DEVELOPMENT OF ENZYMATIC SCOURING FOR KALANGAL WOOL

By

USHA NANDHINI. T.

[Reg. No.08PBS13]

A DISSERTATION SUBMITTED TO THE
AVINASHILINGAM DEEMED UNIVERSITY FOR WOMEN 
COIMBATORE – 641 043

IN PARTIAL FULFILMENT OF THE REQUIREMENTS FOR THE DEGREE 
OF

MASTER OF SCIENCE IN BIOTEXTILES

MAY 2010
[image: image32.jpg]




ACKNOWLEDGEMENT


The investigator places her humble salutations and prayer to the ALMIGHTY GOD for his uncountable blessings showered upon her throughout the study.


The investigator expresses her sincere thanks to the Former Chancellor of Avinashilingam Deemed University for Women, Coimbatore, Ayya Thiru T.S. AVINASHILINGAM, and Hony. Col. Padmashri, Amma, Dr. (Tmt). Rajammal P. Devadas, M.A., M.Sc., Ph.D., (Ohio State), Hon. D.Sc. (Azad Agri. University, Kanpur), Avinashilingam Deemed University for Women, Coimbatore.


The investigator records her sincere thanks to                                            Thiru T.K. SHANMUGANANDAM B.A., B.L., Chancellor, Avinashilingam Deemed University for Women, Coimbatore, for providing the infrastructural facilities for the conduct of the study.



The investigator is indebted to Hony. Col.                                          Dr. (Tmt). SAROJA PRABHAKARAN, M.A., Dip. Ed. (Madras), Ph.D. (Mother Teresa), Vice- Chancellor, Avinashilingam Deemed University for Women, Coimbatore, for providing all the amenities required for the conduct of the study. 



The investigator records her gratitude to                                              Dr. (Tmt). GOWRI RAMAKRISHNAN, M.Sc., (Madras), M.Phil., Ph.D. (Avinashilingam), Registrar, Avinashilingam Deemed University for Women, Coimbatore, for providing help for the smooth conduct of the study.


She records her deep sense of gratitude to                                                 Dr. (Tmt). G. KRISHNABAI, M.Sc., Dip. Ed., M.Phil. (Madras), Ph.D. (Mother Teresa) Dean, Faculty of Home Science, Professor and Head, Department of Textiles and Clothing, Avinashilingam Deemed University for Women, Coimbatore, for her constant help and support at all times of need.



The investigator records her sincere gratitude and heartfelt thanks to Dr. (Mrs). S. AMSAMANI, M.Sc., (Bharathiar), M.Phil., Ph.D. (Avinashilingam), Assistant Professor, Department of Textiles and Clothing, Avinashilingam Deemed University for Women, Coimbatore, the real source of inspiration whose constant encouragement, love – worthy guidance and suggestions has shaped this study to final form.



The investigator feels extremely proud and privileged for having worked under the guidance of her esteemed guide Tmt. K. KALAIARASI, M.Sc., (Avinashilingam), M.Phil. (Madras), Assistant Professor, Department of Textiles and Clothing, Avinashilingam Deemed University for Women, Coimbatore, for her constant motivation, keen interest, relentless support, untiring patience, innovative ideas, suggestions, constant love and easy approach throughout the study.


She also wishes to thank all the TEACHING AND NON TEACHING STAFF of the department who have helped her to carry out the research work.



She is thankful to Avinashilingam Deemed University, Tamil Nadu Agricultural University, SIMA and SITRA for the library facilities.



The investigator gratefully acknowledges the encouragement, timely help and support received from her Friends. She expresses her deepest sense of gratitude to her Beloved Parents G. THARANI THARAN, T.MEENA KUMARI and Family Members for extending their support without which the study would have never seen the light of the day.

CONTENTS

CONTENTS

	CHAPTER NO.
	TITLE
	PAGE NO.

	
	LIST OF TABLES
LIST OF FIGURES
LIST OF PLATES

LIST OF APPENDICES
	

	1
	INTRODUCTION
	1-3

	2
	REVIEW OF LITERATURE
	4-15

	3
	EXPERIMENTAL PROCEDURE
	16-34

	4
	RESULTS AND DISCUSSION
	35-67

	5
	SUMMARY AND CONCLUSION
	68-72

	
	BIBLIOGRAPHY
	

	
	APPENDICES
	


LIST OF TABLES

	TABLE NO.
	TITLE
	PAGE NO.

	I
	Receipe for enzymatic scouring
	26

	II
	Receipe for conventional method
	27

	III
	Receipe for commercial enzymatic scouring
	28

	IV
	Nomenclature
	34

	V
	Protease activity in isolated fungal strains
	35

	VI
	Different agro- wastes as substrate for the production of protease by aspergillus sp
	36

	VII
	Effect of incubation time on protease production
	38

	VIII
	Effect of inoculum concentration on protease production
	40

	IX
	Effect of ph on protease production
	42

	X
	Effect of temperature for protease production
	44

	XI
	Effect of metal ions on protease production
	46

	XII
	Optimum enzyme concentration for wool scouring
	48

	XIII
	Effect of ph for wool scouring
	49

	XIV
	Effect of temperature for wool scouring
	50

	XV
	Effect of incubation time for wool scouring
	51

	XVI
	Staple length
	53

	XVII
	Crimp
	55

	XVIII
	Medullation
	57

	XIX
	Scouring yield
	59

	XX
	Fiber diameter
	61

	XXI
	Moisture content
	63

	XXII
	Moisture regain
	65


LIST OF FIGURES

	FIGURE NO.
	TITLE
	PAGE NO.

	I
	Different agro- wastes as substrate for the production of protease by aspergillus sp.
	37

	II
	Effect of incubation time on protease production
	39

	III
	Effect of inoculum concentration on protease production
	41

	IV
	Effect ph on protease production
	43

	V
	Effect of temperature on protease production
	45

	VI
	Effect of metal ions on protease production
	47

	VII
	Effect of enzyme concentration for wool scouring
	49

	VIII
	Effect of ph for wool scouring
	50

	IX
	Effect of temperature for wool scouring
	51

	X
	Effect of incubation time for wool scouring
	52

	XI
	Staple length
	54

	XII
	Crimp 
	56

	XIII
	Medullation
	58

	XIV
	Scouring yield
	60

	XV
	Fiber diameter
	62

	XVI
	Moisture content
	64

	XVII
	Moisture regain
	66


LIST OF PLATES

	PLATE NO.
	TITLE
	PAGE NO.

	I
	Refrigerated centrifuge
	20

	II
	Autoclave
	20

	III
	Substrates
	22

	IV
	Raw wool
	24

	V
	Enzymatic method
	24

	VI
	Conventional method
	24

	VII
	Commercial enzymatic Method
	24

	VIII
	Soxhlet apparatus
	33


LIST OF APPENDICES

	APPENDIX NO.
	TITLE

	I
	Sabourauds Dextrose Broth

	II
	Determination of protease activity

	III
	Samples




INTRODUCTION

INTRODUCTION


Fibers are the basic ingredients of fabrics. Textile production involved the exclusive use of natural fibers such as cotton, hemp, flax, wool etc. Wool was the first animal fiber to be made into cloth. It comes from the fleece of animals, most commonly sheep. The fleece is removed by the use of shears or clippers in the shearing process. Wool fleece is a natural and renewable resources. Wool is “green” being renewable and biodegradable.


Wool is produced in the fiber follicle in the skin of the sheep. Because of the multitude of variations possible in, for example, the diet, breed and the health of the sheep, as well as the climate, wool fibers vary greatly both in their physical properties such as diameter, length and crimp and in their chemical composition. It has exceptional properties like cool in summer, warm in winter with a variety of weights suitable for both apparel and interior fiber applications.


Raw wool contains 25 – 70% by mass of impurities. These consist of wool grease, perspiration products (suint), dirt and vegetable matter such as burrs and seeds. These impurities are removed by specific processes like scouring and carbonizing.


Scouring is the important pretreatment process for wool finishing. Wool scouring typically uses water and alkali, although scouring with an organic solvent is also possible. Scouring with alkali breaks down natural oils and surfactants and suspends impurities in the bath. The scouring effluent is strongly alkaline and significant portion of BOD and COD loads from textile manufacturing arise from scouring processes review Frank (2007). Scouring usually involves the use of detergents and an alkaline solution refers Kadolph (2002).


The traditional scouring is performed with sodium hydroxide, which is extremely corrosive in concentrated form because of its high alkaline nature. Due to the unspecific nature and harsh conditions, an alkaline scouring damages the fiber opine Rakesh et al. (2001). Most of the chemicals used for oxidation (halogen derivatives) are environmentally harmful and therefore intensive research has been made to develop more environmental friendly processes states Cavaco (2003).


In recent years, textile industry has accomplished many innovative projects integrating biotechnology. Enzymes are very effective tool in providing eco-friendly solution in Textile Industry. Right from fabric pretreatment to finishing, various looks and effects can be created replacing basic and speciality chemicals. Advanced Enzyme Technologies Ltd (AET) is offering complete solution from pretreatment to finishing in garment and fabric finishing stage. Primarily, enzymes are being used in fabric processing for desizing, scouring, bleaching etc., depending on the type of fiber.

Enzymes are proteins with highly specialized catalytic functions, produced by all living organisms. Enzymes are responsible for many essential biochemical reactions in micro organisms, plants, animals and human beings state Patra et al. (2003). Although like all other proteins, enzymes are composed of amino acids, they differ in function in that they have the unique ability to facilitate biochemical reactions without undergoing change themselves opines Churi (2004).


Enzymes have been used to support the descaling process with the goal of improving shrink resistance, for bleaching and scouring purposes. Proteases have a useful potential in wool processing. Proteases precisely act on peptide bonds formed by specific amino acids and hydrolyze them reports Dinesh (2003).


