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1.0  INTRODUCTION

	The use of natural colours for dyeing fabrics has been in practice from ancient time. The advent of synthetic dye during 1856-1900 jeopardized the market of natural colourants, as synthetic dyes were cheaper and gave excellent fastness and reproducible colour shades. Natural dyes have better biodegradability and generally have higher compatibility with the environment. They are non-toxic, non-allergic to skin, non-carcinogenic, easily available and renewable (Adeel et al., 2009 ; Pruthi et al., 2007 and Siva, 2007).
	Research has shown that most of the synthetic dyes are highly cytotoxic, carcinogenic to mammalian cells and causes disposable problems. They can also decrease growth and fertility rates, causes damage to liver, spleen, kidney and heart. Due to the toxic and harmful effects associated with these synthetic dyes and also due to environmental awareness, the old tradition of using natural dyes is increasing as these dyes are eco-friendly and produce beautiful attractive shades. Traditional natural pigments are commonly derived from animal, plant, or mineral origin. The application of natural pigments in textile colouration technology attracted worldwide attention because these pigments are biodegradable, causes less disposable problem and less harmful to humans and the environment. It could meet the consumer needs for safe and healthy life. 
	Dye from Bixa seed is one type of natural dye which can be used as dyeing agent for colouring textile fibres like cotton, wool, silk, etc. It is non-carcinogenic in nature and does not affect human body or environment. Bixa seeds which are dry, hard, bright red and have a characteristics smell are considered to be good for dyeing (Saha and Datta, 2008).
	There is a growing demand for developing suitable extraction techniques for more efficient and effective extraction of available active matters from the plant materials.
	Sound wave with a frequency beyond human audible range of 20 KHZ, is defined as ultrasound waves. Ultrasound can be divided into power and diagnostic ultrasound. Power ultrasound is commonly employed for a wide variety of chemical and physical processes, such as accelerating chemical reaction, emulsification, extraction, etc. (Sun and Guo, 2008). 
	Mordants are metal salts which produce an affinity between the fabric and the dye (Vanker et al., 2009 and Samantha and Agarwal, 2009).
	Enzymes are widely used in the textile industry owing to their eco-friendliness and suitability of application on different substrates under varying application conditions. The enzymes are now considered to be an integral part of almost every wet processing step of natural fibre, ranging from fabric preparation to the garment finishing (Athalye, 2012). Enzyme catalysed reactions are much faster than chemically catalysed reactions. Enzymes can enhance the reaction rates by 106 to 1013 times. Enzymes work under comparatively mild reaction conditions, such as temperatures below 100C, low atmospheric pressure and pH neither too acidic nor strong alkaline. Enzymes use significantly less water, energy, time for effective specific action.
	Enzymes are biological catalyst. They increase the rate of chemical reactions taking place within living cells without themselves suffering any overall change (Trevor, 2004). The first use of enzyme in textile industry is to desize the cotton fabric with amylase where in the starch is hydrolyzed and it is still used extensively (Pawar, 2002). A wide variety of enzymes are used in textile industries, such as lipase to remove triglyceride based lubricants from fabrics, cellulase for bio-stoning of denim fabric, laccase to decolorize the indigo dye stuff and enhance the apparent abrasion effect with little or no impact on cellulosic fibre strength, pectinase to hydrolyse the pectin, catalases, to degrade the residual hydrogen peroxide and protease to remove the sericin from the silk yarn propound (Gulrajani and Agarwal, 2000). 
	Pectinase is a general term for enzyme which hydrolyse the pectin. It is a group of enzyme, which cause degradation of pectin. In textile industry pectinase are used in the treatment of natural fibre such as cotton, linen, jute and ramie fibre. Enzymes (eg : pectinase, cutinase, others) are potentially capable to clean fibre, without damaging their properties. Pectinases are also used for retting. The main sources of pectinase are bacteria, fungi, plant and animal. Many plants contain pectinase enzyme. Pectinase is rich in fruit waste. 
	Pectinase are one of the upcoming enzymes of fruit and textile industries. Recently there has been a good number of reports on the application of alkaline pectinases in the textile industry for the retting and degumming of fibre crops, production of good quality paper, fermentation of coffee and tea, oil extraction, treatment of pectin waste water and for natural dyeing. 
Hence the objective of the present study entitled “ULTRASONIC ENZYME MEDIATED EXTRACTION OF NATURAL DYE FROM Bixa orellana” is to
· extract dye from annatto seeds using ultrasonic bath
· enhance dye extraction using pectinase enzyme
· extract dye using both ultrasonic bath and enzyme
· dye the selected fabrics using extracted dye
· evaluate the characteristics of the dyed fabrics








2.0  REVIEW OF LITERATURE

	The review of literature pertaining to the study entitled “ULTRASONIC ENZYME MEDIATED EXTRACTION OF NATURAL DYE FROM Bixa orellana” is discussed under the following headings.
2.1	Natural dyes
	2.1.1	Introduction
	2.1.2	Advantages
	2.1.3	Disadvantages
	2.1.4	Classification
2.2	Extraction of natural dyes
	2.2.1	Conventional extraction
	2.2.2	Aqueous extraction
	2.2.3	Microwave extraction
	2.2.4	Ultrasonic extraction
		2.2.4.1   Ultrasound
		2.2.4.2   Extraction
2.3	Bixa orellana
	2.3.1	Applications
	2.3.2	Extraction
2.4	Pectinase
	2.4.1	Introduction
	2.4.2	Classification
	2.4.3	Application
2.5	Mordants
2.6	Cotton
	2.6.1	Advantages 
	2.6.2	Dyeing of cotton with natural dyes

