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INTRODUCTION

1. INTRODUCTION

“Textiles – we cover the whole world”

“Textiles” wrap around the just born, keeps comfort in hot and cold, feels easy while sitting, in sound sleep, gives cool and attractive at home by being in furnishings, safety journey in luxurious way, fly in air, lively heal and cares the unhealthy body, protects the military though they protect the nation, works safely, roll over the roads and reaches the space.


Textiles are indispensable part of human life. From the three basic needs of life, textiles mainly cover the human body for protection against all the adversities and partially cover the shelter. Textiles surround everyone from birth to death and even after death recorded in Egyptian Mummies. It is impossible to think the world without the usage of the textiles. The usage of textiles was started from primitive age by using leaves, stings and barks. History of textiles is rich and as old as the history of India. Our ancestors were expert in fiber, fabric and garment technology, state Gokulnathan and Thomas (2005). 

With the help of technologies the traditional textiles are developing into interdisciplinary high tech products called as “Technical Textiles” coined in the 1980’s. Technical textiles were defined as the materials primarily manufactured for their technical performance and as such the performance and functionalities are the essential characteristics rather than their aesthetic and decorative values, define Chellamani and Basu (2008). Technical textiles is a multi-disciplinary, broad based diversified industry which has won market shares and is increasing its presence in almost all industrial sectors from aerospace to railways, from civil engineering to construction, from electronics to automotives, from agriculture to sports and has even entered human body in terms of medical implants like artificial heart valves, vascular grafts and so on in engineering the human body. Technical textiles are a knowledge based, research oriented industry and this is the reason for strong presence of industrialized countries in this industry. In fact USA and Europe account for about 45% of the global consumption of technical textiles, express Singh (2006). Among the twelve sectors in the technical textiles cloth tech ranks the first in market size and potential, Medi tech are found in the 6th position among technical textiles.  

          Owing to the grater co-ordination among textile technologists and medical researches, textile products for surgical procedures are being developed indigenously and the name implies for it is “Medical Textiles”. Medical Textiles can be defined as the textile materials and products used in medical and health care sector in various forms. Medical/health applications of textiles classifies the material into different groups such as non-implantable, implantable material, extra corporal devices, hygiene products and protective and healthcare textiles. Non-Implantable materials include wound dressing, bandages, pressure garment and prosthetic rods. The share of Medi Tech, a part of health care sector in Indian technical textiles markets is found to be 5%. Among them healthcare and hygiene products contribute (35%), surgical dressings (30%), sutures (20%). The Indian health care sector growth is expected to be around 20% per annum in view of the rising per capita spending on healthcare products, greater exposure to international products in this area.


Traditional textiles have also been used for medical purposes since ages. An important field of application of textiles in medicine has been wound care and preventing chronic wounds. Recent advances and specific requirements necessitated innovations in bandages and wound dressings to enhance performance, reveals Subramanian (2008). Wound dressings helps to quick heal and also protects from further infections of the wounds. Fibers with inherent biological activity are known as ‘Biologically Active Fibers’. Such fibers are produced by the reaction of various chemotherapeutic agents on the surface of the fiber, quotes Sharma (2008). The fibers and polymers currently used to fabricate wound healing and healthcare products are numerous, such as natural and modified cellulose, alginates, chitin/chitosan, collagen and synthetic fibers or hydrogels. Among them chitosan is widely used. Chitosan is the deacetylated form of chitin, a major polymeric component of shells of crustaceous such as shrimp, crab, and lobster and also found in the exoskeletons of mollucs and insects. It is the most abundant biopolymer substance found on earth next to cellulose, describes Rahman (2008). Chitosan is a natural biopolymer with novel properties namely, biocompatibility, biodegradability, antimicrobial action, non-toxic, haemostatic and healing ability (www.swicofil/bio-medical textiles.).


Microorganisms can be found almost everywhere in the environment. Textile materials normally used prone to microbial attack because of higher moisture content in it. NASA researches have found microorganisms even at a height of 3 km and to a depth of 11 km in the sea. In the ground, microorganisms have been found during oil drilling to a depth of 400m. It was estimated that the total mass of all microbes living on earth is approximately 25 fold the mass of all animals, report Gupta and Bhumik (2007). Textile materials serve as suitable media for their growth and multiplication, by providing essential nutritional requirements. Health and hygiene are the primary requirements for human beings to live comfortable and work with maximum efficiency. Necessity to meet the growing demand of consumers to be away from microbes led to the revolution in functional finishes worldwide put forth Karolia and Mandapura (2007). To protect the mankind from pathogens and to avoid cross infection, a special finish like antimicrobial finish has become necessary.

 Antimicrobial technology requires manufactures to partner with antimicrobial specialists. W.L.Mosrison, an MIT trained entrepreneur is generally accepted to be founder of antimicrobial technology, cites Gravey (2008). There is a growing tendency all over the world to shift from synthetic to natural based products, opine Syed and Jawale (2006). Hence for antimicrobial finish there is a need for natural antimicrobial agents. Nature has bestowed on us a rich botanical wealth. Traditional medicinal systems, like the 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. Currently, ecological considerations are becoming important factors in the selection of consumer goods, all over the world due to the production of many synthetic dyes which lead to various harmful byproducts during their manufacture, express Teli and Prabhu (2008). The number of previous studies has described the characterization, purification and application of natural dyes and the present investigation has focused on the use of natural dyestuffs as antibacterial. Many plants traditionally used in dyeing are credited with medicinal properties. 

Innovations resulting from technological advancements represent the best strategy for success in the increasingly competitive textile industry. Microencapsulation is a process by which very tiny droplets or particles of liquid or solid material are surrounded or coated with a continuous film of polymeric material. Pharmaceutical industry was the pioneer in the microencapsulation field in late 1800s. Preparation of microcapsules dates back to 1950s when Green and Schleicher produced carbonless copying paper. The micro capsule compositions are generally 80-85% capsule core, and 15% capsule wall. The particle size ranges from 1-10 microns with a mean size of 2-3 microns. A pin head can hold 1,000 microcapsules. The main advantages of microencapsulation are controlled release of active particles in the targeted area and protect the active ingredients from the environment.

Though the textile fabrics fall into three major divisions – Woven, Knitted and Nonwoven fabrics in which, Nonwoven is an important segment of the technical textile industry contributing about 17-20 percent to technical textiles and there are number of technologies to produce nonwoven material depending on the end use application. “A Non-Woven is a textile structure produced by the bonding or interlocking of fibers,  or both, accomplished by mechanical, chemical, thermal or solvent means and combinations there of. The term does not include paper or fabrics that are woven, knitted or tufted.”  Needle punching technology is growing faster due to its easier and low cost production, quotes Menezes (2008). They are generally fall into two categories disposable or durable and these two are significant properties which paved way for its major use in medical applications. Evolution of nonwoven has many challenges and opportunities in India.bio degradable and compositable materials have emerged due to nonwovens disposability to sustainability reveals Ghat (2008). Cotton is widely using due to its suitability for many purposes but their draw backs are crease soon and attacked by microorganisms. Viscose is a very versatile fiber and has same comfort properties as natural fibers. It can imitate the feel and texture of silk, wool, cotton and linen. Even though polyester fibers are limited its uses in apparels nowadays they are used in medical textiles. The general properties of polyester fiber are a hard, stiff, strong, dimensionally stable material that absorbs very little water. The fabric is soft hand, resistant to stretching and shrinkage, quick drying, resilient, abrasion resistant, static and pilling problems resistant to most chemicals. Viscose polyester blends shows high absorbent characteristics, smooth cool and comfortable and hence used in wound dressings.

Hence an attempt has been made to study the “Developing Dressing Pads for Wound Care” worked with the following objectives

· To utilize selected fibers for medical application through nonwoven structures.

· To select the natural herbs for wound healing and care.

· To finish nonwoven fabric with a natural heal compounds.

· To evaluate antimicrobial property and the performance with dressing pads.
REVIEW OF LITERATURE

2. REVIEW OF LITERATURE

The review of literature pertaining to the study on “Developing Dressing Pads for Wound Care” includes the following:

2.1 
TECHNICAL TEXTILES

2.1.1
 History

2.1.2
 Medi tech

2.1.3     Advantages and Growth of Technical Textiles

2.2 
NON WOVEN – A NEW GENERATION FABRIC

2.2.1
History and Mechanism of Non Woven

2.2.2
Needle Punching and Its Advantages

2.2.3    Viscose/ Polyester Blend

2.2.4
Growth of Non Woven 

2.3
FUNCTIONAL FINISH

2.3.1
Antimicrobial Finish

2.3.2
Finishing Techniques

2.3.2.1 Dyeing – Not Only For Exotic Colours

2.3.2.1.1    Natural Dyeing

2.3.2.2   Microencapsulation -“Small Is Beautiful”

2.3.2.2.1    History 

2.3.2.2.2    Microencapsulation Methods 

2.3.2.2.3    Advantages of Microencapsulation 

2.3.3
Anti Microbial Agents

2.3.3.1    Turmeric

2.3.3.2    Neem 

2.3.3.3    Mexican daisy

2.2.3.4    Chitosan

2.1 
TECHNICAL TEXTILES


According to Byrne (1997) Textile Institute defines Technical Textiles as “textile materials and products manufactured primarily for their technical and performance properties rather than their aesthetic or decorative characteristics”. Textiles are developing into inter disciplinary high tech products with the interesting chances on the market. With the extension of biotechnology, enzymology, garment technology and nano technology textiles, which were mere wraps around human figure has changed into innovative products under the name “Technical Textiles”.
2.1.1    History

Technical Textiles, earlier known as industrial textiles, were in the product mix of a few manufacturers in low end application like cotton canvas. A large portion of Defense textiles were functional and could be said as Technical Textiles. In 1990’s the term “Technical Textiles” got widely accepted in the western world and worldwide, briefs Bardhan (2008). The leading international trade exhibition for technical textiles, Techtexil defines 12 main application areas such as Agro tech, Build tech, Cloth tech, Geo tech, Home tech, Indu tech, Med tech, Mobile tech, Oeko tech, Pack tech, Pro tech and Sport tech. Technical Textiles is a knowledge based, research oriented industry and this is the reason for strong presence of industrialized countries in this industry, remarks Singh (2006).

2.1.2
 Medi Tech


Medical textiles are the products and a construction used for medical and biological applications and is used primarily for first aid, clinical and hygienic purposes, defines Mitra (2007). The materials used in Medi tech can be categorized into four separate and specialized areas of applications as follows: non implantable materials, implantable materials, extra corporal devices and health care/ hygiene products. Non implantable materials include wound dressings and bandages, says Alistair (1998). 5% of the projected technical textiles market in India is for Medi tech. of this, nearly 35% goes for sanitary napkin, health care and hygiene products another 30% for surgical dressings and around 20% for sutures.


