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Introduction

1. INTRODUCTION

Clothing is one of the basic necessities of the mankind. The art of clothing dates back to centuries, starting from a primitive way to wearing leaves, barks, animal skin and later on using the nature’s gift of cotton, wool, linen, jute and so on. History of the textile industry is very rich and starts with the history of ancient India. Our ancestors were expert in fiber, fabric and garment technology state Gokulnathan and Thomas (2005).

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

Cotton has many qualities that make it the best choice for countless uses.  It is the most important of all natural fibers, says Kaplan (2002). The unique physical and aesthetic properties of the fiber, combined with its natural generation and biodegradability are reasons for its universal appeal and popularity. High moisture absorbency, high wet modulus and good handle are some of the more important properties of cotton fiber. Cotton is the fiber that has very good antistatic properties on its own and presents few problems. This is because the natural water content of cotton is high which provides the fiber with sufficient conductivity of  any charge that might accumulate says Horrocks and Anand (2000).

Bamboo fabric is exceptionally soft and light, almost silky in feel. This makes it breathable and cool to wear. Also it has fast water absorption performance and is antibacterial. After hi-tech processing, bamboo fiber becomes thinner than hair and has a round and smooth surface. Thus, it is not rough against human skin. Moreover, the apparels made from bamboo fiber can absorb ultraviolet radiation in various wavelength, thus lessening the harm to human body to the maximum extent reports Asian Textile Journal (2008). Textile made from bamboo yarn rank high among the bio-functional textiles that can support the general well being: They absorb humidity to a great extend, have a cooling  effect  and are very skin-friendly report Asian Textile Journal (2007)

Blending is the mixing of two or more fibers with similar or dissimilar physical and chemical properties in terms of spinning, weaving/knitting, finishing and in use. The blends are made to produce yarns with quality that cannot be obtained by using one fiber alone. It is also practical for reason of economy of production and shortage of cotton views Mansour et al (1998). Blending also helps in modifying the desirable properties of the yarn and fabrics explains Raudat and Goel (2001).  

Knitting is one of several ways to turn thread or yarn into cloth. Unlike woven fabric, knitted fabric consists entirely of parallel courses of yarn. The courses are joined to each other by interlocking loops in which a short loop of one course of yarn is wrapped over the knot of another course. (http://www.apparelsearch.com). Spencer (2001) defines knitting “as the technique of constructing textile structures by forming continuous lengths of yarn into vertically intermeshed loops”.

Knitting is a very efficient and versatile method of making fabric. This versatility has resulted from the use of computer aided design systems. The major advantages of knits are comfort, elasticity and appearance retention, reveals Anbumani (2007).


Today customers demands more value for money through different levels of comfort, durability and functionality. These expectations have led to major opportunities for textile industry in general textile finishing. Finishing for optimum value addition goes beyond includes properties like stain and water repellency, flame retardency and much more. The challenge is to meet all these demands without harming the environment. This emphasizes on safer and cleaner alternatives like bio- degradable chemicals, feel Sundar and Kumar (2008).


Textile material and clothing is not only acting as the protective layer of the natural skin flora, but also good media for the growth of the microorganisms. In the present era, “hygienic health” is the world buzzing word. Since the attack of microbes cause cross infection which result in skin diseases, and development of bad odour when the fabric is worn next to skin.


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

In order to satisfy the consumer need and to prevent pollution , the natural bio degradable and the “first aid medicinal plant” Aloe Vera is selected  as the suitable finishing agent which is antibacterial, antifungal and has biological activities such as healing ability from skin burns, skin inflammations and rashes. Environmental safety lies not only in the use of natural finishing agent but also in the use of fabrics that are environment friendly.

Today fabrics are expected to meet the entire requirements related to health-care, handle, and ease care and comfort which may be defined as a state of pleasant, psychological and physical harmony between human and the environment. Consumers are demanding more functions, higher quality and more added values. Consumer desire garments that enable them to be comfortable and feel good in whatever activity they happen to be engaged upon.

Hence an attempt has been made to study the “COMPARATIVE STUDY OF Aloe Vera FINISH ON SELECTED KNITTED FABRICS” with the following objectives:

· Applying natural Aloe vera finish on cotton, Bamboo and Bamboo-cotton knitted fabrics.
· Optimizing selected natural source

· Controlling the microbial activity and preventing odour formation.
· Evaluating the antimicrobial activity and comfort property of the fabrics.

Review of Literature

2. REVIEW OF LITERATURE

The review of literature pertaining to the current study on “COMPARATIVE STUDY OF Aloe vera FINISH ON SELECTED KNITTED FABRICS” is presented as follows:


2.1 
Cotton



2.1.1  Introduction



2.1.2  Properties of cotton


2.2
Bamboo



2.2.1  Introduction



2.2.2  Properties of bamboo


2.3
Blended Textiles


2.4
Knitting



2.4.1  Importance of knitting



2.4.2  Classification of knitting



2.4.3   Single jersey fabric


2.5
Finishes



2.5.1   Introduction 



2.5.2  Classification of Finishes


2.6
Antimicrobial finish



2.6.1   Microbes and their action on Textiles



2.6.2   Need and Requirements of Antimicrobial Textiles


2.6.3   Benefits of Antimicrobial Textiles


2.7
Comfort finish


2.8
Aloe vera


2.8.1   Constituents of Aloe vera


2.8.2   Characteristics and Properties



2.8.3   Uses of Aloe vera

2.9
Binder or cross linking agent


2.1
COTTON

2.1.1
Introduction


Cotton is considered as “white Gold”, states Mahalingam (2001). Thousand of years ago, humans came across an unprepossessing short plant growing in India that had bits of soft fluff on it, views Pal and Rao (2003). Today we would call the fluffy material as the cotton plant reports Textile Magazine (2007).


Gohl and Vilensky (1999) say, the word cotton is derived from the Arabic word, ‘qutun’ or ‘kutan’. Cotton remains the most supernatural fiber under the sun even after 8000 years, opines Nelson (2003). Kaplan (2002) explained nobody seems to know exactly when people first began to use cotton, but there is evidence that it was cultivated in India, Pakistan and in Mexico and Peru 5000 years ago.

Cotton known as “Silver fiber” says Alam (2006).Our country was considered to be the birth place for cotton cloth, stresses Thames and Hudson (1992). Ravikesavan et al (2000) says that evidence of first Literature on cotton trade was found in the beginning of Christian era which referred to the perennial type of cottons. 

According to Akira (2002), the raw cotton is being used as the materials for clothing since long time. India, China and USA are the three major cotton producing counties of the world views Natarajan (2004). At one time, cotton was our greatest single export fiber. Approximately 70 per cent of all the raw fibers produced in the world are cotton, points out Hess (2000).


Sekar (2001) says cotton enjoys a unique position among textiles and is often referred to as the “king of Textiles”. Cotton as “Miracle fiber” says Mendlenson (2005). Cotton is the back bone of the textile market and cotton occupies almost half of the world’s total consumption of the textiles, remarks Chavan (2001).

According to Gopalakrishnan and Nithiya Kumar (2008), cotton is the basic resource for thousands of consumer and industrial products produced important growth in fiber industry and emerged as most important raw material. Among the natural fibers, cotton is the most commercially significant fiber in the world. It is comparatively easy to cultivate in sufficiently large quantities and utilized in a wide variety of textile products, says Shukla (2005).


Cotton has high degree of acceptability to wear next to skin such as shirts, blouses, trousers because of its high absorption and swelling capacity regarding aqueous solution, informs Gienandt (2006).


Cotton consists of cellulosic and non-cellulosic component, states Rao (2001). The cellulosic component constitutes 88 – 96.5 per cent of cotton, while non-cellulosic material include protein (1 -1.9 percent), wax (0.4 -1.2 percent), pectin (0.4 – 1.2 percent) and inorganic (0.1 -1.6 percent), quotes Usha et al (2002).

2.1.2
Properties of Cotton:

Cotton is one of the most commonly abundant natural fibers having many textile related properties. In a tropical country like India, cotton is most desirable for making apparels because of its easy availability, comfort, excellent heat conductivity and hygroscopic nature, remarks Samantha et al (2003). Shamey and Hussein (2005) opines that cotton is the backbone of the world’s textile trade, It have many qualities and countless end uses, which make it the most abundantly used textile fibers in the world.

