
VI
Nomenclature of the original and treated samples


38
VII
The cellulase activity of different species



42

VII-a   Colony morphology and microscopical appearance 



Of trichoderma species





43
VIII
Optimization of substrate for cellulase production


44
IX
Optimization of PH for cellulase production



46
X
Optimization of temperature for cellulase production

46
XI
Optimization of incubation time for cellulase production

48
XII
Optimization of moisture content for cellulase production

49
XIII
Optimization of carbon source for cellulase production

49
XIV
Optimization of nitrogen source for cellulase production

51
XV
Optimization of metal ions for cellulase production


52
XVI
Optimization of solvents for enzyme extraction


52
XVII
Selected parameters for the cellulase production


55
XVIII
Selected parameters for the coir treatment



56
XIX
Visual inspection of treated and dyed samples


57
XX
Fibre bundle strength






58
XXI 
Anova for fibre bundle strength




59
XXII
Elongation







59
XXIII
Anova for fibre elongation





61
XXIV
Fibre fineness







62
XXV
Anova for Fibre fineness





63
XXVI
Flexural rigidity of fibre





63

XXVII
Anova for Flexural rigidity of fibre




64
XXVIII Weight loss







66

LIST OF FIGURES
FIGURE NO                                  TITLE                          

  PAGE NO

1. Optimization of substrate for cellulase production


45
2. Optimization of PH for cellulase production



45
3. Optimization of temperature for cellulase production

47
4. Optimization of incubation time for cellulase production

47
5. Optimization of moisture content for cellulase production

50
6. Optimization of carbon source for cellulase production

50
7. Optimization of nitrogen source for cellulase production

53
8. Optimization of metal ions for cellulase production


53
9. Optimization of solvents for enzyme extraction


54
10. Fibre bundle strength






54
11. Elongation







60
12. Fibre fineness







60
13. Flexural rigidity of fibre





65
14. Fibre Weight







65
LIST OF PLATES

PLATE NO                                    TITLE                             PAGE NO

  I 

Hot air oven 





28
 II

Auto Clave





28
III 

Laminar air flow




28
VI 

Centrifuge





28
 V

Colorimetry





28
VI                    Optimization of cellulase production


35
VII

End Product- fruit basket



35
VIII

Trays of different shapes



35
 IX

Flower vase





35
 X

Fibre bundle strength tester



35
 XI

Classical ring loop method



37
XII

Electronic weighing balance



37
XIII

The selected fungi




37
XIV

Microscopical appearance of Trichoderma

37

LIST OF APPENDICES
APPENDIX NO                                        TITLE   
 
 I   
composition of rose Bengal chloramphenicol 

   
II
composition of potato dextrose agar
III
Details of selected material
IV
Visual inspection of treated and dyed coir samples

Introduction

1. INTRODUCTION
Coir a natural vegetable hard fiber from a seed source called a coconut fiber, extracted from the husk of the whole coconut. It is 100 per cent organic, biodegradable, lignocellulosic fibers from mesocarp tissue of coconut. Coir fiber is composed of number of strong, reddish brown, elastic filaments as different lengths which are thickest in the middle of their length and tapered gradually towards the end. The natural color of coir is rich cinnamon brown, (Nair et al., 2003, Nakamura, 2000, and Mahish et al., 2007).  

The fruit is an ovoid fibrous drupe 20-30cm long.  It is differentiated into an outer thick exocarp, middle fibrous mesocarp and inner strong endocarp. The exocarp is tough, smooth, hard, green and shiny when fresh but becomes yellow, orange or reddish brown later on, is shredded off at maturity.  The middle thick fibrous mesocarp constitutes coir of commence. The endocarp is hard and dark brown with three ridges on the outside and three depressions at the basal end. The inside of this stony layer is lined with a fairy thick coating of milky white flesh, narrates Kumar (2002).

Coir is available in abundance depending on the process of extracting the fiber from the husk.  Coir is classified into two varieties; white coir produced from husk of mature green coconuts, brown coir is produced from dry/semidry coconut husk by mechanical process.  India produces nearly around 66 percent of the world share of coir fiber, point out by Katiyar, (2004).

Three classes of fibers recognized in the trade are mat, curl (toe or mattress) and bristle fiber. The west coast of India produces the bulk of mat fiber. Curl fiber is obtained mostly from unretted husk and is used for mattress or for stuffing upholstery and cushions. Bristle fiber, with coarse and thick, is used for making brushes, and brooms. Superior quality yarn is manufactured into mats, matting rugs, carpets, and bags, while inferior grades are employed for ropes and twines. India is the chief exporter of coir yarn and coir mats and matting ( Kochhar, 1998). Due to this, the floor coverings made from coir is much more durable than jute and wool. Coir density is low due to its porosity, which imparts its springiness. 
Coir fiber is well known for its stiffness and resilience. According to Giridev et al., (2006) the tensile strength of coir is relatively low and has the advantage of stretching beyond its elastic limit without rupturing as well as the power to take up the permanent stretch. It can withstand large amount of pressure and abrasion and recovers as soon as the pressure is removed. The coir fiber is relatively waterproof and only natural fiber resistant to saltwater and mechanical degradation. Coir fiber is categorized as a wood fiber having lignin content about 45 per cent. Due to the presence of high quantity of lignin content coir fiber is very hard because of the relatively lower length and breadth ratio, spinning of coir fiber is rather difficult. Hence softening of coir fibers is necessary to enhance their spinnability.  Some research studies were conducted earlier to improve the softness of coir fibers, describes Vijayakumar et al., (2006). 

In recent years there has been considerable efforts concerning enzymatic treatment of cellulosic textiles to enhance softness, aesthetic feel as well as reduce pilling propensity, especially with increasing consumer and industrial concern for environmental issues, and people also have been more environmental consciousness, (Ibrahim et al., 2000 and Shelke, 2001). In the textile wet processing, presently cellulase is used to modify the surface properties by imparting softness, smooth and luster, describes Prince (2000). This can be obtained by the use of enzymes.

The term “enzyme” is derived from the Greek word “Enzymos” which means “in the cell or ferments” says Singh et al., (2004). Enzymes are active compounds could be characterized by their function as well as by their molecular structure. The enzyme function is depending on the amino acid present in the enzyme according to New Cloth Market, (2004). Enzymes are the protein substances made up of more than 250 amino acids suggests Prince, (2007). It is capable of catalyzing specific chemical reactions of nature, without formation of by-products, thus known as “Bio-Catalysts” and is completely biodegradable. 

Enzymes are wonderful products from microbial fermentation which are the secretions of living organisms and catalyze biochemical reaction. Enzymes can bring about oxidation, reduction, coagulation, decomposition and most common action being hydrolyzed defines Raval et al., (2003), and Gowda et al., (2004). The major enzymes used in textile industries are alpha amylase, cellulase, catalase, pectinase, protease and laccase says Mahapatra, (2007).  Among 2000 enzymes reported so for, around 150 are found to be of great importance for various industrial processes, which involve applied microbiology and biochemistry.

Enzyme technology consists of production, purification, characterization and application in variety of systems within industry, health care and research views, Walavalkar, (2005). Enzymes find its application especially in textiles because of their unique properties as specificity and ability to perform the reaction under normal conditions. Enzymes used in the textile processing are desizing, Bio-scouring, bleaching, finishing and silk degumming says Mahapatra, (2007).

The application of enzyme modifies the surface properties of textiles, which acts favorably for dye uptake and the finishing processes point out Singh et-al., (2004). There are various methods incorporated in order to wash and softened garments by using suitable enzymes, suggests Kathirvel, (2004). The biotechnology of cellulase begun in the early 1980’s first in animal feed and then in food applications. Subsequently these enzymes were used in the textile, pulp and paper industries. Today these enzymes account for approximately 20 per cent of the world enzyme market.

 Shukla et al., (2005) reveal that cellulase is the enzyme that degrades cellulose into glucose, the large number of microorganisms is capable of degrading cellulose, but only few microorganisms produce significant quantities of cell-free enzymes, which are capable of completely hydrolyzing crystalline cellulose. Some of the agricultural waste products such as rice straw, wheat bran and straw, cellulose powder, paper, saw dust, and milk whey have been used as substrates for enzyme production. Cellulases are multicomponent enzyme system, consisting of three different enzyme activities namely exocellulase, endo cellulase, and beta glucosidases. These activities give cellulase enzyme the ability to modify all kinds of cellulosic textiles express Prabhu et al., (2003).

Vishnuvardhini et al., (2006) point out that cellulase are driven from both fungal and bacterial sources. They find extensive application on cellulosic materials and about 10 per cent of the finishing of these materials is estimated to be performed by these enzymes to achieve various effects. The concept of using enzyme is to improve surface property was also known as Bio- finishing. The main objective of 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 environmental issues associated with the textile processing are not new currently and in the years to come. The criteria that will be used for judging the new processes, to replace the earlier one may be termed as 3E principle namely Efficiency, Economy, and Ecology. This paves the way for biotechnology, describes Prasad et al., (2006). Industrial safety health protection and life-cycle assessment of the products are an integral part of environmental protection and management systems. The present trend in the textile industry is towards the eco-friendliness, views Jahagirdar et al., (2001) and Raval et al., (2003). The contemporary standards for environmental protection are the reason behind that the rising interest in the development and application of eco-friendly methods and means for chemical processing of textile materials, are as enzymes, point out by Todorova et al., (2007).

The success of the textile industry is based on the production of good quality products. Chemicals used in this textile processing are replaced with efficient, quick and green technology. Enzymes have come to forefront in the textile processing and have made the processing more eco-friendly than conventional processing due to their intrinsic environmental friendly nature suggests Verma et al., (2002). As the concern for environmental pollution is growing, the search for eco-friendly textiles, auxiliaries are increasing and in this aspect the microbial enzymes can general be required as eco-friendly to the environment, which are produced by naturally occurring non- pathogenic micro-organism. The microbial enzymes are biodegradable, without formation of waste accumulation views Pardeshi, et al., (2002). In other words enzymes are biocatalysts produced by living organisms, are not alive, but are complex organic polymer says Walavalker, (2005).

Microorganisms are the most significant and convenient source of commercial enzymes which can be cultivated by using inexpensive media in a short period and are produced in abundant quantities under suitable growth conditions. In addition, it is easy to manipulate in genetic engineering technique to increase the production of desired enzyme recovery, isolation, and purification processes and are easy with microbial enzyme than that with animal or plant sources, defines Satyanarayana, (2005). 
Chattopadhyay et al., (2001), emphasize that use of synthetics in all aspect of life particularly in the field of apparel industry, furnishing and packaging, has posed a serious problem with regard to disposal of effluent which creates not only environmental pollution, but also causing health hazards. Now the whole world is keenly interested in the use of natural fibers which are biodegradable in nature and environmental friendly. There are number of natural fibers, apart from cotton, to be used in different textile and packaging materials. Among the minor natural fibers coir plays an important role. 
Great hopes were entertained for coir as a material to produce fancy fabrics, such as upholstery’s, hangings, and table ornaments, but the fiber is now chiefly used for ropes and brushes according to Murphy, (1999). Coir has got its demand all over the world due to its eco-friendly nature. Coir fiber getting great importance to the present date because of its environmental friendliness, coir being a lingo-cellulosic fiber has natural affinity towards dyes defines Nair et al., (2003) and Gulrajani et al., (2003). Considering the above factors the investigator felt the need to study the “SOFTENING OF COIR FIBRE USING CELLULASE EXTRACTED FROM TRICHODERMA SPECIES” to achieve substantial reduction in the rigidity of coir fibers through appropriate softening. 
The specific objectives of the present study are:
· To isolate and screening of fungal culture

· Optimize cellulase production and enzyme extraction

· Optimize enzymatic treatment and application of enzyme on coir fibre

· Subjective and objective evaluation

· The end use of treated and dyed coir sample

Review of literature

2. REVIEW OF LITERATURE
 The review of literature pertaining to the study entitled, “SOFTENING OF COIR FIBRE USING CELLULASE EXTRACTED FROM TRICHODERMA SPECIES” are discussed under the following headings:

2.1 
History, cultivation and Harvesting of coir fibre

2.2 
Methods of retting, extraction and classification of coir fibre.

2.3 
Physical and chemical structure of coir fibre

2.6 Grading and uses of coir

2.7 Spinning and dyeing of coir fibre

2.6 
Production and export of coir

2.7 
History and sources of enzymes

2.8 
Classification and properties of enzymes

2.9 
Mechanism and kinetics of enzymes.

2.10 
Application of enzymes in textile industry.

 Coir is a course irregular – shaped, lignocellulosic fiber obtained from the husks of coconut. It is usually brown or dark brown in color having short length (at least 0.5mm long), thick-walled individual fibres, characterized by irregular lumens and surface pores. The two important dimensions of fibre are length and fineness says Jindal et al., (2006) and Jewel (2005).

