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1. INTRODUCTION
Textiles are developing into interdisciplinary high tech products. It has become an integral part of everyone’s life. These are used to envelop human body, protecting it from dust, sunlight, wind and other foreign matter present in the environment. Textile has retained an important place in human life starting from historical era to today’s modern world. In the past, textiles were considered primarily in economical and functional point of view. But now safety of textiles on health has become primary focus, say Saraf and Alat (2005)

 Natural fibers have wide scope of application in the textile field. Natural fibers are biodegradable fibers. Cotton is the most popular among natural fibers and is admired by consumers all over the world for its fascinating look, comfort and versatility. Cotton is preferred for a wide range of applications from apparel to home textiles and specialized applications. According to Hardin and Kim (2003), “In India cotton has been given not only a royal status, but also been regarded as symbol of whiteness, purity and simplicity”. The “white fleece” wondrously produced by a plant, has been considered something more than an agricultural commodity or an article of commerce or textiles raw material for Indians.

“Cotton the white gold” is the most precious gift of nature to the mankind contributed by the genus Gossypium to cloth the people all over the world, suggest Mandoli et al (1999). Cotton is the fabric of every home and is the most widely produced textile fabric. India was the first country to use cotton.  Cotton must have been produced in India as far back as fourth millennium B.C and until today cotton fabric is being used widely in India, as pointed out Deshwal and Khambra (2006). It is also known for its qualities like good strength, elasticity, heat insulation and high resistance to degradation and is characterized by excellent properties like absorbency, comfort, drape, high wet strength, softness and water retaining capacity, insulating and non- allergic properties, report by Basu and Gotipamul (2003). 

Collier and Tortora (2001) says that in wearing cotton apparel the qualities of comfort, dyeability and laundering have led to its wide use in articles ranging from underwear to evening gowns. In home bed linens, table linen and towels were frequently made from cotton, spun and raw cotton finds its uses in mattresses, upholsteries for stuffing purposes, tells Kumar (2002). Cotton has many versatile intrinsic qualities that make it a fiber for all masses and all occasions, says Narayanan (2005).

            Cotton is the world’s most used fiber. It is cool, soft, and comfortable and principle clothing fiber of the world, express Kesarwani (2009). Cotton is a natural, renewable, biodegradable fiber and hypoallergenic. It does not irritate sensitive skin or cause allergies (http; www.all about cotton, com). Cotton is strong reasonably low in price and most commonly used in textile fibers, says Narayanan (2005). Cotton is most desirable for making apparels because of its easy availability, excellent heat protection and hygroscopic nature, says Patel (2005). Cotton is washable and durable holding up well after many laundering, says Stephens (2005).

Lyocell was first manufactured in 1987 by courtaulds fiber,U.K. Tencel (Lyocell) is the first new fibre before 30 years, and being made from the cellulose of wood pulp , it is the first new natural fibre in a last longer than that. It is manufactured fibre, but it is not synthetic. It begins with cellulose which is processed with a non- toxic, recyclable dissolve agent most of which is recycled back in to the fibre manufacturing process. It can be woven in 100 percent tencel fabrics, or blended with other fibres. Tencel fabrics is yarn dyed and absorb colors much better than most other fibres, and it is particularly striking in deep ones, taking on a jewel like appearance. It feels like silk and drapes luxuriously, compare to cotton tencel wrinkles less, is softer, breathable, absorbant and very comfortable to wear (www.srfabrics.com). Fabrics of tencel have exceptional strength and accept dyes readily, from pale pastels to rich jewel tones. They also resist wrinkling and shrinkage, and are often washable (www.heritage.yarn.com). Tencel is also called as “green”fibre, reveals Moghe and Khera (2005).

Knitting is one of the frequently used method of fabrics construction. The popularity of knitting has grown tremendously in recent years because of the increased versatility of techniques, the adaptability of the many new manmade fibers and the growth in consumer demand for wrinkle resistance, stretch ability, snug fitting fabrics, particularly in the greatly expanding areas of sportswear and other casual wear segments, state Muhammad et al. (2000). Knitted fabrics have superior elastic recovery and are best suited for body fit garments. Due to the influence of fashion, the production of knitted have been expanding with new fabric designs created with different fiber blends and knit structures, states Padma (2002).

Knitting can be divided into two major types weft and warp knitting, mention Ahmed and Ganga (2002). Weft knitting is a method of forming a fabric in which the loops are made in a horizontal way from a single yarn and intermeshing of loops take place in a circular or flat form on a course wise basis, quotes Mahapatra (2008). In weft knitting the wales are perpendicular to the course of the yarn entire fabric may be produced from a single yarn. In warp knitting the Wales and courses run roughly parallel, in warp knitting one yarn is required for every wale.

Finishing is one of the most ecologically critical processes. It involves a wide range of chemical part in textile production that is harmful to the environment. But recently two main trends in the industries have come up. The first trend includes the demand for improving quality product and production control, the second trend simultaneous demand for more ecological and toxicological beneficial process and products, state Jahagindar et al. (2001). The aim of textile finishing is to render textile goods fit for their end uses. A finish is defined as anything that is done to fiber, yarn or fabric, before or after knitting to change the appearance, feel , serviceability and durability.  The finishing adds attractiveness or desirability to fabric. It also adds value to the products, remarks Murphy (2000).

Nowadays textiles are doing more functions in addition to their primary functions such as providing micro climate protection of modesty and improving the appearance, such specially developed textiles have already found their way to the consumer market, remark Kathirvelu (2009). Increasing public awareness about the risks of antimicrobial infection is growing, leading to the demand for products. Which have antimicrobial properties. Most textiles currently used in hospitals and hotels are conducive to cross infection or transmission of diseases caused by microorganisms, particularly bacteria and fungi.

The human skin supports growth of bacteria, because of its metabolic byproducts such as acidic and basic perspirations and urea, even though it is the most important barrier preventing microorganisms entering the body denotes Orhan (2007). Our skin is infested with countless number of microorganisms. Microorganisms can be found almost everywhere in the environment. NASA researchers have found microorganisms even at a height of 32km and to a depth of 11km in the sea. These microbes require certain conditions to grow including dirt, fibre or perspiration, a warm environment, moisture (such as humidity or spills) and a receptive surface like skin or fabric views Menezers (2007). The identification and development of an antimicrobial agent has been proven to be a lengthy and multifaceted process requiring the interaction of many scientific disciplines.

Skin provides a rich and diverse habitat for bacteria which number roughly at 1000 species from 19 phyla. Some of these bacteria cause infection in skin. Plants and plant products are traditionally used for healing wounds, burn injuries due to its antifungal, antiviral, anti-bacterial activity against skin infections. India with a large reservoir of medicinal and aromatic plants is a versatile botanical garden of the world. In India, the history of medicinal plants can be traced back to the Vedic period. It is believed that about one third of all pharmaceuticals are of plant origin. Nature has provided a rich storehouse of herbal remedies to cure all mankind’s ailments. The active principles of the medicinal plants produce specific physiological action in the human body.

Nature has been a source of medicinal agents for thousands of years and an impressive number of modern drugs have been isolated from natural sources, many of them based on their medicinal properties were used in traditional medicine from time immemorial. Skin infection is a major health hazard all over the world. Various antimicrobial agents are being discovered day by day. Each of them has their own special characteristics and application. Due to increasing environmental norms, eco- friendly antimicrobial finishes are upcoming today in textile industry. 

The need for imparting antimicrobial finish on Tencel cotton knitted fabric was felt by the investigator. Hence the objectives of the study are to 

· To select Tencel cotton fabrics and pretreat the same.

· Optimization of selected herbs for antimicrobial finish. 

· Application of optimized antimicrobial finish on selected tencel cotton fabrics 

· Evaluation of original, bleached and finished samples.

2.  REVIEW OF LITERATURE
The review of Literature pertaining to “A Study on Eco- Friendly Antimicrobial Finish on Tencel Cotton Fabric” is discussed under the following headings:
2.1 Cotton fiber
2.1.1 History of Cotton

2.1.2 Properties of cotton

2.1.3 Uses of cotton

2.1.4 Disadvantages of cotton

2.2 Tencel fiber
2.2.1 History of Tencel

2.2.2 Manufacturing process of Tencel fiber

2.2.3 Properties of Tencel

2.2.4 Uses of Tencel fiber

2.3 Knitting process
2.3.1 History of Knitting

2.3.2 Types of Knitting

2.3.3 Circular Knitting

2.3.3.1 Single Jersey

2.3.4 Importance of Knitting

2.4 Eco-friendly Finishes

2.4.1 Acalypa Indica

2.4.1.1 Uses

2.4.2 Eucalyptus Globulus

2.4.2.1 Uses

2.5 Finishing

2.5.1 Objectives of Finishing Knits

2.5.2 Classification of Finishes

2.5.3 Functional Finishes

2.5.4 Advantages of Finishes

2.6 Antimicrobial Finish

2.6.1 Types of Antimicrobial Finish

2.6.2 Microbes

2.6.3 Properties of Antimicrobial Finish

2.6.4 Advantages of Antimicrobial Finish

2.6.5 Need and Uses of Antimicrobial Finish

2.1 Cotton
Cotton is the primary clothing fiber of the world as it is cool, soft and comfortable. Its production is one of the major factors for world prosperity and economic stability. Consumer now often request “100% cotton”. Permanent finishes adds wash and wear property to cotton, says Thomas (2006)

Cotton “the king of apparel textile substrates” has the purest form of natural cellulosic fiber owing to its inherent characteristics and is the most preferred fiber for formal wear says Ashok and Gupta (2009). Cotton fiber is a single biological cell that grows from the epidermis of the cotton seed. Fibers begin elongating from surface of the seed forming primary wall. The fiber cells have a cylindrical shape with an almost constant circumference along 8 % of the length explain Hardin and Kim (2002).

2.1.1 History of Cotton

Cotton has been cultivated for more than 5000 years. Archeological finds indicate that cotton was grown and used for textile  in the Indus valley  well before 2100 BC, in Mexico by 2500 BC, in Peru by 500 BC cotton was used extensively in the medo Persian empire and may have been used in ancient Egypt as well , says Bernard(1983).3000 year BC. Arab merchants brought cotton cloth to Europe in about 800 AD. When Columbus discovered America in 1492 he found cotton grown in the Bahamas Island. Cotton was first spun by machinery in England in 1730. The industrial revolution in England and the invention of the spinning jenny paved the way for the most important place that cotton holds in the world today, says Thomas (2006).