Enzymatic processes offer major advantages over conventional treatments, including savings in chemicals and energy, less or no impact on the environment. Enzymes are used in textile industry because they can replace harsh chemicals, accelerate reactions, act only on specific substrate, operate under mild conditions, and are safe, easy to control and biodegradable. Enzymes have begun to assume increasing importance in textile finishing. One of the main reasons for this wider application of enzymes has been steady increase in environmental awareness on the part of consumers as well as the legislations regarding the environmental protection expresses Shukla (2001).


Enzyme treatment is one of the most prospective eco-friendly processes, for treating wool. The enzymatic scouring needs low temperature and mild alkaline conditions. As the enzymes are bio-degradable, the BOD/COD can be reduced to 50% of the normal. The salt content in the effluent is considerably reduced. The process is able to save more than 50% of rinsing water. The use of protease enzyme leads to uniform degradation of the cuticle and imparts antifelting properties. 


Enzyme treatments are safe to use because they are not only eco- friendly but also degrade one type of impurity and do not harm the fiber additionally review Sanjay et al.(2008).


Hence, the present study “Development of Enzymatic Scouring for Kalangal wool” aims to isolate the protease producing fungi and optimize the culture conditions for maximum protease production and study its application for the removal of impurities present in the kalangal wool fiber.

Objectives


The major objectives of the present study are

· To screen and isolate the protease producing fungi from the selected source.

· To identify the selected fungal strain.

· To optimize various parameters such as pH, temperature, incubation time, inoculum concentration for protease production.

· To scour the raw wool fiber using the extracted enzyme.

· To compare the efficiency of enzymatic scouring with conventional and commercial enzymatic scouring. 
REVIEW OF LITERATURE

2. REVIEW OF LITERATURE


The review of literature pertaining to the study “Development of Enzymatic Scouring for Kalangal wool” is discussed under the following headings 


2.1. Wool


2.1.1. History of wool 


2.1.2. Structure of wool 


2.1.3. Grading of wool 


2.2. Properties of wool


2.2.1. Physical properties


2.2.2. Chemical properties


2.3. Uses of wool


2.4. Qualities of wool


2.5. Processing of wool


2.5.1. Shearing


2.5.2. Shrinkage 


2.5.3. Felting


2.5.4. Fulling


2.5.5. Carbonizing


2.5.6. Scouring


2.6. Scouring methods


2.6.1. Conventional scouring


2.6.2. Enzymatic scouring

2.1. WOOL
  
Wool fiber and hair fiber are the natural protein fibers say Singh (2004). It is composed of the protein known as keratin, a substance which consists of carbon, hydrogen, oxygen, nitrogen and sulphur says Hall (2004).  It is the first fiber that had been used by primitive people expresses Gupta (2005). Wool is the first animal fiber to be made into cloth states Sheila (2005). The finest wool came from merino sheep, raised in Spain by the Basque people informs Thomas (2006).


Wool is harvested in staple form and like all staple fibers, varies widely in staple length and fiber quality. Shorter- staple wool is carded and when spun is called woolen. Longer staple wool can yield a softer woollen grade, but it is most often combed after carding, spun on a different type of equipment and then plied to yield worsted yarns states Yates (2002). The long, coarse fibers forming the outer coat are called hair and the short wool fibers of the undercoat are called wool opines Mahapatra (2009). Wool scales are numerous, minute, pointed and are attached only at their bases. Thus the fibers interlock under pressure expresses Sheila (2005).


Wool scales impart a lustrous appearance. Natural oils, such as lanolin, are secreted from glands near the hair follicles states Gillow (1999). Fineness, color, crimp, strength, length and elasticity are wool- fiber characteristics that vary with the breed of the sheep informs Hollen (1988).


Wool is naturally flame -retardant owing to its tendency to retain moisture expresses Thomas (2006). Wool was popular for its warmth and readily available to the classes of society who were able to sustain the animals and process the fibers. Wool can be made into extended length rather easily, especially when the lanolin oils, dried perspiration and dirt that collect on the sheep during grazing are removed by washing. The best grade of wool is shorn from the sheep’s back and shoulders, while wool from the legs and stomach region is less durable says Frank (2007).


 Wool working is a constant cultures of all historical eras and geographical areas. Various terms of expression that are still current – fleecing, pulling the wool over some one’s eyes, dyed- in -the- wool, going against the wool, wool gathering, much cry and little wool is reveal how closely wool is related to the dynamics of human relationship expresses Carolin et al (2004). 

2.1.1. HISTORY OF WOOL
Ever since humans became civilized, wool has been important to them.  At times in history, wool has been more valuable than gold, and at other times men have fought for the land on which to raise sheep.  Some ranchers have grown rich through wool, while others have starved.  Many ‘wool churches’ in England were built by wealthy wool merchants, perhaps seeking to gain entry to heaven.

The origin of sheep is extremely old and in the prehistoric times, the ancient man reared it in the central Asian regions. It was later introduced to Southeast Asia and Europe. The ancestors of human beings drank the milk of female sheep and ate the meat. They wore the fur to protect themselves from cold and they are also said to have thatched the roofs with it. After that, with progress in knowledge, the man spun yarn from the collected hair and made fabric with it says Nakamura (2000).

2.1.2. STRUCTURE OF WOOL

Wool fiber generally appears as a circular cylinder that tapers from the root to the tip. When viewed through the microscope, wool fiber shows four distinct regions. They are epicuticle, cuticle, cortex and medulla says Jindal (2007a). 


The textile industry uses substantial quantities of fibers obtained from various animal sources, of these sheep wool is the most important commercially. Wool is a complex natural fiber composed mainly of proteins (97%) and lipids (1%), with a heterogeneous morphological structure. This scaly structure of wool is responsible, to a great extent, for the tendency of wool to felt and shrink refer Feughelman (1997). 


[image: image2]
2.1.2.1. Epicuticle
 
The epicuticle is the outer sheath that consists of the non-protein part of the fiber. It is a thin, water repellent membrane. The epicuticle, which constitutes about 0.25 percent of the total mass of the fiber, is very inert chemically, being resistant to acids, oxidizing and reducing agents, enzymes, and alkalis. The outer sheath helps wool fabrics to absorb water vapour from the human body without feeling damp and release it into the air says Jindal (2007b).

2.1.2.2. Cuticle

Underneath the epicuticle, at the surface, there is cuticle or scale like cells. This scaly epidermis or cuticle serves as a protection for the main part of the fiber and also gives it rigidity. The size and density of the scales vary along the fiber and from fiber to fiber. The substructures of the cuticle cells are directly relevant to felting, friction and shrink proofing processes. When the diameter increases, the number of scales also increases states Mishra (2000).
2.1.2.3. Cortex

The cortex or cortical layer lies directly under the scales and make up the body of the wool fiber. This consists of a layer of elongated cells of fibrous nature, which gives strength and elasticity to the fibers. The irregular growth of these cells produces the natural waviness of the fiber views Murphy (2003).

2.1.2.4. Medulla
 

Many coarse wool fibers have a hollow space in the centre running along the length of the fiber. The medulla is absent in fine wools quote Jindal (2007b). the size of the medulla varies greatly and the volume of wool fibers occupied by the medulla may run from 10-80%. It is probably through the medulla that solutions of wet processing treatment and dyes penetrate the fiber expresses Mishra (2000).

2.1.3. GRADING OF WOOL 

The main physical feature of the wool fiber is its length and diameter. Generally the wool is graded as fine, medium, long, cross bred, and carpet.

2.1.3.1. Fine 
 
 This type of wool is available from Merino and Rambouillet type of sheep’s. The wools are short wools. The average length varies between 3.2 cm to 10cm. This wool is useful for 60s to 90s yarns describes Mishra (2000).

2.1.3.2. Medium

The fleece occupies a middle position between the length and coarseness of fine wool and long wool. The length varies from 2.5 inch and counts are spun from 46s to 60s. Medium wools are suitable for hosiery and knit goods views, Jindal (2007a).

2.1.3.3. Long 



Large sheep such as the Lincolns, Cotswolds, Leicestors, Romney marsh produce long, strong and lustrous wool. The fiber length varies from 5 or 6 inches for a Romney marsh to 10 or even 16 inches for Cotswolds expresses Susheela (1964).

2.1.3.4. Cross Breed

 These wools are obtained from sheep raised by crossing one breed of sheep with another which develop certain described characteristics or combinations of characteristics. The length varies from 3-6 inch and are spun into counts 50s-60s. The diameter ranges between 25-50µ views, Jindal (2007a).

2.1.3.5. Carpet

The carpet wool is the wool collected from native sheep variety from China, India, Pakistan and South America. It is coarse and hard in quality. It is not suitable for making woollen fabrics. Out of the total production of wool in the world, about 20% is the carpet wool expresses Nakamura (2000).

2.2. PROPERTIES OF WOOL
Wool, one of the oldest textile fibers known, has survived the test of time because of its unique natural properties.
Hence, wool is a remarkable renewable resource with exceptional properties - cool in summer, warm in winter and in a variety of weights suitable for both apparel and interior fiber applications.
2.2.1. PHYSICAL PROPERTIES

The average length of wool fibers is between one and eight inches and the diameter varies from 0.0018 to 0.0003 inches. It is the weakest of the natural textile fibers. The breaking strength of wool varies greatly in the range of 2.5 to 3.8 grams per single fiber. Its elasticity is the greatest of all the common textile fibers. Depending upon the quality of wool, the fiber may be stretched from 25 to 30 per cent of its natural length before breaking. This characteristic reduces the danger of tearing under tension and contributes to free body movements.  It is attacked by mildew if left damp in a warm place. The variation in weight of wool is due to the difference in the amount of moisture it contains and it has made it necessary to agree upon a definite per cent of allowable moisture or regain. The density of wool is 1.30. Wool is different from other fibers because of its chemical structure. This chemical structure influences its texture, elasticity, staple and crimp formation. Wool has excellent flame-resistant properties. Wool fiber has a high degree of resilience. Wool fabric wrinkles less than others. Good wool is very soft and resilient. Poor wool is harsh. Wool’s excellent draping quality is aided by its pliability, elasticity and resilience. One of the outstanding competitive features that wool has over many manmade fabrics is its superior drapability expresses Corbman (1986).

