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I. INTRODUCTION

“LET THY FOODS BE YOUR MEDICINE”

HIPPOCRATES

Plants are being used for improving the quality of diet and sustaining or regulating good health. Herbal medicines not only provide nutrients but also strengthen and supports the action of digestive system, speeding up the rate of proceeding food and improving the absorption of nutrients.

The world is endowed with a rich wealth of medicinal plants with global importance. Sixty percent of the world’s population used traditional medicines for primary health care. Herbal drugs are prepared from medicinal plants for their minerals and organic matter (Seth et al., 2004).

World health organization (2003), estimated that 80 percent of the population of developing countries still depend on traditional medicines. Also modern pharmacopoeia contains atlest 25 percent drugs derived from plants.

India is named ‘botanical garden’ because it is the largest producer of medicinal herbs in the world. About 45,000 plant species are found in the region of Eastern Himalayas, Western ghats and Andaman and Nicobar Islands. In Tamilnadu 1476 species were found to have medicinal value. About 70 percent of rural population depends on ayurveda. According to All India Ethnobioliogical Survey (2002), about 8000 species of plants being used by the people of India.

Medicinal plant sector has traditionally occupied an important position in the socio cultural, spiritual and medicinal arena of rural and tribal of Tamilnadu(Nair and Henry, 2003). Demand for medicinal plants is increasing in developing and developed countries due to growing recognition to natural products, being non-toxic, having no side effects, easily available at affordable prices. For meeting the future needs, cultivation of medicinal plants has to be encouraged (www.tnhealth.org).

Pigments found in plant play important roles in plant metabolism and visual attraction in nature (Godwin, 2006). Major plant pigments include carotenoids, anthocyanins, flavonoids, betalain and chlorophylls. Fruits and flowers are rich in flavonoids and they have polyphenolic constituents of the diet with the antioxidant properties.

It was realized that many of these pigments play a positive role in human health (Dewyer, 2005). Research findings by Stavric (2004), have indicated that food crops containing carotenoids, anthocyanins, chlorophyll and other flavonoids are “Chemopreventers” by providing protection against certain forms of cancer and reductions of cardiovascular disease. Lycopene, the major pigment of tomato and watermelon has chemoprevention activity because of non-provitamin A carotenoids. The antioxidant properties of carotenoids which protect plants in photosynthesis apparently may also protect humans from carcinogens and heart diseases. Pigments also contain vitamin C, vitamin E, phenolic acids and organosulphur compounds.

It has been reported by Saxena (2006), that a diet rich in yellow plant pigments have a reduced risk of developing age-related macular degeneration.

Colouring matter in foods can also be classified broadly into natural and artificial colours (Mahenrdu, 2000). Use of derived colours of minerals dated from nineteenth century; however some of them caused serious health problems.

Most of the consumers are concerned about food colours and its side effects such as headaches, vomiting, hives and asthma. Many consumers believe that artificial food colours today are harmful and cause cancer. Now the mass media is piling on and consumers are starting to avoid artificial food colours (Maletto, 2007). Thirty percent of risk of Attention Deficit Hyperactivity Disorder (ADHD) can be reduced by removing colour from children’s food. University of Southampton researches claim removing food additives can also discourage anti-social behavior among young children (Willet, 2004).

According to Stafford (2000), the impact of colourings on the IQ of youngsters is similar to the effect of lead on developing brain. Hyper activity is a behavior officially indicated by increased movement, impulsiveness and impair leaning. Its move severe form APHD, in believed to affect between two to five percent of the population (Spider news, 2008).

Artificial food colours are set to be removed from hundred of products after a team of university researchers warned that they were doing as much damage to children’s brain as lead in petrol. They were also causing temper tantrum among normal children (Hichman, 2008).

We live in a society oriented to the production of consumer goods that are designed to make our lives as easy as possible. Artificial food colours may be easy to use with wide application. The cost too is economically acceptable but from the ecological point of view it is enormously damaging. This has led to an increasing number of younger people who are falling victims to fatal illness, which were at one time found almost exclusively in the elderly.

Bringing the hazards of food additives into consideration, the U.S environmental activist movements attacked the additives and this attitude was in a worldwide phenomenon. In general this movement was against the technologies and they used a very particular association between food and nutrition. The criticizing of these groups was focused on the fast food and was difficult for them to attack these products as a group.

Historically at the beginning of the food industry, consumers did not take care about the kind of pigments used in food colourings. But recently people have shown their phobia to synthetic pigments when the concept on synthetic pigments and “illness” was associated (Andrews, 2004). Consumers are now aware that synthetic additives often act in the body as irritants and toxins, upsetting the balance of the whole systems, producing side effects that can be lethal. By contrast, the regular and judicious use of herbs to protect and promote health and as medicines to help treat common ailments is an enlightened approach to personal well being. Consumers have turned their attention to products of plant origin and that are safe (Miller, 2002).

Natural food colours have their own set of regulations and while the FDA lists them as “exempt from certification” they have a set of restrictions that food designers must follow. These natural ingredients must have Generally Regarded as Safe (GRAS) status, which is generally recognized as safe by the U.S Government.

Using natural food colours has two common benefits. Natural food colours by nature possess antioxidant, anticancer and antimicrobial qualities. The second benefit is to replace the hazardous synthetic food colours.

Flowering plants, roots, bark, fruits and leaves are generally influenced by the perceived medicinal properties of plants and possess pigments in them (Bebber et al., 2007). Anthocyanins, betalains, carotenoids and chlorophyll abundantly found in nature can be used for food colourings. They are used in many fields as natural food colourings (Stinzings, 2006). They not only serve as food colouring but they act as antioxidants against free radical to support immune system and prevent diseases.

Many plants with such medicinal properties are abandoned and seem to be under utilised (Kala, 2005). Hence this study was under taken with the aim to produce natural food colours from selected medicinal plants. These natural food colours would not only be a solution to the phobia of consumers towards synthetic food colours but it would also add pharmacological valve to foods. The investigator also aims in popularising and utilising selected under utilised medicinal plants that are commonly available.

The present study entitled “Evaluation of natural food colours from selected medicinal plants and incorporation in selected recipes” was conducted with the following objectives. To 

1. develop natural food colours from the selected  medicinal plants

2. evaluate the developed natural food colours for their total phenol and antioxidant activity

3. incorporate the developed natural food colours in the selected recipes

4. evaluate the incorporated recipes by subjective methods

5. popularise developed natural food colours among the selected homemakers.

II.REVIEW OF LITERATURE

The literature pertaining to the study on “Evaluation Of Natural Food Colours From Selected Medicinal Plants And Incorporation In Selected Recipes” is presented under the following headings.

A. Importance of natural food colours

B. Evolution of medicinal plants for treating diseases

C. Natural food colours-Physio chemical properties

A. Importance of natural food colours
Colour is associated with many aspects of our life, the main factor is to evaluate food quality are colour, flavour, and texture. But colour can be considered as more important because of its appeal(Lopez et al., 2006).

Tepper (2003), says that colour is important for the visual appeal of any food. But colour alone is not sufficient to alter consumer acceptance of any product. Pigments are present in all living matter and provide attractive colours and play basic roles in the development of organisms. 

According to Sethi (2004), foods in general obtain colour  from naturally occurring pigments of plant or animal origin, by the addition of synthetic colours purposively and by oxidation either enzymaticaly or non-enzymatically.

From nineteenth century, lead chromate and copper sulphate were used to preserve pigment foods. But in the pigmentation process arsenic and other venomous impurities were added frequently. Tar colorants were also used as synthetic colourants(Vargas et al., 2006).

In recent years, there has been a growing concern over the presence of impurities in food additive and food colours have received a fair measure of attention in this regard. 

In 1974, the Joint Expert committee of FAO/WHO, recommended that increased attention should be given to reduce trace elements. Particular attention should be paid to impurities in food colours and ensuring that the free amine content of colours to be kept below 0.02 percent  (Khera et al., 2008).

Ringberg (2003), says that inspite of all this, some common food colourings and preservatives appears to increase the risk of hyperactive behavior in children.

Shamina et al., (2004), studies focused mainly on synthetic colours and its toxicity but recent attention have been directed towards food colours of plant origin.

Timberlake (2006), points out that in all living matter pigments play basic roles is development of organism. The use of natural pigments derived from plants for colourings food stuffs is now a commercial reality. Recently colours derived from natural sources have emerged as important alternatives to synthetic dyes.

The anthocyanins have a long history as a part of the human diet and are becoming commercially available as anthocyanin food colourants (Briddle and Timberlake, 2000).

Bixin is major constituent of colouring matter known as annatto, an extract of the fruit of a plant ‘Bixa orellana’. Annatto seeds are being used for fevers and gonorrhoea(Sivashankar, 2002).

