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1.  INTRODUCTION


Clothing, “The artificial second skin”, is always being in intimate contact with us in our day to day life, since pre-historic times. In the very beginning it fulfilled the functional, essentially protective, insulating as well as cultural requirements. Clothing protects the fur-less human body from its outside environmental impact and it enhances the protective function of our own skin especially in situation and environments in which the body’s own protective mechanism proved insufficient to maintain all vital function.


Textile material and clothing is not only acting as the protective layer of the natural skin flora, but also good media for the growth of the microorganisms. It is easily prone to microbial attack because of higher amount of surface area and presence of moisture. Microbes are part and parcel of our daily life. The entire human machine is helpless without these multitude of little helpers. 


Microorganisms are present everywhere, our skin too is infested with countless number of microbes. Since clothing has regular contact with skin, it has been seeded with different microbes. Inturn it acts as carrier and media for pathogenic, odour generating bacteria, fungi and moulds. Microbial infestation will result in spread of diseases, staining and degradation of textiles. The microbes in order to thrive, need moisture and a source of carbon as their basis of nourishment and a moderate temperature. In these pertained condition, the microbes increase in their growth rapidly.


The microbial attack on the natural fibres is more vigorous than on the regenerated and synthetic fibres. In particular cellulosic fibres are degraded by cellulolytic type of mcirorganisms through enzymes secretion which act as catalyst to convert insoluble cellulose into soluble fractions, explain Selvasuba et al. (2007). Added to this, cellulosic fibres in general and cotton (Gossypium Sp.) in particular are easily degraded by microorganisms and are not normally found in a preserved conditions in archaeological excavations. 


In the present era, “hygienic health” is the world buzzing word. Since the attack of microbes cause cross infection which result in skin disease, and development of bad odour when the fabric is worn next to skin. And the consumers are now increasingly aware of the “eco‑friendliness” based hygienic life style, which induce a necessity and expectation for a wide range of textile products finished with required properties. Along with this, scientific report reveals that textiles worn on the body cannot be kept hygienically fresh by washing alone. The solution to this problem lies in a durable hygienic textile finish. Hence arrived the protective functional finish called antimicrobial finish which will give consumers more option to fit the life style.


The challenge for business today is to invent new products that will enable it to survive in the globalised competitive environment, green minded consumers are prepared to pay more for eco-friendly products, highlight Manickan and Prasad (2005). In recent years there is an increasing interest in value addition to textiles by the use of natural products. Based on the concept, “change is the only constant” man again switched back to the use of natural products. “Indian consumers expect much more than style from their clothes”, said Lead (2006) while fashion, comfort, easy care attributes and practical daily use will always be the drivers for selecting clothes. 


In order to satisfy the consumer need and prevent pollution, the natural biodegradable, biopolymer chitosan is selected as the suitable antimicrobial agent which is antibacterial, antifungal, antiviral non-toxic, non-allergic and biocompatible in nature. In combination with the “first aid medicinal plant” Aloe vera. Though the use of antimicrobials have been known for the decades, it is only in the recent couple of years several attempts have been made due to consumer awareness and necessity of the antimicrobial product for the daily use and next to skin garment.

The application of antimicrobial finish at present is confined to speciality products in a medical, technical, industrial, home furnishing, baby products and apparel categories. Though a number of commercial synthetic antimicrobial agents have been introduced in the market, their compliance with the regulations imposed by international bodies like EPU is still not proven, say Thilagavathi et al. (2005). Environmental safety lies not only in the use of natural finishing agent but also in the use of fabrics that are environmentally friendly. 


Even though the whole world revolves with the thirst of fashion and new development, at last quench their thirst upon eco-friendly natural products. Hence an attempt has been made to study the “ANTIMICROBIAL EFFECT OF CHITOSAN AND Aloe vera ON COTTON KNIT” with the following objectives :

· Applying of natural antimicrobial agents on cotton knitted fabric.

· Optimizing selected antimicrobial agents

· Controlling the microbial activity and prevent odour formation.

· Evaluating of mechanical property and antimicrobial activity of the fabric.

· Improving the durability of finish.
2.  REVIEW OF LITERATURE


The review of literature pertaining to the current study on “ANTIMICROBIAL EFFECT OF CHITOSAN AND Aloe vera ON COTTON KNIT” is presented as follows :


2.1
Cotton



2.1.1
Introduction



2.1.2
Composition and morphology of cotton



2.1.3
Chemical configuration of cotton



2.1.4
Properties of cotton



2.1.5
Uses of cotton


2.2
Knit wear


2.3
Finishing



2.3.1
Classification of finishes


2.4
Antimicrobial finish



2.4.1
Microbes and their action on textiles



2.4.2
Antimicrobial agents



2.4.3
Application methods



2.4.4
Antimicrobial activity tests



2.4.5
Benefits of antimicrobial textiles 


2.5
Chitosan – saviour of the world



2.5.1
Extraction of chitosan



2.5.2
Properties of chitosan



2.5.3
Chitosan Vs Cellulose



2.5.4
Mechanism of microbial growth inhibition


2.6
Aloe vera


2.6.1
Constituents of Aloe vera


2.6.2
Product separation and availability



2.6.3
Characteristics and properties



2.6.4
Uses and benefits


2.7
Binder or cross linking agent
2.1
COTTON

2.1.1
Introduction


The word cotton comes from ‘Qutun’, its Arabic name and it is the oldest fibre used for textile purpose, say Khalje (1999) and Mishra (2000). Cotton, Genus gossypium a member of the mallow family, is the world’s abundant fibre and soft fibre that grows around the seeds of the cotton plant. The fibre is most often spun into thread and used to make a soft, breathable textile (http://encyclopedia.labourlawtalk.com). According to Shenai (1977) cotton fibre is a very fine, much elongated, single celled and seed hair fibre which grows on the outside of a cotton seed”. Cotton remains the most supernatural fibre under the sun even after 8000 years, opines Nelson (2003). In the view of Wickens (2004), cotton continues to dominate the natural fibre market finding an outlet either alone or mixed with synthetic fibres. The fibres can be formed into woven, braided, non-woven or knitted fabric types, suggest Smith and Cothren (1999). Whereas in the view of Brooks (2004) being an agricultural based, cellulose containing fibre, it is made up of hollow spaces that make it breathe, be an absorbent and give comfortability to wear. The superiority of cotton is due to the easy availability, comfort during wear and excellent washing property, opine Bhattacharya and Patel (2004). No crop competes with it is the potential of value added processing, adds Basra (1999). Therefore considers (Mahalingam, 2001) it as “white gold”. 

2.1.2
Composition and Morphology of Cotton


The composition of the cotton fibre on dry weight basis is found to be 88 – 96 per cent of cellulose, 0.3 – 1 per cent fats and waxes 0.7 – 1.2 per cent pectin, 0.7 – 1.6 per cent mineral matter and 1 – 1.9 per cent protein and traces of sugar, colouring matter and other substances brings out Kaplan (2001). The morphology of cotton fibre is complex. It consists largely of cellulose in the secondary wall, but with some protoplasm in the lumen ; fats, waxes and pectins confined mainly to the outer layer of the fibre called cuticle (Karamkar, 1991). According to Joseph (1980) and Brown (2002) the dimensions of these fibres vary considerably, namely the length varies from 12 – 60 mm and width from 15 – 25 mm and the width to length ratio ranges from 1 : 1000 – 1 : 5000. 

2.1.3
Chemical Configuration of Cotton


Cotton is a giant molecule, termed a polymer, says Labarthe (1975). The cotton polymer is a linear polymer. The repeating unit in the cotton polymer is cellobiose which consists of two glucose units. The cotton polymer consists of about 5000 cellubiose units, that is, its degree of polymerization is about 5000. The most important chemical groupings on the cotton polymer are the hydroxyl groups or –OH groups. These are also present as methylol groups or –CH2OH. 
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Their polarity gives rise to hydrogen bonds between the OH-groups of adjacent cotton polymers. Vander Waals’ force also occur but compared with the hydrogen bonds, explain Gohl and Vilensky (1983). 

2.1.4
Properties of Cotton


According to Watze and Eisenacher (2002), cotton is characterized by excellent properties like absorbency, biodegradable, breathable, non‑allergic, heat resisting, high wet strength and water retaining capacity. Because of its inherent properties ‘The King of natural fibres’ is still reigning the apparel industry in spite of the advent of the regenerated synthetic man made fibres, add Saraf and Alot (2005).


Cotton is cool, soft, comfortable, absorbs perspiration quickly, good colour retention, strong and durable, the principle clothing fibres of the world, opine Smith and Cothren (1999). According to Sawhney (1991) the strength increases on wetting upto 25 per cent than when it is dry and offers excellent aesthetic wear and substrate properties compared with a man made fibres, but is weaker and dimensionally easily wrinkled and difficult to care. According to Manjerekar et al. (2002) cotton breaths naturally allow gas and water vapour to pass freely. 

2.1.5
Uses of Cotton


The use of cotton for textile purpose is one of the mankinds older art, highlights Mishra (2000). Cotton is used for the production of woven and knitted fabrics. It is suitable for making small items like candle wicks to large quilt blankets. It is also used for making almost all kinds of clothing items, spells Alat (2001).


According to Kothari (2001) cotton also finds speciality applications in medical and hygienic uses. Most probably the fibre is used to manufacture hydrophilic cotton ; compress, gauze bandages, tampons or sanitary towels and cotton swabs. Kurian (1999) highlights that cotton is used for the treatment of urinary problems and promoting the flow of the urine ; used for healing wounds and soothing the pains of burns ; used in the inflammation of any mucous membrane.


Being the miracle fibre of the industrial revolution, it provides fibres for an array of textile products including the clothes we wear, oil for human consumption, feed for livestock and base chemicals for a plethora of industrial products, remark Smith et al. (2001). 

2.2
KNIT WEAR


Knit wear has gained such popularity in the last few years owing to a higher degree of comfort and appeal it provides to the wearer (Fashion, 2007). According to Ajgaonkar (1998), knits are several times more permeable to air than woven of the same weight. This air permeability of knits is useful quality for inner wear whereby the garment next to skin can ‘breathe’. The body movements cause the loops to expand and contract which pushes air through close fitting garments (www.theknitwear.com).


Knit wear are capable of being stretched and the degree of stretch differs from fabric to fabric. They are not only comfort but also easy to maintain. It fits the figures but do not bind (http://books.google.co.in). Knitted fabrics and garments due to their porosity and stretch, are more comfortable to wear than the woven ones. At lower levels of investment and faster project implementation. It has now spread throughout the entire apparel range from undergarments through highly casual to moderately formal life style, point out Moghe and Khera (2005).


The knitted fabrics are absorbent, wrinkle resistance, stretchable, light in weight hugging yet comfortable, easy to maintain, says Shah (2007). Nair and Pandian (2005) add to that there is a tremendous scope for growth in knits both for internal consumption and for exports lingerie, sports and leisure wear knits worn next to skin, are generally pre-shrunk, bleached, dyed and finished in tubular form.


India’s total production of knit garments during 2005-2006 was estimated as 4.61 billion pieces, out of this 1.06 billion pieces were for export and 3.55 pieces for the domestic market. Based on this presumption, the Clothing Manufacturers Association of India (CMAI) has estimated an additional production of 2.75 billion pieces of knit garments to export by 2010‑2011 and 5.58 billion pieces for the domestic market, states Lakra (2007). 
2.3
FINISHING


According to Amsamani and Ranganathan (2007) textile finishing makes the fabric more attractive, comfortable, serviceable and acceptable. It is a method where big deficiencies in textiles can be corrected or specific properties introduced. Finishing, the final step of chemical processing of textiles is carried out to improve the aesthetic and functional appeal of the ready to use garments, define Goyal and Prabhu (2007). Finishing is done to fibre, yarn or fabric either before or after weaving or knitting to change the appearance, the handle and performance (Gokum Consultants, 2007).


Finish means any modification of fabric or fabric surface to meet certain desired needs or specifications, says Sampath (2003). It also indicates that these final operations which are necessary to bring the textile into a presentable attractive condition, state Hall (2004) and Nair (2001). 