Anitha et al., (2007) points out the fibrous material forming part of the soft mass covering coconut, the fruit of the tree “Cocos Nucifera” or the coconut palm is world over known as coir. Coconut husk is the raw material for the coir industry, which is available in abundant quantities where there is large-scale coconut cultivation. Coir is used commercially for the manufacture of wide range of products for varied end use applications. 

Natural fibers like cotton, jute, coir, banana, wheat straw, pineapple, and sisal are available in large quantities some of the fibres are being used in conventional manner for making yarns, ropes, mats, decorative and fancy articles, (Pardeshi, 2003)

Among the natural fibres coir and Jute are highly suitable for geotechnical applications; because of their eco-friendly nature and biodegradable character have gradually replaced synthetic fibres in applications such as soil erosion control. There is a current global demand of about 1000 million square meters of coir geo-textiles for erosion control. India is one of the largest producer of coir and hence there is a good scope for the manufacture of the coir in India, explains, Chellamani et al., (2003)


Coir is called the wonder fibre because it is mothproof, resistant to fungi and rot, provides excellent insulation against temperature and sound. It is not easily combustible, flame retardant and is unaffected by moisture. It is tough and durable and can springs back to its original shape even after compression.

2.1 HISTORY, CULTIVATION AND HARVESTING OF COIR FIBRES

According to Franck, (2005) the spinning of coir yarn from coir fibre was practiced several centuries ago but the industrial manufacture of coir products developed in the middle of the 19th century. James Darrah, an Irish born American entrepreneur who came to India in 1850, set up a factory in Allepppey in 1859 and this marked the beginning of the organized world coir industry. This factory grew to become a very large firm under the name Darrah Smail and company was of considerable renowned industry in Alleppey. Recently some exporters have begun to set up large scale manufacturing units of their own as centralized sector to produce better-quality products. 

Coir coconut fibres belong to the group of hard structural fibres. Industries based on coir have developed in many countries, especially in India, Tanzania, Kenya, Bangladesh, Myanmar, Thailand, Srilanka, Nigeria, Ghena etc, reveals Sampat, (2007).


Coir is the term applied to the short, course rough fibre that make up the greater part of the husk of the fruit of coconut palm. It is chiefly cultivated in Kerala and Tamil Nadu. It is mainly a coastal crop and can be grown on a wide range of soil types. Sandy clay loam is the best soil for its growth. For good yield the plant requires an average temperature between 27oC – 32oC, and a well-distributed annual rainfall of 130-150 cm, states Kumar (2002).

The fruits are harvested when still green to obtain the best quality coir, husk usually forms 35-45 per cent of the weight of the whole nut, when ripe. Husks from 10 to11 months-old nuts have been found to give superior quality fibre, possessing a golden yellow color. The fibre from the husk is extracted on a commercial scale, either by natural retting process or by mechanical decortications. 

2.2. METHODS OF RETTING, EXTRACTION AND CLASSIFICATION OF COIR FIBRE.

 NATURAL RETTING:

A process called retting is employed to extract fibre from plants. This process involves the action of bacteria and moisture on plants to dissolve and rot away cellular tissues and gummy substances that surround the fibre bundles in the plant. Once the surrounding tissue and other substances are dissolved and they fall away, the fibre can then easily separate from the stem. (http:// www. Wisedude.com)
The process involves soaking of a husk in water, preferably saline water, for a certain period until the fibre becomes loose and soft. After the husks are filled in the soaking pits, nets or enclosures, they are covered with coconut leaves and mud-weighted down to prevent flotation when immersed in water.

During the retting process, the husk becomes soft and a number of substances like carbohydrate glucosides, tannin and Nitrogen compounds are acted upon by the great variety of anaerobic organisms, which produce various organic acids and gases. When the fermentation progresses, the temperature of the husk increases, water becomes turbid due to gas formation and frothing, is the pectin in the middle lamella of the husk slowly dissolves. Subsequently the rate of fermentation slows down and the water becomes clear without the evaluation of gases and the consequent frothing and, at this stage, the husks are ready for removed. The period of retting is longer (8-10 months) in saline water and shorter (4-6 months) in fresh water.

A most widely accepted three principal categories based on their location in the plant are seed fibers, bast fibers and leaf fibers. Coir is the most Prominent example of commercially useful seed fibers. Seed fibers are mainly used in manufacturing of life belts, buoys, for stuffing pillows and mattresses and for similar purposes point out Pardeshi et al., (2003)


The coir industry is divided in two that is white fibre and brown fibre producing segments. White fibre also known as retted fibre is extracted from the husk of immature coconut after a process known as retting, which is more suited for spinning of coir yarn. White coir fibres are harvested from the coconut before they are ripe. These fibres are white or light brown in color and are smoother and finer. It is further processed to get finished product like doormats, mattings, carpets, and geo-textiles. Brown coir also extracted from the matured coconut husk is soaked in water for a number of days by mechanical means. It is thick, strong, and has high abrasion resistance. It is further processed to get finished product like rubberized coir and curled coir.

2.3 PHYSICAL AND CHEMICAL STRUCTURE OF COIR FIBRE

Coir is a hard and tough multicellular fiber with a central pore called lacuna, 0.3 to 1.0x10-3m long with 12-14 mm diameter. The lumen is 5.7-7.5 Mm. Fibre has initial modulus 4-6 GN/m2, tensile strength 131-165MN/m2, rigidity modulus 0.189 MN/m2, transverse modulus 6.086 GN/m2 extensibility 15-40%.


The microscopic appearance shown, high crystallinity with spiral angle varying between 300 and 450 of the micro fibrils. This makes the fibre more extensible, electrical resistivity of 9.14 x 105 Wcm. Coir sinks in 92% alcohol and floats in methyl salicylate, does not show any fluorescence and UV light. It is hygroscopic; moisture content 10-12% at RH 65% while it is 22-25% at RH 95% describes Pardeshi et al., (2003)

According to Singh (2004), the commercial value of any fibre depends upon its elasticity, fineness and cohesiveness of all of which facilitate the process of spinning fibres to yarn. Coir is an elastic, light fibre and is resistant to water fiber is short with very much irregular lignified walls. 

Coir fibres are made up of a number of minute cells, which are narrow and hollow with thick walls made up of cellulose. The immature fibres are pale in color, which contains lignin deposition on the walls. Coir is the hardest natural fiber because of high lignin content. Mature fibers contain more lignin and cellulose then immature fibers that are brown in color, but are stronger and less flexible point out Giridev et al., (2006). Softening is one such finishing operation which brings about change of handle that is more pleasing. Cellulase enzyme can reduce the flexibility of coir fibre, which is essential for coir spinning through high speed spinning machinery, say Vijayakumar et al., (2006) and Joshi et al., (2004).

According to Mahish, et al., (2007) coir contains 30 to 300 or more, cells in its cross section. The cross section of fibre is polygonal to round. The structure and Property of coir is given in the Table-I.

                                          TABLE-I

          THE STRUCTURE AND PROPERTIES OF COIR FIBRE

	Details
	Units

	Length
	50-150mm

	Diameter 
	0.2 0.6mm

	Density
	1.45 g/cc

	Tenacity
	10.0 g / tex

	Breaking elongation
	30%

	Modulus 
	1.8924 dyne/cm2

	Swelling in water
	5%

	Moisture content at 65% RH
	10-12%

	Moisture content at 95% RH
	22-55%


Cellulosic fibers are formed by the Polymerization of glucopyranosyl units. The building unit for a cellulose molecule is glucose. A cellulose molecule is formed by the polymerization of glucose units by glucopyranosyl linkages. This polymeric molecule, containing around 1,500 glucose units, forms the primary structure of cellulose.

The fibers are held together by hydrogen bonds, whilst forming the hydrogen bonds the bundles are twisted to form rope like structures, which join together and deposit to form the fibers. During the formation of ligno cellulosic fibres, the cellulose bundles, before twisting together are embedded in lignin, which binds them to each other producing a structure like composite product or reinforced concrete views Franck, (2005). Mahish et al., (2007) explains the chemical composition of coir fibre is given in Table-II
    TABLE-II

      THE CHEMICAL COMPOSITION OF COIR FIBRE

	Content
	Quantity %

	Lignin

Cellulose

Hemi cellulose

Pectin and related compounds

Water soluble

Ash 
	41-45

36-43

0.15-0.25

3-4

4-5

1-2


 2.4 GRADING AND USES OF COIR FIBRES

Indian coir fibres are classified in to four grades namely Cochin fibres, lustrous fibres, reddish or grayish fibres and inferior quality fibres suggest Subrahmanyam (1989).
            There are scores of uses for coir in the home on the form in industrial establishments and elsewhere.

· Traditional uses for the resilient and durable coir fibre include rope and twine, brooms and brushes, doormats, rugs, mattresses, floorings, carpets, bags, wall hangings, and other upholstery.

· In most of the European countries coir is used in the Automobile industry as seating material in most of the expensive cars like Mercedes Benz and BMW. In Germany and Volvo in Sweden use rubberized coir as seating material.

· Apart from this, it is also used in other vehicles like Travels, buses, and railway and sub-way coaches. There is also a very great and diverse demand for using it as bedding and upholstery materials in Europe and the United States.

· Coir fiber and yarn are used in manufacturing filters for olive oil presses in countries like Italy, and Greece, coir fiber also finds its use in a variety of air filtering applications, especially in evaporative coolers and air breathers for small engines. In selected markets of Europe like West Germany. Coir fiber is used as an insulation medium in buildings.

· Coir yarn is used as supporting string for growing hop plant in UK and US. Coir is extensively used for geo-textiles Say Anitha et al., (2007) and Marwaha et al., (2006).

· Coir bags are used for lifting coal from mines, shipping coconuts, for collecting tea leaves in tea estates and for transportation.

· It is used as source of furfural and tannins

· Used as an absorbent for nitroglycerin in the making of explosive and as paper pulp.

· Bristle fibers used for making brushes and brooms, while the mattresses fibers are for mattresses and as a substitute for horse hair in upholstery views Kochhar (1998) 

· Coir fiber used for the production as activated carbon, paper pulp, rooting files, writing boards and high stretch paper.

· Coir yarn is used for making fenders which are attached to ships and boats for preventing collisions and shock

· Waste fibers are used as filter in cements, plastics, and latex. Industrial adhesives. 

· Bituminished coir use in godowns for preservation of stored goods.

· Coir is used as reinforcing agents in thermosetting and thermoplastic polymers suggest Guptha et al., (2007)

THE ADVANTAGES OF COIR ARE

· Non-toxic

· Odorless

· Completely harmless if ingested

· 100% Organic

· Promotes strong root growth and plant vigor

· Absorbs water readily and re-wets easily, thus reducing the need for wetting agents

· Reduces watering frequency without plant stress, thereby reducing labour costs and minimizing plant loss

· Increases shelf life of plants

· Slow breakdown of material means product will not shrink during your growing cycle.

· High water holding capacity while still maintaining excellent drainage and aeration.

2.5   SPINNING AND DYEING OF COIR FIBRE

Spinning of coir yarn is mainly a cottage industry in India. It is produced either by wheel spinning or hand spinning or mechanized spinning. It is mainly done by the traditional method of using manually rotated wheels called ratts. Nowadays it is mechanized. This type of ratt is called a “motorized traditional ratt”. Hand spun yarn is uniform thickness and smooth texture without hairiness, but production costs are higher.