Fibers used in medical applications must be non-toxic, non-allergic, non-carcinogenic and be able to sterilize without imparting any change in physical or chemical characteristics, reports Sitra news. The fibers used are two; Commodity fibers which includes natural fibers, regenerated fibers and synthetic fibers. Another fiber type of fiber is Specialty fibers which includes collagen, alginate, chitin and chitosan. Viscose is mainly used for healthcare and hygiene products due to their better absorbency characteristics. Non woven technology is very popular in manufacturing these products in a cost effective manner.

2.1.3   Advantages and Growth of Technical Textiles


 The phenomenon growth of technical textiles in the world is due to the following attributes: Contribution to quality of life, Cost effectiveness, Durability, High strength, Light in weight, Versatility, Customization, User friendliness, Eco friendliness and Logistic convenience, reveals Goyal (2008). Growth of technical textiles in the world was 112 (US$ Billion) in 2006 and expected to grow 127 (US$ Billion) in 2010. Growth of Indian technical textiles was 5.76 (US$ Billion) in 2006 and expected to grow 14.67 (US$ Billion) in 2010. India contributes 5% to global market size of technical textiles and expected to increase to 8% by 2010. Growth of Medi tech in technical textiles is 20% per annum, reports Chellamani (2008). Technology Upgradation Fund Scheme (TUFS), Center of Excellence (COE), Scheme for Integrated Textile Parks (SITP), FDI Policy, Special Economic Zone (SEZ) policy and Proposed Technology Mission on Technical Textiles (TMTT) are the Indian government initiatives helps in the growth of Technical Textiles in India. SITRA and AC College of technology help in the growth of Medi tech. 

2.2 
NON WOVEN 

American society for Testing Materials (ASTM D1117-80) defines “ A Non-woven is a textile structure produced by the bonding or interlocking of fibers, or both, accomplished by mechanical, chemical, thermal or solvent means and combinations there of. The term does not include paper or fabrics that are woven, knitted or tufted”, states Smith (1997). Non woven is done in one continuous process directly from the raw material to the finished fabric. Non woven fabric is typically manufactured by plotting small fibers together in the form of a sheet or web, and then binding them either mechanically, with an adhesive, or thermally as said by Menezes (2009).

2.2.1   History and Mechanism of Non Woven


At first non woven Tapa cloth was made from fibrous inner bark of the fig tree. It was used chiefly for clothing and the finest cloth was made by the Hawaiians. Non woven were introduced in the mid 1950 s in the U.S as a substitute for crinoline, stated Papnai (2007). Chakrabarty (2008) says non woven industry has its origin in three distinctly different technologies and related businesses as follows – the traditional textile industry (the dry form process); the paper industry (in wet process); and the synthetic fiber industry (basically including the spun bond and melt blown non woven). These three basic processes give rise to products which are similar and interchangeable. Nonwoven is a continuous one step process from fiber to fabric without spinning. Carding is the first process followed by batt production. It may be done by parallel laying, cross laying and random laying.
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From the above process mechanical bonding process is also called as Needle punching.

2.2.2 Needle Punching and its Advantages


Needle punching is the oldest method of producing nonwoven products. The first needle loom produced in the United States was made by the James Hunter Machine Co. in 1948. Then, in 1957, James Haunter produced the first high speed needle loom, the Hunter Model 8, which is still used today, reveals Naik (2008). Needle punching is a process of bonding non woven web structure by mechanically interlocking the fibers through the web. The basic elements of needle punch machine are: a web feeding mechanism; a needles (ranging in number from 500 per meter to 7500 per meter of machine width); a stripper plate; a bed plate and a fabric take-up mechanism. The fiber web is guided between the metal bed and stripper plates, which have openings corresponding to the arrangement of needles in the needle board. By needle punching process non woven web structure are produced mechanically by orienting and interlocking the fibers of a web. Barbed needles punch fibers into the web and then withdrawn, leaving the fibers entangled, say Rani et al (2007).

FLOW SHEET DIAGRAM OF THE NEEDLE PUNCH PRODUCTION PROCESS

FIBER OPENING AND BLENDING

↓

FIBER WEB FORMATION ON CARD

↓

CROSS LAPPER

↓

PRE-NEEDLE LOOM

↓

DRAFTING

↓

FINISHING NEEDLE LOOM

↓

SINGEING PROCESS (OPTIONAL)

↓

CALENDARING/ THERMOSETTING (OPTIONAL)

↓

COATING (OPTIONAL)

↓

WINDING AND CUTTING


Needle punching process is the oldest process and still is in use in most of the non woven industry. The process is simple and does not require special equipment. Needle punched textiles are used for multipurpose in domestic as well as industrial spheres. The relative cost of production of needle punched non woven is lowest in comparison to other. Needle punched non woven does not need any chemical for its production. So it is environment friendly process. This process can be carried out with natural as well as synthetic fiber. This facility is limited to other non woven production techniques. The applications include automotive, filtration, medical, home furnishings, aerospace, marine, industrial felts, paper felts and geo-textiles.

2.2.3 Viscose/ Polyester Blend

Viscose is a regenerated cellulose filament or staple fiber. The role of viscose rayon in the field of man-made fibers is similar to that of natural fibers, express Ghosh (2004). It is relatively cheap and has a wide range of applications. Viscose is made from cellulose which can be obtained either from cotton linters or, more frequently today, from the cheaper wood pulp (preferably spruce), views Hall (2004). It is often referred to as the regenerated cellulose fiber. Viscose regenerated cellulose is obtained by the viscose process. The name Viscose was derived from the word, viscous, which describes the liquid state of the spinning solution. A viscose solution is as thick as and / or flows like honey. In this process, purified cellulose is synthesized with NaOH and xanthated with CS2 after which it is dissolved in NaOH to form a spinning solution, from which cellulose is regenerated by the action of an acid, explains Mishra (2000). In general viscose process should have the following steps: purification of cellulosic material, formation of soda-cellulose, formation of cellulose xanthate, preparation of spinning solution and fiber formation. 

Viscose has a unique moisture absorption character. The very amorphous polymer systems of viscose, as well as its polar polymers, make viscose the most absorbent fiber in common use, opine Gohl and Vilensky (1999). It has greater absorption than cotton states Nakamura (2000). Normally the moisture content of cotton is about 6% at 70°F and 65% Relative Humidity and that of viscose rayon is about 13% under the same condition. Regular Viscose is weaker than cotton and still weaker when wet, reports NIIR Board (2004). Viscose fiber is unique with sheen as that of silk describe Kulkari and Mahale (2008). Its luster is very high. Viscose conducts heat more readily than silk and has a cooler feel against the skin. Softness, moisture absorbance and superior comfort go hand in hand with viscose, reports Viscose Naturally (2004). According to Kalpan (2002) viscose is soft and comfortable, drapes well, highly absorbent, dyes and prints well, no static or pilling problems, washable or dry cleanable. Viscose provides high absorption, high moisture regain, very good thermal protection, good air permeability, very good softness, very good drape and antipilling, describe Thangamani and Sasirekha (2006). 

Because of their absorbency, Viscose fibers are used in the manufacture of a wide variety of non woven fabrics both disposable and durable. Besides their conventional applications such as bandages, absorbent materials, it has its wide applications in extra corporeal devices such as bioartificial kidney, bioartificial pancreas, bioartificial liver, bioartificial lung and artificial cornea, comment Sakthivel et al (2006).

Polyethylene terephthalate (PET) commonly known, as polyester fibers are the widely produced synthetic organic fibers. They are used both for traditional purposes and increasingly for industrial applications. Polyester is a category of polymers which contain the ester functional group in their main chain. Polyethylene terephthalate polyester is the most common thermoplastic polyester. (http://en.wikipedia.org/wiki/Polyester)

In 1926, U.S based E.I. du pont de Nemours and Co. began research into very large molecules and synthetic fibers. As a result of this, around 1910, Nylon a first synthetic fiber was introduced followed by creation of the polyester fiber known in England as Terylene. In 1946, Du Pont purchased right to produce this polyester fiber in the United States. In 1951, the company developed the fiber and marketed the fiber under the name “Dacron”. Today many companies show interest in the production of polyester fiber. Polyester is derived form coal, air, water and petroleum. (www.geocities.com/vijayakumar777/polyester.html). Polyester includes naturally occurring chemicals, such as in the cutin of plant cuticles, as well as synthetics through step-growth polymerization such as polycarbonate and polybutyrate. Natural polyesters and few synthetic ones are biodegradable, but most synthetic polyesters are partially degradable. (www.azom.com/details.asp) Today over 70 to 75% of polyester is produced by continuous polymerization the process using purified Terephthalic acid and Mono Ethylene Glycol. The old process is called Batch process using Dimethy Terephthalate and Mono Ethylene Glycol. The general process for staple fiber production are polymerization, drying, melt spinning, drawing tow, crimping, setting and cutting, brief Dhinakaran et al (2008).

The general properties of polyester fiber are a hard, stiff, strong, dimensionally stable material that absorbs very little water. It has good barrier properties and good chemical resistance expect to alkalis. Its crystallinity varies from amorphous to fairly crystalline. It can be highly transparent and colourless but thicker sections are usually opaque and off-white. The fabric is soft hand, resistant to stretching and shrinkage, quick drying, resilient, abrasion resistant, static and pilling problems resistant to most chemicals, describe Kaplan (2000) and Varseney et al (2008). 

Ola and Pant (2000) explain 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. According to Birdi et al (2007) blended textiles used in the world comprises about 20% of the total consumption of textiles. Blended fabric uses more than one fiber class or type to improve performance. An intimate blend has two or more fiber classes in the same yarn. The actual distribution of the different fibers is an important characteristic of a fiber blend, affirms Broadent (2001). One of the objectives of blending is to improve functional properties and to get desired yarn properties required for specific end uses. Though blending process is an old one, it acquired new dimension in the last quarter of the 20th century particularly in the last decade.

2.2.3    Growth of Non Woven 

 The non woven industry became an organized sector during the late 1960’s and early 1970’s with the formation of the Association of the Nonwoven Fabric Industry (INDA) in the USA and the European Disposables and Nonwovens Association (EDANA).  Although, India’s industry base is extremely small currently with an annual total production of 60,000 tonnes, the next two decades are set to change the nature of Indian technical textile industry and provide an ample growth opportunity of over 13 percent per annum. The rising market potential would push nonwovens production to 6.31 million tones in 2009. Two of the nonwoven technologies – needle punching and spunlacing would be suitable for India to meet the demands for technologies, reveals Ramkumar (2008) and (2006). 


India’s disposable markets accounted for 35 percent of the total and consumed 247 million square meters in 2007. The demand for nonwovens by disposables products could expect to mare than double to 562 million square meters by 2012. The needle punched volume in 2007 was 23,050 tonnes and accounts for half of all nonwoven production in India. We have attempted to capture with this volume only nonwoven materials produced from synthetic fiber. The consumption of needle punched materials will raise about 10.5% annually to 2012, reaching 38,000 tonnes, estimates Butler (2007).
2.3    FUNCTIONAL FINISH


Finishing is defined as a series of processing operations applied to grey fabrics to enhance their appearance, hand, properties and possible applications. Finishing completes the improvement of fabric’s performance and gives it special functional properties including the final ‘touch’. Functional finish is the process of imparting specific kind of finish to the fabrics, say Kathirvelu et al (2008). The various functional finishes are water repellent finish, fire retardant finish, UV protection finish, antimicrobial finish, antistatic finish and fragrance finish. 