 
Cotton was grown and made into cloth since prehistoric times. Cotton fabrics were uncovered in the graves of men who lived in Peru before the Inca Indians. Early in history the Chinese were known to have raised cotton as a decorative houseplant. The first cotton export on record in United States was in 1764. The cultivation of cotton has been extended until today it has become one of our most important items of international trade. 

2.1.2 Properties of Cotton

Cotton the age old fabric in the field of textiles still hold its potential due to its excellent properties like absorbency, biodegradable, breathable, drape, easily sterilized, high wet-strength, insulating properties, non-allergenic, renewable resource, softness and water returning capacity, says Gopalakrishnan (2005). The major properties of cotton, which play an important role, are fiber length uniformity, strength, elongation, fineness and maturity, says Basu (2003)

Roger (2000) states, cotton as “Hydrophilous” which means” friend of water”. The cotton fiber is very absorbent owing to the countless polar- OH groups in its polymers; these attract water molecules, which are also polar. Cotton withstands severe treatment, especially during dyeing and finishing, instructed by Barker (2007). According to Samantha (2007), the major advantages of cotton fiber are its easy availability, agro-renew ability, bio degradability, good moisture, regain, good dye receptivity, high comfort and excellent, fineness and softness.

Cotton remains the most miraculous fiber under the sun and no other fibers comes close to duplicating all desirable characteristics combined in cotton says Kaplan(2001). Cotton fiber is porous and exhibits capillary effects to a higher degree. The fine cottons are more compacted than the coarse variety. Strong acids destroy the fibers, but dilute acids have no effect or little effect. Alkaline substances like borax ammonia, caustic sodas are not harmful for cotton fabric. All bleaching agents can be safely used on white cottons but these are avoided for colored cotton fabrics.

Exposure to air in presence of sunlight for a long period will have an effect on cotton. Cold water swells cotton without any chemical damage, view Parthiban (2007). The swelling is accompanied by the disappearance of the natural twist (www.cotton.com) cotton can be easily dyed with all types of dyes. Salt is used to fix the dye in the fabric. Cotton is resistant to moth but mildew destroys the fabric if it is kept in a damp condition. Fungal growth occur, during rainy season if the fabric catches dampness from the storage space, (www.obbyspage.cotton .html)cotton traps air within the fabric structure and help for a thermal insulation process, resulting protection from heat in summer and cold in winter,(www.fabrics-manufactures.com) and Namakuru (2000).

2.1.3 Uses of cotton

In apparels such as jackets, jeans, shirts under wears home furnishings drapes, curtains, upholstery, slip covers and industrial purposes, Britannica (2000).
2.1.4 Disadvantages of cotton

Cotton has poor solubility in common solvents which restricts the improvement in fiber and yarn, mentions Patel (2005). It has poor crease resistance and crumples easily, poor dimensional stability, drapability and clining properties fabric results in poor appearance, Lacks thermo plasticity which is a requirement for the setting, express Jindal (2007).

2.2 Tencel

Tencel is a biodegradable fabric made from wood pulp or cellulose.  Tencel is created from lyocell fibre and is becoming increasingly popular as an ecofriendly alternative to fabrics such as polyester, Nylon and cotton says Cole (2002). In the fabric world Tencel is known for its drape.  It flatters the human form. The look is luxurious and refined.  The new fiber also represents a mile stone in the development of environmentally sustainable textile, says Hongu (1998).

2.2.1 History of Tencel

Tencel is a natural manmade fiber.  This new generation fiber from nature is derived from wood pulp and processed with a water based solvent.  Tencel is the first fiber to use nanotechnology.  Nano fibrils are the key to performance possibilities of tencel (www.fibers.com).

A Lyocell fiber was first manufactured in 1988 by courtaulds fibers UK at their pilot plant.  Its only manufacturer is Lenzing Inc. who markets it under the trade marked brand name Tencel. The Lyocell was introduced to consumers in 1991 point out Rekha (2007). The newest cellulose fiber Tencel is a universal genius. Tencel is new and already trading well. Two years ago Tencel was mainly shown in the medical field. Tencel is used in lots of different applications such as in corporate fashion says Dussel Dorf (2009). It meets all the demands of the fashion minded customers looking for a successful combination of leisure and business with its unique traits it meets the classifications of formal and casual, expresses Calvin (2007).

2.2.2 Manufacturing process of Tencel fiber

In a Tencel manufacturing site one can see the environmentally responsible man -made fiber production available to date. The manufacturing process for Tencel is different from that of other regenerated cellulosic such as viscose States Taylor et al. (2009).

 Eucalyptus tree is used for the production of Tencel. Eucalyptus is a tree, which grows very quickly is so called “Wood farms” for industrial use. There is no artificial irrigation (or) manipulation and no pesticide are used. Tencel represents an alternative to cotton expresses Botanic Age (2007).
2.2.3 Properties of Tencel
Tencel is beginning a new age in fiber technology.  Tencel is a cellulosic fiber as it is extracted from Wood Pulp which offers a unique combination of the most desirable properties of manmade and natural fibers, says Sahu (2006).  Tencel is said to be soft as silk, strong as polyester, cool as linen, warm and absorbent as cotton, says Tom (2008).

These outstanding properties make the material very comfortable to wear and give a special touch and it is known as the “Break through fiber”, expresses Vikash (2001). It has dimensional stability.  As skin is the largest human respiratory organ. Human skin act as a protective shell which regulative the body temperature and maintains water balance.  Tencel supports these body functions like a second skin, views Arun (2000).

When it comes hygiene, Tencel does not give bacteria a chance to grow.  Bacterial growth is completely prevented in a natural way.  When the moisture is produced it is directly absorbed from the skin and transported to the inside of the fiber.  Thus no water film is formed on the skin, where the bacteria grow. Test on Tencel have shown that especially those bacteria which spreads the most disagreeable smells have only a slight chance of multiplying on Tencel, says Phyillis (2001)

Tencel is the strongest of the manmade staple cellulosic fiber.  Fiber is in range of 38.42 cm/ Tex.  Unlike other regenerated cellulosic fiber there is only 15% of strength in wet state. Tencel retains 85% of its dry strength and is stronger than cotton, expresses Tom (2008).Cellulose in Tencel fiber has a high degree of orientation and crystallinity. These crystals are highly parallel in longitudinal direction of the fiber. Tencel has a smooth uniform surface and a circular cross section. Tencel exhibits excellent handling property. It is soft and lustrous. It shows good humidity retention properties and drapes well. Tencel shows good thermal properties. It is highly stable at high temperature. It doesn’t melt, but starts loosing strength rapidly at 3000ºC, and gets ignited at 4200º C. Tencel is inert to most of the common organic solvents, point out Jasuja (2008).

Tencel has high strength for a regenerated cellulosic fiber.  It has a higher modulus as well making it a good fiber for blending with cotton.  In addition Tencel has been treated with cotton.  Tencel can also be treated with durable press finishes without diminishing its strength, expresses Maitra (2007).  Tencel can also withstand many chemical finishing treatments to give a wide range of aesthetic properties and weight fabrics to super lightweight to a medium weight fabrics.  Tencel fabrics finishing treatments can be applied and it also can be mixed successfully with both natural and synthetic fibers, express Sheth (2003).

2.2.4 Uses of Tencel

Lyocell was initially marketed as and can generally be found in high end designer apparel. However it is expected that increase in its production will bring down the cost of the garments and other products made from lyocell in near future. Lyocell soft drape and lustrous hand make it very desirable in women’s fashion garments as well as men’s shirts, particularly apparel traditionally made from silk. Other lyocell end uses include denim, chino, and chambray casual wear. Look for these fabrics in 100% lyocell as well as in blends with cotton, rayon, or polyester, reveals Lam (2009).
Tencel gabardines take water resistant finishes for coatings. Other fabrics successfully made from lyocell include jersey-knits, which exhibit a soft hand and luster. As lyocell becomes more and more available manufacturers gain experience handling it, look for more varieties of fabrics including knits of all types, leotards and hosiery, velvets, velours, and corduroys , says     Achwal (2001). 

Look for Tencel lyocell blended with Tactile nylon in which the Tactile is on the surface for durability and wind and water resistance, while the Tencel has greater exposure on the backing surface for warmth, absorbency, and comfort (www.srfabrics.com). Blends of lyocell with cotton, linen, and rayon, will continue to be available, especially for spring, summer, and fall fashions. In addition, blends with silk and rayon are common, especially in lightweight silky fabrics including those with suede surfaces. 

To some extent, lyocell is available in home products including bath towels, sheets, pillowcases, and window treatments. Industrial uses for lyocell include conveyor belts (because of the fiber's strength), ultra-low tar cigarette filters, printer’s blankets, abrasive backings, carbon shields, specialty papers, and medical dressings review Taylor (2009).

2.3 Knitting
Knitting is defined as the interlooping of yarns at right angles, remarks Colussy (2007). Knitting is defined to the formation of fabric by the intermeshing of loops of yarn. Knitting is possible is possible using only a single set of yarns (NIIR Board). Murthy (2007) point out knitting is a popular technique for fabric construction. Knitted structures are progressively built-up from row after row of intermeshed loops. The newly fed yarn is converted in to a loop in each needle hook, state Hayovadana et al. (2007). Knit provides consumers with a combination of comfort and fashion that has established a new fabric experience for today’s model society, express Nawaz et al. (2000). The knitted fabrics have movement, mobility, elasticity and drapability. Knitted fabrics tend to mold and fit easily to body shapes and to move easily with body movements.

2.3.1 History of Knitting

The term “knitting” was derived from the ancient Sanskrit world “Nahyati”, remark Ahmed and Ganga (2000). Earliest type of knitting known Arabic knitting, which was carried by the nomadic tribes of North Africa, says Ajgaonkar (1998). The first real evidence of the production of knitting machine was the stocking invented by the revered William lee in 1589; say Padman and Subramanian (2003). Then during the middle ages knitting spread throughout the middle east and Egypt through Europe where it become a thriving trade for knitting guilds, especially in Italy and France. The first attempt to mechanize the knitting cloth was the invention of the knitting machine in 1989, mentions Colussy (2007). Knitting  has started to be in vogue the knitting industry experienced a phenomenal growth in 1960’s and 1970’s as the consumption of knitted fabrics increased from approximately 10 percent in 1965 to 35 percent in 1975 in western countries, expresses Klinger (2001). The ancient knitting was primitive stage of hand knitting. The knitted textiles are exclusive in their nature and they are well suited for specific end use requirements for which they are meant, expresses Mahapatra (2002).