2.2.2. CHEMICAL PROPERTIES

Cold and dilute acids do not harm the fabric. However, concentrated acids can destroy the fiber. Dilute sulphuric acid is used to remove vegetable matter from the fiber during carbonization. Concentrated alkalis destroy the fiber immediately. Dilute alkalis and alkaline soaps also weaken the fiber. Borax and ammonia are not harmful for woollens. Woollens should be washed with neutral detergents like Ezee and Genteel etc. Wool has high affinity for most of the dyes especially acid and basic dyes. Strong bleaching agents like chlorine and sodium hypo chloride are harmful for woollens. Other oxidizing and reducing agents like sodium hydroxide, potassium permanganate can be used safely for bleaching and for stain removal. Wool absorbs noise and reduces noise levels. Wool is weakened by alkali perspiration. As wool fibers are non conductors of heat, they permit the body to retain its normal temperature. Wool is easily damaged by moths. However, mildew does not easily attack except when stored in a damp place describe Gupta et al. (2005).

2.3. USES OF WOOL



Woollen and Worsted fabrics are widely used throughout the world. They are warm, comfortable, naturally crease- resistance, flexible, elastic and absorbent. Both woollen and worsted fabrics tailor well, press easily and can be shaped by steam and pressing to confirm to the body and look and feel good says Holt (1980).

 
Wool is also used for the pile of all classes of carpets, felts and knitted fabrics. A blanket, Flannels, Baizes and other special fabrics use up a considerable quantity of the fiber opines Murphy (2000). 
2.4. QUALITIES OF WOOL
The textile industry uses substantial qualities of fibers obtained from various animal sources; of these sheep wool is the most important commercially.

Wool can vary in quality. Some type consists of short coarse fibers whilst others are very fine and long describe Hall (2004).The quality of wool is expressed by a number which was originally intended to represent the finest single fold count that could be spun from fibers to that particular grade. Thus

         
60 quality should spin a 60/l yarn = 14.5 Tex worsted

          
48 quality should spin a 48/l yarn = 22.4 Tex worsted

The qualities range from 32 at the lowest end to 80 at the highest says Trotman (1990).
2.5. PROCESSING OF WOOL FIBERS
2.5.1. SHEARING

Sheep are sheared once or twice a year, depending on the locality. Pulled wool is obtained from animals which are sold for meat. The pelts are washed and brushed and then treated chemically to loosen the fibers. The yield of pulled wool is about one-fifth as much as that of sheared wool says Mullick (1997).

2.5.2. SHRINKAGE

Tension given to wool fibers and yarns during spinning, weaving and finishing causes the fibers in the woollen items to exhibit a “ relaxation shrinkage” due to a slow recovery from the tensile deformation during storage wool fib and use. Sometimes, even a shower of rain may provide enough moisture to loosen the wool fibers to cause rapid relaxation shrinkage states Ghosh (2004).

2.5.3. FELTING

Felting is the process of compaction and entanglement of fibers that occur when wool is agitated in water. Felting is used to produce industrial felts and a non-woven fabric from loose wool informs Kaplan (2001).


Felting is largely dependent on the special roughness of the wool fiber surface due to the projecting edges of the over lapping scales. If the scale roughness is reduced, the wool no longer felt explains Halls (2004).


Felting can be done by Cubbing and producing the cloth with rocker shaped filling blocks and Chemical treatments at a particular pH and timings to achieve the desired degree of felting says Mishra (2000).

2.5.4. FULLING

This is a finishing process used in the manufacture of woollen and worsted fabrics. Cloth is mechanically worked in fulling machine, whereby shrinkage is caused in both warp and fulling directions, resulting in a denser and more compact fabric [NIIR Board].

After the weaving process, woollen and worsted gray goods are placed in warm, soapy water and are pounded and twisted to make the wool fibers interlock. This application of heat, moisture and pressure, followed by a cold rinse is called fulling views Corbman (1983).


Either acid fulling or alkali fulling is done. Acid fulling is normally carried out for heavy fabrics such as blankets, military uniforms, felt cloth etc. Alkali fulling is meant for other variety describes Manivasakam (1995).

2.5.5. CARBONIZING
Scouring does not always eliminate vegetable matter such as burrs and seeds. Heavily contaminated wool must go through a process known as Carbonizing.
In this method, vegetable matter which is cellulose is converted into a black brittle hydrocellulose by treatment with certain mineral acids or some of their salts. This process is known as carbonizing describes Jindal (2007a). 

The process of carbonizing is the treatment of the vegetable matter with sulphuric acid and heat. The wool is steeped in the acid solution which causes the burrs to break up. The wool is then subjected to heat which converts the disintegrated material into carbon. The burrs are then finally removed, firstly by crushing and then shaken out of the wool by a machine rotating at high speed express Thomas (2006).

Wool is treated with dilute solutions of sulphuric acid and/or aluminum chloride, dried and washed. Alkyl naphthalene sulphonate, cationic and non-ionic wetting agents are used as wetting agents in carbonizing [EIRI Board]

2.5.6. SCOURING
Washing, also denominated as scouring, is the first process that raw wool goes through and its purpose is to remove the dirt, grease and other impurities. As already referred, wool fleeces usually contain less than 50% of clean fiber, being heavily contaminated by wool wax, skin flakes, suint, sand, dirt and vegetable matter reports Dominguez et al. (2003). To achieve satisfactory wool products, these contaminants need to be efficiently removed by scouring with sodium carbonate and non-ionic surfactants says Tomasino (1992). The pollution load from a wool scouring mill can be equivalent to the normal discharge from a small town and steps must therefore be taken to recover at least some of the contaminants before discharge states Jones and Westmoreland (1999). The wool emerges at the end of this process is about 30 percent lighter than its original weight. The grease that is removed (lanolin) is considered a valuable byproduct (Lopez- Mesas et al. 2000).

Raw wool contains 10 to 25 per cent grease or lanolin, which is recovered during the scouring process (Glaser 1996). Lanolin consists of a highly complex mixture of esters, alcohols and fatty acids and is used in adhesive tape, printing inks, motor oils and auto lubrication. It can also be purified for use in the manufacture of many cosmetics and pharmaceutical explains Phillips (2004). 
2.6. SCOURING METHODS

2.6.1. CONVENTIONAL SCOURING


Unlike cotton and synthetic fibers, the raw wool fiber itself needs treatment as 60% of the fiber is being composed of natural impurities such as sand, grease, suint (dried perspiration of sheep) burrs, dirt and vegetable matter [NIIR Board]. The traditional chemical treatments are generally non-specific, not always easily controlled and may create harsh conditions opines Verma (2003). 


Large quantities of water are required for wool scouring (45000 liters to 10000 liters per 1000 kg of wool fiber). Soap and alkali or non-ionic detergents are used as scouring agents views Manivasakam (1995).


At first raw wool is steeped in a bowl containing water at a temperature of 32° C to 42°C. The water soluble suint and other heavy dirt particles are removed by treating the desuinted wool with a mixture of detergent and sodium sulfate. The natural impurities and other impurities in wool are removed by this type of detergent scouring [NIIR Board].
2.6.2. ENZYMATIC SCOURING

The enzyme system for bio-scouring consists of an optimized mixture of pectinase, protease and lipase, that act on pectins, proteins and waxy matters, to effect  scouring of wool fiber opines Mishra (2007).


Enzymatic processes offer major advantages over conventional treatments, including savings in chemicals and energy and have less or no impact on the environment. Enzymes have been used to support the descaling process with the goal of improving shrink resistance and hand of wool for bleaching and scouring purposes describes Paulo (2003).


Enzymes are used in Textile industry because they can replace harsh chemicals, accelerate reactions, act only on specific substrate, operate under mild conditions and are safe, easy to control and biodegradable. 


The enzymatic scouring needs low temperature and mild alkaline conditions. As the enzymes are bio degradable, the BOD/COD can be reduced to 50% of the normal. The salt content in the effluent is considerably reduced. The process is able to save more than 50% of rinsing water views Shelke (2001).


Wool fibers are covered by overlapping scales pointing towards the tip. This causes fibers to move away from the tip leading to shrinkage. Partial digestion of the scales by a protease, papain can rid of this problem and also gives wool silky appearance increasing its value. However, a low cost alternative to papain is to be employed to make the entire process economical says Rema (2006).