Shenai (2000) highlights Cotton fiber as defined by technologists is that which “is a very fine, much elongated, single cell seed hair which grows on the outside of a Cotton seed”. Cotton is one of the oldest and most important textile fibers known for its comfortable apparel and other consumer product applications, states Manjrekar et al (2002). Vardhini (2006) describes cotton as “King of fibers” because of its superior properties.


According to Watze and Eisenacher (2002), Cotton is characterized by excellent properties like absorbency, biodegradable, breathable, non –allergic, heat resisting, high wet strength and water retaining capacity. Roger (2000) states cotton as “hygrophilous” which means “friend of water”. According to Mayekar (2002) cotton breaths naturally and allows gas and water vapor to pass freely.

Cotton fabric is soft and comfortable to wear close to skin because of its good moisture absorption qualities, charges of static electricity do not build up readily on the clothes says Alat and Saraf (2005). Mishra (2000) lists the properties of cotton that is stable length -1cm to 8cm, thickness -3.5 microns to 10 microns, ribbon width-12 microns to 25 microns, density -1.54 gm/cc and surface area dry-0.6 to 0.7 Sq.m/gm.


 Cotton is cool, soft, comfortable, absorbs perspiration quickly, good color retention, strong and durable. It is the principle clothing fibers of the world, opine Smith and Cothren (1999). Cotton enjoys an extremely positive image due to its naturalness and gentleness to the human skin, says shriveleela et al (2004). 


According to Narayanan (2003) the versatility of cotton has been under stiff challenge from synthetic fibers, which offer many new properties to user needs. Cotton has many versatile intrinsic qualities that make it a fiber for all masses and occasions, remarks Narayanan (2005).

2.2
BAMBOO

2.2.1
Introduction

Bamboo is a group of woody perennial ever green plants in the true grass family Poaceae, subfamily Bambusoideae, and tribe Bambuseae (www.wikipedia.com). Bamboo grows wild throughout greater part of the country particularly in the hilly forests and western and southern India ascending up to an altitude of 100m in the Nilgiris, says Purohit(2004). Bamboo is the fastest growing woody plant on this planet says Devi et al (2007). 

Historically in Asia, bamboo was used for the hand-made productions of paper . During 1990’s, saving our world became a mainstream concern. But among all other crazes that have emerged in the 21 century, “going green” has taken the front seat in almost every industry (www.certifiedbamboo.com).

Few years ago, Beijing University discovered how to produce fabric from bamboo. Since then, the technique of manufacturing top quality fabric has been in development, bringing new innovations in fiber mixing and other processes. The whole process is a natural one, maintaining the organic heritage of the product reports New cloth market (2007).

The invention of bamboo fiber is the contribution of mankind to the protection of natural rare materials, the protection of resources, the care of environment and consideration of the global balance, reflects Tecoya Trend (2006). “Bamboo fiber comes from nature, and completely returns to nature in the end” reports Textile excellence (2007). Therefore bamboo fiber is praised   as “the natural, green and eco-friendly new- type textile material of 21st century”. As a requested cellulosic fiber, bamboo fibers are made from 100% bamboo through a high –tech process says Gayathri and Bala (2006).

Bamboo fiber production flow:


[image: image1]2.2.2
Properties of Bamboo:
Yueping (2005) highlights today apparel fabrics are expected to meet all requirements related to comfort, health care, handle and easy care properties as well as performance. This led researchers to develop new materials to provide designers with advanced tools for their specific design.

Bamboo fiber has many excellent properties that make it ideal for processing into textiles. Bamboo textiles have many fantastic properties that make it a truly amazing fabric. The most surprising fact about bamboo fabric is it is exceptionally soft and light and almost silky in feel reports Textile magazine (2008). 

Bamboo fiber has unique ability to breathe and it is very cool because the cross section of the bamboo fiber is filled with various micro-gaps and micro holes. It has much better moisture absorption and ventilation, highlights Gomathi and Manoharan (2009).
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Saravanan and Prakash (2007) states Bamboo fiber apparel can absorb and evaporate humans sweat in a split second. Just like breathing, such garments make people feel extremely cool and comfortable in hot summer. Apparels made from bamboo fiber lowers temperature of human body approximately 1-2 degrees than normal apparel in hot summer and can also kill odor- causing bacteria quotes Sheshachala et al (2008).

Apparels made from bamboo fibers is crowned as “Air conditioning Dress” reports Textile Excellence (2007). Bamboo is a natural wicking agent and absorbs water 3-4 times better than cotton, reports Colourage (2007). Basu and Subramaniyam (2007) state, the moisture regain of this fiber is around 13%. Due to higher moisture regain, bamboo fabrics have relatively low thermal insulation value. Hence, bamboo fabric can be expected to provide cool sensation when they come in contact with the human body, refers Chellamani et al (2006).

Scientists have found that Bamboo owns a unique anti-bacteria and bacteriostasis bio-agent named “Bamboo kun”. This substance combined with bamboo cellulose molecular tightly all along during the process of being produced into bamboo fiber, reports Textile Excellence (2008). 

Saravanan and Prakash (2007) views it is both anti-bacterial and deodorizing in nature. Bamboo fiber has a unique function of anti-bacteria, which is suitable to make underwear, tight t-shirt and socks (www.bambooclothing.co.uk). Bamboo fiber’s natural anti-bacterial function differs greatly from that of chemical anti-microbial, which latter often tends to cause skin allergy when added to apparels (www.bambrotex.com). Bamboo clothing is also anti-static, so it sits very well next to your skin, not clinging to it, reports New cloth market (2007).

Validated by Japan Textile Inspection Association and Shanghai Microorganism Research Institute, even after many times of washing, bamboo fiber still possesses the anti-bacteria character for the Staphylococcus aureus, Klebslella pneumonlae, MRSA,etc (www.oldtop.com).

Bamboo fabric is UV protective as it cuts out 98% of harmful UV rays providing the wearer with another beneficial quality from bamboo made clothing (www.bamboosa.com). But the apparels made from bamboo fiber can absorb Ultraviolet radiation in various wave lengths, thus lessening the harms to human body to the maximum extent(www.bambrotex.com).

With the badly deterioration of atmosphere, pollution and the destruction to the Ozonosphere, the Ultraviolet radiation arrives the ground more and more. Long time exposure to ultraviolet irradiation will cause Skin cancer says Devi et al (2007).

Bamboo fabric is highly versatile and can be used for a number of applications such as clothing; split and woven mats; construction and scaffolding, domestic and agricultural implements such as water containers, baskets, trays, mats, etc, reports Textiles Month (2007). The versatility of bamboo fabrics makes it an excellent choice for clothing designers exploring alternative textiles, and in addition, the fabric is able to take bright dye colors well, drapes smoothly reports Textile Excellence (2008).

Bamboo fabric has excellent permeability, soft feel, easiness to straighten and dye and splendid color effect of Pigmentation, reports Colourage (2007). According to Devi et al (2007), Many people who experience allergic reactions to other natural fibers, such as wool or hemp, do not complain of this issue with bamboo. The fiber is naturally smooth and round without chemical treatment, meaning that there are no sharp spurs to irritate the skin.

The Bamboo fiber has a natural  effect of sterilization and bacteriostasis reports Textile Excellence (2007). As bamboo fiber has special structure and natural “hollow” in the horizontal cross-sections, experts named bamboo fiber as the “Breathing fabric” (www.oldtop.com).

2.3
BLENDED TEXTILES

In the early stages there was a prejudice that blended textiles would have the vices of the component fibers and the virtues of none. But such a prejudice has been proved wrong as one can see from the increasing importance that blended textiles have come to achieve, disclose Raghavan (2001). Ola and Pant (2000) describe blend as an intimate mixture of fibers of different composition, length, diameter and colour spun together into a yarn. There are no perfect fibers. All fibers are combination of good, fair and poor characteristics . Blending enables technicians to combine fibers so that good qualities are emphasized and poor qualities are minimized.
2.4
KNITTING


The term “Knitting” is derived from the ancient Sanskrit word “Nahayti”, Views Ahmed (2000). Knitting is an art of using yarn or thread to make fabric from interlocking loops says Johnson (2006). Knitting is the process of making clothes with a single yarn or set of yarns moving in only one direction says Dedhia and Charankar (2001).