2.1	NATURAL DYES
2.1.1	Introduction
	Nature expresses itself in a wide spectrum of colours all around us. The alchemy of colours started from early time. From time immemorial, Indians are known for using natural dyes both for dyeing and printing of cotton clothes. The awareness about the environment as well as increasing disputes about the risks of synthetic dyes resulted in growing interest in natural resources, environmentally friendly products and new strategies. The application of natural sources particularly parts as the origin for colourants seems to be a promising approach. Natural dyes are dyes or colourants derived from plants, invertebrates or minerals. The majority of natural dyes are vegetable dyes from plant sources such as roots, berries, bark, leaves and wood (Patil et al., 2012).
	Natural dyes produce very uncommon, soothing and soft shades as compared to synthetic dyes. On the other hand, synthetic dyes, which are widely available at an economical price produce a wide variety of colours, sometimes causes skin allergy and other harmfulness to human body, produces toxicity / chemical hazards during its synthesis, releases undesirable / hazardous / toxic chemicals, etc. (Samanta and Konar, 2009). 
	Natural dyes are known for their use in colouring of food substrate, leather as well as natural fibres like wool, silk and cotton. Natural dyes are famous for creating variety of shades with the help of natural and metallic mordants (Kulkarni, 2011). Now with the increased environmental awareness and health hazards associated with the use of synthetic dyes had led to the revival of natural dyes (Anjali et al., 2007).
2.1.2	Advantages
	Natural dyes can give subtle and soft colours to the yarn and fabrics. They are obtained from the renewable resources and the raw material for the production of vegetable dyes is plentifully available. No health hazards, sometimes they act as health cure. Practically no or mild chemical reactions are involved in their preparation. No disposable problems. They are unsophisticated but harmonized with nature. The chemical reaction is almost absent in the manufacture of vegetable dyes. The use of non-renewable resources is minimized. Ecological damage is reduced over the complete production chain. The value of agricultural areas is increased. Additionally, jobs are created and safeguarded with a regional creation of value and a simultaneous use of renewable raw materials (Shiva, 2007). 
2.1.3	Disadvantages
	It is difficult to standardize a recipe for the use of natural dyes, as the natural dyeing process and its colour development depends not only on colour component but also on materials. Natural dyeing requires skilled workmanship and is therefore expensive. Low colour yield of natural dyes thus necessitates the use of more dyestuffs, larger dyeing time and excess cost for mordants and mordanting. Scientific backup of a large part of the science involved in natural dyeing is still need to be explored (Mohammad et al., 2012).
	The dyed textile may change colour when exposed to the sun, sweat and air. Nearly all natural dyes with a few exceptions require the use of mordants to fix them on to the textile substrate. While dyeing, a substantial portion of the mordant remains unexhausted in the residual dye bath and may pose serious effluent disposal problem. With a few exceptions, most of the natural dyes are fugitive even when applied in conjunction with a mordant. Therefore, sometimes their colour fastness performance ratings are inadequate for modern textile usage. It is time consuming to extract from the raw materials. Availability of the natural dyes is limited (Bhat, 2012).
2.1.4	Classification
	Natural dyes can be additive or substantive. Additive dyes require the addition of a chemical mordant such as metal salt to form bond between the dyes and the fibres. Substantive dyes are able to form bond with fibres without any chemical assistants (Gulrajani, 2007). 
	Natural dyes can also be monogenetic and polygenetic. Monogenetic dye materials produce only one colour on textiles irrespective of mordant. Polygenetic dye materials develop different colours according to the mordant applied before dyeing. When used as textile dyes, the natural dyes are mainly mordant dyes although some belong to the other groups such as vat, pigment, direct and acid dyes. Most of the historically important colourants are members of the sulphur, disperse, azoic or ingrain types. These can also be classified based on the chemical nature e.g., anthracenes, carotenoids, flavonoids, betacyanins, flavins and indigoids (Sivaramakrishnan, 2008). 
2.2	EXTRACTION OF NATURAL DYES
	Extraction involves the separation of active portions of plant or animal tissues from the inactive or inert components by using selective solvents in standard extraction procedures. The products so obtained from plants are relatively impure liquids, semisolids or powders intended only for oral or external use.‘
2.2.1	Conventional extraction
	Conventional dye extraction was carried out using varying amounts of the dye materials (0.1 g – 1.0 g) for different time intervals (15 – 120 mins.) and at different temperatures (50 – 80C) using water (Kamel et al., 2011).
2.2.2	Aqueous extraction
	Different amounts of natural dye powder (0.1 g – 1 g) was taken in Erlenmeyer flasks (250 ml) and 50 ml of water was added in each flask and the flasks were incubated at different temperatures (60C, 70C, 80C and 90C) in a shaker incubator. Extract samples were taken at different time intervals (30 min, 45 min, 60 min, 90 min, 120 min and 180 min), filtered and dried. The solution pH was maintained as 1.96 – 9.5. The optical density of the sample was analysed by the UV visible spectrophotometer and the total weight of the extracted dye per gram was determined (Sinha et al., 2012). 
2.2.3	Microwave extraction
	The process of microwave assisted extraction method was performed in experimental microwave equipment at a power of 330 W. Different amounts of powdered samples (0.1 g, 0.2 g, .. . 1 g) were weighed and transferred into 100 ml beaker and 50 ml of distilled water was poured. The effect of microwave on the yield of colorant was examined at different time intervals at different pH (1.96 – 9.5) (Sinha et al., 2012). 
2.2.4	Ultrasonic extraction
2.2.4.1   Ultrasound
	There is a growing demand for developing suitable extraction techniques for more efficient and effective extraction of available active matters from plant materials (Vijayeeswarri et al., 2009). Power ultrasound is commonly employed for a wide variety of chemical and physical processes, such as accelerating chemical reaction, emulsification, degassed, extraction, etc., wet textile process consumes much energy and water, and releases enormous amounts of effluent to the environment. In textile process, ultrasound can offer a potential benefits for shortening process time, reducing pollution load and getting improvement in product quality (Sun et al., 2010).
	When a liquid is irradiated by ultrasound, micro bubbles appear, grow and oscillate extremely fast and even collapse violently if the acoustic pressure is high enough. The occurrence of these collapses near a solid surface will generate microjets and shockwaves. Moreover, in the liquid phase surrounding the particles, high micro mixing will increase the heat and mass transfer and even the diffusion of species inside the pores of the solid (Vijayeeswarri et al., 2009). 