EXPERIMENTAL PROCEDURE
3.EXPERIMENTAL PROCEDURE

 The experimental procedure adopted for the present study “Development of Enzymatic Scouring for Kalangal wool” was carried out under the following headings
3.1. Selection of Wool fiber

3.2. Isolation and identification of protease producing fungi
3.2.1. Collection of soil sample
3.2.2. Media used for screening
3.2.3. Screening and Isolation of fungi
3.2.4. Selection of fungi
3.2.5. Identification of fungi
3.2.6. Preparation of Fungal Inoculum

3.2.7. Maintenance of the culture 
3.3. Optimization of various parameters for protease production

3.3.1. 
Selection of suitable agro-residue as substrate for protease 
production

3.3.2.
Optimization of incubation time for protease production
3.3.3.
Optimization of inoculum concentration for protease 
production

3.3.4. Optimization of pH for protease production

3.3.5. Optimization of temperature for protease production

3.3.6. Effect of metal ions on protease production

3.3.7. Production of protease

3.4. Scouring

3.4.1. Enzymatic Method

3.5. Optimization of various parameters for enzymatic wool scouring
3.5.1. Determination of optimum enzyme concentration for wool 

scouring
3.5.2. Determination of optimum pH for wool scouring

3.5.3. Determination of optimum temperature for wool scouring

3.5.4. Determination of optimum treatment time for wool scouring
3.6. Conventional Method
3.7. Commercial Enzymatic Method

3.8. Evaluation of the scoured wool

3.8.1. Objective Evaluation
3.8.1.1. Staple length

3.8.1.2. Crimp

3.8.1.3. Fiber Diameter

3.8.1.4. Medullation
3.8.1.5. Wax and crease content

3.8.1.5. Moisture Content and Regain

3.9. Nomenclature

3.1. SELECTION OF WOOL FIBER

Wool is a natural animal fiber. It is composed of protein substances which, in turn, are composed of polypeptide structures with amino and carboxylic acid end group and side chains (R) having disulphide bonds which keep the main polypeptide skeleton parallel to each other says Smith (2006).

Raw wool is naturally covered with a preservative greasy matter, termed ‘Yolk’, to which also adheres a considerable quantity of sand, dirt and other foreign matter. The amount of pure wool varies from 30-80% of the weight of the raw wool. The “scouring” or “washing” of raw wool has the object of removing these impurities [NIIR Board]. 

Kalangal wool which is available in Sulur near Coimbatore was selected for the present study.

3.2. ISOLATION AND IDENTIFICATION OF PROTEASE PRODUCING FUNGI
3.2.1. Collection of soil sample

Household waste water fed soil was collected in a sterile polythene bag and stored at 4°C until analysis was done.

3.2.2. Media used for screening
Casein agar medium was used to screen the protease producing fungi which has the following composition.

  
Casein


- 1.0 g

  
Beef extract  


- 0.3 g

NaCl  



- 0.5 g

Peptone 


- 0.5 g

Agar



- 2.0 g

Distilled water

- 100 ml

3.2.3. Screening and Isolation of fungi
Ten grams of the soil sample was weighed aseptically into 100 ml of sterile distilled water. From this dilutions were made up to 10-8. One ml of each dilution was poured in sterile petri plates followed by casein agar medium. Plates were incubated in inverted positions at 28°C for five days. Well grown colonies were picked and assayed for protease activity.

3.2.4. Selection of fungi


A loopful of each selected strain was inoculated in Sabauroud dextrose medium (Appendix I) and incubated at 28°C for five days in a 250 ml Erlenmeyer flask. The fermented medium was extracted with 50 ml of phosphate buffer and centrifuged at 4000 rpm for 15 minutes in a refrigerated centrifuge (Plate I). The culture supernatant was filtered through Whatman No.1 filter paper. Protease activity was estimated in the cell free supernatant.

3.2.5. Identification of fungi


The selected fungus was identified by Lactophenol cotton blue staining method. Lactophenol cotton blue stains the fungal cytoplasm and provides a light blue back ground against which the walls of hypae can readily be seen. It contains four constituents; phenol which serves as fungicide, Lactic acid which stains the cytoplasm of fungus and glycerol which gives a semi permanent preparation.

Reagents

Lactophenol Cotton Blue (LCB)

Phenol Crystals


- 20g

Lactic acid



- 20ml

Glycerol



- 40 ml

Cotton Blue (1% aqueous)

- 0.05g (2 ml)

Procedure


The fungal strain isolated was identified by preparing LCB wet mount.               A drop of LCB is placed on a clean glass slide and a loopful of the fungal colony was taken and placed on the slide. With the help of sterile needles, the fungal mycelia were teased gently and a cover slip was placed over the drop of LCB. The slide is then observed under 40 x power in microscope and identified based on morphological characteristics as suggested by Sekar et al. (2008).

3.2.6. Preparation of Fungal Inoculum


A 250 ml Erlenmeyer flask containing 100 ml of the Sabauroud dextrose broth was inoculated with loopful of isolated strain and incubated at 28°C for                   5 days. It was used as inoculum medium.

3.2.7. Maintenance of the culture

The selected microbial isolate was streaked on casein agar slant and incubated at 28°C for 5 days. It was sub cultured after every 30 days and stored at 4°C. 
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3.3. OPTIMIZATION OF VARIOUS PARAMETERS FOR PROTEASE PRODUCTION
3.3.1.Selection of suitable agro-residue as substrate for protease production

Solid State Fermentation (SSF) is a fermentation process in which microorganisms grow on solid materials without the presence of free liquid review Krishna (2005). SSF appears as an interesting low cost alternative for the production of bio-molecules because agro industrial residues can be employed as culture media which reduce production cost inform Cavalcanti et al. (2005). The solid substrate not only supplies the nutrients to the culture, but also serves as an anchorage for the microbial cells state Baysal et al. (2003).


The potential substrate for solid-state fermentation which supports enzyme production was determined by taking various agro-residues such as wheat bran, rice bran, corn bran, maize bran, sesame oil cake, groundnut oil cake, cotton seed oil cake and coconut oil cake (Plate III).


The fermentation was carried out by taking 5 g each of the selected substrate separately in a 250 ml Erlenmeyer flask, to which 10 ml of distilled water was added. The flasks were inoculated using 1% (v/w) of the selected fungal inoculum and incubated at 28°C for 96 hrs. Enzyme activity was determined in the cell free supernatant. The selected substrates for enzyme production by Aspergillus species was used for subsequent experiments.

3.3.2. Optimization of incubation time for protease production


To determine the effect of incubation time on protease production, 5 g of wheat bran was taken in six different 250 ml conical flasks and inoculated with 1% inoculum medium. The flasks were incubated for different time intervals (24 – 168 hours) at an interval of 24 hours. After each incubation time the protease activity was determined from crude enzyme extract.

[image: image5.jpg]



[image: image6.jpg]GROUND NUT OIL CAKE

e

COTTON SEED OIL CAKE





SUBSTRATES

PLATE III

3.3.3. Optimization of inoculum concentration for protease production


To determine the effect of inoculum concentration on protease production, various inoculum concentrations such as 1, 2, 3, 4, 5, 6 and 7  were used for fermentation. Protease activity was determined in the crude enzyme extract. The inoculum concentration which showed maximum activity was selected for further study.

3.3.4. Optimization of pH for protease production


In order to evaluate the effect of pH on protease production the pH was adjusted to 5, 6, 7, 8, 9, 10  and 11 using 1 N HCl or 1 N NaOH. The flasks were sterilized in autoclave (Plate II) and incubated at 28°C for five days. Protease was extracted and activity was determined. The optimum pH was followed for further experiments.

3.3.5. Optimization of temperature for protease production


To determine the optimum temperature, 5 g of wheat bran was taken in 250 ml conical flask and inoculated with 2% fungal inoculum. The flasks were incubated at different temperatures such as 30 , 40, 50, 60, 70, 80 and 90°C for five days. After the incubation time, protease activity was determined from the cell free supernatant.

3.3.6. Effect of metal ions on protease production


Influence of various metal ions on protease production was determined by incubating the wheat bran with different metal ions such as BaCl2, CaCl2, MgSO4, K2HPO4 and CuSO4 at a concentration of 1 mm. The cells were separated and the supernatant was assayed for enzyme activity.

3.3.7. Production of protease


Protease was produced by the selected fungi under optimized conditions. 5 g of wheat bran was taken in a 250 ml conical flask. It was inoculated with an optimum inoculum concentration of 2%, at pH 9.0 and incubated for 96 hours at 40°C.
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3.4. SCOURING


Scouring is the first step in wool processing and is very unique to the wool fiber say Jayalakshmi and Amsamani (2009). Wool Scouring was done to remove dirt, suint (sheep sweat, basically potassium salts) and wool grease from the wool.

3.4.1. Enzymatic Method

Enzymes can often replace chemicals or processes that present safety or environmental issues. The improved enzyme treatments will allow more selective removal of parts of the wool cuticle, thereby modifying the luster, handle and felting characteristics without degradation or weakening of the wool fiber as a whole and without the need for environmentally damaging pre-chlorination treatment refer Shanmugasundaram et al. (2006).Biopreparation becomes more economical than that of conventional caustic scouring inform Etters et al. (1999).
3.5. OPTIMIZATION OF VARIOUS PARAMETERS FOR ENZYMATIC WOOL 
SCOURING
         Various parameters such as pH, temperature, enzyme concentration and incubation time were optimized for effective scouring of the selected wool fiber.

3.5.1. Determination of optimum enzyme concentration for wool scouring 
        To optimize enzyme concentration for enzymatic scouring, six clean 100 ml beakers were taken. Material to liquor ratio (M: L) ratio was maintained as 1:30. In the liquor ratio of 30, different volumes of crude enzyme solution such as 5, 10, 15, 20, 25 and 30 ml were taken. One gram of raw wool was immersed into each of the beakers. These samples were left undisturbed for 30 minutes at 35°C. After 30 minutes, the temperature was raised to 80°C to deactivate the enzyme. Finally the samples were given a cold wash for 5 minutes. Then the fibers were dried at room temperature. The efficiency of bio- scouring was evaluated by calculating weight loss percentage.

3.5.2. Determination of optimum pH for wool scouring

To determine the optimum pH for wool scouring, five clean 100 ml beakers each containing one gram of raw wool and extracted enzyme at optimum concentration (30 ml) were taken. The scouring bath was adjusted to different pH such as 5, 6, 7, 8 and 9 using 1N HCL or 1 N NaOH and incubated for 30 minutes at 35°C. Finally the samples were washed and dried at room temperature. Weight loss percentage was calculated in all the samples.