2.3.2 Types of Knitting

Weft knitting loops are formed across the width of the fabric and each weft thread is fed more or less at right angles to the direction in which the fabric is produced say Padma and Subramanian (2003). Weft knitting is the fastest, more flexible and easy to change in styles and designs and therefore, occupies a covered place, expresses Khare et al. (2004).

Weft knit goods is made by feeding a multiple number of ends into the machine. Each loop is progressively made by the needle or needles. Plain, single jersey, rib, interlock, purl are considered as the four basic structures, describes Padma (2002). Weft knitted fabrics may be divided in to single jersey or double jersey (double knit) according to whether they are knitted with one or more sets of needles, quotes Spencer (2001). Plain knits are produced by the needles knitting as one set drawing the loops away from the technical back towards the technical face side of the fabric, explain Mayer et al. (1999)

2.3.3 Circular Knitting

In the present day scenario, circular knitting technology is gathering a momentous place and accounts for about 82% of the worldwide fabric production that has put forth, said Klinger (2001). The circular machines are fast in production. They make yardage primarily but are also used to make sweater body, panty hose and socks. In circular knitting several machines are fed simultaneously so that the fabric is actually built in a series of yarns and a slightly spiral character develops,    says Ahmed (2000).

         Gauge is the number of needles per inch or centimeter. A heavy gauge fabric is one that has been knitted on a machine with a few needles per inch (2 ½ to 5 needles). A fine gauge fabric is one that has been knitted in fine yarn on an (18 to 32) gauge machine, said Wilson (2005).These machines vary in the number of yarns are added at the same time. The difference depends on the type of yarn being used the compartments of the fabric and complexity of the design, mentions Anbumani (2000).

2.3.3.1 Single Jersey

Most single jersey fabrics’ produced on circular machines whose latch needle and sinker ring revolves through the stationery knitting cam systems that work together with their yarn feeders which are situated at regular intervals around the circumference of the cylinder. The yarn is supplied from cones, placed either on an integral overhead bobbin stand, or on a free-standing creel, through tensioner stops motions and guide eyes down to the yarn feeder guides. The fabric is in tubular form drawn downwards from inside the needle cylinder by tension rollers and is wound onto the batching rollers of the winding - down frame, says Spencer (2001). The simplest of all weft knit structures is the single jersey. It is composed entirely of face loops (or entirely back loops), reports (NIIR Board, 2004).

Plain single jersey is the simplest weft knitted structure that is possible to produce on one set of needles and the fabric can be uncovered from either end and if a stitch is broken, the water will disintegrate causing the stitches in that line to ladder, remarks Padma and Subramanian, (2003). The plain knit can be produced in flat - knit or in tubular (or) circular form. The knitting is done with rows of latch or a beard needle arranged in a linear position on a needle plate or in circular position on a cylinder, quotes Singh (2004).

It is a plain single knit structure with face loops on one side and back loops on the other. The structure is produced when all the needles of a single bed machine knit at each feed. This structure can be of technical face or technical back, remarks Anbumani (2007).

Single jersey a soft slightly elastic knit fabric mainly used for 'T' shirts and dresses. It is ideal for form-fitting designs as it clings to a shape but still drapes well where if falls. Jersey is also made in cotton wool or silk, mentions Marie, Clayton (2008).

2.3.4 Importance of Knitting

The knitted textiles are exclusive in their nature and they are well suited for specific use requirements for which they are meant, states Khare (2004). Ahemed (2000) view that knits wear are becoming popular due to their economy and inherent favorable qualities for human body. The popularity of knitting has grown tremendously in recent years because of the increase versatility of techniques the adaptability of the many new man-made fibers and growth in consumer demand for wrinkle resistance, stretch ability and snug fitting garments, says Vandhani (2001).

2.4 Eco-Friendly Finishes

India has one of the oldest, richest and diverse cultural traditions associated with the use of medicinal plants and herbs for human, livestock and plant health and also in textiles, says Shrivastava (2006). A herb is a plant that is valued for flavor, scent or other qualities. Herbs are used in cooking, as medicines and for spiritual purposes (www.herbs.com). According to robbers and Tyler (2002) herbs are defined as crude drugs of vegetable origin utilized for the treatment of disease states, often of a chronic nature, or to attain or to maintain a condition of improved health. In the ancient time herbal medicines obtained from the plants were the form of health care known to mankind. Herbal medicine is a major compound in all indigenous people’s traditional health care systems, a common place among Ayurveda, siddha and in most of all ancient cultures as well as in modern systems, describes Vardhana (2008). Herbalism is also known as botanical medicine, meditional body, meditational herbalism, herbal medicine, herbology and phytotherapy, point out Baldwin and Scarzo (2008).

2.4.1 Acalypa Indica

Indian Acalypha (Kuppaimeni) is an herbaceous plant in the family Euphorbiaceae, native to India. Botanical name is Acalypa Indica.  It is an erect annual herb with numerous ascending branches. Growing to a height of about 2 feet. Leaves are dark green oval to round in shape, margin serrate and arranged in a rosette. Flowers numerous axillary, arranged on an elongated spike. Seeds are smoother and ovoid, reveals Martin (2006).

2.4.1.1 Uses

The juice obtained from this plant is used as an expectorant and emetic. The juice is given to expel intestinal worms. The leaf paste is applied to treat ringworm and eczema. Squeezed leaves are kept on the teeth to treat tooth ache. The paste of leaves mixed with turmeric powder and applied on the skin to treat itching. The roots and leaves are used to treat skin disease, constipation, ulcers, and bronchitis, says Khare (2007).

2.4.2 Eucalyptus Globulus

         In the mid nineteenth century, the eucalyptus was brought to Europe and America from Australia and Tasmania, where it grows up to 100 m high. One of the largest known trees grows quickly and absorbs a high amount of water from soil. This beautiful tree takes its toll on the soil and does not allow other plants to grow around it, says George and Roger (2000).Bark is grayish or bluish white in colour .Leaves are up to 20 cm long pendulous. Flowers are bluish – white in colour.
2.4.2.1 Uses

The tincture and other preparations of the leaves have been also recommended for use in bronchitis and also used for asthma, whooping cough and other diseases. The leaves are simply laid on the wounds. It has great power in resisting the attack of insects, point out Skaria (2007).

2.5 Finishing

Finish would mean modification of the fabric/ fabric surface to meet certain desired needs/specifications, applications of certain additives, softeners, resins, etc. The word finish means all the different treatments applied to a fabric to change its appearance, feel or hand, wear ability or care requirements, states Viswanath (2007). The name textile finishing covers an extremely wide range of activities which are performed on textiles before they reach the final customer. However, all finishing processes are designed to increase the attractiveness or serviceability of the textiles product, stresses Hall (2000). A finish adds minimally to the cost of the textile material and results in a much a greater value addition, reveals Gokum consultants (2007).

Finish completes the fabrics performance and gives it special functional properties including the final touch, says Schindler and Hauser (2004).  It is the final step of chemical processing, carried out to improve the aesthetic and functional appeal of the ready to use products, state Sundar (2008). Functional finishing is the general term for a multitude of processes and treatments which a fabric may undergo after it has been woven or knitted. Some functional finishes are wrinkles resistant finish, fragrant finish and antimicro0bial finishes the fabric is imparted certain characteristics that give specific and requirements, remarks Sampath (2003). Now a day’s multifunctional finishes are becoming increasingly important for high value fabrics, view Adivarekar (2008)
2.5.2 Classification of Finishes

Finishing processes are categorized in several ways. Persons concerned with end products usually categorize finishes as aesthetic finishes and functional finishes. Finishes are also categorized by their degree of performance. These finishes are called permanent, durable, semi- durable and temporary. On the basis of textile processing finishes are classified as chemical and mechanical, says Gokum (2007). Chemical finishes are those in which chemical reactions by the treatment change in the fiber. These are referred to as wet finishes. Mechanical finishes cause physical change only. These are done by copper plates, roller brushes, perforated cylinder, metal frames or any type of mechanical equipment calendaring and tendering are examples of mechanical finishing. These are known as dry finishing, explain Gupta et al. (2005)

2.5.3 Functional Finish

Functional finishes represents the next generation of finishing industry, which make textile materials act by themselves. This means that they may keep us warm in cold environments or cool in hot environment are provide us with considerable convenience, support and even fun in normal day-to-day activities (www.fiber2fashion.com). According to Viswananth (2007) functional finish is the general term for a multitude of processes and treatments which fabrics undergo after it has been woven or knitted. The process of finishing operations endowing the fabric with a particular appearance, surface texture or behavior characteristics, remarks Smith (2006). The finishes which in addition to esthetic values in terms of appearance, handle and feel comfort additional technological properties as per the requirements of the consumer are called functional finishes, quote Goyal (2006)

2.5.4 Advantages of Finishing

Some of the advantages of finishing fabrics are stated buy quotes Mullick (2006). Finishing help to clean the fibers and improve appearance, hand, performance and the produce a variety of finish. Finishes help enhance the distinctive characteristics of fibers. Tendering, stiffening of fabrics introduce luster, neatness and drape ability to the fabric. Fabrics are finished for a specific end use fir proofing, moth proofing, water proofing, Antimicrobial, Antiseptic and antibacterial finish are some special finishes. The finishes also help to increase the suitability, utility and weight of the fabric.

2.6 Antimicrobial Finish

Antimicrobial finishes have increased their importance in the recent years. They serve the consumer by offering protection from the harmful effects of certain microbes, expresses Sivaramakrishnan (2007). Antimicrobial finishes have been the current vole that promotes a healthier and physically active lifestyle, suggest Rajendran et al. (2006). Antimicrobial finishes are also known as perma fresh, antiodour or anti- septic finishes. These finishes should be same for consumers and producers, be easy to apply, b durable to repeated washings and not adversely affect the fabric, remark Kadolph (2002). Antimicrobial finishes are applied on textiles to control algae, bacteria, fungi, mould, mildew, yeast and the problems of fabric rotting, staining, unpleasant odours health concerns, Colourage (2006).

Antimicrobial finish on fabrics can minimize the transfer of microorganisms on to the wearer by creating a physical barrier. It prevents the skin diseases caused by the microorganisms. Antimicrobial finish for cotton material has great potential in many applications state Amsamani et al. (2007). Antimicrobial fabric is non-toxic, non-irritating and non-sensitizing to human skin and has a permanent antimicrobial capacity that cannot be extracted in use, says white (2009).