According to Calvo and Salvador(2002), synthetic food colours found commercially can be replaced by natural colourants such as annatto, chlorophyllins, cochineals and curcumin.

Oke et al., (1999), stated that many flower extracts could be used as colourants in place of synthetic coal tar colours.

B. Evolution of medicinal plants for treating diseases

          The population density of threatened medicinal plant species in India was monitored. Twenty two percent of threatened medicinal plant species were critically endangered. Sixteen percent species should be utilized and conserved with care (Kala, 2005).

Approximately 40 percent of the western population use herbal medicines to treat medicinal illness. Public, academic and government interest in traditional medicines is growing exponentially due to the increased incidence of adverse drug reaction and economic burden of the modern system of medicine(Skiller, 2002).

Use of plants as a source of medicine has been inherited and is an important component of the health care system in India. Indian system of medicine requires proper documentation and research by practitioners who formulate and dispense their own recipes(Sharma, 2003).

Our ancestors believed that medicinal plants have healing power. Ethnobotanical literatures have described the usage of plant extracts, infusion and powders for treating diseases. So every community had a wealth of herbal folklore plants (Vijayan, 2004). Okello(2007), found that medicinal plants are still being used to treat various ailments.

Mukhtar et al., (2008), points out that medicinal plants have been widely used to treat a variety of infections and non-infectious ailments. Several plants could alter a rich reserve for drug discovery for infectious diseases. A variety of medicinal plants have shown promise to treat a number of viral infections and some of them possess broad spectrum antiviral activity. 

Mullinacy’s(2001),study reported that sixty five percent of patients in the world think that medicinal plants are efficient for the treatment of diabetes and twenty percent have reported adverse effects that could be caused by medicinal plants. Patients have several opinion for using medicinal plants (traditional treatment 40%, efficacy 32% and low cost 20%). 

Asrani (2007), feels that medicinal plants and herbs are the source of active principles capable of curing human’s ailments. Even the modern pharmaceuticals depend heavily on the active principles present in medicinal plants.

According to Lampe (2007), carotenids, indoles, crothiocyanates and allyl sulfides, flavonoids, phenols, plant sterols and isoflavones, lignins and monoterpens have complementary and overlapping mechanism of action.  The induction of detoxification enzymes, stimulation of the immune system, alteration of platelet aggregation, modulation of cholesterol synthesis, hormone metabolism, dilution and binding of carcinogens in the intestinal tract, antibacterial, antiviral and antioxidant effect.

In the setting of HIV and organ transplantation, opportunistic fungal infections have become a common cause for mortality and morbidity. This antifungal therapy is playing a greater role in health care. These traditional plants are a valuable source of novel antifungals (Mariana et al., 2008).

In Asia, oriental medicinal plants are used as phytoestrogen for hormone replacement therapy (Kim et al., 2008).

Hiabin et al., (2008), says that medicinal plants are sources of inexpensive antioxidants. The phenolic compounds are the major contributor for its antioxidant activity. In another study by Sultana and Anwar (2008), they found that leafy vegetables, fruits and medicinal plants exibit higher levels of flavonols. 

Dieye et al., (2004) in his study revealed that many people in developing countries used medicinal plants for diabetes.

Annatto colour pigment extracted from Bixa orellana  widely used as a colourant in foods is neither mutagenic nor an inhibitor of induced mutation. It is an antiperiodic, antipyretic and astringent  (Lima et al, 2003)

the Indian madar (Rubia cordifolia), perennial herb consists of anthraquinones. They possess medicinal value and contain purpurin and munjistin which are capable of colouring foods (Murti et al., 2002). Takeya et al., (2006), found two novel antitumour bicyclic hexapeptides from. Rao et al., (2006), proved that Rubiadin, a major constituent of Rubia cordifolia has a potent hepatoprotective action.

Hibiscus (Hibiscus rosasinensis), glabrous shrub produces a bell shaped flower, which is used for dyeing in China. It is used for the treatment of diabetic, headache and menstrual cramps. The ethanol extract of  hibiscus flowers significantly reduced the blood glucose level in both acute and sub-acute treatments(Venkatesh et al., 2008).

Bozan et al.,(2008) in his study found that Red grape varieties have poly phenols and antioxidant capacity. Skin extracts showed remarkable radical scavenging capacity and Oxygen Radiacal Scavenging Capacity (ORAC). With these high amount of total phenolic content and antioxidant activity, red grape varieties could be evaluated as dietary supplement for various diseases. It is used as an expectorant for constipation, anaemia and jaundice.

Antarkar et al., (1993) says that wheat grass is used for treatment of flatulence, ulcer and constipation and act as an appetizer.

Leaves of curry leaf tree yield an essential oil and glucoside koiningin and is used in preparation of tonics (Sharma, 2003). Curry leaves, spinach and other green leaves in common possess considerable amount of chlorophyll and has numerous pharmacological value due to the higher levels of flavonols (Sultana and Anwar, 2008).

Haward and Pandjaitan (2008), found that spinach leaves contain high levels of flavonols and possess high phenolic content, and have antioxidant capacity. Kahlon (2005), proved that spinach has the potential of binding bile acid and also that it is a good source of β-carotene.

Lycopene of tomatoes is also recognized as a powerful substance in fighting against cardiovascular diseases and various cancers. Lycopene rich diet is related to decrease in risk of certain cancers, particularly of digestive tract, prostate and pancreatic cancer (Johnson, 2000).

In addition to its antioxidant properties lycopene shows an array of biological effects including antimutagenic and anticarcinogenic activities. It is a suitable agent for preventing chemically induced DNA and chromosome damage (Scolastici et al., 2008). 

Newman et al., (2000), recommended that a daily dose of lycopene exerts a protective effect against exercise induced asthma in some patients. Andreassi et al., (2004), says that antioxidant ability is due to its high reductive power.Clinton (1998), also proved that those who consume lycopene are half likely to have heart attacks when compared to those who consume the least.

C. Natural food colours-Physio chemical properties

Rubinsklene et al., (2004), reported that the pigment anthocyanin was stable to the effect of thermal treatment at 950C and cyanidin another pigment were stable during storage for 12 months at 80C. Fructose has a greater effect on anthocyanin degradation compared with glucose andaspartame.

In a study by Hansen and Flink (2002),it was found that the minimum anthocyanin degradation and product structure alteration occur, when the undiluted extract is adjusted to pH 3, has maltodextrin structure stabiliser added to 2.5 percent level and is freeze dried at a maximum platen temperature at 750C. The recovery of anthocyanin is 
94 percent and  the solubility and physical structure is preserved.

Because of their highly reactive nature anthocyanins readily degrade or react with other constituents in the medium to form colourless or brown coloured compounds. Loss of anthocyanin pigmentation also occur in the presence of oxygen and various enzymes as the result of high temperature processing (Jackman et al., 2007).

Mulinacci et al., (2001), says that the interaction of anthocyanins, in suitable dispersed medium such as negative micells of sodium clodecylsulphate, consistently increased their chemical stability in aqueous solutions.

According to Janna et al., (2007), anthocyanin are stable at  pH 0.5-3.0 but the colour fades at higher pH values. Degradation percentages of total anthocyanins in the  extract kept at 250C were 7-20 percent lower than that maintained at 310C. When stored in darkness at 250C they maintained their purple colour for 26 days while light exposure reduced it to an average for 10 days. Saona (1999), says that refrigeration increased the half life of pigments to over a year.

The heat stability of the pigment extract in a buffer system was reduced by increasing the pH and water activity by heat medium. Light had a highly significant (P( 0.01) negative effect on the pigment stability during storage especially in the presence of sugar. The pigment used in the colouring of a carbonated beverage was more stable during long time storage at 40C than at room temperature. These pigments could be used successfully in the colouring of gelatin desserts and carbonated beverages as well as yogurt (Amv and Tamimi, 2007).

Gris et al., (2007), found that the addition of caffeic acid (1:1 w/v) significantly increased (P( 0.05) the stability of anthocyanins in model and yoghurt systems. In model systems the temperature and presence of light significantly influenced the stability of anthocyanin  (P( 0.05), whereas the highest valves for half life were obtained for anthocyanins with caffeic acid at pH 3 stored in the dark at a temperature of 4+1 0C. In yogurt system the caffeic acid increased the half  life time of anthocyanin to 6673h. Mercandate (2007), says that addition of sugar and salt had a negative effect on anthocyanin stability. 

Najar (2007), experimented with solution of annatto extract for 12 days at 470 nm and revealed that light was the most distinctive agent followed by benzoyl peroxide. Air was less effective in promoting loss of colour. Ascorbyl palmitate effectively retarded the destructive effect of light. 