3.5.3. Determination of optimum treatment time for wool scouring

To determine the optimum treatment time for bio scouring, raw kalangal wool weighing one gram each were taken in four clean 100 ml beakers, each containing optimized enzyme concentration of 30 ml. The beakers were incubated at various time intervals such as 45 mins, 60 mins, 75 mins and 90 mins at 35°C. After the specific time each sample was washed and dried at room temperature. The percent weight loss was calculated.
3.5.4. Determination of optimum temperature for wool scouring

To determine the optimum temperature for bio scouring, four clean 100 ml beakers each containing 1 g of raw wool and 30 ml of the extracted enzyme were taken. The beakers were incubated at different temperatures such as 30, 40, 50, 60 and 70°C for one hour (optimum treatment time). After one hour the samples were washed and dried at room temperature. The weight loss percentage was calculated.

The optimized parameters for scouring are as follows:

TABLE I
RECEIPE FOR ENZYMATIC SCOURING
	Parameters
	Quantity Required

	M:L ratio
	1:30

	Enzyme Concentration
	30 ml

	pH
	7

	Time
	60 mins

	Temperature
	50°C



One gram of the wool fiber was immersed in a beaker containing 30 ml of the   extracted enzyme solution. The beaker was heated to 50°C in a water bath for one hour. After one hour, the temperature was raised to100°C to deactivate the enzyme. The scoured fiber was washed in cold water. The material was squeezed and dried thoroughly (Plate V). Although enzymes are quite expensive, due to their biodegradable nature, they made the processing more eco-friendly than conventional processing views Kholiya et al. (2008).

3.6. CONVENTIONAL METHOD

Two grams of kalangal wool fiber was immersed in water for over night to remove all impurities. Then the wool fiber was treated with 6 ml of non- ionic detergent and 3 grams of sodium carbonate. Keeping the material to liquor ratio as 1:60, the wool fiber was soaked for three to five minutes at 52 ± 2°C. The wool fiber was immersed in second bowl containing soft water. The wool fibers were again immersed in the third bowl containing water for three to five minutes and agitated gently at intervals. After the desired time, the wool fibers were rinsed and dried at room temperature (Plate VI).


The conventional scouring method was carried out as suggested by Dagur (1996). 

Parameters used for conventional method was as follows

TABLE II
RECEIPE FOR CONVENTIONAL METHOD
	Parameters
	Quantity Required

	Wool fiber
	2 gms

	Non- ionic detergent
	6 ml

	Sodium Carbonate
	3 g

	M:L ratio
	1:60

	Temperature
	52 ± 2°C

	Time
	3- 5 mins


3.7. COMMERCIAL ENZYMATIC METHOD

Chemical processing of textile material involves the maximum possibilities of polluting chemicals being used. A number of chemicals and dyestuffs, which are being used liberally in order to enhance the so- called quality, contain toxic and hazardous substances say Shukla (2001).


The commercial enzyme used for scouring of wool was protease enzyme marketed by R.R. Agencies, Coimbatore.


The parameters used for commercial enzymatic scouring was as follows,

TABLE III
RECEIPE FOR COMMERCIAL ENZYMATIC SCOURING
	Parameters
	Quantity Required

	M:L ratio
	1:30

	Protease enzyme
	3%

	pH
	7-9

	Time
	30 mins

	Temperature
	50-60°C


Scouring was carried out by keeping the material to liquor ratio as 1:30. To the scouring bath 3% protease enzyme was added. The pH of the bath was maintained at 7-9. The scouring bath was heated to 50-60°C for 30 mins. The scoured fiber was washed in soft water. The material was squeezed and dried at room temperature (Plate VII).

3.8. EVALUATION OF THE SCOURED WOOL


Textile testing is a valuable aid to those engaged in the production, distribution and consumption of textiles, if the instruments and techniques are used effectively mention Jewel (2005).

3.8.1. Objective Evaluation

The efficiency of scouring was determined by assaying the removal of oil and wax substances. The scoured sample was evaluated by various tests such as staple length, crimp, fiber diameter, medullation, moisture content and regain.

3.8.1.1. Staple length


Staple length was determined by the method of IS: 6653-1972. The apparatus used for finding the staple length was velvet board and scale.                Velvet board – of adequate and convenient size, such as 50 cm2, covered with velvet of black colour or any other colour in contrast with that of wool.                    Scale – graduated in centimeters and millimeters.

           The scale was placed on the velvet board along the length of the board. The raw wool was placed along the scale on the velvet board. The staple was gently straightened if it is in a bent state. The scale was removed without disturbing the staple on the board and carefully adjusted the zero mark of the scale with the base of the staple. Read the length of the staple to the nearest 5 mm. In case the staple does not have a clearly defined tip, that is, if it has tapering tip, take the reading from the base of the staple to the point on the tapering tip where the majority of the fibers end. The test was carried out ten times. Similarly, conventionally scoured samples, commercially scoured samples and produced enzyme scoured samples were tested.

3.8.1.2. Crimp

Crimp was determined by the method of IS: 6124 - 1971.The apparatus used for finding the crimp was velvet board and scale.


A wool fiber has a naturally wavy configuration when free from applied tension and the crimp is multi- planar, i.e. the kind’s just out in all directions.


The scale was placed on the velvet board along the length of the board. The raw wool was placed. The raw wool was placed along the scale on the velvet board. The staple was gripped about one end and on increasing force applied at the other end, the staple was gradually straightened. The scale was removed without disturbing the staple on the board and carefully adjusted the zero mark of the scale with the base of the staple. The readings were taken and noted. Again the same fiber was placed in the board and the readings were noted. The test was repeated for ten times. Similarly, conventionally scoured samples, commercially scoured samples and extracted enzyme scoured samples were tested. Crimp was calculated using the following formula.


Crimps / cm = Number of waves in a staple/ Length of the staple in cm

3.8.1.3. Fiber Diameter

 
To determine the fiber diameter, samples were prepared for measurement with the projection microscope technique as suggested by ASTM (1969 c). Each sample was compressed and fibers were cut at mid-staple with a heavy duty cross section device to provide snippets 250 µm in length. Four hundred fibers from each lock were measured, providing a confidence limit, at the 95% probability level of 1< µm. Mean fiber diameter and standard deviation were obtained from each lock and the co efficient of variation was calculated. The means of these values were calculated for the five locks to provide final values for each sample. The fiber diameter was calculated by using the formula

n = (t 2X S2 ) / E2
Where,

     n    = no. of observation

     t     = 1.96

     S    = variance

     E    = desired limit in microns

The co- efficient of variation of diameter was calculated using the formula


CV% = (σ/ µ) X 100

Where, 

 σ 
= Standard deviation

 µ 
= mean fiber diameter

3.8.1.4. Medullation

Medullation was determined by the method of IS: 2899- 1965. The medullated fibers were identified using the projection microscope. The fibers of the raw wool were doubled with the help of the thumb and fingers of both hands. The fibers were combed and made into a bunch of parallel fibers. A bunch of fibers were placed on the glass slide and the middle portion of the bunch was cut into snippets of about 0.1.mm length with the help of a sharp razor blade. Then it was moved on the slide on the stage with the cover glass downwards. Rotate the knobs D and E to four extreme corners of the slide. The specimen was moved by 0.5 mm in the transverse direction. Then it was moved by 0.5 mm in the transverse direction. Each fiber was examined within the circle of the field whether the fiber under examination was medullated or non-medullated and if medullated, whether partially medullated or completely medullated. When the fibers have been examined in one field, the specimen was moved in the lateral direction and the fibers were examined in the new field. The readings were taken at five observations. The medullated fibers were calculated by using the formula

M % = [M1 +M2] / T x100
Where, 

M% 
= Medullation percentage

M1 
= No. of partially medullated fibers

M2 
= no. of completely medullated fibers

T 
= Total number of fibers. 

3.8.1.5. Wax and crease content


Wax and crease content was determined by the method of IS 1349: 1964. Raw wool weighing about ten g was selected and extracted in a soxhlet apparatus at 105±2°C for about 150 hours. Two test specimen samples were inserted in the thumble or warp in filter paper and put it in the soxhlet extractor, filtered in round flask and condenser. The extracted sample was subjected to an alcohol extraction. 2/3 part of the extractor was filled with neutral alcohol and heated slowly at low temperature up to completing 20 siphoning. Twenty siphons were completed in 3 or 4 hrs. The excess neutral alcohol is removed by condensing and the residual alcoholic matter was put in oven for drying at the temperature 105±2°C. The ether was evaporated and the residue was dried to constant weight. The content weight of alcoholic extractable matter was taken. The test was carried out for 10 times. Similarly, conventionally scoured samples, commercial enzyme scoured sample and produced enzyme scoured samples were tested (Plate VIII).
The wax and crease content was calculated using the formula


X% = W2/W1 X100

Where, 


W1 = oven dry weight of control sample


W2 = oven dry weight of the alcoholic extracted matter

 X  = Alcoholic Extractable Matter content % by weight.

3.8.1.6. Moisture Content and Regain
Moisture Content and Regain method was determined by the method of IS: 6637- 1972. Raw wool weighing about two grams were taken in a sample container and sealed it. Determined the mass of the container with the raw wool and noted as M1. Then the specimen was put in a suitable container and dried it to constant mass in the drying oven. 