2.2.4.2   Extraction
	Ultrasonic extraction was carried out in 100 ml water using varying amounts of the dye materials (2 – 12%) at different temperatures (50 – 80C) using different sonic powers (100 – 500 W) and for different time intervals (20 – 120 min).
	After filtration and certain dilution, the optical density of the dye liquor was measured (Yussef et al., 2005).
2.3	Bixa orellana
	Bixa is a small tree found throughout the hotter parts of India. Bixa is cultivated for its seeds in Orissa, Andhra Pradesh, Maharashtra, Karnataka, Tamil Nadu, Kerala and West Bengal as orange-red colour is found from its seed, which can be used as dyeing materials to colour fibres and making colourful powder.
2.3.1	Applications
	Dye from Bixa (Annatto) seed is one type of natural dye which can be used as dyeing agent for colouring textile fibres like cotton, wool and silk. Bixin, the pigment extracted from the red-coloured seeds can be used as colouring agent. It is non-carcinogenic in nature and so does not affect human body or environment. The seeds which are dry, hard, bright red and have characteristics smell are considered good for dyeing. The unmordanted cotton gives dull shades but using proper mordant, the colour and brightness of the colouring cloth is increased (Saha and Datta, 2004).
2.3.2	Extraction
	The dye from the seed material was extracted using water. Known amount (5 g) of Bixa orellana seeds were crushed in a mortar and pestle and soaked in water (100 ml) for 10 min. and refluxed at 80C (in a water bath) for an hour. During this period, the colourants get extracted. The extracted solution was filtered through Whatman No. 1 filter paper (Tamilselvi et al., 2013). 
2.4	PECTINASE
2.4.1	Introduction
	Enzymes are biological polymers that catalyze the chemical reactions and makes life possible. Pectinases are one of the upcoming enzymes of the commercial sector. Primarily, these enzymes are responsible for the degradation of the long and complex molecules called pectin that occur as structural polysaccharides in the middle lamella and the primary cell walls of young plant cells. Pectinases are now an integral part of fruit juice and textile industries as well as have various biotechnological application (Vohra et al., 2001). 
Pectinase constitute a unique group of enzymes which catalyze the degradation of pectin polymers present in the plant cell wall (Kashyap et al., 2000). Pectinase is an inducible enzyme and thus the presence of inducers such as cellulose and pectin is important for significant production of these enzymes by microorganisms (Mamma et al., 2008). Most of the works on pectinase production have been focused on either submerged fermentation where the pectin is used as the inducer to a preformulated citrus peel, fruit wastes, etc. (Patil and Agasar, 2006). 
2.4.2	Classification
	The three major types of pectinases are as follows :
1.	Pectinesterases (PE)
	Pectinesterases also known as pectinmethyl hydrolase, catalyzes deestrification of the methoxyl group of pectin forming pectic acid. The enzyme acts preferentially on a methyl ester group of galacturonate unit next to a non-esterified galacturonate unit. 
2.	Polymethylgalacturonases (PMG)
	Catalyze the hydrolytic cleavage of -1, 4-glycosidic bonds. They may be :
(i) Endo-PMG : Endo-PMG causes random cleavage of -1, 4-glycosidic linkages of pectin, preferentially highly esterified pectin.
(ii) Exo-PMG : Exo-PMG causes sequential cleavage of -1, 4-glycosidic linkage of pectin from the non-reducing end of the pectin chain. 
3. Polygalacturonases (PG)
Catalyze hydrolysis of -1, 4-glycosidic linkages in pectin (polygalacturonic acid). They are also of two types.
(iii) Endo-PMG : Endo-PMG also known as poly (1-4--D-galacturonide) glycanohydroase, calalyzes random hydrolysis of  -1, 4-glycosidic linkages in pectic acid.
(iv) Exo-PMG : Exo-PMG also known as poly (1-4--D-galacturonide) galacturonohydrolase, catalyzes hydrolysis in a sequential fashion of -1, 4-glycosidic linkages on pectic acid.
2.4.3	Application
	Alkaline pectinases are mainly used in the degumming and retting of fibre crops and pretreatment of pectic waste water from fruit juice industries. Pectinolytic enzymes are involved in the retting and degumming of jute, flax, hemp, ramie, kenaff (Hibiscus sativa) and coir from coconut husks (Bruhemann et al., 1994). 
2.5	MORDANTS
	The name mordant being derived from Latin world “Modese” to bite. Mordant helps to fix the colours. 
	Natural dyes are mostly non-substantive and must be applied on textiles by the help of mordants, usually a metallic salt, having an affinity for both the colouring matter and the fibre. Transition metal ions usually have strong coordinating power and capable of forming week to medium attraction / interaction forces and thus can act as bridging material to create substantivity of natural dyes / colourants (Samanta and Konar, 2009). 
	When a textile material being impregnated with such metallic salt (i.e., mordanted) is subjected to dyeing with different natural dyes, usually having some mordantable groups facilitating fixation of such dye / colorant. These metallic mordants after combining with dye in the fibre, forms an insoluble precipitate or lake and thus both the dye and mordant get fixed to become wash fast to a reasonable level (Samanta and Konar, 2009). 
	Natural mordants include pomegranate rind, orange peel, alum, guava leaves, mirobalan etc. (Rani, 2004). Metallic mordants include tannic acid, alum, urine, chrome alum, sodium chloride and certain salts of aluminium, chromium, copper, iron, iodine, potassium, sodium and tin (Rani, 2004). 
2.6	COTTON
	Cotton chemically consists of 88.96 per cent pure cellulose along with protein, pectin substances (Naik, 2009). Cotton fibres are made up of cellulose. The fibre length varies with type and quality within the ranges from 11 to 20 (Gienandt, 2006).
2.6.1	Advantages 
	Cotton fibres has 8.5 per cent of moisture but it has the ability to absorb 15 per cent to 20 per cent of the moisture due to these properties it takes time while drying (Vankar, 2008). This natural fibre has good strength when wet. Its strength may increase temporarily by as much as 30 per cent. It also has good absorbency and good abrasion resistance (Bernard, 2009).

2.6.2	Dyeing of cotton with natural dyes
	Dyeing is the process of colouring fibres, yarns or fabric by using a liquid containing colouring matter for imparting a particular hue to a substance (Jayashree, 2007).
	The essential process of dyeing requires soaking the material containing the dye in water, adding the textile to be dyed to the resulting solution and bringing the solution to a simmer for an extended period, often measured in days or even weeks, stirring occasionally until the colour has evenly transferred to the textiles. Usage of these natural dyes was drastically reduced due to the introduction of synthetic or chemical dyes. Due to the pollution problems in synthetic dyes and pigment industry, the whole world is shifting towards the manufacturing of natural dyes and pigments. The natural dyes and pigments has huge demand in domestic as well as foreign market (Singh, 2000). 