2.3.1   Antimicrobial Finish


With increase in range of infections diseases and regulations put into effect in health care and in the present day world, most of the people very conscious about hygiene and cleanliness. This lead to the emerging of Antimicrobial finish as one of the functional finish, say Krishnaveni et al (2007). The scientific reports reveal that textiles worn on the body cannot be kept hygienically fresh by washing alone. The solution to this problem lies in a durable hygienic protection finishes, remarks Shah and Khanna (2006). Antibacterial textiles work by controlling the multiplication of micro-organisms thus suppressing the generation of unpleasant odours. The goal of the antimicrobial finish: to develop textiles with permanent properties which inhibit the growth of micro-organisms and minimize potential problems, protect the wearer of the textile material against micro organisms and to protect the textile itself from bio deterioration caused by mold, mildew and rot producing fungi, view Kathirvelu et al (2008) and Harini et al (2007).
2.3.2    Finishing Techniques


Antimicrobial finish can be imparted to the textile materials by many ways. A comprehensive classification of finishing techniques and related strategies for protecting textiles against all types from biological attach consists of the following, describes Choudhury (2008):

· Insolubilisation of chemical agents. 

· Graft polymers, homopolymers and / or co-polymerisation.

· Treatment of the fiber with resins, condensates or cross linking agents.

· Dyeing with the antimicrobial agents.

· Chemical modification of the fiber by formation of covalent bonds.

· Coating the surface and

· Microencapsulation of the antibacterial agent.

2.3.2.1    Dyeing – Not Only For Exotic Colours

According to Smith (2006), a dye is usually a coloured organic compound or mixture that may be used for imparting colour to a substrate such as cloth, paper, plastic or leather in a reasonably permanent fashion. Dyeing is a process which is used to transfer the colour to the substance being dyed. Dyeing can be achieved by hand operation or on a machine. In hand operation the fabric is introduced into the dye bath and appropriate temperature was maintained for dyeing. As the dyeing process is continued, there occurs the gradual decrease of the concentration of the dye but gradual increase of the concentration of the dye on the fiber. At last there is practically no dye and said to be exhausted. Hence this method is “Exhaust Method”.

2.3.2.1.1   Natural Dyeing


Natural dyes are derived from plants, insects and minerals without any chemical processing. Natural dyes obtained from the plants are cheapest, non-toxic and can be extracted from regenerated parts of the plant, expresses Rawat (2006). A new appaoch aims at developing an eco-friendly natural anti microbial finish from plant extracts. Neem, pomegranate and prickly chaff flower are found to contain active antimicrobial substances that can control the growth of microbes, remark Harini et al (2007). The natural dyes can provide an eco-friendly alternative to the toxic antimicrobial agents of synthetic origin, suggest Gupta ant Bhaumik (2007).

2.3.2.2    Microencapsulation -“Small Is Beautiful”


One of the novel techniques for incorporation of functionalized finishes in technical textiles is “Microencapsulation”. Microencapsulation may be defined as the process of surrounding or enveloping one substance within another substance on a very small, yielding capsules ranging from less than one micron to several hundred microns in size. Microcapsules may be spherically shaped, with a continuous wall surrounding the core, while others are asymmetrically and variably shaped, with a quantity of smaller droplets of core material embedded throughout the microcapsules, say Harini et el (2007).

2.3.2.2.1    History 

Mechanical encapsulation technology dates back to the late 1800s. Preparation of microcapsules dates back to 1950s when Green and Schleicher produced carbonless copying paper. In 1960s, J.L.Fergason developed nematic curvilinear aliged phase using encapsulation technique. Thus, since the mid of 1970s, microencapsulation has became increasingly popular in pharmaceutical industry, who is pioneer in this field, inform Aggarwal (1998), Boh (2006) and Dubey et al (2007).

2.3.2.2.2    Microencapsulation Methods 

Although a variety of techniques have been reported for microencapsulation, they can be broadly divided into two main categories, classify Dubey et al (2007). They are chemical method and physical/mechanical method. Chemical method includes suspension polymerization, emulsion polymerization, dispersion and interfacial. Physical/mechanical method includes suspension cross linking, solvent evaporation/extraction, Coacervation/phase separation, spray drying, fluidized bed coating, melt solidification, precipitation, co-extrusion, layer by layer deposition, supercritical fluid expansion and spinning disk. 

Microcapsules formed in any type of method consist of two phases: Internal phase and External phase. The internal phase which contains the active material is referred to as the core or fills. The core material may be in the form of solutions, dispersions or emulsions. The external phase which protects the core material temporarily or permanently from the external environment is also called as wall material, shell, coating or membrane stated by Sivaramakrishan (2008).

2.3.2.2.3   Advantages of Encapsulation


Encapsulation of active ingredients is carried out for one or more of the following purposes, points out Naresh (2007)

· Rendering liquid into powders, to prevent clumping and improving mixing.

· Protecting active ingredients from oxidation, heat, acidity, alkalinity, moisture or evaporation.

· Preventing ingredients from interacting with other compounds in the system, as results in their degradation or polymerization. 

· Masking the taste of unpleasant flavours or odours.

· Improving handling of an ingredient before processing.

· To release active ingredients in a controlled or targeted fashion.

· Protecting workers or end users from exposure to hazardous substances.

2.2.3   Anti Microbial Agents


Antimicrobial finish and antimicrobial agents go together. Antibacterial agents were first applied to textile and paper in the early 1940. Antimicrobial agent works either by the slow release of the active ingredient or by surface contact with the microbes. The antimicrobial agents inhibits the activity of microbes by interfering with the necessary mechanism of the microbe’s cell, describes Sivaramakrishnan (2007). Using plant products as antimicrobial agents is an ancient idea. The application of antimicrobial finishes on textiles has prevailed in the past when Egyptian mummies were wrapped with herbs and spices in order to preserve them. The use of plant extracts, as well as other alternative forms of medical treatments, is enjoying great popularity in the 1990’s, remark Kavitha et al (2006). Some of the natural plants serve as antimicrobial agents are as follows:

2.2.3.1   Turmeric

Turmeric is botanically known as Curcuma longa, turmeric is a typical herbaceous plant from the family Zingiberaceae (ginger) family. This plant matures in 8-9 months after planting it grows upto 1 meter, describes Adivarekar (2008).Turmeric is a curcumin derivative. Curcumin is the only natural pigment belonging to diaroylmethane group. It is a diferuloyl-methane obtained from the rhizomes of Curcuma longa. Ansary et al (2007) observe, Antiscistosonal and liver protective effects of C.longa extract. Juice of fresh rhizome is applied to recent wounds and bruises, quote Joshi (2007).It enhanced wound repair in diabetic impaired healing and could be developed as a pharmacological agent in such clinical settings, report Piyachatuvawat et al (1999). C.longa has been reported to posses anti-bacterial, anti-fungal, anti-inflammatory, anti-oxidant and anti-cancer, reveal Radhakrishna et al (2004) and (www.kashvet.org). The rhizome used contains the most active component curcumin, which make up 2 to 5% of the total spice in turmeric. Curcumin is a diferuloylmethane presents in the ethanolic extractions. Curcumoids are responsible for the yellow colour and curry powder of turmeric report Bharat et al (2004). Curcumin has wound-healing activity as reported by Gujral and coworkers in 1973. Sidhut et al (1998) examined the wound healing capacity of curcumin in animals. Curcumin significantly accelerated healing of wounds, as revealed by the reduction in the wound width and gap length, investigated Mani et al (2002).

2.2.3.2   Neem 


Neem tree has been locally known as the “village pharmacy”, due to its many and varied healing properties. The leaves of the neem tree have been used for their healing properties so applied as poultice on wounds, reveal Anand et al 2008. Decoction of leaves is antiseptic, astringent and antiperiodic, says Joshi (2000). Azadirachta indica, an evergreen tree of India belongs to the family Meliaceae grow wild in forest of Maharashtra and often planted all over India. The shady tree is upto 25mt tall. Every part of the plant is useful as astringent, tonic, vermifuge, demulcent antiseptic and used for in most of the ailments, says Kumar (2002).More than 300 active compounds have been isolated from the different parts the plant. Some of them are nimbidin nimbolide, mohmoudin, nimbin, azardirine, azadirachtin, salanpin, godunin, meliantriol from which the former three shows antibacterial activity, informs Paruar (2008). The active ingredients help in the process of wound healing and the skin is able to retain its suppleness or the wound heal. They keep the site moist and give a soft feature to the skin during the healing process. Alcoholic extract of neem leaf has proven anti-microbial effect also keeps any wound or lesion free from secondary infections by micro-organisms, describes Raina (2008).
2.2.3.3   Mexican daisy


The plant is a native of tropical America and naturalized in tropical Africa, Australia and Asia including India. The botanical name of Mexican daisy is Tridax procumbers Linn. belongs to the family Asteraeae.It is a spreading annual herb grows up to 20cm in heights, leaves simple, opposite, serrate or dentate, acute, fleshy and pubescent. Seeds are numerous, small with tuft of silky hairs on one side for wind dispersal. The whole plant has medicinal value such as vitiated pitta, inflammation, wounds, ulcers, fistula and hemorrhoids (http://ayurvedicmedicinal plants.com/plants). Leaf of Tridax procumbers  mainly contains crude protein (26%), crude fiber (17%), soluble carbohydrate (39%) and calcium oxide (5%). The juice of the leaves used to arrest bleeding from cuts and bruises. This juice accelerates two phases of healing namely epithelization and collagenization , it retards scar formation and granulation, describes Prawez et al (2003).