2.6.1 Types of Antimicrobial Finish

There are two major classifications of antimicrobial agents namely leaching and non- leaching. The conventional leaching types of antibacterial migrate from the treated material and chemically enter or react with the microorganisms acting as a poison, this is more suitable in agricultural applications. The product is eventually used up by the bacteria and slowly losses its effectiveness, state collier and Toritore (2005). Products do not migrate off of the substrates and destroy the bacterial coming in contact with the treated surface. The microbes’ are not consuming the antimicrobial; as they act on the cell membrane by mechanically destroying them. This product act as sword and does not lose its effectiveness. The finishing will be and will remain functional thought out the life of the treated are non-leaching type, says Sampath (2003)

2.6.2 Microbes

Today in the era of co-friendly operation, it has become very important for human beings also to live in a world of hygiene and freshness, states Menezes (2002). Microbial infestation poses danger to both living and nonliving matters, says Tanner (2009).The major hindrance that comes in their way of Microorganisms, which are the causative agents of deterioration, staining and odour. Apart from this effect, microbes cause harm to human beings by transmitting diseases infections, express Patel and Tandel (2005). A microorganism is a fine form that is too small for the human eye to see clearly. This usually means that it is less than 1mm (0.04 in) in size, remarks Kindersley (2007). Microorganisms can be found almost everywhere in the environment. NASA researchers have found microorganisms even at a height of 32km and to a depth of 11 km in the sea, reveal Gupta and Bhaumik (2007)

2.6.3 Properties of Antimicrobial Finish

Antimicrobial finish should prevent or control the microbial growth. It should not be toxic to human body. It should not be washed off during many washing cycle. It should not affect the mechanical properties of the fabric. It should not affect fiber formation process. Antimicrobial agent should be economical, points out Sampath (2003).
2.6.4 Advantages of Antimicrobial Finishes

Prevention to loss in usefulness of textiles .Protection of textiles from degradation. Reduce in bad odour .Preventing the transfer and spread of disease promoters. Minimize or control the action of microbes’ .Protecting the delicate human skin, view Prabhu and Goyal (2009).

2.6.5 Need and Uses of Antimicrobial Finish

Bacteria and fungi have three requirements for their survival and growth namely, water, oxygen and nutrients, cotton textile can provide all the three of these requirements. Bacteria are readily found on cotton where in the cellulosic fibres are hydrophilic and porous and they are found these pores. Fungi can in drier conditions. The growth of the microbes is rapid. Antimicrobial finishes must be quick acting to be effective. They should avoid cross infection by pathogenic microorganisms, control the infestation by microbes, arrest metabolism in microbes in order to reduce the formation of odour and should safeguard the textile products from staining, discoloration and quality deterioration, quote Sundar and Shukla (2008)

According to Thiry (2009) says the uses for textile antimicrobials can be grouped in to three main functions: serration, odour control and therapeutic and pathogenic control for health care. Garments and under garments are used to the skin. So maximum time the textile in touch with human body, moist and warm atmosphere generates the bacteria. Carpets, bathmats, kitchen fabrics develop the bacterial odour due to long time moist environment. Hence need an antibacterial treatment. Also medical fabrics like surgical gowns, doctors and nurses uniforms, children’s wear pad, diapers and covers, blankets, mattresses and towels are necessary for such textile material trends mandatory for antimicrobial treatments.

3.  EXPERIMENTAL PROCEDURE
Experimental procedure pertained to the “A Study on Eco- Friendly Antimicrobial Finish on Tencel Cotton knitted Fabric” is discussed under the following headings:
3.1 Selection of Fabric

3.2 Pretreatment of Fabric

3.2.1 Scouring and Bleaching

3.3 Selection of herbal Finishing agent

3.4 Selection of Herbal Plant

3.5 Collection of Plant

3.6 preparation of Leaf Extract

3.7 Selection of Binder

3.8 Pilot Study

3.8.1 Optimization of Concentration

3.8.2 Optimization of Citric Acid

3.8.3 Optimization of Temperature

3.8.4 Optimization of time

3.8.5 Optimization of pH
3.8.6 Optimization of Parameters

3.9 Method of Finishing

3.9.1 Method of finishing on selected fabric

3.10 Evaluation of the Antimicrobial Finished Fabric

3.10.1    Evaluation of microbe’s action

3.10.1.1 Agar Diffusion Method

3.10.1.2 Parallel Streak Method

3.10.2 Selection Bacterial Species

3.10.2.1 Gram - Positive Cocci

3.10.2.2 Gram - Negative Bacilli

3.11 Subjective and Objective Evaluation of Tencel Cotton

3.11.1 Subjective Evaluation
3.11.2 Objective Evaluation

3.11.2.1 Physical Property Test

3.11.2.1.1 Fabric Weight

3.11.2.1.2 Fabric Thickness

3.11.2.1.3 Fabric Count

3.11.2.2 Mechanical Property Test

3.11.2.2.1 Bursting Strength

3.11.2.2.2 Abrasion Resistance

3.11.2.2.3 Pilling Test

3.11.2.3 Comfort Property Test

3.11.2.3.1 Fabric Drape

3.11.2.3.2. Fabric stiffness 

3.11.2.4 Absorbency Test

3.11.2.4.1 Drop Test

3.11.2.4.2 Sinking test

3.11.2.4.3 Wetting by Wicking

3.12 Nomenclature

3.13 Statistical Analysis

3.1 Selection of the fabric

Cotton fiber possess many wonderful characteristics such as comfort, softness, good absorbency, good strength and easy to handle. According to Janhon, et.al. (2004), Cotton enjoys an extremely positive image due to its naturalness and gentleness to the human skin. Cotton is especially favourable for health care applications requiring skin contact. Cotton offers excellent resistance to heat as well as providing dimensional stability and strength. 

Tencel fibers are man-made fibers by regenerated cellulose solution in fiber from an organic solvent, state Achwal (2000). Tencel fiber absorbs excess liquid and quickly releases again in to the atmosphere, it reveals sensitive properties and ensures well beings for the skin. It is said to be the strongest cellulose fiber with high tenacity profile in both wet and dry. Hence the investigator selected 40s count Knitted single jersey, 50/50 blended Tencel Cotton fabric Purchased 10 meters from Abi Knits, Tirupur, for this study. From this two meters of material was kept aside for original sample.
3.2 Pretreatment of fabrics

3.2.1 Scouring and Bleaching
Scouring is a cleaning process for removing natural and acquired impurities from fibers and fabric, views Smith (2006). The recipe and procedure for both scouring and bleaching pretreatment process are as follows:

	Scouring and Bleaching Recipe

	Fabric                                          

Sodium Hydroxide                 

Sodium Carbonate                

Hydrogen Peroxide

Sodium Silicate                                 

Wetting Agent                                    

Material Liquor Ratio (M: L)               
Temperature                                      

Time                                                   
	1000 grams

 20 grams

15 grams

20 grams

15 grams

Few Drops

1:10

60˚C

One hour


Procedure
The selected knitted fabric was covered with the above recipe in the proportion of fabric liquor ratio of soft cold water. This was boiled at 60˚c temperature for 1 hour in the jigger, after that fabric is washed out thoroughly and dried. This scoured bleached material is used for this study

3.3 Selection of Herbal Finishing agent
Natural finishing has become a part of human life since the time immemorial. India has a rich cultural heritage and the tradition of using finishes obtained from natural sources, remarks Sharma et al., (2008). There is an increasing realization in the textile industry as well as among the textile consumers to develop and demand eco-friendly methods of finishing textiles, denotes Pardeshi et al., (2000).
3.4 Selection of Herbal Plant

Herbs are available in nature abundantly. They play a dominant role in the primary health care of about 80 percent of the world’s population, remark Usha and Jawale (2006). Herbs are eco-friendly and these are less costly. Herbs are great important to the quality of an environment conditions with which it is grown. The selected natural herbs are Acalypa Indica (Plate III), Eucalyptus Globulus (Plate IV) are known to having antimicrobial, Anti-fungal, antiparasitic properties after referring many research journals and medicinal books. Hence the investigator selected herbs such as Acalypa Indica, Eucalyptus Globulus leaves for the study presented in Table I.
Table I - Details of Selected Herbs

	Herb
	Scientific Name
	Family
	Parts Used

	Indian Acalypa
Eucalyptus
	Acalypa Indica

Eucalyptus Globulus
	Euphorbiaceae
Myrtaceae
	Leaves

Leaves


3.5 Collection of Plant

The Acalypa Indica, Eucalyptus Globulus leaves were collected from in and around Coimbatore, Tamil Nadu. The collected leaves were washed well individually with soft water to remove the dust content present in them. After rinsing thoroughly the leaves were wiped well with a clean cloth. The freshly collected herbs were dried in shade and made into a fine powder and given in Plate V.
3.6 Preparation of Leaf Extract

The whole leaf extracts are made by grinding the entire leaf and then removing the dust through charcoal filtration at the final stage of processing. The leaves were dried and powered. The powdered leaves were mixed with ethanol in the ratio of 2:2 in, a beaker. The beaker was kept closed for 3 days to enable the ethanol generate into the leaves. After 3 days, the ethanol was left to evaporate, so that the residue gets settled at the bottom of the beaker.

3.7 Selection of Binder
The binder is a film forming agent made up of long chain macro molecules which when applied to the textile together with the pigments produces a three dimensionally linked network. The binder should be colourless, odourless, evenly thick, smooth and good adhesion says Khoja et al., (2003). Citric acid is one of the bulk chemicals mainly used by the food and pharmaceutical industries. Plate IX Citric acid was commercially isolated from lemon juice. A commercial scale was developed using sugar beet molasses and hydrocarbon as substrates and fungal cells as microbes, denotes Kubicek (1994). Citric acid is a good cross linking agent or binder inspite of its low cost, widespread availability and ecological acceptability highlights, said Vikusiae et al., (2000).