Knitting originated with the knotting of fishnets and snares by ancient people, defines Thomas (2006). According to Ahmed and Ganger (2002) the ancient knitting by hand was practiced since 1000 BC. The history of machine knitting is traceable from the 16th century in England.


Knitting is a fabrication process in which needles are used to form a series of interlocking loops from one or more yarns or from a set of yarns states Adaner (1999). In 1789 the first circular machine was invented in France and there after enormous modifications, efficiency, easy operation, easy designing using the computer aided designing, automation, etc have taken places states Anitha and Duraipandian (2007). 
2.4.1
Importance of Knitting


Knitting is the second most important invention besides the advent of the man- made fabrics, views Nadkarni (2001). In recent days, knitted goods have occupied the prominent position in the garment sector states Hayavadana et al (2007). The knitted garments sector amount for 55% of the total garment production by volumes quotes Panthaki (2002).

Kothari (2001) sites hosiery knitting industry occupies a vitally important position in respect of huge employment and contribution to the country’s foreign exchange earning. Ahmed (2000) views knit wears are becoming popular due to their economy and inherent favorable qualities for human body. The knitted textiles are exclusive in their nature and they are well suited for specific and use requirements for which they are meant for states Venkatraj (1999).


Rodriguez (2002) considers knitted fabric as more elastic in nature. The main objective of knitted garment is to provide required stretch and comfort properties to human body, opines Prakash (2007). 

In recent years, the adaptability of much new man -made fibers and growth in consumer demand for wrinkle resistant, stretch ability, snug fitting garments has increased the growth of knitting industry says Vadhani (2001).

2.4.2
Classification of Knitting 


According to Gordon and Hsieh (2007) Knitting technology is classified into two main groups according to yarn presentation and yarn processing i.e., weft knitting technology and warp knitting technology

[image: image3]

Warp knitting is the method of forming a fabric by knitting where the loops are made in a vertical way along the length of fabric from each warp yarn and intermeshing of loops takes place in flat forms on a lengthwise basis states Ajgnokar (1998). Venkatraj (2000) defines warp knitting as a loop forming process in which a warp yarn is fed into the knitting zone parallel to the fabric selvedge. Filling or weft knitting is a process in which one yarn or yarn set is carried back and fourth and under needles to form a fabric, says Kothari (2001).

Sequential feeding of yarn and formation of a loop on each knitting needle effect weft knitting, so that the knitted loops are joined in the horizontal course-wise direction. Warp knitting produces a knitted structure with a simultaneous feeding of yarn and loop formation on each needle in the needle bar during the same knitting cycle, here the yarn path traces along vertical wale-wise direction, opine Naveen et al (2006).


Weft knit goods is made by feeding a multiple number of ends into the machines. Each loop is progressively made by the needle or needle bar, views Sears (1995). Weft knit fabric is generally elastic and readily droppable says Sivakumar (2000).

Weft knitted fabric may be divided into single jersey or double jersey (double knit) according to whether they are knitted with one or two sets of needles quotes Spencer (2001).

2.4.3
Single jersey fabric

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, reveals Padma & 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, says 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 says Anbumani (2007).


According to Ahmed (2000), the general properties of single jersey fabrics are 

· Simple knit structure 

· Face side smooth and shine

· Back side rough and dull

· Lighter fabric

· Highly extensive in length or width

· Laddering is very common

· Unravels at both ends.
2.5
FINISHES
2.5.1
Introduction

The word “finish” means all the different treatment applied to a fabric to change its appearance, feel or hand, wearability or care requirements, states Viswanaath (2007). Finish is the process imparted to the grey textile goods after weaving to improve their qualities says Schindler and Hauser (2004).

A finish adds minimally to the cost of the textile material and results in a much greater value addition, reveal Gokum consultants (2007). Finishing can turn relatively less hydrophobic fabric to hydrophilic one and hydrophilic one to hydrophobic one, a flammable one to flame resistant and definitely a hard and brittle fabric into soft and pleasant textiles say Sundar and Kumar (2008).

According to Amsamani and Ranganathan (2007) textile finishing makes the fabric more attractive, comfortable, serviceable and acceptable. The name textile finishing covers an extremely wide range of activities, which are performed on textiles before they reach the final customer, stresses Hall (2004). Now a days multifunctional finishes are becoming increasingly important for high value fabrics, view Adivurekar and Kanoonga (2005).

2.5.2
Classification of Finishes

Menezes and Chaudhari (2007), says today’s market is consumer oriented. Finishes are added to give textiles additional value beyond their conventional purpose. 

Textile finishing can sub divided into distinctly different areas: Chemical and Mechanical finishing as well as temporary and permanent finishing says Lockett (2003). According to Goyal and Deshpande (2006) finishing can be classified into functional and aesthetic finishes.

Chemical finishes are meant for more or less permanent value- addition by improving the performance characteristics of the finished fabric and also for fulfilling certain additional special requirements says Shukla (2006).

Some finishes which are increasingly being used included antimicrobial, deodorant finishes, wrinkle resistance, easy care finish, stone wash or enzyme wash, bio-finishing,  moisture management , flame retardant finishes, mosquito repellent finishes, states Adivurekar and Kanoonga (2008). Also UV resistant to apparel products made from natural fibers are used, views Prince and Raja (2006).

Functional finishing is the general term for a multitude of processes and treatments which a fabric may undergo after it has been woven or knitting say Viswanaath (2007). Aesthetic finishes improve the look and feel of the fabric such as hand feel improvement, visual enhancement and surface smoothness, say Goyal and Deshpande (2006).

2.6
ANTIMICROBIAL FINISH


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


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


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


According to Jasuja (2004) the antimicrobial finish protect wearer of the textile products against bacteria, dermatophytic fungi, viruses and other deleterious micro organisms. Antimicrobial finishes work by controlling the multiplication of micro organisms and thus suppressing the generation of unpleasant odour in the textile, says Rahbaran (2002). Antimicrobial finishes offer great potential for retaining freshness during wear of apparel and garments at the period of strenuous activity. The antimicrobial agents kill or inhibit the growth of bacteria, explain Sheshadri and Bhat (2005). 


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

2.6.1
Microbes and their action on Textiles

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


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

2.6.2
Need and Requirements of Antimicrobial Textiles


Antimicrobial textiles are necessary to fulfill the following objectives: 

· To avoid cross infections by micro organism
· To control the infection by microbes

· To arrest metabolism in microbes in order to reduce the odour formation
· To reduce odour from perspiration material

· To control spread of disease and danger of infection following injury.

· To control the deterioration of textiles particularly fabrics made from natural fiber caused by mildew explains Shanmugasundaram (2007).  

2.6.3       Benefits of Antimicrobial Textiles

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

2.7
COMFORT FINISH

Kawabatta (2000) opines, apparel fabrics are rejected much ahead of their lifetime only because they lose their aesthetic appeal or functionality. Hence comfort is the one of the first and foremost characteristic that a customer look for once the garment is proximity views Chaudhari (2004).

Prabaharan and Maruthamani (2006) define Comfort in clothing as a state of satisfaction indicating physiological, psychological and physical balance among the person; his/her clothing and environment. It is related to subjective perception of various sensations, opine Gopalakrishnan et al (2006).

Kholiya and Goel (2007) points out that comfort may be defined as a pleasant state of psychological and physical harmony between a human being and the environment. Comfort is directly proportional to moisture management and softener say Goyal and Prabhu (2008). Comfort was considered synonyms to feel of a fabric and an integral part of textile garment says Gulrajani (2005). It permits air and water vapor to pass through the wearer says Saini (2004).

Yadav and Madhusoothanen (2006) say the word comfort plays very important role in every walk of our life. Comfort refers to the characteristics like softness, skin perception, feel or touch, general comfort, absorbing capacity and humidity, warmth and coolness, etc, stresses Ghost (2004).

2.8
Aloe vera

Aloe vera belongs to aloe genus of herbaceous, shrubby, perennial xerophytic succulents belonging to Liliaceae family, states Pandhair (2008). The word “Aloes’ has organized from an Arabic word viz., ‘alloch’ meaning a shining, bitter substance. Among the different species ‘Vera’ means ‘True’, highlights Dhavamoorthi and Selvan (2004).