2.2.3.4   Chitosan


Chemical compounds are used as antimicrobial agents but they also influence the natural flora of the human skin, view Karolia and Mendapara (2007). Chitosan a natural biopolymer, is the deacetylated form of chitin, poly (β-(1, 4)-R- amino-2-deoxy-Dglucopyeanose], and is the second most abundant natural polymer next to cellulose, state Vaidya et al (2008). It is present in the shell of prawn and crab and is thrown out by the marine food industry as a waste. Chitosan has been an excellent biomaterial which is used in various types of applications, such as antimicrobial agents, sutures, dye fixing agents and as a finishing chemical. This is because of its eco friendliness, excellent biomedical properties and abundant availability, express Kavitha et al (2007). Chitosan inhibits the metabolism of microorganisms, thereby acting against bacteria and fungi. It has acceptable moisture control property and inhibits growth of gram negative as well as gram positive bacteria by inducing the leakage of intra-cellular components due to its poly-cationic nature, convey Shanmugasundram et al (2006) and Aggarwal et al (2007). Chitosan’s biological properties are haemostatic, bacteriostatic, fungistatic, spermicidal, antitumor, anticholesteremic, accelerates bone formation, central nervous system depressant, immune adjuvant, accelerates the formation of osteoblasts – that are responsible for bone formation, regenerative effect on connective gum tissue, binds to mammalian and microbial cells aggressively, biocompatible natural polymer, biodegradable to normal body constituents, safe and non-toxic, put across Le et al (1997). For instance, cationic chitosan salts, such as chitosan formate, chitosan acetate and chitosan chloride can helps to promote tissue adhesion and tissue sealing. Desirably, the chitosan has a degree of deacetylation of at least 85%, articulate Oregon (2008). Apart from this cationic chitosan has been evaluated as non formaldehyde durable press finish to produce wrinkle resistance, observed by Mairal and Vaidya (2008).
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3.1
COLLECTION OF DATA
3.1.1. Survey

Surveys are the most popular device of obtaining the desired data, cites Gupta (2004). The survey is the basis of the study. Survey was conducted among the common people to know about the type of wound dressings used for wound healing. The survey was carried out with aid of questionnaire by individual contact. Questionnaire is considered as the heart of survey operation, points out Kothari (2004). The investigator prepared questionnaire containing objective type questions and statement to be answered. Aspects focused were the types, duration, problems and usage properties of wound dressings.  The number of selected samples were 40 among them 10 were diabetic. The questionnaire used for the survey is shown in the Appendix I. 
The results of the survey show that majority of the people prefer wound care dressing finished with natural healing compounds. So here is an attempt to use natural compound for the preparation of wound care dressings.
3.2
RAW MATERIALS USED FOR DYEING AND MICROENCAPSULATION

3.2.1
Selection of the Material

Textile materials play an important and crucial role in designing appropriate structure for healthcare and medical industries, put forward Shanmugasundram (2007). Medical textile products are mainly four types based on the fabrics: woven, knitted, braided and non-woven mentioned by Nadiger (2008). Among them, non-woven gives better performance than the conventional ones in the non implantable textiles of medical textiles propose Rani et al (2007). About 49% of the non-woven manufactured is needle punched material. The demand for needle punched fabrics increases due to its intrinsic characteristics such as light weight, breathable, high absorbency and porous. The principle market for needle punched materials is from synthetic materials states Butler (2007).

Viscose rayon a regenerated cellulosic fiber was invented in 1892 and it is called as a representative of the manmade silk says Smith (2006). Viscose has applications similar to cotton due to its greater absorption. In modified forms, the various superabsorbent forms of viscose find application in all types of product that perform an absorbent, quotes Mitra (2007). The tenacity is less than the silk fiber describes Nakamura (2000). Kaplan (2002) points out some characteristics of viscose such as comfortable, highly absorbent, dyes and prints well and less shrinkage. The general properties of polyester fiber are a hard, stiff, strong, dimensionally stable material that absorbs very little water. It has good barrier properties and good chemical resistance expect to alkalis. Polyester has improved wrinkle resistance and has good blending ability with other fibers. Since for this reason polyester is  mainly used as blends. (www.geocities.com/vijayakumar777/polyester.html)

Considering the above, the investigator purchased needle punched non-woven viscose polyester blended fabric from PR and PR Nonwovens, Coimbatore. The selected material for the study is shown in the Appendix II. The non-woven fabric was tested and blend ratio was found out from the Textile Committee, Coimbatore. The report is shown in the appendix III.

3.2.2
Selection of Sources 

Natural herbal plants can be used for antimicrobial finishes as there is tremendous sources of medicinal plants with antimicrobial composition which are eco-friendly and are able to inhibit or destroy pathogens without toxic impact on the host cells say Kavitha et al (2006). Following were the plants selected and the parts used for natural dyeing owing to the inherent properties they posses.                    

Plants selected and their parts

Turmeric            -       Rhizome

   


Neem                -        Leaves

                                Mexican daisy   -        Leaves

3.2.3   Description of the Plants

3.2.3.1   Turmeric    


Curcuma longa is the plant from which commercial turmeric is extracted. This plant belongs to Zingiberaceae (ginger) family and grows wild in humid tropical climates. India contributes the highest in the world production of turmeric describes Sekar (2004). It is perennial with pulpy, orange, tuberous root that grow to about 2 feet in length, say Kamel et al (2008). C.longa has been reported to posses anti-bacterial, anti-fungal, anti-inflammatory (www.kashvet.org). The rhizome used contains the most active component curcumin, which make up 2 to 5% of the total properties of turmeric. 

3.2.3.2   Neem 


Azadirachta indica, an evergreen tree of India belongs to the family Meliaceae grow wild in forest of Maharashtra and often planted all over India. The shady tree is up to 25mt tall, leaflets 12-16 crenate serrate, drupe globose pulpy with a very large seed. Every part of the plant is useful as it is astringent, tonic, vermifuge, demulcent antiseptic and used for most of the ailments, says Kumar (2002). More than 300 active compounds have been isolated from the different parts the plant. Alcoholic extract of neem leaf has proven anti-microbial effect, also keeps any wound or lesion free from secondary infections by micro-organisms, describes Raina (2008).
3.2.3.3   Mexican daisy


The botanical name of Mexican daisy is Tridax procumbers Linn., belongs to the family Asteraeae.It is a spreading annual herb grows up to 20cm in height, leaves simple, opposite, serrate or dentate, acute, fleshy and pubescent. Flowers in head are long stalked and whitish. Seeds are numerous, small with tuft of silky hairs on one side for wind dispersal. It is the plant distributed throughout India, growing wild in planes. The whole plant has medicinal value such as vitiated pitta, inflammation, wounds, ulcers, fistula and hemorrhoids (http://ayurvedicmedicinal plants.com/plants).

3.2.4
Selection of Materials for Microencapsulation                                          

Harini et al (2007) defines Microencapsulation as the process of surrounding or enveloping one substances within another substance on a very small scale, yielding capsules ranging from less than one micron to several hundred microns in size. The unique character of microcapsules is the sustained release of active compound, state Dubey et al (2008). The active material selected for the study was chitosan and gum acacia as wall material. 
3.2.4.1   Chitosan                                                                                                                                                                                                                                                                                                                                                 
Chitin is one of the most abundant polysaccharides found in nature , a major component of crustacean outer skeleton reports Rahman (2008). Chitosan (β-(1,4)-R- amino-2-deoxy-D glucopyeanose) is the natural polymer which is an deacetalated form of chitin. Chitosan has been an excellent biomaterial which is used in various types of applications, such as antimicrobial agents, sutures, dye fixing agents and as a finishing chemical. Chitosan is best known in the wound management field for its haemostatic properties and it also helps in faster wound healing by affecting macrophage function views Shanmugasundram (2007). Chitosan was purchased from India sea foods - Cochin, Kerala. The purchased chitosan is not-water soluble. The analytical report is shown in the Appendix VI. The chitosan used for the study is shown in the plate I.


3.2.4.2   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 pigment produces a three dimensionally linked network, explain Khoja et al. (2003). In recent years formaldehyde based cross linking agents are used as binders for cellulosic textiles which are highly toxic, irritant, allergic, carcinogenic and continuous exposure to human body may even cause dermatitis and respiratory problems, point out Das and Ghosh (2005).


In the view of Bhat et al. (2005) citric is a low priced bifuncitonal carboxylic acid. Added to this citric acid is less toxic, relatively non-corrosive and biodegradable (www.answers.com). Citric acid is considered as the best formaldehyde free cross linking agent, opine Teli et al. (2002). Hence the investigator selected citric acid as the suitable binder along chitosan for the antimicrobial finishing. Plate II.
3.2.5 
Selection of Water


Water is a universal solvent. The textile processing sector is water intensive and water plays vital role in all the areas from pre-treatment to finishing and caring says Sivaramakrishnan (2008). Among them, the major portion of water is used for dyeing process. In the future, water is set to become an increasingly scarce and therefore extremely valuable resource, reports Stroihle (2008). According to NIIR Board (2004) and Sodhi (2000), the best water for trouble free dyeing is soft water. It is also specified that pH of the water should be between 7- 8. 

Pankaj and Singh (2005) listed out the following requirements of water.

· Water should be colourless, clear and free from suspended impurities.

· Should be non corrosive 

· Should be free from metals such as iron, magnesium, aluminium and copper.

· Should be neither too acidic nor alkaline.

Hence the investigator selected soft water for the extraction of dyes and dyeing processes.
3.3   PREPARATION OF DYES AND MICROENCAPSULATION AND THEIR    OPTIMIZATION
3.3.1
Collection and Preparation of Dye Powders


The selected three herbs were collected in and around Coimbatore, Tamil Nadu. The collected neem leaves and Mexican daisy leaves were shadow dried within a temperature range of 37°C - 40°C. The moisture content of the herb collected was reduced to less than 14% with proper drying since most of the herbs have moisture content and cannot be stored without drying. Proper drying prevents contamination of active components. After drying, the crushing  was carried out to break down the leaves of the plant into very small units ranging from coarse fragments to fine powder informs Thilagavathi (2007). The prepared Neem and Mexican daisy powders were stored in the clean glass bottles by covering tightly. (PLATE I)
Dried rhizomes were collected from the farm house and cleaned to remove other impurities. They were ground to fine powder by electric mixer grinder. The powder was further sieved for finer particles. The prepared Turmeric powder was stored in the clean glass bottles by covering tightly. 

3.3.2
Extraction of Dyes


Extraction refers to separating the desired material by physical and chemical with the aid of solvent. According To Kavitha et al (2006), Extraction can be done by four methods namely aqueous, alcoholic, alkaline and acidic. The selected sources were extracted by the above four methods. The alcoholic method of extraction was found to be best method of extraction. In aqueous extraction the water – soluble compounds such as polysaccharides and ploypeptides including fabatin and various lectins are commonly more effective as inhibitors of pathogen adsorption and would not be identified in this method. The investigator observed better optical values and greater percentage of dye absorption when alcoholic extraction method was carried out.

3.3.2.1   Turmeric Dye


Curcumin and tumerin are the two main active components responsible for healing wounds. Turmeric dye was extracted by ethanolic extraction method as suggested by Srinivas et al (1992). The investigator tried four different concentrations of ethanol for extraction. In which one gram of dried turmeric powder was covered with 10ml of different percentage of ethanol such as 10%, 20%, 30%, and 40%. The mixture was placed in a beaker and incubated to protect light sensitive components. The contents of the beaker were then incubated at room temperature for 24 hours. Then, a small pore size filter was used to remove debris from the solution. Next, the mixture was centrifuged at low speed to remove small particles, then at high speed to separate curcumin and turmerin. The above solution was used for dyeing. Although the amounts of products of extraction vary slightly, guidance from the literature support that approximately 1-5% of turmerin and 0.1% of curcumin is present in the extracted turmeric dye. Among them 20% ethanol was found to be best from the results of optical density at 450nm, observe Purwar et al (2008). 
3.3.2.2   Neem dye


The calculated amount of the natural dye powder (25% 0.w.f) was first soaked in four different concentrations of ethanol such as 65%, 75%, 85% and 95% for an overnight at room temperature by stirring often. After 24 hours the mixture is strained through a muslin cloth. The decanted solution was heated for 40min at 80°c in a water bath and used for dyeing. The above procedure was suggested by Samanta et al (2003). Eighty five percent of ethanol concentration showed higher percentage of dye absorption, as per the optical density.