Color and dyeing plays an important part in the marketing of coir products. The evenness of dyeing depends upon the power of absorption of the coir fibre, the nature of the dyestuff and the dyeing conditions. Synthetic dyes have high value and affinity to coir, acid and basic dyes have better fastness to light, and direct dyes could produce shades. The coir industry also uses azo-free dyes as well as natural dyes.
2.6 PRODUCTION AND EXPORT OF COIR FIBRE

Coir fibre existence in India is more than 3000 years. Coir industry is one of the important traditional cottage industries widely spread over western and eastern coasts of India opines, Gulrajani, et al., (2003). Coir industry aims at increased utilization of coconut husk for production of coir fibre. Growth of the domestic market, strengthening of research and development, to find out new uses of coir fibre especially in the areas of geo-fibres fire retardant, cement and gypsum polymer development, acquiring of new technology like PVC tufted coir products, encouragement to Co-operation and providing social welfare, civic amenities and medical facilities to coir workers coir is exported to more than 75 countries all over the world. The USA remained the largest importer with 23 per cent of coir from India, highlights Anitha et al., (2007)

Coir fibre is produced in the order of million tons per year in the tropical countries of the world coconut is widely cultivated in tropical countries like India, Ceylon, Malaysia, Indonesia and Philippines. The life of coconut tree is about 80 years remark Mishra (2000)

Kochhar (1998) says srilanka is by far the largest exporter of bristle and mattress fibre, with only a little coir yarn. During 2004-2005, the coir exports were US 0.106 billion, up by 35.7%, compared with the corresponding period of 2003-04. During 2005-2006, the coir exports were US 0.134 billion, up by 27.19% over the exports during 2004-2005. During April- October 2006, the coir exports were US 0.081 billion, up by 2.95% over the exports during the corresponding period as 2005-2006 narrates New cloth market, (2007).

Enzymes are proteins, which catalyze specific chemical reactions and are known as ‘Bio-catalysts’ says Saravanan (2006). It is made up of long chains of amino acid monomers held by peptide bonds. It loops and folds by itself into secondary, tertiary and often quaternary structures, exposing its complementary surface to the substrate. Enzymes have been used on a large scale for more than 75years. They were used in textile wet processing, food processing, medical field and in the production of detergents, points out Moses, (2004). Enzyme treatment has bright future in wet processing of textile industry, say Gurjar et al., (2001).

Saravanan, (2006) states enzymes come from natural system and when they are degraded, the amino acids in which are readily absorbed back into the nature. Enzymes act specifically on a substrate just like chemical catalysts do. The major difference in enzymes from the chemical catalysts is that they are temperature sensitive; react only with a specific substrates which fits within the active site of the enzyme molecule.

Based on the medium, Enzymes are classified as bacterial, pancreatic (blood, lever etc.) and malt (germinated barley) remarks Prasad et al., (2006). As Gopalakrishnan et al., (2007) express the mediation of chemical reactions by catalytic proteins (enzymes) is a central feature of living systems. Living cells make enzymes although the enzymes themselves are not alive and can be encouraged living cells to make more enzymes than they would normally make a slightly different type of enzyme (Protein engineering) with improved characteristics of specificity, stability and performance in industrial processes.

Enzymes are easier and quicker to use compared with the traditional method, the enzymatic process results in reduced time of treatment, chemicals, water and energy describes Nithyanandan et al., (2008), and Pant et al., (2000). All chemical based processes leads to high processing time, lot of hazardous waste coming out adding to efficient treatment cost views Roda, (2007). Enzymatic biocatalysts will tend to gain a more relevant position in replacing chemicals, narrates, New cloth market, (2007)

Prasad et al., (2006) points out that the enzymes are preferred in textiles due to the following reasons:

· Accelerate the rate of the reaction

· Specific in action

· Low temperature operation

· Easy to control and safe

· Replace harsh chemicals

· No Pollution

· Biologically degradable.
Cellulase is used to breakdown cellulosic chains to remove protruding fibres by degradation and create wash- down effect by surface etching on fabrics report Churi et al., (2004). Enhancing the hand or the quality of fabrics is of considerable importance and commercial interest. Cellulase enzyme are extensively used in textile finishing to improve the hand of fabrics states Ramkumar et al., (2001)

Cellulase enzymes are classified according to the PH in which they are more active. The natural stable enzymes are more effective in the PH range of 6.0-7.0, acid stable enzymes are more effect at the PH range of 4.5 – 5.5 and alkaline stable enzymes are more effective in PH range above 7 describe Verma et al., (2002)

According to Vishunvardhini et al., (2006) Bio polishing is an important finishing treatment carried out on cellulosic fabrics using acid cellulases to achieve improvement in gloss, luminosity of colours and resistance to pilling, chill feel and clear surface. It is also an “enzymatic singing”. A cellulosic treatment gives the fabric a durable improvement of resistance to pilling and a clear lint and fuzz free surface structure.  A cellulosic treatment gives the fabric a durable improvement of:

· Resistance to pilling

· A clear lint and fuzz free surface structure.

· Bio polished garments looks new even after repeated wear.

· Bio polishing permanently enhances fabric look without any chemical coating.

· Bio polishing improves durability and softness.

· The fabric surface obtains a silky sheen similar to that resulting from traditional mercerization, Muthumanikkam et al., (2004).

The softness/smoothness obtainable through Bio polishing as even coarser fabrics is however wash-proof and does not impair moisture absorbency. It also increases gloss/luster and improves the brightness of color applied. This is mainly a side effect as fuzz reduction, Shukla et al, (2000). Bio polishing is used to remove fuzziness, or by removing “white specks” (tangled bundles as surface fibers that do not take up dyes, Rousselle, et al., (2000). 
2.7. HISTORY AND SOURCES OF ENZYMES

The first enzyme application, as early as 1912, was the use of barley for removal of starchy size from woven fabrics. The first microbial amylases were used in the 1950s for the same desizing process, today, which is routinely used by the industry. Since, then several other enzymes have been introduced for industrial applications and enzymes such as cellulases, catalases, laccase and pectinase are increasingly gaining a foothold in the textile industry as improved application process. Cellulase enzymes were first introduced after decades of amylase usage as an industry standard for desizing process. 

The first cellulase products for diverse application were introduced in the 1980’s. Cellulases have been used in the textile industry for approximately two decades for denim stone washing and Bio polishing of garments and fabrics says Auterinen, (2006). In contrast to textile processing there has been a dramatic increase in the use of enzymes in detergents since their introduction in the 1960’s. Washing powders are referred to as ‘biological’ because they contain enzymes remarks Gopalakrishnan et al., (2007)

A German scientist (Otto Rohm) demonstrated in 1905 that extracts from animal organs (pancreases from pig and cow) could be used as the source of enzymes proteases for leather softening according to Satyanarayana (2005). Most of the enzymes used in textiles are hydrolases, which catalyze cleavage reactions through hydrolysis. The Protease which breakdown proteins into amino acids and smaller peptides, lipases that breakdown lipids into fatty acids and glycerol and cellulases that breakdown cellulose into glucose say Das et al., (2006). 

Amylase catalyses to hydrolysis of starch without affecting the cellulose. Oxidoreductases would catalyze oxidation and reduction reactions, especially dehydrogenation views, Mehra et al., (2000). A characteristic feature of an enzyme is that it is not used by itself during the process and can be recovered at the end of the reaction. Enzymes are advantageous because of their low activation energy requirement, since the reaction conditions are close to the ambient narrates Prince, (2007).

Microbes are the best sources of enzymes since they allow an economical technology with low resource consumption and low emissions, involving no social or political issues as in case of animal and plant sources, defines Dalvi et al., (2007). As stated by Mukerji et al., (2006) the average composition of dry baggase is cellulose 45%, lignin 20%, pentosan, 28%, ash 2%, and sugar 2%. Naturally, wood degrading fungal and bacterial cellulolytic (whole) enzymes consists of several enzymes acting at the end or in the middle of the cellulose chains, reveals Kirubahar et al., (2007)

Commercial enzymes can be produced from a wide range of biological sources. At present, a great majority (80%) of them are from microbial sources. The different organisms and their relative contribution for the production of commercial enzymes are given in the Table-IV
TABLE-III

CONTRIBUTION OF MICROORGANISMS FOR THE PRODUCTION 
OF COMMERCIAL ENZYMES

	Name of the organisms
	Percentage Contribution

	Fungi

Bacteria

Yeast

Streptomyces

Higher animals

Higher plants
	60

24

4

2

6

4


A real breakthrough for large-scale industrial production as enzymes from microbes occurred after 1950s. In early day’s animal and plant sources are largely used for enzyme production. There are several drawback associated with manufacturing of enzyme. It is difficult to isolate, purify the enzyme opines Sathyanarayana, (2005).

Pancreatic enzymes are prepared from slaughterhouse waste such as pancreases, clotted blood and liver whereas malt extracts are made from germinated barley. Growing cultures of certain microorganisms in sterilized wort, providing an excellent supply of enzymes produces bacterial enzymes. Large populations as microbial cells can be grown under controlled conditions and in relatively short time to provide a uniform and inexpensive raw material for enzyme manufacture shown in Table – V

TABLE – IV

   BACTERIAL AND FUNGAL ORIGIN FOR ENZYME PRODUCTION

	Enzyme
	Origin

	∞ - Amylase

β – Amylase

Protease 

Catalase

Xylose isomerase

∞ - Amylase

Cellulase

Protease 

Pectinase

Catalase
	BACTERIAL

Bacillus subtilis, luhenifermis, tearothermophilus.

Bacillus cereus

Bacillus coagulans

Micro cocus lysodeicticus

Streptomyces aebus

FUNGAL

Asperigllus niger, oryzae, rhizopus oryzae.

Aspergillus niger, oryzae, penicillum Funicluosum, rhizopus, trichodorma logibrachiatum.

Aspergillus niger, oryzae

Aspergillus niger, oryzae, penicillum Funicluosum, trichoderma longibrachiatum

Aspergillus niger




As stated by Shukla et al., (2006)

Microorganisms of the general Trichoderma and Aspergillus are considered, as cellulase producers, and crude enzyme produced by these microorganisms are commercially available. Cellulases are said to be inducible enzymes. They are produced only when cellulose is present in the media and not when substrates such as glucose or glycerol are the sole carbon source.

The raw material for industrial enzyme fermentations has been limited to substances that are readily available in large quantities at low cost, and are nutritionally safe. Some of the most commonly used substrates are starch hydrolysate, molasses, corn steep liquor, whey and many cereals. Enzyme production from microorganism relies predominantly on either submerged liquid conditions or solid substrate fermentation. The culturing process is followed by filtration or centrifugation to remove the cells and residual cellulose explains Shukla et al., (2005).

2.8. CLASSIFICATION AND PROPERTIES OF ENZYMES:

Based on the type of biochemical reaction catalyzed enzymes are classified into six broad classes they are,
1. OXIDOREDUCTASES

Enzymes that can catalyze oxidoreduction reactions are termed as oxidoreductases. The substrate that is oxidized is regarded as hydrogen donor.
2. TRANSFERASES

Transferases are enzymes transferring a group eg., a methyl group or a glycosyl group, from one compound to another compound.
3. HYDROLASES

These enzymes catalyze the hydrolytic cleavage of C-O, C-N, C-C and some other bonds, including phosphoric anhydride bonds.
4. LYASES

Lyases are enzymes cleaving C-C, C-O, C-N and other bonds by elimination, leaving double bonds or rings, or conversely adding groups to double bonds.
5. ISOMERASES

These enzymes catalyze geometric structural changes with in one molecule. According to the type of isomerisms, they may be called racemases, epimerases, cistrans-isomerases, isomerases, tautomerase, mutases or cycloisomerases.
6. LIGASES

Ligases are enzymes catalyzing the joining together of two molecules coupled with the hydrolysis of a diphosphate bond in ATP or a similar triphosphate, says Gowda et al., (2004).

The international union of Biochemistry and Molecular Biology (I NBMB) has established a system whereby all enzymes classify into six major classes, each subdivided into subclasses that further subdivided report Delvin, (2002).

According to Verma et al., (2002), and das et al., (2000) enzyme properties are 

· Physically enzymes are colloidal nature and chemically they are proteins.

· Enzymes have high molecular weight.

· Inactive at high temperature, no enzymes can withstand temperature above 1000 C for long.

