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1.0 INTRODUCTION


The world has seen tremendous economic growth in the past few decades due to the availability of new technologies and international trade opportunities. Unfortunately serious environmental issues have been the by products of this growth. Depletion of ozone layer, global warming, rapid disappearance of rain forest, selfish resource exploitation, pollution of water and air, scarcity of landfills and waste management, noise, dust, toxic gases, hazardous materials pose threat to the quality of life and all respects of health and safety.


The needs and aspiration of the growing population cannot be met without adequate growth in industrial output, and hence pollution is an inevitable penalty for industrialization. Today with increasing awareness and environmental concerns at significant amount of legislation an ecotoxicological considerations have been introduced. It is related to such important issues as health and safety during storage, application and use, and safe disposal of chemical into landfill, into water or release in air during chemical finishes and finishing methods. So, integrated pollution control would continue for developing eco–friendly processes as we approach the next millennium. Ecological restriction should be strictly followed, particularly in textiles processing from raw material selection to the final products says Rekha (2002).


The textile industry plays a very important role in the country’s economy. It is the largest economic activity after agriculture and providing direct and indirect employment to lakh of weavers. The textile industry in India including the garment industry contributes to 6% of the Gross Domestic Product (GDP) of India and earns 18% of the total foreign exchange of the country mention Charankar et al., (2007).


The textile wet processing unit is one of the major contributors of pollution to the global environment, particularly through effluent generation of diverse characteristics state Shukla & Jaipura (2005). The textile wet processing involves the maximum possibilities of polluting chemicals being used. More than 8,000 chemicals and dyestuffs which are enhancing the quality contain toxic and hazardous substances are used in different processes like desizing, scouring, mercerizing, bleaching, silk degumming, etc. The conventional chemicals used for these purposes contribute substantially to the chemical and biological load of the effluent; some of them are corrosive which could even damage the equipment and the fabric itself.


Large quantities of water are required for textile wet processing. This water is discharged into natural streams along with appreciable quantities of dyes and chemicals creating serious ecological and effluent problem. The loading of effluent depends on the amount of used chemicals describes Anandapriya et al.,(2007). Textile effluents are having colour, high BOD, TDS and temperature. Complex environmental issues demand a comprehensive and integrated approach to tackle the problems of pollution.


Reduction in use of energy, water and other raw materials along with waste minimization and elimination wherever possible, should be the highest priority. These include process modification, use of alternative methods and chemicals, water conservation, raw material screening and chemical substitution. It is known that the chemical processing of textiles is one of the greatest stream pollutants in the textile industry. Strict legislation is imposed to limit chemical burden in stream pollution of textiles. In order to reduce the effluent pollution, researches have been concentrated on use of biodegradable chemicals during processing. 


Application of biotechnology in textile wet processing opens up new horizon towards environmentally friendly benign technology. There is no more exciting or vigorous area of textile research than that of enzymatic processing of textiles. Biotechnology is rapidly gaining importance due its eco friendly nature and energy and water saving potential.


Enzyme and enzyme technology are widely touted as the way of the future for many processing industries. This technology is one way to attain leadership in traditional wet processing areas, by both protecting the environment and reducing energy and chemical needs. Enzymes are organic catalysts, highly specific both in the reaction catalysed and their choice of reactions. The use of enzymes in the chemical processing of textiles is gaining wider recognition because of their non-toxic, ecofriendly and biodegradable characteristics. These are the best alternatives of hazardous and corrosive chemicals. 


Though the use of enzymes was established decades ago, only in recent years the applications have increased with introduction of newer products. The well established enzymatic process has many advantages but the major hindrance to its industrial application is the high cost of enzyme production. During the last few years, considerable headway has been made in the application of Biotechnology to textiles in Japan and several countries of west. The use of enzymes in the textile industry is one of the most rapidly growing fields in industrial enzymology. Amylases are used for removal of starch, cellulases are used for biopolishing and biostoning, catalase degrades excess peroxide in bleaching process. Laccase is used to bleach textiles. Other enzymes, which interact with the textiles, are often added to washing powders.


The increase in application of commercial enzymes has always encouraged exploitation of newer sources. Microbial cells can provide an excellent supply of enzymes. Large population of microbial cells can be grown under controlled conditions to provide in a relatively short time, a uniform inexpensive raw material for enzyme production. 


Microbial culture becomes more important in the textile industry due to two major advantages; they allow an economical technology with low energy consumption (“Chemical energy”) and low emission (“green”) processes.


Microorganisms such as bacteria and fungi isolated from various sources produce enzymes that perform textile processing tasks. Bacterial cells have various mechanisms that allow them strictly to control enzyme excretion. Optimization of growth conditions is needed to improve the enzyme production. Temperature is one of the factors that induce changes on cell membranes and cell walls. Therefore incubation temperature may affect the ultra structure of bacterial species and thus results in different temperature optima for growth and enzyme production. The culture pH can also affect the composition of cell wall and plasma membrane of microorganisms and their secretion of enzymes (Mamo and Gessesse, 1999).


Hence the present study was carried out to isolate amylase producing bacteria from sago factory effluent, optimize the growth conditions and to study its application in desizing of selected cotton fabrics.

Objectives:


The major objectives of the study are 

· To isolate amylase producing bacteria from sago factory effluent.

· To select a strain which produce maximum amylase. 

· To identify the selected strain.

· To optimize the cultivation conditions of isolated bacteria for maximum production and activity of amylase.

· Application of produced enzymes as desizing agent and comparison with that of commercial enzyme and conventional method.

· To analyse the fabric to determine the effect of enzymatic treatment on the fabric in comparison with conventional methods.

2.0   REVIEW OF LITERATURE


A brief review of literature pertaining to the study “Biodesizing using amylase isolated from sago effluent” is presented under the following headings.

2.1
COTTON


2.1.1
History of cotton


2.1.2
Structure of cotton


2.1.3
Properties of cotton


2.1.4
Uses of cotton


2.1.5
Production and consumption of cotton

2.2
ENZYMES


2.2.1
Sources of enzymes


2.2.2
Properties of enzymes


2.2.3
Classification of enzymes

2.3
ENZYMES – THE BIG BANG FOR TEXTILE INDUSTRY


2.3.1
History of enzymes in textile industry


2.3.2
Enzymes in textile processing



2.3.2.1
Amylases




2.3.2.1.1 Types of amylase




2.3.2.1.2 Mechanism of amylase action



2.3.2.2
Cellulases



2.3.2.3
Pectinases



2.3.2.4
Lipases



2.3.2.5
Proteases



2.3.2.6
Catalases

2.4
DESIZING


2.4.1
Method of desizing


2.4.2
Traditional desizing


2.4.3
Biodesizing / Enzymatic desizing

2.5
ADVANTAGES OF USING ENZYMES IN TEXTILE INDUSTRIES 
OVER CHEMICALS

2.1 COTTON


Cotton is considered as “white gold” states Mahalingam (2001). Sekar (2001) describes that cotton enjoys a unique position among textiles and is often referred to as the “King of Textiles”. According to Yadav et al., (2003), the quality of the fabric for clothing depends to a great extent on the aesthetic appeal, transport of air and moisture and these comfort factors makes cotton popular in the world of fashion. Cotton is the most consumed natural fibre in the world say Singh et al., (2001).


Cotton is a white or yellowish white vegetable fibre from the plant related to the holly hack states Conwey (1997). Gillow and Sentence (1999), describe cotton as hairy fibres obtained from the surrounding of seed head of a semitrophical plant of the genus “Gossypium”. It is then spun, woven and becomes textile material. The cellulose, of which cotton is made, is a very tough and durable substance. Corbman (1983) views cotton as a service to mankind for so long, that its versatility is almost unlimited and new users are constantly being discovered. Cotton is the cheapest natural fibre used for clothing. It has many useful physical and chemical properties which can be varied in appearance, handle, colour and performance by virtue of the processing and chemical adaptability of the fibre point out Jacob and Sundaram (1992). Cotton offers excellent aesthetic wear and substrate properties compared with man-made fibres; but is weaker, dimensionally unstable, easily wrinkled and difficult to care states Sawhney (1999).

2.1.1 History of Cotton


Cotton from the Arabic word “Qutun”, is the most important vegetable fibre. There is evidence to show that cotton was in use some 5000 years ago. During that time, the balls were handled carefully, to detach the hairs from the seeds until “Eli whitney” invented gin in 1793 and the charka, a more primitive machine was used in India for conversion of the fibres into yarns states Mishra (2000). Nakamura (2000) points out  that the raw cotton is being used as the material for clothing since long and its origin can be traced to 2300 BC. Sundaram et al., (1999) mention that cellulosic fibers in general and cotton (Gossypium sp) in particular are easily degraded by microorganisms and are not normally found in a preserved condition in archaeological excavations. Cotton was referred in Hindu and Rig-Veda hymn mentioning “threads in the loom”. It is generally believed that the first cultivation of cotton was in India, though it grew wild in several locations around the world. People living in Egypts Nile Valley and across the world in Peru were also familiar with cotton (www.cottonsjourney.com). Today, the United States, Russia, China and India are major producers of cotton. (http://library.thinkquest.org). 

2.1.2 Structure of Cotton



Cotton is a fiber that grows from the surface of seeds in the pods, or bolls of a busy mallow plant. It is composed basically of a substance called cellulose views Singh (2004). Hardin and Kim (2000) describe that the cotton fiber is a single biological cell. The cotton structure can be differentiated into concentric zones namely cuticle, primary wall, secondary wall and lumen from the outside of the fiber to inside points out Patra (2003).The primary and secondary walls have different degrees of crystallinity as well as different molecular chain orientation. The cuticle, composed of wax, proteins and pectins is 2.5% of the fibre weight and is amorphous. The primary wall is 2.5% of the fibre weight has a crystallinity index of about 30% and is composed of cellulose. The lumen is composed of protoplasmic residues reviews Karmakar (1998). As per the view of Klaus Opwis et al., (2006), the chemical composition of cotton fibres are 

Compound 


      Cotton Total 

     Primary Wall

Cellulose



90 – 95


50 – 60

Pectins, hemicelluloses 

 1 – 5



    9

Proteins



  1.3



   14

Lipids 




  0.6



     8

Ash (Ca, Mg, Fe)


    1



     3

Soluble compounds


  2.5



    14

Pigments



Traces



Traces

2.1.3 Properties of cotton


Cotton is the major raw material for the textile industry and used as the raw material due to its excellent physical properties viz, high wet strength, high moisture regain, resistance to static electricity and pilling and stability to hot alkaline launderings state Agarwal and Jakhmola (1997). Gohl and Vilensky (1999) observe that the colour of cotton fibres depend on its type, environment, soil and climatic conditions under which it is grown and it varies from near white to light tan. Teli (1993) says that cotton has low resiliency or wrinkle resistance. Cotton fibre is best known for its outstanding comfort characteristics view Gadhe et al., (2002) and Kothari (2000). According to Mayekar (2002) cotton breathes naturally and allows gas and water vapour to pass freely. Cotton is a very fine fibre and easy to dye and print remark Venkiduswamy et al.,  (1999).


According to Gokarneshan (2001), the fibre properties that are vital for cotton are length distribution, strength, elongation, fineness, maturity, non-lint content and colour. Watzl and Eisenacher (2002) say cotton is characterized by excellent properties like absorbency, biodegradable, breathable, non-allergenic, heat resisting, high wet strength and water retaining capacity. Bhattacharya and Patel (2004), say that the superiority of cotton is due to its easy availability and washing properties.

2.1.4 Uses of Cotton


Cotton, the king of natural fibres is still reigning the apparel industry inspite of developments in synthetic fibres state Saraf and Alat (2005).  Malik (2007) points out that cotton, most popular amongst natural fibres, is admired by consumers, the world over for its fascinating feel, comfort and versatility. Accounting for 49% of global fibre consumption, cotton is preferred for a wide range of applications, from apparel to home textiles and a variety of specialized applications. Cotton is used to make blouses, shirts, singlets, shorts, bermudas, jackets and pants. It can also be made into bedspreads, pillowcases, carpets and curtains (http://library.thinkquest.org) 

2.1.5 Production and Consumption of Cotton


Cotton is a cool, soft, comfortable and the principal clothing fibre of the world. Its production is one of the major factors in world’s prosperity and economic stability (www.fabrics.net) 


Today cotton is an integral part of textiles in India. Four million handlooms are engaged in weaving fabrics of nearly 23 different varieties of cotton states Luther (2005). Cotton is the raw material predominantly used by the Indian Textile Industry. The major part of the India’s Textile exports and still higher proportion of domestic consumption are made of cotton and its blends review Basu and Chellamani (2004). As per the view of Nakamura (2000) the total world production varies relatively every year but it is approximately around 50,000,000 sacks (1 sack is of 500 lbs). Out of this, about 40% is produced by America and Russia by dividing into half approximately. Next to it, about 20% is produced in China. The other countries, producing cotton in good quality are India, Mexico, Egypt, Brazil, Pakistan, Turkey, Iran, Sudan, Uganda and Tanzania etc. Rai (2004) mentions that cotton is still the world’s leading textile fibre with some 20 million tones grown every  year by about 80 producing countries.

2.2 ENZYMES


Enzymes, the catalysts of biological systems, are remarkable molecular devices that determine the pattern of chemical transformations states Stryer 
(1995). According to Churi et al., (2004) enzymes are biocatalysts without which no life in plant or animal kingdom can be sustained. The term “enzyme” is derived from the Greek word “enzymos” which means “in the cell” or “ferments” says Patra (2003). They are protein substances made up of more than 250 amino acids infer Muthumanickam and Prasad (2004). They are not themselves living materials. They are distinguishable from other proteins, because of their catalytic activity point out Sundaram and Kumaravel (2006).