Citric acid is used to carryout pH adjustment and as moderating agent, replacement agent for more corrosive acids and textile finishing (www.stevens.edu) based on the antimicrobial finish the investigator selected citric acid as the suitable cross linking agent for the present study

3.8 Pilot Study

            Pilot study is preliminary study conducted in a limited scale before the large scale are carried out in order to gain some primary information, on the basis of research would be planned and formulated, says Saravanavel (1999). A pilot study was carried out in order to select material, optimize the selected herbs, binder, extraction and application techniques and procedure as follows. Pilot study samples are given in (Appendix II) which contains herbs and the quantity of herbal powder and fabric weight. The extracted sources of Indian Acalypa and Eucalyptus leaves were applied to 3 g of bleached fabric. The sources were applied by boiling the fabric in the extracted sources either alone or combination. The details are given in Table II and Plate VI.
After the individual application on the fabric, then it was dried and subjected to antimicrobial test by Agar diffusion method and parallel streak method (AATCC 147, 1993).From this pilot study AcaIlypa Indica was shows good antimicrobial activity in the selected herbs. The antimicrobial finished fabric is given in Appendix III.
Table II - Pilot Study Details
	Herbs

	Weight of the 
Herbal powder (%)
	Fabric  

weight (g)

	Indian Acalypa
Eucalyptus
Indian Acalypa :Eucalyptus
Indian Acalypa: Eucalyptus
Indian Acalypa :Eucalyptus

	100
100
50:50
25:75
75:25
	3
3

3

3

3


3.8.1 Optimization of concentration 

The whole leaf extracts are made by grinding the entire leaf and then removing the dust through charcoal filtration at the final stage of processing. The leaves were dried and powered. The powdered leaves were mixed with ethanol in the ratio of 2:2 in, a beaker. The beaker was kept closed for 3 days to enable the ethanol to react into the leaves. After 3 days, the ethanol was left to evaporate, and then the residue settled at the bottom of the beaker.
The extracted solution and water were taken in three beakers in three different proportions of 50, 75 and 100 per cent. The 100 per cent extracted solution shows good microbial activity was found out in the pilot study. Hence 100% concentration was chosen for this study.

3.8.2 Optimization of citric acid

Citric acid is considered as an important aspect in binding the herbs to the fabric in finishing process. Krishnaveni et al., (2007) suggested that citric acid gives good result as binding agent. Investigator selected 100 percent extracted solutions and the citric acid in the ratio of 9:1 for this study.
3.8.3 Optimization of temperature
Temperature was considered as an important aspect in curing the fabric after finishing process. Various temperatures like 50 C, 60 C, 80 C and 100 C were set for treating the fabric after selecting the effective concentration. In this 100 C optimization value was chosen for the final study from the pilot study.

3.8.4 Optimization of time

The extracted agent was treated on the fabric with appropriate concentration and temperature for various periods like 15, 30, 45(minutes) and one hour. In this various time periods 15 minutes was chosen for the final study after optimization.
3.8.5 Optimization of pH
Karolia (2005) explains that the bacterium grows at neutral pH. However the growth of Bacteria is hindered in acidic or alkaline pH. Various pHs like 4, 4.5, 5, 7 were set for treating the fabric after selecting the concentration time and temperature. In this pH 4.5 was selected for the present study which was presented in Table III after pilot study.
3.9.2.5 Optimization of Parameters

Table III - Optimization of Parameters

	Criteria

	Pilot study
	Selected parameters

	Herbal solution
Citric acid
Time
Temperature
pH

	50, 60,75 and 100 %
6:4, 7:3, 8:2 and 9:1

15 ,30,45 and 60 minutes
50,60,80 and100oC
4,5,6 and 7
	100 %

9:1
15 minutes

100oC

4.5


From the above Table -III it was clear that herbal extraction solution is mixed with water and one per cent citric acid was added as binding agent. The temperature was maintained at 100oC for 15 minutes with pH level 4.5. Thus above parameters were selected for the study.

3.9 Method of Finishing 

Two meters of Tencel cotton fabrics were finished with the optimized solution. The extracted solution was poured inside the padding mangle the fabric was passed inside the machine for 15 minutes, and then cured for 15 minutes at 100oC for the good penetration of the finishing agents. Then the fabric was removed from the curing chamber, then washed thoroughly and dried in the shade .
3.9.1 Method of Finishing on the selected fabric

As suggested by Thilagavathi, et.al. (2006) and Hall (2004), the extracted filtrate from  Acalypa Indica, and Eucalyptus Globulus solution was applied to the Tencel Cotton fabric by padding mangle method.  In the padding mangle the ethanolic extracts of active substance was diluted with water.

3.10 Evaluation of the Antimicrobial Finished Fabric

3.10.1 Evaluation of microbes’ action

The antimicrobial finished samples were subjected to antimicrobial assessment by agar diffusion test and parallel streak method.

3.10.1.1 Agar Diffusion Method (SN 195920)

The broth was prepared using the ingredients like NaCl, Peptone, Beef extract, distilled water in order to grow the culture and it was incubated for 24 hours, with the required species of bacterial inoculated in it. Ingredients used for broth preparation is given in Table IV.
Table V - Ingredients for Broth Preparation

	Source
	Amount 



	NaCl

Peptone
Beef extract
Distilled water


	0.25
0.25
0.15
50.00



Prescott, et.al, (2005) states that this is an easy and direct way of achieving the result. A small volume of diluted microbial mixture was transferred to the center of an agar plate and spread evenly over the surface with a sterile bent-glass rod. The dispersed cells develop into isolated colonies.

Chabra et al. (2007) revealed that the treated samples were tested for their antimicrobial activity. Qualitative assessment was done based on the zone of inhibition. The incubated plates were examined for interrupted growth or clear zone of inhibition on either side of wall.

3.10.1.2 Parallel Streak Method (AATCC test method 147-1988)

As already explained for pilot study, broth was prepared and poured in to petri dish after sterilization. According to Burton (1992). Sterilization of objects can be accomplished by heat, autoclaving (heat and steam or ethylene oxide under pressure). Various chemicals (such as for aldehyde) and certain levels of radiation with ultraviolet or gamma rays. Pure colonies can be obtained from streak plates. The microbial mixture is transferred to the edge of an agar plate with an inoculating loop or swab and then streaked over the surface in parallel streaks. The fabrics were placed in close content with streaked inoculum. After incubating for 24 hours, the interrupted growth or the zone of inhibition or the halo gives just an appropriate idea about the efficiency of the fabric. The antimicrobial property of the samples was tested parallel streak method. The photograph of the tested samples showed interrupted growth, hence could be inferred that the treated samples have good antimicrobial property. A streak of interrupted grown underneath indicates antibacterial effectiveness of the fabric.

3.10.2 Selection of Bacterial Species
3.10.2.1 Gram-positive Cocci
Staphylococcus Epidermis, Staphylococcus Aureus, Micro-coccus species and Streptococcus species are facultative anaerobes that may invade through breaks in skin to cause local, deep or systemic infection.  
3.10.2.2 Gram-negative bacilli

In most areas, armpits, and perineum and between toes, pseudomonas and some entric rods may be found, feels Black (2002). Diabetic foot infections can be caused by a single or a combination of multiple organisms (60 per cent of infections). The most common micro-organisms are the gram positive Cocci, for example Staphylococcus Aureus, Staphylococcus Epidermis, Streptococci, gram negative Cocci, Escherichia Coli, Klebsiella, Pseudomonas Aeruginosa, proteins miraIbilis (www.anaisde dermater-logia.org.br). Hence the investigator selected Staphylococcus Aureus and Escherichia Coli, microorganisms to identify the bacterial activity in the finished fabric.

3.10.3 Selection of Fungal Species
3.10.3.1 Agar diffusion assessment (AATCC 30)

The purpose of this test method was to determine the susceptibility of the textile materials to mildew and rot to the efficacy of fungicides on textile materials. Certain fungi can grow on textile product without causing measurable breaking strength loss within a laboratory time frame. This procedure was used to evaluate textile sample where growth of these fungi was important.
Test organisms

Aspergillus niger and Trichoderma ressei was used.
Culture medium used

Sabouraud dextrose agar medium (SDA) was used

Composition
Dextrose             -    4gm

Peptone              -    1gm

Agar                    -     1.5gm

Distilled water     -    100ml

Procedure

A pinch of fungal culture was taken from MSA plate and it was inoculated into 50ml of 3% glucose in Erlenmeyer flasks with few glass beads. The test organism was evenly swabbed on sterile SDA plates with the culture taken from the mixture. The discs were then distributed evenly with 0.2±0.01 ml of the inoculums by the help of sterile pipette. The inoculated discs were then placed over SDA plate previously swabbed with the culture. The plates were then incubated for 25°C for 3 days.
Incubation
The plate was incubated at room temperature for 48-72 hours.
Mycelia Growth test


50 ml of PD agar was prepared and sterilized 121°C for 15 minutes.  20 ml of agar was poured. Then the 1 X
 1 inch fabric was placed on the agar. Then the mycelia growth on the fabric was measured. 

Wash durability test

Cent per cent Acalypa Indica treated antimicrobial finished sample TCF was taken for wash durability test. Two samples TCF measuring 2 cm x 2 cm was taken one was give five washes and other was given ten washes. After the respective washes the samples were evaluated for antimicrobial tests.


Evaluation
The growth of inoculums was examined. The size of the clear zone was used to evaluate the inhibitory effect of the test sample.
3.11 Subjective and Objective Evaluation of Tencel Cotton

3.11.1 Subjective Evaluation

Visual Inspection of the Antimicrobial Finished Fabric

The conventional Tencel cotton knitted samples were visually evaluated by fifty evaluators. The samples were evaluated using a rating scale of general appearance, Evenness of finishing, Texture, luster (Appendix IV) were rated and consolidated by selected Juries who is having textile knowledge for further discussion and is presented in a chapter results & discussions.
3.11.2 Objective Evaluation

The physical tests for objective evaluation were carried out in the laboratory. The suitable tests for knitted material are as follows:
3.11.2.1 Physical Property Test

3.11.2.1.1 Fabric Weight
Fabric weight is the relative weight of the particular size of piece as grams/square meter or ounces) square yard, quotes Angappan and Gopalakrishnan (2006). Fabric weight is an important component for comparing the two similar fabric constructions. The fabric weight as the relative weight of the fabric and expressed as the weight of a particular size of piece such as grams per square meter.

Grams per square meter (GSM) are mainly used for knitted and furnishing fabrics - www.expresstextile.com. The paramount GSM cutter is a specialized instrument to determine the GSM of the fabric (Plate X). It has four blades that cut the fabric when the hand wheel is rotated by applying slight pressure. The samples were cut at 10 different places using obaus Adventure TM balance (PlateXI). The readings were noted and the mean was calculated and is expressed in grams per square meter.