3.3.2.3   Mexican Daisy Dye
According to Thilagavathi (2008), the antimicrobial active componenents were extracted from the Mexican daisy leaves by ethanolic extraction method. Twenty gram of powdered plant material was covered with four different concentrations of ethanol such as 40%, 60%, 80%, and 100% for 24 hours tightly covered to separate the alkaloids. After 24 hours the solution was filtered using Watmann filter paper and the filtered solution was used for dyeing. From the different concentrations of ethanolic extraction 100% of ethanolic extraction was found to the best showing higher percentage of dye absorption.

The turmeric, Neem and Mexican daisy dye extracts used for study is shown in the Plate I.

3.3.3
Preparation of Microcapsules



Microcapsules are minute containers that are normally spherical; the diameter ranges from 1 to 1000 µm. There are several ways for the preparation of microcapsules. The investigator used Coacervation method. Gum acacia is used as the wall material and Chitosan is used as the core material. (PLATE I)
3.3.3.1
Preparation of Core Material


Chitosan was insoluble in water therefore aqueous acetic acid was used. As suggested by Shanmugasundram (2007), the core material solution was prepared by stirring a dispersion of chitosan (2.0g) in 20% (v/v) aqueous acetic acid solution (100ml) for 60 minutes at 60°C. The magnetic stirrer was used for the preparation of chitosan solution.

3.3.3.2
Coacervation method 1

Preparation of microcapsules was carried out at room temperature of 35°c. About 20 gm of gum acacia was dissolved in one-liter distilled water, and the solution was stirred at about 700 rpm for 30 minutes. Thereafter 60 gm of core material was subsequently added and stirred continuously for one hour. Acetone was then added drop by drop with continuous stirring till precipitation of microencapsulation got completed. The solution was decanted and the microcapsules were obtained as a liquid dispersion. 

3.3.3.3
Coacervation method 2


In this method 10 gm of gum acacia was mixed with 100 ml of hot water and allowed to swell for half an hour. To this mixture,50 ml of hot water was added, stirred while maintaining the temperature at 40 to 50°c.The stirring continued for 15 minutes, followed by addition of 10 ml of essential oil as core material. The stirring was further continued for 15 minutes at 300-500 rpm. Later 10 ml of 20 per cent sodium sulphate solution was added drop by drop for 5-10 minutes. The stirrer speed was reduced, followed by the addition of 1-2 ml of 17 per cent formaldehyde. The prepared solution contains microcapsules. (PLATE II)
3.4
PILOT STUDY


The success of the research mainly depends upon the steps or necessary action taken by the researcher in the initial stage, remark Ramesh at al (2007). Therefore the pilot study was planned and executed to optimize the procedures. Nicholas (1994) and Park and Shore (1998) define pilot study as something done or produced as a test before introducing it more widely. It also helps in standardization. Gopalakrishnan (2002) adds that pilot study helps in knowing the overall outcome of the study when tried in a small quantity. It acts as a base for the main study.

3.4.1 Nomenclature 

The nomenclature of the dyed samples in the pilot study are given in the Table I 

TABLE I

NOMENCLATURE OF THE DYED SAMPLES

	S. No


	Sample Codes

	1
	DP1

	2
	DP2

	3
	DP3

	4
	DP4

	5
	DP5

	6
	DP6

	7
	DP7

	8
	DP8

	9
	DP9

	10
	 DP10

	11
	 DP11

	12
	DP12

	S. No


	Sample Codes

	13
	DP13

	14
	DP14

	15
	DP15

	16
	DP16

	17
	DP17

	18
	DP18

	19
	DP19

	20
	DP20

	21
	DP21

	22
	DP22

	23
	DP23

	24
	DP24


	


DP – Dressing Pads
3.4.2    Dyeing the Material


The samples were prepared for dyeing process by cutting with dimension of two inch square. The optical density of the dye was recorded each time before end after dyeing at 660nm. Kate (2000), Ansari (2000) and Sabrina (2000) recommend that the dyes stuff to be added should be calculated on the weight of the textile material to be dyed and not on the liquor.
Spectrophotometer is used to find optical density of the dye.(PLATE II). 
3.4.2.1   Optimization of Dye Extraction


The three dyes were extracted at two different concentrations such as 20% and 40%.The 20g of dye powder was mixed with 100ml of appropriate solution for 20%.The extracted dye is at 20% concentration. The 40g of dye powder was mixed with 100ml of appropriate solution for 40%.The extracted dye is at 40% concentration. Two concentrations were taken to study the better absorption.
3.4.2.2   Optimization of Dye Concentration


The samples were dyed by using the extracted dye liquor of 20% concentration for 90 minutes at temperature of 90°C using different material liquor ratios of 1:10, 1:20 and 1:30 by exhaust method dyeing. The three extracted dyes were mixed at equal ratio throughout the study. The same procedure of dyeing was followed for 40% dye concentration.

3.4.2.3   Optimization of Dyeing Temperature


The samples were dyed by using the extracted dye liquor of 20% concentration for 90 minutes using material liquor ratio of 1:20 at different temperatures of 90°C and 60°C by exhaust method dyeing. The three extracted dyes were mixed at equal ratio throughout the study. The same procedure of dyeing was followed for 40% dye concentration.

3.4.2.4   Optimization of Dyeing Time


The samples were dyed by using the extracted dye liquor of 20% concentration using material liquor ratio of 1:20 at temperature of 90°C for 60 minutes and 90 minutes by exhaust method dyeing. The three extracted dyes were mixed at equal ratio throughout the study. The same procedure of dyeing was followed for 40% dye concentration.
As followed by Rawat (2006), the percentage absorption calculated by using the formula.

O.D before dyeing – O.D after dyeing
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Percentage absorption =


  Χ 100      
      


           O.D before dyeing

Table II gives the parameters used dyeing the samples in pilot study.
TABLE II
	S.No


	Sample Code
	Dyeing concentration (%)
	Dyeing temperature (°C)
	Dyeing time (minutes)
	Material-liquor ratio
	Optical density before dyeing

at 660nm
	Optical density after dyeing

at 660nm
	Percentage Absorption

(%)

	1
	DP1
	20
	60
	60
	1:10
	0.367
	0.335
	29.85

	2
	DP2
	20
	60
	90
	1:10
	0.409
	0.365
	10.75

	3
	DP3
	20
	60
	60
	1:20
	0.625
	0.53
	15.2

	4
	DP4
	20
	60
	90
	1:20
	0.864
	0.862
	0.23

	5
	DP5
	20
	60
	60
	1:30
	0.537
	0.577
	-7.44

	6
	DP6
	20
	60
	90
	1:30
	0.103
	0.143
	-38.83

	7
	DP7
	20
	90
	60
	1:10
	0.57
	0.488
	14.38

	8
	DP8
	20
	90
	90
	1:10
	0.74
	0.339
	54.18

	9
	DP9
	20
	90
	60
	1:20
	0.432
	0.352
	18.51

	10
	DP10
	20
	90
	90
	1:20
	0.795
	0.292
	63.27

	11
	DP11
	20
	90
	60
	1:30
	0.339
	0.13
	61.65

	12
	DP12
	20
	90
	90
	1:30
	0.93
	0.662
	28.81

	13
	DP13
	40
	60
	60
	1:10
	0.385
	0.355
	7.92

	14
	DP14
	40
	60
	90
	1:10
	0.761
	0.56
	32.98

	15
	DP15
	40
	60
	60
	1:20
	0.45
	0.43
	4.44

	16
	DP16
	40
	60
	90
	1:20
	0.204
	0.277
	25.99

	17
	DP17
	40
	60
	60
	1:30
	0.678
	0.587
	13.42

	18
	DP18
	40
	60
	90
	1:30
	0.587
	0.54
	8

	19
	DP19
	40
	90
	60
	1:10
	0.806
	0.765
	5.087

	20
	DP20
	40
	90
	90
	1:10
	0.487
	0.627
	-28.74

	21
	DP21
	40
	90
	60
	1:20
	0.292
	0.179
	38.69

	22
	DP22
	40
	90
	90
	1:20
	0.517
	0.206
	59.96

	23
	DP23
	40
	90
	60
	1:30
	1.366
	1.14
	16.54

	24
	DP24
	40
	90
	90
	1:30
	0.292
	0.131
	55.13


PARAMETERS USED FOR DYEING – PILOT STUDY
The dyed samples are shown in the Appendix IV. From the above table, it is clear that the parameters used for the sample ten, found to be maximum percentage of absorption of dye. 

TABLE III
OPTIMIZED PARAMETERS FOR DYEING
	S.No


	Dyeing concentration (%)
	Dyeing temperature (°C)
	Dyeing time (minutes)
	Material-liquor ratio

	1


	20


	90


	90


	1:20




3.4.3   Microencapsulation Method     


Microencapsulation can be done by several ways. The investigator used two methods for micro capsule preparation such as, Coacervation method 1 and Coacervation method 2 as suggested by Mitra (2007) for the pilot study and selected best one among them. In both the methods, Gum acacia is used as the wall material and Chitosan is used as the core material, which is an active component for wound healing.     

3.4.3.1    Finishing and After treatment


The prepared micro capsule solutions by Coacervation method 1 and Coacervation method 2 were applied to the fabrics (CA1, CA2) by pad-dry-cure method using padding mangle. The fabric was immersed in the microcapsule solution by padding mangle, squeezed and cured at 80°C -85°C in an oven. The nomenclature of the finished fabrics by Coacervation method 1 and Coacervation method 2 is given by CA1 and CA2 respectively. 


From the above two methods of microencapsulation, one of the best method was selected for the final study based on antibacterial activity test method.
Antibacterial activity test

Antibacterial activity of the treated samples was evaluated by using the colony-counting method. Rectangular (2x1 inch) sample swatches (CA1, CA2) were exposed to 20µl of bacterial inoculum containing 1.0 x 108 CFU/ml of bacteria using the modified agar – plate method. After 24 hours of incubation, swatches were placed in a 50 ml sterilized flask containing 10ml sterilized distilled water. The flask was shaken for 1 hour at 150 rpm on a laboratory shaker to release the bacteria from the fabric. Serial dilutions of the liquid were spread for colony counting. Dilutions of 10-4, 10-5 and 10-6 were used for the colony counting. The diluted liquid was spread on an agar plate and the plates were incubated at 30°C for 24 hours. After incubation, the bacterial colonies were counted. Table IV shows the antibacterial test results.

TABLE IV
ANTIBACTERIAL ACTIVITY TEST RESULTS

	Samples
	CFU/ml (103)a
	Antibacterial Activity               (%)

	O
	642
	-

	CA1
	455
	29

	CA2
	197
	69

	a - The standard deviation between the three readings of colony forming units CFU/ml for the same sample in one set of the experiments is 10%.