Enzymes have been used in industries for centuries; some 7000 enzymes occur in nature, about 3000 of them are currently known and only about 75 have been used industrially to date, view Bohringer and Rupp (2007). The total world market for enzymes in 1981 was 65000 tonnes; by 1985 this grew upto 75000 tonnes. The current estimated value of the world wide sales of industrial enzymes is $1 billion (Godfrey and West, 1996) and is expected to turn upto $6 billion or more in  another ten years (Prasad, 2004). 


The use of an enzyme catalysed reaction may permit much shorter times for a certain process to occur and milder conditions to be employed thus being both safer and more cost effective states Chotani et al.,  (2000).


One of the most important pieces of information about an enzyme is its specific activity (Godfrey and West, 1996). Enzymes speed up a particular chemical reaction lowering the activation energy for the reaction. They achieve this by forming an intermediate enzyme – substrate complex, which alters the energy of the substrate such that it can be more readily converted into the product. The enzyme itself is unaltered at the end of the reaction, thus acting as a catalyst describe Schimid et al., (2001). 

2.2.1. Sources of Enzymes

Enzymes are complex protein ferments secreted by living organisms. These are five known sources of enzymes. They are fungi, bacteria, ruminants, marine organisms and plants (Ravichandran, 2000). Major sources of commercial enzymes are plants, animals and microorganisms says Walavalkar (2005).Microorganisms have now become one of the major sources for the production of industrial scale of enzyme review Annadurai et al., (2004). As per the view of Shukla et al., (2000), the microbial sources of industrial enzymes can be grouped as bacterial origin and fungal origin. Some examples for bacterial and fungal origin enzymes are as follows

Bacterial origin
α- amylase
Bacillus subtilis, Bacillus licheniformis, Bacillus stearothermophilus

β- amylase


Bacillus cereus

Protease


Bacillus coagulans

Catalase 


Micrococcus lysodeiticus

Xylose isomerase

Streptomyces aebus
Fungal Origin

Amylase


Aspergillus niger, A. oryzae, Rhizopus oryzae
Cellulase 


Aspergillus niger, A. oryzae, Pencillium 





funjiculosum,
Rhizopus, Trichoderma longibrachiatum

Protease


Aspergillus niger, A. oryzae

Pectinase
Aspergillus niger, Aspergillus oryzae, Trichoderma  longibrachiatum,

 Catalase


Aspergillus niger

2.2.2. Properties of Enzymes

According to Vigneswaran (2004),Verma and Nishgam(2003), the properties of enzymes are as follows

· Physically enzymes are colloidal in nature

· Chemically they are proteins.

· They are complex and have high molecular weight.

· They are complex and have high temperature.

· They are active only in the limited pH range.

· The range of specificity varies from enzyme to enzyme.

· Enzymatic reactions are reversible.

· These are inhibited by cyanides, sulphides, oxides, etc.

2.2.3 Classification of Enzymes


According to Gowda et al., (2004), the enzymes are classified into 6 broad classes based on the type of biochemical reaction catalysed. 

Oxidoreductases 


Enzymes that catalyse oxidoreduction reactions are termed as oxidoreductases. The substrate that is oxidised is regarded as hydrogen donor.

Transferases


Transferases are enzymes transferring a group, e.g. a methyl group or a glycosyl group, from one compound (generally regarded as donor) to another compound (generally regarded as acceptor).

Hydrolases


These enzymes catalyse the hydrolytic cleavage of C – O, C – N, C – C and  some other bonds, including phosphoric anhydride bonds.

Lyases


Lyases are enzymes cleaving C – O, C – N, C – C, & other bonds by elimination, leaving double bonds or rings, or conversely adding groups to double bonds.

Isomerases


These enzymes catalyse geometric or structural changes within one molecule. According to the type of isomerisms, they may be called racemases, epimerases, Cis-trans-isomerases, tautomerases, mutases or cycloisomerases.

Ligases


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

2.3 ENZYMES – THE BIG BANG FOR TEXTILE INDUSTRY


World  over textile processing is undergoing a sea change, and traditional time consuming and often polluting processes are being replaced with efficient quick and green technology view Verma and Nishkam (2003). Among the variety of chemical and mechanical tools and processes used in textile wet processing, enzymes are gaining an increasingly prominent place in the tool box. These tools are proving to be flexible and reliable and concerns about safety, energy and water conservation and environmental responsibility are making their use more prevalent states Thiry (2001). 


In recent years, there has been a tremendous growth in the use of enzymes in wet processing of textiles states Sarkar and Etters (2004). Enzymes are used in textile industry because they accelerate reactions, acts only on specific substrates, operate under mild conditions and are safe and easy to control. It can replace harsh chemicals and are biodegradable and natural products. The process would usually operate at relatively low temperatures and atmospheric pressures with little by- products formation explain Prabhu and Arputharaj (2003). 

2.3.1 History of Enzymes in Textile Industry


Crude enzymes from malt extract have been in use since 1860’s for desizing process state Karmakar (1998) and Churi et al., (2004). One of the first uses of enzyme application on textile fabrics was the introduction of amylase for the removal of size from cotton fabrics. Amylases are still used and are safer for the cotton fibre than oxidative chemical pretreatment because the amylase enzyme only degrades the amylase (linear chain) and amylopectin [branched chain] components of the starch size points out Holme (2003). In 1919, rapidases were introduced in the market. These enzymes cause the liquefaction of starch in to compounds soluble in water. Since then, research has been carried out to adopt rapidases to industrial operating conditions state Paul and Pardeshi (2002).

2.3.2 Enzymes in Textile Processing 


The current application in the textile industry involve mainly hydrolases and now to some extent is oxidoreductases explain Shah et al., (2002). A wide variety of enzyme compositions namely amylases, pectinases, proteases, xylanases, catalases have been employed in textile processing of different fibre and fabric mention Sheth and Musale (2003).


Rathi (1999) points out some of the important enzymes in textile industry, 

· Amylases 
:  Which converts starch into shorter chain sugars

· Lipases 
:  Which hydrolyse fats and oils into alcohols and organic 

    
     acids.

· Pectinases
:  Which hydrolyse pectins consisting of linear polymers of 

    
    galacturonic acid

· Cellulases
:  Which catalyse the hydrolysis of cellulosic materials

· Proteases
:  Which catalyse splitting of protein molecules and in the 


   extreme may break the protein into the component amino acids.

· Catalases
: Which catalyse the degradation peroxide in dyeing                                




     process  [peroxide decomposition]


All over the world, enzymes have gained incredible importance as biocatalyst in textile wet processing, especially in scouring and lately in bleaching. [www.eng.auburn…]. According NIIR Board, the enzymatic textile processing are as follows,

Desizing

(amylases)


Scouring

(pectinase cellulase)


Bleaching

(oxidoreductase, xylanase)


Dyeing

(oxidoreductase, xylanase)


Finishing

(cellulase, oxidoreductase, Lipase)




Composting 

(cellulase, protease, Xylanase, polyesterase)


The concept of using enzymes in textile processing is to improve surface properties which were developed in Japan in 1989. The main objectives of biofinishing are to create a top quality textile fabric with smooth appearance and improved softness and to avoid conventional chemicals that produce toxic effluents (Moses, 2004).



The implementation of enzymatic systems in the preparation of cotton is advantageous in terms of decreased water, chemicals and energy consumption milder process conditions and ecofriendly process (Tzanor et al., 2000).

2.3.2.1 Amylases 


Amylases are starch degrading enzymes review Aiyer (2005). As per the view of Pandey et al., (2000) amylases are the most important industrial enzymes and are of great significance in present day biotechnology. Although these can be derived from several sources such as plants, animals and microorganisms, the enzymes from microbial source generally meet industrial demand state Pandey et al., (1999). Most commercially available industrial amylases are produced by Bacillus licheniformis, B. amyloliquifaciens and Aspergillus oryzae point out Ezeji et al., (2005) and Konsula et al., (2004).

2.3.2.1.1 Types of Amylases


Four groups of starch converting enzymes have been identified namely endoamylases, exoamylases, debranching enzymes and transferases describe Agarwal et al., (2005).


· Endoamylase – cleave α 1-4 glucosidic bonds in a random fashion present in the amylase or amylopectin chain. α–amylase is a well known endoamylase, which is largely obtained from Bacillus sp. state Aquino et al., (2003).

· Exoamylase – Cleave both α  1-4 or/and α  1-6 glycosidic bonds [β – amylase, amyloglucosidase, glucoamylase and α – glucosidase]

2.3.2.1.2 Mechanism of Amylase Action


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


Studies on pancreatic amylases revealed that chlorine ions would also be essential for hydrolysis of starch. It is believed that chlorine is required to increase the acidity at the active site thereby enhancing hydrolysis state Numo et al., (2002).
The presence of Ca2+ enhances the enzymatic reaction upto a certain level and is believed to stabilize the catalytic sites through structural organization.  The presence of Ca2+ ions is a very important feature of bacterial thermostable amylases (Stable upto 110º C) where they (upto 3 calcium cations) are believed to enhance the stability of enzyme by cross linking  the folded structure (Michius, 1998).

2.4.2.1.4 Advantages of Amylase in Desizing


α – Amylase [3.2.1.1] which is mainly used as a thinning agent in starch hydrolysis is widely applied in food, paper and textile industries (Konsoula and Liakopoulou – Kyraiokides, 2006).  The chemical materials used in the textile industry, which are able to remove starch sizes from the textiles, are harmful for fabrics and environment. Desizing process in one of the worst source of pollution from a textile mill. When starch based size is solubilized  by enzymatic procedure, the generated breakdown products mainly consists of natural short chain carbohydrates. The amount of rinsing water needed in connection with enzymatic desizing is limited because of high solubility of carbohydrates and has low content of salt and harsh chemical in the effluent. (Shrivastava, 1998). Microbial amylases have been proved to be an alternative to the chemical hydrolysis of starch say (Thippeswamy et al., 2006). The advantage of these enzymes is that they are specific for starch removing without damaging the support. (Guzman – Malclonado and Paredes, 1995).

2.3.2.2 Cellulase 


Cellulases are multicomponent enzyme systems containing three different enzyme activities (Exocellulase, endocellulase and β–glucosidase). These activities give cellulase enzymes, the ability to modify all kinds of cellulosic textiles state (Ibrahim and Elzairy, 1999). Kanchagar (2001) says that cellulase is a commonly used enzyme for processes such as bio-finishing, biopolishing and softening of cotton fabrics. Apart from these processes, cellulases are also used in commercial formulations of detergents. These are mainly used to improve the appearance of fabric surfaces by effecting the stone washed appearance in denim without the use of pumice stones or harsh chemicals (Kannan and Geetha malini, 2004) by biopolishing, by removing surface fuzz fibres to impart a smooth appearance or by removing “white specks” (tangles bundle of surface fibres that do not take up dyes) (Roussele et al., 2003). The main effect is surface modification enhancing the optical and physical properties, says Achwal (2003).

2.3.2.3 Pectinases 


Pectinase enzymes act on pectin substances having a polysaccharide structure found in the lamellar layers of plants (linen, ramie, jute, hemp, cotton, etc) state Kale and Shrivastava (1997). Enzymes in this pectinase group include polygalacturonases, (Pectinesterases), endo and exopectinases and pectinlyases mention Li and Hardin (1997).Pectinases are successfully used to separate fibres and eliminate pectins in jute, ramie and flax. Pectinases have been used under controlled conditions in the retting of flax fibres. This treatment has proven to be quicker and more environmentally friendly than traditional retting. Pectinases have also been used together with cellulase in the elimination of impurities in raw cotton and in the carbonization of wool to add the removal of vegetable impurities (Hoondal et al., 2002).

2.3.2.4 Lipases 

Lipases hydrolyse the esters of glycerine, which are major components of fats. Lipases have been traditionally obtained from gastric or pancreatic juices of young animals. Microbial lipases are cheaper. Lipases from both sources are commercially available (Uvarani et al., 1998).


Lipases are used in textile industry to assist in the removal of size lubricants in order to provide a fabric with greater absorbency for improved levelness in dyeing. Its use also reduces the frequency of streaks and cracks in the denim abrasion systems state Arya et al., (2003). When the size consisted of a combination of starch and triglycerides, it is possible to improve the desizing with the help of thermostable lipase. This complements the action of amylase during the desizing of cotton views Lange (1997).

2.3.2.5 Proteases



Proteases catalyse the hydrolysis of certain peptide bonds in protein molecules says Mane and Bapat (2001). In textile industry proteases may also be used to remove the stiff and dull gum layer of sericin from the raw silk fibre to achieve  improved luster and softness. This treatments can modify the surface of wool and silk fibres to provide new and unique finishes mention Wolff et al., (1996). Protease enzyme is used for achieving an antifelting or antishrink properties to the wool fibres under the mild conditions views Patra (2003).

2.3.2.6 Catalases


Catalases are oxidoreductase class of enzymes. It catalyses the decomposition of hydrogen peroxide in to water and molecular oxygen states Gowde et al., (2004).




     catalase


2 H2 O2                                           2 H2 O +  O2


It eliminates  the  residual  peroxide  on  bleached  goods  and  also  saves  water,  energy  and  chemical  besides  helping to achieve uniform dyeing views Nalankilli (2001).