3.11.2.1.2 Fabric Thickness

Fabric thickness is defined as the distance between the upper and lower surface of the material as measured under a standard pressure, suggests (Storer, 2005).The differences in thickness of the samples were found out by using Baty thickness tester is given in (Plate XII ). The fabric was placed between the pressure foot and anvil. The reading was noted from the dial.  The readings were taken from original material and the washed material. The mean was calculated.

3.11.2.1.3 Fabric Count

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

3.11.2.2 Mechanical Properties Test

3.11.2.2.1 Bursting Strength

Bursting strength is the strength of a fabric against a multi directional flow of pressure, Remark Angappan and Gopalakrishnan, (2002). Bursting strength of the fabric was determined using Hydrauling strength tester(plate-XIV). The specified area of the sample to be tested was clamped over in a rubber diaphragm by means of an annular clamping ring and an increasing fluid pressure was applied to the underside of the diaphragm until the specimen bursted. Readings were noted on the pressure.
3.11.2.2.2 Abrasion Resistance
Abrasion is the rubbing away of the component fibers and yarns of the fabric. Abrasion causes deformation of disturbance to the yarns and their constituent fibers leading to change in appearance and loss of mechanical properties, describe Shim and Poudeyhimi (2006). The abrasion resistance of the fabric was carried out in Martindale abrasion tester. Samples were cut based on the template given with the instrument and fixed on the circular specimen holders, which were mounted under desired load on the brass plate subjected to multi directional motion. The abrasion paper was fastened to each of the four tables beneath. Such that the fabric mounted on the specimen holder rub uniformly against the abrading surface. The rubs were standardizing to 10 weight of the sample before and after abrasion was noted electronic weighing balance and the difference was calculated (Plate XV).
3.11.2.2.3 Pilling Test

        The pilling is defined as bunches on balls of tangled fibers that are held to the surface of a fabric by one or more fibers and the pilling resistance is defined as the resistance to the formation of pills on a textile fabric. The pills are formed during wear and washing by the entanglement of loose fibers which protrude from the fabric surface. Due to rubbing action these loose fibers develop in to small, spherical bundles anchored to fabric by a few unbroken fibers, point out Basu (2006)
The pilling test can be carried out in the ICI pilling box. The samples were cot according to the template. The face side of each specimen was marked. Each specimen was folded. Keeping face side inwards so that the notches coincide exactly at their points. They were sewn exactly along the line between the pairs of notches. Then the sample was mounted on a rubber tube. Four samples of each fabric were placed in to both and the lids are closed. The machine was set to run for 5 hours. Then the fabric was removed from the rubber tube and assessed against standard photographs. Reading was noted and means value was calculated (Plate XVI).
3.11.2.3 Comfort Property
Fabric Stiffness

        Stiffness is the resistance to bending describes Textile Committee (1993). Fabric stiffness indicates the resistance of the fabric to bending and it is a key factor in the study of handle and drape. Eureka stiffness tester (Plate - XVII) was used to determine the stiffness in bending length using a scale of six inch (15 cm) length and one inch (2.5 cm) width was used as template. Each five samples were cut in organic cotton grey fabric, bleached an finished samples. Each sample along with the scale were mounted on the platform which was horizontal and was over along with the fabric slowly, until the fabric touches the edge of the platform and tip of the fabric coincide with the index line which was viewed in the mirror. The bending length was read from the scale mark opposite to the zero line on the side of the platform. Ten readings were taken and mean was calculated to find out the fabric stiffness.
3.11.2.3.1 Fabric Drape

Drape is one of the subjective performance characteristics of fabrics that contribute to aesthetic appeal; it is a complex property involving bending and shearing deformations. Brand (2003) defines the drape of the number in which a fabric when hung on a form and it is one most important fabric aesthetic properties. According to Basu (2006) drape is the ability of the fabric in which it hanged down in folds. The drapability of the fabric of the fabric was determined using an instrument called Eureka Drape meter (Plate XVIII). Samples and brown papers were cut into circular form of 10 inches diameter using the template. The sample was sandwiched between the two horizontal discs of smaller diameter (5 inches)and the unsupported annual ring of fabric was allowed to hang down under the action of gravity. The outer glass cover was closed and brown paper was placed on the glass lid. A planner projection of the counter of draped specimen was recorded on the brown paper and it was trimmed accordingly and weighted. Ten readings were recorded and mean was calculated for all the samples. The difference in weight was calculated. The drape coefficient was calculated using the formula.

Drape coefficient (f) = As – Ad/ AD

Whereas, 

AD= Area of the specimen

Ad=Area of the supporting disc

As= actual projected area of the specimen

3.11.2.4 Absorbency Test
3.11.2.4.1 Drop Test

The ability of a fibre to take up moisture is determined as absorbency. Wettability is the time taken in second for a drop of water to sink into the fabric, if it takes more than 200 second to absorb the water are considered as UN 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. The distance between sample and burette nozzles 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 in to the material. The time taken for this was noted. The same procedure was repeated for the same materials and mean values were calculated. The drop tester was given in (Plate - XIX).

3.11.2.4.2 Sinking Test


Sinking test is a simple test of wettability of fabric. The time taken for the material to sink below the surface is observed. The shorter the time, the greater is the wettability (Paul, 2005) for the sinking test ((Plate - XX). The samples were cut with the size of 5cm*5cm square. A 1000ml beaker was filled with distilled water. 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 stooped when the last corner sank below the water surface and the time required for the sample to sink was noted. The same procedure was repeated for the samples of the same materials and the mean values were calculated.

3.11.2.4.3 Wetting by Wicking

Absorbency test is one of the several factors that influence textile processing such as fabric preparation, dyeing and the application of finishes AATCC (2007) water and moisture transportation of the fabric is an important aspect of any fabric. This factor decided the comfort of the fabric and really an important feature of fabric as it transports water from the body surface and makes it feel comfortable, said Sarket, (2005). Drop test and sink test, capillary test here conducted to study the absorbency properties of the samples. (Plate XXI)

3.12. Nomenclature

Nomenclature for the samples are given in Table - V

Table V - Nomenclature
	Samples

	Code

	Original Tencel Cotton
Tencel Cotton Bleached
Finished Tencel Cotton


	OTC

TCB

TCF




3.13 Statistical Analysis
The results of the laboratory tests were analyzed statistically by ANOVA, to learn whether the difference was significant or not. Consolidation and analysis are important steps in problem solving and these procedures are required in any kind of research to arrive at meaningful conclusions. Hence the collected data was consolidated and symmetrically analyzed results of these treatments are presented and discussed under result and discussion.
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4.  RESULTS AND DISCUSSION

The results of the “A Study on Eco- Friendly Antimicrobial Finish on Tencel Cotton Fabric” are presented in the following pages.

4.1 Visual Inspection 
4.2 Objective Evaluation

4.2.1 Physical Property Test

4.2.1.1 Fabric Weight

4.2.1.2 Fabric Thickness

4.2.1.3 Wales per Inch

4.2.1.4 Course per Inch

4.2.2 Mechanical Property Test 
4.2.2.1 Bursting Strength

4.2.2.2 Abrasion Resistance     

4.2.2.3 Pilling Resistance

4.2.3 Comfort Property Test
4.2.3.1 Fabric Drape

4.2.3.2 Fabric Stiffness
4.2.4 Absorbency Test

4.2.4.1 Drop Test

4.2.4.2 Sinking Test

4.2.4.3 Capillary Test
4.2.5 Assessment of Antimicrobial Test 

4.2.6. Wash Durability

4.1 Visual Inspection

Results of the visual inspection of original and bleached and finished samples are given Table - VI and Figure – I.
Table VI – Visual Inspection

	S.No.
	Samples
	Rating in percentages

	
	
	General      appearance
	Texture
	Lustre

	
	
	Excellent
	Good
	Fair
	Soft
	Medium
	Coarse
	High
	Medium
	Low

	1.

2.

3.
	OTC

TCB

TCF
	0

90

75


	80

10

25
	20

0

0


	45

95

60
	55

5

40
	0

0

0
	10

60

30
	70

20

55
	20

20

15


General Appearance 
Sample OTC was rated as good in by 80 percent, whereas bleached and finished samples TCB and TCF were rated as excellent in general appearance by 90 percent and 75 percent respectively. Hence it could be concluded that bleaching has improved the general appearance whereas antimicrobial finish has slightly modified the general appearance.

Texture

Sample TCB has soft in texture as rated by 95 percent of the judges whereas original and finished samples OTC and TCF were rated as medium in texture by 55 and 40 percent respectively. It could be concluded that bleaching has modified the texture from rough to soft.
Figure I – Visual Inspection
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Lustre

Sample TCB was rated as high in lustre by 60 per cent judges whereas original and finished samples OTC and TCF were rated as medium in lustre by 70 and 55 percent of the judges respectively. Hence it could be concluded that bleaching has improved the lustre from medium to high. 

As far as visual inspection in concerned the tencel cotton fabric the original sample was rated as good in general appearance, rough in texture, medium in lustre but after bleaching it become excellent in general appearance, soft in texture and high in lustre.

4.2 Objective Evaluation

4.2.1 Physical Property Test

4.2.1.1 Fabric Weight

The fabric weights for the original and finished samples are given in Table - VII and Figure - II.

Table VII - Fabric Weight 

	S.No.
	Name of sample
	Mean weight (GSM)
	Loss or gain over original
	Percentage Loss or gain over original
	‘F’ test

	1.

2.

3.
	OTC

TCB

TCF
	1.18

0.98

1.22
	-

- 0.2

+ 0.1
	-

- 16.9

+ 3.3
	124 **


** - Significant at 1% level
From the Table - VII and Figure - II, it is clear that fabric weight, after antimicrobial finish for sample TCF was found to have increased by 3.3 per cent, whereas the sample TCB has decreased by 16.9 per cent when compared to sample OTC. ‘F’ test done for the data proved that the differences between the samples are significant at one percent level. Thus it could be concluded that the tencel cotton finished samples has increased in fabric weight due to the deposit of the finishing agent.
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Figure II - Fabric Weight
Figure III – Fabric Thickness
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4.2.1.2 Fabric Thickness
The fabric thicknesses for the original and finished samples are presented in Table - VIII and Figure - III.

Table VIII - Fabric Thickness

	S.No.
	Samples
	Mean Thickness  (mm)
	Loss or gain over original
	Percentage Loss or gain over original
	‘F’ test

	1.