According to Datya (1984) finishing aims at increasing the aesthetic value, serviceability and comfort in textiles and is done to fibre, yarn or fabric either before or after weaving or knitting to change the appearance, the hand or performance. Finishing is the generic class for the treatment of textile fabrics subsequent to the fabrication there of for putting them in better marketable condition (www.upp.to.gov/go/classification/def5026.htm). 

2.3.1 Classification of Finishes


According to Goyal and Deshpande (2006) finishing can be classified into functional and aesthetic finishes. Some finishes which are increasingly being used include antimicrobial, deodorant finishes, wrinkle resistance, easy care finish, stone wash or enzyme wash, biofinishing, water proof, stain repellency but breathable finishes, moisture management, flame retardant finishes, mosquito repellent finish, state Adivarekar and Kanoonga (2008). Adding to this, U.V. resistant to apparel products made from natural fibres and also synthetic fibres (Prince and Raja, 2006). Though wide range of functional finishes are available in the flat configuration fabrics, out limited options are due to complexity added in structure of the garment, briefs Saravanan (2007).

Aesthetic properties are not objective and very rarely stable across time and space. The endless changing aesthetic perceptions and expectations known as fashion which is associated with the world of textiles (New Cloth Market, 2007). Aesthetic finishes improve the look and feel of the fabric such as hand feel improvement, visual enhancement and surface smoothness, say Goyal and Deshpande (2006). 

2.4
ANTIMICROBIAL FINISH


The anti-bacterial property could be of great use were antibiotic resistance is a big problem, spells Ottelia Saxl (2007). During desert storm most casualties were from bacterial infection rather than from accidents or friendly fire, says Jeft Owens (2007). Goyal and Prabhu (2007) state that antimicrobial finish can control the microbial action and prevent the transfer and spread of disease and protect human skin. 


According to Achwal (2003), the term antimicrobial finishes indicate the limiting of the growth of bacterial colonies and their extinction. ‘Antimicrobials’ is a general one for any product that kills (microbiocide) or controls (microbiostatic) microbes. They control the reproduction and growth of micro organisms but do not have a direct killing (Korgaonkar, 2006). 


Achwal (2005) points out that the objectives of an antimicrobial finish are to prevent loss of textile by microbial fibre degradation, effective control of microbial action, check bad odour formation, guard against transfer and spread of disease promoters. The textile product that has a negative influence on the vitality of microorganisms is generally termed as “antimicrobial”, define Tone and Johnwiley (2005). Sampath (2003) joins to add his view that the fabric remains fresh, eliminates off odour, controls staining due to microbial growth, increases life period of fabric, dominates skin irritation and hence no skin disease. 


Antimicrobial finish create a value addition to the product with a strong appeal for consumers. Treating a fabric with an antimicrobial agent means that, bacteria which has been transferred from the skin or environment do not reproduce in the fabric, spells Clemo (2005).


According to Jasuja (2004) the antimicrobial finish protect wearer of the textile products against bacteria, dermatophytic fungi, yeasts, viruses and other deleterious micro organisms. Antimicrobial finishes work by controlling the multiplication of micro organisms and thus suppressing the generation of unpleasant odour in the textile, says Rahbaran (2002). Antimicrobial finishes are becoming increasingly important in the recent years for the point of view of improving the durability of the expensive fabric and intimate garments, state Adivarekar and Kanoonga (2008). 


According to Sivaramakrishnan (2007) antimicrobial finishes reduce the deterioration of the fabric and infestation by microbes which cause cross infection and development of odour, when the fabric is worn next to skin. The anti‑microbial agents either kill or inhibit the growth of bacteria, explain  Sheshadri and Bhat (2005). Antimicrobial finishes offer great potential for retaining freshness during wear of apparel and garments at the period of strenuous activity (Indian Textile Journal, 2005). A biocide is the active ingredient in this case and is related by the appropriate means to achieve desired antimicrobial finish, point out Naresh et al. (2007). 


Gopalakrishnan (2006) adds more to the requirements stating that it does not harm the manufacturers, user and the environment ; future quality with nil deterioration ; resistance to body fluids disinfection sterilization. The current vogue that promotes a healthier and physically active life style is the antimicrobial finished garment, opine Aggarwal et al. (2006). Garment industry is developing new textiles with smart functioning to provide extra comfort and increased performance like antimicrobial finishes for leisure and sportswear to prevent odour and skin problems generated by bacteria, says Prasad (2007). 

2.4.1
Microbes and their Action on Textiles


Microbes the minute or finest creatures which is invisible to the naked eye include variety of microorganisms like bacteria, fungi, algae, viruses and dust mites. Bacteria feed on variety of foods available from fabric and skin may give off waste products is the form of gases which can result in odour or stainage, points out Korgaonkar (2006).


Bacteria are unicellular organisms which grows rapidly under warmth and moisture, says Schatz (2001). Bacteria from the skin grow quickly on the textiles. Attack of microbes are more susceptible to natural fibres rather than man made and synthetic fibres, define Aggarwal et al. (2006). In about 8 hours one bacterial cell can multiply upto eight million bacteria to create odour. Thus the odour is not from the sweat and is due to the bacterial reproduction (Kulkarni, 2001). According to Goyal (2005) clothes or industrial textiles are excellent substrates for mould growth even with “clean” skin having a typical population of between 100 – 1000 microbes / cm2 is ideal condition microbe can multiply rapidly. So there is a need to control the growth of bacteria by a productive antimicrobial finish.


The bacteria family are classified into gram positive (Staphylococcus aureus), gram negative (E. coli), spore bearing and non spore bearing (www.microbes.com). Fungi, molds or mildew are complex organisms with growth rate scourer than bacteria. They cause stain and the performance of the fabric is deteriorated (www.fibre2fashion.com). Algae are the microorganisms which grow in continuous water source and sunlight. The stains caused by algae are darker than the other stains, explains Gopalakrishnan (2006) and Shanmugasundaram (2007) adds to that the dust mites which feed on human skin cause allergic reactions and respiratory disorder 


According to Rani and Negi (2007), microorganisms are used in bio-degradation in which the microbes consume organic matter and finally give gaseous products which inturn cause bad odour. In the view of Teli et al. (2006) high relative humidity, warm temperatures and source of nutrient are the favourable conditions for the rapid growth of microorganisms which is provided by the natural fibres and this lead to degradation of textiles. Microbes will not only degrade the garment. They can create a seamless garment by bacteria’s fermentation “now that’s Aussie ingenuity, turning a wine glunt into a fashion statement” (The Australian Newspaper, 2007). Based on the activity against microorganisms the antimicrobial textiles are classified into two categories namely, passive and active, says Shanmugasundaram (2007). The micro’be’ fermented fashion investigates the practical and actual biosynthesis as microbiology to explore forms of futuristic dress making and textile technologies, say Franklin and Garycoss (2007).

2.4.2 Antimicrobial Agents


The antimicrobial agents are available in two types i.e., conventional or leaching type, antimicrobial and non leaching type. The conventional agent diffuses from the garment to come in contact with the microorganism. The product is eventually used up by the bacteria and slowly losses its effectiveness. Non leaching type which bound to the products and control the growth of microbes, say Collier and Torifora (2005). In view of Diwa’s (2007) the antimicrobial agents are not only permanently effective but also they are compatible with skin and the environment. A wide palette of antimicrobial compounds is now in use but differ in their mode of action. Rajendran and Anand (2002) add a list of antimicrobial agents with polyvalent effect are materials with active finishes, contain specific active antimicrobial substances, oxidising agents and coagulants. The most durable diphenyl ether and triclosan which inhibits the growth of microorganisms by using an electro-chemical mode of action to penetrate and disrupt the cell wall.

According to Patel and Chattopandya (2007), the commonly used antibacterial agents are quaternary ammonium compounds, and organo metallic compounds. Complexing metallic compounds based on metals like cadium, copper, mercury and silver when coated or encapsulated within textile material will have intrinsic antimicrobial effect, add Prince and Raja (2006). Chitosan is an effective natural antimicrobial agent derived from chitin, a major component in crustacean shells. Natural herbal products such as Aloe vera, neem can also be used for antimicrobial finishes since there is a tremendous source of medicinal plants with antimicrobial composition, says Shanmugasundaram (2007). 

2.4.3
Application Methods


Methods of antimicrobial finish can be classified into two categories addition of an antimicrobial agent in the polymer before extrusion and post treatment of the fiber or the fabric during the finishing stage, says Sivaramakrishnan (2007). The antimicrobial agents can be applied to the textile substances by exhaustion, pad‑dry‑cure, coating, spray and foam techniques, describes Gokilavani and Gopalakrishnan (2007).


According to Sarkar et al. (2003) the antimicrobial substances can also be applied by directly adding into the fibre spinning dope. It is classified that the commercial agents can be applied during the dyeing and finishing equations. In the view of Menezes (2002), various methods for improving the durability of finish are, insolubilisation of the active substance on the fibre. Treating the fibre with resin, condensates or cross-linking agents and coating the fibre surface. Chemical modification of the fibre by covalent bond formation. Usage of graft polymers, home polymers and / or copolymerization on to the fibre. Micro encapsulation of the antimicrobial agents with the fibre matrix.

2.4.4
Antimicrobial Activity Tests


According to Huang and Leonas (2000) there are various methods to demonstrate the efficacy of an antimicrobial activity. Tests normally conducted are Agar diffusion, parallel streak, soil burial test, humidity chamber test, fouling test. In addition quantitative tests like challenge test and shake flask method are also conducted, explain Gendy and Shanshoury (2005). In the view of Thilagavathi et al. (2004) agar diffusion test is a preliminary test to detect the diffusive antimicrobial finish. In addition to Krishnaveni et al (2007) describe that gram staining and turbidity test can also be used to identify the effectiveness. 


A series of test procedures are given in AATCC Technical Manual (2006), they are AATCC test 30 – 1993, 147 – 1993, 174 – 1993 and 90 – 1982. Chellamani et al. (2007) point out the AATCC method 100 – 2004 which is quantitative to analyse microbial activity 
2.4.5
Benefits of Antimicrobial Textiles


A wide range of textile product is now available for the benefit of the customer. The primary objective of the finish was to protect textiles from being affected by microbes particularly bacteria. Therefore uniforms, tents, defense textiles and technical textiles such as geotextiles have been finished using antimicrobial agent (www.resil.com). In the view of Gopalakrishnan (2006). the home textiles such as curtains, coverings, and bath mats come with antimicrobial finish. The application of the finish is now extended to textiles used for outdoor health care sector, sports and leisure. Novel technologies in antimicrobial finishing are successfully employed in non woven sectors especially in medical textiles. The microbial infection which cause obnoxious smell from inner garment, spread of disease, staining and degradation of textiles can be prevented, say Kan and Yuen (2006).It satisfies the major and important need in the medical field by the development of a versatile antimicrobial finish for textile materials for health care and hygiene applications (www.woodheadpublishing.com).

2.5
CHITOSAN – SAVIOUR OF THE WORLD


Chitosan is a product derived from “Chitin” a natural polysaccharide obtained from the shells of crab, shell fish, prawn and some fungi, say Kennedy et al. (2006). Chitin was first discovered within fungi in 1811 by Bracannot, a natural historian, state Young and Kauss (1983). According to Clark (2007), chitin is fabric for shrimp and crab shells. It is naturally antibacterial.


Chitin meaning tunic in Greek is a hard, semi transparent material found in the exoskeleton of a wide range of creatures (New Cloth Market, 2007). Chitosan is a natural antimicrobial product obtained by the hydrolysis of Chitin and marketed as Chinto Sante. It is a nanomolecule, normal chitosan molecule is very high with the molecular weight of 2 lack kilodacton and is reduced by acid hydrolysis, explains Gulrajani (2006). Chitin is the second most abundant natural carbohydrate polymer next to cellulose, Chitosan, a derivative of Chitin is Synthesised by deacelylation of Chitin, describe Shukla and Jawale (2007). Chitosan also occurs naturally in some fungi but its occurrence is much less wider than that of chitin, state Rybicki et al. (1999).


According to Kumar (2001) the chitin in the waste shells is very slow to degrade therefore disposal of this waste has become a major problem for the seafood processing industry, but they are one of the best source of chitin and by purifying it is a biocompatible and biodegradable polymer, chitosan is obtained with wide range and excellent properties, opines Rahman (2007). Chitin and chitosan (itsderivative) are important components of fungal cell walls, say Gokilavani and Gopalakrishnan (2007). 