The oven dry mass of the specimen was determined as M2. Cooled the specimen and the container in a desicator to room temperature and weighed. The test was repeated for five times. Similarly, the other treated fibers also were noted. The moisture count and moisture regain was calculated by the following formula

A) Moisture Content, percent 
= 
M1 –M2 / M1 X100

B) Moisture Regain, percent 
= 
M1 –M2 /M2 X100 

Where,

M1 
= original mass of the specimen and

M2 
= Oven dry mass of the specimen.
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3.9. NOMENCLATURE
TABLE IV

NOMENCLATURE

	Treatment
	Description

	RW
	Raw wool

	CSW
	Conventionally scoured wool

	CEW
	Commercial enzyme scoured wool

	EEW
	Extracted enzyme scoured wool


RESULTS AND DISCUSSION

4. RESULTS AND DISCUSSION


The results obtained for the study entitled “Development of Enzymatic Scouring for Kalangal wool“ are presented and discussed as follows.

4.1. 
Isolation and screening of fungi
4.2.
Optimization of cultural conditions for protease production by                   
Aspergillus species

4.3. 
Optimization of various parameters for bio-scouring 

4.4.
Evaluation of the scoured samples

 4.1. ISOLATION AND SCREENING OF FUNGI
Protease producing fungal strains was isolated from household waste discharged soil using casein agar medium.

A total of nine morphologically distinct fungal colonies were observed by serial dilution technique. The protease activity was measured in these fungal isolates and the results are presented in Table V. 

TABLE V 
PROTEASE ACTIVITY IN ISOLATED FUNGAL STRAINS
	Fungal colonies
	Protease activity                            (U/ml/min)

	FC1
	0.4206

	FC2
	0.2364

	FC3
	0.2216

	FC4
	0.4352

	FC5
	0.3912

	FC6
	0.1539

	FC7
	0.5910

	FC8
	0.3670

	FC9
	0.2578


                   FC = Fungal Colony

From the above table, it is clear that fungal colony FC7 showed maximum protease activity (0.5910 U/ml/min). Hence it was selected for the present study and identified as Aspergillus sp. based on Lactophenol cotton blue staining method.

4.2. OPTIMIZATION OF CULTURAL CONDITIONS FOR PROTEASE PRODUCTION BY ASPERGILLUS SPECIES
4.2.1. Selection of agro - waste as substrate for the production of protease by Aspergillus sp.
The effect of various agro- wastes on protease production by Aspergillus sp. was determined and the results are presented in Table VI and Figure I. TABLE VI
DIFFERENT AGRO- WASTES AS SUBSTRATE FOR THE PRODUCTION OF PROTEASE BY ASPERGILLUS SP.
	SUBSTRATES
	PROTEASE ACTIVITY (U/ml/min)

	WHEAT BRAN
	0.6315

	SESAME OIL CAKE
	0.6106

	MAIZE BRAN
	0.5873

	COCONUT OIL CAKE
	0.5621

	RICE BRAN
	0.5389

	CORN BRAN
	0.4776

	COTTON SEED OIL CAKE
	0.4213

	GROUND NUT OIL CAKE
	0.3579


FIGURE I

DIFFERENT AGRO- WASTES AS SUBSTRATE FOR THE PRODUCTION OF PROTEASE BY ASPERGILLUS SP.
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From Table VI and Figure I it is evident that wheat bran produced maximum protease followed by sesame oil cake, maize bran, coconut oil cake, rice bran, corn bran, cotton seed oil cake and ground nut oil cake. Agro industrial residues are generally considered the best substrates for solid state fermentation (SSF). Wheat bran contains 28% of protein, which might be the reason for higher production of protease when it was used as the substrate. Hence wheat bran was selected as the substrate for the production of protease.

4.2.2. Optimization of incubation time for protease production by Aspergillus sp.

For determining the optimum incubation time for protease production by Aspergillus sp., the fermentation was carried out from 24 to 168 hours and the results are presented in Table VII and Figure II.
TABLE-VII 
EFFECT OF INCUBATION TIME ON PROTEASE PRODUCTION
	     Time (Hours)
	Protease activity (U/ml/min)

	24
	0.069

	48
	0.217

	72
	0.323

	96
	0.564

	120
	0.405

	144
	0.213

	168
	0.016


FIGURE II 
EFFECT OF INCUBATION TIME ON PROTEASE PRODUCTION
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From Table VII and Figure II it is evident that increase in incubation time increases protease production and reached maximum at 96 hours. Incubation above 96 hours resulted in decrease in protease production. Hence, incubation time of 96 hours was maintained for further experiments.

4.3.2. Optimization of inoculum concentration on protease production by Aspergillus species.


Inoculum concentration in growth medium is important in enzyme studies. Different inoculum concentrations ranging from 1% to 7% were taken and the results are presented in Table VIII and Figure III.

TABLE VIII 

EFFECT OF INOCULUM CONCENTRATION ON PROTEASE PRODUCTION
	Inoculum concentration (%)
	Protease activity (U/ml/min)

	1
	0.051

	2
	0.236

	3
	0.127

	4
	0.109

	5
	0.092

	6
	0.053

	7
	0.015


FIGURE III 
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Inoculum concentration of 2% was found to produce maximum protease. The enzyme activity was gradually decreased from 3% to 7%. Higher inoculum concentration resulted in increased fungal growth which results in competition for nutrients. Hence decrease in enzyme production was decreased at increased inoculum concentration. The obtained results are similar to the report of Elibol et al. (2005) who have reported higher protease production at 2% inoculum concentration. Hence for the present study optimum inoculum concentration of 2% was fixed for protease production. 

4.2.4. Optimization of pH for protease production by Aspergillus sp.

 The effect of pH on growth and enzyme production by Aspergillus sp. is shown in Table IX and Figure IV.
TABLE IX

EFFECT OF pH ON PROTEASE PRODUCTION

	pH
	Protease activity (U/ml/min)

	5
	0.043

	6
	0.162

	7
	0.187

	8
	0.231

	9
	0.286

	10
	0.253

	11
	0.190


FIGURE IV 
EFFECT PH ON PROTEASE PRODUCTION
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Among the physical parameters, the pH of the growth medium plays an important role by inducing morphological changes in the organism and in enzyme secretion. The pH change observed during the growth of microbes also affects the product stability in the medium view Gupta et al. (2003).


It was observed from Table VIII and Figure IV, that production of protease was maximum at pH 9.0. Above or below pH 9.0 the production of protease was found to decrease. The obtained results coincide with the report of Kumar et al. (2002) who have reported maximum production at pH 9 and 10 by Aspergillus sp.
4.2.5. Optimization of Temperature for Protease Production by Aspergillus species.

The effect of temperature on protease production by Aspergillus sp. is presented in Table X and Figure V. 
Increase in temperature from 30°C to 40°C increases protease production. Temperature above 40°C decreases moisture level in solid substrates resulting in lesser growth of the micro organisms and decrease in yield of enzyme. Alva et al. (2007) have reported that the optimum temperature for protease production was 30°C by Aspergillus species. Hence an optimum temperature of 40°C was maintained for the production of protease.

TABLE X 
EFFECT OF TEMPERATURE FOR PROTEASE PRODUCTION
	Temperature (°C)
	Protease activity (U/ml/min)

	30
	0.076

	40
	0.353

	50
	0.278

	60
	0.213

	70
	0.132

	80
	0.117

	90
	0.019


FIGURE V 
EFFECT OF TEMPERATURE ON PROTEASE PRODUCTION
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4.2.6. Optimization of Metal ions for Protease Production by Aspergillus species.

Table XI and Figure VI shows the effect of metal ions on protease production.
TABLE XI 
EFFECT OF METAL IONS ON PROTEASE PRODUCTION
	Metal ions (1mm)
	Protease activity (U/ml/min)

	Control
	0.323

	BaCl2
	0.215

	CaCl2
	0.257

	MgSO4
	0.313

	K2HPO4
	0.358

	CuSO4
	0.069


                               Control – without the addition of metal ions
FIGURE VI 
EFFECT OF METAL IONS ON PROTEASE PRODUCTION
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From Table XI and Figure VI it is obvious that K2HPO4 stimulates protease production. CaCl2 at a concentration of 1mm inhibits protease production followed by CuSO4 and BaCl2. MgSO4 has less inhibitory effect on protease production.

4.3. Optimization of various parameters for bio-scouring

4.3.1. 
Determination of optimum enzyme concentration for wool 
scouring


For determining the optimum enzyme concentration for scouring was carried out from 5 to 30 ml and the results are presented in Table XII and Figure VII.

TABLE XII
OPTIMUM ENZYME CONCENTRATION FOR WOOL SCOURING

	Enzyme Concentration (ml)
	Scouring activity

	5
	0.586

	10
	0.620

	15
	0.683

	20
	0.716

	25
	0.735

	30
	0.790


FIGURE VII

EFFECT OF ENZYME CONCENTRATION FOR WOOL SCOURING
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The effect of enzyme concentration on the extent of scouring is shown in Figure VII. For a given set of treatment conditions, it is clear that increase in the concentration of protease enzyme upto 30 ml results in a remarkable increase in the weight loss percentage of wool fiber. The weight loss was maximum at 30 ml. At this concentration, there was change in colour when compared with the other samples.

4.3.2. Determination of optimum pH for wool scouring


From determining the optimum pH for scouring was carried out from 5 to 9 and results are presented in Table XIII and Figure VIII.
TABLE XIII
EFFECT OF PH FOR WOOL SCOURING
	pH
	Scouring activity

	5
	0.231

	6
	0.266

	7
	0.293

	8
	0.256

	9
	0.190


FIGURE VIII
EFFECT OF PH FOR WOOL SCOURING
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From Table XIII and Figure VIII, it is evident that increase in the pH 7. Above or below pH 7 the production of wool scouring was found to decrease. The obtained results coincide with the report of Heine, E. et al., (1995) who have reported maximum production at pH 7.

4.3.3. Determination of optimum temperature for wool scouring


The effect of temperature for wool scouring was detrmined and the results are present in Table XIV and Figure IX.