2.

3.
	OTC

TCB

TCF
	0.36

0.33

0.38
	-

- 0.03

+ 2.00
	-

- 8.33

+ 5.56
	2.55 NS


NS – Not Significant

From the Table - VIII and Figure – III, it is clear that the fabric thickness of samples TCB have decreased by 8.3 percent and sample TCF have increased by 5.5 per cent when compared to sample OTC. Statistical ‘F’ test done for the data proved that the differences between the samples are not significant. Thus it could be concluded that the fabric thickness was decreased due to the action of bleaching and the finished sample was increased in thickness due to the action of antimicrobial finishing agent.
4.2.1.3 Wales per Inch
The numbers of wales per inch for the original and finished samples are given in Table - IX and Figure - IV.
Table IX - Dimensional Stability (Wales wise)

	S.No.
	Sample
	Mean (mm)
	Gain/Loss

over Original
	Percentage Loss or gain over original
	‘F’ Value

	1.

2.

3.
	OTC

TCB

TCF
	47

49

51
	-

2

4
	-

4.26

8.51
	96.1 **


** - Significant at 1% level


From the Table - IX and Figure - IV, it is clear that the wales per inch of samples TCF showed an increased by 8.5 per cent level where as the sample TCB also showed an increase by 4.2 per cent when compared to sample OTC.
The data proved that the differences are significant at one percent level. Thus it could be concluded that the tencel cotton bleached as well as finished sample have increased in wales per inch due to the closeness of the knitted structure after bleaching and finishing.

4.2.1.4 Course per Inch
The numbers of courses per inch for the original and finished samples are presented in Table -X and Figure - V. 
Table - X Dimensional Stability (Course wise)
	S.No.
	Sample
	Mean (mm)
	Gain/Loss

over Original
	Percentage Loss or gain over original
	‘F’ Value

	1.

2.

3.
	OTC

TCB

TCF
	65

67

70
	-

2

3
	-

3.0

7.6
	109 **


** - Significant at 1% level

From the Table - X and Figure - V, it is clear that the courses per inch of samples TCF showed an increased by 7.6 per cent whereas the sample TCB also showed an increase by 3 per cent when compared to sample OTC. Statistical analysis shows that the differences exist between the samples at one per cent significant level. Thus it could be considered that the tencel cotton finished samples has increased in courses per inch due to the deposit of the finishing and bleaching agent.

Figure IV - Dimensional Stability (Wales wise)
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Figure V - Dimensional Stability (Course wise)
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4.2.2 Mechanical Property Test 

4.2.2.1 Bursting Strength

The bursting strength for the original and finished samples are given in Table - XI and Figure - VI.
Table XI - Bursting Strength
	S.No.
	Sample
	Mean
(Kg/cm²)
	Gain/Loss

over Original
	Percentage Loss or gain over original
	‘F’ Value

	1.

2.

3.
	OTC

TCB

TCF
	8.2

6.4

7.0
	-

- 1.8

- 1.2
	-

- 21.4

- 14.6
	15.3 **


** - Significant at 1% level

From the Table - XI and Figure - VI, it is clear that the bursting strength of samples TCB and TCF have decreased by 21.4 and 14.6 per cent respectively when compared to sample OTC. The data proved that the differences are significant at one per cent level. Thus it could be concluded that the bursting strength was decreased after finishing due to the reaction of bleaching and antimicrobial finishing agent.

4.2.2.2 Abrasion Resistance     

The abrasion resistances for the original and finished samples are presented in Table - XII and Figure - VII.
Table XII - Abrasion resistance
	S.No.
	Sample
	Mean
	Gain/Loss

over Original
	Percentage Loss or gain over original
	‘F’ Value

	1.

2.

3.
	OTC

TCB

TCF
	5.1

4.0

2.3
	-

- 1.1

- 2.8
	-

- 21.5

- 54.3
	15.3 **


** - Significant at 1% level

From the Table - XII and Figure - VII, it is clear that the abrasion resistance of samples TCF and TCB have decreased by 54.3 and 21.5 per cent respectively when compared to sample OTC. Above table depicts that the significant differences exist between the samples at one per cent level. Thus it could be concluded that the abrasion resistance was improved on the material after finishing due to the reaction of bleaching and antimicrobial finish.

4.2.2.3 Pilling Resistance
The pilling tests for the original and finished samples are given in  Table - XIII and Figure - VIII.

Table XIII - Pilling Test
	S.No.
	Sample
	Pilling Rating

	1.

2.

3.
	OTC

TCB

TCF
	2

3

4


As per arbitrary standards are 1 - Very severe pilling, 2 - Serve pilling, 3 - moderate pills, 4 - slight pills

From the Table - XIII , the original tencel cotton fabric showed severe pilling (2) and bleached tencel cotton  showed moderate pilling (3) and tencel cotton finished fabric showed slight pilling (4). Thus it could be concluded that the pilling resistance was increased in bleached and finished fabric samples.

Figure VI - Bursting Strength
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Figure VII - Abrasion resistance
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Figure VIII - Pilling Rating
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4.2.3 Comfort Property Test

4.2.3.1 Fabric Drape
The drapability of original and finished samples are given in Table - XIV and Figure - IX.
Table XIV - Fabric Drape

	S.No.
	Samples
	Mean Drape     co-efficient (%)
	Loss or gain over original
	Percentage Loss or gain over original
	‘F’ test

	1.

2.

3.
	OTC

TCB

TCF
	0.3

0.3

0.2
	-

0

- 0.1
	-

0

- 33.3
	0.50 **


** - Significant at 1% level

From the Table - XIV and Figure - IX, it is clear that the fabric drapability of the bleached samples TCB has the same drape coefficient as that of sample OTC whereas the sample TCF has decreased by 33.3 per cent indicating better drapability. The data proved that the differences are significant at one per cent level. Thus it could be concluded that fabric drapability was increased after antimicrobial finish.

4.2.3.2 Fabric Stiffness

The stiffness of the original and finished samples are presented in Table – XV and Figure - X.
Table XV - Fabric Stiffness 

	S.No.
	Name of sample
	Mean stiffness in cms
	Loss or gain over original
	Percentage
	‘F’ test

	1.

2.

3.
	OTC

TCB

TCF
	1.6

1.3

1.4
	-

- 0.3

- 0.2
	-

- 18.7

- 12.5
	1.23 NS


NS - Not Significant level
Figure IX - Fabric Drape
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Figure X - Fabric Stiffness


[image: image23.png]©

<

N - o o %
-~ o o (=}
(wo) ssauyns alqey

I
o

o

TCB TCF

Name of sample

oTC




From the Table - XV and Figure - X, it is clear that the fabric stiffness of the bleached and finished samples TCB and TCF have showed on decreased stiffness by - 18.7 and - 12.5 per cent respectively when compared to original.  The data proved that the differences are not significant. Thus it could be concluded that fabric stiffness was decreased after bleaching and antimicrobial finish.

4.2.4 Absorbency Test

4.2.4.1 Drop Test

The absorbency (drop test) of the original and finished samples are presented in Table -XVI and Figure -XI. 
Table XVI - Drop Test

	S.No.
	Sample
	Mean (cc/sec)
	Gain/Loss

over Original
	Percentage Loss or gain over original
	‘F’ Value

	1.

2.

3.
	OTC

TCB

TCF
	7.2

6.5

5.2
	-

- 0.7

- 2.0
	-


	103 **


** - Significant at 1% level

From the Table -XVI and Figure -XI, it is clear that the samples TCB and TCF have showed on decreased the absorbency time by 6.5 and 5.2 seconds than the original. Statistically also proved that there is a significant difference exists between the samples at one per cent level. Thus it could be concluded that bleached and finished samples has good absorbency.

Figure XI - Drop Test
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4.2.4.2 Sinking Test

The Table - XVII and Figure - XII, illustrate the absorbency (Sinking test) of bi-layer knitted fabric. 

Table XVII - Sinking Test

	S.No.
	Sample
	Mean (sec)
	Gain/Loss

over Original
	Percentage Loss or gain over original
	‘F’ Value

	1.

2.

3.
	OTC

TCB

TCF
	3.2

2.5

2.1
	-

- 0.7

- 1.1
	-

- 22.8

- 34.3
	19.9 **


** - Significant at 1% level

From the Table - XVII and Figure - XII, it is clear that the sinking time for samples TCB and TCF have taken 2.5 an 2.1 seconds respectively, when compared with original, treated samples has excellent absorbency. The data proved that the significant difference exists between the samples at one per cent level. Thus it could be concluded that sinking time was decreased after finishing due to the reaction of bleaching and antimicrobial finish.

4.2.4.3 Capillary Test

The absorbency of original and finished samples of tencel cotton fabric were observed by capillary rise test are given in Table -XVIII and Figure - XIII. 
Table -XVIII Capillary Test

	S.No.
	Sample
	Mean (cm)
	Gain/Loss

over Original
	Percentage Loss or gain over original
	‘F’ Value

	1.

2.

3.
	OTC

TCB

TCF
	3.5

4.6

6.5
	-

1.1

3.0
	-

 31

 85
	23 **


** - Significant at 1% level
Figure XII - Sinking Test
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Figure XII - Capillary Test
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From the Table - XVIII and Figure - XIII, it is clear that the capillary raise test on samples of TCF have maximum increase in capillary raise of about 6.5cm when compare with original and tencel cotton bleached have raise of about 4.6 when compare to original tencel cotton fabric. The data proved that the differences are significant at one per cent level. Thus it could be concluded that the tencel cotton finished sample has maximum rise among the samples.

4.2.5 Antimicrobial Test

4.2.5.1 Assessment of Antibacterial Test 
Preliminary assessment of antibacterial activity of   selected herbals extracts by disc diffusion method
The below table XIX depicts the preliminary assessment of antibacterial activity of the herbal source. It was concluded that Acalypa Indica was found to exhibit maximum zone of inhibition about 25mm for E. coli, 12 mm for S.aureus.