Mass fraction of bixin lost in oleoresins stored at cold dark condition was negligible (0.011) whereas considerable losses were observed in dye powder (0.229). The mass fraction of bixin lost in oleoresins and dye powder samples stored at room temperature (dark) were 0.082 and 0.542 respectively. Similarly in case of room temperature (diffused day light) the losses of bixin is oleoresin and dye powder were 0.136 and 71 respectively. Loss of 0.154 was observed in bixin content when the seeds are stored in a jute bag(Balaswamy, 2006).

 
Hibiscus powder were analysed by Kahtani and Hassan (2004), for moisture(3.78%), protein(12.43%), vitamin C(82.76mg/100g), total soluble solids (TSS), pH and solubility(dissolves in 97 sec).Calvo and Maria (2008), found that concentration of ( carotene decreases slightly during storage of fruits and vegetables. 

Carotenoids include ( carotene, violaxanthin and neoxanthin, These pigment are all affected slightly during storage and heating. Refrigeration also reduces the carotenoids content. The content of carotenoids was best preserved after storage for one day at 40C (Bunea et al., 2008).

According to Kimlee (2003), decrease in carotene content with storage time was slower than xanthophylls and carotenoids. 

At 600C the carotenes degrade 6 to 8 times faster than at 370C and will not show an antioxidant effect, d-tocopherol effectively suppressed the hydro peroxide formation and degradation of carotenes (Angnelova and Warthesen,2000).Shi et al., (2008), shows that there was no significant change in total and trans-lycopene, although significant loss of cis–isomer was observed. 

The degradation rate of lycopene from tomato peels extract was lower. Z-lycopene isomer showed an inconsistence change during storage (Calvo and Maria ,2005).Sixty percent degradation was noted in lycopen when kept at 450C (Angnelova and Warthesen, 2000).Chianghsu (2008), found that pressure treatments at and below 200 Mpa at 4 and 250C lycopene had radical scavenging capacity.

When spinach is stored at different temperatures the total phenolic compound was decreased to 20 and individual phenolic acid increased to four times in its contents(Kin, 2003).

Yin et al.,(2006),says that retention of chlorophyll content was noted when treated with pulsed electric field, acetate zinc and stored at room temperature. 

III.METHODOLOGY

The procedure adopted for the study entitled “ Evaluation Of Natural Food Colours From Selected Medicinal Plants And Incorporation In Selected Recipes ” is presented under the following heads.

A. Market survey on the availability of synthetic food colours

B. Selection of medicinal plants
C. Development of natural food colours

D. Objective evaluation of the developed natural food colours 
E. Incorporation of developed natural food colours in selected recipes

F. Standardisation of selected recipes 
G. Subjective evaluation by the selected adolescents
H. Popularisation of the developed natural food colours among the selected homemakers

I. Analysis and interpretation of data

A. Market survey on the availability of synthetic food            colours
         A market survey was conducted in Coimbatore city to know about synthetic food colours, their brand, cost, and quantities available in the market. The area was selected based on convenience sampling method. The investigator conducted the market survey in North Coimbatore, Tamilnadu.

B . Selection of medicinal plants

The present study aimed to select and extract the pigments from annatto seeds, wheat grass, hibiscus flowers, madar root, grape skin, tomatoes, curry leaves, spinach for their medicinal properties, appeal of colour and easy availability.

Annatto (Bixa orellana)  the non toxic dye obtained from the seeds can be used for colouring edible matter. They possess antiperiodic, antipyretic and astringent properties (Prajapati et al., 2003). Annatto seeds possess an extremely strong dye which is used commonly for colouring cheese (www.sanjeevani.com).

In India and China the coloured dye of the hibiscus (Hibiscus rosasinensis) was extracted from the petals of the red  flowers (National Institute of Industrial Research, 2003). In ancient ayurvedic literature flowers of plant hibiscus have been described for its antifertility effect and house hold remedy for controlling excessive uterine bleeding.

The fruit of grape (Vitis vinifera) had been employed in folk medicine for treatment of  various conditions including cachexia, cancer, cholera, small pox, diarrhoea etc. It is also a rich source of anthocyanins and its skin is being used to add colour to wine (Bhattachari, 1998).

The Indian madar (Rubia cordifolia) is an important component of the ayurvedic system of medicine. It is also used as a natural dye for fabrics (Pandey et al., 2003). The colouring matter in root is purpurin and munjistin. It is being used as a diuretic to treat dyspepsia, flatulence, diarrhoea, diabetes etc.

Lycopene found in tomatoes (Lycopersicon esculentum) had been studied extensively in both humans and animals. It is now recognized as a powerful substance in the fight against cardiovascular diseases and various cancers (www.seniorhealth.com)

The Indian curry leaf (Murraya koenigii) tree is very popular which is found in the back yard of almost every South Indian home. It is commonly used for its high medicinal properties and is rich in chlorophyll. The extracts are being used in the preparation of tonics (Sharma, 2003).
The spinach (Spinacea oleracea) is a succulent or fleshy, soft stemmed branched vine with heart shaped leaves. The common green coloured ones are being used in Indian ayurvedha for inflammation alimentary tract infections and gonorrhea (Kurian, 1995).

 Wheat grass (Triticum avesticum) contains the maximum amount of chlorophyll at its seventh day and is found to be very stable. It is being used as a laxative, appetiser, for the treatment of flatulence, ulcer and constipation etc.These medicinal plants were selected by judgement sampling method because of the above mentioned medicinal properties and for their colour pigments as shown in Figure 1. Gupta(2004), stated that the choice of sample item depends exclusively on the judgement of the investigator which includes those items in the sample which are typical of the universe with regard to the characteristic under investigation.
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FIGURE 1

MEDICINAL PLANTS SELECTED FOR THE STUDY

C . Development of Natural food colours

For the development of natural food colours from the selected medicinal plants the following methods were adapted to extract the colour pigments present in them as shown in Figure 2. The methods were as follows:

1 . Maceration

Maceration is the process of breaking down of substance into smaller particles either by manual or mechanical methods. It facilitates the extraction of colour pigments from the selected medicinal plants. Hence maceration was used for medicinal plants whose active principles are soluble in cold water for several hours, during which time all principles that do not need heat to release them, will be released into the solution (Varier, 1993).

Madar root, hibiscus flowers, wheat grass, curry leaves, spinach, tomatoes and grape skin were macerated separately due to its high moisture content. Annatto seeds was not macerated because it does not contain moisture.

2 . Extraction  

The macerated juice extracted from the selected medicinal plant contain mineral salts and vitamins which can be obtained through cold extraction method (Varier, 1993). The macerated selected sample were subjected to pressure in a sieve and juice was extracted as shown in Figure 2.

                              Selection of the medicinal plant    
                                            [image: image10.jpg]


                                                                                                                                                                                 

                                                Maceration                                            

                                              [image: image11.jpg]



                                               Extraction

                                             [image: image12.png]



                                               Sun drying

                                             [image: image13.png]



                                         Natural food colour

                                           [image: image14.png]



                                        Figure 2

SCHEMATIC REPRESENTATION OF DEVELOPMENT OF NATURAL FOOD COLOURS

3 . Sun drying
Sun drying is one of the cheapest methods of drying foods. In sun drying the foods are preserved because the available moisture level becomes low; the micro organism cannot grow and enzyme activity is controlled (Srilakshmi, 2004). Extracts of all the selected medicinal plants were sun dried until they became free of moisture.
Tomatoes, curry leaves and spinach did not have an appealing colour and flavour after the sun drying process. Annatto seeds, madar root, hibiscus flowers, wheat grass, and grape skin were selected for further investigation due to their appeal of colour and  acceptable flavour.

D. Objective Evaluation of the developed natural food colours
Methods of evaluation that depend on some measure other than human senses are called objective methods of evaluation (Chandrasekar,2002).
Plants possess medicinal value due to the presence of phenolic compounds such as flavonols and antioxidants (Milton,2002). The developed natural food colours from the selected medicinal plants were analysed for their total phenols by Folin-ciocalteau reagent method and antioxidant activities by Ferric Reducing Antioxidant Power (FRAP)   Assay as shown in Appendix V.

E . Incorporation of developed natural food colours in
selected recipes
Activists consumer had a opinion about artificial colours that they are harmful in many foods and diet. Hence with a goal to produce healthier foods and also to add more medicinal value to foods, the developed food colours were incorporated in the selected recipes. One of the problems encountered with the natural pigments is their instability to processing and other external factors (Vargas et al., 2003). In order to see the stability of the developed colours, they were incorporated in the selected recipes as given in Appendix IV.