2.4 DESIZING


Desizing can be considered as a heart of the textile wet processing, as results of the subsequent processing are dependent on the effectiveness of desizing view Sheth and Muslae [1997].  In woven fabrics, size is added to warp yarn to prevent breaks during the weaving process state Li and jin – jin [2003].  Sizing is the necessary operations by means of which cotton warps are provide with sufficient strength to be able to withstand the friction and abrasion resistance infers Shukla     et al [2000].  In the weaving of cotton and its blend fabrics, the size material most often contains starch in native or modified form, sometimes in combination with other polymers such as polyvinyl alcohol (PVA), polyacrylic acid (PAA), or carboxymethyl cellulose (CMC).  Small amounts of fats or oils may be also added to the size, with the aim of lubricating the warp coat surface [www.p2pays.org].


After weaving the yarn, into fabric the greige goods are in an unfinished state.  A variety of processes are available to improve the appearance, handle, performance and durability of the fabric points out Kathirvelu [2000].  The layer of sizing agent protects the yarn but must be removed afterward from the raw fabric state Feitdenhauer et al [2003].  The objective of desizing operation is to remove the sizing material, which may hinder during subsequent wet processing treatments describes Achwal [1992].  As per the view of Moghe and Khera [2005] the most significant result of poor desizing are lower degrees of whiteness, insufficient absorbency, spots, reserves, unlevelness, moire of dyeings too harsh handle leading to breaks.

2.4.1 Method of Desizing


As the name implies, the process involves the  removal of the sizing material which   have been put  on the  yarn  to  enable  the yarn  to  withstand  the  frictional  and shearing  forces  to  which it  is subjected  during  the course of weaving infers Dixit [1997].  


In denim garment processing, desizing is the first step which enables the garment to properly receive subsequent chemical and mechanical treatments by removing the previously applied warp size and finishes confirms Shroff [2003].


According to NIIR Board  and  www.answers.com, the major desizing processes are,

· Acid desizing:  The greige cloth is soaked in dilute sulfuric acid or hydrochloric acid for 4 -12 hrs at room temperature and then rinsed with water.

· Oxidative desizing:  In oxidative desizing, the risk of damage to the cellulose fiber is very high, and its use for desizing is increasingly rare.  Oxidative desizing uses potassium or sodium per sulphate or sodium bromite as an oxidizing agent.

· Enzymatic desizing:  The cloth is steeped in baths containing enzymes [1% solution by volume] or malt and kept for 4-8 hrs at 55ºC – 80ºC.  The enzymes hydrolyse starch and converts to readily soluble substance.  Then the clothes are subjected to mild acid treatment and rinsed with water.

· Removal of water soluble sizes:  Fabrics containing water soluble sizes can be desized by washing using hot water, perhaps containing wetting agents [surfactants] and a mild alkali.  The water replaces the size on the outer surface of the fiber, and absorbs within the fiber to remove any size residue.

2.4.2 Traditional Desizing 


For cotton fabrics, traditional desizing is a high temperature washing process and high concentrations of surfactants are used.  As the process proceeds, the viscosity of the washing liquor rises rapidly because sizing agents dissolve.  Therefore large amounts of hot water are required states Feitkenhauer and Meyer [2003].  As per the view of Shukla et al., [2005], conventional desizing of cotton fabrics by use of oxidising agents or acids has the drawback that while acting on starch sizes, these agents do act on cellulose as well, thereby reducing the tensile strength of the fabric.

2.4.3 Biodesizing / Enzymatic Desizing


Biodesizing is a century old phenomenon.  Starch is hydrolyzed to water soluble compounds by amylase say Patel et al [2004].  The advantage of amylase enzyme for desizing over the conventional treatment is its specificity.  Though starch and cellulose both are carbohydrates consisting of polymerized glucose, amylase only reacts with starch without affecting the fibre describes Basu and Chakrabarthy [1997].  According to Sheth and Muale [2003], enzymatic desizing of cotton textiles containing starch based size is a very effective method for removal of starch.


Jackob [1998] states that the desizing operation itself may be subdivided into 3 phases:

· Wetting of the fabric with process liquor. [water as solvent + surfactant as wetting agent + enzyme].

· Swelling phase for the size [degradation of the size by the enzyme and its solution in water].

· Removal of reaction products, the enzyme and the surfactant auxiliary by means of a hot aqueous after wash.

Pawar et al [2002] describes the mechanism of enzymatic desizing.  Starch is progressively hydrolyzed as,


Starch 

      Dextrin 

   Maltose

glucose.

     [Insoluble]

[polysaccharide]
[disaccharide]     [monosaccharide 









soluble]

2.5 ADVANTAGES OF USING ENZYMES IN TEXTILE INDUSTRIES 
OVER CHEMICALS


Wet processing of textile materials involve the maximum possibilities of polluting chemicals used. A number of chemical being used liberally in order to enhance the quality, contain toxic and hazardous substances. These are known not only to damage the environment, but also affect the users of textile products points out Shukla (2001).


Many countries have started protecting the ecology from these hazards. Germany has banned the use of harmful amines, hypochlorite and formaldehyde. The important aspects to be considered in the textile processing industry are minimizing the pollution of water and atmosphere during production below specified limits, minimizing the usage  of  harmful chemicals below specified and minimizing the discharge of waste water  volume  state Prabhu and Arputharaj (2003)


As per the view of Karmakar (1998) Enzyme technology is of great interest in the chemically demanding pretreatment of cotton, wool and silk fibres.


Thiry (2001) has listed out the following advantages of enzymes over chemicals in textile industries.

· Enzymes have characteristics of “clean chemistry”chemicals.

· Enzymes operate under mild conditions of temperature and pH. So energy cost and effluent treatment load is considerably reduced.

· It replaces non-selective harsh chemical. So even after a desired reaction, the textile material remains unattacked.

· Due to high catalytic power, they are needed in small quantities, hence the indirect cost of packing, transportation is lesser.

· Their action is easy to control. It can be easily killed or deactivated by change in pH or temperature. Later on, their presence will not affect further process. So multiple washes can be avoided leading to water, energy and effluent treatment conservation.

· They are biodegradable and hence reduce pollution load.

· There are possibilities of enzyme recycling organisms.

· Enzymes not only save money but also make money for the industry.

· Enzymes are much safer to substrates as well as to the plant personnel.

· The quality of water required for processing is much relaxed in case of enzymes except for highly alkaline water.

· Enzymes are also “clean and green” to manufactures because the main waste products of enzyme production are biomass and water which can be used as fertilizer.

3.0 MATERIALS AND METHODS

The experimental procedure pertaining to the study “Biodesizing using amylase isolated from sago effluent” was carried out under the following headings.

3.1. ISOLATION AND IDENTIFICATION OF BACTERIAL STRAIN

3.1.1  Selection of the source


3.1.2  Collection of the sample


3.1.3  Isolation of amylolytic bacteria 


3.1.4  Identification bacteria



3.1.4.1  Biochemical tests.


3.1.5  Culturing of bacteria

3.2. OPTIMIZATION OF GROWTH CONDITIONS OF BACTERIA

3.2.1  Effect of pH on amylase production 


3.2.2  Effect of temperature on amylase production


3.2.3  Effect of incubation time on amylase production


3.2.4  Effect of carbon source on amylase production


3.2.5  Effect of nitrogen source on amylase production


3.2.6  Effect of metal ions on amylase production


3.2.7  Determination of amylase activity


3.2.8  Determination of protein 


3.2.9. Large Scale Production of amylase

3.3. APPLICATION OF AMYLASE IN DESIZING

3.3.1  Selection of the fabric


3.3.2  Pilot study


3.3.3  Actual desizing process

3.4. EVALUATION OF TREATED FABRICS


3.4.1  Subjective evaluation


3.4.2  Objective evaluation



3.4.2.1  Fabric weight



3.4.2.2  Fabric thickness



3.4.2.3  Tensile strength and elongation



3.4.2.4  Fabric stiffness



3.4.2.5  Drapability



3.4.2.6  Crease recovery



3.4.2.7. Wickability 



3.4.2.8  Tegawa iodine test for starch

3.1. ISOLATION AND IDENTIFICATION OF BACTERIAL STRAIN
3.1.1. Selection of the Source


Amylases are important enzymes, particularly in the process involving starch hydrolysis. Though they originate from different sources (plants, animals and microorganisms), in industry, they are mainly produced from the microbes, due to their higher yield and thermostability state Thippeswamy et al., (2006). The final waste product in the extraction of starch from the sago palm is the starchy fibrous pith residue and waste effluent. It is usually washed off into drains, or nearby streams together with waste water, thus contributing to pollution load, or deposited in the factory’s compound, which can lead to serious environmental problems view Apun et al., (2000). Hence the present study was carried out to assess the potential utilization of the waste water as a source for isolating amylase producing bacteria.

3.1.2. Collection of the sample 


The effluent sample was collected from a sago factory in Salem District. The sample was collected in a 5 litre clean plastic can and kept at 4º C until analysis was done.

3.1.3. Isolation of amylolytic Bacteria 


10% sago effluent was serially diluted from 10-1 to 10-8 dilution. 1ml of the sample of each dilution was poured into nutrient agar medium (Beef extract-0.3g, NaCl-0.5g, Peptone-o.5g, Agar-2g, Distilled water-100ml) and incubated at 37ºC for 24 hrs. Individual colonies appeared were assessed for amylase production based on the clearance zone formed on starch agar plates and visualized by flooding the plates with iodine solution. The bacterium which showed maximum zone of clearance was selected and confirmed by determining the enzyme activity of all the isolates. The strain which produced maximum zone of clearance had maximum enzyme activity.

3.1.4. Identification of Bacteria

The bacterium was identified based on Gram’s staining, motility and other biochemical characteristics (Kannan, 2002) as given in the following table.

3.1.4.1. Biochemical Tests


The bacterium was further confirmed by biochemical tests which were given below.

BIOCHEMICAL CHARACTERISTICS OF BACTERIAL ISOLATE

	BIOCHEMICAL  CHARACTERS
	APPENDIX NUMBER

	Gram staining
	1

	Motility Test
	2

	Indole Production Test
	3

	Methyl Red Test
	4

	Voges Proskauer Test
	5

	Citrate utilization Test
	6

	Catalase Test
	7

	Oxidase Test
	8

	Urea Hydrolysis Test
	9

	Nitrate Reduction Test
	10

	Starch Hydrolysis Test 
	11

	Gelatin Hydrolysis Test
	12


3.1.5. Culturing of Bacteria



The bacterial isolate was maintained on nutrient agar slant at 4ºC and subcultured after every 15 days.

3.2. OPTIMIZATION OF GROWTH CONDITIONS OF BACTERIA 

3.2.1. Effect of pH on amylase production



The optimum pH for amylase production was determined at different pH  such as 3, 4, 5, 6, 7, 8, 9 by keeping the temperature as constant at 37ºC.The pH of the nutrient medium was adjusted using 1N HCl or 1N NaOH. 2% overnight culture was inoculated into the medium with different pH and kept for incubation at 37ºC for 24 hrs. Then the culture was centrifuged at 10,000xg for 20minutes at   4 ºC in a refrigerated centrifuge. The supernatant was used for enzyme assay.

3.2.2. Effect of temperature on amylase production


2% overnight culture was inoculated in nutrient medium at pH 5. The broth was incubated at different temperatures ranging from 20ºC-60ºC at 10ºC  interval for 24 hrs. After the incubation period, the culture was centrifuged at 10,000xg for 20minutes at 4ºC in a refrigerated centrifuge. The amylase activity was determined from the cell free supernatant. 

3.2.3. Effect of incubation time on amylase production


In the nutrient medium, 2% overnight culture was inoculated at pH 5.  To optimize the incubation time for the cell growth and amylase production, the culture was incubated at 37ºC at different time intervals such as 24hrs, 48hrs, 72hrs. After each incubation period, cell mass and amylase activity was determined.

3.2.4. Effect of carbon source on amylase production


    The effect of various carbon sources such as maltose, sucrose, lactose, glucose and starch were examined on cell growth and amylase production.  In the production medium, 1% various carbon sources were added.  2%culture was inoculated in various nutrient medium containing different carbon sources and was incubated at 37ºC for 24hrs.  The samples were harvested and the cells were separated by centrifugation [10,000 X g, 20min] at 4ºC in a refrigerated centrifuge.  The supernatant was used for enzyme assay.  

3.2.5. Effect of Nitrogen source on amylase production


Different nitrogen source such as yeast extract, Beef extract, Tryptone, red gram flour, potassium nitrate and Urea were examined for their effect on amylase production replacing peptone (1%) in the production medium.  In the various nitrogen source production medium, 2% overnight culture was added and kept in incubation at 37ºC for 24hrs.  The cells were separated by centrifugation [10,000 X g, 20min] at 4ºC in refrigerated centrifuge.  The cell free supernatant was assayed for enzyme activity.

3.2.6. Effect of metal ions on amylase production


In the production medium, 0.1% of various metal ions such as CaCl2, KCl, MgSo4, FeSo4, CuSo4, AgNo3 and HgCl2 were added to examine its effect on amylase production 2% of overnight culture was inoculated in the production medium at pH 5 and incubated at 37ºC for 24hrs.  The cells were separated and the supernatant was assayed for enzyme activity.

3. 2. 7. Determination of amylase activity


Amylase activity was assayed from cell free supernatant by DNS method (Sadashivam and Manickam, 1997) [Appendix  13].  


One unit of amylase activity was defined as the amount of enzyme that released 1µ mol of reducing sugar equivalent to glucose per minute under the assay condition states Mamo and Gessesse [1997].

3.2.8. Determination of protein


Protein was determined by the method of Lowry et al., (1951), which was given in appendix 14.