· Active only in the limited PH range

· Range of specificity varies from enzyme to enzyme 

· Biodegradable

· Inhibited by cyanides and sulphides. Rai, (2004) remarked as
· Enzymes speed up the biological reaction

· Act only on specific substrates

· Operate under mild conditions

· Easy to control

· Can replace harsh chemicals.

The salient features of enzyme application in textile process are, 

· Extremely specific nature of reactions involved with partially no side effects.

· Low energy requirements, mild conditions of use, safe to handle, non-corrosive in their applications

· On account of lesser quantities of chemicals used in process as well as case of biodegradability of enzymes results in reduced loads on ETP plants.

· Enzyme under unfavorable conditions of PH or temperatures chemically remain in same form but their physical configuration may get altered i.e. they get “denatured” and lose their activity, Raghunandan Churi, et al, (2004).

2.9 MECHANISMS AND KINETICS OF ENZYMES

Enzymes were large globular protein molecules, which were soluble when an enzyme was incorporated in a medium like solvent or water, they unfold and the amino acids present in the proteins, were sequenced in such a manner that every enzyme acquired an active site thereby specificity attacking a certain substrate. In other words, a particular enzyme could react with a particular substrate eg: if it is amylase or cellulase, it would react with starch or cellulose respectively.
The substrate was broken into degradation products making the enzyme available to attach itself again to another substrate and the cycle was repeated and thereby the enzyme become a Bio-catalyst, according to New Cloth Market (2004). The mechanism of cellulase action on cellulose is as follows: (i) The endoglucanases degrades cellulose by selectively cleaving through the amorphous sites and breaking long polymer chains into shorter chains, ii) cellobiohydrolases degrades cellulose sequentially from the ends of glucose chains, thus producing cellobiose as the major product and it plays a mediation role in degrading cellulose, and iii) (-glucosidases complete the hydrolysis reaction by converting cellobiose into glucose.

Enzymes have active sites, a small part of the enzyme influencing the catalysis of biochemical reactions. The activity of an enzyme is the measure of biochemical reactions catalyzed by unit enzyme in the given time. The factors influencing the enzyme activity are PH, temperature, substrate concentration, enzyme concentration, inhibitors and activity boosters. 


The substrates commonly used for characterization of cellulases are carboxy methyl cellulose (CMC), phosphoric acid, swollen avicel and filter paper. Among these CMC is amorphous cellulose, whereas filter paper has both amorphous and crystalline cellulose. Screening of whole cellulase preparation is done predominantly using filter paper activity involving what man No.1 filter paper; derive Vishnuvardhini et al., (2006)


The lock and key theory of enzyme action helps to explain the mechanism of enzyme action on the substrates. Each enzyme has a specific 3-dimentional shape with active site, which can only fit the substrate unit perfectly. In order to catalyze a reaction, enzyme molecule combines with the substrate to form an enzyme substrate complex. Bio- reaction takes place in the enzyme-substrate complex through the active site of the enzyme by reduction speed influencing the disintegration of enzyme- substrate complex by the release of reaction products and the original enzyme, Gowda et al., (2004).
· The catalytic activity of many enzymes depends on the presence of small molecules termed cofactors.

· Enzymes may transform energy from one form into another.

· Enzymes alter only the reaction rate and not the reaction equilibrium.

· The formation of enzyme – substrate complex is the first step in enzymatic catalysis.

· The substrates are bound to a specific region of the enzyme called the active site.

· The interaction of the enzyme and substrate at the active site promotes the formation of the transition state.

· Enzymes accelerate reactions by facilitating the formation of the transition state, report, Berg et al., (2001).

2.10 APPLICATION OF ENZYMES IN TEXTILE INDUSTRY

Various enzymes used for textile processing are given in the Table-V
TABLE-V

ENZYMES AND THEIR APPLICATION
	TEXTILE PROCESSES
	TYPE OF ENZYME USED

	Desizing

Scouring

Bleach H2O2 preparation

Bleach cleaner

Reactive dyeing wash off

Finishing 

Bio wash

Bio polish

Flax retting

Wool and silk shrink resistant on wool Degumming of silk

Bleaching of wool

Antifelting of wool

Wrinkle recovery of linen

Absorbency and surface

Modification of polyester

Waste cotton treatment 


	Amylase

Pectinase

Glucose oxidase 

Catalase 

Laccase

Laccases + Cellulase

Catalase

Flaxzym and ultrazym

Protease

Degummase

Protease

Protease

Polygalactroanase

Lipases

Cellulase



Enzymatic desizing using amylases is an established process that has been in use for many years. This could potentially lead to considerable savings in water usage energy and effluent treatment costs. More recently, Pectinase have shown promise in replacing the traditional alkaline scouring treatment report Pai et al., (2003)

Cellulase hydrolysis cellulose, yielding soluble product such as short chain Polysaccharides and glucose narrates Prabhu et al., (2006). The most widely used application of cellulase is the replacement of pumice stones in the ‘stone-washing’ process to produce the aged appearance as denim garments cellulases are also being used to replace singeing, which is applied to many cotton goods prior to scouring and bleaching. Pectinase used in the jute and flax. Recently found that treated Jute, flax with cellulase improves mechanical property of the fiber, increasing flexibility with good retention to tensile strength. Mixture of cellulase and xylanase increase brightness of Jute fibers remarks Kathiervelu, (2002).

As per recent estimates, a great majority of industrially produced enzymes are useful in processes related to foods (45%), detergents (35%), textiles (10%) and leather (3%). The application of enzyme in the textile finishing process is becoming more and more important. It offers new possibilities and chances to textile finishes reveal New Cloth Market (2001). Development of other processes in the future could also expand the use of enzyme on natural fibres into use on man-made fibres such as nylon and polyester.

Methodology

3. METHODOLOGY

The methodology pertaining to the study on” SOFTENING OF COIR FIBRE USING CELLULASE EXTRACTED FROM TRICHODERMA SPECIES” is discussed under the following headings,

3.1 Selection and collection of the fibre

3.2 Selection and collection of the enzymes

3.3 Selection of the microorganism

3.4 Cultivation and isolation of extra cellular enzymes
3.5. Optimization of growth conditions for cellulase production 

3.7 Application of enzymes on coir fibre. 

3.8 Determination of dye uptake of coir fibre before and after treatment

3.9 Evaluation of the treated sample

3.10 Statistical analysis

3.1 SELECTION AND COLLECTION OF THE FIBRE

Coir is a coarse, irregular shaped, lignocellulosic fibre obtained from husks of coconuts. It is usually brown or dark brown in color having short thick walled individual fibres characterized by irregular lumens and surface pores. Coir has high amount of cellulose and lignin content, so it becomes hard. It is suitable for making ropes, matting, and brushes, as stated by Ghosh, (2004). For the spinnability of coir, softness and flexibility are necessary. Hence the investigator made an attempt to soften coir fibres. Five kilogram of coir fibre was collected from Coir Board, Pollachi.

3.2 SELECTION AND COLLECTION OF THE ENZYMES

Enzymes are biocatalyst found within a living organisms which alter the fate of a chemical change, but itself remains unchanged, at the end of the reaction, and it is produced by the living organisms but is not itself alive, remarks Kumar (2003). According to Antony et al., (2004), Cellulase is an important extra cellular microbial enzyme, which hydrolyze cellulose present in the cellulosic fibres. Variety of cellulolytic fungi generates high level of cellulase and it has high industrial value.

 Since the research needs to compare extracted enzyme with commercial and bio scour enzymes the investigator selected crude cellulase, commercial Piscean QK, and Commercial bioscour GX-1 enzyme for the treatment of coir fibre. PISCEAN QK is a special liquid cellulase enzyme can be used as an alternative for conventional softeners. The product is totally biodegradable which is used to improve handle of all cellulosic materials without causing any pollution. They also suggest Piscean GX-1 can be used to remove cotton motes, breaking down pectin, lignin, natural cotton colorings, salt, waxes, ash and other cellulosic impurities from coir before dyeing, there by improving the evenness and absorption of dyes while dyeing. As stated by PISCEAN CENTURY CHEMICALS PTE LTD Coimbatore the commercial Piscean QK and Bioscour GX-1 were purchased from R.V.R Agencies, Coimbatore. The crude cellulase enzymes was optimized and extracted in the laboratory
3.3. SELECTION OF THE MICROORGANISMS

Although many useful enzymes have been derived from plant and animal sources, it is clear that, in future developments of enzyme technology will rely on enzymes of microbial origin. The use of microorganisms as a source for enzyme production has well developed, reveals Smith (2004). Through the use of extra cellular enzymes such as cellulases and fungi are the primary decomposers of the hard parts plants, which cannot be digested by animals. Fungi can breakdown cellulose and lignin from plants. Trichoderma is used commercially to produce the enzyme cellulase, which is used to remove plant cell walls, describes Tortora et al., (2006). Hence the investigator selected fungi to produce cellulase enzyme for further study.
3.4 CULTIVATION AND ISOLATION OF EXTRA CELLULAR ENZYMES


There are various steps in the cultivation and isolation of extracellular enzymes.

3.4.1 PRIMARY SCREENING


It is the appropriate screening method, used to select the particular microbes amongst 1000’s of strains according to Kumar, H.D (2005).

3.4.1.1 SELECTION OF SOURCE AND COLLECTION OF SAMPLE

Sugarcane baggase is a fibrous residual left after extraction of sugarcane juice. Wood is biodegradable. Fine sawdust is possible to get while carving the wood for construction materials, (Yang 2005). Both baggase and sawdust from agricultural waste are capable of producing cellulolytic fungi; hence the investigator selected both baggase and saw dust for the study.

3.4.1.2 PILOT STUDY 

In order to select the suitable fungi which produce the maximum cellulase, a pilot study was carried out. The effectiveness of coir fibre by the action of cellulase was also analyzed in the pilot study.

3.4.1.3 ISOLATION AND SCREENING OF FUNGUL CULTURE

            The fungi was isolated from the sample by using serial dilution technique. Nine ml of water was taken in eight test tubes, marked as 10-1 to 10-8, and sterilized using autoclave. One gram of powdered sugarcane baggase and saw dust samples were taken separately and serially diluted from 10-1 to 10-8 test tubes, and shaked well.

Rose Bengal chloramphenicol agar (APPENDIX 1) was used as a media for screening. The petriplates were sterilized by using hot air oven (Plate I) and the media was prepared in a conical flask sterilized using autoclave (Plate II). One ml of respective diluted samples were taken from each test tube and spread over the sterilized petriplates in laminar airflow (Plate III). After cooling the agar solution was poured over the sample and were allowed solidifying, fungal plates were incubated in invert position at room temperature for seven days. 
3.4.2 SECONDARY SCREENING

3.4.2.1 SELECTION OF FUNGAL COLONIES

After the incubation, the cultivated colonies were counted from petriplates and the prominent colonies alone were selected. The prominent four colonies of 10-5, 10-6 from baggase and four colonies of 10-6, 10-7 from saw dust were used for further study.
3.4.2.2 EXTRACTION AND ASSAY OF ENZYMES

The selected fungal colonies were grown in a conical flask for enzyme production with medium containing five gram of wheat bran, as carbon source. The medium was moistened with 10 ml of water and sterilized using autoclave. After 
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inoculation of fungal colonies, it was incubated at room temperature for seven days, say Rajendran et al., (2001). The content in the flask of solid-state fermentation were diluted with phosphate buffer of PH 6.5, and the cultures were centrifuged by using centrifuge (Plate IV) at 5,000rpm for 15 minutes at 4oC and the supernatant obtained was used to estimate extracellular enzymes.