According to Good (2003), the recipes were classified as opaque foods, translucent foods and transparent foods. For the present investigation, the developed natural food colours were incorporated in certain commonly consumed recipes. Chilly gobi, bajji, bonda, kesari, masala groundnut, chilly chicken, gobi manchurian, paneer masala, ice cream were classified as opaque foods, jam and tutty fruity as translucent foods and jelly as transparent food.

1. Methods adapted for incorporation of the developed natural food colours

The developed natural food colours were added to the selected recipes by various methods as shown in Figure-3.
DEVELOPED NATURAL FOOD COLOURS
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Methods adapted for incorporation in selected recipes
From the methods shown in Figure 3, maximum colours were obtained for all developed natural food colours when it was dispersed in boiling water.

F.  Standardisation of selected recipes 
A standardised recipe is that which has been tested and resulted in a consistent product each time and a recipe is considered as a standardised recipe only after it has been tried and evaluated for quality with necessary adaptations (www.foodsci.voguelp.com). In order to standardise the quantity of colour and methods of usage, standardisation of each recipes were done.
1. Quantity of natural food colours used in the selected recipes
Depending upon the desirable colour and flavours varying quantities (0.5g to 3.0g) of the developed natural food colours were incorporated in every 100g of the standardised recipes.

                                        TABLE I

QUANTITY TO BE ADDED FOR EVERY 100g OF RECIPE.

	Medicinal plants

	Colours 

	Quantity      

(g)
	Cost  (paise)

	Annatto seeds 
Madar root 
Hibiscus flowers 
Grape skin 
Wheat grass 
	Orange
Red
Pink
Violet
Green
	1.5

2.0

2.0

1.0

1.5
	15

20

20

80

45


The quantity to be added in every 100g of the standardised recipes and the cost of each portion was found to be consistent.
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Plate 4

TRANSPARENT RECIPES PREPARED WITH THE DEVELOPED NATURAL FOOD COLOURS
G.  Subjective evaluation by the selected adolescents
When the quality of a food product is assessed by means of human sensory organs, the evaluation is said to be sensory or subjective or organoleptic (Srilakshmi, 2003).

To evaluate the developed recipes, ten trained panel members from Avinashilingam University, Coimbatore were selected. The recipes were evaluated with the help of five point hedonic rating scale. Hedonic rating scale relates to pleasurable or unpleasurable experience. The hedonic rating test were used to measure the consumer acceptability of food products rating from “excellent to poor”(Appendix I).
H. Popularisation of the developed natural food colours among the selected homemakers

1 . Selection of the homemakers 
           Adult women are the one’s engaged with the activity of preparing food for the family and seem to know much about the likes, dislikes of the family numbers, and care more about their health too. To find the acceptability and usage among the adult women, fifteen adult women in the age of 35 to 60 years were selected for the study. The adult women were selected on the basis of convenience sampling from Vellore district, Tamil Nadu, because of the geographical convenience to the investigator.

2 . Tools used to collect information
To find the information about the consumption of synthetic food colours among the adult women, an interview schedule was developed as shown in Appendix II.

The interview schedule comprises of questions revealing the information about the frequency of consumption of artificial food colours,  awareness about the hazards of synthetic food colours.

3 . Imparting knowledge about the natural food colours
Leaflets are extremely valuble for publicising the product and to make them aware about a particular aspect (Bushan, 2003).

Leaflets enumerating the value of the natural food colour and their health benefits, along with their method of usage was developed and distributed among the selected adult women to impart knowledge about the natural food colours(Appendix III).

4 . Sensory Evaluation

From the selected fifteen adult subjects, subsample of ten adult homemakers were selected  and were asked to evaluate the developed recipes in which the natural food colours were incorporated by subjective means using the five point hedonic rating scale as shown in Appendix I.
5 . Distribution of the developed natural food colour
The developed natural food colours were made into small packets containing the required amount to be added to every 100g of the recipe for the convenience of the selected homemakers. These packets were distributed to them and instructions were given to the selected homemakers about the use and application of the natural food colours.
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Sensory evaluation by the selected homemakers
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POPULARISATION OF THE DEVELOPED NATURAL FOOD COLOURS 

6. Acceptability of the developed natural food colours among the selected homemakers
All the selected home makers were given the natural food colours and incorporate the developed natural food colours in their own recipes and their feed back was obtained. They were asked their opinion about the developed natural food colours and their difficulties in using the developed natural food colours.
I. Analysis and Interpretation of data
The mean scores were calculated for each of the standardised recipe and a comparative analysis between the scores attributed by the adolescents and the homemakers were done using Analysis Of Variance (ANOVA).

IV RESULTS AND DISCUSSION

The findings of the study entitled “Evaluation Of Natural Food Colours From Selected Medicinal Plants And Incorporation In Selected Recipes ” is discussed under the following heads. 
A. Market survey on the availability of synthetic food colours

B. Objective evaluation of the developed natural food colours

C. Sensory attributes of the selected recipes among the selected adolescents

D. Popularisation and acceptability of the developed natural food colours among the selected home makers

E. Comparative scores attributed by the selected adolescents and homemakers 

F. Overall acceptability of the developed natural food colours

A. Market survey on the availability of synthetic food colours

A market survey was conducted at Coimbatore city, Tamilnadu to know about the availability of synthetic food colours. Table II shows details about the availability of synthetic food colours .

TABLE II

AVAILABILITY OF SYNTHETIC FOOD COLOURS

	Brand name
	Quantity
	Cost (Rs)

	Gold camel

Black white liquid food colour

Top liquid food colour 
	10g

20ml

20ml
	3

8

10


Table II reveals that three brands of synthetic food colours available in the local market. Among them two were liquid food colours. Gold camel was the only brand of synthetics food colours in powder form. The cost of liquid synthetic food colour were found to be comparatively higher than powder colour. 

B.Objective evaluation of the developed natural food           colours
The developed natural food colours were analysed for their total phenolic contents and antioxidant activities of the developed natural food colours.

1. Phenolic content of the developed natural food colours
 Table III projects the phenolic content of the developed natural food colours.

TABLE  III

PHENOLIC CONTENT 

	MEDICINAL PLANTS
	TOTAL PHENOL

(mg/100g )

	Annatto seeds

Madar root
Hibiscus flowers
Grape skin 

Wheat grass
	0.4

1.0

2.4

2.4

1.0


Table III shows that among the five developed natural food colours grape skin and hibiscus flowers had the maximum content of total phenols. (2.4mg/100g)  followed by madar root and wheat grass (1.04mg/100g). Annatto seeds had 0.44 mg/100g of total phenols.
In a study by Fiang et al.,(2003), it was found that plants are rich sources of phenols, especially flavonols.
2. Antioxidant activity  of the developed natural food colours
 Table IV shows the total antioxidant activity of the developed natural food colours.

TABLE IV

ANTIOXIDANT ACTIVITY
	MEDICINAL PLANTS
	ANTIOXIDANT ACTIVITY(µg/g)

	Annatto seeds

Madar root

Hibiscus flowers
Grape skin 

Wheat grass
	360

372

1720

1600

344


  From Table IV it was evident that hibiscus flowers and grape skin had the maximum antioxidant activity of 1720µg/g and 1600µg/g respectively. Madar root, annatto seeds, and wheat grass had nominal values for their antioxidant activity of 372µg/g, 360µg/g, 344µg/g  respectively. The present study also line with Reggis(2000), findings that all medicinal plants are rich sources of antioxidants and it is the main cause for their healing power.
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PHENOLS AND ANTIOXIDANT CONTENT OF THE  DEVELOPED NATURAL FOOD COLOURS

C. Sensory attributes of the selected recipes among select Adolescent Subject

Sensory attributes for the selected foods were found using the five point hedonic scale. The selected foods thus made by varying the proportion of the ingredients will not have the same sensory effects. Depending upon the quantity of the ingredients added, the sensory characteristic also varies. Sensory characteristic include colour appearance, flavour, texture, taste and overall acceptability of the selected recipes using the developed natural food colours.

Based on the scores obtained for each recipes, mean and standard deviation of the scores were calculated to find out the probable inclination of the panel judges towards these sensory parameters.

1.Mean scores for opaque foods

Mean scores for the opaque foods prepared using the developed natural food colours, attributed by the selected adolescents is tabulated in 
Tables V.

Table V shows that among the opaque foods prepared masala groundnut and kesari (madar root and annatto seeds) had the maximum(4.9) for its colour and texture respectively. Most of the recipes had scored good in all aspects(above 4). Icecream (hibiscus flowers) had the least scores for its taste. Bajji and vermicelli kesari (annatto seeds) had maximum scores(4.8) on the whole.