2.5.1
Extraction of Chitosan


Gurenten et al. (2002) suggest that there is abundant availability of waste shells, chitosan is expensive to produce. Chitosan is produced by crushing and grinding the crustacean shells, washing in alkali and acid to remove the protein and minerals leaving chitin which needs to be deacetylated. Deacetylation is achieved by treating the chitin in a strong solution of sodium hydroxide, describe Biagine et al. (1992) and Kennedy et al. (2006). 






Production is done out of crustacean shells due to large availability of waste from the sea food industry, crustacean shells have three main composition namely chitin, calcium salt and protein. It requires separation of three components with acid, extraction of calcium salts and basic extraction of protein. The yield of chitin extraction is 15 per cent from dried shells and 2 per cent from fresh shells (www.Indiamart.com/thahir`chemicals/profile.hmtl) Based on the production the chitosan is classified as high density chitosan, carboxy methyl, chitosan, water soluble chitosan. The efficiency of chitosan is based on the degree of deacytelation (www.Indiamart.com/chitin-chitosan).

2.5.2
Properties of chitosan


Chitosan have special biological, chemical and physical properties, which have many industrial applications. Chitosan inhibits the growth of a wide variety of bacteria, algae and fungi. Chitosan is biocompatible polymer exhibiting a great variety of useful property such as anticholesteremic and ion-sequestering action, its anti-fibroblastic activity may aid in wound healing, explain Jaipura et al. (2006). 


In the view of Chatelet et al. (2001) the properties that made chitosan as interesting material for medical application are compatibility, biodegradability and bioactivity. Clinical tests show that chitosan based material do not promote any inflammatory or allergic reaction. Gerenten et al. (2002) add to that chitin and chitosan have many interesting properties and improve the evenness of dyeing and textiles have better moisture transport properties for sweat and are antimicrobial. The good properties of chitosan are its usefulness for healing and it posses low toxicity and good biocompatibility (www.indiamart.com/chitin-chitosan).


According to Sekar (2000), all properties of chitin and chitosan depend on two developmental parameters. They are the degree of acetylation (DA) and the molecular mass distribution (MMD)2. Chitosan has ready solubility in various acidic solvents due to the electrostatic repulsions corresponding to cationic charges which are important than the attractive interaction such as hydrogen bonding or van der waal’s interactions.


Achwal (2000) explains the properties of chitosan as it has high positive charge, it is non-allergic, non toxic and biodegradable and the insolubility is above pH 6.5. So that it remains fixed in neutral or alkaline household washes. It forms a stable film and comparability with strong cationic charges. Chitin and chitosan are good absorbents containing amine or amide nitrogen in varying proportions, say Shukla and Jawale (2007).

2.5.3
Chitosan Vs Cellulose


Chitosan has a molecular structure very similar to that of cellulose (www.chitosan studies.com). Mohdy et al. (2006) add to that the difference between the two polysaccharides is that chitosan has the amino group instead of the hydroxyl group at C2 position of every pyranose ring. This similarity is expected to give high compatibility between these two polymers. 
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Jaipura et al. (2006) explain the effect of composition of systems on the structure modification and the deformation – strength characterization of the chitosan or cellulose fibre.

2.5.4
Mechanism of Microbial Growth Inhibition


According to Jaipura et al. (2006) there are two proposed modes of action for microbial growth inhibition. In one mechanism, the polycationic nature of chitosan interferes with the negatively charged residue of macromolecules at the cell membrane surface. Chitosan interacts with the membrane to alter cell permeability, even to cause the leakage of the intracellular components. Young and Kauss (1983) explain the other mechanism as it involves the binding of chitosan with DNA to inhibit RNA synthesis. Karolia et al. (2007) describe the activity as when chitosan applied on cotton as a polymeric amine, it is positively charged when wet. As the cell wall of the bacteria is negatively charged they would adhere to the chitosan. Due to the opposite electric charges bacterial cell walls could burst which would result in containment of the bacteria. 
2.6
Aloe vera

The word ‘Aloes’ has organized from an Arabic word viz., ‘alloch’ meaning a shining, bitter substance. Among the different species ‘vera’ means true, state Dhavamoorthi and Selvan (2004). Aloe vera is extracted from aloe plant and this species belonging to the Aloeancea family. It is synonymous to Aloe barbadensis. Over a floating population of 250 spices only 3 or 4 have medicinal properties. The most potent one being Aloe barbadensis (www.mapi.com). Aloe was held in such reverence in Egypt that it was considered to be the “plant of immortality”, explain Rajamani et al. (2005) and Robbert and Tyler (2002).
It is stemless or very short-stemmed succulent plant growing to 80 – 100 cm tall, and is green, which can vary from dark to yellowish green (http://en.wikipedia.org/Aloe-vera). Aloe is small drought resistant. Perennial plant that grows wild all over India. Leaves are fleshy, the thick pulp is covered by green outer layer and both the margins contain small spikes and is in use since 4th century B.C., quotes Reddy (2005).

2.6.1
Constituents of Aloe vera

According to Reddy (2005) the Aloe vera consists of water 99.3 per cent, solid figures 0.7 per cent, pH of Aloe vera 3.8 – 4.8, specific gravity 1.006 K – 0.0006K. Manisha and Vibna (2004) describe that the aloe gel consists of water, polysaccharides, amino acids, lipids, and sterols. The healing property come from 18 amino acids present in it (www.aloe_vera_studies.org.). Plant extracts and their isolated constituents have always been an important part of various therapeutic systems, spell Vanitha and Kathiravan (2006). 

2.6.2
Product Separation and Availability


The plant can be separated into two basic products namely, gel and latex. Aloe gel is the leaf pulp or mucilage, a thin clear jelly like substance obtained from parenchymal tissue the inner portions of leaves. Aloe latex, commonly referred to as “Aloe juice” is a bitter yellow extract from underneath of the outer skin (www.quackwatch.org). One of the most widely used herbal preparations for the treatment of various skin conditions is aloe gel, say Robbert and Tyler (2002).

Bhattacharjee (2004) informs that it is grown in Egypt, West Indies, Tropical America and in the Netherland, though the species is naturalized in India. It is also naturalized in the North of Africa and more rarely in the South of Europe as reported by www.botanical_online.com.
2.6.3
Characteristics and Properties


The characteristic features and specifications of aloe include its translucent appearance with vegetable like odour which is sticky or tangy to taste, opines Reddy (2005). It regenerates damaged tissues with dramatic swiftness, stimulates cell growth and moisturizes the skin and has a cooling effect because of its water holding capacity. Aloe soothes and repairs skin that has been damaged (www.academicjournals.org). Aloe vera has soothing and cleaning properties making it an ideal addition to any medicine cabinet with (www.tetrapak.com) unique healing properties.


Robber and Tyler (2002) state that aloe gel has anti bacterial and anti fungal activity. Aloe is bitter herb with anti inflammation astringent, emollient and antiviral activity (www.ageless.co.za). The proven medical property are anti-inflammation, anti-oxidant and restoration. It can destroy strong bacteria (www.aloevera_studies.com). According to Turner et al. (2004) Aloe vera’s beneficial properties may be attributed to mucupolysaccharides present in the inner gel of the leaf. The extract of the plant has antibacterial activity (http://www.pfaf.org/plants). 
2.6.4
Uses and Benefits


Nakumara et al. (2005) report that it has antiagar, skin lightening, ultra violet protection, moisture retention enhances normal cell proliferation, hastening, healing, antipyretic, capillaries, increasing blood supply of the area were it is applied and has anti-bacterial action and recommend it to be a good moisturizer and remove dead tissue from skin. 


Kumar (2002) cities that it is a cathartic, dermatitis, culaneous, tershmaniasis and veterinary medicine. The uses of aloe pulp are referred by many authors with its pharmaceutical purpose as referred by Bhattacharjee (1998). Its use in cosmetic industries is said by Bhattacharjee (2004) and as an appetite stimulant tonic. It is an emmenagogue, purgative, anthelmintic, dyspepsia, adds Kirtikar (1995).


The general benefits of Aloe vera are varied. It can benefit a person both externally and internally (www.pfaf.org/plants). Aloe vera gel is best known for its therapeutic effect on burned or irritated skin. It appears to contain various antibiotic and antifungal compounds that can potentially delay or inhibit microorganisms (www.medicalnewstoday.com). 
2.7
BINDER OR CROSS LINKING AGENT


According to Khoja et al. (2003) the binder should be colourless, odourless, evenly thick, smooth and good adhesive. The requirements of binder are low formaldehyde content, excellent handle, minimum loss in tensile strength, reduction in abrasion resistance loss and eco​‑friendly, states Menzes (2001). Citric acid crystallizes as white monohydrate crystals, which lose its water of crystallization at 403 K and melt at 426 K, says Chavan (2005). Citric acid is a good binder or cross linking agent inspite of its low cost, wide spread availability and ecological acceptability, opine Vikusial et al. (2000). Bhat et al. (2005) point out that it is a low priced tri-functional carboxylic acid. Citric acid is considered as best formaldehyde free cross linking agent, suggest Teli et al. (2002).


Citric acid was first isolated in 1784 by the Swedish Chemist Carl Wilhelm Scheela, who crystallized it from lemon juice ; Wehmer discovered that pencillum mold could produce citric acid from sugar (http://en.wikipedia.org/wiki.citric_acid).


 Citric acid is used to carry out pH adjustment, and as mortar retarding agent, replacement agent for corrosive acids and textile finishing (www.Stevens.edu.). It is readily soluble in water and alcohol and is insoluble in ether and optically inactive, state Soni and Chawla (1999).


According to Karoli and Mendapara (2007) citric acid readily dissociates in water and cross links with water insoluble agent to dissolve it in water forming carboxylic acid residue.


Reaction mechanism of dissociation of citric acid in water
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Citric acid acts as wrinkle resistant agent on cellulose by a cross linking reaction, say Sayed et al. (2004). It has no obvious toxic potential against protozoans and many species or strains of bacteria including activated sludge microorganism. Based on the available data, citric acid is not judged to be a substance that presents a hazard to environment (www.inchem.org). 

3.  EXPERIMENTAL PROCEDURE


The methodology pertaining to the study is presented under the following headings :


3.1
Selection of Finishing


3.2
Selection of Fabric


3.3
Selection of Antimicrobial Sources


3.4
Collection of the Sources



3.4.1
Extraction of Aloe gel


3.5
Selection of Binder


3.6
Fabric Preparation



3.6.1
Scouring


3.7
Pilot Study



3.7.1
Optimization of Process Conditions




3.7.1.1   Material to Liquor Ratio




3.7.1.2   Concentration of Citric Acid




3.7.1.3   Concentration of Chitosan




3.7.1.4  Concentration of Chitosan and Aloe vera Solution




3.7.1.5   pH




3.7.1.6   Time and Temperature





   a.  Finishing





   b.  Curing




3.7.1.7   Optimized Parameters




3.7.1.8   After Treatment


3.8
Evaluation of Pilot Study Samples


3.9
Actual Finishing


3.10
Sterilization of Fabric


3.11
Wear Study



3.11.1
Selection of Garment



3.11.2
Selection of Subject



3.11.3
Washing Procedure




3.11.3.1   Selection of Water




3.11.3.2   Selection of Detergent




3.11.3.3   Selection of Washing Method


3.12
Nomenclature


3.13
Evaluation



3.13.1
Subjective Evaluation




3.13.1.1   Visual Evaluation




3.13.1.2   Wearer’s Opinion




3.13.1.3   Bottle Incubation method



3.13.2
Objective Evaluation




3.13.2.1   Wales and Courses




3.13.2.2   Fabric Thickness




3.13.2.3   Fabric Weight




3.13.2.4   Bursting Strength




3.13.2.5   Abrasion Resistance




3.13.2.6   Drapability




3.13.2.7   Wettability and Absorbency Tests





     a.
Drop Test





     b.
Sinking Test





     c.
Capillary Rise Test


3.14
Antibacterial Test



3.14.1
Shake-Flask Method


3.15
Antibacterial Fastness Tests



3.15.1
Fastness to Perspiration



3.15.2
Fastness to Washing


3.16
Statistical Analysis



3.16.1
Analysis of Variance (ANOVA)
3.1
SELECTION OF FINISHING


Textile finishing is a method where big deficiencies in textiles can be corrected or specific properties are introduced, state Amsamani and Ranganathan (2007). Antimicrobial property could be of great use, where antibiotic resistance is a big problem, spells Ottelia Saxl (2007). And it offers great potential for retaining freshness during the wear of apparel and garments at periods of strenuous activity (Indian Textile Journal, 2005). Considering the above facts, the investigator selected the antimicrobial finish for the study. 
3.2
SELECTION OF FABRIC


According to Ram (2007) the fabric should have two important properties. That is to evaporate the perspiration from the skin surface and to transfer the moisture to the atmosphere and make the wearer feel comfortable. The cotton fibre absorbs moisture, mention Joyce (1992) and it breathes naturally and allow gas, water vapour to pass freely, states Venkiduswamy et al. (1999). If offers excellent aesthetic and substrate properties compared with man-made, point out Sawhney (1991). Cotton knitted fabrics will relax naturally after knitting, reveal Choi and Lo (2003). Knits are several times more permeable to air than wovens of same weight so that the garment next to skin can ‘breathe’, says Ajgaonkar (1998).