Assay of cellulase was done by measuring the release of reducing sugars by 3, 5 – Di Nitro Salicylic acid (DNS) method, with glucose as a standard. It is assayed in terms of filter paper activity. The enzyme activity was measured by adding 1 ml of 0.2 M phosphate buffer PH 6.5 and 1 ml of enzyme to 32 mg Whatman No.1 filter paper. The mixture was incubated for 60 minutes at 500C, and the reaction was terminated by adding 2 ml of 3, 5-dinitro salicylic acid reagent. The tubes were kept at 100oC in boiling water bath for 5 minutes and cooled to room temperature. The final volume was brought to 10 ml with addition of water and absorbance measured using colorimetry (Plate V) at 540 nm. The same procedure was followed for all the enzymes to measure its activity. The colony, which has maximum activity, was selected for further study.
3.4.2.3 SELECTION OF FUNGI BY CELLULOSE HYDROLYSIS

As suggested by Vetriselvi et al., (2007) eight fungal species were isolated from the plates. Their cellulose degradation ability was determined by streaking these isolates over the agar plates incorporated with carboxy methyl cellulose powder (10 g/ L). The fungal plates were incubated at 370C, for 24 hours. After 24 hrs of incubation again the plates were incubated at room temperature for seven days. After incubation the plates were flooded with 1% Congo red solution for 15 minutes. Three times the plates were washed with distilled water and then the plates were incubated in 1M NaCl for 10 minutes. Cellulolytic activity of the strains was recognized on the basis of diameter of the zone around colonies.

3.4.2.4 IDENTIFICATION OF SELECTED FUNGI

The selected fungi were identified by staining method. Lacto phenol cotton Blue (APPENDIX-III) was used as staining reagent. One drop of reagent was taken in the slide, very little quantity of culture was spread over the staining with the help of flamed needles and cover slip was fixed over it. It stains the fungal cytoplasm and provides light background against which the walls of hyphae can readily be seen. The structure of fungi was examined under microscope. Based on the structure and morphology the fungi were identified.

3.4.2.5 MAINTENANCE OF CULTURE 

The culture should be maintained in a storage form for further study. Potato dextrose agar (APPENDIX II) was prepared and sterilized. Five ml of sterilized agar was taken in a sterilized test tube and closed with cotton plug. This was kept in slanting position. After the agar was set, the culture was inoculated and incubated at room temperature for seven days and stored in the refrigerator.

3.4.2.6 MEDIA USED FOR FERMENTATION

Most of the commercial cellulases from Trichoderma species are produced by submerged fermentation and solid-state fermentation. Solid-state fermentation is advantageous over submerged fermentation to obtain concentrated metabolites and subsequent purification procedures, which are economical. Agro industrial residues are generally considered to be the best substrates for solid-state fermentation process. Production of cellulase and simple sugars on agricultural residues by cellulolytic fungi has received considerable interest in recent times. Solid-state fermentation is successfully used for large-scale production of fungal metabolites and Bio conversion of plant, and animal wastes into useful products.

3.5 OPTIMIZATION OF GROWTH CONDITIONS FOR CELLULASE PRODUCTION.

Antony et al., (2004) say that the studies on various process parameters revealed that cultural conditions play an important role in cellulase production. A series of experiments were conducted to optimize various parameters like substrate, PH, temperature, incubation time, moisture content, carbon source, nitrogen source, and metal ions, and solvents (Plate VI).
3.5.1 PRODUCTION OF CELLULASE ON VARIOUS SUBSTRATES

The substrate for enzyme production was optimized by taking eight substrates namely, wheat bran, wheat, Rice bran, black gram, green gram, saw dust, oil cake, and sugarcane baggase. Five grams from each substrate was taken in a 250 ml conical flask, moistened with 10 ml of distilled water and sterilized using autoclave. The fungal culture was inoculated in each substrate and incubated for seven days. The cellulase activity for enzyme extracted from each substrate was determined by DNS method. The substrate which has maximum activity was taken as optimum for enzyme production. As stated by Smith (2004), moist wheat bran is mainly used as substrate for industrial fermentation. Enzyme produced in this way includes fungal amylases, proteases, pectinase and cellulases. At the completion of fermentation the enzyme may be present within the microorganism or excreted into the liquid or solid medium.

3.5.2 PH

 The pH of the fermentation medium was optimized by maintaining from pH 4 to 10. Five grams of wheat bran was taken in six conical flasks, moistened with water and sterilized. The culture was inoculated and incubated at room temperature for seven days. Other parameters were maintained as constant. After fungal growth the enzyme was extracted, and activity was measured by DNS method calorimetrically at 540 nm. The pH which has maximum cellulase activity was taken as optimum pH for the cellulase production.
3.5.3 TEMPERATURE


The optimum temperature was recorded by maintaining various temperatures about 300 C, 400 C, 500 C, and 600 C. The medium was prepared and inoculated with selected fungal culture and incubated at various temperatures for seven days. The PH was maintained 6.5 PH as determined earlier. The cellulase activity was measured for each sample, by DNS method, calorimetrically at 540 nm. The temperature which has maximum activity was taken as optimum for the enzyme production.

3.5.4 INCUBATION TIME

The optimum incubation time for enzyme production was determined by maintaining the fermentation medium from 5 to 10 days of incubation. The PH and temperature were maintained as constant as stated earlier. After extraction of enzyme, the cellulase activity was measured for each sample. On the basis of the maximum activity, the optimum incubation time was selected.
3.5.5 MOISTURE CONTENT

The effect of moisture content on production of cellulase enzyme was determined by growing the organism in conical flask at different moisture content (5 to 10 ml) the PH, temperature, and incubation time was maintained as constant as determined earlier. The optimum moisture content was considered based on maximum activity of sample.

3.5.6 CARBON SOURCE

The carbon source for enzyme production was optimized by taking five carbon sources namely filter paper, carboxy methyl cellulose, news paper, rice hull, and microcrystalline cellulose. One per cent of each carbon source was added to five grams of wheat bran in five conical flasks. It was moistened with 10 ml of water and sterilized using autoclave. The culture was inoculated and incubated at room temperature for 7 days. The enzyme was extracted from each flask and measured its activity by DNS method. The carbon source was selected for the cellulase production which has the maximum activity.
3.5.7 NITROGEN SOURCE

Each of six nitrogen sources namely yeast extract, peptone, sodium nitrate, ammonium nitrate, diammonium sulfate, and sodium chloride were tested for suitability for cellulase production. 0.01 g of nitrogen sources were separately added in to wheat bran medium and fungi was cultivated by maintaining other parameters as constant. The fungal culture was cultivated and extracted, cellulase activity was measured at 540 nm. The maximum activity was taken as optimum nitrogen source for cellulase production.

3.5.8 METAL IONS

Different metal ions such as Ferrous sulfate, magnesium sulfate, sodium sulfate, barium chloride, calcium chloride, and mercuric chloride, measured 0.01g and added to five gram of wheat bran medium in separate conical flask and sterilized using autoclave. Each flask was inoculated with fungal culture and incubated at room temperature. The enzyme was extracted and the maximum activity was found as optimum metal ions for cellulase production.

3.5.9. SOLVENTS FOR EXTRACTION OF ENZYMES

To optimize the suitable solvent for the extraction of enzyme, the cultivated broth was diluted with two different solvents at various proportions. The two solvents are, buffer and sterile water. This was taken as 22 ml and 60 ml proportions. The activity for extracted enzyme was noted, and the maximum activity was taken as the optimum solvent and proportion for enzyme extraction.
3.5.10 PROTEIN ESTIMATION

According to Lowry (1951), the protein concentration of all the culture filtrates was determined by the Lowry method. Solution ‘A’ was prepared by mixing with 0.04 mg of Sodium hydroxide of 0.1 N was mixed with 100 ml of distilled water and mixed well. Two grams of sodium carbonate was added to NaOH solution and again mixed well. Solution ‘B' was prepared by mixing 0.5 g of copper sulfate in 100ml of distilled water. Solution ‘C’ was prepared by mixing 1g of sodium potassium tartarate in 100 ml distilled water. Alkaline reagent was prepared by mixing 50 ml of solution ‘A’ 0.5 ml of solution ‘B’ and 1ml of solution ‘C’. Folin-ciocalteau reagent was prepared by mixing of folin- ciocalteau and water in 1:2 proportions.


The 0.5 ml of enzyme was taken in each test tube and make up to 1 ml with water. Five ml of alkaline reagent was added and allowed for 10 minutes. After which 0.5 ml of Folin phenol was added and incubated for 30 minutes. The blue color was obtained by the reduction of phosphomolybdic, phosphotungstic components in the Folin-Ciocalteu reagent by the amino acids tyrosine and tryptophan present in the protein, plus the color developed by the biuret reaction of the protein with alkaline cupric tartarate. The intensity was measured using colorimetry at 660 nm as suggested by Lowry’s method. The same procedure was followed for all the enzyme to estimate protein.

3.6 PRODUCTION OF CELLULASE ENZYMES

The crude cellulase enzyme was produced for further estimation and application. Five grams of wheat bran was taken, and sterilized using autoclave. The fungal culture was inoculated. This was kept for incubation for seven days. The grown fungus was scrubbed and mixed with phosphate buffer maintaining PH as 6.5. The culture was crushed using mortant pestle, and filtered with the help of filter. The filtrate was centrifuged at 5000 rpm for 15 min. The supernatant was served as crude enzyme. The extracted cellulase enzyme was used to treat the coir fibres to improve its softness.
3.7. APPLICATION OF ENZYMES ON COIR FIBRES
3.7.1 OPTIMIZATION OF ENZYMATIC TREATMENT ON COIR

To determine the optimum values in various parameters for coir treatment the optimization was done,

3.7.1.1 ENZYME PROPORTION

Enzyme with water was taken in a beaker from 4:6 proportions. The selected known weight of coir fibres were treated for 24 hours at room temperature in their respective proportion. Finally, the fibres were washed and dried. The weight of the coir fibres were recorded using electronic weighing balance. Based on the weight loss, hand feel, and general appearance, the best concentration was selected.

3.7.1.2 TIME
In order to standardize the time for incubation, the treatment baths were maintained for 12, 24, 36 and 48 hours. The enzyme proportion was maintained as 4:10. Based on the weight loss, hand feel and general appearance the optimum time for cellulose degradation was determined. 
3.7.1.3 TEMPERATURE

To determine the optimum temperature for enzyme treatment on coir was estimated by maintaining temperature from 300, 400,500 and 600C, Based on the weight loss, the optimum temperature was found for coir treatment. The optimized values for coir treatment were discussed in the Chapter- Results and Discussion.
 3.7.1.4 SUBSTRATE PROPORTION


To determine the optimum substrate proportion for treatment was estimated by varying the proportions, as 1:10, 2:10, 3:10 and 4:10. The optimum proportion was found as 1:10 based on the hand feel, general appearance, and weight loss.
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3.7.2 EXTRACTED CELLULASE ENZYME TREATMENT FOR COIR FIBRES
The extracted enzyme was used for coir treatment. From the optimization, the standard time, temperature and enzyme concentration were followed for treating the coir fibres. The treated coir fibres were subjected to various laboratory tests. The treated coir fibres were used for making some of the end products. 
3.7.3 COMMERCIAL PISCEAN QK CELLULASE TREATMENT

As given by Piscean Century Chemicals PTE LTD, Coimbatore, the enzyme concentration was taken as one gram per liter. The required quantity of coir samples were treated for 45 minutes, following the temperature as 550C. Finally the samples were taken out washed and rinsed thoroughly. The treated samples were subjected to various laboratory tests.
3.7.4 COMMERCIAL BIOSCOURING ENZYME TREATMENT.

As described by Piscean Century Chemicals PTD LTD, Coimbatore, three grams per liter of enzyme was taken in a container. The required quantity of coir samples were treated for 60 minutes following the temperatures as 1000C. Finally the samples were taken out and dried in shade. The treated samples were subjected to various laboratory tests.

3.8 DETERMINATION OF DYE UPTAKE OF COIR FIBRES BEFORE AND AFTER TREATMENT

3.8.1 SELECTION AND COLLECTION OF DYE

Reactive dye was selected to dye the coir fibres because of its commercial availability and recommended dyeing procedure, says Hauser et al., (2005). It was popularly used for the coloration of the cellulosic material, because they provide good fastness properties.

3.8.2 PROCEDURE FOR DYEING
Dye bath was made with reactive dye and Glauber’s salt, keeping material-to-liquor ratio as 1:20. The samples were dyed in the dye bath for 1 hr with constant stirring boiling temperature. Then the alkali was added for fixation of the dye to the 
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fibre and kept for 45 minutes in the same condition. The samples were then taken out and dried in air describes Monika Singh, et al., (2005)
3.8.3 PREPARATION OF END PRODUCT USING TREATED COIR FIBRES
The treated and dyed coir fibres were converted into yarn by spinning process with the help of Coir Training Centre, Kinathukadavu. Some of the end products namely fruit baskets (Plate VII), trays of different shapes (Plate VIII) and flower vase (plate IX) were made with the help of Coir board, Pollachi.