Table- XIX Disc Diffusion method
	S.No
	Anti-Bacterial Activity
	Zone of Bacteriosis

	Botanical Name
	Test Organisms

	
	Escherichia coli
	Staphylococcus aureus

	1
	Acalypa Indica
	25
	12


Antibacterial activity of the finished Tencel Cotton fabrics by agar diffusion test (SN 195920)

Treated samples were placed in intimate contact with AATCC bacteriostasis agar, which has previously inoculated with a day culture (slant cultures) of the test organism, i.e., Staphylococcus Aureus and Escherichia coli. After incubation, it was assessed by visual examination as well as under microscope (X 40 magnification). The evaluation was made on the basis of absence or presence effect of bacteria I the control zone under the specimen and the possible formation of zone is a measure of antimicrobial effectiveness. The antimicrobial activity of the 100 per cent Indian Acalypa finished sample showed clear inhibition zone when compared to untreated sample (Table- XX).
Table XX - Agar Diffusion method

	S.No.
	Sample
	Zone of Inhibition



	
	
	E. Coli


	Staphylococcus

	1.

2.
	Untreated sample
Finished sample
	0
30 mm
	0
12 mm




The table depicts that the finished tencel cotton fabric is found to exhibited maximum zone of inhibition in Acalypa Indica about 30 mm for E.Coli and 12 mm zone of inhibition for S.aureus.
Parallel streak method


The antimicrobial properties of the treated sample were tested by parallel streak method. The photograph of the tested samples showed interrupted growth, hence could be inferred that the treated sample have good antimicrobial property. A streak of interrupted growth underneath of the sample indicates antibacterial effectiveness of the fabric reveal Rajendran et al. (2006). Hence it could be concluded that the antimicrobial finished sample showed reduction in bacterial growth. The fabric show good antimicrobial activity against Stahylococcus Aureus and Escherichia Coli.

The below Table - XXI depicts the antibacterial activity of the original and finished Tencel Cotton fabric. Plate reveals that the finished Tencel cotton fabric is found to exhibited maximum zone of inhibition in Acalypa Indica about 25 mm for E.coli and 15 mm zone of inhibition for S.aureus when compared to original tencel cotton fabric.
Table XXI – Parallel streak method

	S.No.
	Sample
	Zone of Inhibition



	
	
	E. Coli


	Staphylococcus

	1.

2.
	Untreated sample

Finished sample
	0

25 mm
	0

15 mm




4.2.5.2. Assessment of Antifungal Test
The Antifungal activities of original and finished samples of tencel cotton fabric were observed by mycelia growth test are given in Table -XXII. 
Mycelia Growth test


50 ml of PD agar was prepared and sterilized 121°C for 15 minutes.  20 ml of agar was poured. Then the 1X
1 inch fabric was placed on the agar. Then the mycelia growth on the fabric was measured 

Table XII - Mycelia Growth test

	S.No.
	Sample
	Mycelia Growth Measurement



	
	
	2 days


	4 days

	1.

2.
	Untreated sample

Finished sample
	6 mm

1 mm
	9 mm

2 mm





There is a reduction in the growth of mycelia in the treated samples when compared to untreated fabric samples 100% treated sample shows maximum antifungal activity.
4.2.6. Wash Durability

There was durability revealed that the antimicrobial finished tencel cotton sample of TCF more effective up to five washes whereas the other sample washed for ten times did not retain the finish. Hence it could be concluding that the finish given is durable only for five washes.
5.  SUMMARY AND CONCLUSION

This chapter discusses about the summarized research work and concluded the results in petite form. The population explosion and the environmental pollution in the recent years forced the researchers to find a new health and hygiene related products for the wellbeing of mankind. The nuisance a caused by microbes which are minute organisms but can be most dangerous for creating harm to our life style.

Clothing and textile materials are not only the carriers of microorganisms such as pathogenic bacteria, odour generating bacteria and mould, fungi, but also excellent media for the growth of the microorganisms. Basically with a view to protect the wearer and the textile substrate itself antimicrobial finish is applied to the material.

The consumers are now increasingly aware of the hygienic life style and there is a necessity and expectation for a wide range of textile products finished with antimicrobial properties.

Tencel Cotton fabric is a veritable blessing for the skin. Tencel Cotton reveals sensitive properties and ensures well- bring for the skin. The combination, smooth fiber surface and excellent moisture absorption translates in to a positive skin climate. Owing to these properties 50: 50 Tencel Cotton knitted fabric with 40s count of 125 GSM was selected. 

Based on the properties like absorbency, biodegradable, non-toxic, high strength, non-allergic, cool and softness, 50/50% of tencel cotton fabric was chosen. 

Many commercial antimicrobial agents are effective but they are not compatible with skin and the environment. So the natural herbal products can be used for antimicrobial finishes since there is a tremendous source of medicinal plants with antimicrobial compositions to be the effective candidates in bringing out herbal textiles.
Nature provides a wealth of plants which is used for the purpose of treating fabrics. The natural sources yield luster, aromatic smell, soft Texture and color smoothing. They are also useful for human health because they have antimicrobial, anti-bacterial, insecticidal and healthy properties. Most of the natural sources are biodegradable, renewable and eco- friendly.  

Acalypa Indica, Eucalyptus Globulus leaves was selected as natural finishing agent. The extraction process was done by using ethanol and citric acid was used as a binder.

The objective test included that the physical, mechanical, comfort, absorbency property test and anti-bacterial and antifungal tests.

  
Hence the present study was carried out to “A Study on Eco- Friendly Antimicrobial  Finish on Tencel Cotton Knitted Fabric” with the following objectives of the study are to

· To select Tencel cotton fabrics and pretreat the same.
· To optimize the selected natural herbs for Antimicrobial finishes on selected fabrics.

· Evaluate the finished fabric by mechanical, physical, comfort and absorbency properties and antimicrobial tests.
Methodology

Among the various textile fabrics, knitted tencel cotton fabric is referred to as clean, green, natural and eco-friendly in nature and it is characterized by its fine, soft feel, comfort, versatility, durability and cool at all time. Herbal sources are eco-friendly and great importance to the quality of an environment conditions under which it is grown. The selected natural herbal sources used are ‘Indian Acalypa’ and ‘Eucalyptus’ which are known to have antimicrobial, antifungal and anti-parasitic properties.

A pilot study was conducted using two herbal finishing agents namely Indian Acalypa and Eucalyptus using different concentrations and durations. The extracted sources were applied on the selected organic cotton fabrics using padding mangle with appropriate material. They dried and subjected to antimicrobial test by agar diffusion method and parallel streak method. The tests proved that 100 percent Indian Acalypa was the best its antimicrobial activity. Hence the same was selected for the study.

Final study of the research 


The selected herb, Indian Acalypa 100 per cent concentration was applied on to the selected tencel cotton fabric for the final study. Then the original, bleached and finished samples namely OTC, TCB, TCF were subjected to evaluation. Evaluation of original and finished sample of tencel cotton fabrics were made by subjective evaluation and objective evaluation.

Findings of the Study
· Visual inspection is revealed that the Tencel cotton fabric in original rated as good in general appearance, rough in texture, medium in lustre whereas bleaching it was rated as excellent in general appearance, soft in texture high in lustre.

· The bleached sample TCB has decreased in fabric weight by 16.9 percent whereas the antimicrobial finished sample of tencel cotton fabrics TCF increased by 3.3 percent when compared to sample OTC. 
· The fabric thickness of the sample TCB and TCF have decreased by 8.3 and 5.5 percent respectively when compared to sample OTC.
· The wales per inch of sample TCF showed an increase by 8.5 percent whereas the sample TCB showed an increase by 4.2 percent when compared to sample OTC.

· The courses per inch of sample TCF showed on increase by 7.6 percent whereas the sample TCB showed an increase by 3 percent when compared to sample OTC. 

· The Bursting strength the samples TCB and TCF have decreased by 21.4 and 14.6 respectively when compared to sample OTC.

· The abrasion resistance test proved that bleaching and antimicrobial finishing have reduced the loss in weight of the fabric by 21.5 and 54.3 percent indicating the better abrasion resistance.

· The original tencel cotton fabric showed severe pilling and tencel cotton bleached fabric showed moderate pilling and the finished fabric showed slight pilling. Therefore it could be concluded that pilling resistance was increased after finishing.
· The sample TCB has the same drape co-efficient as that of sample OTC, whereas the sample TCF has decreased by 33.3 percent indicating better drapability.

· The bleached and antimicrobial finished samples TCB and TCF have showed decreased stiffness by 18.7 and 12.5 percent when compared to the original.

· Drop test proved that antimicrobial finishing and bleaching have reduced the absorbency time by 5.2 and 6.5 seconds when compared to the original which has taken 7.2 seconds.

· The sinking time for the samples TCF and TCB have taken less time namely 2.1 and 2.5 respectively when compared to the original OTC which has taken 3.2 seconds.
· The capillary rise test of sample TCF have maximum increase of about 6.5 when compared to the samples OTC and TCB which have the raise of about 3.5 and 4.6 respectively.

· Antimicrobial activity of the 100 percent Indian Acalpha finished sample TCF showed clear inhibition zone when compared to other combination samples.

· The washing fastness revealed that the antimicrobial finished tencel cotton sample TCF was more effective up to ten washes whereas the other sample washed 15 times did not retain the finish. Hence it could be conducting that the finish given is durable only upto ten washes. 

Hence it could be concluded that the antimicrobial finished sample showed reduction in microbial growth.

Conclusion 
This research work has given a new idea in finishing of Tencel cotton with herbs for antimicrobial activity (Indian Acalypha). The antimicrobial activity on tencel cotton has added a colourfull feather to tencel cotton finish. From the studies conducted Indian Acalypha is found to contain active antimicrobial substances that can control the growth of microbes and also curing skin rashes and itching.  Hundred percent treated samples exhibited maximum antimicrobial activity in all the tests. The treated fabric is found to be very hygienic with less fungi and bacteria. This finish is cost effective and ecofriendly. It will also lay the foundation for medical textiles, whereas researcher can be carried out on the application of Indain Acalypha in tencel cotton for remedies of various skin diseases. In a nutshell this study has opened doors for production of better eco-friendly medically treated tencel cotton fabrics.
Recommendation
·    Other natural sources can be tried as antimicrobial finish

·    Natural herbal finish can be applied on other natural fabrics.
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Fabric Details
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Visual inspection parameters

Rating in percentage

OTC TCB


Material 

– 50:50 Tencel Cotton
Knit 

– Circular Knitting

Type
 
– Single Jersey (Plain)

Counts 

– 40’s

GSM 

– 125

Cost per Kg 
– Rs.350/-
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Pilot Study Samples
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Final Study Samples

Antimicrobial finish fabric
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Wash Durability Samples

5 Wash                                                        10 Wash
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Proforma for Visual Evaluation of Finished Samples
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