In view of all these facts, the investigator selected 100 per cent cotton knitted fabric. The fabric details are given in Appendix – I.
3.3
SELECTION OF ANTIMICROBIAL SOURCES


The synthetic chemicals used for antimicrobial finish possess hazardous effect during the disposal and create pollution problems, point out Selvasubha (2007). Added to this, the disposal of waste is the major problem in the sea food industry which is the best source of chitosan, explains Kumar (2001). Chitosan is the natural biodegradable biopolymer with excellent antimicrobial and wound healing property, say Kavitha et al. (2007). Chitosan has better moisture transport properties for sweat and is antimicrobial, states Aschwal (2000).


In the view of Robbert and Tyler (2002) the gel of Aloe vera has antibacterial and antifungal activity. It is considered as the “plant of immortality”, explain Rajamani et al. (2005). The extract of the plant has antibacterial activity (http://www.pfaf.org/plants). According to Reddy (2005) the aloe gel moisturizes the skin and has cooling effect because of its water holding capacity.


Hence the investigator selected the natural sources such as chitosan and Aloe vera for the study as shown in Plates – I and II respectively.
3.4
COLLECTION OF THE SOURCES


Chitosan the natural bio polymer was obtained from India Sea Foods Ltd., Cochin, Kerala in the form of flakes. It has the degree of deacetylation as (89 per cent) and it is soluble only in acidic solution. 


Aloe gel the other source of antimicrobial activity was collected from the plant Aloe vera (Aloe Barbadensis Miller) which is fully grown with thick green leaves and available locally. 
3.4.1
Extraction of Aloe gel


Careful processing of aloe gel is necessary to maintain the activity. It is processed using the hand filleting procedure. This processing carefully removes the inner gel avoiding the yellow sap (latex) found next to the rind. The gel was smashed and converted into solvent form as suggested by Kandhavadivu et al. (2006). It is shown in Plate – III.
3.5
SELECTION OF BINDER


Chitosan is insoluble in water but soluble only in acidic solution that has a pH < 6.5, says Achwal (2000). Eventhough it is soluble in several acids the activity of chitosan is best when dissolved in citric acid, point out Sayed et al. (2004). According to Karolia and Mendapara (2007) citric acid dissociates in water and crosslinks with chitosan, forming chitosan citrate with carboxylic acid residue, which is not esterified with chitosan.


In the view of Nagoba et al. (1998) citric acid is non-toxic, effective and economical. Added to this citric acid is considered as best formaldehyde free cross linking agent, point out Teli et al. (2002). Citric acid is the suitable cross-linking agent to fix Aloe vera onto the fabric, explain Kandhavadivu et al. (2006). Hence the investigator selected citric acid as the appropriate binder which is shown in Plate – IV. 
3.6
FABRIC PREPARATION


Cotton, whether present as fiber or yarn or hosiery or woven fabric requires some form of pretreatment to make it suitable for dyeing and finishing and the basic function of the pretreatment is to impart uniform, good absorbency and whiteness without chemically damaging the cotton, says Alat (2001). Therefore pretreatment is very essential process to improve the finished quality of the fabric.
3.6.1
Scouring


Scouring is the process of thoroughly cleansing the fabric prior to proceeding with the finishing proper (NIIR Board). Prayag (199) says that scouring is used to remove foreign matter or other impurities except the natural colouring matter.


Therefore the selected fabric was subjected to scouring. The parameters  and  operational  ranges  adopted for scouring are given in Table – I.

TABLE – I

SCOURING PARAMETERS

	Parameters
	Operational range

	Caustic soda

Inorganic soap

Soft water

Time

Temperature
	20 g / kg

50 g / kg

1 : 20 (MLR)

30 minutes

85(C



Ten kg of selected jersey fabric was immersed in hot water containing 200 g of caustic soda and 500 g of inorganic soap with MLR 1 : 20 at the temperature of 85(C for 30 minutes.
3.7
PILOT STUDY


The pilot study can guide the researcher and improve the quality of the research work. The pilot studies enable the research to test the quality of the process carried out and check the percentage of return, the effectiveness, the usefulness of information and the establishment of cost estimate, states Thanulingam (2000). 


Hence, the investigator planned to conduct the pilot study to optimize various parameters as follows.
3.7.1
Optimization of Process Conditions


Optimization is defined as the “process of trying to find maxima and minima of a function” and also the methodologies for improving the efficiency of the production process (www.wikipedia.com).
3.7.1.1   Material to Liquor Ratio


Liquor is the important aspect for the preparation of the finishing solution. The source and material of size (5 x 5 cm) were treated in the five different ratios of liquor such as 1 : 10, 1 : 20, 1 : 30, 1 : 40, 1 : 50 taken in five different beakers and the sample treated in the 1 : 20 liquor ratio had even and effective finishing. This was also found by Kavitha et al. (2007).
3.7.1.2   Concentration of Citric Acid


According to Karolia and Mendapara (2007) citric acid is the important essential cross linking agent to dissociate the chitosan in water and cross link the sources with cellulose. Citric acid was taken in five different concentrations such as two per cent, four per cent, six per cent, eight per cent and ten per cent. The concentration of six per cent was found to be harmless and effective concentration for dissolving the chitosan and better fixation activity while testing the samples.
3.7.1.3   Concentration of Chitosan


Chitosan flakes, the water insoluble antimicrobial agent was taken is various concentration such as 2 per cent, 2.5 per cent, 3 per cent, 3.5 per cent and 4 per cent in different beakers of citric acid concentration 6 per cent and the samples of size 5 x 4 cm was treated in all the solution bath respectively. And it was noted that the activity was maximum at the 3.5 per cent concentration while testing.
3.7.1.4   Concentration of Chitosan and Aloe vera Solution

The chitosan solution is prepared by dissolving the 3.5 per cent of Chitosan in the 6 per cent (V/V) citric acid solution prepared with the MLR 1 : 20. At the boiling temperature for one hour then the chitosan completely dissociates in solution leaving the white residue. It is removed and the clear solution is formed. In the mean while the aloe gel was extracted using appropriate method.


The trial was made in different proportions such as 25 : 75, 50 : 50, 75 : 25 of Chitosan : Aloe vera respectively. Based on the antibacterial test 25 : 75 was opted as the best. Thus this concentration was selected for the combination in order to compare with chitosan treated material. Thus this was conducted by comparing the effect of chitosan and chitosan Aloe vera treated material. 
3.7.1.5   pH


The bacteria grow at neutral temperature and obviously their growth is hindered in acidic or alkaline pH, say Pommerville et al. (2005). But the finishing can be done only in acidic pH since citric acid acts as the cross linking agent and solvent for chitosan. In order to maintain the neutral pH the fabric is finally rinsed several times with running tap water and maintained the fabric pH nearer to neutral.
3.7.1.6   Time and Temperature

a.   Finishing


Time and temperature were considered as an important aspect of finishing. Hence the fabric was treated in the prepared solution for 1 hour, 1 ½ hours and 2 hours at different temperature like 60(C, 80(C, 90(C and 100(C. Finally 1 hour and 90(C were opted as the suitable finishing time and temperature in water bath, shown in Plate – V.
b.   Curing


According to Sayed et al. (2004) curing time and temperature are the most influencing factors for the fixation of chitosan. The amount of the chitosan fixed on the fabric depends on the temperature and as the temperature of curing is higher than 180(C, it produces appreciable yellowing of fabric due to esterification reaction between citric acid and cotton. Added to this if time increases more than 90 seconds it results in same problem. Hence the investigator selected the suitable time and temperature as 1 minute and 130(C respectively for better activity of Aloe vera as well as chitosan. 

3.7.1.7   Optimized Parameters


The  optimized  antibacterial parameters for process are shown in Table – II.

TABLE – II 

OPTIMIZED PARAMETERS FOR FINISHING

	S.No.
	Parameters
	Trial
	Chitosan treated
	Chitosan Aloe vera treated

	1.

2.

3.

4.

5.

6.

7.

8.


	Material to liquor ratio 

Citric acid concentrate (%)

Chitosan concentration (%)

Time for treatment (hrs)

Water bath temperature ((C)

Chitosan : Aloe vera
Curing temperature (in Celsius)

Curing time (in min)


	1 : 10, 1 : 20, 1 : 30, 1 : 40, 1 : 50

2, 4, 6, 8, 10 

2,2.5, 3, 3.5, 4 

1, 1 ½, 2

60, 80, 90, 100

25 : 75, 50 : 50 75 : 25

90, 120, 130, 140

1, 2, 3
	1 : 20

6

3.5

1

90

-

130

1
	1 : 20

6 

3.5

1

90

25 : 75

130

1 



Following these parameters the investigator prepared the solution and finishing was applied. The method opted for finishing was exhaust method as shown in Plate – VI.
3.7.1.8   After Treatment


The samples treated with chitosan and chitosan Aloe vera were further  treated with one per cent aqueous acetic acid solution at 60(C for 1 hour followed by washing with tap water and drying, say Sayed et al. (2004). Hence the after treatment is given to remove the unfixed chitosan and for better activity of the fixed chitosan. Thus the after treatment was given by the investigator.
3.8
EVALUATION OF PILOT STUDY SAMPLES

Parallel Streak Method


According to AATCC Technical Manual (2000), the treated samples of size 50 x 25 mm were  placed  in  intimate  contact with AATCC bacteriostasis 
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       WATER BATH



   EXHAUST METHOD

agar, which has been previously streaked with an inoculums of test organism namely Staphylococcus aureus. After incubation, a streak of interrupted growth underneath and along the side of the test material indicates antibacterial effectiveness of the fabric and zone of inhibition had been assessed by the 20 judges who were majoring in the area of Textiles and Fashion Apparel. The samples with best zone of inhibition compared to untreated samples are shown in Plate – VIIa, VIIb and VIIc. 
3.9
ACTUAL FINISHING


The fabric prepared by scouring was finished by exhaust method in the finishing solution prepared with the optimized parameters and then after treatment was done with acetic acid and washed with tap water and dried. And the samples subjected to final study are given in Appendix – II.
3.10
STERILIZATION OF FABRIC


According to Kumaravel et al. (2006) sterilization is a process of killing or removing germs which can be carried out in a number of ways. The easiest, safest and cheapest method is by using steam sterilization in an autoclave. Hence the untreated fabric was subjected to sterilization process for the destruction of microbes as it was considered as the control sample.
3.11
WEAR STUDY


Wear is the amount of deterioration of a fabric and it is an indeterminate quality because conditions of wear vary, views Saville (1999). Hence the wear study was conducted to test the comfort of the wearer to absorbency, odour due to sweat and skin irritation and smoothness. The important aspects of the wear study are as follows :

3.11.1
Selection of Garment


The knitted garment selected for the wear study was ladies inner wear (short slip). The fabric finished with chitosan and chitosan Aloe vera and their respective after treated samples  were converted into slip with the appropriate 
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c.  AFTER TREATED

PLATE – VII

SAMPLES WITH BEST ZONE OF INHIBITION (PARALLEL STREAK METHOD)

body measurements of the selected subjects. The samples are shown in Plate – VIII a, b, c.
3.11.2
Selection of Subject


Five subjects were selected from the Avinashilingam University for Women, Coimbatore. The subjects were the adolescent girls who are actively participating in sports and exercise. The girls were asked to wear the garment both treated and after treated during their course of practice and after which the samples were collected separately and washed.