TABLE –VI
NOMENCLATURE OF THE ORIGINAL AND TREATED SAMPLES

	S. no
	Nomenclature
	Explanation

	1

2

3

4


	O

EES

CES

BES


	Original

Extracted enzyme treated samples

Commercial enzyme treated sample

Bioscour enzyme treated sample




3.9 EVALUATION OF THE TREATED SAMPLES
 
The treated and original samples were evaluated by subjective and objective evaluation.

3.9.1 SUBJECTIVE EVALUATIONS

3.9.1.1 VISUAL INSPECTION

A visual inspection was carried out to find out the difference between the softness of the crude and commercial enzyme treated coir samples. The treated coir samples were neatly placed on a white sheet of paper and labeled for evaluation. A Proforma was framed and given it to the judges, comprised of 20 textile experts in Avinashilingam University for Women, Coimbatore. The criteria considered for evaluation were change in color, hand feel, uniformity in dyeing and over all appearance of the treated and dyed samples.
3.9.2 OBJECTIVE EVALUATIONS

 Textile testing is the process of inspecting, measuring and evaluating the characteristics and properties of textile materials. The enzyme treated coir fibres were tested for their, Bundle strength, Elongation at break, Fineness, Flexural rigidity, and fibre weight.

3.9.2.1 FIBRE BUNDLE STRENGTH AND ELONGATION

Strength or tensile strength of a fibre is determined by its ability to resist strain or rupture induced by tension, and is a determining factor in the selection of a fibre Subrahmanyam et al., (1989)

Elongation at rupture of fibre will be performed by the fibre within the limits of its breaking load. It may be expressed by the actual, the fractional or the percentage increase in length, and is termed as elongation, point Gacen et al., (2004)

Eureka fibre Bundle strength Tester (Plate- X) was used to determine the strength and elongation of fibres. Angappan and Gopalakrishnan (1990) describe that, the breaking load or strength is indicated by the pointer P1 is freely mounted on the axis A and is driven by the sensing pin fixed in the pendulum, the pin pushes the cam S. As soon as the test fibres break the sensing pin falls away from the cam S and therefore the pointer P1 stops immediately. The breaking load can be read directly from the scale.

The percentage elongation is indicated on a small scale by the pointer P2 which is suspended from the aim of the pointer P1. The scale itself is driven by the sensing pin pushing along the cam E. In this way the scale is given a clockwise movement. Now if there is no elongation taking place, then both the pointer P1 and the elongation scale would move together and the pointer P2 would remain opposite to zero on the elongation scale. If there is elongation it causes the sensing pin to change its position along the cam E. Therefore the elongation scale lags behind the movement of P. Thus the movement of the pointer P indicates % elongation.

When the sample breaks, the sensing pin drops away from both cams S and E and both the pointer P1 and the elongation scale stop. The elongation at break can be readily noted at that point. After the bundle has been broken the fibres are collected and weighed in mgs. From the 1/8 inch gauge length and the fibre weigh in mg. The tensile strength or the tenacity in g/tex can be calculated using the formula.

At 1/8 inch gauge length, 

Tenacity in g / tex   =     Breaking strength in kg x 15





        Bundle weight in mg

Ten readings were taken and the mean value was calculated to find out the bundle strength and elongation %

3.9.2.2 FIBRE FINENESS

Fineness of a fibre is usually expressed by its diameter of microns or by the weight of the fibre per unit length denier. The fineness was tested by Gravimetric method. ASTM (2005) which explains, average linear density in tex or denier units of single fibres in a bundle is calculated from mass and length measurements on the bundle and the number of single fibres in the bundle. The apparatus required are Balance, metal template, fibres weights, forups and clams. 50 fibres were counted and cut with the length about 5cm and weighed. 
The calculations are making by using the formula. 

                                        Denier =     n x l x m


                                               9000x100

Where n = number of fibres, l- average length of fibres in cm and m= mass in gram.

3.9.2.3 FLEXURAL RIGIDITY

According to Vijayakumar et al., (2006) and Banerjee et al., (2001), rigidity is the stiffness of fibre, coir has high rigidity, because of it contain high amount of cellulose and lignin. The softened and untreated coir fibre is tested for rigidity by using SITRA’S method, namely classical ring loop (Plate XI) method. Five cm of fibre was taken, one end of fibre was hold by clamping and another end left free, 20 mg of weight was hanged over just 0.5cm away from the clamped end of fibre. To reach 0.5 cm down of the scale, the weight move gradually, after reaching, the length between initial and final weight was measured as rigidity.

 3.9.2.4 FIBRE WEIGHT
When the coir fibre is treated with enzyme some weight loss may be observed. This indicates the degradation of cellulose. This was calculated by weighing the coir fibres before and after the enzyme treatment.  Weight loss of the samples was measured by gravimetric method. To get accuracy in weight, the untreated and treated samples weigh using electronic balance (Plate XII). The samples were weighed carefully after drying. The weight loss was calculated by using the following formula,

Weight loss = 100 (W1-W2)

 




       W1

Where, W1 – Weight of the sample before the treatment 

 
 W2 – Weight of the sample after the treatment.

Explains Chattopadyay et al., (2006) 
3.10 STATISTICAL ANALYSIS

          After the data collection, it was essentials the information in systematic manner, in order to obtain the desired results and interpretation scientifically. The information thus collected was analyzed statistically and findings are given in the Chapter- Results and Discussion.
Results and discussion

4. RESULTS AND DISCUSSION
The results and discussion pertaining to the study entitled as “SOFTENING OF COIR FIBRE USING CELLULASE EXTRACTED FROM TRICHODERMA SPECIES” are discussed under the following headings,

4.1 Selection and Identification of Fungi

4.2 Optimization of growth conditions for cellulase production

 4.3 Optimization of enzyme treatment on coir

4.4 Subjective evaluation

4.5 Objective evaluation
4.1 SELECTION AND IDENTIFICATION OF FUNGI
The cellulase activity of different species from the sources of sugarcane baggase and saw dust are given in the Table – VII

TABLE – VII

THE CELLULASE ACTIVITY OF DIFFERENT SPECIES

	S. no
	Species
	Cellulase activity U/ml/min

	1

2

3

4

5

6

7

8
	SBC1

SBC2

SBC3
SBC4

SDC1
SDC2

SDC3
SDC4
	0.015

0.015

0.03

0.06

0.033

0.05

0.033

0.033


SBC – Sugarcane Baggase Colony
SDC – Saw Dust Colony
From the above table, it is evident that among the all samples SB4 showed the maximum cellulase activity. This culture can be degraded cellulose present in the cellulosic fibres. This was proved by cellulose hydrolysis test, incubated at room temperature for 7 days.

In the cellulose degradation, the cellulose resistance fungi were determined. Based on this the culture was selected. primary screening revealed that these isolates were potentially cellulolytic which was indicated by the development of clear zone around the colonies when flooded with 1 per cent Congo red solution, and often with the solution of sodium chloride after the period of incubation. SB4 was shown clear zone around the colonies so it was selected for the softening of coir fibre. It was found from the present investigation that SBC4 (Plate XIII) can produce highest level of cellulase
TABLE – VII-a
COLONY MORPHOLOGY AND MICROSCOPICAL APPEARANCE OF TRICHODERMA SPECIES

	s. no
	Fungal
	Colony Morphology
	Microscopic appearance

	1.
	Trichoderma sp.
	Emerald green Coloured colonies with smooth and rough walls
	Masses of spore with slimy conidial heads clustered at the tip


The fungi were identified by lactophenol cotton blue staining method. Identification of species was done purely by microscopic appearance. Based on the structure and morphology of fungi as examined under the microscope (Plate-XIV) it was identified as Trichoderma species, which was used for the extraction of cellulase enzyme.

4.2 OPTIMIZATION OF GROWTH CONDITIONS OF CELLULASE PRODUCTION 

4.2.1 SUBSTRATE 

The Table – VIII and Figure-1 reveals the cellulase activity of fungi cultivated from various substrates.

TABLE – VIII

            OPTIMIZATION OF SUBSTRATE FOR CELLULASE PRODUCTION.

	S. no
	Substrate
	Cellulase activity U/ml/min
	Specific activity

U/mg

	1
	Wheat bran 
	0.15
	2.727

	2
	Wheat 
	0.06
	0.589

	3
	Black gram 
	0.08
	0.629

	4
	Rice bran
	0.03
	0.322

	5
	Green gram 
	0.08
	0.720

	6
	Saw dust
	0.01
	0.266

	7
	Oil cake
	0.01
	0.144

	8
	Sugarcane baggase
	0.05
	0.925


From the above table, it was evident that among the various substrates, wheat bran shows the maximum cellulase activity, because the wheat bran increases the growth of the fungi. Hence the wheat bran was selected for the production of cellulase enzyme for the coir softening.

4.2.2 PH
The cellulase activity of culture at various PH level in the production media is given in Table – IX and Figure – 2.
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TABLE - IX

OPTIMIZATION OF PH FOR CELLULASE PRODUCTION   
	s. no
	PH
	Cellulase Activity U/ml/min
	Specific Activity U/mg

	1

2

3

4

5

6
	5

5.5

6

6.5

7

7.5
	0.03

0.03

0.01
0.06

0.05

0.02
	0.254

0.243

0.130

0.434

0.390

0.162




PH of the medium played an important role in cellulase production. The table IX revealed that, among the PH levels fungi produced significant level of cellulolytic enzyme at PH 6.5. Hence the PH 6.5 was maintained so as to improve the cellulase production.

4.2.3 TEMPERATURE



The Table X and Figure -3 furnishes the cellulase enzyme activity of selected culture at different temperature.

TABLE X

OPTIMIZATION OF TEMPERATURE FOR CELLULASE PRODUCTION
	S. no
	Temperature0 ​​C
	Cellulase activity U/ml/min
	Specific activity U/mg

	1

2

3

4
	30

40

50

60
	0.08
0.01

0.01
0.01
	0.112

0.098

0.100

0.096




From the above table it was found that the suitable temperature for cellulase production which shows maximum cellulase enzyme activity 300C, and also it was 
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noticed that the media was dried in higher temperature. The fungi will not grow without moisture content.

4.2.4 INCUBATION TIME



The cellulase enzyme activity of selected fungi at different incubation period is presented in Table XI and Figure -4

TABLE XI
OPTIMIZATION OF INCUBATION TIME FOR CELLULASE PRODUCTION

	S. no
	Incubation time in days
	Cellulase activity U/ml/min
	Specific activity U/mg

	1

2

3

4

5

6
	5

6

7

8

9

10
	0.01
0.03
0.08
0.06
0.03
0.05
	0.173

0.279

2.357

1.406

0.916

1.315



The above table showed that the incubation time for fermentation media was optimized for 7 days. It was found that seven days of incubation the enzyme revealed maximum cellulase activity than the other period of incubation.

4.2.5 MOISTURE CONTENT:



Table XII and Figure -5 shows the cellulase enzyme activity for seven days at different moisture content level of medium at room temperature.

TABLE XII
OPTIMIZATION OF MOISTURE CONTENT FOR CELLULASE PRODUCTION

	S. no
	Moisture Content (ml)
	Cellulase activity U/ml/min
	Specific activity U/mg

	1

2

3

4

5

6
	6

7

8

9

10

11
	0.016

0.016

0.033

0.050

0.083

0.066
	0.125

0.114

0.235

0.367

0.820

0.584




Influence of moisture content on cellulase production was evaluated by varying the levels of moisture on the substrate from 6ml to 11ml. Table XII revealed that enzyme accumulation was found to be high in 10ml of moisture content on the seventh day of incubation. It was also proved by Mohan et al., (2004).