Most botanists agree and historical evidence suggests that the Aloe vera plant originated in the warm, dry climates of Africa. (www.aloeria.co.uk). Although there are more than 400 species of the Aloe plant growing on the Earth, it is Aloe vera or “True Aloe”, also known scientifically as Aloe Barbadensis Miller that is used for its heating and medicinal properties (www.aloeveraacid.com)


Aloe was held in such reverence in Egypt that it was considered to be the “plant of immortality”, explain Rajamani et al (2005). Aloe vera has long been a popular house plant. Often called the ‘miracle plant’ or the ‘natural healer’. (www.disabled-world.com). It is stem less or very short- stemmed succulent plant growing to 80-100cm tall, and is green, which can vary from dark to yellowish green. (http://en.wikipedia.org). 

2.8.1
Constituents of Aloe vera:


According to Reddy (2005) the Aloe vera consists of water 99.3 percent, solid figures 0.7 percent , pH of Aloe Vera 3.8-4.8, specific gravity 1.006k -.0006k. The plant can be separated into two basic products: gel and latex. Aloe vera gel is the leaf pulp or mucilage, a thin clear jelly-like substance obtained from the parenchyma tissue that makes up the inner portion of the leaves. Aloe latex, commonly referred to as "aloe juice," is a bitter yellow extract from the pericyclic tubules just beneath the outer skin of the leaves. (www.quackwatch.org).

Aloe vera gel is colorless mucilage comprising bulk of leaf, stores water (94 – 96%), Carbohydrates (60% of the leaf’s dry mass), Protein (6-8% dw), lipids(2-5% dw), organic acids, antioxidants and volatile compounds, reveals Pandhair (2008). Manisha and Vibna (2004) describe that the aloe gel consists of water, Polysaccharides, amino acids, lipids and sterols. 

2.8.2
Characteristics and Properties

Aloe vera has soothing and cleaning properties making it an ideal addition to any medicine cabinet with unique healing properties. (www.tetrapak.com). It regenerates damaged tissues with dramatic swiftness, Stimulates cell growth and moisturizes the skin and has a cooling effect because of its water holding capacity. Aloe soothes and repairs skin that has been damaged. (www.Academicjournals.org).


Aloe is bitter herb with anti-inflammation astringent, emollient and antiviral activity (ww.ageless.co.za). The proven medical properties are anti-inflammation, anti oxidant and restoration. It can destroy strong bacteria (www.aloe_vera_ studies.com).


Robbert and Tyler (2002) state that aloe gel has anti bacterial and anti fungal activity. The extract of the plant has antibacterial activity(http://www.plat.org/plants). According to Turner et al (2004) Aloe vera’s beneficial properties may be attributed to mucupolysaccharides present in the inner gel of the leaf.

2.8.3
Uses of Aloe vera


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


Doctors have used aloe for X-ray burns, sun burns, chemical burns, first degree burns, traumatized tissue, decibitus ulcers or bed sores, skin inflammation and other minor skin manifestations. Aloe had shown outstanding results in treating facial edema (swelling) reports Encyclopedia Nature medical (2006).


Kumar (2002) says that it is a cathartic, dermatitis, culaneous, tershmaniasis and veterinary medicine. Its use in cosmetic industries is high told by Bhattacharjee (2004). Aloe is used as an appetite stimulant tonic and is emmenagogue, purgative, authelmintic dyspepsia, views Kirtikar & Basu (1995). The general benefits of Aloe vera are varied. It can benefit a person both externally and internally (www.pfaf.org/plants).

2.9
BINDER OR CROSS LINKING AGENT

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

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


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

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

Experimental Procedure

3. EXPERIMENTAL PROCEDURE


The methodology pertaining to the study is presented under the following headings:
3.1 Selection of Material

3.2 Selection of Finish
3.3 Selection of source

3.4 Collection of the source 




3.4.1 Extraction of aloe gel

3.5 Selection of Binder

3.6 Fabric preparation




3.6.1 Scouring 




3.6.2 Bleaching

3.7 Pilot study




3.7.1 
Optimization of process conditions





3.7.1.1 Material of process conditions 





3.7.1.2 Concentration of Aloe Vera solution





3.7.1.3 Time and temperature for Finishing





3.7.1.4 Optimized parameters

3.8  Evaluation of pilot study samples

3.9  Actual finishing

3.10 Nomenclature

3.11 Evaluation

         


3.11.1 
Subjective Evaluation





3.11.1.1 Visual Evaluation





3.11.1.2 Bottle Incubation method

 


3.11.2 Objective Evaluation





3.11.2.1 Wales and Courses





3.11.2.2 Fabric weight





3.11.2.3 Fabric Thickness





3.11.2.4 Bursting strength





3.11.2.5 Abrasion Resistance





3.11.2.6 Fabric Drapability





3.11.2.7 Wettability and Absorbency Tests






a. Drop Test






b. Sinking Test






c. Capillary Rise Test

3.12 Antibacterial Test




3.12.1 Shake – flask Method 

3.13 Thermal Conductivity Test


3.14 Statistical Analysis




3.14.1 ANOVA Test

3.1 SELECTION OF MATERIAL

Cotton, the age old fabric in the field of textiles still holds its potentiality due to excellent properties like absorbency, biodegradable, breathable, drape, easily sterilized, high wet strength, insulating properties, non allergenic, renewable resource, softness and water retaining capacity, remark Gopalakrishnan and Aravindhan (2005). Bamboo textiles have many fantastic properties like breathable and cool, have a nice luster; extremely soft with fast water absorption performance and antifungal, states Gomathi and Manoharan (2009). Knits are several times more permeable to air than woven of same weight so that the garment next to skin can breathe, says Ajganokar(1998).


In view of all these facts, the investigator selected cotton, bamboo cotton and bamboo knitted fabrics. The details of the fabrics are given in Appendix-I.

3.2 SELECTION OF FINISH
Textile finishing is a method where big deficiencies in textiles can be corrected or specific properties are introduced, state Amsamani and Ranganathan (2007). Antimicrobial property could be of great use because body odour is the smell of bacteria excrement, reveals Choudhary (2008). Good air permeability, soft, durable, pleasant touch and producing cooling effect are the main aspect of comfort property states Thayumanavan et al (2006). Considering the above facts, the investigator selected Aloe Vera finish for the study.

3.3 SELECTION OF SOURCE

Traditional medical systems like Ayurveda and Siddha, mention the use of plants in treatment of various human ailments. India has about 45,000 plant species and among them several thousands have been claimed to possess medicinal properties stress Gupta and Laha (2007).


In the view of Robbert and Tyler (2002) the gel of Aloe Vera has antibacterial and antifungal activity. Reddy (2005) highlights aloe gel moisturizes the skin and has cooling effect because of its water holding capacity.


Hence the investigator selected the natural source Aloe Vera for the study as shown in Plate- I.

3.4 COLLECTION OF SOURCE

The extract of the Aloe Vera plant has antibacterial activity which reduces smelling body odour. Aloe gel, the source of the study was collected from the plant Aloe Vera (Aloe Barbadensis Miller) which is fully grown with thick green leaves are available locally.

3.4.1 Extraction of Aloe gel

Efficient extraction of herbs while preserving their medicinal values is an art as well as science, emphasizes Shrivastava (2006). Careful processing of aloe gel is necessary to maintain the activity. It is processed using the hand filleting procedure. This processing carefully removes the inner gel avoiding the yellow sap (latex) found next to the rind. The gel was smashed and converted into solvent form as suggested by Amsamani et al (2007) It is shown in (Plate II)
3.5 SELECTION OF BINDER 
In the view of Nagoba et al (1998) citric acid is non-toxic, effective and economical. Added to this citric acid is considered as best formaldehyde free cross linking agent, point out Teli et al (2002). Citric acid is the suitable cross linking agent to fix Aloe Vera onto the fabric, explain Amsamani et al (2007).

Hence the investigator selected citric acid as the appropriate binder and is shown in Plate III
3.6 FABRIC PREPARATION

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

Natural appearance of bamboo fabric is similar to viscose thus bleaching process is essential to improve its bright and whiteness says Saravanan and Prakash (2001).