3.2.9 Large scale production of amylase 


Amylase was produced in larger quantities in Application Fermentor [Holand] (plate I) with a working volume of 2 litre capacity containing peptone 1% (W/V), lactose 1% (W/V), pH 5. A fermentor was sterilized at 121º C for 30 minutes with the medium. After cooling, the medium was inoculated with 10% of inoculum. The fermentation was carried out at constant temperature of 37º C, agitation speed of 250 rpm and aeration rate of 6 l/min for 24 hrs. The culture was centrifuged at 5000 rpm for 15 minutes at 4ºC. The supernatant containing the extracellular amylase was used as the crude enzyme.

3.3. APPLICATION OF AMYLASE IN DESIZING
3.3.1. Selection of the fabric


In the textile industry, especially in the apparel sector, cotton is widely used because of its superior properties and it still hold the name as “king of fabrics” state 
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Vardhini and Selvakumar (2000). Cotton is blended with many other fibers so that certain of the desirable properties of cotton, that other fibers may lack, will contribute to the general characteristics of the blended yarns and fabrics. (Corbman., 1983). Cotton – polyester blend that has created a wide variety of textile products. Factors such as cost effectiveness, blending compatibility and complementarity, plentiful availability and the value of finished goods as a competing product for the desired end use have made the blended textiles most popular mention Raghavan (2001).


Cotton and its blended fabrics are subjected to various wet processing treatments to enhance its value. The first and foremost processes of cotton and its blend are desizing. In order to test the application of the extracted enzyme, natural cellulosic fabrics ie, cotton and its blend with high starch content were selected for this study. The details of the fabric which was used for this study was given in Appendix 15

3.3.2. Pilot study


A pilot study is a small replica of the main study. It enables the researcher to acquire prior knowledge about the population to be sampled describes Thanulingom (2000). The pilot study was carried out to optimize the parameter such as impregnation time and enzyme concentration. The fabric impregnation time was optimized for 4 hrs by 1 hr intervals and the enzyme concentration in the various proportions such as 1:30, 1:60, 1:90, 1:120 and 1:150 were carried out. After the impregnation time intervals, the fabric was taken out and washed with hot and cold water. The pressure of starch in the fabric was determined by the iodine penetration test. For this study, the enzymatic desizing process was optimized for 5 different cotton fabrics.

3.3.3 Actual desizing process


The grey cotton sample was cut and weighed accurately. Based on the weight, the desizing bath was prepared by mixing 6 mg/l of NaCl, 1 ml/l of wetting agent   and 30 ml of enzyme for 1g of fabric. Fabric was entered in the solution at 37ºC keeping M:L ratio as 1:30 and kept for 4 hrs. After the treatment, the temperature of the bath was raised to 100º C to deactive the enzyme. Finally, the sample was given one hot wash at boil for 10 -15 mins, one cold wash and dried.

3.4. EVALUATION OF TREATED FABRICS


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

3.4.1.Subjective evaluation


Where laboratory measurement is difficult, a useful device is to submit the range of  samples to a number of judges or experts and ask them to rank them in order of preference. In some cases the  agreement  between the judges may be compared with the ranking given by a laboratory instrument. The  decisions  of each  judge are, of course personal decisions and so the method is referred to as subjective  assessment  (Booth, 1996).


All the desized samples were evaluated visually by a panel of judges consists of 25 post graduate students mastering Textiles and Clothing, using a proforma given in Appendix 17. General appearance, texture and stiffness were the main factors taken into consideration for evaluation. 

3.4.2. Objective evaluation


The starch content of the treated fabric was evaluated by iodine method. Standard fabric tests such as fabric weight, thickness, strength, elongation, stiffness, crease recovery, drapability and wicability were also carried out in the original sample, enzyme treated and chemical treated samples.

3.4.2.1. Fabric weight 


The weight per unit area can be described in terms of ounces per square yard or grams per square metre or ounces per yard or grams per metre (Wingate and Mobbler, 1970). The electronic balance was used for the study. The sample A was cut to the template size (9 cm X 9 cm). Then the sample A was placed in the plate of the weighing balance. The result was recorded in grams from the monitor. The procedure was repeated ten times for sample A. In the same manner, other samples such as B, B1, B2, B3, C, C1, C2, C3, D, D1, D2, D3, E, E1, E2, and E3 were tested.

3.4.2.2. Fabric thickness


The principle of measuring fabric thickness in BS :2544:1954 states that “essentially, the determination of the thickness of a compressible material such as a textile fabric consists of the precise measurement of the distance between two plane parallel plates as the pressure foot and the other as the anvil” (Jewel, 2005).


Fabric thickness gauge was used to measure the thickness of the sample. It has two parts, the anvil and the pressure foot which worked under a lever string action. On the top, a dial indicated the thickness of the sample in thousands of an inch. Each division on the dial read 0.01 mm. The sample was placed on the anvil plate and the lever of the pressure foot each released very slowly and the pressure foot pressed the sample. The dial indicated the thickness of the sample and the mean was calculated. Similarly, the other enzyme treated (Crude and Commercial) and chemically desized samples were tested.

3.4.2.3.Tensile strength and elongation


The maximum tensile stress required to rupture a fabric expressed as pounds per square inch or grams per square centimeter states Conway (1997). The cloth Tensile strength tester (Plate II) was used to measure the strength and elongation. The sample A of 33 cm x 7 cm was cut and placed in the clamps. The load was applied to the sample and when the sample broken, the movement of the lower clamp was reversed. The strength in kgs or pounds was read from the dial. The elongation reading was noted from the scale in inches. Ten readings were taken for concordancy. In the same manner, the other samples such as A1, A2, A3, B, B1, B2, B3, C, C1, C2, C3, D, D1, D2, D3, E, E1, E2, and E3 were tested.

3.4.2.4.Fabric stiffness


Fabric stiffness indicates the resistance of the fabric to bending and it is a key factor in the study of handle and drape, ASTM (1983). Shirley stiffness tester (Plate III) as used to test the stiffness of the fabric. The sample A was cut to the size of 15 cm X 2.5 cm using the template. The sample was placed on the platform with the template at the top of it, so that the leading edges coincide. Both were slowly pushed forward until 
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the leading edges of the sample and the template projected beyond the edge of the platform. The sliding of the sample was stopped when it cut both the index lines. Then the bending length of the sample read from the scale opposite a datum line engraved on the side of the platform. Four readings were taken for A sample. Mean values of the bending length in warp and weft wise direction were calculated. Similarly, the other samples such as A1, A2, A3, B, B1, B2, B3, C, C1, C2, C3, D, D1, D2, D3, E, E1, E2, and E3 were tested.

3.4.2.5 Drapability


Brand (2003) defines the drape as the manner in which a fabric falls when hung on a form and it is one of the most important fabric aesthetic properties. Eureka Drape meter (Plate IV) was used for this study. A circular specimen of diameter 25 cm was supported on a circular disc of diameter 12.5 cm. Measuring the following areas, the drape coefficient, F can be calculated.

· area of the specimen, AD

· area of the supporting disc, Ad

· actual projected area of the specimen, As


The degree co-efficient, F is the ratio between the projected area of the draped specimen and its undraped area, after the deduction of the area of the supporting disc (Angappan and Gopalakrishnan, 2002).






As – Ad




Thus ,   F =  ___________





AD – Ad

3.4.2.6. Crease Recovery 


During usage of a fabric, it will get creased. The ability of a fabric to resist creasing is known as crease recovery states Saville (1999). Shirley crease recovery tester (Plate V) was used for this testing. The sample A was cut from the fabric with a template (5 cm x 2.5 cm) in the warp direction.


The sample was folded gently and to end with its edges in one line, with the help of the tweezers. The folded specimen was placed on the lower plate of the loading device and the load was applied gently. After the load was removed, the specimen was 
transferred to the clamp of the tester. As the specimen recovers, the dial is rotated to keep the free edge of the specimen in line with the knife edge. At the end of the time period allowed for recovery, the recovery angle in degrees was read on the dial. Ten readings were observed. Similarly ten readings were observed for weft wise direction sample. In the same manner, the other samples such as A1, A2, A3, B, B1, B2, B3, C, C1, C2, C3, D, D1, D2, D3, E, E1, E2, and E3 were tested.

3.4.2.7. Wickability


According to Booth (1996), the ability of  a fabric to absorb water especially by a wicking or capillary action may be discovered by timing the rate at which clumps up a narrow strip of fabric suspended vertically with its lower and dipped into the water.

A rectangular strip of sample A with 1cm width and 7 cm length was marked to the fabric and cut. Immersed 1 cm into the water by clamping 5 gms of weight observed the time taken from the water to travel for each cm and the time was recorded. Wickability was tested in both warp and weft direction. Similarly, the other desized samples were also tested.

 3.4.2.8. T egewa iodine test of starch


A portion of the processed cloth is treated with a drop of 0.005 N of the prepared iodine solution (Appendix 18) and the colour developed after 30 seconds was noted. With starch, iodine gives deep blue – black colour, which falls to blue and then to brown, brownish yellow, and yellow as the starch is broken down. A pale yellow brown indicates complete break down of starch. The test is extremely  sensitive and it will be positive even for traces of starch residue.


The  desized samples A1, A2,  A3, B1, B2,  B3, C1, C2,  C3, D1, D2 and D3 were placed over clean white chart and a drop of 0.005 N solution was allowed on the fabric and the colour after 30 seconds was naturally evaluated using the Tegewa violet scale. A light blue colour of the fabric indicates that 80 – 90 % conversion of starch to glucose has been achieved 

Tegewa violet scale 
[ 9 – Complete removal of starch, 8 – Very good, 



   7 -   Good,   6 – Sufficient,  5 – Insufficient ]
4.0 RESULTS AND DISCUSSION

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

4.1 Isolation and screening of bacteria

4.2 Identification of selected bacteria

4.3 Optimization of cultural conditions for amylase production by Bacillus sp.

4.3.1 Effect of pH on amylase production

.4.3.2. Effect of temperature on amylase production

4.3.3 Effect of incubation time on amylase production

4.3.4Effect of carbon source on amylase production

4.3.5 Effect of nitrogen source on amylase production

4.3.6 Effect of metal ions on amylase production

4.4. Evaluation 

4.4.1Subjective evaluation

4.4.1.1 .Visual examination

4.4.2.Objective evaluation

4.4.2.1. Fabric weight 

4.4.2.2. Fabric Thickness 

4.4.2.3. Fabric tensile strength in warp

4.4.2.4. Fabric weft strength 

4.4.2.5. Fabric warp elongation 

4.4.2.5. Fabric warp elongation 

4.4.2.7. Fabric warp stiffness:

4.4.2.8. Fabric Weft Stiffness

4.4.2.9. Fabric warp crease recovery 

4.4.2.10. Fabric weft crease recovery

4.4.2.11. Drapability 

4.4.2.12. Wickability 

4.4.2.13.Tegawa iodine test of starch 
4.1 Isolation and screening of bacteria


Serial dilution technique was performed on nutrient agar plates to isolate bacteria from sago factory effluent. Forty two well grown colonies were obtained. These bacterial colonies were plated on starch agar medium to isolate amylolytic bacteria. The zones of growth and hydrolysis of the medium was measured. Only 22 isolates were found to show amylolytic activity. Of these seven isolates were good, eight were moderate and seven were poor amylase producer (Table  I).

TABLE I

GROWTH AND HYDROLYSIS RATIO OF THE ISOLATED BACTERIAL STRAINS FROM SAGO FACTORY EFFLUENT

	S. No
	Growth: Hydrolysis

Ratio 
	Category
	Number of cultures

	1
	≥3.75
	Good
	7

	2
	2.5 – 3.5
	Moderate
	8

	3
	1.0 – 2.5
	Poor
	7



The amylase activity of the bacterial isolates which showed good zone of clearance was given in Table  II.
TABLE II

 AMYLASE ACTIVITY OF THE SELECTED ISOLATES 

AFTER 24 HRS OF INCUBATION

	S. NO
	COLONIES
	ENZYME ACTIVITY IU/ml/min

	1
	S1
	0.010

	2
	S2
	0.007

	3
	S3
	0.003

	4
	S4
	0.230

	5
	S5
	0.003

	6
	S6
	0.012

	7
	S7
	0.014



Seven isolates producing growth: hydrolysis ratio≥ 3.75 were selected. Of these, isolate S4 found to produce maximum amylase activity and hence S4 isolate was selected for the present study.

4.2 Identification of selected bacteria


Based on the colony morphology, Gram staining and biochemical characteristics, the isolated bacterium was identified as Bacillus sp. Table – III depicts the biochemical characteristics of Bacillus sp.

TABLE III


MORPHOLOGICAL AND BIOCHEMICAL CHARACTERISTICS OF SELECTED ISOLATE

	PARAMETERS
	CHARACTERISTICS

	a. Cellular Characteristics

    Morphology

   Staining Characteristics
	Straight, Rod shape 

Gram positive

	b. Cultural Characteristics

     Nutrient Agar Colonies
	Finger like projections

	c. Motility
	Motile

	d. Biochemical Characteristics

Indole Production Test

Methyl Red Test

Voges Proskauer Test

Citrate utilization Test

Catalase Test

Oxidase test 

Urea Hydrolysis Test

Nitrate Reduction Test

Starch Hydrolysis Test 

Gelatin Hydrolysis Test
	Negative

Negative

Positive

Negative

Positive 

Positive

Positive

Positive

Positive

Positive


          PLATE VI





PLATE  VII
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Voges Proskaur test
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         Urea Hydrolysis test






 






      Nitrate Reduction test
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        Starch Hydrolysis test


                 Gelatin Hydrolysis test

Plate VI shows the color and colony morphology of the Bacillus. Plate VII depicts the biochemical characteristics of the selected isolate.