The antibacterial activity was calculated using the formula 


Antibacterial activity (%) = (A-B)/A x 100

where
 A is the number of colonies in the original sample and B is the number of colonies in the treated sample. Testing was done in triplicate and the results were reported as an average bacterial count. 
From the above Antibacterial activity test results it is clear that the sample CA2 shows higher percentage of antibacterial activity than the sample CA1. From this test, it is proved that the sample finished using micro capsule prepared by Coacervation method 2 has better antibacterial activity than Coacervation method 2. 
3.5
ACTUAL DYEING AND MICROENCAPSULATION

3.5.1
 Dyeing


The fabric used for dyeing was weighed using electronic weighing balance. The dye extract needed for dyeing was calculated from the optimized material-liquor ratio. The best material-liquor ratio selected is 1:20. The three dye extracts are mixed well by stirring at equal ratio (6.66:6.66:6.66). The mixed dye was carefully transferred to the stainless steel vessel and kept in to the water bath. The material to be dyed was immersed in the dye bath. The temperature of dyeing was maintained at 90°C through out dyeing. The dyeing was carried out for 90 minutes. The dye bath was stirred at frequent intervals. (PLATE I). Shukla et al (2004) strongly stress that after treatment in the case of natural dyeing is very important to produce true and stable shade. The material was taken out and dried in shade. The dyed material is shown in the Appendix V.
The parameters used for the dying is shown in the Table V

TABLE V
PARAMETERS USED FOR DYEING
	S. No
	Parameters
	Operational range

	1
	Weight of the sample (g)
	350

	2
	Mixed dye
	Turmeric , Neem and Mexican daisy

	3
	Dyeing concentration (%)
	20

	4
	Material-liquor ratio
	1:20 (6.66:6.66:6.66)

	5
	Dyeing time (minutes)
	90

	6
	Dyeing temperature (°C)
	90


3.5.2
Microencapsulation     


Microencapsulation was done using gum acacia as the wall material and chitosan as the core material. Plate I shows micro capsules.
3.5.2.1
Preparation of Core Material


Chitosan was insoluble in water therefore aqueous acetic acid was used. As suggested by Shanmugasundram (2007). The core material solution was prepared by stirring a dispersion of chitosan (2.0g) in 20% (v/v) aqueous acetic acid solution (100ml) for 60 minutes at 60°C. The magnetic stirrer was used for the preparation of chitosan solution.

3.5.2.2
Preparation of Microcapsules


According to Prabhakaran et al (2008) ten gram of gum acacia was allowed to swell for half an hour by mixing with 100ml of hot water. To this mixture, 50ml of hot water was added, stirred for 15 minutes maintaining the temperature between 40°C and 50°C. Ten milliliter of prepared chitosan was added and stirred at 300-500rpm for further 15 minutes followed by drop-wise addition of 20% sodium sulphate solution (10ml) for 5-10 minutes. The stirrer speed was reduced and then 5ml of 17% formaldehyde was added.









TABLE VI

PARAMETERS AND CHEMICALS USED FOR MICROENCAPSULATION
	S. No
	Parameters
	Operational range

	1
	Gum acacia (g)
	10

	2
	Chitosan (ml)
	10

	3
	Concentration of core material (%)
	2

	4
	20% sodium sulphate solution (ml)
	10

	5
	17% formaldehyde (ml)
	5

	6
	Water (ml)
	75

	7
	Material-liquor ratio
	1:40

	8
	Time used (minutes)
	75

	9
	Temperature used (°C)
	40°C -50°C


 3.5.2.3
Finishing and After treatment

The prepared micro capsule solution was applied to the fabric by pad-dry-cure method using padding mangle (PLATE II) The fabric was immersed in the microcapsule solution by padding mangle, squeezed and cured at 80°C -85°C in an oven. The finished material is shown in the Appendix VII.
3.6   NOMENCLATURE
The nomenclature of the samples is given in Table VII
Table VII

NOMENCLATURE OF SAMPLES

	Samples
	Code

	Original fabric
	O

	Dyed Sample
	D

	Finished sample
	F


The original fabric is denoted as ‘O’, dyed sample as ‘D and finished sample is marked as ‘F’.’

3.7    EVALUATION

3.7.1   Preparation of Test Samples


According to Kothari and Anand (2003), Manjith (2004), all the test samples were conditioned for 24 hours. The tests were carried out in an atmosphere of 20+2°c and 65+2% relative humidity. All the machines were calibrated before carrying out the test. As suggested by Sampath (2001) the samples were cut according to the specifications from the same relative 
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portion of the original, dyed and finally finished samples for their respective laboratory tests.

3.7.2   Laboratory Tests

3.7.2.1   Fabric Thickness

                  According to booth 1996, the thickness of a textile material is defined as the distance two parallel surfaces or plates while exerting a specified pressure of the material. Baty thickness tester (PLATE II), a hand operated instrument was to determine the thickness of the material. It had a dial which read the thickness of the fabric. Two clamps were attached to the dial. The original material was placed in between the two clamps, the lever attached to it was pressed down. The dial reading was recorded. Ten readings were taken from different places of original material and the mean value was calculated and thus recorded the thickness of the original material.
3.7.2.2   Fabric Weight


Angappan and Gopalakrishnan 2002 explain fabric weight as weight of the fabric per given area. Adventurer Fabric Weighing Machine , an automatic electronic device was used to determine the fabric weight of the material.


An automatic electronic device has glass doors and an indicator of weight. A sample from original material was cut using template. The instrument was set to zero and sample was loaded on the circular disc and the weight of the sample was recorded. The same procedure was followed for ten samples of the original material and the mean value was calculated and thus recorded the weight of the original material. Similarly, the mean values of ten readings of dyed and finally finished materials were calculated and thus recorded the fabric weight of dyed and finally finished materials separately.
3.7.2.3   Fabric Stiffness


Grover and Hamby 1969 and Booth 1996 define fabric stiffness as the ability of the material to resist deformation under its own weight. Eureka stiffness tester (PLATE II) which worked on cantilever principle was used to determine the stiffness of the material. 


A rectangular strip of original material 15cm long and2.5cm wide in warp direction was cut using the template. It was mounted along with the template placing the material beneath, on a horizontal platform. The sample piece along with the template was moved forward and this was continued until the sample bent downward and when it touched a line shown in the instrument trough the mirror, the bending length was carefully recorded. The sample was tested for four times at each and alternatively top and bottom surface of the sample. The same procedure was followed for ten samples of the original material. The mean value of 40 readings were calculated separately and the procured the bending length of original material. Similarly, the mean values of ten readings of dyed and finally finished materials were calculated and thus recorded the fabric stiffness of dyed and finally finished materials separately.

3.7.2.4   Fabric Tensile Strength and Elongation


Strength is a measure of the steady force necessary to break a fabric. Strength is given by braking load, said Morton and Hearle 1975. Punj et al 2004 define elongation as a measure of the extent of deformation along the axis of a material under a tensile stress and is expressed as change in length based on the original length of the test sample. Strength and breaking extension depends upon the type of fabric, say et al 1997 and Sakshi et al 1998. Eureka Tensile Strength Tester (PLATE III) was used to determine the tensile strength and elongation of the fabric.


The instrument consisted of a circular dial in which pounds and kilograms were indicated. Beneath was the scale which indicated elongation. A rectangular strip of original material was cut in the dimension 30cm x 6.2cm. The dial was set to zero and the strip of fabric was fixed between the two clamps in the machine. The machine was then operated and was stopped when the fabric tear off. The reading from the dial was carefully noted for the breaking load in kilograms and reading in the scale indicated the elongation in inches. Ten readings were taken from the samples in the original material and the mean value was calculated separately and thus recorded the strength and elongation of original material. Similarly, the mean values of ten readings of dyed and finally finished materials were calculated and thus recorded the fabric strength and elongation of dyed and finally finished materials separately.

3.7.2.5   Capillary Rise Test

         Jewel 2005 describes capillary raise as a test given in order to assess the rate of absorption of water by the fabric.


A rectangular strip 38cm x 7cm was cut from the original material. It was suspended so that two inches of the strip was dipped in a beaker containing one liter of water. The sample strip was allowed to be in the dipped condition for 15 minutes and the raise of water in the strip above the water level was carefully measured and recorded. Following the same procedure, the capillary raise of ten samples of the original material and the mean value was calculated and thus recorded the capillary raise of the original material. Similarly, the mean values of ten readings of dyed and finally finished materials were calculated and thus recorded the capillary raise of dyed and finally finished materials separately.

3.7.2.6   Sinking Time Test 


Sinking test is the test for wettability, says Booth 1996. It gives the rate of wettability in terms of time. The shorter the time, greater was the wettability.


A sample of 2.5cm x 2.5cm dimension was cut from the original material. It was dropped onto the surface of beaker containing water .The time taken for the sample to sink below the surface was observed and recorded the sinking time shown in the Plate III. Following the same procedure, ten readings of time taken were noted, the mean value of time taken was calculated and thus recorded the sinking time of the original material. Similarly, the mean values of ten readings of dyed and finally finished materials were calculated and thus recorded the sinking time of dyed and finally finished materials separately.

3.7.2.7   Drop Test



The ability of a fiber or a fabric to take up moisture is termed as absorbency wettability is the time taken in seconds for a drop of water to sink into the fabric. If any fabric takes more than 200 seconds to absorb water the same is considered to be unwettable, describes Saville (2004).


A burette filled with distilled water was clamped in a stand (Plate III). The specimen was clamped onto an embroidery frame and placed at the base of the stand under the tip of the burette. The distance between the sample and burette tip was kept constant. The nozzle of the burette was opened to allow a drop of water to fall on the surface of the sample. The stop watch was started simultaneously and it was stopped when the drop of water fully sank into the material shown in the Plate III. The time taken for this was noted and the same was repeated by keeping at five different places. The readings were noted and mean was calculated.
3.7.2.8   Moisture Content

Moisture content is the ratio of mass of absorbed water to the total fabric mass quantities, usually quoted as percentage. Moisture content of the fabric was tested in the mesdem semi-automatic moister tester using ASTM 2654 – 89, a standard method. Accordingly, specimen of 2” X 2” was cut from each sample and weighed to the original weight. The specimen after weighing was placed in the hot air oven for 15 minutes. The dried specimen was again weighed. The moisture content percentage was calculated as 

Moisture content percent = Original weight – Dried weight    X 100





Original weight
3.7.2.9   Air Permeability


Air permeability is an important factor in the performance of textile materials such as gas filters, fabrics for clothing, mosquito netting, sails and parachutes. It is the ability of the fabric to allow air to pass through it, describe Angappan and Gopalakrishnan (1990).