2.Mean scores for translucent foods

Mean scores for transclusent foods attributed by the selected adolescents prepared using the developed natural food colours, given in Table VI
From Table VI it was evident that tutty fruity (grape skin) had scored the maximum (5) for its colour and texture. Tutty fruity (wheat grass) did not have good taste, tutty fruity (wheat grass) and jam(madar root) had minimum total scores of 4.
3.Mean scores for transparent foods

Mean scores for transparent foods attributed by the selected adolescents prepared using the developed natural food colours, given in Table VII.
Table VII shows that jelly (grape skin) had scored 5 for its colour, texture and taste. Jelly (annatto seeds and wheat grass) and had scored minimum (3.4) for its taste. All the other jellies had good (above 4) scores in all the aspects.

D. Popularisation and acceptability of the developed natural food colours among the selected homemakers
In the world, majority of the diseases are caused by the use of chemicals and synthetic food additives that are  available in the market. In order to prevent this, an awareness programme were developed using the leaflets and lecture method. In this session, benefits of using natural food colours, how to incorporate in the recipes, quantity to be added for each recipes etc were explained to them.

Sensory evaluation of the selected recipes were carried out in order to find the acceptability of the natural food colours among the selected homemakers. Ten homemakers were selected from Vellore district, Tamil Nadu. The following were the information obtained.

1. Occupational status of the selected subjects

Occupational status of the selected adult women is tabulated in the following table

TABLE VIII

OCCUPATION OF SELECTED SUBJECTS

(N=15)

	Occupation
	N 
	%

	Homemakers

Private sector

Public sector
	12

2

1
	80

13

7


Table VIII shows that 80 percent of the selected adult women were homemakers and 13 percent worked for private sector. The rest (7 %) worked in public enterprise. The investigator found very easy to conduct the study because majority of the subjects were homemakers and  were more willing to participate and were co-operative.

2. Preference of food colours among the selected adult women 

The preference of food colours for the selected recipes among the selected adult women is pictured out in Table IX.

TABLE IX
PREFERENCE OF FOOD COLOURS

	Recipes
	Food Colours

	
	Red
	Orange
	Yellow
	Green
	Pink
	No food colours

	
	N
	%
	N
	%
	N
	%
	N
	%
	N
	%
	N
	%

	Kesari

Vermicelli Kesari

Ice cream

Chilly chicken

Panner masala

Gobi manchurian

Chilly gobi

Masala groundnut

Bajji

Bonda

Vadam

Jam

Tutty fruity

Jelly


	3

3

-

15
-

15
15

6
6

6

-

15

3

12
	20

20

-

100
-

100
100
40
40
40

-

100

20

80
	11

11

5

-

12

-
-
6

12

12

3

-

-

5
	74
74
33
-
80

-
-
40
80

80

20

-

-

33
	9

9

8

-

-

-

-
-

-
-
-

-
-

1
	60

60

53
-

-

-

-
-

-
-
-

-
-

7
	5

5

5
-

-

-

-
-

-

-

3

-

8
-
	33
33
33

-
-

-

-

-

-
-
-

20
-
53
-
	-

-

-

-

-

-

-
-

-
-
-
-
-

-
	-

-

-

-

-

-

-
-

-
-
-
-
-

-
	-

-

5

-

3
-
-
3

3
-

6
-

6

-
	-

-

33
-
20
-
-
20

20
-

40
-
40

-


From Table IX it was clear that orange colour was preferred by majority of the subjects (74%) for kesari, jelly, bajji and bonda (80%). About 53 percent preferred to use yellow colour for ice cream and green for tutty fruity. About 40 percent of the selected home makers did not prefer to use any colour for vadam. All the selected home makers preferred to use red colour for chilly gobi, chilly chicken, gobi manchurian and jam. 

3. Mode of consumption of the coloured recipes

The place of consumption of the selected recipes is given in

Table X 

TABLE X

MODE OF CONSUMPTION OF THE COLOURED RECIPES (N=15)

	Recipes
	At Home
	Food courts/outlets

	
	N
	%
	N
	%

	Kesari

Vermicelli kesari

Ice cream

Chilly chicken

Panneer masala

Gobi manchurian

Chilly gobi

Masala groundnut

Bajji

Bonda

Vadam

Jam

Tutty Fruity 

Jelly
	13

13

2

6

6

6

6

-

12

12

6

-

-

-
	87

87

13

40

40

40

40

-

80

80

40

13

-

-
	2

2

13

9

9

9

9

15

3

3

9

13

15

15
	13

13

87

60

60

60

60

100

20

20

60

87

100

100


Majority of the homemakers consumed or purchased certain recipes  from food outlets. Tutty fruity, jelly, and masala groundnut were consumed outside because the preparation method were tedious. About 87 percent of the selected homemakers preferred to have kesari at home. All the selected adult women preferred to to have ice cream and jam from food outlets. Eighty percent homemakers prepared bajji and bonda at home, whereas  40 percent prepared vadam at home. Most of the recipes were consumed or purchased from food outlets and the frequency of consumption was often.

4. Consumption pattern of coloured recipes 

From the interview schedule the consumption pattern of selected common coloured recipes among selected homemakers is tabulated in Table XI.

TABLE XI

FREQUENCY OF CONSUMPTION OF COLOURED RECIPES 

	Recipes
	Frequency of Consumption

	
	Daily
	Weekly 

Twice
	Weekly once
	Monthly

Twice
	Monthly

Once
	Occassi-onally



	
	N
	%
	N
	%
	N
	%
	N
	%
	N
	%
	N
	%

	Kesari

Vermicelli kesari

Ice cream

Chilly chicken

Paneer masala

Gobi manchurian

Chilly Gobi

Masala ground nut

Bajji

Bonda

Vadam

Jam

Tutty fruity

Jelly
	-

-

-
-

-

-

-

1

2

1

-

1

-

-
	-

-

-

-

-

-

-

7

13

7

-

7

-

-
	1

1

-

-

-

-

-

4

3

4

1

3

-

1
	7

7

-

-

-

-

-

27

20

27

7

20

-

 7
	3

3

6

-

3

-

2

3

5

5

3

2

-

1
	20

0

40

-

20

-

13

20

33

33

20

13

-

7
	5

5

3

-

-

-

5

2

-

-

5

6

1

2
	33

33

20

-

-

-

33

13

-

-

33

40

7

13
	4

4

4

-

-

6

7

3

2

2

4

2

1

3
	27

27

27

-

-

40

47

20

13

13

27

13

7

20
	2

2

2

15

12

9

1

2

1

1

2

1

13

8
	13

13

13

100

80

60

7

13

7

7

13

7

87

53


Table XI indicted that only seven percent of the selected adult women consumed masala groundnut and bonda. Thirteen precent of them consumed  jam and bajji daily. Only seven percent consumed kesari, vadam and jelly weekly twice. Bajji and jam were consumed weekly twice by 20 percent of the adult women. Forty percent of the selected home makers preferred to have ice cream weekly and 20 percent of the selected home makers consume monthly twice, 27 percent monthly once and 13 percent consume occasionally. Chilly gobi was consumed monthly twice and weekly by 33 percent and only 7 percent consume it occasionally. Frequency of consuming ice cream weekly and occasionally were observed among 40 percent and 13 percent of the  selected adult women respectively.

About 87 and 53 percent of them consume tutty fruity and jelly occasionally. All the selected home makers consumed chilly chicken and gobi manchurian occasionally.
5. Habit of checking brand name 

The habit of checking brand name while purchasing the food colours is shown in Table XII.

TABLE XII

HABIT OF CHECKING BRAND NAME WHILE PURCHASING

(N=15)

	Habit of checking
	N
	%

	Checks

Do no check
	3

12
	20

80


Table XII reveals that about 80 percent of the selected home makers do not have the habit of checking brand name and manufactured date while purchasing food colours. The present study also line with Hawkins (2002), findings which states that majority of the consumers are unaware of the concept of reading the label. He also stated that aspects like manufactured date, maximum retail price, nutrient facts etc should be given more importance.

6. Awareness about the hazards of food colours
Forty percent of the selected adult women were aware about the hazards of artificial food colours whereas 60 percent were not aware of it. In the Bruhn (1999) studies, he proved that 20 percent of the people in UK do not know about the hazards of food additives. Another studies by Baily (2003), shows that majority of the consumers believed that food colours can cause health problems or even by hazardous.

7. Awarness about the diseases caused by artificial food colours
Awareness about the diseases, caused by food colours is as shown in 

Table X1II

TABLE X1II

HAZARDS OF ARTIFICIAL FOOD COLOURS

	Hazards
	N
	%

	Cancer

Allergy

Liver                   disorders
	2

4

2
	13
27
13


It was evident from the Table XIII that 27 percent were aware that artificial food colours are likely to cause allergy and 13 percent of the selected adult women were aware that it could cause cancer and liver disorder. Many researches have proved that all artificial food colours produce changes in the cellular level. Weil (2000), points out that artificial colours are the indulging cause of cancer and it also causes hyperactivity in children.