4.2.6 CARBON SOURCE

The cellulase activity of selected culture cultivated at different carbon sources are given in Table XIII and Figure -6

TABLE – XIII

OPTIMIZATION OF CARBON SOURCE FOR CELLULASE PRODUCTION

	S. no
	Carbon source

1%
	Cellulase activity U/ml/min
	Specific activity U/mg

	1

2

3

4

5
	Filter paper

Carboxy methyl

Cellulose

News paper

Rice hull

Microcrystalline

Cellulose
	0.27

0.34

0.27

0.08

0.47
	0.966

1.23

0.80

0.33

1.85
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The above table showed the cellulase activity at different carbon sources. It was found that microcrystalline cellulose has maximum enzyme activity. Hence this was selected for the production of cellulase enzyme. The same as proved by Okeke et al., (1993)

4.2.7 NITROGEN SOURCE

The Table XIV and Figure -7 presents activity of cellulase enzyme at different nitrogen sources. 

                                            TABLE – XIV
OPTIMIZATION OF NITROGEN SOURCE FOR CELLULASE PRODUCTION

	S. no
	Nitrogen source in g
	Cellulase activity U/ml/min
	Specific activity U/mg

	1

2

3

4

5

6
	Yeast extract

Peptone

NaNo3

NH4No3
(NH4)2 So4

NaCl
	0.06

0.05

0.01

0.01

0.01

0.03
	0.53

0.47

0.14

0.15

0.17

0.25


Nitrogen in media is an important factor that affects enzyme production. From the above table, it was clear that yeast extract of one per cent was found to be the best nitrogen source among the different nitrogen sources experimented, because it stimulates the growth of individual strain. The same as proved by Antony et al., (2004).
4.2.8 METAL IONS

The Table XV and Figure - 8 exhibits the cellulase activity of culture at various metal ions at room temperature.

TABLE XV

OPTIMIZATION OF METAL IONS FOR CELLULASE PRODUCTION
	S. no
	Metal ions

0.1%
	Cellulase activity U/ml/min
	Specific activity U/mg

	1

2

3

4

5

6
	FeSo4
MgSo4

Na2So4

Co2+
Cacl2

Hgcl2
	0.10

0.08

0.13

0.16

0.10

0.03
	0.69

0.55

0.30

1.60

0.51

0.23


From the above table -XV it was observed on adding different metal ions in the fermentation media except Co2+, others decrease the cellulase activity. This was proved by Ali et al., (1991).

4.2.9 SOLVENTS FOR ENZYME EXTRACTION

The Table XVI and Figure-9 furnishes the cellulase activity of enzyme extracted from fermentation media with different concentration of sterile water and phosphate buffer.
TABLE -XVI
OPTIMIZATION OF SOLVENTS FOR ENZYME EXTRACTION

	S. no
	Solvents in ml
	Cellulase activity U/ml/min
	Specific activity U/mg

	1

2

3

4
	22 buffer

60 buffer

22 sterile water

60 sterile water
	0.100

0.083

0.116

0.083
	0.510

0.546

0.674

0.730
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From the above table, it was found that the solvents of 22ml sterile water was selected because it showed maximum cellulase activity, it was also proved by Mohan et al., (2004)

4.2.10 THE SELECTED OPTIMIZED PARAMETERS IN PRODUCTION MEDIA. 

The Table XVII shows the selected parameters for the production of cellulase enzyme.

TABLE - XVII

SELECTED PARAMETERS FOR THE CELLULASE PRODUCTION

	S. no
	Parameters
	Optimized  parameters

	1

2

3

4

5

6

7

8

9
	Substrate

PH
Temperature

Moisture content

Incubation time

Carbon source

Nitrogen source

Metal ions

Solvents 
	Wheat bran

6.5 PH
Room temperature 

10 ml

7days

Microcrystalline cellulose

Yeast extract

Cobalt 2+
22 ml sterile water 



Table XVII, revealed the selected parameters from optimization for the production of cellulase enzyme, which were used for the treatment of coir fibre.

4.3 OPTIMIZATION OF ENZYMATIC TREATMENT ON COIR FIBRE

4.3.1 ENZYME CONCENTRATION

Based on the weight loss, hand feel and general appearance 4:10 proportion, of enzyme concentration was selected for the treatment of coir samples for the study, because it showed maximum weight loss.

4.3.2 INCUBATION TIME:

 Incubation time as 24 hours was considered as good because of maximum weight loss of the fibre after treatment. More than 24 hrs results harden the fibre.
4.3.3 TEMPERATURE:

Room temperature was found as optimum temperature for the cellulase treatment on coir based on weight loss and hand feel of treated fibres.

4.3.4 SUBSTRATE CONCENTRATION

It was found that one gram of coir sample with 10ml of enzyme concentration gave the best results. Hence 1:10 enzyme substrate proportion was selected.
4.3.5 THE SELECTED PARAMETERS FOR THE COIR TREATMENT
The Table XVIII shows the selected parameters from optimization coir treatment.

TABLE XVIII

SELECTED PARAMETERS FOR COIR TREATMENT

	S. no
	Parameters
	Optimized parameters

	1

2

3

4
	Enzyme proportion

Incubation time

Temperature

Substrate proportion
	4:10

24 hrs

Room temperature

1:10



From the above table, the enzyme proportion 4:10, the incubation time as 24hrs, the room temperature and substrate proportion as 1:10 were selected as optimized parameters for the enzyme treatment on coir fibres.

4.4 SUBJECTIVE EVALUATION

4.4.1 VISUAL INSPECTION


The Table XIX shows the visual inspection of the treated and dyed coir samples. The change in color, hand feel, uniformity, and general appearance were used as the criteria for evaluation. 

TABLE XIX

VISUAL INSPECTION OF TREATED AND DYED COIR SAMPLES

	S. No
	Yardstick in %
	EES
	CES
	BES

	1

2

3

4
	Change in color

Bright

Medium

Dull

Hand feel

Soft

Medium

Rough

General appearance

Good

Fair

Poor

Dyeability

Uniform

Medium

Ununiform
	85

15

-

80

20

-

80

20

-

80

10

10
	20

80

-

25

70

5

50

50

-

15

70

15


	30

70

-

5

75

20

10

80

10

-

20

80



From the above table it was clear that the enzyme treated samples were rated as bright by 85 per cent of the judges. With regard to hand feel, general appearance, and dyeability of the extracted enzyme treated samples were rated as soft, good and uniform by 80 per cent of the judges. In the rating of commercial enzyme treated samples the hand feel and dyeability as medium and general appearance as  fair by 80, 70 and 50 per cent of the judges, whereas bioscour enzyme treated samples were rated as medium, fair and ununiform by 75, 70, and 80 per cent of the judges.
4.5 OBJECTIVE EVALUATION:

4.5.1 FIBRE BUNDLE STRENGTH: 

The bundle strength of untreated and treated coir samples using various enzymes are given in Table XX and Figure – 10.

TABLE – XX

FIBRE BUNDLE STRENGTH
	S. no
	Sample
	Mean

kg 
	% Gain/loss Over original
	%  Gain/loss over original
	Standard deviation
	t-value

	1
	O

EES
	4.33

3.55
	-0.78
	21.97
	0.90

0.74
	1.65 NS

	2
	CES
	3.59
	-0.74
	20.61
	0.67
	1.80 NS

	3
	BES
	4.43
	0.1
	2.25
	0.81
	1.21 NS

	4
	EES

CES
	3.55

3.59
	0.04
	1.11
	0.74

0.67
	0.12 NS

	5
	EES

BES
	3.55

4.43
	0.88
	19.86
	0.74

0.81
	2.33* 

	6
	CES

BES
	3.59

4.43
	0.84
	18.96
	0.67

0.81
	4.67**


NS – Not significance, *- significance at 5% level, **- significance at 1% level. 

It was clear from the above table that among the coir treated samples using different enzymes, bio scour enzyme treated sample showed increased bundle strength value by 2.25 per cent when compared with original. Test of significance proved that no significant difference was found between the enzyme treated samples. Between extracted and commercial enzyme treated samples no significance difference was found though there is meager difference. Among the extracted enzyme, commercial enzyme and bioscour enzyme treated samples, the bioscour enzyme treated sample showed increase in bundle strength by 18.96 per cent. 

.TABLE – XXI
ANOVA FOR FIBRE BUNDLE STRENGTH

	Source of variation
	Sum of squares
	df
	Mean square
	‘F’ value

	Treated

Error

Total
	6.6190

22.476

29.095
	3

36

39
	2.206

0.6243

0.7460
	3.533*


NS – Not significance, *- significance at 5% level, **- significance at 1% level. 

 Analysis of variance proved that 5 per cent level of significant difference was found between the extracted, commercial and bioscour enzyme treated samples.

4.5.2 ELONGATION:
Table XXII and Figure - 11 shows the elongation of various enzyme treated coir samples                           

TABLE – XXII

ELONGATION

	S. no
	Sample
	Mean
	Gain/loss over original
	% Gain/loss over original
	Std deviation
	t-value

	1
	O

EES
	11.70

12.80
	1.1
	8.59
	3.80

3.76
	1-29 NS

	2
	CES
	16.10
	4.4
	27.32
	4.20
	3-44**

	3
	BES
	17.30
	5.6
	32.36
	2.00
	4-88 **

	4
	EES

CES
	12.80

16.10
	3.3
	25.78
	3.76

4.20
	2.29 *

	5
	EES

BES
	12.80

17.30
	4.5
	26.01
	3.76

2.00
	3-52 **

	6
	CES

BES
	16.10

17.30
	1.2
	6.93
	4.20

2.00
	1-26 NS


NS – Not significance, *- significance at 5% level, **- significance at 1% level. 

The Table – XXII and Figure-11showed that the elongation of extracted, commercial and bio scour enzyme treated samples. Among the different enzyme 
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treated samples, bioscour enzyme treated samples revealed the maximum increase in elongation by 32.36 per cent.

Test of significance proved that 1 per cent level of significant difference was found when compared commercial and bio scour enzyme treated samples with originals, while no significant difference was found when extracted enzyme compared with original.

Comparison extracted enzyme treated samples with commercial and bio scour enzyme treated samples, the bio scour enzyme treated samples revealed increased elongation value by 26.01 per cent, where as no significance difference between the commercial and Bio scour enzyme treated samples 

TABLE XXIII
ANOVA FOR ELONGATION OF COIR FIBRES
	Source of variation
	Sum of squares
	df
	Mean square
	F-value

	Treated

Error

Total
	211.275

452.700

663.975
	3

36

39
	70.425

12.575

17.025
	5. 6004**


NS – Not significance, *- significance at 5% level, **- significance at 1% level.

From the above table the statistical analysis of variance proved that 1 per cent level of significant difference was proved between the extracted, commercial and bioscour enzyme treated samples. 
4.5.3 FIBRE FINENESS 


The fineness of untreated and enzyme treated and samples are shows in the Table – XXIV and Figure – 12
TABLE – XXIV

FIBRE FINENESS
	S. no
	Sample
	Mean
	Gain/loss over original
	% Gain/loss over original
	Std deviation
	t-value

	1
	O

EES
	0.19

0.16
	-0.03
	15.78
	0.016

0.008
	6.43**

	2
	CES
	0.18
	0.01
	5.26
	0.003
	2.025 NS

	3
	BES
	0.18
	0.01
	5.26
	0.015
	1.964 NS

	4
	EES

CES
	0.16

0.18
	0.02
	12.5
	0.008

0.011
	3.766**

	5
	EES

BES
	0.16

0.18
	0.02
	12.5
	0.008

0.015
	2.967**

	6
	CES

BES
	0.18

0.18
	0.00
	0
	0.011

0.015
	0.00NS


NS – Not significance, *- significance at 5% level, **- significance at 1% level.

The Table XXIV showed the fineness of extracted, commercial and bioscour enzyme treated samples. Among the enzyme treated samples the extracted enzyme treated samples showed maximum increase in fineness value by 15.78 per cent than the commercial and bioscour enzyme treated samples and also compared with originals. The statistical analysis proved that the extracted enzyme treated samples showed significance difference at 1 per cent level.

 Test of significance proved that 1 per cent level of significance difference when the commercial and Bioscour enzyme treated samples compared with extracted enzyme treated samples, whereas no significant difference was found between commercial and bioscour enzyme treated samples.    
TABLE XXV

ANOVA FOR FIBRE FINENESS 
	Source of variation
	Sum of squares
	df
	Mean square
	‘F’ ratio

	Treated

Error

Total
	0.00492

0.00492

0.01129
	3

36

39
	0.00029

0.000177

0.000290
	9.2826**


NS – Not significance, *- significance at 5% level, **- significance at 1% level.