The instrument shown in the Plate III consists of a circular clamp to hold the specimen and a spring loaded clamp to press the specimen. While testing, the room atmospheric air is drawn through the specimen by means of a suction pump. The rate of air flow through the specimen is controlled by valves. This air flow can be adjusted for any desired pressure drop across the fabric which is indicated in draught gauge graduated from 0-25mm.The rate of air flow can be read from the rotameters. They are calibrated to indicate air flow in cubic centimetre per second (cc/sec) at 27oC and 760mm of mercury. The area of the sample exposed to air is one inch diameter. From the readings of the rotatmeter air permeability can be calculated using


  Air permeability  [image: image15.png]Average rate of air flow
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3.8 ANTIMICROBIAL TESTS

3.8.1   Shake Flask Method



The shake flask method was approved by the Association of Antibacterial Treatments of Textile, Japan quotes Tulin Oktem 2003. This standard method was used to measure the reduction rate in the number of colonies formed and provided quantitative data, which could then converted, to the average colony forming units per milliliter (CFU/ml) of buffer solution in the flask. The reduction rate in the number of colonies was calculated.


The test tube containing the swatches was shaken at 37°C for three hours and six hours on a rotary shaker. 100µml of serially diluted test solutions was added to the agar plates. The agar plates were incubated at 37°C for 24 hours and the number of colonies in the agar plate was counted. The antibacterial activity was calculated using the formula 


Antibacterial activity (%) = (A-B)/A x 100

where
 A is the number of colonies in the original sample and B is the number of colonies in the treated sample. Testing was done in triplicate and the results were reported as an average bacterial count. 
3.9
STATISTICAL ANALYSIS

Statistics is used for presenting facts in a definite form, statistics simplifies mass of figures facilitates comparison and also help in prediction and in formulating hypothesis, states Gupta (2004). Thus statistical analysis was done for all the parameters and the findings are presented in Results and Discussion.

3.9.1
Analysis of Variance

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 (www.answers.com). 

4. RESULTS AND DISCUSSION


The results of the study “Developing Dressing Pads for Wound Care” are discussed under the following headings: 


4.1   OBJECTIVE EVALUATION

                                4.1.1    Fabric Thickness




4.1.2   Fabric Weight




4.1.3   Fabric Stiffness




4.1.4   Fabric Tensile Strength 



4.1.5   Fabric Elongation




4.1.6
Air Permeability



4.1.7   Absorbency tests


         4.2   ANTIMICROBIAL TESTS




4.2.1 Shake Flask Method

4.1   OBJECTIVE EVALUATION

4.1.1   Fabric Thickness


Thickness and analysis of variance of the samples O, D and F are presented in the Table VIII and Figure I

Table VIII
Fabric Thickness

	S.No
	Samples
	Mean thickness  (mm)
	Loss / gain over original
	Percentage loss / gain over original
	‘F’ Value

	1.
	O
	2.41
	-
	-
	

	2.
	D
	2.42
	-0.01
	0.41
	0.42142**        

	3.
	F
	2.22
	0.19
	-8.55
	



** Significantly different at the 5% level

From the Table VIII and Figure I it is evident that the thickness of the dyed sample increased when compared to the original and decreased in the finished sample when compared to the original. The per cent increase in D is 0.41 percent gain and F is 9 percent loss over original. There is difference in fabric thickness between O and D samples.

 Statistical analysis proves that there is a significant difference at 5% level between original, dyed and finished sample


Thickness of samples O and D was found to be more than that of F sample. Thus it could be concluded that maximum increase in thickness may be the result of more dye absorption by sample D. The decrease in the thickness may be due to the padding action in microencapsulation.

4.1.2   Fabric Weight 



The weight and analysis of variance of the samples O, D and F are given in Table IX and Figure II
Table IX 

 Fabric Weight
	S.No
	Samples
	Mean weight in (gm)
	Loss / gain over original
	Percentage loss / gain over original
	‘F’ Value

	1.
	Original
	0.335
	-
	-
	

	2.
	D
	0.376
	-0.041
	12.23
	0.42790**        

	3.
	F
	0.407
	-0.072
	21.49
	


   
** Significantly different at the 5% level

From the Table IX and Figure II, it is clear that the weight of samples increased after dyeing compared to the original. The percentage weight increase in D sample 12 percent and F sample was 21 percent over original.


Statistical analysis proves that there is a significant difference at 5% level between original and dyed samples. 

Maximum increase in sample F in weight may be due to more dye absorption and microencapsulation process. The results prove that the F sample has many active components than the D sample.
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Figure I

Fabric Thickness
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Figure II
Fabric Weight
Fabric Stiffness
4.1.3. Fabric Stiffness

Fabric stiffness and analysis of variance of the samples O, D and F is presented in Table X and Figure III
Table X

Fabric Stiffness

	S. No
	Samples
	Mean stiffness (cm)
	Loss / gain over original
	Percentage loss / gain over original
	‘F’ Value

	1.
	O
	5.44
	-
	-
	

	2.
	D
	4.39
	-1.05
	-19.30
	0.41962**       

	3.
	F
	3.93
	-1.51
	-27.75
	



** Significantly different at the 5% level
It is clear from the Table X and Figure III, that the fabric stiffness of sample D was decreased by 19 percent against original and with regard to F there was 28 percent decrease in stiffness over original.
 Statistical analysis proves that there is no significant difference in fabric stiffness between original, dyed and finished samples.


Thus it could be concluded that there is difference in stiffness when dyed and further reduced during microencapsulation. This may be due to the orientation of fibers which had become flexible when subjected to various environmental conditions. 

4.1.4   Fabric strength 


Tensile strength and analysis of variance of the samples O, D and F are depicted in Table XI and Figure IV.

Table XI
Fabric Strength

	S.No
	Samples
	Mean strength (kg)
	Loss / gain over original
	Percentage loss / gain over original
	‘F’ Value

	1.
	O
	30.6
	-
	-
	0.88805**

	2.
	D
	29.6
	-1
	3.26
	

	3.
	F
	29.2
	-1.4
	4.57
	


** Significantly different at the 5% level

The Table XI and Figure IV, reveal that the strength of the samples D and F decreased gradually from the original sample. Sample D has decreased by three percent and Sample F has decreased by five percent when compared to the original.

Statistical analysis proves that there is significant difference between samples at 5% level.


Decrease in strength may be due to the result of more dye absorption by sample D. Decrease in strength in sample F may be due to the high pressure applied during the microencapsulation process.
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Figure III

   Fabric stiffness
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Figure IV

Fabric strength

4.1.5. Fabric Elongation 


Elongation and analysis of variance of the samples O, D and Fare depicted in Table XII and Figure V.
Table XII

Fabric Elongation

	S.No
	Samples
	Mean (inches)
	Loss / gain over original
	Percentage loss / gain over original
	‘F’ Value

	1.
	O
	3.88
	-
	-
	

	2.
	D
	3.53
	-0.35
	9.02
	0.00179**        

	3.
	F
	3.07
	-0.81
	20.87
	


** Significantly different at the 5% level

From the Table XII and Figure V, it is clear that there is decrease in elongation of all the samples. The decrease in elongation of sample D is nine percent and decrease in elongation of sample F is twenty one percent, when compared over original.


Statistical analysis shows that there is a significant difference at 5% level among the samples.


The decrease in elongation in the samples D and F may be result of low breaking strength when subjected to high pressure and temperature during finishing.

4.1.6.   Air Permeability

Air Permeability and analysis of variance of the samples O, D and Fare shown in Table XIV and Figure VI.
TABLE XIII
AIR PERMEABILITY

	S.No
	Samples
	Mean Value in cc/sec
	Gain/Loss over Original
	Percentage Gain/Loss over Original 
	‘F’ Value

	1

2

3
	     O

     DC

     FC
	64.58

178.23

180.30
	-

113.65

115.72
	-

63.76

64.18
	22.7**




** Significant at 5% level 


It is understood that from the Table XX and Figure VI there is an increase in air permeability of the sample after dyeing and finishing by microencapsulation. The maximum of 64 percent increased air permeability is shown by finished samples followed by dyed samples (63 percent).
The statistical analysis of the samples shows that there is a significant difference at 5% level with respect to air permeability of dyed and finished samples to the original. Therefore the antimicrobial finished samples could be used for medical purposes as it could breathe well.
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Figure VI

Air Permeability

4.1.7. Absorbency test


The results related to absorbency of the samples are shown in the Table XIV
Table XIV

Absorbency test
	S.No
	Samples
	Mean capillary rise (cm/ 60 secs)
	Mean Drop test (sec)
	Mean Sinking test (sec)
	Mean Moisture Content percentage

	1.
	O
	5.2
	1.10
	5.5
	8.88

	2.
	D
	6.3
	0.90
	3.8
	10.71

	3.
	F
	8.5
	0.86
	3.7
	12.00


From Table XIII it is understood that the capillary rise is maximum in F with rise of 8.5 cm per minute followed by D for about 6.3 cm per minute and original sample by 5.2 cm per minute.

In drop test, F took 0.86 seconds to absorb a drop of water followed by D (0.9 seconds) and O (1.10 seconds) with regard to  sinking test, O sample took 5.5 seconds to sink, and D and F samples took 3.8 and 3.7 seconds respectively to sink completely inside the water.

The percent moisture content of the samples O, D and F are 8, 10 and 12 percent. The maximum moisture content percentage is found to be high in sample F and followed by the sample D and much lesser than the sample O. The absorbency characteristic of the sample F is found to be the best when compared to the samples D and O.
4.2 Antimicrobial test


Antimicrobial test of the samples O, D and F are presented in Table XV.
Table XV

 Antimicrobial test

	S. No
	Samples
	Organisms
	

	
	
	E.Coli
	Staphylococcus aureus

	1.
	O
	104x105
	196x105

	2.
	D
	13x103
	40x103

	3.
	F
	3x103
	7x103


E.Coli is found to be inhibited by the samples D and F and this is not observed in the original. As per the result given in Table XX Staphylococcus aureus is seemed to be inhibited by the samples F than the sample D whereas the original fabric is susceptible to the organisms. Antimicrobial finished sample is considered to be the best and showed higher percentage of inhibition against E.Coli and Staphylococcus aureus due to the active antimicrobial agents present in natural sources.
SUMMARY AND CONCLUSION
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SUMMARY AND CONCLUSION

Textiles are indispensable part of human life. From the three basic needs of life, textiles mainly cover the human body for protection against all the adversities and partially cover the shelter. Textiles are the only product which clings to every human being from birth to death. The textile industry is going through revolutionary changes aiming to meet unique needs of modern customers. Textiles are most essential for human beings and now their developments are marching towards value added production. Value addition in textiles has changed the global textile scenario. Textiles are developing into inter disciplinary high tech products with the interesting chances on the market. With the extension of biotechnology, enzymology, garment technology and nano technology textiles, which were mere wraps around human figure has changed into innovative products under the name “Technical Textiles”. The genesis of technical textiles is technological innovations which have made it possible for textile industry to offer technical solutions to the multiple end users in the different industries. Technical Textiles were used in industries to increase production and quality. Later it branched out to satisfy the day to day needs of mankinds especially to satisfy his thirst for comfort, feel, with health and environmental safety ranking high up. Technical Textiles are used either individually or as a component or part of another product to enhance its functional value.