8. Willingness to use natural food colours
Vargas et al., (2003), says that in the last 30 years synthetic additives have been severely criticized and consumers show a phobia towards these products and consequently prefer natural colorants. This was quietly proved by the present study that 80 percent of the selected adult women were willing to use the developed natural food colours and only 20 percent did not  pay any interest about the present concept.

9. Familiarity of the medicinal plants and the medicinal value

Familiarity of the medicinal plants and their medicinal value among the selected adult women is projected in Table XIV.

TABLE XIV

FAMILIARITY OF THE MEDICINAL PLANTS AND ITS MEDICINAL VALUE

	Medicinal plants
	Medicinal  plant
	Medicinal value

	
	Familiar
	Not familiar
	Familiar
	Not familiar

	
	N
	%
	N
	%
	N
	%
	N
	%

	Annatto seeds
Madar root
Hibiscus flowers
Grape skin

Wheat grass
	-

-

15

15

3
	-

-

100

100

20
	15

15

-

-

12
	100

100

-

-

80
	-

-

11

2

1
	-

-

74
13
7
	15

15

4

13

14
	100

100

27

87

93


From the Table XIV it was seen that annatto seeds, madar root were not familiar, among them whereas hibiscus flowers and grape skin were familiar among the selected homemakers. Only 20 percent of the selected adult women had knowledge about wheat grass from earlier studies conducted on diet related diseases and its impacts.

Among the selected home makers, annatto seeds and madar root were totally unfamiliar in the aspect of their medicinal valve. About 11 percent ,13 percent and 7 percent of the selected home makers knew about the medicinal value of hibiscus flowers, grape skin and wheat grass respectively. 
10. Sensory attributes of the selected recipes among the selected homemakers

The recipes developed using the developed natural food colours were given to the ten selected homemakers and were asked to evaluate. The  mean scores attributed by them was found and tabulated to find the inclination of the adolesescents towards the sensory parameters.
a.Mean scores for opaque foods

Mean scores for opaque foods prepared using the developed natural food colours attributed by the selected homemakers shown in Table XV.
Table XV shows that all the recipes developed using annatto seeds had good scores in all aspects, expect vadam which had scored less (3.7) for its colour. Vadam(wheat grass)and ice cream (grape skin) scored less for its colour (3.7 and 3.6 respectively). Similarly ice cream(grape skin) alone scored 4.1 for texture and taste. The flavour of kesari (madar root) was also not very good (3.6). Regarding the taste kesari (madar root) scored 3.5.
b.Mean scores for translucent foods

Mean scores for the translucent recipes developed, as given by selected homemakers is shown in Table XVI.
It was found among the translucent recipes that tutty fruity (annatto seeds) had good scores (4.6) among the homemakers, followed by tutty fruity prepared from grape skin (4.3).Tutty fruity from wheat grass scored the minimum (4.2) scores, jam (madar root) had 4 for its colour.
c.Mean scores for transparent foods

Mean scores for the transparent recipes developed, as given by selected homemakers is shown in Table XVII.
It was evident that jelly prepared  from annatto seeds was more acceptable among the homemakers. It had scored 4.5 on the whole. Jelly (hibiscus flowers) had the least acceptability (3.9).
11.Opinion about the developed natural food colours
The developed natural food colours were distributed to the ten selected sub sample homemakers and their opinion were analysed. The investigator found that all the homemakers were satisfied after using the developed natural food colours. Very few homemakers (27%) reported that certain colours had slight flavour when incorporated in certain recipes.
E. Comparitive scores attributed by the selected adolescents       and homemakers
A comparison between the scores attributed by the selected adolescents and homemakers for the recipes developed were done using Analysis of Variance (ANOVA).
1.Comparitive Scores For Opaque Foods
Comparitive scores attributed by the selected adolescents and homemakers for opaque recipes is shown in Table XVIII.

TABLE XVIII

COMPARITIVE SCORES FOR OPAQUE FOODS

	Recipes
	Medicinal
plants
	Mean ± SD
	f- ratio

	Paneer masala 

Masala Grondnut       

Chilly gobi                 

Chilly chicken           

Bonda                        

Bajji                           

Kesari                     

Vermicelli kesari                                
Vadam                                                                                             
Ice cream                   

                                   
	Annatto seeds
Annatto seeds

Annatto seeds
Annatto seeds
Annatto seeds
Annatto seeds
Annatto seeds
Madar root
Annatto seeds
Madar root

Annatto seeds 

Madar root

Wheat grass

Annatto seed Hibiscus flowers

Grape skin 
	4.30 ± 0.12

4.09 ± 0.20

4.51 ± 0.15

4.39 ± 0.15

4.25 ± 0.36

4.04 ± 0.16

4.4 ± 0.16

4.3 ± 0.12

4.03 ± 0.23

4.17 ± 0.13

4.41 ± 0.21

4.51 ± 0.17

4.19 ± 0.19

4.42 ± 0.19

4.13 ± 0.19

4.05 ± 0.22
	0.0291

0.7847

0.0170

0.9284

1.0576

0.6072

0.2353

3.2029

1.6763

2.7923

2.5123

3.7524

7.2394*

2.2394

3.2472

6.1146*


                                                          * significant at 5% level
Table XVIII reveals that all the opaque foods had mean scores above 4 (very good). Among these foods chilly gobi (annatto seeds) and kesari (madar root) scored the maximum  of 4.51. Kesari (madar root) had scored 4 and ice cream (grape skin) had relatively low score of about 4.

Among the selected adolescents vadam (wheat grass) and icecream (grape skin) showed significance at 5 percent level f-ratios.

2.Comparitive scores for translucent foods
Comparitive scores attributed by the selected adolescents and homemakers for translucent recipes is shown in Table XIX.

TABLE XIX

COMPARITIVE SCORES FOR TRANSLUCENT FOODS

	Recipes
	Medicinal

plants
	Mean ± SD
	f- ratio

	Tutty fruity                    

 Jam          
	Annatto seeds 

Madar root

Wheat grass

Grape skin

Madar root


	4.36 ± 0.14

4.24 ± 0.21

4.33 ± 0.14

3.91 ± 0.13

3.09 ± 0.24
	0.00

13.12

0.0202**

1.8740

0.3542


                                                          **significant at 1% level
Among the translucent food tutty fruity (wheat grass) and jam (madar root) had the minimum scores of 3.91 and 3.99 respectively. Tutty fruity (annatto seeds) had maximum mean score of 4.36.The adolescents had  one percent significance for tutty fruity (grape skin). 

3.Comparitive scores for transparent foods
Comparitive scores attributed by the selected adolescents and homemakers for transparent  recipes is tabulated in Table XX.

TABLE XX

COMPARITIVE SCORES FOR TRANSPARENT FOODS

	Recipes
	Medicinal

plants
	Mean ±SD
	f- ratio

	Jelly         
	Annatto seeds 

Madar root

Wheat grass

Hibiscus flowers

Grape skin
	4.32 ± 0.15

4.21 ± 0.39

4.0 ± 0.29

3.72 ± 0.10

3.8 ± 0.17
	2.7227

5.1237*

301432

14.5161**

0.1218


                                                          * significant at 5% level

                                                                   **significant at 1% level

             Table XX shows that among the transparent recipes prepared wheat grass had low mean scores of 3.8 the f-ratio was also low (0.1218). Scores for jelly prepared from madar root and grape skin had 5 percent and 1 percent significance. Madar jelly had significance at 5 percent level, grape skin jelly had significant at 1 percent level.
F. Overall acceptability of the developed natural food colours 
The scores obtained for each of the developed natural food colours in the selected recipes is projected in Table XXII.

TABLE XXII

OVERALL ACCEPTABILITY OF THE DEVELOPED NATURAL FOOD COLOURS

	Natural food colours
	Colour

%
	Appearance

%
	Flavour 

%
	Texture

%
	Taste

%
	Mean Total

%

	Annatto seeds

Madar root

Hibiscus flower

Grape skin 

Wheat grass
	94

90

84

93

90
	92

90

95

95

81
	90

88

83

93

70
	89

91

84

97

79
	90

88

80

95

78
	91

89

85

95

80


Table XXII shows that among the five developed natural food colours grape skin had the maximum acceptability (95%) followed by annatto seeds (91%). Annatto seeds and grape skin had scored maximum for its colour (94%) and taste (95 %) respectively. Even though wheat grass had more medicinal value, it had scored only 80 percentage. The reason for least scores was due to the flavour produced when it was incorporated in the selected recipes.
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         Mean scores for recipes prepared with annatto seeds
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         Mean scores for recipes prepared with madar root
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         Mean scores for recipes prepared with hibiscus flowers
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         Mean scores for recipes prepared with grape skin
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         Mean scores for recipes prepared with grape skin
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    Figure 10

Overall scores of the developed natural food colours
V. SUMMARY AND CONCLUSION

Plants are being used for improving the quality of diet and sustaining or regulating good health. Herbal medicines not only provides nutrients but also strengthen and supports the action of digestive system, speeding up the rate of proceeding food and improving the absorption of nutrients. Pigments found in plants play important roles in plant metabolism and visual attraction in nature. Major plant pigments include carotenoids, anthocyanins and other flavonoids, betalains and chlorophylls. They are also rich in flavonoids and other phenolic constituents. Their antioxidant activity makes them chemopreventive and adds various other medicinal values to them.