Number of Wear and Washes


All the samples (treated and after treated) were given to the subjects and they were collected and washed after every wear and their opinion was collected every time. Similarly the process was repeated for 20 times.
3.11.3
Washing Procedure


The various aspects involved in the washing procedure are as follows.
3.11.3.1   Selection of Water


Water is an excellent solvent. Among the properties of water that make it so useful for washing is the ability of water to adhere to the fabric, so that it can penetrate into the fibre and wet it, narrate Schoote (1995). Soft water washes whiter, brighter, saves soap and makes fabric last longer. Ordinary soft water was selected for the study.
3.11.3.2   Selection of Detergent


The word detergent literally means something that clears and is generally used to describe a substance that will act together with water to make things clean, affirm Dantyagi (2004).


Bide and McConnell (1996) quote that the use of the detergent is to remove dirt from the fabric without disturbing the features of the fabric. Here the detergent ‘surf’ was chosen for washing.
3.11.3.3   Selection of Washing Method


The garment without creasing was soaked in five grams of detergent powder dissolved in one litre of water. Washing is an art that helps to maintain the texture and sheen of the knitted garment based on the method of washing like kneading and squeezing, says Patel (2001). Hence hand washing by kneading and squeezing was done to make the fabric good in appeal and the samples were laid on a flat surface to dry it under the shade for about 24 hours without stretching it. 


The samples washed using the above mentioned method is shown in Plate – VIIId and Appendix - II.

3.12
NOMENCLATURE

The nomenclature of the samples are given in Table – III. 
TABLE – III

NOMENCLATURE

	S.No.
	Samples
	Treated with chitosan
	Treated with Aloe vera
	After treated with 1% acetic acid
	Washed
	Nomenclature

	1.

2.

3.

4.

5.

6.

7.
	Untreated

Untreated

Untreated

Untreated

Untreated

Untreated

Untreated
	-

(
(
(
(
(
(
	-

-

-

-

(
(
(
	-

-

(
(
-

(
(
	-
-

-

(
-

-

(
	U

C

Ct

Ctw

CA

CAt

CAtw
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b.  TREATED

[image: image18.emf]
c.  AFTER TREATED

​[image: image19.emf]
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PLATE – VIII

WEAR STUDY SAMPLES

3.13
EVALUATION


“Evaluation is defined as the making of judgement about the value for some purpose, ideas, works, solutions, methods and materials”, Bhatia (1984). Textile testing is necessary to measure the properties of new fibres, fabric constructions and finishes developed in it, states Taylor (1972). Therefore the samples were subjected to visual evaluation and various subjective analysis.

3.13.1   Subjective Evaluation


Subjective assessment is the method of describing fabric handle based on the experience and variable sensitivity of human beings. Textiles are touched, squeezed, rubbed or handled to obtain information about physical parameters, point out Mandal and Zhiming (2006). 

3.13.1.1   Visual Evaluation


The samples were evaluated by a panel of 20 post graduates majoring in the area of Textiles and Fashion Apparel in Avinashilingam University for Women. The characteristic features like general appearance, texture, whiteness and evenness were taken into consideration. The proforma used for evaluation is given in Appendix – III. The results are presented in Results and Discussion. 

3.13.1.2   Wearer’s Opinion


The wearer’s opinion was collected from the subjects who wear the samples, by enquiring information about the comfortness, skin irritation, absorbency  and  feel  of  the  garment .using the proforma shown in Appendix – IV.
3.13.1.3   Bottle Incubation Method


The test for odour inhibition was done with a “bottle incubation method” using an artificial perspiration consisting of sodium chloride (2.5 per cent), urea (1.2 per cent) and lactic acid 85 per cent (34 per cent), potassium hydroxide (1.4 per cent) and pH adjusted to 7.0 with ammonium hydroxide.


The solution is inoculated with soil suspension (1 gram garden soil to 10 ml water, 1 ml suspension to 100 ml artificial perspiration). The fabric specimen (12.5 cm x 7.5 cm) was incubated in 500 ml stoppered jar at 30(C, explain Shah and Khana (2006). Thus, the samples were subjected to the odour test. The assessors judged the samples subjectively by smelling them individually.

3.13.2
Objective Evaluation


The physical tests for objective evaluation were carried out in the laboratory. The suitable tests for knitted material are as follows.

3.13.2.1   Wales and Courses


A wale is predominantly vertical column of needle loops produced by same needle knitted at same successive knitting cycle whereas course is predominantly horizontal row of loops produced by adjacent needle during the same knitting cycle, defines Rajkumar (2001). Hence the number wales and courses present in 2.5 cm2 inches at 10 different places in each sample is counted using the pick glass (Plate – IX) and recorded.

3.13.2.2   Fabric Thickness


Thickness of a specimen is measured as the distance between the reference plate on which the specimen rests and a parallel circular pressure foot that exerts a specified pressure on the area under the test, defines ISI Handbook (1982) and Saville (1999) adds to that thickness of a fabric is one of its basic properties to give information on its warmth, heaviness or stiffness in use.


Heals Thickness Gauge given in Plate X was used for testing fabric thickness. The readings were taken at 10 different places and care was taken to see the places were away from the selvedge and free from wrinkle. Ten readings were taken and the mean is calculated for all the test samples. 

3.13.2.3   Fabric Weight


The weight of a fabric is mass per unit area which is expressed in grams per square meter, describes ASTM (1983) and Angappan (1991) points out that the weight per unit area can be used as one of the qualities for defining the structure of the fabric.


The paramount GSM cutter shown in Plate XI is a specialized instrument to determine the GSM of the fabric (knitted, woven, non-woven). The samples were cut at 10 different places using the cutter and had been weighed using Ohaus AdventureTM Balance (Plate  XII).The readings were noted and the mean was calculated and is expressed in grams per square meter.

3.13.2.4   Bursting Strength


Bursting strength is the strength of a fabric against a multidirectional flow of pressure, opines Angappan and Gopalakrishnan (2002). Bursting strength has its widest application for knitted fabrics. It is an alternative method of measuring strength in which the material is stretched in all direction at the same time and is then measured in units of pressure, point out by Saville (1999) and Grover ad Hambay (1969).


Eureka Hydraulic Bursting Strength Tester (Plate  XIII) was used to test the strength of the fabric sample. The specimen was clamped by a ring over a thin rubber diaphragm which itself was damped over a circular hole in the upper free of a reservoir. The liquid used was glycerin. Due to increase in pressure, the diaphragm bulges, taking with it the specimen. At some point, the fabric bursts and the presence at that point was indicated by the pressure gauge. And the readings was noted from the pressure gauge in kilograms per centimeter square. For all the samples the 10 readings were noted and their mean was calculated and recorded.

3.13.2.5   Abrasion Resistance


Abrasion is definitely a repeated stem application, usually caused by forces like bending, tensioning, compressing and bursting which are relatively low order repeated stresses and occurs many times during the life time of those material, point out Tarafder and Basak (1999). Abrasion is one of the major criteria to assess the durability of the fabric, states Basu (2006). Booth (1991) adds to that abrasion is just one aspect of wear and is the rubbing away of the component fibres and yarns of fabrics. Abrasion is the wearing away of any part of a material by rubbing against  another surface (ASTM, 2000). 


The Instrument used for the study was the Eureka Martindale Abrasion Resistance Tester (Plate XIV) Standard (320 No.) Emery paper was used as abrading surface and fitted to the reciprocating abrader head. The samples were cut to the size of template and weighed using Ohaus AdventureTM Balance (Plate XII), then it was mounted to the sample holder and the revolution was standardised as 50. The machine was switched on and allowed for 50 revolution.


The sample were taken from the sample holder and weighed again. The same procedure was repeated to get 10 initial and final readings. 10 readings were taken and average was calculated.

3.13.2.6   Drapability


The drape of the fabric is defined in terms of the shape or the way in which the fabric hangs down in folds, reveals Lord and Mohammed (2001). According to Kori (1996) it is the ability of a fabric to assume a graceful appearance on the wearer. And Saville (1999) describes it as the way in which a fabric hangs under its own weight.


The Eureka Drape Meter (Plate XV) was the instrument used to determine  the  drapability of  fabrics. The sample and brown paper was cut in 
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circular form to the size of the template (10”). The sample was placed  between two horizontal discs of smaller diameter (5 inch) and the unsupported angular ring of fabric was allowed to hang down under the action of gravity. 


The initial weight of the brown paper is calculated and placed over the outer glass lid. A planar projection of the contour of the draped specimen was recorded on a brown paper and the paper was trimmed accordingly and it was weighed. Then draw the outline of the smaller circular disc on the same brown paper and the outline was cut and weighed. Similarly ten readings were recorded and mean was calculated. The difference in weight was calculated. 


The drape co-efficient percentage was calculated by using the formula.


Drape co-efficient (%)
=
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where,


AS
-
Area of the draped sample


AD
-
Area of the undraped sample


(That is area of casted shadow of the outer ring – casted value)


Ad
-
Area of the casted shadow of supporting disc – constant value.

3.13.2.7   Wettability and Absorbency Tests


The wettability and absorbency tests include drop test, sinking test and capillary rise test.

(a)
Drop Test


The ability of a fibre to take up moisture is termed as absorbency. According to Skinkle (1979), wettability is the time taken in seconds for a drop of water to sink into the fabric. If any fabric takes more than 200 seconds to absorb water the same is considered as non wettable.


A burette filled with distilled water was clamped in a stand. The sample was mounted in an embroidery frame and was placed at the base of the stand (Plate XVI). The distance between the sample and burette nozzle was kept constant. The nozzle of the burette was opened just to allow a drop of water to fall on the sample. The stop watch was started simultaneously and it was stopped when the drop of water fully sank into the material. The time taken for this was noted. The same procedure was repeated for ten times for the original and treated sample and the mean value was calculated and recorded.

b)
Sinking Test


Sinking test is a simple test that helps to measure the wettability of a fabric, says Booth (1996). Skinkle (1979) suggest that the samples were cut into size (5 x 5 cm) square from all the samples. A beaker filled with 1000 ml of distilled water added with few drops of wetting agent was taken. The sample was dropped on the surface of the water from a standard height. The stop watch was started when the fabric struck the surface of water and stopped when the last corner sank below the water surface. The time required for the sample to sink was noted. The same procedure was repeated for ten readings of all the samples. The mean value was calculated for the above samples. Similarly the mean values of the treated samples were calculated and the sinking time of each material was recorded separately (Plate XVII).

c)
Capillary Rise Test


According to Skinkle (1979) and Raul (2005) the capillary travel method measures the rapidity of absorption. Ten samples were cut into size of 15 cm length and 2.5 cm width from all the samples. One end of the sample strip was passed with a glass red which was placed on heavy wooden blocks and at the other end, two grams weight was attached to keep the sample straight. At the weighted end 2 cm of the sample was allowed to immerse in a tray of distilled water. The time taken for rise of the water level in the strip was noted by keeping length of the water rise 5 cm as constant. The same procedure was repeated for 10 readings of all the samples was recorded (Plate XVIII).

3.14
ANTIBACTERIAL TEST


The antibacterial test is to find out the amount of bacterial colonies present in the substrate. In order to assess the reduction (%) in bacterial count, the appropriate test method was carried out in Dr.Prabhoo Diagnostics, Coimbatore. The procedure used is discussed below and the appropriate results given by the expert is presented in Appendix  V.

3.14.1   Shake-Flask Method


The test method was developed by modifying Dow Corning Test and AATCC test method 100-1999 in accordance with the method approved by the Association of Antibacterial Treatments of Textile, Japan and was limited to the Staphylococcus aureus microorganisms. In the short, the number of living micro organisms were counted after stirring the micro organism suspension in an Erlenmeyer Flask (1 x 105 cells / ml of organisms). The test solution was then shaken for 1 hour with 320 rpm speed at 25(C after the addition of 1 gm textile sample. The decrease in the number of living micro organism present in the medium containing sample is been noted and reduction (%) is been calculated using following equation.