4.3 Optimization of cultural conditions for amylase production by Bacillus sp.

4.3.1 Effect of pH on amylase production


The effect of pH on growth and enzyme production by Bacillus sp. is depicted in Table  IV.

TABLE IV

EFFECT OF pH ON AMYLASE PRODUCTION BY 

BACILLUS SP  

	S.NO
	 pH
	Cell Biomass
	Amylase Activity U/ml/min
	Specific Activity

µmol/min/mg

	1
	3
	0.11
	0.046
	0.557

	2
	4
	0.16
	0.197
	2.605

	3
	5
	0.32
	0.229
	2.989

	4
	6
	0.30
	0.175
	2.479

	5
	7
	0.21
	0.164
	2.540

	6
	8
	0.26
	0.099
	1.327

	7
	9
	0.05
	0.046
	0.557



From the table the optimum pH was found to be at pH 5. After pH 5 a continuous decrease in amylase activity was observed. Amylases are generally stable in pH range 5.5 – 8.0 but exceptions exist on both sides of the pH scale, mainly in the enzymes of microbial  origin [Janecek and Balaz, 1992]. Maximum amylase production was achieved at pH 10.0 by Bacillus sp. PN5, although pH 5-12 supported amylase production [Saxena, et al., 2006].

4.3.2. Effect of temperature on amylase production


The influence of temperature on amylase production increased with increase in temperature from 27º C reaching a maximum at 37º C. It was found that the cell biomass measured at 600nm was maximum at 37ºC which results in higher amylase production. Above 37º C, there was a reduction in amylase activity which is shown in Table V and Figure 2.

TABLE  V

EFFECT OF TEMPERATURE ON AMYLASE PRODUCTION BY BACILLUS SP.
	S.No
	Temperature (ºC)
	Cell Biomass
	Amylase Activity IU/ml/min
	Specific Activity

µmol/min/mg

	1
	27
	0.28
	0.067
	0.679

	2
	37
	0.39
	0.099
	1.383

	3
	40
	0.32
	0.046
	0.717

	4
	50
	0.30
	0.035
	0.546

	5
	60
	0.21
	0.030
	0.461



Asgher, 2006 reports that the Bacillus sp. could grow satisfactory at all temperatures Wind et al., [1994] had shown that when the incubation temperature is increased the amount of cell free amylase produced by Bacillus thermophilus decreases with a concomitant increase in the level of cell bound enzyme. It is also reported that in Bacillus, the surface protein layer is involved in the control of exoenzyme release [Egelseer et al., 1996a; and Egelseer et al., 1996 b].

4.3.2 Effect of incubation time on amylase production:


To determine optimum incubation time for cell growth and amylase production, the medium was kept at 37º C for 24 hrs to 72 hrs. After every 24hrs amylase activity was determined. The maximum amylase production was observed at an incubation period of 24 hrs for Bacillus sp which is depicted in Table  VI. 

TABLE VI

EFFECT OF INCUBATION TIME ON AMYLASE PRODUCTION BY BACILLUS SP.
	S.No
	Incubation Time (Hrs)
	Cell Biomass
	Amylase Activity 1U/ml/min
	Specific Activity

µmol/min/mg

	1
	24
	0.46
	0.089
	0.920

	2
	48
	0.43
	0.067
	0.0739

	3
	72
	0.40
	0.046
	0.516



Maximum amylase was produced during the stationary phase state Aditi et al., [2004]. Bacillus licheniformis was reported to produce maximum amylase after 72 hrs of fermentation [Bajpai et al., 1989]. In Bacillus thermo oleovorans NP 54 maximum amylase was produced after 12 hrs of fermentation. [Melhotra et al., 2000].

4.3.4 Effect of carbon sources on growth and amylase production by Bacillus 
sp.


Various carbon sources such as soluble starch, lactose, glucose, sucrose and maltose were evaluated for their effect on amylase production in the production medium. Lactose was found to support amylase production with maximum rate at a concentration of 1% which is clearly shown in Table VII. 

TABLE VII

 EFFECT OF CARBON SOURCE ON AMYLASE PRODUCTION BY 

BACILLUS SP

	S.No
	  Carbon Source (1%)
	Cell Biomass
	Amylase Activity U/ml/min
	Specific Activity

µmol/min/mg

	1
	Starch 
	0.68
	0.035
	0.424

	2
	Maltose 
	0.30
	0.013
	0.130

	3
	Sucrose 
	0.22
	0.003
	0.032

	4
	Glucose 
	0.14
	0.024
	0.241

	5
	Lactose 
	0.38
	0.057
	0.572



The nature and amount of carbon source in culture media is important for the growth and production of extra cellular amylase in bacteria [Aiyer, 2004]. 
Thippeswamy et al., [2006] had proved that in an early study, lactose was found to be good carbon source for Bacillus sp MD 435.

4.3.5 Effect of various nitrogen source on growth and amylase production by 
Bacillus sp.


Effect of different nitrogen source on amylase production was tested and summarized in Table  VIII.

TABLE VIII

EFFECT OF NITROGEN SOURCE ON AMYLASE PRODUCTION BY BACILLUS SP

	S.No
	Nitrogen Source(1%)
	Cell Biomass
	Amylase Activity 1U/ml/min
	Specific Activity

µmol/min/mg

	1
	Peptone
	0.34
	0.035
	0.418

	2
	Yeast extract
	0.40
	BDL
	BDL

	3
	Beef extract
	0.58
	BDL
	BDL

	4
	Tryptone
	0.99
	0.034
	0.347

	5
	Redgram flour
	0.33
	BDL
	BDL

	6
	KNO3
	1.96
	0.014
	0.139

	7
	Urea
	0.22
	0.013
	0.137



BDL  ( Below Detectable Level


From the table, it was obvious that the maximum activity of amylase was observed in peptone at 1%. The amount of nitrogen source can play a very critical role in the production of alpha amylase [ Ikram-Ul-Hag, 2003]. The nature and relative concentration of carbon and nitrogen sources are important in formation of amylase. Lower levels of nitrogen are inadequate for enzyme production and excess nitrogen is equally detrimental causing enzyme inhibition [Aiyer, 2004].

4.3.6 Effect of metal ions on growth and amylase production by Bacillus sp. 


The effect of addition of metal ions such as CaCl2, KCl, MgSO4, Fe SO4,  CuSO4, AgNO3 and HgCl2 to the production medium on amylase was examined and the results were shown in Table  IX.

TABLE IX

EFFECT OF   METAL IONS ON AMYLASE PRODUCTION BY BACILLUS SP

	S.No
	Metal ions  (0.1%)
	OD at 600 nm
	Amylase Activity U/ml/min
	Specific Activity

µmol/min/mg

	1
	Cacl2
	0.46.
	0.035
	0.418

	2
	KCl
	0.34
	BDL
	BDL

	3
	MgSo4,
	0.58
	BDL
	BDL

	4
	FeSo4
	0.99
	0.034
	0.0347

	5
	CuSo4
	0.33
	BDL
	BDL

	6
	AgNo3
	1.96
	0.014
	0.139

	7
	HgCl2
	0.22
	0.013
	0.137



BDL  ( Below Detectable Level


From the table, it was clear that presence of calcium chloride in the nutrient medium induces amylase production. All α – amylases are metalloenzymes containing at least one Ca2+ ion per enzyme molecule which is essential for activity [Janecek and Balaz, 1992] and affinity of Ca+ is muck stronger than that of other ions [Gupta et al., 2003]. In  Bacillus subtilis JS – 2004, α – amylases was activated by 2mM Ca2+ but inhibited by all other metal ions to a variable extent [Asgher et al., 2006].
4.4 Evaluation 

4.4.1 Subjective evaluation

4.4.1.1 Visual examination


The results of the visual examination of chemical, crude enzyme and commercial enzyme treated samples are shown in Table  X.

TABLE X

VISUAL INSPECTION OF THE DESIZED SAMPLES

	S. No
	Samples
	General appearance
	Texture
	Stiffness

	
	
	G
	F
	P
	S
	C
	R
	L
	M
	H

	1
	A1
	56
	44
	-
	100
	-
	-
	56
	44
	-

	
	A2
	-
	48
	52
	76
	24
	-
	28
	36
	36

	
	A3
	40
	60
	-
	96
	4
	-
	48
	52
	-

	2
	B1
	20
	16
	64
	-
	28
	72
	-
	16
	84

	
	B2
	64
	20
	16
	-
	68
	32
	44
	36
	20

	
	B3
	28
	32
	40
	-
	36
	64
	-
	36
	64

	3
	C1
	48
	40
	12
	80
	20
	-
	48
	48
	4

	
	C2
	24
	32
	48
	24
	76
	-
	36
	36
	28

	
	C3
	60
	40
	-
	88
	12
	-
	52
	48
	-

	4
	D1
	48
	40
	12
	80
	20
	-
	52
	44
	4

	
	D2
	24
	32
	48
	24
	76
	-
	36
	56
	8

	
	D3
	60
	40
	-
	76
	24
	-
	60
	32
	8

	5
	E1
	56
	44
	-
	60
	36
	4
	76
	24
	-

	
	E2
	-
	40
	60
	12
	68
	20
	28
	56
	8

	
	E3
	100
	-
	-
	72
	20
	8
	84
	16
	-




G – GOOD

F – FAIR

P – POOR




S – SOFT

C – COURSE

L – LOW 



M - MEDIUM     
H - HIGH    

R - ROUGH


The desized [crude enzyme, chemical and commercial enzyme treated] samples were evaluated for the general appearance, stiffness and texture.


The results conclude that the samples A1, B2, C3,  D3 and E3 were rated to be good for general appearance by 56, 64, 60, 60 and 100 percent of the judges respectively. With regard to stiffness, samples A1, C3 ,  D1 and E3  were rated to be soft by 100, 88, 80 and 72 percent of the judges respectively.
4.4.2 Objective evaluation

4.4.2.1 Fabric weight  


The fabric weight and analysis of variance of the original and treated samples were shown in Table  XI, XI a and Figure 1.


TABLE XI

FABRIC WEIGHT 

	S.No
	Fabric
	Fabric Weight

 (in grams)
	Loss or Gain over Original

	
	
	Mean
	Actual
	%

	1
	A
	0.67
	- 
	 -

	2
	A1
	0.76
	0.09
	13.4

	3
	A2
	0.78
	0.11
	16.4

	4
	A3
	0.75
	0.08
	12.0

	5
	B
	0.32
	-
	-

	6
	B1
	0.36
	0.04
	13.0

	7
	B2
	0.34
	0.02
	6.3

	8
	B3
	0.35
	0.03
	9.4

	9
	C
	0.61
	-
	-

	10
	C1
	0.66
	0.05
	8.2

	11
	C2
	0.67
	0.06
	9.8

	12
	C3
	0.65
	0.04
	6.6

	13
	D
	0.50
	-
	-

	14
	D1
	0.51
	0.07
	2.0

	15
	D2
	0.51
	0.07
	2.0

	16
	D3
	0.52
	0.02
	4.0

	17
	E
	1.18
	-
	-

	18
	E1
	1.29
	0.11
	9.32

	19
	E2
	1.42
	0.24
	20.31

	20
	E3
	1.30
	0.12
	10.2


Fabric weight of original and treated samples
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From table XI and Fig 1 it is clear that the fabric weight of all the treated samples have increased. The maximum increase is seen between samples E and E1 as 20%.The minimum increase is observed in between samples D1 and D2 respectively. Hence it could be concluded that the enzyme treatments increased fabric weight.  

4.4.2.2 Fabric Thickness 


The fabric thickness and the analysis of variance of the original and treated samples are shown in Table  XII, XIIa and Figure 2.

TABLE XII

FABRIC THICKNESS

	S.No
	Fabric
	Fabric Thickness (mm)
	Loss or Gain over Original

	
	
	Mean
	Actual
	%

	1
	A
	0.23
	-
	-

	2
	A1
	0.28
	0.05
	18.0

	3
	A2
	0.28
	0.05
	18.0

	4
	A3
	0.28
	0.05
	18.0

	5
	B
	0.18
	-
	-

	6
	B1
	0.24
	0.06
	33.0

	7
	B2
	0.28
	0.10
	35.0

	8
	B3
	0.24
	0.06
	33.0

	9
	C
	0.15
	-
	-

	10
	C1
	0.32
	0.17
	113

	11
	C2
	0.30
	0.15
	100

	12
	C3
	0.33
	0.18
	120

	13
	D
	0.15
	-
	-

	14
	D1
	0.30
	0.15
	100

	15
	D2
	0.31
	0.16
	107

	16
	D3
	0.30
	0.15
	100

	17
	E
	0.42
	-
	-

	18
	E1
	0.53
	0.11
	26

	19
	E2
	0.55
	0.13
	31

	20
	E3
	0.55
	0.13
	31


TABLE XIIa

TWO WAY ANALYSIS OF VARIANCE - FABRIC THICKNESS

	Source of Variation
	Sum of Squares
	df
	Mean Square
	F value

	Between treatments 
	2.11
	2
	1.055
	112.25**

	Between fabrics
	706.57
	4
	176.64
	1.49   

	Residual
	947.44
	8
	118.43
	 

	Total
	1056.12
	14
	
	 



    ** Significant at 5 percent  level. 



 Fabric Thickness of original and treated samples
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Table XII, XIIa and Fig 2 prove that there is an increase in fabric thickness in all the treatments, when compared to their original samples. The maximum increase is observed in sample C3 as 120%. For samples A1, A2 and A3 a minimum increase of 18% is seen. This may be due to the structure of the fabric. Useage of commercial enzyme do not show a significant difference, when compared with crude enzyme and chemical treatments.   The analysis of variance shows that there is a significant difference between treatments in fabric thickness at 5% level.