3.0  METHODOLOGY

	The methodology pertaining to the study “ULTRASONIC ENZYME MEDIATED EXTRACTION OF NATURAL DYE FROM Bixa orellana” is discussed under the following headings :
	3.1	Extraction of natural dye
		3.1.1	Selection of dye source
		3.1.2	Selection of fabric
		3.1.3	Conventional extraction
		3.1.4	Ultrasonic dye extraction
		3.1.5	Enzyme assisted extraction
	3.2	Optimization of various parameters for dye extraction
		3.2.1	Solvents
		3.2.2	Dye concentration
		3.2.3	Time
		3.2.4	pH
	3.3	Dyeing
		3.3.1	Selection of mordants
		3.3.2	Selection of mordanting techniques
		3.3.3	Dyeing parameters
3.4	Dyeing of selected fabric using dyes extracted by conventional,       	ultrasonic and enzyme assisted methods
3.5	Evaluation of dyed fabrics
	3.5.1	Subjective evaluation – Visual inspection
	3.5.2	Objective evaluation
		3.5.2.1   Fabric weight
		3.5.2.2   Fabric thickness
		3.5.2.3   Fabric strength and elongation
		3.5.2.4   Fabric stiffness
3.6	Colour fastness tests
	3.6.1	Fastness to sunlight
	3.6.2	Fastness to Wet and dry crocking
	3.6.3	Fastness to washing 
3.7	Statistical analysis 
3.1	EXTRACTION OF NATURAL DYE
3.1.1	Selection of Dye Source
	Natural dyes are colorants extracted from vegetable matter, minerals (or) insects. These dyes are considered as eco-friendly dyes (or) mordant dyes as they require the inclusion of one or more metallic salts (Chinta, 2007). The natural dye namely Bixa orellana (Annato) shown in Plate – 1 can be used as a brighter shade of natural dye on textiles especially silk and cotton. It is non-carcinogenic in nature and so does not affect human body or environment. Hence, it was selected for the study.
3.1.2	Selection of Fabric
	Natural cellulosic fibres are biodegradable fibres. Cotton the “King of Fibres” is the most famous textile material (Amsamani et al., 2005). It has unique characters such as soft, comfortable, good colour retention and has a high degree of acceptability to wear next to skin such as shirts, blouses, etc. because of its high absorption and swelling capacity. Plain weave is relatively inexpensive for construction and can be extensively used for cotton fabrics. They ravel out less than other weaves (Kalpana, 2002). So cotton fabric made out of plain weave was selected for present study.
3.1.3	Conventional Extraction
	10 g of annatto powder which was shown in Plate – 2 was taken in a beaker containing 100 ml of NaOH and allowed to boil for one hour at 90C. The resulting liquid was used as dye solution. The optimal density of the dye solution was measured using a spectrophotometer at 364 nm (Plate – 5).

3.1.4	Ultrasonic Dye Extraction
	10 g of annatto powder was taken and 100 ml of NaOH was added to it and placed in ultrasonic bath for one hour. The optimal density of the ultrasonic dye solution was measured. 
3.1.5	Enzyme Assisted Extraction
	A two per cent solution of pectinase (2 : 1) shown in Plate – 3 was sprayed on 10 g of annatto and left overnight. After that 100 ml of NaOH was added to it and placed in an ultrasonic bath for one hour. Color intensity was determined using spectrophotometer at 364 nm.
3.2	OPTIMIZATION OF VARIOUS PARAMETERS FOR DYE EXTRACTION
3.2.1	Solvents
	To determine the suitable solvent for dye extraction, 10 g of annatto seeds were mixed with different solvents such as H2O, ethanol, methanol, 2% NaOH and 0.1 N HCl individually and placed in both conventional and ultrasonic bath for one hour. The absorbance was measured at 364 nm using spectrophotometer. The solvent which showed higher absorbance was selected as the suitable solvent and used for further study (Plate – 6).
3.2.2	Dye Concentration
	To determine the optimum concentration of the dye source annatto seeds at various concentrations such as (2, 4, 6, 8, 10%) were taken individually and placed in ultrasonic bath and conventional dye bath for one hour. The optical density of the dye solution was analysed spectrophotometrically at 364 nm. The concentration at which the absorbance was maximum was fixed for the subsequent study.