Artificial food colours are hazardous to human health and they cause ill effect to children.


Hence this study was carried out in order to develop natural food colours from medicinal plants and add medicinal value to foods.


For the present study a market survey were conducted at Coimbatore city to know about the availability of synthetic food colours in the market. Eight commonly available medicinal plants, namely annatto seeds, madar root, hibiscus flower, grape skin, wheat grass, curry leaves, spinach and tomatoes were selected.


Except annatto seeds other medicinal plants were macerated, and the juice was extracted and sun dried. The colour powders were obtained on drying. As annatto seeds was in the dry form it did not require any processing.


Based on it flavours and appeal, annatto seeds, madar root, hibiscus flower, grape skin and wheat grass were selected for further investigation.


The developed natural food colours were analysed  in the laboratory for their phenolic and total antioxidant activity. The colours were incorporated in selected recipes which are commonly consumed by people by various method in various quantities and the recipes were standardised.


Ten adolescent girls were selected and were asked to score the standardised recipes by sensory evaluation.


As a part of popularisation of the developed natural food colours, fifteen adult women were selected and information about their consumption pattern of synthetic food colour were gathered using a well structured interview schedule. Leaflets, were prepared and distributed to impart knowledge about the natural food colours. The recipes developed with natural food colours were also evaluated by ten homemakers by sensory evaluation.

The mean scores and standard deviations for the recipes were evaluated. A comparison between the acceptability of homemakers and adolescent were done using Analysis Of Variance (ANOVA)

The results of the study are summarised below :

· Synthetic food colours were available in a wide range of colours and many customers buy them, though they are produced by limited companies.

· Liquid synthetic food colours are costlier than the one’s in powder form.

· Hibiscus flowers and grapes skin colours had the maximum phenolic content of about 2.5 mg/100g followed by madar and wheat grass (1mg/100g each) and annatto seeds (0.4 mg/100g).

· The antioxidant activity of hibiscus flowers were very high (1720 µg/g) followed by grapes skin (1600 µg/g). Madar root (372µg/g), annatto seeds (360µg/g) and wheat grass (344µg/g) had nominal values.

· The acceptability of the recipes prepared using the developed natural food colours among adolescents was good. Wheat grass had comparitively low scores in all recipes.

· Among the 15 selected adult women 10 were homemakers which was convenient to the investigator.

· Most of the recipes such as jam, jelly, chilly chicken, ice cream, etc were being consumed from food outlets. They are not being prepared at home because of the tedious procedures involved in the preparation of most of the recipes.

· Only a very few recipes such as bajji, bonda, were being consumed daily. The rest of the recipes were being consumed occasionally, or monthly once or twice.

· About 80 percent of the consumers do not have the habit of checking brand name while purchasing food colours.

· Sixty percent of the selected adult women were not aware of the ill effects of synthetic food colours.

· A limited member of the selected  adult women only knew about the ill effects such as cancer, allergy and liver disorders.

· About 10 percent of the selected adult women were interested in using the developed natural food colours.

· Among the developed natural food colour, annatto seeds, madar root were not familiar among the homemakers. Hibiscus flower and grape skin were familiar and wheat grass was less familiar.

· Most of the selected homemakers liked the developed natural food colours. Some of the selected homemakers reported that certain food colours like madar root and wheat grass had a slight flavour when incorporated in the recipes.

· The acceptability of the recipes prepared using the developed natural food colours were good among the homemakers.

· On comparing the scores attributed by adolescent and homemakers for the recipes prepared revealed that only 5 recipes had significant result. The acceptability of wheat grass vadam, grape skin tutty fruity, madar jelly, grape skin jelly, and jam had better acceptability among adolescents.

· Grape skin had the maximum scores for all the attributes followed by annatto, madar, hibiscus and wheat grass.

From the entire study it was found that the five natural food colours developed from medicinal plants would replace synthetic food colours and also add medicinal value to the food.

Future recommendation :

· Development of natural food colours and their physio-chemical properties.

· Comparative study on the synthetic and natural food colours.

· Impact of natural food colours on the selected disease condition.
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APPENDIX I
SCORE CARD FOR SUBJECTIVE EVALUATION OF RECIPES DEVELOPED WITH NATURAL FOOD COLOURS
	RECIPES
	Colour
	Appearance
	Flavour
	Texture
	Taste
	Total

	
	
	
	
	
	
	


 KEY SCORES

1-EXCELLENT    2-VERY GOOD    3-GOOD     4-FAIR     5-POOR

APPENDIX II

Interview schedule to elicit information on consumption of artificial food colours.

1.
NAME

:

2.
AGE

:

3.
GENDER
:
( MALE
( FEMALE

4.
ADDRESS
:

5.
EDUCATIONAL QUALIFICATION :

6.
INCOME
:

7.
OCCUPATION
:

8. 
Do you add artificial food colours to any foods prepared at home?

( Yes        ( No.

9.         If yes how often do you use food colours in the following recipes?

	RECIPES
	COLOURS USED
	FREQUENCY

	
	R
	O


	P
	Y
	G
	nil
	Daily
	Weekly twice
	Weekly 

Once
	Month-ly once
	Monthly Twice
	Occasi-onally

	Kesari
	
	
	
	
	
	
	
	
	
	
	
	

	Ice Cream
	
	
	
	
	
	
	
	
	
	
	
	

	Chilly Gobi
	
	
	
	
	
	
	
	
	
	
	
	

	Chilly chicken
	
	
	
	
	
	
	
	
	
	
	
	

	Paneer masala
	
	
	
	
	
	
	
	
	
	
	
	

	Gobi Manchurian
	
	
	
	
	
	
	
	
	
	
	
	

	Masala Ground Nut
	
	
	
	
	
	
	
	
	
	
	
	

	Bajji
	
	
	
	
	
	
	
	
	
	
	
	

	Bonda
	
	
	
	
	
	
	
	
	
	
	
	

	Vadam
	
	
	
	
	
	
	
	
	
	
	
	

	Jam
	
	
	
	
	
	
	
	
	
	
	
	

	Tutty fruity
	
	
	
	
	
	
	
	
	
	
	
	

	Jelly
	
	
	
	
	
	
	
	
	
	
	
	


10. Do you consume these foods from food outlets or prepare them at home?

	Recipes
	At Home
	Food Outlet.

	Kesari
	
	

	Icecream
	
	

	Chilly gobi
	
	

	Chilly chicken
	
	

	Paneer masala
	
	

	Gobi manchurian
	
	

	Masala Groundnut
	
	

	Bajji
	
	

	Bonda
	
	

	Vadam
	
	

	Jam
	
	

	Tutty fruity
	
	

	Jelly
	
	


11.
Do you have the habit of checking the brand name while purchasing the food colours?

( Yes        ( No.

12. 
Are you aware that using artificial food colours is hazardous to health?

( Yes        ( No.

13. 
If yes what are the diseases it can lead to

( Cancer

( Food allergy

( Liver diseases

14. 
Would you be interested in purchasing natural food colours if they are commercially available in the market?

( Yes    ( No

15.
Are you aware of the following medicinal plants and their medicinal value?

	Medicinal Plant
	Familiarity of Plant
	Familiarity of Medicinal value

	
	Yes
	No
	Yes
	No

	Annatto seeds
	
	
	
	

	Madar root
	
	
	
	

	Hibiscus flowers
	
	
	
	

	Grapes skin
	
	
	
	

	Wheat grass
	
	
	
	


APPENDIX III
LEAFLET
APPENDIX IV

Opaque Recipes

Kesari

Ingredients



Semolina – 15g



Sugar – 15g



Ghee – 10g



Roasted cashew nuts – 5



Natural food  Colours 

Annatto seeds (orange) -2g

(or)    Madar root (red ) 1.5g

Method  

· Add 2 teaspoons of ghee to the pan and roast the semolina. 

· Disperse the recommended quantity of colour in ½ cup of boiling water and filter it.