Hence the investigator planned to do scouring and bleaching for all knitted fabrics based on the weight of the fabric.

3.6.1 Scouring

Scouring is the process of thoroughly cleansing the fabric prior to proceeding with the finishing (NIIR Board). Prayag (1999) says that scouring is used to remove foreign matter or other impurities except the natural coloring matter.

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

TABLE-I

SCOURING PARAMETERS

	Parameters
	Operational ranges

	Weight of material

Sodium hydroxide

Sodium carbonate

Wetting agent

Soft water

Time 

Temperature
	100g

3%

2%

few drops

1:20 (MLR)

30 minutes

85oC


3.6.2 Bleaching

Bleaching is to impart perfect whiteness to the fabric by removing the natural coloring matter from the fabric, explains Pardeshi (2006). The parameters and operational range adopted for bleaching are given in Table-II. 
TABLE-II

BLEACHING PARAMETERS

	Parameters
	Operational ranges

	Weight of material

Sodium silicate

Caustic soda

Hydrogen peroxide

Soft water

Time 

Temperature
	100g

2%

1%

3%

1:20 (MLR)

11/2 hours

90-95 oC


3.7 PILOT STUDY

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

Hence, the investigator planned to conduct the pilot study to optimize various parameters as follows.

[image: image4.jpg]


 [image: image5.jpg]- —




                         PLATE – I                                              PLATE – II

                         Aloe vera                                          EXTRACTION of Aloe vera


[image: image6.jpg]



                         PLATE – III                                          PLATE – IV

                       CITRIC ACID                                      WATER BATH
[image: image7.jpg]



                         PLATE – V                                              PLATE – VI

                PADDING MANGLE                                     PICK GLASS

3.7.1 Optimization of The Process Conditions

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

3.7.1.1 Material To Liquor Ratio

Liquor is the important aspect for the preparation of the finishing solution. The source and material of size(5 x 5 cm) were treated in the five different ratios of liquor such as 1:10, 1:20, 1:30, 1:40, 1:50 taken in five different beakers and the sample treated in the 1:20 liquor ratio had even and effective finishing. This was also found by Kavitha et al (2007).
3.7.1.2 Concentration Of Aloe Vera Solution
Aloe vera is natural antibacterial agent and has cooling property. The concentration of aloe gel is tested in different concentration like 50%, 75%, 100%. The sample treated with 100% aloe gel gave good result. The bacteria grow at neutral temperature and obviously their growth is hindered in acidic or alkaline pH, says Pommerville et al (2005).

3.7.1.3 Time And Temperature for Finishing 

Time and temperature were considered as an important aspect of finishing. Hence the fabric was immersed in the prepared solution for 1 hour, 11/2 hour and 2 hours at different temperatures like 60oC, 80 oC, 90oC and 100 oC. Finally 1 hour and 90 oC were opted as the suitable finishing time and temperature in water bath, shown in Plate-IV. Then the fabric is passed through Padding Mangle (Plate V) to squeeze out excess gel and give even finish.
3.7.1.4 Optimized Parameters
The optimized parameters are given in the Table-III
TABLE - III

OPTIMIZED PARAMETERS

	S.NO
	Parameters
	Trial
	Aloe vera treatment

	1.

2.

3.

4.

5.


	Material to liquor ratio

Time for treatment (hours)

Water bath temperature(oC)

Aloe vera : Citric acid (ratio)

Curing temperature (in celsius)
	1:10, 1:20, 1:30, 1:40, 1:50

1, 11/2, 2

60, 80, 90, 100

5:5, 9:1, 8:2

90, 120, 130, 140
	1:20

1

90

9:1

130


3.8 EVALUATION OF PILOT STUDY SAMPLES 

 Parallel Streak Method

       According to AATCC Technical manual (2000), the treated samples of size 50 x 25 mm were placed in intimate contact with AATCC bacteriostasis agar, which has been previously streaked with an inoculums of test organism namely Staphylococcus aureus. After incubation, a streak of interrupted growth underneath and along the side of the test material indicates antibacterial effectiveness of the fabric and zone of inhibition had been assessed by the 20 judges who were majoring in the area of Textiles and Fashion Apparel. 

3.9 ACTUAL FINISHING

 
The fabric prepared was finished by exhaust method in the solution prepared with the optimized parameters and the samples subjected to final study are given in Appendix-II

3.10 NOMENCLATURE
The nomenclature of the samples are given in the Table – IV

TABLE – IV

NOMENCLATURE

	S.No
	Sample
	Aloe vera
	Nomenclature

	1.

2.

3.

4.

5.

6.
	Cotton

Cotton

Bamboo

Bamboo

Bamboo Cotton

Bamboo Cotton


	Original

Treated

Original

Treated

Original

Treated
	Co
Ct
Bo
Bt

BCo

BCt


3.11  EVALUATION

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

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

3.11.1.2 Bottle Incubation Method

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

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

3.11.2 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 Wales and Courses

           A wale is predominantly vertical column of needle loops produced by same needle knitted at same successive knitting cycle whereas course is predominantly horizontal row of loops produced by adjacent needle during the same knitting cycle, defines Rajkumar (2001).  Hence the number of Wales and Courses present in 2.5cm2 inches at 5 different places in each sample is counted using the Pick Glass (Plate - VI) and recorded.
3.11.2.2 Fabric weight

Fabric weight is an important component for comparing the two similar fabric constructions. Saini (2004) describes 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 shown in Plate – VII is a specialized instrument to determine the GSM of the fabric. 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 the cutter and had been weighted using Ohaus AdventureTM Balance (Plate - VIII). The readings were noted and the mean was calculated and is expressed in grams per square meter.

3.11.2.3 Fabric thickness              
 
Fabric thickness is defused as the distance between the upper and lower surface of the material measured under a standard pressure, using the Shirley’s Thickness Tester with accuracy of 0.01 mm, as explained by Stock et al (2005). Saville (1999) says that thickness of a fabric is one of its basic properties to give information on its heaviness or stiffness in use.

The fabric was placed between the pressure foot and anvil, the reading was noted from the dial of the Thickness Gauge (Plate - IX). The readings were taken at 5 different places of the fabric and care was taken to see the places were away from the Selvedges and free from wrinkle. Five readings were taken and the mean is calculated for all the test samples.

3.11.2.4 Bursting strength
Bursting strength is the strength of a fabric against a multi directional flow of pressure, state Angappan and Gopalakrishnan (2002). 

Eureka Hydraulic Bursting Strength Tester (Plate - X) was used to test the strength of the fabric sample. Ten specimens were cut each measuring ½” greater in diameter than the outside diameter of clamp ring. Specimen was clamped by a ring over a thin flexible rubber diaphragm. The pressure in the liquid (glycerin) was increased by screw driver piston. Due to this increase, the diaphragm bulged, along with the specimen. At one point the fabric bursted and the pressure indicated by the pressure gauge was noted accurately in kilograms per centimeter square. For all the samples the five readings were noted and their mean was calculated and recorded.

3.11.2.5 Abrasion resistance
Abrasion is one of the major criteria to assess the durability of the fabric, states Basu (2006). Abrasion is definitely a repeated stem application, usually caused by forces like bending, tensioning, compressing and bursting which are relatively low order repeated stresses and occurs many times during the life time of those material, point out 
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PLATE – XI

MARTINDALE ABRASION RESISTANCE TESTER
Tarafder and Basak (1999). Abrasion is the wearing away of any part of a material by rubbing against another surface (ASTM 2000).

The Instrument used for the study was the Eureka Martindale Abrasion Resistance Tester (Plate - XI) standard (No. 320). Emery paper was used as abrading surface and fitted to the reciprocating abrader head. The Samples were cut to the size of template and weighted using Ohaus AdventureTM Balance (Plate – VIII) then it was mounted to the sample holder and the revolution was standardized as 50. The machine was switched on and allowed for 50 revolutions.

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

3.11.2.6 Fabric Drapability


The drape of the fabric is defined in terms of the shape or the way in which the fabric hangs down in folds, reveals Lord and Mohammed (2001).