Analysis of variance proved that 1 per cent level of significant difference was found between the extracted, commercial and bio scour enzyme treated samples.

4.5.4 FLEXURAL RIGIDITY
The following Table – XXVI and Figure - 13 represents the flexural rigidity of enzyme treated and untreated coir samples.
TABLE - XXVI

FLEXURAL RIGIDITY OF FIBRE.
	S. no
	Sample
	Mean
	Gain/loss over original
	% Gain/loss over original
	Std deviation
	t- value

	1
	O

EES
	3.45

2.13
	-1.32
	61.97
	0.59

1.07
	3.3236**

	2
	CES
	3.13
	-0.32
	10.22
	0.42
	1.44 NS

	3
	BES
	3.05
	1
	31.94
	0.83
	1.27 NS

	4
	EES

CES
	2.13

3.13
	1
	31.94
	1.07

0.42
	2.79 *

	5
	EES

BES
	2.13

3.05
	0.92
	30.16
	1.07

0.83
	1.93*

	6
	CES

BES
	3.13

3.05
	-0.08
	2.62
	0.42

0.83
	0.23 NS


NS – Not significance, *- significance at 5% level, **- significance at 1% level.

Table XXVI and Figure –13 showed the flexural rigidity of extracted, commercial and bioscour enzyme treated samples. Among the enzyme treated samples, the extracted enzyme treated samples showed decreased the flexural rigidity by 61.97 per cent, than the commercial and bio scour enzyme treated samples, and also compared with originals. The statistical analysis proved that 1 percent level of significant difference was observed with extracted enzyme treated samples, where as no significant difference was found when compared commercial and bio scour enzyme treated samples with originals.
 
Test of significance was proved that 5 per cent level of significant difference was found, when the extracted enzyme treated samples compared with commercial and bio scour enzyme treated samples, whereas no significant difference was found between commercial and bio scour enzyme treated samples.
TABLE XXVII

ANOVA FOR FLEXURAL RIGIDITY

	Source of variation
	Sum of squares
	df
	Mean square
	‘F’ ratio

	Treated

Error

Total
	9.6440

21.472

31.116
	3

36

39
	3.214

0.596

0.797
	5.389**


NS – Not significance, *- significance at 5% level, **- significance at 1% level.

Analysis of variance proved that 1 per cent level of significant difference was found between the extracted, commercial and bio scour enzyme treated samples.
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4.5.5 FIBRE WEIGHT
TABLE – XXVIII

FIBRE WEIGHT
	s. no
	Sample
	
	Mean
	Gain/loss over original
	% Gain/loss over original

	1

2

3
	EES

CES

BES
	Before treatment 

After treatment 

Before treatment 

After treatment 

Before treatment 

After treatment 


	1.15

1.0

1.18

1.02

1.25

1.13
	-0.15

-0.16

-0.12
	13%

18%

9%


From the above Table-XXVIII and Figure-14 it was clear that among the treated samples the commercial enzyme treated samples revealed maximum weight loss by 18% where as of extracted and bioscour enzyme treated samples revealed minimum loss by 13 per cent and 9 per cent respectively. Maximum weight loss reflects reduced flexural rigidity and increased fineness of coir fibres; in turn this will affect the strength and elongation of the coir fibres.
CONCLUSION
The Inference revealed that among the selected enzymes such as extracted cellulase, commercial cellulase and commercial bioscour enzyme for the coir treatment, the extracted enzyme treated samples exhibited effective performance with respect to fineness, rigidity and fibre weight. These factors influence the spinnability of coir fibres in turn the factors facilitate blending of coir fibres with other cellulosic fibres. Apart from this the enzyme treated samples spun by yarns promotes weaving of coarser fabrics.  

Summary and conclusion

5. SUMMARY AND CONCLUSIONS
The awareness on enzyme impact in chemical processing of textiles combined with increased strict legislation on industrial effluent and consumer interest to use eco-friendly products has led to the advanced, non-polluting, chemical processes for fibre material treatments, particularly in wet processing industries. Recently, it is observed that enzymes are safe to use, easy to control and Bio-degradable and hence enzymes can be used as an alternate for harsh chemicals but operates under mild conditions.

The use of enzyme technology is attractive because enzymes are highly specific and efficient. Furthermore, the use of enzyme results in reduced process times, energy and water savings, improved product quality and potential process integration. In their production, these microbes excrete a wide variety of proteins, which work in several ways to breakdown cellulose. The enzyme currently used in the textile industry namely alpha amylases, cellulases, and proteases are hydrolases. Cellulase application could be extended to surface and hand modification of cellulosics.

Coir a natural vegetable hard fiber from a seed source called a coconut fiber, extracted from the husk of the whole coconut. Coir is 100 per cent organic, biodegradable, lignocellulosic fibers from mesocarp tissue of coconut. Due to the presence of high quantity of lignin content coir fiber is very hard because of the relatively lower length and breadth ratio, spinning of coir fiber is rather difficult. Hence softening of coir fibers is necessary to enhance their spinnability.

 The specific objectives of the study are,
To isolate and screening of fungal culture

· Optimize of cellulase production and enzyme extraction

·  Optimize  enzymatic treatment and application of enzyme on coir fibre

· Subjective and objective evaluation

· The end use of treated and dyed coir samples.

Cellulase is an important extra cellular microbial enzyme, which hydrolyze cellulose present in the cellulosic fibres. Variety of cellulolytic fungi generates high level of cellulase and it has high industrial value. 
Since the research needs to compare extracted enzyme with commercial and bio scour enzymes the investigator selected crude cellulase, commercial Piscean QK, and Commercial bioscour GX-1 enzyme for the treatment of coir fibre. PISCEAN QK is a special liquid cellulase enzyme can be used as an alternative for conventional softeners. The product is totally biodegradable which is used to improve handle of all cellulosic materials without causing any pollution. They also suggest Piscean GX-1 can be used to remove cotton motes, breaking down pectin, lignin, natural cotton colorings, salt, waxes, ash and other cellulosic impurities from coir before dyeing, there by improving the evenness and absorption of dyes while dyeing.
 As stated by PISCEAN CENTURY CHEMICALS PTE LTD Coimbatore the commercial Piscean QK and Bioscour GX-1 were purchased from R.V.R Agencies, Coimbatore. The crude cellulase enzymes was optimized and extracted in the laboratory

Trichoderma is used commercially to produce the enzyme cellulase, which is used to remove plant cell walls. Sugar cane baggase and saw dust were selected for the production of cellulolytic fungi. The fungi were isolated from the sample by using serial dilution technique. Rose Bengal chloramphenicol agar was used as a media for screening. After the incubation, the cultivated colonies were counted from Petri plates and the prominent colonies alone were selected.  The selected fungal colonies were grown in a conical flask for enzyme production. 

The cultivated colonies in the flask of solid-state fermentation were diluted with phosphate buffer of PH 6.5, and the cultures were centrifuged at 5,000 rpm for 15 minutes at 4oC and the supernatant obtained was used to estimate extracellular enzymes. Assay of cellulase was done by measuring the release of reducing sugars by 3, 5 – Di Nitro Salicylic acid (DNS) method, with glucose as a standard. The fungi was also selected by determining the cellulose degradation ability. The selected fungi were identified by staining method. The culture should be maintained in a storage form for further study. Potato dextrose agar was used for storage.

A series of experiments were conducted to optimize various parameters of production media like substrate, pH, temperature, incubation time, moisture content, carbon source, nitrogen source, metal ions and solvents. Incubation time, enzyme concentration, substrate concentration, and temperature were also optimized for the enzymatic treatment of coir fibres. The coir fibres were treated with extracted enzyme by following the optimized parameters. The coir fibres were also treated with commercial bioscour Gx-1 and commercial cellulase QK by following the procedure suggested by Piscean century chemicals PTD LTD.
The coir samples treated by using extracted enzyme, commercial cellulase QK and bioscour Gx-1 samples were subjected to various laboratory tests.

A Visual Inspection
B Laboratory test

A. Visual Inspection:
With regard to hand feel, general appearance, and dyeability of the extracted enzyme treated samples were rated as soft, good and uniform by 80 per cent of the judges. In the rating of commercial enzyme treated samples the hand feel and dyeability as medium and general appearance as  fair by 80, 70 and 50 per cent of the judges, whereas bioscour enzyme treated samples were rated as medium, fair and ununiform by 75, 70, and 80 per cent of the judges.
B. Laboratory test:

Bundle strength: 

Bio scour enzyme treated sample showed increased bundle strength value by 2.25 per cent when compared with original. Test of significance proved that no significant difference was found between the enzyme treated samples. Between extracted and commercial enzyme treated samples no significance difference was found though there is meager difference. Among the extracted enzyme, commercial enzyme and bioscour enzyme treated samples, the bioscour enzyme treated sample showed increase in bundle strength by 18.96 per cent. 

Elongation: 
Comparison extracted enzyme treated samples with commercial and bio scour enzyme treated samples, the bio scour enzyme treated samples revealed increased elongation value by 26.01 per cent, where as no significance difference between the commercial and Bio scour enzyme treated samples 

Fineness:
Among the enzyme treated samples the extracted enzyme treated sample showed maximum increase in fineness by 15.78 per cent than the commercial and bioscour enzyme treated samples and also compared with original. The statistical analysis proved that the extracted enzyme treated samples showed significance difference at 1 per cent level.

Rigidity:

 Among the enzyme treated samples, the extracted enzyme treated samples showed decreased flexural rigidity by 61.97 per cent, and than the commercial and Bio scour enzyme treated samples, and also compared with original. The statistical analysis proved that 1 percent of significant difference was observed with extracted enzyme treated samples where as no significant difference was found when compared commercial and bio scour enzyme treated samples with original.

Fibre Weight:
Among the treated samples the commercial enzyme treated samples revealed maximum weight loss by 18% whereas, extracted and Bioscour enzyme treated samples revealed minimum loss by 13 per cent and 9 per cent respectively. Maximum weight loss reflects reduced rigidity and increased fineness of coir fibres in turn this will affect the strength and elongation of the coir fibres.

Conclusion:

The Inference revealed that among the selected enzymes such as extracted cellulase, commercial cellulase and commercial bioscour enzyme for the coir treatment, the extracted enzyme treated samples exhibited effective performance with respect to fineness, rigidity and fibre weight. These factors influence the spinnability of coir fibres in turn the factors facilitate blending of coir fibres with other cellulosic fibres. Apart from this the enzyme treated samples spun by yarns promotes weaving of coarser fabrics.  
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Appendices

APPENDIX-I

COMPOSITION OF   BENGAL CHLORAMPHENICOL AGAR.

Mycological peptone

- 
500g

Dextrose

    
-
10.00g

Monopotassium phosphate      - 
1.00g

Magnesium sulphate               -
0.50g

Rose Bengal                            -
 0.05g

Chloramphenicol                     - 
0.10g

Agar



- 
15.50g

PH                                            -
7.2 to 0.2 at 25oC

Distilled water 

 - 
1000ml

APPENDIX-II

COMPOSITION OF POTATO DEXTROSE AGAR

Potato


           -
200g

Dextrose


- 
20g

Agar 



- 
20g

Distilled water


- 
1000ml

APPENDIX -III

COMPOSITION LACTO PHENOL COTTON BLUE STAIN

Phenol crystal

            -
 20g

Lactic acid

            -
 20ml

Glycerol 


- 
40ml

Cotton blue


-
0.57g

APPENDIX – IV

         DETAILS OF SELECTED MATERIAL






Brown / White 
– White coir





Retted / Unretted
- Retted





Cost per kg

- 25 RS
DETAILS OF THE ENZYME TREATED AND DYED SAMPLES
Extracted enzyme              Commercial enzyme 
        Bioscour enzyme 



APPENDIX- VI

VISUAL INSPECTION OF TREATED AND DYED COIR SAMPLES

	S. No
	Yardstick in %
	EES
	CES
	BES

	1

2

3

4
	Change in color

Bright

Medium

Dull

Hand feel

Soft

Medium

Rough

General appearance

Good

Fair

Poor

Dyeability

Uniform

Medium

Ununiform
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