TABLE XIV
EFFECT OF TEMPERATURE FOR WOOL SCOURING
	Temperature (ºC)
	Scouring activity

	30
	0.890

	40
	0.932

	50
	0.972

	60
	0.953

	70
	0.976


FIGURE IX

EFFECT OF TEMPERATURE FOR WOOL SCOURING
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From the Table XIV and Figure IX, scouring at different temperatures (30, 40, 50, 60 and 70ºC) showed 50ºC as an optimum temperature. Above 50ºC there was decrease in percentage. The reduction may be due to thermolabile nature of Aspergillus sp.

4.3.4. Determination of optimum incubation time for wool scouring


For determining the optimum incubation time for scouring was carried out from 45 to 90 mins and the results are presented in Table XV and Figure X.
TABLE XV
EFFECT OF INCUBATION TIME FOR WOOL SCOURING
	Incubation Time (Mins.)
	Scouring activity

	45
	0.873

	60
	0.926

	75
	0.882

	90
	0.871


FIGURE X

EFFECT OF INCUBATION TIME FOR WOOL SCOURING
The effect of incubation time was observed from the result shown in Figure X, is the incubation time for 60 minutes gives maximum weight loss. But increase in time up to 90 minutes shows only a slight decrease in weight loss and change in colour. So optimum incubation time for scouring was obtained as 60 minutes.
4.4. EVALUATION

Protease enzyme was produced under optimized conditions. The extracted enzyme was utilized for scouring of wool. The wool scoured by conventional method, commercial enzymatic method and produced enzymatic method were evaluated for staple length, crimp, medullation, scouring yield, fiber diameter, wax and crease content and moisture content and regain.
4.4.1. Staple length

The fiber staple length and analysis of variance of the raw wool and scoured wool samples are given in Table XVI and Figure XI. 

TABLE XVI

STAPLE LENGTH

	   S.No.
	     Samples
	    Mean

    (cm)
	Gain / loss over original
	% Gain / loss over original

	       1.
	         RW
	     6.99
	         -
	       -

	       2.
	         CSW
	     6.52
	        -0.53
	      7.5

	       3.
	         CEW
	     5.97
	        -1.02
	      14.5

	       4.
	         EEW
	     6.69
	        -0.3
	      4.2


Analysis of variance of staple length

	Sources of variance
	Degrees of freedom
	Sum of Squares
	Mean Square
	F ratio

	Between Groups
	3
	18.1090
	6.0363
	3.0324*

	Within Groups
	36
	71.6620
	1.9906
	

	Total
	39
	89.7710
	
	


 *Significant at 5% level

FIGURE XI 

STAPLE LENGTH
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From the Table XVI and Figure XI, it is clear that there was a decrease in the staple length of all treated wool samples when compared with raw wool. Minimum reduction in staple length (4.29%) was noticed in extracted enzyme treated wool, where as maximum reduction (14.5%) was noticed in commercial enzyme treated wool sample. Statistical analysis proves that there was a significant difference at 5% level between raw wool and treated wool samples.


Hence it could be concluded that the efficiency of extracted enzyme was comparable with that that of conventional method and commercial enzymatic method.
4.4.2. Crimp

Crimp and analysis of variance of the samples RW, CSW, CEW and EEW are presented in the Table XVII and Figure XII.
TABLE XVII

CRIMP
	S.No.
	Samples
	Mean (cm)
	Gain / loss over original
	% Gain / loss over original

	1.
	RW
	1.1830
	-
	-

	2.
	CSW
	1.1780
	-0.005
	0.4

	3.
	CEW
	0.7760
	-0.407
	34.4

	4.
	EEW
	1.1540
	-0.029
	2.4


Analysis of variance of crimp
	Sources of variance
	Degrees of freedom
	Sum of Squares
	Mean Square
	F ratio

	Between Groups
	3
	1.1789
	0.3930
	8.7338**

	Within Groups
	36
	1.6198
	0.0450
	

	Total
	39
	2.7988
	
	


*Significant at 1% level
FIGURE XII 

CRIMP 
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From Table XVII and Figure XII it is evident that the crimp of the treated samples was found to be decreased when compared to the raw wool. The  per cent decrease in CSW was 0.4 % and CEW and EEW was 34% and 2.4% respectively over raw wool. Statistical analysis proves that there is a significant difference at 1% level between raw wool and treated wool samples. Thus it could be concluded that the reduction in fiber crimp was minimum in CSW followed by CEW and EEW.
4.4.3. Medullation

Medullation and analysis of variance of the raw wool and treated wool samples are shown in Table XVIII and Figure XIII.

TABLE XVIII

MEDULLATION
	S.No.
	Samples
	Mean

(%)
	Gain / loss over original
	% Gain / loss over original

	1.
	RW
	86.280
	-
	-

	2.
	CSW
	86.760
	0.48
	0.5

	3.
	CEW
	93.940
	7.66
	8.8

	4.
	EEW
	78.460
	-7.82
	9.0


Analysis of variance of Medullation
	Sources of variance
	Degrees of freedom
	Sum of Squares
	Mean Square
	F ratio

	Between Groups
	3
	600.1640
	200.0547
	5.1398*

	Within Groups
	16
	622.7640
	38.9227
	

	Total
	19
	1222.9280
	
	


*Significant at 5% level

FIGURE XIII

MEDULLATION
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The fiber scoured by conventional and commercial enzymatic method showed increase in medullation when compared with the raw wool whereas the extracted enzyme treated sample showed decrease in medullation.

Statistical analysis proves that there is a significant difference at 5% level between raw wool and treated wool samples.

Thus it could be concluded that the efficiency of extracted enzyme was comparable with that of conventional method and superior than commercial method.

4.4.4. Scouring Yield

Scouring yield was determined for samples RW, CSW, CEW and EEW and the results are presented in Table XIX and Figure XIV.
TABLE XIX

SCOURING YIELD
	S.No.
	Samples
	Mean

(%)
	% Gain / loss over original

	1.
	RW
	1.5000
	-

	2.
	CSW
	81.9400
	80.4

	3.
	CEW
	83.5200
	82.0

	4.
	EEW
	86.4200
	84.9


Analysis of variance of Scouring Yield
	Sources of variance
	Degrees of freedom
	Sum of Squares
	Mean Square
	F ratio

	Between Groups
	3
	25550.321
	8516.773
	177.3663**

	Within Groups
	16
	768.288
	48.0180
	

	Total
	19
	26318.609
	
	


**Significant at 1% level
FIGURE XIV

SCOURING YIELD
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From Table XIX and Figure XIV, all the treated samples showed increase in scouring yield when compared with the raw wool. Sample EEW showed maximum scouring yield of 85% when compared with the samples CSW (80%) and CEW (82%).

Statistical analysis shows that there was a significant difference at 1% level among the samples.

Hence it could be concluded that scouring by extracted enzyme was superior to the conventional and commercial enzymatic method.

4.4.5. Fiber Diameter

Fiber Diameter and analysis of variance of the raw wool and treated wool samples are shown in Table XX and Figure XV.

TABLE XX

FIBER DIAMETER
	S.No.
	Samples
	Mean

(µm)
	Gain / loss over original
	% Gain / loss over original

	1.
	RW
	20.5320
	-
	-

	2.
	CSW
	18.5680
	-1.964
	9.5

	3.
	CEW
	18.3920
	-2.14
	10.4

	4.
	EEW
	20.0020
	-0.53
	2.5


Analysis of variance of Fiber Diameter
	Sources of variance
	Degrees of freedom
	Sum of Squares
	Mean Square
	F ratio

	Between Groups
	3
	16.7465
	5.5822
	3.9381*

	Within Groups
	16
	22.6795
	1.4175
	

	Total
	19
	39.4261
	
	


*Significant at 5% level

FIGURE XV 

FIBER DIAMETER
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All the treated samples showed decrease in fiber diameter when compared with raw wool. Maximum decrease was noted in commercial enzyme treated wool sample (10.4%) followed by CSW (9.5%) and EEW (2.5%). There was a significant difference at 5% level among the samples. Hence it could be concluded that the extracted enzyme treated sample was superior to conventional and commercial enzyme treated samples.

4.4.6. Moisture Content


Moisture Content and analysis of variance of the samples raw wool, CSW, CEW and EEW are presented in Table XXI and Figure XVI.
TABLE XXI

MOISTURE CONTENT
	S.No.
	Samples
	Mean

(%)
	Gain / loss over original
	% Gain / loss over original

	1.
	RW
	34.540
	-
	-

	2.
	CSW
	33.440
	-1.1
	3.1

	3.
	CEW
	31.220
	-3.32
	9.6

	4.
	EEW
	32.580
	-1.96
	5.6


Analysis of variance of Moisture Content
	Sources of variance
	Degrees of freedom
	Sum of Squares
	Mean Square
	F ratio

	Between Groups
	3
	29.4895
	9.8298
	0.6276 NS

	Within Groups
	16
	264.5000
	16.5312
	

	Total
	19
	293.9895
	
	


FIGURE XVI

MOISTURE CONTENT
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All the treated samples showed decrease in moisture content when compared with raw wool. The reduction in moisture content was found to be maximum in sample CEW (31.2%) whereas minimum reduction in moisture content was seen in sample CSW (33.4%).


The analysis of variance shows that there was no significant difference between the samples.

Hence from the result it could be concluded that conventional scoured wool sample showed maximum moisture content followed by EEW and CEW.