Drapability of a fabric can be determined using the instrument Drape Meter (Plate - XII). The fabric was taken and cut using temple. The cut fabric was supported on a circular dish about five inches in diameter and the unsupported area drapes over gramophone.  The material will assume some folded configurations and the shape of the protected area will not be circular. The projected portion was traced in the brown paper and was cut. The same procedure was followed five times for all fabrics. Mean value was calculated and recorded.


The drapability of the fabric can be determined using the drape-co-efficient formula. The drape coefficient F, is the ratio of the projected area of the drape specimen to its undraped area after deduction of the area of the supporting disc.



Thus F = (As – Ad)/ (AD - Ad)

Where AD = The area of the specimen



Ad =  The area of the supporting disc 



As =  The actual projected area of the specimen.
 3.11.2.7 Wettability and Absorbency Test


Absorbency is one of the several factors that influence textile processing such as fabric preparation, dyeing and the application of finishes, states AATCC (2007). Water and moisture transportation of the fabric is an important aspect of any fabric. This fabric decides the comfort of fabric and an important feature of fabric as it transports water from the body surface and makes the feel comfortable, expresses Sarker et al (2005). Drop test, Sink test and Capillary test were conducted to study the absorbency properties of all the samples.

i) Drop Test 

The drop test is a count of number of drops required to penetrate through the fabric when all the drops fall on the same spot defines Booth (2005). The ability of a fiber to take up moisture is determined as absorbency. According to Shrinkle (1992), wettability is the time taken in seconds for a drop of water to sink into the fabric. Fabric that taken more than 200 Seconds to absorb water are considered as unwettable. This is known as ‘Drop Test’.


A drop of water is allowed to fall from a fixed height into the taut surface of a test specimen. The time required for the specular reflection of the water drop to disappear is measured and recorded as wetting time, states AATCC (2007).A burette filled with distilled water was clamped in a stand(Plate - XIII). The sample was mounted in an embroidery frame and placed at the base of the stand. The distance between the sample and burette nozzle was kept constant. The nozzle of the burette was opened 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 the water fully sank into the material.


The water droplets disappears immediately, record as zero, when wetting time exceeds 60 seconds, record the time as 60s. This test was done five times for all the samples and seconds were noted. Mean value is calculated and recorded.

ii) Sink Test

For this test specimen of 2.5 X2.5 cm from all samples were cut. A clean glass beaker was filled with 1000ml of distilled water. First one sample was taken, put into the beaker. The time taken by the fabric to sink into the water completely was noted. This 
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PLATE – XVI

THERMAL CONDUCTIVITY TESTER
procedure was done for ten times to all samples and time taken was systematically recorded. The mean value was calculated and recorded.


This test involves a simple test of wettability of fabric. In this test small specimen of about 1” x 1” is cut and dropped into the surface of the water in a beaker. The time taken for the specimen to sink below the surface is observed. The shorter the time, the greater the wettability remakes Booth (2005). The process is shown in Plate - XIV
iii) Capillary Rise Test


Paul (2005) states the capillary test method measures the rapidity of absorption. Ten specimens were cut into size of 15 cm length and 2.5 cm width from all the samples. One end of the sample strip was passed with a glass rod which was placed on the heavy wooden blocks and at the other end, two grams weight was attached to keep the sample straight. At the weighted end 2cm of the sample was allowed to immerse in a tray of distilled water. The rate of the water level in the sample was measured after 60 seconds. The time taken for rise of the water level in the strip was noted by keeping length of the water rise 2.5 cm as constant. The same procedure was repeated for 5 reading of all the samples were recorded (Plate - XV)

3.12 ANTI BACTERIAL TEST

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

3.12.1  Shake – Flask method 

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

Reduction (%) = [(A – B)/A] X 100

Where, 

A= the number of living micro organism before shaking

B = The number of living micro organism after shaking

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

3.13 THERMAL CONDUCTIVITY TEST
Thermal Conductivity of the fabric determines the coolness of the fabric. To begin with the mean thickness d, if the fabric is determined with a screw gauge measuring it’s at least at six different places. Its diameter is found by finding the diameter of the lower metallic disc with a slide calipers. The mean thickness of the lower metallic disc with a slide clippers D is also determined with a screw gauge. The mass m of this disc is found approximately with a trip scale balance. 

Steam from boiler is then passed through the steam chest. After the steam has been passed for about an hour, the readings of the thermometers become steady. The steady temperatures D1, D2 respectively recorded by the thermometers are noted.

The sample fabric is then removed and the steam chest is placed in direct contract with the metallic disc. The temperature of the disc rapidly rises. When the temperature of the disc rises by 8 to 10o C below, a cooling curve is drawn with time along the curve is drawn with time along the x-axis and the temperature along the y-axis . from the graph the rate of cooling at temperature Q2 . The process is shown in Plate - XVI

From these readings the thermal conductivity of the cardboard is calculated.


K= 



3.14   STATISTICAL ANALYSIS

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

3.14.1 Analysis of variance (ANOVA)

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

According to Gupta (2004) the‘t’ distribution is commonly called student distribution and is used when sample size as three or less and the population standard deviation. ANOVA is commonly used to test difference among the means of several and is dependent of groups. Hence the investigator selected appropriate methods of statistical support based on the samples and comparisons.
Result and Discussion

4. RESULT AND DISCUSSION


The result of the study “COMPARATIVE STUDY OF Aloe vera 
FINISH ON SELECTED KNITTED FABRICS” are discussed under the following heading:

4.1 Subjective Evaluation



4.1.1 Visual Evaluation



4.1.2 Bottle Junction Method


4.2 Objective Evaluation 



4.2.1 Wales and course



4.2.2 Fabric weight



4.2.3 Fabric Thickness



4.2.4 Bursting strength



4.2.5 Abrasion Resistance



4.2.6 Fabric Drapability


4.2.7  Wettability and Absorbency Tests


4.3 Antibacterial Test


4.4 Thermal Conductivity Test

4.1 Subjective Evaluation


The Samples were evaluated subjectively and the results are discussed under following headings.

4.1.1 Visual Evaluation


The original and treated samples were evaluated visually by the panel of judges. The results are presented in Table V
TABLE - V
VISUAL EVALUATION

	S.No
	Sample
	General Appearance
	Texture
	Brilliancy of Whiteness
	Fragrance

	
	
	G
	F
	P
	C
	M
	S
	W
	HW
	C
	L
	M
	H

	1

2

3

4

5

6


	Co

Ct

Bo

Bt

BCo

BCt
	89

80

100

90

81

88
	11

20

-

10

19

12
	-

-

-

-

-

-
	-

13

-

5

-

25
	12

7

-

13

10

13
	88

80

100

82

90

62
	86

-

100

-

80

-


	14

40

-

100

20

3
	-

10

-

-

-

97
	82

-

88

-

75

-
	18

40

12

33

25

10
	-

70

-

67

-

90



From the Table V it is evident that the general appearance of the original and treated samples of all fabric was good as rated by 88 -100 percent of the judges. The sample bamboo original (Bo) has obtained good rating of 100 percent.


With regard to texture of the samples, bamboo original (Bo) and bamboo cotton original (BCo) were rated as soft textured fabric by 100 and 90 percent judges respectively. The sample bamboo cotton treated (BCt) was rated as coarse by 25 percent of the judges.

Regarding brilliancy of whiteness, the sample bamboo original (Bo) was rated high in whiteness by 100 percent judges. The sample bamboo cotton treated (BCt) was rated by 97 percent judges as cream color. This is because of the treatment given to the fabric.

After treatment, fragrance of the samples was rated high. The sample bamboo cotton treated (BCt) was rated by 90 percent judges as heavy fragrance.

4.1.2 Bottle Incubation Method


The assessors judged the tested samples by smelling them individually and revealed that the samples treated with artificial perspiration had no pungent odour. The sample Bamboo cotton treated (BCt) resulted better when compared to other samples. This may due to effective activity of the Aloe vera.
4.2 Objective Evaluation


The various objective evaluation results are discussed below.

4.2.1 Wales and Courses


The Mean number of Wales and course for the original and treated samples of cotton, Bamboo and bamboo cotton fabrics are given in Table VI and Figure I. Analysis of variation for all the samples is also discussed.