Textiles used for medical purposes, termed as Medical textiles is one of the most important aspect of technical textiles. Medical textiles range from small suture threads to high tech lining materials used as heart valves or kidneys. Textile materials are used for applications in medical field as sutures and as wound dressings. Now a day, wound closure has become a critical part in surgery and postoperative procedures. The surgeon’s skill and patient’s condition are not the only factors, which ensure successful outcome; it also depends on the quality of wound closing material because there is every possibility of bacterial invasion at the affected site. 

A wound dressing material which is effective against bacteria will be an ideal material for effective kinds of applications without losing their inherent properties. The textile substrates used as wound closing materials and should release them gradually at the affected site for prolonged period of time. Advances in textile technology will clearly bring a new and improved group of biomedical textiles. The main attribute of a biomedical textile is that it should meet the purpose for which it was designed. The natural antimicrobial agents plays crucial role in the antimicrobial finish and also helps in wound healing. There are about 50,000 thousands species which posse’s medicinal values. The natural antimicrobial agents are non-toxic, eco friendly, non allergic and bio- compatible to the human beings.

A novel and holistic approach of the 21st century has been the use of microencapsulation in textile finishing. Microencapsulation is a process by which very tiny droplets or particles of liquid or solid material are surrounded or coated with a continuous film of polymeric material. Pharmaceutical industry is the pioneer in microencapsulation field. The main advantages of microencapsulation are controlled release of active particles in the targeted area and protect the active ingredients from environment.

Non woven is an important segment of the textile industry contributing about 17-20 percent to technical textiles. There are number of technologies to produce non woven material depending on the end use application. Non woven are textiles structures consisting of the web or mat of fibers held together with the bonding material or by mechanical, thermal, chemical and solvent means. Association of the non woven fabrics industry (INDA) and the European disposables and non woven association (EDANA) are the two major associations for the development of the non woven. The fiber used in non woven technology is mainly synthetic fibers. Viscose, a regenerated fiber is mainly used for wound dressings for its higher absorption properties. Polyester fiber are also used in the wound dressings considering the stability of the fiber orientation. The blend of these two fibers has combination of both fibers characteristics. Hence there is increase in non woven application in the wound dressing with the antimicrobial property by using specialty finishes. Hence an attempt was made to study the “Developing Dressing Pads for Wound Care” worked with the following objectives

· To utilize selected fibers for medical application through non woven structures.

· To select the natural herbs for wound healing and care.

· To finish non woven fabrics with a natural heal compounds.

· To evaluate antimicrobial property and the performance with dressing pads.

With the objectives in mind, the investigator selected natural based products for the study. Survey was conducted among the common people to know about the type of wound dressings used for wound healing. The survey was carried out with aid of questionnaire by individual contact. The investigator prepared questionnaire containing objective type questions and statement to be answered by mainly focused on the types, duration, problems and usage properties of wound dressings. The number of selected samples were 40 among them 10 were diabetic. The results of the survey shows that majority of the people prefer wound care dressing made up of natural colour with natural healing compounds. So here is an attempt to use natural compound for the preparation of wound care dressings.


Non-woven gives better performance than the conventional ones in the non implantable textiles of medical textiles. About 49% of the non-woven manufactured is needle punched material. The demand for needle punched fabrics increases due to its intrinsic characteristics such as light weight, breathable, high absorbency and porous. Considering the above, the investigator purchased needle punched non-woven viscose polyester blended fabric from PR and PR Non wovens, Coimbatore. 

Natural herbal plants can be used for antimicrobial finishes. Many plants traditionally used in dyeing are credited with medicinal properties. Turmeric, Mexican daisy and Neem were the plants selected for the antimicrobial finish. The plants were collected and prepared onto powders. The dye was extracted from the three herbal powders by alcoholic extraction. The pilot study was carried out with two different concentrations and by varying the dyeing parameters as given in the experimental procedure. The sample DP10 showed maximum absorption maximum percentage of absorption of dye.

 Microencapsulation can be done by several ways. The investigator used two methods for micro capsule preparation such as, Coacervation method 1 and Coacervation method 2. Chitosan is used as the core material, which is an active component for wound healing, and Gum acacia is used as the wall material. The prepared micro capsule solutions by Coacervation method 1 (CA1) and Coacervation method 2 (CA2) was applied to the fabrics by pad-dry-cure method using padding mangle. One of the best methods was selected for the final study with the help of antibacterial activity test method. The sample CA2 shows higher percentage of antibacterial activity than the sample CA1 

The selected non woven fabric was dyed and further finished by microencapsulation by using the selected parameters as given in the experimental procedure. Original, dyed and finished fabrics were then evaluated by subjective and objective analysis.
Findings 
· Fabric weight of the dyed and finished samples has increased when compared over original. It may be due to the result of more dye uptake and absorption of active components by the samples. 

· Thickness of the samples D and F were decreased when compared with original sample. It may be due to pressure applied to the fabric using padding mangle. 

· Dyeing and finishing by microencapsulation has decreased the stiffness when compared over original.

· The strength of the sample D has decreased by 32% and Sample F has decreased by 46% when compared to the original (9%) after finishing by microencapsulation.

· With regard to elongation D and F samples showed decrease in elongation by 9% and 2% respectively. 

· Absorbance nature of the samples was found to be excellent after dyeing and finishing by microencapsulation.
· When antimicrobial activity was evaluated finally finished sample is proved to be the best among the samples. E.Coli was found to be inhibited by the samples D and F. Staphylococcus aureus was found to be inhibited by the samples F than the sample D. Finished sample was found to be the best and showed higher percentage of inhibition against E.Coli and Staphylococcus aureus. 
Conclusion

Natural herbs and polysaccharide used as antimicrobial agents found to be best. The fabric finished by microencapsulation after dyeing was found to be better than the dyed fabric. The viscose /polyester blended nonwoven fabric was found to be best suitable for the application as wound dressings due to its higher absorbency. The finished fabric by microencapsulation after dyeing was found to be best for wound care applications as dressing pads because these pads exhibit excellent inhibition towards E.Coli and Staphylococcus aureus. Hence this bio friendly dressing pads with the wound healing property would be an ideal to use.

Recommendations

· Increasing the usage of non woven fabric in medical field. 

· Various non woven techniques such as spun lace can be used for the wound dressings.

· Adhesive band aid could be produced using these pads.

· Wear study using these pads could be conducted.

Limitations 

· Limited period of time available with the investigator was the constraint for conducting wear study.

· Thickness of dressing pads could not be reduced in needle punching.
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APPENDICES

APPENDIX - I

SURVEY TO FIND USE OF BAND-AID AMONG SELECTED RESPONDENTS
Name of the interviewer: 

Name of the interviewee: 

Age:

Gender: Male [    ]    Female [    ]

Occupation: 

1. Do you have any of these illnesses? 

i. Diabetes                      [   ]      

ii. Haemophilia               [   ]   

iii. Any other: 


2. What you generally do when there is a wound in your body? 

i. Go to a doctor




[   ] 

ii. Use local antiseptics solution/Dettol

[   ] 

iii. First-Aid




[   ] 

iv. Use a normal band-aid


[   ] 

v. Apply/cover with cotton/normal cloth
[   ]

vi. Apply antiseptic cream


[   ] 

vii. Others






3. What are the brand(s) you prefer to buy?

       
3a.Why are you brand specific? 

      4. Are you aware of medicated or functional Band-aid?

Yes   [   ]                  

No    [    ]

5. Why do you prefer medicated or functional Band-aid?

i. Easy care


[   ] 

ii. Harmless


[   ] 

iii. Quick healing


[   ] 

iv. No side effects


[   ]

v. Any other(s) please specify
6. What do you prefer for wound care? 

i. Band-Aid


[   ] 

ii. Gauze



[   ] 

iii. Leave uncared


[   ] 

iv. Antiseptic cream

[   ]

v. Any other(s) please specify:

7. What kind of band–aid do you prefer? 

i. Water proof

[   ]

ii. Antiseptic   

[   ]

iii. Antimicrobial

[   ]

iv. Any other(s) please specify: 


8. What kind of texture do you prefer for band aid?

i. Soft       

 [   ]

ii. Stretchable

 [   ]

iii. Light weight
             [   ]

iv. Any other(s) please specify: 

9. What shape do you prefer for band-aid?

i. Square           
        [   ]

ii. Rectangle    
        [   ]

iii. Round                      [   ]

iv. Any other(s) please specify: 

10. What size do you prefer for band-aid?

i. <30mm                                   
  
 [   ]

ii. <40mm         
                        
 [   ]

iii. <70mm                                     
 [   ]

iv. >70mm                                     
 [   ]

v. According to the size of wound  
 [   ]

vi. Any other(s) please specify: 

11. What thickness do you prefer for band-aid?

i. <2mm                                          [   ]

ii. 3mm         


    [   ]

iii. <5mm                                          [   ]

iv. >5mm                                          [   ]

v. Any other(s) please specify: 

12. Do you prefer/ accept a band-aid with natural colours?

 Yes    [    ]                  

  No    [    ]

         13. Do you prefer breathable top layer for band-aid?

 Yes  

 [    ]                  

  No     

 [    ]

14. How long do you prefer to use band-aid?

i. <3hrs                                           [   ]

ii. <6hrs       


    [   ]

iii. <12hrs                                         [   ]

iv. <24hrs                                         [   ]

v.  >24hrs                                        [   ]

         15. Do you face or feel any discomfort after applying a normal Band-aid? 

Yes     [    ]                  

No      [    ]

                If yes, what kind of discomfort it is?

i.  Irritation                                                   
  [   ]

ii. Numbness     
                                   

  [   ]

iii. Difficulty in removal                                 
  [   ]

iv. Reddening of skin around the wound      
  [   ]

v. Any other(s) please specify: 

          16. Are you aware of the contents of a band-aid? 

Yes    [    ]                  

No      [    ]

          17. Are you aware of natural compounds for healing wound?

Yes   [   ]                  

No    [    ]

          18. Are you aware of the following, which are used for wound care?

i. Turmeric                                       

[    ]

ii. Neem                                           

[    ]

iii. Chitosan                                      
  
[    ]
iv. Mexican daisy                              
 
[    ]

v. If you know any other(s) please specify: 
 

            19. Do you prefer the band–aid with the above natural wound care              

                   compounds?

Yes        [     ]        

No         [     ]

             20. Would you like to hear about natural compounds used for wound care?

Yes        [     ]        

No         [     ]
APPENDIX II
ORIGINAL FABRIC USED FOR THE STUDY


FABRIC DETAILS
Material

: Non-woven

                               Technique used           : Needle punching

                   Fiber 
                    : Viscose/Polyester Blend

       Blend ratio                   :   72.3:27.7

APPENDIX III

DYED SAMPLES – PILOT STUDY



DP1



DP2



DP3



DP4



DP5



DP6



DP7



DP8



DP9



DP10



DP11



DP12

DP13



DP14



DP15
APPENDIX III
DYED SAMPLES – PILOT STUDY
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APPENDIX VII
FINIFHED FABRIC 



FINISHING METHODS


Dyeing


Micro encapsulation