3.2.3	Time
	To determine the optimum incubation time, the dye extraction was carried out at different time intervals such as 10 – 90 mins. in both ultrasonic and conventional dye bath. The dye solutions were analysed spectrophotometrically at 364 nm. The time at which the absorbance was maximum was selected as optimum time. 
3.2.4	pH
	To determine the optimum pH for dye extraction, the pH of the solvent was adjusted to 5, 6, 7, 8 and 9 using 1N HCl or 1 N NaOH. Optical density of the dye solution was determined. 
3.3	DYEING
3.3.1	Selection of Mordants
	A mordant is a substance used to set dyes on fabrics or tissue sections by forming a co-ordinating complex with the dye which then attaches to the fabric or tissue.
	The selected metal mordants for this study are chloride, ferrous sulphate, potassium alum, aluminium sulphate and copper sulphate.
	The selected natural mordants for this study are pomegranate rind, guava leaves, myrobolan and orange peel. Pilot study was carried out by conventional method.
	Among natural and metallic mordants, orange peel gave better colour when pre-mordnting technique was followed, so orange peel was selected for this study.
3.3.2	Selection of Mordanting Techniques
	Mordanting is a process of impregnating textiles with a mordant usually salt or acid to faster the dye stuff, which is applied before (or) after the dye stuff. The three ways of mordanting or pre-mordating, post-mordanting and simultaneous mordanting.
	In the pre-mordanting technique the sample is mordanted and then dyed. In post-mordanting technique the sample is first dyed and then mordanted. Simultaneous mordanting is which mordanting and dyeing are carried out at the same time (Katyayini and Jacob, 2006). 
	Among these three mordanting techniques, the pre-mordanting technique which gave better results when treated with orange peel, which is a natural mordant was selected for this study which was shown in Plate – 4. 
3.3.3	Dyeing Parameters
	As suggested by Lakshmi and Purushothaman (2007), dyeing parameters namely dye concentration, dyeing time, mordant concentration and mordanting time were selected and followed for the study. The parameters for dyeing the selected cotton fabric is as follows :
	Material : liquor ratio	:	1 : 20
	Dye soaking time		:	1 hour
	Dyeing temperature		:	90C
	Mordant soaking time	:	1 hour
	Mordanting temperature	:	90C
3.4	DYEING OF SELECTED FABRIC USING DYES EXTRACTED BY CONVENTIONAL, ULTRASOUNIC AND ENZYME ASSISTED METHODS
	The dye solution extracted from conventional, ultrasonic and enzyme assisted method was filtered. The selected cotton fabric was dyed with dye solution obtained by the three methods. ie., conventional, ultrasonic and enzyme assisted methods. Dyeing was carried out for one hour at 90C with a m:L ratio of 1:20.
3.5	EVALUATION OF DYED FABRICS
3.5.1	Subjective Evaluation – Visual Inspection
	The fabric samples dyed with annatto was evaluated visually by the panel members comprising of 28 PG students specializing in the field of Textiles and Clothing, evaluated the fabric for general appearance, brilliancy of shade and evenness of dyeing.
3.5.2	Objective Evaluation
	Textile testing as a whole refers to the vigorous testing done on textile materials which may be inside the laboratory as well as natural setting (Raul, 2005).
3.5.2.1   Fabric Weight
	Fabric weight as the relative weight of the fabric and expressed as the weight of a particular size of piece as grams / square meter or ounces / square yard.
	Fabric weight of the original and dyed samples was determined using GSM cutter. It is a device to cut circular specimen of 100 square centimeters of a fabric very accurately. It has four blades that cut the fabric, when the hand wheel is rotated by applying light pressure. The samples were cut and weighed accurately using digital balance having 0.01 sensitivity. The value in grams multiplied by 100 gives grams / square meter of the fabric.
	The samples were weighed for five times and the mean value was calculated and recorded.
3.5.2.2   Fabric Thickness
	Fabric thickness is defined as the distance between lower and upper surface of the material measured under a standard pressure, using Shirley Thickness Tester with an accuracy of 0.01 mm (Stocker et al., 2005). Fabric thickness gauge are used to measure thickness of the sample. It has two parts of anvil and pressure foot. Pressure was given at the foot to make the gauge zero. The sample was placed between the cleaned pressure foot and anvil. The reading shown by the dial was noted. For each sample, thickness was determined at five different places away from two inches of the selvedge. 
3.5.2.3   Fabric Strength and Elongation
	Breaking strength is the measure of resistance of the fabric to a tensile load or stress in both warp and weft direction. Elongation measures the extent of deformation along the axis of a material under a tensile stress and expressed in units of length of the fabric when loaded.
	The original and dyed fabrics were tested for tensile strength using Eureka Cloth Tensile Strength Tester. 12 inches x 12 inches specimen from each samples were cut in both warp and weft direction of the fabric, 2 inches apart from selvedge. The specimen was placed between the upper and lower clamp. The dial reading was set to zero by adjusting the pendulum over the quadrant scale. The elongation pointer was checked for its position zero. Before starting the machine the pendulum lock was released and the machine was stated to run. A certain point the fabric starts to break, the machine was switched off and the dial reading in lb was taken. 
	Elongation reading was noted from the elongation scale. The specimen was removed and the machine positioned back to original and the five specimens of both directions from each samples were tested and readings were noted.
3.5.2.4   Fabric Stiffness
	Fabric stiffness indicates the resistance of the fabric to bending and it is a key factor in the study of handle and drape (Angappan and Gopalakrishnan 2000). Shirley Stiffness Tester was used to test the stiffness of the fabric. Sample A was cut to the size of 15 cm x 2.5 cm using the template. The sample was placed on the platform with the template at the top of it, so that the leading edges coincide. Both were slowly pushed forward until the leading edges of the sample and the template project beyond the edge of the platform. The sliding of the sample was stopped when it cut both the index lines. Then the bending length of the sample read from the scale opposite a datum line engraved on the side of the platform. Four readings were taken.
3.6	Colour Fastness Tests
	Dye fibre interactions are varied and their strength or combined strength determine both the outcome and performance of the dyeing. 
	Colour fastness properties, of the dyed textile material depend upon the nature of dye, dyeing procedure, washing methods and after treatment methods. The grey scale employed for colour fastness test is 1-5 grade In this scale one means poor and 5 represents excellent colour fastness (Smith, 2006)
	Three colour fastness tests were carried out. They are colour fastness to sunlight, washing and crocking.
3.6.1	Fastness to Sunlight
	The colour fastness of textile material to day light is very important property.
	Colour fastness determines the resistance of a material to change its colour characteristics as a result of exposure to light source (AATCC, 2007). 
	To test the fastness to sunlight the specimens of 16 cm x 5 cm were cut from each sample of dyed fabrics and divided into 8 equal parts measured as 20 cm each, the specimens were covered with black chart. For the successive 7 days the specimens were exposed to direct sunlight. First day first portion of the specimens were exposed and accordingly seven portions were exposed to sunlight. The first portion was exposed for 7 days and the 7th portion was exposed for a day. The last portion was not exposed to sunlight and considered as standard. Comparisons were done using grey scale and the specimens were rated.
3.6.2	Fastness to Wet and Dry Crocking
	Crocking is the rubbing fastness of dyes. Crocking is the transfer of colourant from the surface of the coloured fabric to an adjacent area of sample fabric or to another surface, principally by rubbing action. Fastness to crocking is important in both apparel as well as upholstery crocking test determine the extent to which colour may be transferred from the surface of the dyed fabric to another by rubbing.
	Sasmira Crocking Meter was used to determine the fastness to crocking. Each of dyed samples was cut in the measurement of 25 cm x 20 cm and mounted on flat base. The desized white cotton fabric was mounted in a ring on rubbing finger. Each sample was given to rubs based on standardization. The colour transfer from the dyed sample to the white material was used for wet crocking. The procedure adopted was same as that of dry crocking. The colour transfer from the dyed sample to the white material was assessed using grey scale. 
3.6.3	Fastness to Washing 
	Major loss of colour from the fabric is due to washing and results in staining over the adjacent fabric. Test sample of the dyed fabric measuring 5 x 10 cm size were cut. Each of them was sandwiched between the undyed white cloth which was desized well. Specimen were completely soaked in the soap solution about 5 g / l for 30 minutes at 40C, after that the samples were removed rinsed in old water, squeezed well and dried. Evaluations of staining on the white adjacent fabrics were found using a grey scale. The same procedure was carried out for other dyed samples. 
3.7	STATISTICAL ANALYSIS
	The data obtained were statistically analysed by one way analysis of variance using statistical software Sigma Stat 3.1.

4.0  RESULTS AND DISCUSSION

	The results of the present study are discussed under the following headings :
4.1	Optimization of various parameters for extraction of dye 
	4.1.1	Solvent 
	4.1.2	Dye concentration
	4.1.3	Time
	4.1.4	pH
4.2	Extraction of natural dye under optimized conditions
4.3	Optimization of dyeing time
4.4	Evaluation of dyed fabrics
	4.4.1	Subjective evaluation – Visual Inspection
	4.4.2	Objective evaluation
		4.4.2.1   Fabric thickness
		4.4.2.2   Fabric stiffness – warp and weft
		4.4.2.3   Fabric strength – warp and weft
		4.4.2.4   Fabric elongation – warp and weft
		4.4.2.5   Fabric weight
		4.4.2.6   Colour fastness test 
· Fastness to sunlight
· Wet and dry crocking
· Fastness to washing 
4.1	OPTIMIZATION OF VARIOUS PARAMETERS FOR EXTRACTION OF NATURAL DYE
4.1.1	Solvent 
	The effect of various solvents on dye extraction was studied and the results are presented in Table  1 and Figure  1.

TABLE  1
SELECTION OF SOLVENT
	Solvents 
	Optical density at 360 nm

	
	Conventional extraction
	Ultrasonic extraction
	Enzyme-assisted ultrasonic extraction

	H2O
	0.231
	0.289
	0.301

	Ethanol
	0.198
	0.286
	0.491

	Methanol
	0.096
	0.124
	0.512

	NaOH
	3.988
	4.151
	5.575

	HCl
	0.049
	0.052
	0.075



FIGURE  1
SELECTION OF SOLVENT

	From Table 1 and Figure 1, it is clear that maximum absorbance was shown in NaOH extraction irrespective of the methods. 