TABLE - VI
WALES AND COURSES

	S.No
	Samples
	Wales
	Courses

	
	
	Number

(in 2.5 cm2)
	Loss or gain over original
	Percentage loss or gain
	F ratio
	Number (in 2.5 cm2)
	Loss or gain over original
	Percentage loss or gain
	F ratio

	1

2
	Co

Ct
	34

44
	-

10
	-

29.41
	17.75**
	62.2

66.6
	-

4.4
	-

7.07
	19.88*

	3

4
	Bo

Bt
	33

46.4
	-

13.4
	-

40.61
	
	63.8

68.8
	-

5
	-

7.84
	

	5

6
	BCo

BCt
	37

44.8
	-

7.8
	-

21.08
	
	58

64.2
	-

6.2
	-

10.69
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FIGURE – I

WALES AND COURSE

Table VI proves that the number of Wales and course of all the treated samples has increased when compared with the original sample. Among the treated samples, Bt showed high increase when compared to cotton and bamboo cotton.  Hence based on the result it is predicted that the treatment made the loops too closer and tightened the fabric which is stable to washing.

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


The fabric weight of the original and treated samples of cotton, bamboo and bamboo cotton fabrics are given in Table VII and Figure II. Analysis of variation for all the samples is also discussed.

TABLE - VII
FABRIC WEIGHT

	

S.No
	Samples
	Mean weight in grams
	Loss or gain over original
	Percentage loss or gain
	F ratio

	1

2
	Co

Ct
	1.504

1.693
	-

0.189
	-

12.57
	75.519**



	3

4
	Bo

Bt
	1.676

1.866
	-

0.19
	-

11.36
	

	5

6
	BCo

BCt
	1.249

1.525
	-

0.476
	-

28.11
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FIGURE – II

FABRIC WEIGHT

The Table VII reveal that the fabric weight of the treated samples showed an increased weight considerably from eleven to twenty eight per cent. Of all samples, bamboo cotton treated showed high when compared to other samples.

           The statistical analysis also reveals that there is five per cent significant difference between the original and treated samples. 

 4.2.3 Fabric Thickness

The Thickness of the fabric for the original and treated samples of cotton, bamboo and bamboo cotton fabrics are given in Table VIII and Figure III. Analysis of variation for all the samples is also discussed.

TABLE - VIII
FABRIC THICKNESS

	S.NO
	Samples
	Mean thickness in mm
	Loss or gain over original
	Percentage loss or gain
	F ratio

	1

2
	Co

Ct
	44.2

48.8
	-

4.6
	-

10.41
	48.738**

	3

4
	Bo

Bt
	42.4

46.2
	-

3.8
	-

8.96
	

	5

6
	BCo

BCt
	44.6

53.6
	-

9
	-

20.18
	


It is evident from the Table VIII and Figure III that all the samples have exhibited an increased thickness. Sample bamboo cotton treated (BCt) showed maximum of 20 per cent increase than the original sample when compared with cotton and bamboo.
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FIGURE - III

FABRIC THICKNESS

The statistical analysis also supports the result that the samples had a significant difference at five per cent level between the samples.

4.2.4 Bursting Strength


The bursting strength of the fabric for the original and treated samples of cotton, bamboo and bamboo cotton fabrics are given in Table IX and Figure IV. Analysis of variation for all the samples is also discussed.

TABLE - IX
BURSTING STRENGTH

	
S.NO
	Samples
	Mean strength in kg/cm2
	Loss or gain over original
	Percentage loss or gain
	F ratio

	1

2
	Co

Ct
	60.7

65.1
	-

4.4
	-

7.25
	4.312*

	3

4
	Bo

Bt
	39.5

44.5
	-

5
	-

12.66
	

	5

6
	BCo

BCt
	42

48.5
	-

6.5
	-

15.48
	


The Table IX and Figure IV present the bursting strength of the original and treated samples of cotton, bamboo and bamboo cotton. The percentage gain was ranged from 7 to 15 per cent. Among the samples, the bamboo cotton treated (BCt) shown maximum gain of 15 per cent when compared to other samples.

The statistical analysis shows that there is significant difference between original and treated samples at one per cent level.
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FIGURE – IV

BURSTING STRENGTH

4.2.5 Abrasion Resistance


The resistance to abrasion of the fabric for the original and treated samples of cotton, bamboo and bamboo cotton fabrics is given in Table X and Figure V. Analysis of variation for all the samples are also discussed.

TABLE - X
ABRASION RESISTANCE
	S.NO
	Samples
	Mean difference in grams
	Loss or gain over original
	Percentage loss or gain
	F ratio

	1

2
	Co

Ct
	0.006

0.003
	-

-0.003
	-

-50
	12.56* 

	3

4
	Bo

Bt
	0.003

0.001
	-

-0.002
	-

-66.7
	

	5

6
	BCo

BCt
	0.008

0.003
	-

-0.005
	-

-62.5
	


From Table X and Figure V it is clear that all the treated samples showed decrease in abrasion resistance when compared to original samples. The decreased weight due to abrasion, ranged from 50 to 75 per cent. The sample cotton treated (Ct) showed minimum decrease when compared to other fabric samples. 


The statistical analysis shows that there is significant difference between original and treated samples at one per cent level.

4.2.6 Fabric Drapability


The mean drape co- efficient of the fabric for the original and treated samples of cotton, Bamboo and bamboo cotton fabrics are given in Table XI and Figure VI. Analysis of variation for all the samples is also discussed.
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FIGURE – V

ABRASION RESISTANCE

TABLE - XI
FABRIC DRAPABILITY

	S.No
	Samples
	Mean Drape Co-efficiency (%) 
	Loss or gain over untreated 
	Percentage loss or gain
	F ratio

	1

2
	Co

Ct
	40.41

33.82
	-

-6.59
	-

-16.31
	61.750**

	3

4
	Bo

Bt
	32.04

28.12
	-

-3.92
	-

-12.23
	

	5

6
	BCo

BCt
	59.83

49.06
	-

-10.77
	-

-18.03
	


From the Table XI and Figure VI it is evident that the drape co- efficient of all treated samples showed percentage loss. The maximum decrease was shown by the bamboo cotton treated sample when compared with cotton and bamboo samples. Thus the bamboo treated (Bt) exhibits only a minimum loss and drape better than all the samples.


The statistical analysis also supports the result that there is significant difference between the original and treated samples at five per cent level.

 4.2.7 Wettability and Absorbency Tests:


The results of the drop test, sinking test and capillary rise test conducted for the original and treated samples of all fabrics given in the Table XII and Figure VII
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FIGURE – VI

FABRIC DRAPABILITY

TABLE - XII
WETTABILITY AND ABSORBENCY TESTS

	S.No
	Samples


	Drop Test (Seconds)
	Sinking test (Seconds)
	Capillary rise test ( seconds to wick 2.5 cm)

	1

2

3

4

5

6
	Co

Ct

Bo

Bt

BCo

BCt
	24.17

5

11

2

18.48

3
	62.79

17

25

10

28.13

15
	150

107

110

70

136

97


 
Based on the results presented in the Table XII , all the treated samples possess good absorbency. The maximum time taken by the treated sample Ct was five seconds to absorb a drop of water and to penetrate the other side of fabric. When compared with other samples, the treated sample Bt possess very good absorbency.


In the sinking test, all samples showed good result. The maximum time was taken by original samples when compared with treated samples. The sample Bt took only 10 seconds to completely sink when compared with the samples Ct and BCt.


The time taken by the original and treated samples to wick 2.5 cm is given in above table and the result proves that all the samples have good absorbency. The maximum time is 150 seconds by the sample Co. The treated sample Bt took only 70 seconds to wick 2.5cm whereas the BCt took 97 seconds to wick.

Hence from the above results, it is revealed that the absorbency of the treated sample Bt is comparatively good among the treated samples.
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FIGURE – VII

WETTABILITY AND ABSORBENCY TESTS

4.3 ANTIBACTERIAL TEST

The antibacterial effectiveness of the original and treated samples of cotton, bamboo and bamboo cotton and the reduction percentage over the original is presented in the Table XIII and Figure VIII. The results are discussed based on the report presented in Appendix  IV
TABLE - XIII
ANTIBACTERIAL TEST

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

	1

2
	Co

Ct
	84 X 104
29 X 103
	-

96.5

	3

4
	Bo

Bt
	72 X 104
9 X 103
	-

98.8

	5

6
	BCo

BCt
	18 X 103
3 X 103
	-

83.3


From the Table XIII, the study revealed that after 24 hours of incubation with Staphylococcus aureus, the untreated bamboo gave a colony count of  72 x 104 colonies/ml.  Whereas after the treatment with Aloe vera. the count drastically reduced to 9 x 103 colonies/ml.  Untreated cotton fabric showed a population size of  84 x 104 colonies/ml which decreased to 29 x103 colonies /ml after the treatment with Aloe vera.