4.4.2.3 Fabric Tensile strength in warp


The fabric warp strength and analysis of variance of the original and treated samples are shown in the Table  XIII, XIIIa and Figure  3.

TABLE XIII

FABRIC TENSILE STRENGTH - WARP

	S.No
	Fabric
	Fabric strength - Warp (kg)
	Loss or Gain over Original

	
	
	Mean
	Actual
	%

	1
	A
	20.4
	-
	-

	2
	A1
	28.2
	7.8
	38.2

	3
	A2
	22.3
	1.9
	9.3

	4
	A3
	26.1
	5.7
	30.0

	5
	B
	20.6
	-
	-

	6
	B1
	26.3
	5.7
	28.0

	7
	B2
	17.4
	-3.2
	16.0

	8
	B3
	26.5
	5.9
	29.0

	9
	C
	22.9
	-
	-

	10
	C1
	25.0
	2.1
	9.17

	11
	C2
	15.6
	-7.3
	31.8

	12
	C3
	24.1
	1.2
	5.24

	13
	D
	20.0
	-
	-

	14
	D1
	25.0
	5.0
	25.0

	15
	D2
	18.0
	-2.0
	10.0

	16
	D3
	25.7
	5.7
	28.5

	17
	E
	24.0
	-
	-

	18
	E1
	42.0
	18.0
	75.0

	19
	E2
	32.0
	8.0
	33.0

	20
	E3
	43.2
	19.2
	80.0



The fabric tensile strength drastically decreased in chemically treated samples except C2 which may be due to the nature of the fabric. In all the enzyme treated fabrics, the tensile strength increased when compared to their originals. Hence it could be concluded that the enzyme treatment enhances the fabric tensile strength unlike the chemical treated one. The analysis of variance shows that there is a significant difference between treatments and between fabrics in fabric thickness at 5% level.

TABLE XIIIa

TWO WAY ANALYSIS OF VARIANCE  - FABRIC WARP STRENGTH

	Source of Variation
	Sum of Squares
	df
	Mean Square
	F value

	Between treatments 
	221.49
	2
	110.75
	54.96**

	Between fabrics
	617.28
	4
	154.32
	76.58 **

	Residual
	16.12
	8
	2.015
	

	Total
	854.89
	14
	
	


  
  ** Significant at 5 percent  level. 

Fabric Tensile strength - warp of original and treated samples
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4.4.2.4 Fabric Tensile strength in weft


The fabric weft strength and analysis of variance of the original, crude  enzyme, chemical and commercial enzyme treated samples are shown in Table  XIV, XIVa and Figure  4.

TABLE XIV

FABRIC TENSILE STRENGTH - WEFT

	S.No
	Fabric
	Fabric strength Weft (kg)
	Loss or Gain over Original

	
	
	Mean
	Actual
	%

	1
	A
	17.4
	-
	-

	2
	A1
	27.7
	10.3
	59.0

	3
	A2
	16.4
	-1.0
	5.7

	4
	A3
	26.1
	8.7
	50.0

	5
	B
	10.3
	-
	-

	6
	B1
	10.4
	0.1
	0.96

	7
	B2
	8.1
	-2.3
	22.0

	8
	B3
	10.5
	0.2
	1.94

	9
	C
	17.5
	-
	-

	10
	C1
	19.9
	2.4
	13.7

	11
	C2
	15.6
	-1.9
	10.8

	12
	C3
	18.9
	1.4
	8.0

	13
	D
	13.9
	-
	-

	14
	D1
	19.0
	5.1
	36.6

	15
	D2
	16.9
	3.0
	21.5

	16
	D3
	19.4
	5.5
	39.5

	17
	E
	24.1
	-
	-

	18
	E1
	30.2
	6.1
	25.0

	19
	E2
	24.1
	0.0
	0.0

	20
	E3
	32.0
	7.9
	32.7


TABLE XIVa

TWO WAY ANALYSIS OF VARIANCE - FABRIC WEFT STRENGTH

	Source of Variation
	Sum of Squares
	df
	Mean Square
	F value

	Between treatments 
	89.79
	2
	44.89
	9.78**

	Between fabrics
	601.81
	4
	150.45
	32.77**

	Residual
	36.74
	8
	4.59
	

	Total
	728.34
	14
	
	




    ** Significant at 5 percent  level. 

Fabric Tensile strength - weft of original and treated sample
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From the Table  XIV, the mean value of the fabric weft strength in all the chemical treated samples decreased when compared to original and enzyme treated samples except D2. Hence it may be concluded that the fabric tensile strength in weft direction is increased in enzyme treated fabrics. The analysis of variance shows that the there is significant difference between the treatment and between the fabrics at 5 percent level.

4.4.2.5 Fabric warp elongation 


The warp elongation and the analysis of variance of the original and the treated samples are shown in Table  XV, XVa and Figure  5.

TABLE XV

FABRIC ELONGATION - WARP

	S.No
	Fabric
	Warp Elongation (cm)
	Loss or Gain over Original

	
	
	Mean
	Actual
	%

	1
	A
	3.61
	-
	-

	2
	A1
	7.73
	4.12
	114.12

	3
	A2
	6.97
	3.36
	93.07

	4
	A3
	7.78
	4.17
	115.51

	5
	B
	3.18
	-
	-

	6
	B1
	3.38
	0.16
	5.031

	7
	B2
	3.84
	0.66
	20.75

	8
	B3
	3.81
	0.63
	19.81

	9
	C
	5.89
	-
	-

	10
	C1
	5.87
	-0.02
	0.34

	11
	C2
	5.76
	-0.07
	1.19

	12
	C3
	5.90
	0.01
	0.16

	13
	D
	3.27
	-
	-

	14
	D1
	4.53
	1.26
	38.53

	15
	D2
	4.48
	1.21
	37.00

	16
	D3
	4.55
	1.28
	39.14

	17
	E
	4.53
	-
	-

	18
	E1
	5.03
	0.50
	11.04

	19
	E2
	4.72
	0.19
	4.19

	20
	E3
	5.90
	1.37
	30.24


TABLE XVa

TWO WAY ANALYSIS OF VARIANCE  - FABRIC ELONGATION (WARP)

	Source of Variation
	Sum of Squares
	df
	Mean Square
	F value

	Between treatments 
	0.45
	2
	0.225
	1.875 

	Between fabrics
	25.16
	4
	6.29
	52.42**

	Residual
	0.95
	8
	0.12
	

	Total
	26.56
	14
	
	




    ** Significant at 5 percent  level. 

Fabric warp elongation of original and treated sample
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From Table XV, it is clear that the mean fabric elongation in warp direction increased in all the treated samples when compared with their  originals. Maximum increase is seen in sample A3 whereas minimal increase is noticed in C3. The results prove that there is minimum difference in fabric elongation (warp) between the crude and commercial enzymes. Hence it could be concluded that crude enzyme has similar elongation in warp direction as that of commercial enzyme. Table XVa shows that there is no significant difference between the treatments but there is significant difference between the fabrics at 5% level.

4.4.2.3 Fabric  weft elongation 


The weft elongation and the analysis of variance of the original and treated samples are shown in the Table  XVI, XVIa and Figure 6

TABLE XVI

FABRIC ELONGATION - WEFT

	S.No
	Fabric
	Weft Elongation (cm)
	Loss or Gain over Original

	
	
	Mean
	Actual
	%

	1
	A
	6.49
	-
	-

	2
	A1
	8.46
	1.97
	30.3

	3
	A2
	6.84
	0.35
	5.4

	4
	A3
	8.51
	2.02
	31.1

	5
	B
	3.86
	-
	-

	6
	B1
	5.44
	1.58
	40.9

	7
	B2
	5.84
	1.98
	51.3

	8
	B3
	5.31
	1.45
	37.6

	9
	C
	4.32
	-
	-

	10
	C1
	4.83
	0.51
	11.8

	11
	C2
	4.53
	0.21
	4.9

	12
	C3
	4.91
	0.59
	13.7

	13
	D
	4.06
	-
	-

	14
	D1
	5.25
	1.19
	29.3

	15
	D2
	3.88
	-0.18
	4.4

	16
	D3
	5.40
	1.34
	33.0

	17
	E
	5.50
	-
	-

	18
	E1
	8.28
	2.78
	50.5

	19
	E2
	7.61
	2.11
	38.4

	20
	E3
	9.03
	3.53
	64.1


TABLE XVIa

TWO WAY ANALYSIS OF VARIANCE - FABRIC ELONGATION (WEFT)

	Source of Variation
	Sum of Squares
	df
	Mean Square
	F value

	Between treatments 
	2.23
	2
	1.115
	4.069 

	Between fabrics
	35.4
	4
	8.85
	32.29**

	Residual
	2.19
	8
	0.274
	

	Total
	39.82
	14
	
	




    ** Significant at 5 percent  level. 

Fabric weft elongation of original and treated sample
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The Table XVI reveals that there is an increase in the level of fabric elongation (weft) in all the treated samples over their originals. Maximum increase in weft elongation is seen in sample E3 whereas minimum increase in is given by sample D2. But in between the treatments, the enzyme treated has a high elongation value when compared with chemical treated samples. Hence it is proved that the enzyme treatment increase the fabric elongation in the weft direction.  According to analysis of variance there is significant difference between the fabrics at 5% level.

4.4.2.7 Fabric warp stiffness 


The warp stiffness and the analysis of variance of the original and treated samples are shown in Table XVII, XVIIa and Figure 7.

TABLE XVII

FABRIC STIFFNESS - WARP

	S.No
	Fabric
	Warp stiffness (cm)
	Loss or Gain over Original

	
	
	Mean
	Actual
	%

	1
	A
	1.76
	-
	-

	2
	A1
	1.26
	0.5
	28.41

	3
	A2
	1.40
	0.36
	20.45

	4
	A3
	1.26
	0.5
	28.41

	5
	B
	5.48
	-
	-

	6
	B1
	4.44
	1.04
	18.97

	7
	B2
	4.54
	0.94
	17.15

	8
	B3
	4.41
	1.07
	19.53

	9
	C
	2.34
	-
	-

	10
	C1
	1.58
	0.76
	32.48

	11
	C2
	2.16
	0.18
	7.69

	12
	C3
	1.56
	0.78
	33.33

	13
	D
	1.34
	-
	-

	14
	D1
	1.18
	0.16
	11.94

	15
	D2
	1.74
	0.4
	29.85

	16
	D3
	1.16
	0.18
	13.43

	17
	E
	2.50
	-
	-

	18
	E1
	2.10
	0.4
	16.0

	19
	E2
	2.30
	0.2
	8.00

	20
	E3
	2.00
	0.5
	20.0


TABLE XVIIa

TWO WAY ANALYSIS OF VARIANCE  - FABRIC STIFFNESS (WARP)

	Source of Variation
	Sum of Squares
	df
	Mean Square
	F value

	Between treatments 
	0.37
	2
	0.185
	14.23**

	Between fabrics
	20.45
	4
	5.11
	393.07**

	Residual
	0.1
	8
	0.013
	

	Total
	20.97
	14
	
	



      ** Significant at 5 percent  level. 

Fabric warp stiffness of original and treated samples
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Table  XVII,  features a minimum difference of 8 percent in warp stiffness for the sample C2 and E2 whereas maximum difference of 30 percent is seen in the samples D2. From the results, it could be said that the treatments had reduced the stiffness in warp. The mean fabric stiffness in warp direction was higher in chemical treated samples when compared with the enzyme treated samples. This proved that enzymes act efficiently in the removal of starch when compared with the chemicals. There was not much difference in stiffness value between the commercial and crude enzymes. The analysis of variance table depicts that there is significant difference between the treatments and between the fabrics at 5% level.

4.4.2.8 Fabric weft stiffness 


The weft stiffness and the analysis of variance of the original and treated samples are shown in Table XVII, XVIIa and Figure 8

TABLE XVIII

FABRIC STIFFNESS - WEFT

	S.No
	Fabric
	Weft stiffness (cm)
	Loss or Gain over Original

	
	
	Mean
	Actual
	%

	1
	A
	1.6
	-
	-

	2
	A1
	1.22
	0.38
	23.75

	3
	A2
	1.46
	0.14
	8.75

	4
	A3
	1.22
	0.38
	23.75

	5
	B
	6.38
	-
	-

	6
	B1
	4.44
	1.94
	30.40

	7
	B2
	5.18
	1.2
	18.81

	8
	B3
	4.68
	1.7
	26.65

	9
	C
	1.56
	-
	-

	10
	C1
	1.15
	0.41
	26.28

	11
	C2
	1.2
	0.36
	23.09

	12
	C3
	1.10
	0.46
	29.49

	13
	D
	1.10
	-
	-

	14
	D1
	0.75
	0.35
	31.81

	15
	D2
	1.0
	0.1
	9.1

	16
	D3
	0.75
	0.35
	31.81

	17
	E
	2.2
	-
	-

	18
	E1
	1.4
	0.8
	36.4

	19
	E2
	1.9
	0.3
	13.64

	20
	E3
	1.4
	0.8
	36.4


TABLE XVIIIa

TWO WAY ANALYSIS OF VARIANCE - FABRIC STIFFNESS (WEFT)

	Source of Variation
	Sum of Squares
	df
	Mean Square
	F value

	Between treatments 
	0.37
	2
	0.185
	8.22**

	Between fabrics
	31.11
	4
	7.78
	353.64**

	Residual
	0.18
	8
	0.022
	

	Total
	31.66
	14
	
	



      ** Significant at 5 percent  level. 

Fabric weft stiffness of original and treated samples
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From the Table XVIII it is evident that there is a decrease in the stiffness of all the samples, when compared to their originals. The maximum decrease is seen in the samples E1 and E3 as 36 percent followed by D1 and D3 of 32 percent. The minimum difference is seen in the samples A2 and D2 as 9 percent respectively. Hence it could be concluded that the enzyme treatment reduce the stiffness of the fabric compared with chemical treatment. It shows that the enzyme acts as a good desizing agent. The analysis of variance for weft stiffness between the treatments and the samples is significant at 5 percent level. 