4.4.7. Moisture Regain

Moisture Regain and analysis of variance of the samples raw wool, CSW, CEW and EEW are presented in Table XXII and Figure XVI.
TABLE XXII

MOISTURE REGAIN
	S.No.
	Samples
	Mean

(%)
	Gain / loss over original
	% Gain / loss over original

	1.
	RW
	55.1200
	-
	-

	2.
	CSW
	55.8600
	0.74
	1.3

	3.
	CEW
	49.1800
	5.94
	10.9

	4.
	EEW
	51.8800
	3.24
	5.8


Analysis of variance of Moisture Regain
	Sources of variance
	Degrees of freedom
	Sum of Squares
	Mean Square
	F ratio

	Between Groups
	3
	142.6020
	47.5340
	0.6457 NS

	Within Groups
	16
	1177.8760
	73.6173
	

	Total
	19
	1320.4780
	
	


NS- Not Significant

FIGURE XVII 

MOISTURE REGAIN
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From the Table XXII and Figure XVII it is obvious that the sample CSW showed maximum moisture regain value of 10% when compared with the samples CSW (1%) and EEW (5%).The analysis of variance shows that there was no significant difference between the samples.

Hence it could be concluded that the conventionally scoured wool sample showed maximum moisture regain when compared with CEW and EEW.

SUMMARY AND CONCLUSION

5. SUMMARY AND CONCLUSION
Textile sector is the second largest provider of employment after agriculture. The growth and all round development of this industry has a direct bearing on the improvement of the economy of the nation. Due to policy measures initiated by the government in the recent past, the Indian textile industry is in a stronger position. India is expected to continue its dominant position in the world if textiles as the second most involved country. India’s growth in textiles and apparel to a great extent ensures the growth of various related industries. 


Use of conventional processes utilizing high chemicals, energy consumption and harmful by products have a negative impact on the environment. These entire draw backs can be virtually eliminated by the use of enzymes. 


Enzymes are specialized bio polymers composed of many different amino acids. Enzymes can replace harsh chemical processes used in the textile industry and may catalyze reactions at ambient temperature reducing the need for high temperature. Protease is one of the groups of enzymes which hydrolyze the proteins to short peptides. Commercial proteases are mostly produced from various fungi. It has been used in the field of textile processing for processing of wool.


Wool was the first animal fiber to be made into cloth. It comes from the fleece of animals. Raw wool contains 25 – 70% by mass of impurities. Scouring is a process of removal of impurities present in the raw wool. Wool scouring is a high resource consuming process ie, high water and energy consumption, along with its high environmental impact of effluent. Enzymatic scouring overcome these drawbacks.


Hence, the present study entitled “Development of Enzymatic Scouring for Kalangal wool” is an attempt which involves the following objectives:-

· To screen and isolate the protease producing fungi from the selected source.

· To identify the selected fungal strain.

· To optimize various parameters such as pH, temperature, incubation time, inoculum concentration for protease production.

· To scour the raw wool fiber using the extracted enzyme.

· To compare the efficiency of enzymatic scouring with conventional and commercial enzymatic scouring. 

EXPERIMENTAL PROCEDURE ADOPTED FOR THE STUDY INCLUDES:
Screening and isolation of fungi

Household waste discharged soil was selected as the source to isolate protease producing fungi. The source was collected in Coimbatore district. Fungal colonies were isolated on casein agar medium by serial dilution technique. The fungal strains which showed maximum zone of clearance was isolated and protease activity was determined in the strains. The fungal strain that produced maximum activity was selected. The selected fungal isolate was identified based on the colony morphology.

Optimization of various parameters for protease production by Aspergillus species.
Various parameters such as pH, temperature, incubation time, inoculum concentration and metal ions were optimized for maximum production of protease.

Scouring of wool fiber using produced enzyme

Different parameters such as enzyme concentration, pH, temperature and incubation time were optimized for the enzymatic scouring of wool. The raw wool was scoured using the extracted enzyme under optimized conditions.

Conventional scouring

Conventional scouring was carried out using 6 ml of non-ionic detergent and 3 g of sodium carbonate. Fiber was immersed into the bath and the temperature was adjusted to 52±2°C for three to five minutes. After the desired time, the wool fibers were rinsed and dried at room temperature. 

Scouring using commercial enzyme

Scouring was carried out by keeping the material to liquor ratio as 1:30. To the scouring bath 3% protease enzyme was added. The pH of the bath was maintained at 7 – 9. The scouring bath was heated to 50 -60°C for 30 minutes. 

Evaluation of the scoured samples 

The wool fibers scoured by conventional and commercial enzymatic method and with extracted enzyme were analyzed objectively. Objective evaluation includes staple length, crimp, medullation, fiber diameter and moisture content and regain.  

Findings of the study

A total of nine fungal strains were isolated from the selected source. Among the nine fungal isolates the strain which showed highest protease activity was selected for the study. The selected strain was identified as Aspergillus species.
· Screening of different agro residues showed that wheat bran was the best substrate for the production of protease by Aspergillus species.
· The incubation period for achieving the maximum production of protease depends on the growth rate of the micro organisms and its enzyme production pattern. Maximum protease production was recorded at an incubation period of 96 hours (0.564 U/ml/min).

· An increasing inoculum level improved the growth and growth related activities. Protease production reached maximum at 2 % inoculum concentration.

· The initial pH of the medium had an influence on the growth and enzyme secretion of micro organisms. The maximum protease production was recorded at pH 9.

· Protease production was found to be maximum at 40°C. 

· MgSO4 has less inhibitory effect among the metal ions tested.

· Protease was produced under the optimized conditions. The extracted enzyme was utilized for bio scouring of wool.

· The optimized parameters for enzymatic scouring were recorded as pH 7, with an enzyme concentration of 30 ml at 50°C and an incubation period of 60 minutes.

· The raw wool was scoured under the optimized conditions and extracted objectively.

· Staple length was found to be maximum in extracted enzyme when compared with conventional and commercial enzymatic scoured samples. 

· Crimp percentage of the extracted enzyme treated sample was found to be maximum as 34% when compared with other treatments.

· Medullation percent was found to be maximum in conventionally scoured sample (93%).

· Fiber diameter was recorded to the minimum for extracted enzyme (2.5%).

· Evaluation of the scoured samples proves that enzymatic scouring with extracted protease was efficient in the removal of impurities.

Conclusion

Enzymes have created a new phase to each and every step of textile wet processing. The future of enzyme applications and biotechnological implementation is bright with many new technological innovations influencing textile industry. Eco- friendly procedures and products have always been and will always create a niche edge in the business and society. It is expected that the use of enzymes will increase in near future because it can minimize negative environmental effect which is the need of hour. The results of this study now opens door ways to scour wool with protease enzyme obtained from proteolytic fungi which was isolated from household waste discharged soil. These studies clearly hold promise for the economical and eco friendly production of protease from Aspergillus species for industrial exploitation and creating a pollution free environment. Also, it could be concluded that the production of high quality wool using protease enzymes will meet global standards, paving way for higher exports.

Limitations


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

Recommendations

· Protease production with several other fungal and bacterial strains could be examined.

· Strains producing thermo stable protease can be exploited.

· To make protease production economically attractive, over producing mutant and recombinant strains can be developed. 
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APPENDICES

APPENDIX I

Preparation Sabourauds Dextrose Broth

Peptone                  
- 
10 g
Glucose                     
- 
20 g 

Chloramphenicol  
-
40 mg

Distilled Water      
- 
1000 ml

pH                           
- 
6.5

Peptone and glucose were dissolved in 1000 ml of distilled water and autoclaved for 15 minutes. After cooling, chloramphenicol was added to the medium to avoid bacterial growth and poured into the plates.
APPENDIX II
DETERMINATION OF PROTEASE ACTIVITY

(Tsuchida et al., (1986)
PRINCIPLE

Proteases cleave the substrate. On treatment with Folin Ciocalteau reagent, the tyrosine produced reduces the phosphomolybdic phosphotungstic components of the reagent to give a blue coloured product, which is measured spectrophotometrically at 660 nm.

REAGENTS

1. 1% BSA in 20 mm borate buffer (pH9.0): 1g of BSA in 100 ml of borate buffer (20 mm borate buffer = 7.4 g of boric acid and 0.294 g of CaCl2 (2 mm) dissolved in 1 litre of water)

2. 0.55 mm Sodium carbonate: 58.28 g Sodium carbonate in 1000 ml of distilled water.

3. 10% TCA

4. Folin Ciocalteau reagent (1:3 dilution)

5. 20 mm Tris buffer: 2.4 g of Tris buffer + 0.294 g CaCl2  (2mm) dissolved in 1000 ml of water. (pH 8.0)

6. Tyrosine Stock standard: 10 ml of stock standard was diluted to 10 ml with water so that 1 ml of working standard contains 100 µg of tyrosine.

7. Tyrosine working standard: 10 g of tyrosine was weighed accurately and made up to 10 ml with distilled water. This solution contains 1 mg of tyrosine per ml.

8. Whatman No. 1 filter paper.

PROCEDURE


Took 16 test tubes marked as Test and Control. Added 2 ml of substrate into all the test tubes. 0.5 ml of enzyme was then added to the test and 2.5 ml of 10% TCA to the control. Incubated the tubes for 30 minutes at 45°C. The enzymatic reaction was stopped by the addition of 2.5 ml of 10% TCA to the test. This was followed by the addition of 0.5 ml of enzyme to the control. Filtered the solution through Whatman No. 1 filter paper. Took 1 ml of each of the filtrate and added 5 ml of Folin Ciocalteau reagent (1:3 dilutions). The reaction mixture was left side for 30 minutes at room temperature. The blue colour developed was measured at 660 nm in a spectrophotometer. As blank added 1 ml of distilled water, 5 ml of 0.55 mm sodium carbonate and 0.5 ml of folin Ciocalteau reagent.

APPENDIX – III

SAMPLES



Raw wool



Conventional scoured wool


Commercial enzymatic scoured wool
Extracted enzyme scoured wool
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