4.1.2	Dye Concentration
	The effect of various concentration of annatto powder was studied and the results are presented in Table 2 and Figure 2. 
TABLE  2
DYE CONCENTRATION
	Concentration of annato powder (%)
	Optical density at 360 nm

	
	Conventional extraction
	Ultrasonic extraction
	Enzyme-assisted ultrasonic extraction

	2
	0.251
	0.752
	0.935

	4
	0.566
	1.505
	1.921

	6
	0.682
	1.915
	1.998

	8
	0.807
	2.558
	2.689

	10
	1.086
	3.109
	3.516



FIGURE  2
DYE CONCENTRATION

	Table 2 and Figure 2, clearly indicates that the optimum dye concentration is 10 per cent with the colour intensity of 1.086, 3.109 and 3.516 respectively in conventional, ultrasonic and enzyme-assisted extraction. 
4.1.3	Time
	The effect of time on the extraction of dye was determined and the results are shown in Table 3 and Figure 3.
TABLE 3
CONTACT TIME
	Time (min)
	Optical density at 360 nm

	
	Conventional extraction
	Ultrasonic extraction
	Enzyme-assisted ultrasonic extraction

	10
	0.891
	1.074
	1.131

	20
	0.921
	1.352
	1.496

	30
	1.017
	1.505
	1.981

	40
	1.98
	1.792
	2.101

	50
	1.287
	2.081
	2.381

	60
	1.293
	2.233
	2.989

	70
	1.390
	2.334
	3.001

	80
	1.454
	2.589
	3.098

	90
	1.982
	2.827
	3.101



FIGURE  3
OPTIMIZATION OF CONTACT TIME

	From Table 3 and Figure 3, it is evident that there was not much difference in optical density between 60, 70, 80 and 90 mins. Hence, the optimum time for extraction of dye was selected as 60 min for all the three extraction methods. 
4.1.4	pH
	To determine the optimum pH for the effective colourization of natural dye, the adsorption capacities of the adsorbents were studied at different pH range from 5 – 9 and results are shown in Table 4 and Figure  4.
TABLE  4
OPTIMIZATION OF pH
	pH
	Optical density at 360 nm

	
	Conventional extraction
	Ultrasonic extraction
	Enzyme-assisted ultrasonic extraction

	5
	1.982
	2.827
	3.101

	6
	1.454
	2.589
	3.098

	7
	1.390
	2.334
	3.001

	8
	1.293
	2.333
	2.989

	9
	1.287
	2.081
	2.381


FIGURE  4
OPTIMIZATION OF pH

	Table 4 and Figure 4 clearly indicates that pH 5 is the optimum pH for maximum dye colourization (93%) and further increase in pH decreases the per cent colourization. Hence pH 5 was fixed for the extraction.
4.2	EXTRACTION OF NATURAL DYE UNDER OPTIMIZED CONDITIONS
	Various parameters such as solvent, time, temperature and concentration were optimized and the results are presented in Table  5.
TABLE  5
EXTRACTION OF NATURAL DYE UNDER OPTIMIZED CONDITIONS
	Parameters
	Optimized conditions

	Solvent
	NaOH

	Time
	60 mins.

	Temperature
	90C

	Concentration 
	10%


	The dye was extracted under optimized conditions. The natural dye was extracted from annatto using NaOH as solvent at 90 for 1 hour. 
4.3	OPTIMIZATION OF DYEING TIME
The dye was extracted under optimized conditions. The natural dye was extracted from annatto using NaOH as solvent at 90 for 1 hour was shown in Table 6 and Figure 5





TABLE 6
OPTIMIZATION OF DYEING TIME
	Time
	Optical density at 360 nm

	
	Conventional extraction
	Ultrasonic extraction
	Enzyme assisted ultrasonic extraction

	15
	1.074
	1.099
	2.001

	30
	1.352
	1.982
	3.109

	45
	1.505
	1.999
	3.128

	60
	2.233
	2.589
	3.274

	75
	2.245
	2.599
	3.381

	90
	2.260
	2.610
	3.390

	105
	2.265
	2.615
	3.395

	120
	2.269
	2.618
	3.401



FIGURE 5
OPTIMIZATION OF DYEING TIME


	Hence the optimum time for dyeing was select as 60 min, irrespective of the dyeing methods. There was not much difference in optimal density 60, 75, 90, 105 and 120 minutes.
4.4	EVALUATION OF DYED FABRIC
4.4.1	Subjective Evaluation – Visual Inspection
	Subjective evaluation of conventionally dyed, ultrasonic dyed and enzyme assisted ultrasonic dyed samples were carried out and the results are presented in Table 7.
TABLE 7
SUBJECTIVE EVALUATION
	S.No.
	Samples
	Presented in percentage
	Evenness of dyeing

	
	
	General appearance
	Brightness of shade
	

	
	
	Excellent
	Good
	Fair
	Bright
	Medium
	Dull
	Even
	Uneven

	1.
	CDC
	5
	3
	2
	6
	2
	2
	10
	-

	2.
	UDC
	7
	3
	-
	8
	2
	0
	10
	-

	3.
	EUDC
	8
	2
	-
	8
	1
	1
	10
	-


	From Table 7, it is clear that the enzyme assisted ultrasonic dyed sample was rated as excellent in general appearance by 80 per cent of the judges followed by UDC and CDC. With regard to brightness of shade both UDC and EUDC was rated as bright by 80 per cent of judges. With respect to evenness of dyeing all the samples were rated to be evenly dyed. 
4.4.2	Objective Evaluation 
4.4.2.1   Fabric Thickness
	The fabric thickness and analysis of variance of the samples OC, CDC, UDC and EUDC are shown in Table 8 and Figure 6.