4.4.2.9 Fabric warp crease recovery 


The fabric warp crease recovery and the analysis of variance of the original and treated samples are shown in the Table  XIX, XIXa and Figure 9.

TABLE - XIX

FABRIC CREASE RECOVERY - WARP

	S.No
	Fabric
	Warp stiffness (cm)
	Loss or Gain over Original

	
	
	Mean
	Actual
	%

	1
	A
	106
	-
	-

	2
	A1
	106
	-
	8

	3
	A2
	105
	-
	0.9

	4
	A3
	102
	-4
	-3

	5
	B
	102
	-
	-

	6
	B1
	113
	11
	11.0

	7
	B2
	110
	8
	8

	8
	B3
	100
	-2
	-1.9

	9
	C
	102
	-
	-

	10
	C1
	105
	3
	3

	11
	C2
	109
	7
	6.8

	12
	C3
	106
	4
	3.9

	13
	D
	104
	-
	-

	14
	D1
	104
	0
	0.0

	15
	D2
	117
	13
	12.5

	16
	D3
	110
	6
	5.7

	17
	E
	117
	-
	-

	18
	E1
	115
	-2
	1.7

	19
	E2
	110
	-7
	5.9

	20
	E3
	115
	-2
	-1.7


TABLE XIXa

TWO WAY ANALYSIS OF VARIANCE - FABRIC STIFFNESS (WARP)

	Source of Variation
	Sum of Squares
	df
	Mean Square
	F value

	Between treatments 
	33.6
	2
	16.8
	1.39 

	Between fabrics
	128.8
	4
	32.2
	1.38 

	Residual
	187.2
	8
	
	

	Total
	349.0
	14
	
	


Fabric warp crease recovery warp of original and treated samples
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Table XIX features a minimum difference of 0.9 percent in warp crease recovery angle for the sample A2, whereas maximum difference of 13 percent is seen in sample D2.  There is an increase in the crease recovery angle in samples A1, C1 and D1 compared with all other treated samples. It is proved that the increase recovery angle (warp) of enzyme treated samples shows the reduction in starch content over original and chemical treated one. 
4.4.2.10 Fabric weft crease recovery 


The fabric weft crease recovery and the analysis of variance of the original and treated samples are shown in the Table  XX and Figure  10.

TABLE - XX

FABRIC CREASE RECOVERY - WEFT

	S.No
	Fabric
	Weft stiffness (cm)
	Loss or Gain over Original

	
	
	Mean
	Actual
	%

	1
	A
	98
	-
	-

	2
	A1
	108
	10
	10.2

	3
	A2
	102
	4
	4.1

	4
	A3
	109
	11
	11.2

	5
	B
	104
	-
	-

	6
	B1
	113
	9
	8.6

	7
	B2
	110
	6
	5.7

	8
	B3
	117
	13
	12.5

	9
	C
	101
	-
	-

	10
	C1
	109
	8
	7.9

	11
	C2
	105
	4
	3.9

	12
	C3
	112
	11
	10.8

	13
	D
	108
	-
	-

	14
	D1
	113
	5
	4.6

	15
	D2
	106
	-2
	1.8

	16
	D3
	117
	9
	8.3

	17
	E
	119
	-
	-

	18
	E1
	105
	-14
	-11.7

	19
	E2
	110
	-9
	-7.5

	20
	E3
	102
	-17
	-14.3


TABLE XXa

TWO WAY ANALYSIS OF VARIANCE   - FABRIC CREASE RECOVERY (WEFT)

	Source of Variation
	Sum of Squares
	df
	Mean Square
	F value

	Between treatments 
	58.8
	2
	29.4
	1.32

	Between fabrics
	137.63
	4
	34.41
	0.89

	Residual
	310.4
	8
	38.8
	

	Total
	506.83
	14
	
	




Fabric warp crease recovery weft of original and treated samples [image: image27.emf] 
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From the Table XX, it is clear that there is a maximum difference in crease recovery of 13% in sample B3, whereas minimum difference of 2% is seen in sample D2. The results prove that there is an increase in crease recovery angle (weft) in all the enzyme treated samples over original and chemical treated samples. Hence it could be concluded that the enzyme treated samples has a significant  crease recovery angle. 

4.4.2.11 Drapability 


The drape co-efficient of the original and treated samples are shown in     Table XXI and Figure 11.

TABLE  XXI

DRAPABILITY

	S.No
	Fabric
	Mean co-efficient 
	Drape coefficient %
	Loss or Gain over Original

	
	
	
	
	Actual
	%

	1
	A
	0.639
	64
	-
	-

	2
	A1
	0.535
	53
	-11
	-17.19

	3
	A2
	0.634
	63
	-1
	-1.56

	4
	A3
	0.581
	58
	-6
	-9.375

	5
	B
	0.928
	93
	-
	-

	6
	B1
	0.894
	89
	-4
	-4.30

	7
	B2
	0.881
	88
	-5
	-5.376

	8
	B3
	0.889
	89
	-4
	-4.30

	9
	C
	0.877
	88
	-
	-

	10
	C1
	0.864
	86
	-2
	-2.27

	11
	C2
	0.874
	87
	-1
	-1.14

	12
	C3
	0.858
	86
	-2
	-2.27

	13
	D
	0.578
	58
	-
	-

	14
	D1
	0.549
	55
	-3
	-5.17

	15
	D2
	0.605
	60
	2
	3.49

	16
	D3
	0.532
	53
	-5
	-8.62

	17
	E
	0.892
	89
	-
	-

	18
	E1
	0.821
	82
	-7
	-7.87

	19
	E2
	0.846
	85
	-4
	-4.49

	20
	E3
	0.829
	83
	-6
	-6.74


Drapability of original and treated samples
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The figure 11 shows that mean values of the drape co-efficient is found to be minimum in all the treated samples over original samples. Table XXI features a minimum  loss percent of 53 in samples A1 and D3 whereas maximum of loss percent of  89 in samples B1 and B2 respectively. In enzyme treated samples, the drape coefficient is very low compared to their originals and chemical treatments except B1 and B2 which may be due to the nature of the fabric.  In between the crude  and commercial  treatment, there is no much difference in their drape coefficient value. The small value of drape coefficient indicates the better drapability of the fabric and the large value indicated the bad drapability (Angappan and Gopalakrishnan, 2002). Hence it could be concluded that the enzyme treated samples has great drapability and the enzyme treatment is very much significant for desizing.

4.4.2.12 Wickability  


The wickability  of the original and treated samples are shown in Table XXII and XXIIa Figure  12.

TABLE  XXII

WICKABILITY  

	S.No
	Fabric
	Mean absorbency (in sec) 
	Loss or Gain over Original

	
	
	
	Actual
	%

	1
	A
	240
	-
	-

	2
	A1
	30
	210
	87.5

	3
	A2
	120
	120
	50

	4
	A3
	120
	120
	50

	5
	B
	360
	-
	-

	6
	B1
	360
	10
	0

	7
	B2
	240
	120
	33

	8
	B3
	300
	-60
	16

	9
	C
	240
	-
	-

	10
	C1
	90
	-150
	63

	11
	C2
	90
	-150
	63

	12
	C3
	270
	30
	13

	13
	D
	240
	-
	-

	14
	D1
	45
	-195
	81

	15
	D2
	60
	-180
	75

	16
	D3
	120
	-120
	50

	17
	E
	180
	-
	-

	18
	E1
	45
	-135
	75

	19
	E2
	90
	-30
	16

	20
	E3
	60
	-120
	67


Wickability of original and treated samples
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From the Table XXII and Figure 12, it is clear that the absorbency is low in all the treated samples over their originals except B2 which may be due to the nature of the fabric and it shows a maximum difference of 88 percent and 81 percent in sample A1  and D1 respectively when compared with their originals. Whereas minimum difference of 16 percent is seen in sample C3. From the results it could be concluded that the treatment had reduced the absorbency time of fabric. Hence it is proved that the enzyme treatment particularly crude enzyme has great significant in wickability of cotton fabrics. 

4.4.2.13 Tegawa iodine test of starch


The treated sample were rated visually using the Tegawa scale for determining the desizing efficiency. The rate scale showed a score of 9 for samples of crude and commercial enzyme treatment, which proves the complete removal of starch.  The chemical treated samples were rated as 7 proving to be good. Hence it could be concluded that, the crude and commercial enzyme is suitable for desizing over the chemical and the efficiency of crude enzyme is comparable with that of commercial enzyme.

5.0  SUMMARY AND CONCLUSION

The success of the textile industry is based on the production of good quality of textiles, matching the demands of the consumer. Today’s textile production is characterized by high quality requirements, high productivity and high flexibility to meet the basic requirements of the markets. In the manufacturing of the textiles, several chemicals are used at different steps of processing, which may not be always ecofriendly [Verma and Nishkam, 2003]. In the processing of textiles, environmental issues had been over looked by the textile processors all these years. No longer is the environmental stewardship in textile processing only embraced by developed countries. Developing countries internationally are now beginning to scrutinize the environmental impact of textile and other industrial processes, with the goal of minimizing chemical contributions to the effluent.


To create high quality and product, the manufacturing process must be of high quality without using any hazardous materials. With integrated use of biotechnology, microbiology and chemical engineering one can aim to achieve the technological application of the capacities of microbes in any field that needs upgradation in harmony with nature.



Ecofriendliness is the basic need in textile wet processing. New efficient strategies for cotton wet processing are needed that are cost effective and reduce the impact on the environment. This can be achieved by means of green ‘chemistry’ in other words, non toxic enzymatic treatment.


A good way to start the process is to begin naturally with biodesizing. This process not only gives fabric a soft handle but gently prepares the fabric for subsequent stages of textile processing. The present study entitled “Biodesizing using amylase isolated from sago effluent”, is an attempt which involves the following objectives.

· To isolate amylase producing microorganisms.

· To synthesize them in large quantities in an optimal condition.

· To determine the dimensional effect of enzymatic treatment on the fabric in comparison with conventional and commercial method.

· To apply the produced enzyme on different cotton fabrics.


Methodology adopted for this study involves, 

· Isolation and identification of amylolytic bacterial strains.

· Optimization of growth conditions of bacteria.

· Application of enzyme in desizing.

· Evaluation.

Isolation and identification of bacterial strain



Amylases play an important role in textile processing which acts as a desizing agent. Though they are present in all living organisms, such as plants, animals and microorganisms, in industry, they are mainly produced from the microbes due to their higher yield and thermostability. The sago factory effluent was selected as a source for bacteria producing amylase, since it is rich in starch, the microbes growing will produce amylase, a starch degrading enzyme.


A single amylase producing bacterial isolate was screened from the sago factory effluent by serial dilution technique. The selected bacterial strain was identified as Bacillus sp. by Gram's staining and various biochemical characteristics.

Optimization of growth conditions for amylase production by Bacillus sp. 

Optimization of growth conditions is needed to improve the enzyme production. Temperature is one of the factors that induce changes on cell membranes and cell walls. Therefore incubation temperature may affect the ultra structure of bacterial species and thus results in different temperature optima for growth and enzyme production.  The culture pH can also affect the composition of cell wall  and plasma membrane of microorganisms and their secretion of enzymes. The optimum growth condition of amylase by Bacillus sp. were carried out which gave the following results.

· The optimum pH for amylase production was found to be at pH 5.

· The optimum temperature for amylase production was found at 37º C.

· An incubation time of 24 hrs resulted in maximum production of amylase.

· The optimum growth and production of amylase by Bacillus sp. was obtained in the presence of lactose (1%), as carbon source.

· The optimum growth and production of amylase by Bacillus sp was found to be in the presence of peptone (1%), as nitrogen source.

· The growth of Bacillus sp was found to be increased with maximum production of amylase in the presence of calcium chloride (0.01%).


Large quantites of amylase was produced by fermentor [Applikon Biotechnolgy, Holland] under controlled conditions.

Desizing process

	Particulars
	Enzyme
	Acid

	
	Crude
	Commercial
	

	Enzyme conc.
	30ml / g of fabric
	1 g/l
	0.5%

	M:L
	1:30
	1:30
	1:15

	Wetting agent (ml/l)
	2
	1
	1

	Temperature

(º C)
	37
	37
	ROOM

	Duration (hrs)
	4
	4
	1:30

	pH
	5
	5
	-


Evaluation of treated fabric


The fabric was evaluated to determine the effect of enzyme treatment on the properties of the fabric.

· The treated samples were visually evaluated in terms of general appearance, stiffness and texture. Compared with the chemically treated samples, the enzyme treated samples were good in appearance, very low in stiffness and smooth and soft in texture.

· The maximum increase is seen in between samples E and E1 as 20%.The minimum increase is observed in between samples D1 and D2 respectively. Hence it could be concluded that the enzyme treatments increased fabric weight.  

· A maximum increase in fabric thickness is observed in sample C3 as 120%. As far as, sample A is considered a minimum increase of 18% is seen. Usages of commercial enzyme do not show a significant difference, when compared with crude enzyme and chemical treatments.   

· In all enzyme treated fabrics, the tensile strength increased when compared to their originals. Hence it can be concluded that the enzyme treatment enhances the fabric tensile strength unlike the chemical treated one.