Reduction (%)
=
[(A – B) / A] x 100

where,


A
=
the number of living micro organism before shaking


B
=
the number of living micro organism after shaking


The above mentioned procedure was used as described by Sayed et al. (2004). 

3.15
ANTIBACTERIAL FASTNESS TESTS


The durability of antibacterial finish applied on to the fabric should be evaluated by the fastness tests, say Kavitha et al. (2007) and the tests were conducted using the procedure of AATCC test methods which are as follows : 
3.15.1
Fastness to Perspiration


The action of perspiration is an excellent nutrient medium of all kinds of bacteria which attack the textile fabrics in both acidic and alkaline medium, Hall (2004). Prayag (1989) determines, human perspiration is of two kinds viz., acidic and alkaline, therefore the test is carried out using acetic acid alkaline liquors separately.


Instrument used for the study is SASMIRA Perspirometer (Plate  XIX). To evaluate the fastness of finish to perspiration, the fabric was treated with artificial standard perspiration which was prepared according to AATCC test method 15-1962. The acid and alkali solutions were prepared by following the procedure given in Table – IV.

TABLE – IV
CHEMICALS USED IN ARTIFICIAL PERSPIRATION

	S.No.
	Chemicals
	Acid
	Alkali

	1.

2.

3.
	Sodium chloride

Urea

pH
	2.65 gm / l

0.75 gm / l

5.6 (Dil acetic acid)
	3 gm / l

-

7.2 (NaCO3)



One gram of the prepared sample was sanwhiched between two filter papers and 1 ml of respective perspiration was dispersed and allowed to absorb through filter paper in sample. Treated samples were then kept in perspirometer for 30 minutes and tested for antimicrobial property as explained by Korolia et al. (2007). 
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3.15.2
Fastness to Washing


According to Karolia and Mendapara (2007), the treated samples of size 5 x 5 cm is subjected to perspiration and for washing the sample was treated with the 5 per cent soap solution for 30 minutes. After that the sample was taken out rinsed well with soft water thoroughly, squeezed well and dried in shade. The dried sample is then subjected to antimicrobial test and the appropriate readings are recorded. 

3.16
STATISTICAL ANALYSIS


Statistics group of methods are used to collect, analyze, present and interpret data and to make decisions, says Mann (2004). Statistics is used for presenting facts in a definite form, statistics simplifies mass of figures facilitates comparison. Statistics help in prediction and in formulating hypothesis, points out Gupta (2004).

3.16.1
Analysis of Variance (ANOVA)


ANOVA is a statistical technique that can be used to evaluate whether there are difference between the average value and mean, across several population groups (http://www.answer.scom/topic/analysis) of variance and two way ANOVA evaluates the effects of two factors (http://unc.edu.au/web stat/unit_materials/7-anova/twoway-anova.htm). 


According to Gupta (2004) the ‘t’ distribution is commonly called student distribution and is used when sample size as three or less and the population standard deviation. He also adds to it, ANOVA is commonly used to test difference among the means of several and is dependent of groups. Hence the investigator opted appropriate methods of statistical support based on the samples and comparisons. 
4.  RESULTS AND DISCUSSION


The results of the study “ANTIMICROBIAL EFFECT OF CHITOSAN AND Aloe vera ON COTTON KNIT” are discussed under the following headings :


4.1
Subjective Evaluation



4.1.1
Visual Evaluation




4.1.2
Wearer’s Opinion



4.1.3
Bottle Incubation Method


4.2
Objective Evaluation



4.2.1
Wales and Course



4.2.2
Fabric Thickness



4.2.3
Fabric Weight



4.2.4
Bursting Strength



4.2.5
Abrasion Resistance



4.2.6
Drapability



4.2.7
Wettability and Absorbency Tests


4.3
Antibacterial Test


4.4
Antibacterial Fastness Tests



4.4.1
Fastness to Perspiration



4.4.2
Fastness to Washing 

4.1
SUBJECTIVE EVALUATION


The samples were evaluated subjectively and the results are discussed under following headings :
4.1.1
Visual Evaluation



The treated, after treated and washed samples were evaluated visually by the panel of judges. The results are presented in Table – V.


TABLE – V

VISUAL EVALUATION OF THE SAMPLES

	S.No.
	Samples
	General appearance
	Texture
	Brilliancy of whiteness
	Evenness

	
	
	G
	F
	P
	St
	SS
	S
	W
	HW
	C
	E
	P
	U

	1.

2.

3.

4.

5.

6.
	C

Ct

Ctw

CA

CAt

CAtw
	78

80

82

78

82

88
	22

20

18

22

18

12
	-

-

-

-

-

-
	86

48

-

64

60

-
	14

52

14

36

42

4
	-

-

86

-

-

96
	-

-

4

-

-

6
	60

82

90

68

89

92
	40

18

6

32

11

2
	30

72

88

22

80

100
	60

28

12

70

20

-
	10

-

-

8

-

-



From Table – V, it is evident that the general appearance of the treated, after treated and washed samples was good as rated by 78 – 88 per cent of the judges. The sample CAtw has obtained good rating as per 88 per cent of the judges.


Regarding texture of the samples, Ctw and CAtw were rated as soft textured fabric by 86 and 96 per cent respectively. The sample C was rated as stiff by 86 per cent of the judges.


With regard to brilliancy of whiteness, only four and six per cent of the judges rated the samples Ctw and CAtw respectively as good. All the other samples were rated as half white by 60 – 90 per cent of the judges.


After treatment and washing had enhanced the evenness of finish. This is observed in the sample CAtw which obtained cent per cent rating. This may be due to the accumulation of the unfixed chitosan and aloe gel while curing and has been removed in the above processing to attain cent per cent.
4.1.2
Wearer’s Opinion


The wearer’s expressed that the samples after treated and washed had given good absorbency and better comfort than the treated samples. And there was no skin irritation due to the usage of the garment and Aloe vera treated samples gave cooling effect. The respondents had no complaints about odour formation.
4.1.3
Bottle Incubation Method


The assessors judged the tested samples by smelling them individually and revealed that the samples treated with artificial perspiration had no pungent odour. This may due to effective activity of the chitosan and Aloe vera. 
4.2
OBJECTIVE EVALUATION


The various objective evaluation results are discussed below.
4.2.1
Wales and Courses​


The mean number of wales and courses of the original, treated, after treated and washed samples are given in Table – VI and Figure – I. The analysis  of  variance  for  all  the  samples with original is discussed in Table – VI (a).

TABLE – VI

WALES AND COURSES
	S.No.
	Samples
	Wales
	Courses

	
	
	Number (in 2.5 cm2)
	Loss or gain over untreated
	Percentage loss or gain
	Number (in 2.5 cm2)
	Loss or gain over untreated
	Percentage or gain

	1.

2.

3.

4.

5.

6.

7.
	U

C

Ct

Ctw

CA

CAt

CAtw
	38

41

42

40

42

41

40
	-

3

4

2

4

3

2
	-

7.89

10.52

5.26

10.52

7.89

5.26
	50

54

52

51

54

52

51
	-

4

2

1

4

2

1
	-

8

4

2

8

4

2
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FIGURE – I

WALES AND COURSES


Table – VI proves that the number of wales and courses of all the samples has increased when compared to the untreated original. The sample Ct and CA have gained a maximum of ten per cent increase in wales. The number of courses in samples C and CA has increased by eight per cent which is a maximum gain.


Obviously there is a gradual reduction in number of wales and course after wash when compared to the treated and after treated samples. But both the washed samples (Ctw and CAtw) attained a minimum of two per cent increase when compared to the untreated original. Hence based on the result it is predicted that the treatment made the loops too closer and tightened the fabric which is stable to washing.

TABLE –VI (a)

ANALYSIS OF VARIANCE FOR WALES AND COURSES
	S.No.
	Source of variance
	Degree of freedom
	Sum of squares
	Mean square
	F – Value

	
	
	No. of wales
	No. of course
	No. of wales
	No. of course
	No. of wales
	No. of course
	No. of wales
	No. of course

	1.

2.


	Between the samples

Error
	6

28
	6

28
	35.88

56.80
	66.28

57.60
	5.98

2.02
	11.04

2.05
	2.94*
	5.37**

	
	Total
	34
	34
	92.68
	123.88
	2.72
	3.64
	
	


*  Significant at P = 0.05 ;  **  Significant at P = 0.01

The statistical analysis proves that there is five per cent significant difference between the samples as far as the wales are concerned and one per cent significant difference for the courses. 

4.2.2
Fabric Thickness


The fabric thickness of the original, treated, after treated and washed samples are presented in the Table – VII and Figure – II and the analysis of variance is given in Table – VII (a).

TABLE – VII

FABRIC THICKNESS

	S.No.
	Samples
	Mean thickness in mm
	Loss or gain over untreated
	Percentage loss or gain

	1.

2.

3.

4.

5.

6.

7.
	U

C

Ct

Ctw

CA

CAt

CAtw
	0.50

0.53

0.55

0.54

0.56

0.56

0.55
	-

0.03

0.05

0.04

0.06

0.06

0.05
	-

6

10

8

12

12

10



It is evident from the Table – VII and Figure – II that all the samples have exhibited an increased thickness which ranged from six per cent to 12 per cent. Samples CA and CAt showed a maximum of 12 per cent increase than the original samples. But obviously the samples Ctw and CAtw showed two per cent decrease from their respective after treated samples, whereas attained eight and ten per cent gain over the original respectively. 


The minimum increase of six per cent was shown by the sample C. Hence the thickness of the treated samples had increased when compared with original and this may due to adherence of chitosan and Aloe vera on to the fabric. Even though all the samples showed gain percentage the samples treated with combination obtained the maximum and is proved in the result. 

TABLE – VII (a)

​ANALYSIS OF VARIANCE FOR FABRIC THICKNESS

	S.No.
	Source of variance
	Degree of freedom
	Sum of squares 
	Mean square
	F-Value

	1.

2.
	Between the samples

Error
	6

28
	134.68

14.00
	22.44

0.50
	44.89**

	
	Total
	34
	148.68
	4.37
	


**  Significant at P = 0.01
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FIGURE – II
FABRIC THICKNESS


The statistical analysis also support the result that the samples had a significant difference at one per cent level between untreated and treated. 
4.2.3
Fabric Weight


The fabric weight of the original, treated, after treated and washed samples are given in the Table – VIII and Figure – III. The respective analysis of variance is exhibited in Table – VIII (a).

TABLE – VIII
FABRIC WEIGHT
	S.No.
	Samples
	Mean weight in grams
	Loss or gain over untreated
	Percentage loss or gain

	1.

2.

3.

4.

5.

6.

7.
	U

C

Ct

Ctw

CA

CAt

CAtw
	1.792

1.864

1.928

1.900

1.880

1.914

1.896
	-

0.072

0.136

0.108

0.088

0.122

0.104
	-

4.01

7.50

6.02

4.91

6.80

5.80



The Table – VIII and Figure – III reveal that the fabric weight of the treated samples showed an increased weight considerably from five to eight per cent. Of all the samples, eight per cent weight gain was shown by the sample Ct when compared to the original. The weight of the washed samples Ctw and CAtw showed a slight decrease by attaining six per cent. The weight gained during after treatment was lowered by two per cent, and the gained weight of treated samples Ct, CAt is only a minimum gain of four and five per cent respectively.
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FIGURE – III
FABRIC WEIGHT

TABLE – VIII (a)

​ANALYSIS OF VARIANCE FOR FABRIC WEIGHT
	S.No.
	Source of variance
	Degree of freedom
	Sum of squares 
	Mean square
	F-Value

	1.

2.
	Between the samples

Error
	6

28
	0.060

0.005
	0.010

0.0001
	55.08**

	
	Total
	34
	0.065
	0.001
	


**  Significant at P = 0.01

The statistical analysis also reveals that there is a significant difference between the treated and untreated sample at one per cent level.


Thus the study proves that chitosan, with high molecular weight applied and after treated onto the fabric showed comparatively maximum gain to the fabric weight upon all the treated samples and it is supported by the findings of Karolia and Mendapara (2007). 

4.2.4
Bursting Strength


The mean values of original, treated, after treated and washed samples against bursting strength are given in the Table – IX and Figure – IV. The analysis  of  variance for  all  treated  samples  over original is shown in Table – IX (a).