TABLE 8
FABRIC THICKNESS
	S.No.
	Sample
	Mean value (mm)
	Loss or gain over original
	% loss or gain over original
	‘F’ Test

	1.
	OC
	38.6
	-
	-
	1.2840NS

	2.
	CDC
	39.4
	-0.8
	-2.07
	

	3.
	UDC
	39.6
	-1
	-2.59
	

	4.
	EUDC
	40.0
	-1.4
	-3.62
	


NS – Not Significant
FIGURE 6
FABRIC THICKNESS

OC – Original Cotton  	CDC – Conventional Dyed Cotton  
UDC – Ultrasonic Dyed Cotton    	EUDC – Enzyme Mediated Ultrasonic Dyed Cotton

	From Table 8 and Figure 6, it is clear that the thickness of the samples CDC, UDC and EUDC increased when compared to the control. The increase in fabric thickness was maximum in sample dyed with enzyme assisted ultrasonic method. The increase was 2.07 per cent in CDC sample, 2.59 per cent for UDC and 3.62 per cent for EUDC. The results indicate that the dye absorption was maximum for enzyme assisted ultrasonic method. The increase in fabric thickness when compared with the original was found to be no significance. 
4.4.2.2   Fabric Stiffness
(Warp)
	Fabric stiffness and analysis of variance of the samples OC, CDC, UDC and EUDC in warp direction are shown in Table 9 and Figure 7.
TABLE 9
FABRIC STIFFNESS (WARP)
	S.No.
	Sample
	Mean value (cm) 
	Loss or gain over original
	% loss or gain over original
	‘F’ Test

	1.
	OC
	1.98
	-
	-
	32.7043**

	2.
	CDC
	8.9
	-0.92
	-46.4
	

	3.
	UDC
	2.36
	-0.38
	-19.1
	

	4.
	EUDC
	3.18
	-1.2
	-60.6
	


** - Significant at 1% level.
FIGURE 7
FABRIC STIFFNESS (WARP)

	From Table 9 and Figure 7, it is clear that the stiffness of the fabrics increased when compared with original. The increase in fabric stiffness was found to be 9 per cent in CDC, 0.38 per cent in UDC and 1.2 per cent in EUDC. The increase in the fabric stiffness when compared with the original was found to be significant at one per cent level. 
Fabric Stiffness (Weft)
	Fabric stiffness and the analysis of variance of the samples OC, CDC, UDC and EUDC in weft direction are presented in Table 10 and Figure 8.
TABLE 10
FABRIC STIFFNESS (WEFT)
	S.No.
	Sample
	Mean value (cm)
	Loss or gain over original
	% loss or gain over original
	‘F’ Test

	1.
	OC
	1.78
	-
	-
	16.6968**

	2.
	CDC
	2.6
	-0.82
	-46.06
	

	3.
	UDC
	2.3
	-0.52
	-29.2
	

	4.
	EUDC
	2.68
	-0.9
	-50.5
	


** - Significant at 1% level.
FIGURE 8
FABRIC STIFFNESS (WEFT)

	From Table 10 and Figure 8, it is clear that the fabric stiffness of CDC sample was increased by 0.92 per cent, UDC sample was increased by 0.38 per cent and EUDC sample was increased by 1.2 per cent over original. The increase in stiffness was found to be maximum in EUDC followed by UDC. The difference in fabric stiffness when compared with original was found to be significant at one per cent level. 
4.4.2.3   Fabric Strength 
(Warp)
	Fabric strength and analysis of variance of the samples OC, CDC, UDC and EUDC in warp direction is presented in Table 11 and Figure 9.
TABLE 11
FABRIC STRENGTH (WARP)
	S.No.
	Sample
	Mean value (gms)
	Loss or gain over original
	% loss or gain over original
	‘F’ Test

	1.
	OC
	51
	-
	-
	10.4250**

	2.
	CDC
	54
	-3
	-5.8
	

	3.
	UDC
	54.6
	-3.6
	-7.0
	

	4.
	EUDC
	55.8
	-4.8
	-9.41
	


** - Significant at 1% level.
FIGURE 9
FABRIC STRENGTH (WARP)

	From Table 11 and Figure 9, it is clear that the strength of CDC fabric is increased by 5.8 per cent, UDC fabric by 7 per cent and EUDC by 9.41 per cent, when compared with original fabric. The fabric strength was found to be maximum in enzyme assisted ultrasonic dyed sample followed by ultrasonic dyed sample. The results clearly indicates that the enzyme assisted ultrasonic dyeing was best when compared with other methods. The increase in fabric strength when compared to the original sample was found to be significant at one per cent level. 
Fabric Strength (Weft)
	Fabric strength and the analysis of the variance of the samples OC, CDC, UDC and EUDC in the weft direction are shown in Table 12 and Figure 10.
TABLE 12
FABRIC STRENGTH (WEFT)
	S.No.
	Sample
	Mean value (gms) 
	Loss or gain over original
	% loss or gain over original
	‘F’ Test

	1.
	OC
	39.4
	-
	-
	194.4248**

	2.
	CDC
	43.6
	-4.2
	-10.6
	

	3.
	UDC
	59.0
	-19.6
	-49.7
	

	4.
	EUDC
	59.8
	-20.4
	-51.7
	


** - Significant at 1% level.
FIGURE 10
FABRIC STRENGTH (WEFT)

	From Table 12 and Figure 10, it is evident that the fabric strength increased in all the samples. The increase was found to be maximum in EUDC (51.7%) followed by UDC (49.7%). The fabric strength was maximum in enzyme assisted ultrasonic dyed fabric in both warp and weft direction. The increase in fabric strength when compared with the original was found to be significant at one per cent level. 
4.4.2.4   Fabric Elongation
(Warp)
	Fabric elongation and analysis of variance of the samples OC, CDC, UDC and EUDC in warp direction are shown in Table 13 and Figure 11.
TABLE 13
FABRIC ELONGATION (WARP)
	S.No.
	Sample
	Mean value (cm) 
	Loss or gain over original
	% loss or gain over original
	‘F’ Test

	1.
	OC
	2.06
	-
	-
	68.1667**

	2.
	CDC
	2.38
	-0.32
	-15.5
	

	3.
	UDC
	2.48
	-0.42
	-20.3
	

	4.
	EUDC
	1.62
	0.44
	21.3
	


** - Significant at 1% level.
FIGURE 11
FABRIC ELONGATION (WARP)

	From Table 13 and Figure 11, it is clear that the elongation of CDC and UDC sample increased by 15.5 per cent, 20.3 per cent respectively. The elongation of EUDC is decreased by 21.3 per cent, when compared to original fabric.
Fabric Elongation (Weft)
	Fabric elongation and analysis of variance of the samples OC, CDC, UDC  and  EUDC in weft direction are shown in Table 14 and Figure 12.
TABLE 14
FABRIC ELONGATION (WEFT)
	S.No.
	Sample
	Mean value (cm)
	Loss or gain over original
	% loss or gain over original
	‘F’ Test