· The mean value of the fabric weft strength in all the chemical treated samples decreased when compared to original and enzyme treated samples except D2. Hence it may be concluded that the fabric tensile strength in weft direction is increased in enzyme treated fabrics.

· There is an increase in the level of fabric elongation (in both warp and weft) in all the treated samples over their originals. From the results it is evident that the efficiency of crude enzyme is comparable with that of commercial enzyme. 

· The mean fabric stiffness in warp and weft direction was higher in chemical treated samples when compared with the enzyme treated samples. This proved that enzymes act efficiently in the removal of starch when compared with the chemicals. 

· The increase recovery angle (warp and weft) of enzyme treated samples shows the reduction in starch content over original and chemical treated one.

· The enzyme treated samples has great drapability and wickability over chemical treated samples.

· The tegawa  scale showed a score of 9 for samples of crude and commercial enzyme treatment, which proves the complete removal of starch.  The chemical treated wimples were rated as 7 proving to be good. Hence it could be concluded that, the crude and commercial enzyme is suitable for desizing.

Conclusion

“Green is in” seems to be the buzzword in the textile industry, after increased awareness and concern about the environment and pollution. This issue has called for safer technology in production every product. As far as textiles are concerned, researchers emphasis on reduction of the use of harsh chemicals and reuse of effluent waste water. biotechnology has open new roads, by the application of enzymes for textile wet processes. Hence this study, which was based upon the use of enzymes for desizing has throw light on reduction of cost, time and energy.  Utilization of enzymatic procedure in the industrial sector not only reduces load on the effluent by avoiding chemical usage but also improves quality apart from providing a safe working atmosphere. Inspite of all advantages of enzymes in textile processing its use is still unlimited,it is expected that use of enzymes will increase in near future because use of enzymes can minimize negative environmental effect which is the need of hour. The results of the study prove potential of enzymes in productional green lable products, which in turn would be the right solution to solve environmental issues. So enzymes can be considered as “Supreme Gift” of the nature.   

Limitations

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

Recommendations

· Immobilization of amylase could be done and reuse of enzyme can be determined.

· The effect of inexpensive nitrogen sources such as defatted cotton seed, mustard seed, peanut, Soya flour could be tried for the production of amylase.

· Waste water from cheese manufacturing companies, large bakeries, and flour mills could be tried as the source for amylase.

· Amylase production with several other Bacillus strains could be examined using the optimized medium.

· Production of amylase from fungal source may be studied and could be compared with bacterial amylase.
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BIOCHEMICAL TESTS FOR THE IDENTIFICATION OF BACTERIA

APPENDIX-1

GRAM STAINING

Principle


In 1884, Christian Gram developed this method, to identify Gram positive and Gram Negative Bacteria. A smear is prepared on the slide, stained with crystal violet and then treated with Iodine which acts as a mordant. The Crystal Violet – Iodine complex (CV-I) imparts purple colour to the cells. In Gram-positive cells, this complex binds to the Mg-RNA component of the cell wall, forming complex, which is difficult to remove. The intensely stained cells are then washed with ethanol. This serves as a lipid solvent and a dehydrating agent for protein. The Gram-positive bacteria contains low lipid content, hence the low amount of lipid is easily dissolved by alcohol. This makes minute pores in the cell wall that are closed by dehydration effect of alcohol. In Gram-negative cells, large pores are formed that do not close appropriately; hence dehydration of cell wall protein does not occur completely. This facilitates the release of the unbound crystal violet complex leaving the cell colorless or unstained. If the smear is counter stained with safranine, the Gram-negative cells are easily seen due to absorption of safranine and imparting the cells pink colour, while Gram-positive cells retain the blue colour of the primary stain. 

Procedure


Prepared heat fixed bacterial smears of all the bacterial cultures. Covered each smear with crystal violet for 30 seconds, and washed the slides with distilled water for a few seconds. Then covered each smear with iodine solution for 30 seconds, and washed off the iodine solution with 95% ethyl alcohol. Added ethyl alcohol drop by drop, until no more colour flows from the smear (the gram-positive bacteria are nor affected while all gram-negative bacteria are completely decolourised). Washed the slides with distilled water and drained. Applied safranin to the smears for 30 seconds (counter staining) and washed with distilled water and blot dried with absorbent paper. Air dried the slides and examined microscopically using oil immersion objective. 

APPENDIX-2

MOTILITY TEST

Principle 


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

Procedure


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

APPENDIX-3

INDOLE PRODUCTION TEST

Principle


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


                    Tryptophananse


Tryptophan                                 Indole + pyruvic acid + NH3





              HCl


Indole + Kovac’s reagent                              Rosindole dye      + H2O 

                                                            Butanol         (Cherry red compound)

Procedure 


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

APPENDIX –4

METHYL RED TEST

Principle


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

Procedure


MR-VP broth was inoculated with the bacterial culture and incubated at 37oC for 24 hrs. Methyl red solution was added after incubation period. Change in colour of the broth from yellow to red indicates a positive result. Absence of red colour indicates negative result. 
APPENDIX - 5

VOGES PROSKAUER TEST

Principle


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

Procedure


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

APPENDIX - 6

CITRATE UTILISATION TEST

Principle


Certain organisms can utilize citrate as sole carbon source and grow. During the growth acetate and other alkaline carbonates are produced. This reaction is shown by the change in colour of the indicator [ Bromothymol blue]. 

                                     Citrase                                                             
              Citric acid                   Oxaloacetic acid + Acetic acid                        Pyruvic 

 








               acid + CO2

                           CO2  +  2Na+  + H2O                              Na2 CO3

             ( produced during                                 ( alkaline pH)

            
   citric acid metabolism)                       ( blue colour)

Bromothymol blue is green when acidic (pH 6.9 and below) and blue when alkaline (pH 7.6 and higher).

Procedure



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

APPENDIX - 7

CATLASE TEST

Principle


Some organisms possesses the enzyme catalase that splits hydrogen peroxide into oxygen and water.




catalase







2H2O2                         2H2O + O2

presence of catalase is indicated by bubbles of free oxygen gas. 

Procedure 


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

APPENDIX -8

OXIDASE TEST

Principle


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

Procedure


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

APPENDIX - 9

UREA HYDROLYSIS TEST

Principle


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



H2N                             Urease



            C = O + H2O                   2NH3 + CO2
                        H2N

Procedure


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

APPENDIX -10

NITRATE REDUCTION TEST

Principle


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

NO3- + 2e + 2H+                      NO2- + H2O

Procedure


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

APPENDIX – 11

STARCH HYDROLYSIS TEST

Principle


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

Procedure


Sterile starch agar plates were prepared and the bacterial culture was streaked onto the plates. The plates were incubated at 37oC for 48 hours. The surfaces of the plates were flooded with iodine solution. A clear zone surrounding the organism indicates the positive result. Dark blue colouration of the medium with no clear zone formation indicates the negative result.

APPENDIX - 12
GELATIN HYDROLYSIS TEST

Principle


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

Procedure


Gelatin agar medium was prepared, melted, cooled to 45–50oC and poured into sterile petridishes and allowed to solidify. Single streak inoculation was made using bacterial culture in the petridish and incubated the plates at 37oC for 4–7 days. Flood the incubated plates with mercuric chloride solution and allow the plates to stand for 5 -10 minute.

APPENDIX – 13

DETERMINATION OF AMYLASE ACTIVITY

(Sadashivam and Manickam, 1997)

Principle


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

Reagents 

1. Sodium acetate buffer, 0.1M pH 4.7

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

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

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

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

Procedure


Pipetted out 1ml of starch solution and 1ml of enzyme in a test tube. Incubated it at 27oC for 15 minutes. Stopped the reaction by the addition of 2ml of dinitrosalicylic acid reagent. Heated the solution in a boiling water bath for 5 minutes. While the tubes were warm, added 1ml of potassium sodium tartarate solution. Then cooled it in running tap water. Made up the volume to 10ml in all the tubes. Read the absorbance at 560nm. Terminated the reaction at zero time in the control tubes. Prepared a standard with 50-1000(g maltose.
APPENDIX – 14

ESTIMATION OF PROTEIN

Colorimetric Method (Lowry et al., 1951)

Principle



The blue colour developed by the reduction of the phosphomolybdic- phosphotungstic components in the Folin – ciocalteau reagent by the amino acid tyrosine and tryptophan present in the protein plus the colour development by the biuret reaction of the protein with the alkaline cupric tartarate are measured in the Lowry’s method.

Reagents

1. 2 % Sodium carbonate  in 0.1 N sodium hydroxide ( Reagent A )

2. 5 % Copper sulphate  in 1% Potassium sodium tartarate ( Reagent B )

3. Alkaline cooper solution: Mixed 50 ml of Reagent A and 1.0 ml of Reagent B prior to  use (Reagent C )

4. Folin-ciocalteau reagent ( Reagent D ) – Refluxed gently for 10 hours, a mixture consisting of 100g Sodium tungstate, 25g Sodium molybdate, 700 ml water, 50 ml of  85% Phosphoric acid and 100 ml of concentrated hydrochloric acid in  1.5 litre flask. Boiled the mixture for 15 minutes without condenser to remove excess bromine. Cooled, diluted to 1 litre and filtered. 

5. Protein solution (stock standard): Weighted accurately 50 mg of Bovine serum  albumin and dissolved in distilled water and made upto 50 ml in a standard flask. 

6. Working standard: 10 ml of the stock solution was diluted to 50 ml with distilled water in a standard flask. 1.0 ml = 200 (g protein. 

Procedure


Pipetted out 0.2, 0.4, 0.6, 0.8 and 1.0 ml of the working standard into a series of test tubes. Pipetted out 0.1ml and 0.2 ml of sample extract in two other test tubes. Made up the volume to 1.0 ml in all the test tubes. A tube with 1.0 ml of water served as the blank. Added 5.0 ml of Reagent C to each tube including the blank. Mixed well and allowed to stand for 10 minutes. Then added 0.5 ml of Reagent D, mixed well and incubated at room temperature in the dark for 30 minutes. Blue colour was developed. The readings were taken at 660 nm. A standard graph was drawn and calculated the amount of protein in the sample. 

Calculation


One unit of enzyme activity was expressed as milligram of maltose produced per minute per milligram of protein.

APPENDIX – 15

FABRIC DETAILS
	Fabric Code
	Fabric Type
	Weave
	Width

(inches)
	Counts

(S)
	Ends / inch
	Picks / inch
	Rate/ml

Rs.

	A
	Full voile
	Plain
	34
	40
	82
	80
	40

	B
	Cotton-Nylon blend
	Plain
	45
	40
	82
	74
	50

	C
	Voile
	Plain
	46
	45
	69
	58
	90

	D
	Lining (unbleached)
	Plain
	42
	30
	46
	62
	30

	E
	Ghada (unbleached)
	Plain
	48
	30
	63
	60
	20


APPENDIX - 16

NOMENCLATURE OF THE SAMPLE 

	Fabric
	Treatment
	Description

	A
	A
	Untreated original - A

	
	A1
	Crude enzyme treated – A

	
	A2
	Chemical treated – A

	
	A3
	Commercial enzyme treated-A

	B
	B
	Untreated original – B

	
	B1
	Crude enzyme treated – B

	
	B2
	Chemical treated – B

	
	B3
	Commercial enzyme treated - B

	C
	C
	Untreated original – C

	
	C1
	Crude enzyme treated – C

	
	C2
	Chemical treated – C

	
	C3
	Commercial enzyme treated-C

	D
	D
	Untreated original – D

	
	D1
	Enzyme treated – D

	
	D2
	Chemical treated – D

	
	D3
	Commercial enzyme treated - D

	E
	E
	Untreated original – E

	
	E1
	Crude enzyme treated – E

	
	E2
	Chemical treated – E

	
	E3
	Commercial enzyme treated– E


APPENDIX – 17

PROFORMA FOR VISUAL EXAMINATION OF TREATED SAMPLES
	S. No
	Samples
	General appearance
	Texture
	Stiffness

	
	
	G
	F
	P
	S
	C
	R
	L
	M
	H

	1
	A1
	
	
	
	
	
	
	
	
	

	
	A2
	
	
	
	
	
	
	
	
	

	
	A3
	
	
	
	
	
	
	
	
	

	2
	B1
	
	
	
	
	
	
	
	
	

	
	B2
	
	
	
	
	
	
	
	
	

	
	B3
	
	
	
	
	
	
	
	
	

	3
	C1
	
	
	
	
	
	
	
	
	

	
	C2
	
	
	
	
	
	
	
	
	

	
	C3
	
	
	
	
	
	
	
	
	

	4
	D1
	
	
	
	
	
	
	
	
	

	
	D2
	
	
	
	
	
	
	
	
	

	
	D3
	
	
	
	
	
	
	
	
	

	5
	E1
	
	
	
	
	
	
	
	
	

	
	E2
	
	
	
	
	
	
	
	
	

	
	E3
	
	
	
	
	
	
	
	
	


APPENDIX - 19

PREPARATION OF 0.005 N IODINE SOLUTIONS

The iodine solution was prepared by diluting a stock solution of 0.1 N strength using the formula : V1 N1 = V2 N2

ie, Volume require and required strength = volume taken and strength of solution

Quantity of water , V1 = 500 ml

Normality of iodine required (N1) = 0.005 N

Quantity of iodine solution (V2) = x

Normality of iodine solution (N2) = 0.1 N

On substituting = V1 N1 = V2 N2




= 500 ml X 0.005 N =  x X 0.100






500 ml X 0.005 N





x =      _____________________






         0.1 N





x = 25 ml


Therefore 25 ml of 0.1 N iodine solution was taken in a 500 ml standard flask an diluted with water to make up 500 ml of 0.005 N iodine solution
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