TABLE – IX
BURSTING STRENGTH
	S.No.
	Samples
	Mean strength in kg / cm2
	Loss or gain over untreated
	Percentage loss or gain

	1.

2.

3.

4.

5.

6.

7.
	U

C

Ct

Ctw

CA

CAt

CAtw
	7

8

9

8.5

8.5

9

9
	-

1

2

1.5

1.5

2

2
	-

14.28

28.57

21.42

21.42

28.57

28.57
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FIGURE – IV
BURSTING STRENGTH


The Table – IX and Figure – IV present the bursting strength of the treated, after treated, washed and the original untreated samples. The percentage gain of the same was ranged from 14 to 29 per cent. A maximum gain of 29 per cent was shown by the samples Ct, CAt and CAtw. Among these only the sample Ctw showed the reduction in strength after wash when compared to their respective after treated sample and attained 21 per cent gain over the original sample. The minimum gain of 14 per cent was shown by the sample  C  which is chitosan treated. 

TABLE – IX (a)

​ANALYSIS OF VARIANCE FOR BURSTING STRENGTH
	S.No.
	Source of variance
	Degree of freedom
	Sum of squares 
	Mean square
	F-Value

	1.

2.
	Between the samples

Error
	6

28
	1.607

0.500
	0.267

0.017
	15.00**

	
	Total
	34
	2.107
	0.284
	


**  Significant at P = 0.01

The statistical analysis support that there is one per cent level of significant difference between the untreated and treated samples. 


As said by Sayed et al. (2004) the samples treated with chitosan gained strength compared to the untreated material. Hence it was considered from the above results, the samples treated in chitosan – Aloe vera combination and after treated had shown a maximum strength and this was retained even after wash. Hence comparatively combination treatment performed well, is the perception from the study as far as strength is concerned.  

4.2.5
Abrasion Resistance


The abrasion resistance of original, treated, after treated and washed samples is stated in Table – X and Figure – V. The respective ANOVA for the treated samples with original is discussed in Table – X (a).

TABLE – X
ABRASION RESISTANCE
	S.No.
	Samples
	Mean difference in grams
	Loss or gain over untreated
	Percentage loss or gain

	1.

2.

3.

4.

5.

6.

7.
	U

C

Ct

Ctw

CA

CAt

CAtw
	0.006

0.003

0.005

0.003

0.003

0.005

0.003
	-

-0.003

-0.001

-0.003

-0.003

-0.001

-0.003
	-

-50

-16

-50

-50

-16

-50



From the Table – X and Figure – V it is clear that all the samples showed decrease in abrasion resistance when compared to untreated sample. The decreased weight due to abrasion, ranged from 16 to 50 per cent. The samples Ct and CAt showed minimum decrease of 16 per cent. All the other samples present a maximum of 50 per cent decrease. 

TABLE – X (a)

​ANALYSIS OF VARIANCE FOR ABRASION RESISTANCE
	S.No.
	Source of variance
	Degree of freedom
	Sum of squares 
	Mean square
	F-Value

	1.

2.
	Between the samples

Error
	6

28
	0.000057

0.000077
	0.000010

0.000003
	3.493**

	
	Total
	34
	0.000134
	0.000004
	


**  Significant at P = 0.01

The statistical analysis shows that there is a significant difference between treated and untreated sample at one per cent level. 
4.2.6
Drapability


The drape co-efficient of the original, treated, after treated and washed samples are given in Table – XI and Figure – VI. The analysis of variance for the treated samples over original is discussed in Table – XI (a).
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FIGURE – V
ABRASION RESISTANCE

TABLE – XI

DRAPABILITY
	S.No.
	Samples
	Mean drape co‑efficient (%)
	Loss or gain over untreated
	Percentage loss or gain

	1.

2.

3.

4.

5.

6.

7.
	U

C

Ct

Ctw

CA

CAt

CAtw
	49.26

38.75

32.08

41.90

42.05

38.04

47.23
	-

-10.51

-17.18

-7.36

-7.21

-11.22

-2.03
	-

-21.33

-34.87

-14.94

-14.63

-22.77

-4.12



As per the Table – XI and Figure – VI, the drape co-efficient of all the treated samples showed percentage loss. The decreased percentage range from four to 35 per cent. The minimum decrease was exhibited by the sample CAtw which shows the percentage level of four and the maximum decrease was shown by the sample Ct at a percentage level of 34. All the other samples C, Ctw, CA, CAt show the loss of 21, 14, 14 and 22 per cent. 


And it is evident from the result that chitosan solution which is viscous in nature stiffens the fabric treated with it. According to Karolia and Mendapara (2007) the stiffness increased due to cross linking reaction and the stiffness is not stable to washing, when it combines with Aloe vera. Thus the the sample CAtw exhibits only a minimum loss and drape better than all the other samples.

TABLE – XI (a)

​ANALYSIS OF VARIANCE FOR DRAPABILITY
	S.No.
	Source of variance
	Degree of freedom
	Sum of squares 
	Mean square
	F-Value

	1.

2.
	Between the samples

Error
	6

14
	605.21

14.14
	100.86

1.01
	99.85**

	
	Total
	20
	619.35
	30.96
	


**  Significant at P = 0.01
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FIGURE – VI
DRAPABILITY


The statistical analysis shows that there is a significant difference between the treated and untreated sample at one per cent level. 
4.2.7
Wettability and Absorbency Tests


The results of the drop test, capillary rise test and wickability test conducted for the untreated, treated, after treated and washed samples are given in the Table – XII and Figure – VII.

TABLE – XII

WETTABILITY AND ABSORBENCY TESTS
	S.No.
	Samples
	Drop test (seconds)
	Sinking test (seconds)
	Capillary rise test (seconds) (to wick 2.5 cm)

	1.

2.

3.

4.

5.

6.

7.
	U

C

Ct

Ctw

CA

CAt

CAtw
	2

6

4

2

3

3

2
	6

17

17

15

12

12

10
	120

240

220

180

235

210

180


Based on the results presented in the Table – XII, all the samples possess good absorbency. The maximum time taken by the treated sample C was six seconds to absorb a drop of water and to penetrate the other side of fabric. Though the treatment hinder the absorbency by few seconds, it was regained by the samples after washing.

The sinking test also shows good result. The maximum time was taken by the samples C and Ct to completely sink into the water and it was calculated as 17 seconds. The washed samples Ctw and CAtw took only 15 and 10 seconds respectively to sink. 

The time consumed by the treated and untreated samples to wick 2.5 cm  is  given  in Table – XII and the result proves that all the samples have  good  absorbency. The  maximum  time  of  240  seconds was taken by 
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FIGURE – VII
WETTABILITY AND ABSORBENCY TESTS

sample C and the washed samples Ctw and CAtw took 180 seconds to wick 2.5 cm.

Hence from the above result it is revealed that the absorbency of the samples Ctw and CAtw was comparatively good among the treated samples.

4.3
ANTIBACTERIAL TEST


The antibacterial effectiveness of the treated, untreated and original samples are their reduction percentage over the original is presented in the Table – XIII and Figure – VIII. The results are discussed based on the report presented in Appendix – V.

TABLE – XIII

ANTIBACTERIAL TEST

	S.No.
	Sample
	Bacterial cells / ml
	Reduction (%)

	1.

2.

3.

4.

5.
	U

C

Ct

CA

CAt
	6.8 x 106
1.4 x 105
5.6 x 103
4.8 x 104
3.9 x 103
	-

97.9

98.7

99.2

99.9



The Table – XIII and Figure – VIII proves the effectiveness of the antimicrobial treatment onto the fabric. The reduction in bacterial cells / ml compared to original is given in percentage. The maximum reduction was shown by the sample CAt (99.9 per cent), and the minimum reduction by the sample C (97.9 per cent). The samples Ct and CA exhibited the reduction of 99.7 per cent and 99.2 per cent respectively. 


In the view of Sayed et al. (2004) the after treatment with one per cent aqueous acetic acid removes the unfixed chitosan and improve the activity of the fixed chitosan. The same is proved in the above result. In addition the effectiveness of the treatment is comparatively good for the samples treated with chitosan Aloe vera combination and after treated with acetic acid.
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FIGURE – VIII
ANTIBACTERIALTEST


In the study it is proved that Aloe vera is also a good antimicrobial agent as said by Krishnaveni et al. (2006). Aloe vera when combined with chitosan has been proved to exhibit better result.

4.4
ANTIBACTERIAL FASTNESS TESTS


The fastness of the antibacterial activity of the fabric towards perspiration and washing has been evaluated and results are presented based on the report produced in Appendix – V. 

4.4.1
Fastness to Perspiration 


The perspiration fastness of the treated, after treated and untreated fabric samples are given in the Table – XIV and Figure – IX. Their respective ‘t’ distribution is given in the Table – XIV(a).

TABLE – XIV

FASTNESS TO PERSPIRATION

	S.No.
	Samples
	A 
	B
	C
	Difference in reduction (%)

	
	
	Bacterial cells / ml without perspiration
	% reduction over original 
	Bacterial cells / ml acidic perspiration
	% reduction over original 
	Bacterial cells / ml alkaline perspiration
	% reduction over original 
	A – B
	A – C

	1.

2.

3.

4.

5.
	U

C

Ct

CA

CAt
	6.8 x 106
1.4 x 105
5.6 x 103
4.8 x 104
3.9 x 103
	-

97.9

99.9

99.2

99.9
	-

2.6 x 105
8.8 x 104
1.6 x 105
6.9 x 104
	-

96.17

98.70

97.65

91.47
	-

3.2 x 105
9.1 x 104
2.0 x 105
5.6 x 105
	-

95.29

98.66

97.05

98.69
	-

1.72

1.19

1.55

0.91
	-

2.60

1.23

2.14

1.20



It is evident from Table – XIV and Figure – IX that there exist a decrease in the reduction percentage of bacterial cells against acidic as well as alkaline perspiration compared to their respective treated and after treated samples.
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FIGURE – IX
FASTNESS TO PERSPIRATION


It is observed that the treated fabric subjected to perspiration, cause significant reduction in antimicrobial activity. In view of Kavitha et al. (2007) reaction between alkaline perspiration and esterified carboxylic residue of the finish causes neutralization reaction. Bacterial growth is optimum at neutral pH. Accordingly in the result the antimicrobial activity remains lower in case of finish and acidic perspiration combination as compared to that in case of finish and alkaline perspiration combination. 


In addition sample treated with chitosan Aloe vera combination and after treated samples also showed a better result compared to all the other samples. 

TABLE – XIV (a)

‘t’ DISTRIBUTION FOR PERSPIRATION FASTNESS

	S.No.
	Sample
	Bacterial cells / ml without perspiration  (X)
	Bacterial cells / ml acidic perspiration (Y)
	Bacterial cells / ml alkali perspiration (Z)
	‘t’ – distribution

	
	
	
	
	
	X Vs Y
	X Vs Z
	Y Vs Z

	1.

2.

3.

4.

5.
	U

C

Ct

CA

CAt
	6.8 x 106
1.4 x 105
5.6 x 103
4.8 x 104
3.9 x 103
	-

2.6 x 105
8.8 x 104
1.6 x 105
6.9 x 104
	-

3.2 x 105
9.1 x 104
2.0 x 105
5.6 x 105
	3.54*
	2.03NS
	1.26NS


*  Significant at P = 0.05 ;  **  Significant at P = 0.01  ;  NS – Not Significant

The statistical analysis support the test showing five per cent significant difference between without perspiration and acidic perspiration samples. And there is no significant difference between without perspiration and alkaline perspiration samples. 
4.4.2
Fastness to Washing


The washing fastness of the untreated, treated, after treated samples are given in the Table – XV and Figure X. The ‘t’ value pertaining to the results are also shown.

TABLE – XV

FASTNESS TO WASHING
	S.No.
	Samples
	Before washing
	% reduction (A)
	After washing
	% reduction (B)
	Difference (A – B)
	‘t’ value

	1.

2.

3.

4.

5.

6.