Bamboo blended with cotton showed a greater influence of antimicrobial activity by giving a count of 18 x 103 (untreated) that significantly reduced to 3 x 103  colonies/ml after treatment with Aloe vera.
Hence, the study proves that the Bamboo 
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FIGURE – VIII

ANTIBACTERIAL TEST

and cotton blended fabric is highly effective than when used individually.  Comparatively Bamboo has more effect than the cotton fabric.

4.4 THERMAL CONDUCTIVITY

The thermal conductivity of the original and treated samples of cotton, bamboo and bamboo cotton are calculated and the results are given in the Table XIV.
TABLE – XIV

THERMAL CONDUCTIVITY

	S.No
	Sample
	Thermal conductivity (w/mk)
	Loss or Gain over original

	1

2
	Co

Ct
	0.0011

0.0015
	-

0.0004

	3

4
	Bo

Bt
	0.0017

0.0024
	-

0.0007

	5

6
	BCo

BCt
	0.0020

0.0025
	-

0.0005



From the Table XIV and Figure IX it is proven that the samples treated with Aloe vera was increased in cooling property. Sample bamboo treated (Bt) scored high when compared with cotton and bamboo cotton treated samples. 

Hence from above result it is clear that Aloe vera increases cooling effect on fabrics.
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FIGURE – IX

THERMAL CONDUCTIVITY TEST

Summary and Conclusion 

5. SUMMARY AND CONCLUSION


In the present era, the continuing population explosion and the worsening environmental pollution make it necessary for researchers to find new ways of enhancing the comfort and hygiene qualities of consumer products. Clothing is one of the basic necessities of the mankind. Pathogenic micro organisms like bacteria, mould and fungi cause cross infection, foul odour in addition to staining discoloring and degradation of textile substrates. Today in the polluted environment, it has become very important for human beings to live in a world of hygiene and freshness. Hence the Eco- friendliness plays a vital role. And necessity to meet the growing demand of consumers, led to the revolution in functional finishes worldwide.


Cotton is one of the most common and abundant natural fibers having many advantageous textile related properties, but it was two main draw backs, susceptibility to creasing and bacterial degradation. Bamboo fabric has an inherent UV protection as it cuts out 98% of harmful UV rays providing the wearer with another beneficial quality from bamboo made clothing. The blends are made to produce yarns with quality that cannot be obtained by using one fiber alone. Knit wears are becoming popular due to their economy and inherent favorable qualities for human body.


Aloe vera has soothing and cleaning properties making it an ideal for healing activity. Also it has a cooling effect and aloe gel has anti bacterial activity. With this background an attempt has been made to use Aloe vera, the herbal source as the famishing agent for the study. It is applied on the cotton, bamboo and bamboo cotton knitted fabrics.


The effectiveness of the source on fabrics are evaluated based on the various test. The study was conducted with the following objectives.

· Applying natural Aloe vera finish on selected knitted fabrics

· Optimizing selected natural source

· Controlling the microbial activity and prevent odour formation.

· Evaluating the mechanical property of the fabrics

· Evaluating the antimicrobial activity and comfort property of the fabrics.

The grey cotton, bamboo and bamboo cotton knitted materials was selected for the study. The fabrics are scoured and bleached prior to finishing and pilot study was conducted to prepare the finishing solution. Several trials has been made to optimize the different parameters suitable for finishing using exhaust method and the parameters were finalized after evaluation of pilot study. Hence with the use of optimized concentration, pH, time and temperature, actual finishing was done on bulk material for final study.

The nomenclatures of the samples are given below:


Co

Ct


Bo

Bt


BCo

BCt

The Co, Bo and BCo denotes original samples whereas Ct, Bt and BCt are samples treated with Aloe vera finish.

All samples were evaluated subjectively by Visual evaluation and Bottle incubation method. The objective evaluation was conducted in the laboratory to test the mechanical properties like weight, thickness, drape, abrasion resistance, bursting strength and absorbency.

In addition the antimicrobial test was done using shake flask method in order to identify the reduction in bacterial count due to treatment. Also thermal conductivity test was conducted to evaluate the coolness of the fabric. The results of the laboratory tests were statistically analyzed.

FINDINGS

Subjective Evaluation 

      Visual Evaluation:


As per the visual evaluation, the general appearance of the sample BCt was found to be good among treated samples by 88 percent of the judges and the sample Bt has been rated as soft textured by 82 percent of the judges. All treated samples exhibited half white as rated by 90-100 percent of the judges except BCt which is cream color was rated by 97 percent of the judges.

Further the fragrance of the sample BCt scored high by 90 percent of the judges. Therefore the bamboo cotton treated with Aloe vera is seemed to be the best of all samples.

Bottle Incubation Method


The samples treated with artificial perspiration were assessed by judges and they revealed that the samples are free from pungent odour. The sample BCt resulted better when compared to other samples.

Objective Evaluation

· The finishing has increased the number of Wales and courses of the all the samples. Samples Bt and BCt scored maximum per cents in Wales and course over the original. 

· Fabric thickness of the entire sample has increased after finishing. The maximum gain of 20 percent was obtained by the sample BCt. 

· The treatment has increased the weight of all the samples. The sample BCt has shown maximum of 28 percent.

· Bursting strength of bamboo cotton treated (BCt) is good when compared to others.

· The drapability reduced in all the samples which reveal that the samples are stiff. The maximum reduction was exhibited by sample BCt.

· All the treated samples possessed good absorbency when compared with original samples. 

· In antimicrobial activity, the bamboo cotton sample with Aloe vera exhibited good result when compared to other samples. 

· Thermal conductivity of all treated samples was increased from original sample. The sample bamboo treated with Aloe vera is ranked first in coolness and followed by bamboo cotton treated sample.

CONCLUSION

 It may be concluded from the study, that the selected natural Aloe vera source performed well and the finished samples showed good result in mechanical property. Antibacterial activity of the bamboo cotton blend is good with specific reference to Staphylococcus aureus organism when compared with bamboo and cotton. 


The coolness of fabric increased with the treatment of Aloe vera. Thus bamboo as an individual fiber or in combination with cotton is more suitable for comfortable fabric. Thus the overall performance of the bamboo cotton sample treated with Aloe vera resulted best. This kind of a functional finish is an eco-friendly finish and is applicable for summer wear garments.
LIMITATIONS

· The Aloe gel extracted must be used for the processing within four hours of extraction.

RECOMMENDATIONS

· It can be carried out in other blended textiles.
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Appendices
APPENDIX – I

SELECTED FABRICS


Fabric 

:  100 % Cotton Knit ( Bleached and compacted)

Knit Structure
:  Single Jersey

Yarn

:  25s combed 

GSM

:  180

Cost

:  Rs.216/Kg


Fabric 

:  50:50 Bamboo Cotton Knit ( Bleached and compacted)

Knit Structure
:  Single Jersey

Yarn

:  25s combed 

GSM

:  180

Cost

:  Rs.340/Kg


Fabric 

:  100%  Bamboo Knit ( Bleached and compacted)

Knit Structure
:  Single Jersey

Yarn

:  25s combed 

GSM

:  180

Cost

:  Rs.320/Kg

APPENDIX – II
FINAL STUDY SAMPLES





Cotton finished sample






Bamboo Cotton finished sample






Bamboo finished sample


APPENDIX – III

PROFORMA FOR VISUAL EVALUATION

	S.No
	Sample
	General Appearance
	Texture
	Brilliancy of Whiteness
	Fragrance
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G- Good
C- Coarse
W- White

L- Low


F- Fair

M- Medium
HW- Half White
M- Medium


P- Poor
S- Soft

C- Cream

H- Heavy
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