	1.
	OC
	1.62
	-
	-
	23.9556**

	2.
	CDC
	1.66
	-0.04
	-2.46
	

	3.
	UDC
	1.7
	-0.08
	-4.93
	

	4.
	EUDC
	1.4
	0.22
	13.5
	


** - Significant at 1% level.
FIGURE 12
FABRIC ELONGATION (WEFT)

	From Table 14 and Figure 12, it is clear that the fabric elongation in weft direction is increased by 2.46 per cent and 4.93 per cent for CDC and UDC respectively. The elongation of EUDC is decreased by 13.5 per cent when compared to original fabric. The difference in fabric elongation when compared with original was found to be significant at one per cent level.
4.4.2.5   Fabric Weight
	The fabric weight and analysis of variance of the samples OC, CDC, UDC and EUDC are given in Table 15 and Figure 13. 
TABLE 15
FABRIC WEIGHT
	S.No.
	Sample
	Mean value  (kg)
	Loss or gain over original
	% loss or gain over original
	‘F’ Test

	1.
	OC
	43
	-
	-
	15233.9667**

	2.
	CDC
	48.2
	-5.2
	-12.0
	

	3.
	UDC
	46
	-3
	-6.9
	

	4.
	EUDC
	49.8
	-6.8
	-15.8
	


** - Significant at 1% level.
FIGURE 13
FABRIC WEIGHT

	From Table 15 and Figure 13, it is clear that, the fabric weight of all the samples increased when compared to original. The increase in fabric weight is maximum in enzyme assisted ultrasonic dyed samples. This results indicates that the dye absorption is maximum in dye solution extracted by enzyme assisted ultrasonic method. The increase in fabric weight when compared to the original was found to be significant at one per cent level. 
4.4.2.6   Colour Fastness Test
	Colour fastness to sunlight, crocking and washing was determined and the results are presented in Table 16. 
TABLE 16
COLOUR FASTNESS TO SUNLIGHT, CROCKING AND WASHING
	S.No.
	Sample
	Sunlight
	Washing
	Crocking 

	
	
	Colour change
	Staining
	Colour change
	Staining
	Dry
	wet

	
	
	
	
	
	
	Colour change
	Staining
	Colour change
	Staining 

	1.
	CDC
	4
	4
	4
	4
	5
	4
	4
	5

	2.
	UDC
	5
	4
	5
	5
	5
	5
	5
	4

	3.
	EUDC
	5
	5
	5
	5
	5
	5
	5
	5


5 – Excellent ; 4 – Very Good

	From the Table 16, it is evident that all the dyed samples showed good fastness to sunlight with regard to washing and crocking all the samples showed good fastness when compared to CDC and UDC, EUDC has excellent colour fastness to all the colour fastness tests. 
 
5.0  SUMMARY AND CONCLUSION

	The globalization of markets and increasing demand for products has created a deep interest in the use of raw materials from natural resources. Organic awareness and environmental consciousness of consumers have revived the interest on natural dyed textiles. The major advantages of natural dyes are that they are biodegradable, non-carcinogenic, non-mutagenic and colour soothing to human eyes. Dyeing with natural dyes can be a way of value addition to the textile products. 
	In the present study, colourants extracted from the seeds of the Bixa orellana tree have been chosen for its dyeability. The coloured constituents of Bixa orellana, commonly known as annatto, possess properties which find good application in textile industry. The properties of annatto colourants include their unstability to oxidation, non-toxicity and flexibility. Traditionally, annatto seeds have been used in medicines to cure wounds, skin eruptions and burns. Annatto colourants are also used for the colouration of wool and silk. The cotton fabric dyed with annatto imparts beautiful shades and fastness properties to cotton fabric. 
	There is a growing demand for developing suitable extraction techniques for more efficient and effective extraction of available active matters from the plant materials. The main objective of the present study is to determine the suitable method for the extraction of dye from annatto.
	Pectinases are one of the upcoming enzymes of fruit and textile industries. The main sources of pectinase are bacterial, fungi, plant and animal. Pectinase are used for retting, degumming, oil extraction and also for natural dyeing. 

	Hence the present study “ULTRASONIC ENZYME MEDIATED EXTRACTION OF NATURAL DYE FROM Bixa orellana” was carried out with the following objectives : 
· To extract dye from annatto seeds using ultrasonic bath
· To enhance dye extraction using pectinase enzyme
· To extract dye using both ultrasonic bath and enzyme
· To dye the selected fabrics using extracted dye
· To evaluate the characteristics of the dyed fabrics
METHODOLOGY ADOPTED 
· Dye from annatto seed were extracted by three different methods – conventional, ultrasonic and enzyme assisted extraction. 
· Optimization of dye extraction
Various parameters such as solvent, dye concentration, pH and temperature were optimized for the extraction of dye.
· Optimization of dyeing 
Dyeing parameters such as time, dye concentration, mordanting techniques were optimized for effective dyeing of the fabric.
The dyed fabric were evaluated both subjectively and objectively. 
FINDINGS
· The suitable solvent for dye extraction was found to be NaOH for conventional, ultrasonic and enzyme assisted ultrasonic extraction methods.
· Annatto powder at a concentration of 5 per cent was found to be the optimum concentration for dye extraction.
· A contact time of 60 mins. resulted in maximum colouration irrespective of the methods.
· Maximum per cent colourization was noticed at 90C for all the three methods.
· The optimum pH for dye extraction was found to be 5.
· Dyeing time of 60 minutes resulted in maximum dye absorption by the fabric.
· One per cent dye concentration was found to be the optimum concentration for dyeing. 
· The results of visual evaluation of dyed fabric revealed that the dyed fabrics were rated excellent in appearance, brighter in shade and evenly dyed irrespective of the methods.
· Fabric thickness was found to be maximum for the fabric dyed by enzyme assisted ultrasonic method.
· The increase in fabric stiffness was maximum in EUDC sample in both warp and weft directions.
· Fabric strength was found to be maximum in EUDC sample followed by UDC fabric in both warp and weft directions.
· Decrease in fabric elongation was noticed in EUDC sample in both warp and weft directions.
· Increase in fabric weight was recorded in EUDC sample when compared with CDC and UDC samples. 
· EUDC sample exhibited excellent colour fastness to sunlight, washing and crocking followed by UDC and CDC samples.
CONCLUSION
	Today the term eco-friendly sounds everywhere in order to bring back the lost world. The present study clearly hold promise for the effective extraction of natural dyes. The use of enzyme assisted ultrasound is found to have significant improvement in the extraction efficiency of colourant. The mechanism for the enhancement in extraction with enzyme mediated ultrasound maybe due to rupturing of plant cell wall, release and improved transport of dye into the external medium mediated through micro stirring and acoustic streaming effects induced by ultrasonic cavitations. Therefore, the present study clearly offers better extraction methodology from natural dye resources. 
SCOPE FOR FURTHER STUDY
	The dyeing acceleration efficiency of enzyme assisted ultrasonic extraction method could be carried out for other natural dye sources. 
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