7.
	U

Ct

Ct (ac)

Ct (al)

CAt

CAt (ac)

CAt (al)
	6.8 x 106
5.6 x 103
8.8 x 104
9.1 x 104
3.9 x 103
6.9 x 104
5.6 x 105
	-

99.9

98.70

98.66

99.90

91.47

98.69
	-

4.7 x 105
5.6 x 105
6.8 x 105
4.6 x 105
9.8 x 105
6.0 x 105
	-

93.08

91.76

90.00

93.23

85.58

91.17
	-

6.81

6.93

8.60

6.66

5.81

7.42
	3.51*


*  Significant at P = 0.05 ;  ac – acidic perspiration  ;   al – alkaline perspiration

It is evident from the table that all the samples had good fastness to washing except the sample Ct (al) with a difference of nine per cent when compared to the respective original. Maximum effectiveness was shown by the samples Ct and CAt which scored 93 per cent. The samples treated with alkaline perspirations and subjected to washing showed maximum difference when compared to their respective unwashed samples. 


These differences may be due to the alkali present in detergent as well as perspiration too. In addition chitosan – Aloe vera treated samples exhibited better fastness towards washing.


The statistical analysis showed that there is a significant difference between before and after wash at five per cent level. 
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FIGURE – X
FASTNESS TO WASHING

5.  SUMMARY AND CONCLUSION


In the present era, the continuing population explosion and the worsening environmental pollution make it necessary for researchers to find new ways of enhancing the health and hygiene qualities of consumer products. The problems caused by microbes are numerous and further aggravated in tropical and subtropical regions. Pathogenic micro organisms like of bacteria, mould and fungi cause cross infection, lung related diseases, respiratory disorders and foul odour in addition to staining, discolouring and degradation of textile susbstrates. Today in the polluted environment, it has become very important for human beings to live in a world of hygiene and freshness. Hence the eco-friendliness plays a vital role. And necessity to meet the growing demand of consumers, led to the revolution in functional finishes worldwide. So finishing is given much importance in the wet processing industry.


Cotton is widely used for apparel due to its comfort property, but it has two main drawbacks, susceptibility to creasing and bacterial degradation. Human sweat provides a suitable shelter for bacterial growth on cotton fabric containing 1.4 million bacteria per gram which increases to 9000 million of 50 per cent moisture level. Therefore significant importance has been given for antimicrobial finish that too using natural products as the chemical compounds influence the natural flora of the human skin. 


With this background an attempt has been made in the study to use chitosan the natural biopolymer and Aloe vera the herbal source as the antimicrobial agents and the same is applied on the cotton knitted material by optimizing the finishing parameters.


The effectiveness of the sources on fabric is evaluated based on the performance of fabric.


The study was conducted with the following objectives :

· Applying natural antimicrobial agent on cotton knitted fabric.

· Optimizing selected antimicrobial agent

· Controlling the microbial activity and prevent odour formation

· Evaluating the mechanical property and antimicrobial activity of the fabric

· Improving the durability of finish.

The bleached cotton knitted material was selected for the study. The fabric was prepared by scouring prior to finishing and pilot study was conducted to prepare the finishing solution, that is several trials have been made to optimize the different parameters suitable for finishing using exhaust method and the parameters were finalized after the evaluation of pilot study samples using the parallel streak method.

Hence with the optimized concentration, pH, time and temperature, actual finishing was done on the bulk material for the final study. The treated fabric materials were constructed into ladies inner garments and subjected to wear in order to analyse the performance of the fabric, whether it causes any skin irritation or allergy and also to identify the comfort and odour formation. Selected subjects wore garment during the time of sports or active performance which lead to sweat. Then the garments were collected and washed to evaluate the fastness.

The nomenclature of the samples are given below :

U
C
CA


Ct
CAt


Ctw
CAtw


C and A denotes chitosan and Aloe vera respectively. And  t  denotes the after treatment and  w  indicates that the samples which are subjected to washing.


All the samples were evaluated subjectively by visual evaluation, bottle incubation and wearer’s opinion. The objective evaluation was conducted in laboratory to test the mechanical properties like thickness, weight, bursting strength, drape, abrasion resistance and absorbency. 


In addition the antimicrobial test and its fastness to perspiration and washing were evaluated using shake flask method in order to identify the reduction in bacterial count due to the treatment. The results of the laboratory tests were statistically analysed.

FINDINGS

Subjective Evaluation – Visual Evaluation


As per the visual evaluation, the general appearance of the sample CAtw was found to be good by 88 per cent of the judges and the same has been rated as soft textured by 96 per cent of the judges. All the treated, washed and after treated samples exhibited half white colour as per the 60 – 90 per cent of the judges.


Further the cent per cent evenness rating was also obtained by the CAtw. Therefore the chitosan – Aloe vera after treated and washed sample (CAtw) is seemed to be the best of all. 
Wearer’s Opinion


The respondents were happy with the product and they reported that sample finished with Aloe vera Cat gave cooling effect at the time of wear. There was no complaint about the skin irritation and odour formation.

Bottle Incubation Method


The samples treated with artificial perspiration was assessed by judges and they revealed that the samples are free from pungent odour. 

Objective Evaluation

· The finishing has increased the number of wales and courses of the all the samples. Samples Ct, CA showed maximum gain of 10 per cent in wales and 8 per cent in course over the original.

· Fabric thickness of all the samples has increased after finishing and is durable to washing. The maximum gain of 12 per cent was obtained by the samples CA and Cat.

· The treatment has increased the weight of all the samples. The samples Ct and CAt have shown maximum gain of 7 per cent.

· Bursting strength of all the samples increased over the original and they are stable to washing. The  maximum gain of 29 per cent was shown by the samples Ct, CAt and CAtw.

· The samples showed reduction to abrasion resistance. A maximum reduction of 50 per cent was shown by all the samples except Ct and CAt which showed only 16 per cent and the same is considered as good among the treated samples.

· The drapability reduced in all the samples which reveals that the samples are stiff. The maximum reduction was exhibited by sample Ct (35 per cent).

· All the samples possessed good absorbency which proves that the samples could be used for the inner garment. 

· All the samples treated with chitosan and Aloe vera exhibited good antimicrobial effect and the sample CAt has shown the maximum effect of 99.9 per cent in reducing the bacterial cells when compared over the original.

· The antimicrobial finish is durable to perspiration. But has shown minimum reduction to their respective treated samples. The greater difference of 2.6 was shown by the sample C. and sample CAt offered better resistance among the perspirated samples. 

· The wash fastness of the treated samples were good though the reduction percentage was ranging from 85 to 93 per cent which is an appreciable fastness.

CONCLUSION


It may be concluded from the study that the selected natural antimicrobial agents chitosan and Aloe vera performed well and it was inferred from the study that all the finished samples showed good result in most of the mechanical properties. It was found that the after treatment increased the antimicrobial activity and other textile properties. To conclude the overall performance of the sample treated in combination of chitsan and Aloe vera  is appreciable and it is durable to washing. Hence the good effect of both the natural source can be arrived in a single bath. This kind of an antimicrobial finish is an eco-friendly finish too.

LIMITATIONS

· The aloe gel extracted must be used for the processing within four hours. 

· Chitosan requires the acidic state for the treatment, neutralization with alkali cause solidification of chitosan and damage the fabric.

· Very high temperature (> 180(C) and increased curing time (> 10 mins) cause yellowing of fabric and distortion.

RECOMMENDATIONS

· Similar studies can be conducted with reduced concentration using other methods of application.

· Water soluble chitosan could be utilized for related study.

· Micro encapsulation using natural sources for antimicrobial finish is worth experimenting.

· An attempt to commercialise eco-friendly antimicrobial finished fabrics is the need of the hour. 
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APPENDIX – I

SELECTED FABRIC



Fabric 
:
Cotton knit (Bleached and compacted)


Knit structure
:
Single jersey


Yarn
:
25S combed


GSM
:
180


Cost
:
Rs.320 / kg

APPENDIX – II

FINAL STUDY SAMPLES
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APPENDIX – III

PROFORMA FOR VISUAL EVALUATION
	S.No.
	Samples
	General appearance
	Texture
	Brilliancy of whiteness
	Evenness
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G – Good
St – Stiff
W – White
E – Even


F – Fair
SS – Stiff and Soft
HW – Half White
P – Partial


P – Poor
S – Soft
C – Creamy
U - Uneven
APPENDIX – IV

QUESTIONNAIRE TO ELICIT INFORMATION ABOUT THE INTIMATE GARMENT
1.
Name of the Interviewee
:

2.
Age



:

3.
Sex



:

4.
Are you involved in sports or physical exercise?


(a)
Yes
(b)
No

5.
Do you sweat at the time of activity?


(a)
Yes
(b) 
No

6.
If yes, specify the sweating level.


(a)
Low
(b)
Medium
(c)
Heavy

7.
Do you have odour formation while sweating ?


(a)
Yes
(b)
No

8.
Can you try the antimicrobial treated innerwear for the evaluation of the study?


(a)
Yes
(b)
No


If yes, the subjects are selected and provided with the final study samples. Opinion after wear study are collected as follows.

9.
Did you feel comfortable with the garment at the time of your activity ?


(a)
Yes
(b)
No

10.
Does it cause any skin irritation or allergy ?


(a)
Yes
(b)
No


If yes, please specify.

11.
Is there any difference in your odour formation?


(a)
Reduced
(b)
Same level
(c)
No odour 
12.
Any suggestions about feel of the garment.

APPENDIX – V

ANTIBACTERIAL TEST REPORT
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Number of wales

Samples

Mean strength in kg / cm2

7

8

9
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9



Sheet1

				Number of wales		Number of course		Series 3

		U		7		50		2

		C		8		54		2

		Ct		9		52		3

		Ctw		8.5		51		5

		CA		8.5		54

		Cat		9		52

		Catw		9		51
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Sheet1

				Number of wales		Number of course		Series 3

		U		0.5		50		2

		C		0.53		54		2

		Ct		0.55		52		3

		Ctw		0.54		51		5

		CA		0.56		54

		Cat		0.56		52

		Catw		0.55		51
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				Number of wales		Number of course		Series 3

		U		1.792		50		2

		C		1.864		54		2

		Ct		1.928		52		3

		CTw		1.9		51		5

		CA		1.88		54

		Cat		1.914		52

		Catw		1.896		51
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				Number of wales		Number of course		Series 3

		U		49.26		50		2

		C		38.75		54		2

		Ct		32.08		52		3

		Ctw		41.9		51		5

		CA		42.05		54

		Cat		38.04		52

		Catw		47.23		51
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				Number of wales		Number of course		Series 3

		U		0.006		50		2

		C		0.003		54		2

		Ct		0.005		52		3

		Ctw		0.003		51		5

		CA		0.003		54

		Cat		0.005		52

		Catw		0.003		51
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				Series 1		Series 2		Series 3

		C		97.9

		Ct		98.7		4.4		2

		CA		99.2		1.8		3

		Cat		99.9		2.8		5

				To resize chart data range, drag lower right corner of range.
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				Drop test		Sinking test		Capillary rise test

		U		2		6		120

		C		6		17		240

		Ct		4		17		220

		Ctw		2		15		180

		CA		3		12		235

		Cat		3		12		210

		Catw		2		10		180
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				Before washing		After washing		Capillary rise test

		U		0		0		120

		Ct		99.9		93.08		240

		Ct (ac)		98.7		91.76		220

		Ct (al)		98.66		90		180

		Cat		99.99		93.23		235

		CAt (ac)		91.47		85.58		210

		CAt (al)		98.69		91.17		180






_1271027491.xls
Chart1

		U		U		U

		C		C		C

		CT		CT		CT

		Ca		Ca		Ca

		CaT		CaT		CaT



Bacterial cells / ml without perspiration

Bacterial cell / ml acidic perspiration

Bacterial cells / ml alkaline perspiration

Samples

Reduction of bacterial cells over original (percentage)

0

0

0

97.9

96.17

95.29

99.9

98.7

98.66

99.2

97.65

97.05

99.9

91.47

98.69



Sheet1

				Bacterial cells / ml without perspiration		Bacterial cell / ml acidic perspiration		Bacterial cells / ml alkaline perspiration

		U		0		0		0

		C		97.9		96.17		95.29

		CT		99.9		98.7		98.66

		Ca		99.2		97.65		97.05

		CaT		99.9		91.47		98.69

		CaT		3		12		210

		CaTw		2		10		180
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