· Add the extracted colour to the roasted semolina and cook well. 

· Add sugar and mix well. Mix the remaining ghee, roasted cashew nuts until ghee separates from the cooked semolina.

· Transfer to a dish and serve.

Vermicelli  kesari

 Ingredients



Vermicelli – 20g



Sugar – 15g



Ghee – 10g



Roasted cashew nuts – 5

                     Natural food colours 

Annatto seeds  (orange) -2g

(or)    Madar root (red) – 1.5g

Method  

· Add 2 teaspoons of ghee to the pan and roast the vermicelli.

· Disperse the recommended quantity of colour in ½ cup of boiling water and filter it.

· Add the extracted colour to the roasted vermicelli and cook well. 

· Add sugar and mix well. Mix the remaining ghee, roasted cashew nuts until ghee separates from the cooked vermicelli.

· Transfer to a dish and serve.

Masala ground nut

Ingredients



Roasted ground nuts – 15g



Rice flour – 10g



Bengal gram flour – 5g



Chilly powder – 3g



Asafeotida – a pinch



Salt – to taste



Oil – to fry

               Natural food Colours- Annatto seeds (orange) -0.5g

Method 

· Disperse annatto seeds in ½ cup of boiling water and filter it. 

· Mix rice flour, bengal gram flour, chilly powder, asafeotida and salt together. 

· Add the extracted colour to the mix and make in to paste. 

· Mix the roasted groundnuts to the paste so as to coat them evenly deep fry them in hot oil and serve.  

Chilly Gobi

Ingredients



Blanched cauliflower – 30g



Bengal gram flour – 5g



Corn flour  - 10 g

Chilly powder – 5g



Ginger paste – 5g



Salt – to taste



Curd – ¼ cup

Natural food colours- Annatto seeds (orange) -0.5g

Oil – to fry

Method 

· Mix all the ingredients, except oil and the natural food colour. Disperse the natural food colour in ½ cup boiling water and filter. 

· Add the extracted colour to the mix and mix well. The ingredients should coat the cauliflower evenly. 

· Soak for ½ hour deep fry until they become golden brown and serve hot.

Gobi Manchurian

Ingredients

Blanched cauliflower – 30g



Bengal gram flour – 5g



Corn flour  - 20 g

Chilly powder – 5g



Ginger paste – 5g



Curd – ¼ cup

Natural food colours- Annatto seeds (orange) -0.5g



Pepper powder – ½ tsp



Onion – 15 g



Ginger garlic – 5 g (finely chopped)



Green chilly – 5 g (finely chopped)



Salt – to taste

Oil – to fry

Method 

· Prepare chilly gobi as shown in the above method

· Sauté the onion, greens chillies, ginger and garlic. 

· Add salt and pepper powder. 

· Mix corn flour in ½ cup of water and add to the sauté vegetables. Mix well and cook until it thickens. 

· Add the fried chilly gobi to it, mix well and serve hot. 

Chilly chicken

Ingredients



Chicken  – 50g



Bengal gram flour – 5g



Corn flour  - 10g

Chilly powder – 5g



Ginger paste – 5g



Salt – to taste



Curd – ¼ cup

Natural food Colours- Annatto seeds(orange) -0.5g

Oil – to fry

Method 

· Mix all the ingredients, except oil and the natural food colour. Disperse the natural food colour in ½ cup boiling water and filter. 

· Add the extracted colour to the mix and mix well. The ingredients should coat the chicken evenly. Soak for ½ hour and deep fry until golden brown and serve hot.

Raw plantain bajji

Ingredients 

Raw plantain – 2 slices

Bengal gram flour -1/2 cup

Chilly powder – 5 g

Salt to taste

Natural food Colours- Annatto seeds(orange) -0.5g

Oil – to fry

Method 

· Disperse the annatto seeds in ½ cup of boiling water and filter it. Make a batter with bengal gram flour, chilly powder, salt and the extracted colours. 

· Dip the sliced raw plantains in the batter in such a way that it is coated with the batter evenly. 

· Deep fry and serve hot.

Potato bonda

Ingredients 

Boiled potatoes – 1

Onion – 5 g

Green chilly – 1

Bengal gram flour -1/2 cup

Chilly powder – 5 g

Salt to taste

Natural food Colours- Annatto seeds(orange) -0.5g

Oil – to fry

Method 

· Mash boiled potatoes. 

· Sauté chopped onions, and green chillies and add the mashed potatoes. Add salt and mix well. Make into balls and kept inside.

· Disperse the annatto seeds in ½ cup of boiling water and filter it. Make a batter with bengal gram flour, chilly powder, salt and the extracted colours. 

· Dip the potato balls in the batter in such a way that it is coated with the batter evenly. 

· Deep fry and serve hot.

Paneer masala

Ingredients



Paneer – 50 g



Onions – 25 g



Tomatoes – 25 g



Cumin seeds – 10g



Poppy seeds – 2g



Garam masala – 1 tsp



Red chilly – 5g



Butter – 10g



Salt – to taste



Oil – to fry 



Natural food colour - Annatto seeds(orange)– 0.5g

Method 

· Cut paneer into small cubes and fry in oil, drain well and set aside. Heat oil and fry chopped onions till golden brown add ground poppy seeds, red chillies, cumin seeds, chopped tomatoes and garam masala. 

· Stir well continuously till all the ingredients are blended well. 

· Add little water and allow to simmer add fried paneer and cook for five minutes. 

· Extract the colour from the annatto seeds by boiling in hot water and filtering. 

· Add the extract to the kadai, stir well. Top with butter and serve hot. 

Vadam

Ingredients



Sago – 15 g



Salt – to taste


Natural food Colours- Annatto seeds (orange) -0.5g


(or) Madar root (red )– 0.5g


(or) Wheat grass (green)- 0.75g

Method 

· Disperse the required colour into boiling water and filter it. 

· Boil sago with the colour extract until it was well cooked. Add salt. 

· Cool and take small portion in a ladle and poured on plastic sheets in small circle and sun dry until they become crisp and completely dry. Should be stored in a air tight container and fry in oil whenever required.

Ice cream

Ingredients

Ice cream milk – 12.5gm 

Milk – ¼ liters

Sugar – 19gm

Natural food Colours- Annatto seeds (orange) -0.5g


(or) Hibiscus flower (pink )- 0.5g


(or) Grapes skin (violet) - 0.5g

Method

· Make a smooth paste with ice cream mix and 2 tablespoon of milk. Boil the rest of milk. 

· Disperse the natural food colour in boiling milk and the filtered milk should be again boiled and add ice cream mix paste to the boiling milk. Add sugar and stir constantly cool and kept in refrigerator to set. Serve cold.

Translucent recipes

Apple jam

Ingredients

Apple – 50g

Sugar – 50g

Citric acid – 2g

Natural food Colours -Madar root (red) – 0.5g

Method 

· Dice apple and cook in water until it becomes soft. 

· Remove the skin and mash into a paste without lumps. 

· Disperse madar colour in boiling water and filter. 

· Add the extracted colour to the mashed apples. 

· Transfer into a pan and cook with sugar.

· Add citric acid and stir well.

· Cook until it comes to a thick consistency and transfer into a sterilised      

     glass jar and store.

Tutty fruity

Ingredients



Papaya, Raw – 25 g



Sugar – 50g

Natural food Colours- Annatto seeds (orange) -0.5g


(or) Madar root (red) – 0.5g


(or) Hibiscus flower (pink) – 0.5g


(or) Grapes skin (violet )- 0.5g


(or) Wheat grass (green) - 0.75g

· Dice the raw papaya into ½ cm cubes

· Boil the papaya for 2 minutes in water and strain 

· Spread the boiled papaya on a muslin cloth and allow to cool

· Add sugar in a vessel and top with boiled papaya layer it with sugar

· Keep it covered and leave aside for 24 hours

· Mix the papaya well and strain sugar solution obtained

· Add the natural food colour and boil up to one string consistency and filter it

· Add the papaya to the sugar syrup and stir well 

· Spread on a clean sheet and sundry it till it is completely dry 

· Store in cool place

Transparent Recipes

Jelly

Ingredients

Gelatin - 1 table spoon

Sugar -  1 table spoon

Water – 2 pounds

Natural food Colours- Annatto seeds (orange) -0.5g


(or) Madar root (red )-0.5g


(or) Hibiscus flowers (pink) – 0.5g


(or) Grapes skin (violet) - 0.5g


(or) Wheat grass (green) - 0.75g

Method

· Boil water and disperse the natural food colour and filter it.

· Mix gelatin in the hot extracted colour and add sugar and stir slowly. Pour into jelly mould and allow to set.
APPENDIX V

ANTIOXIDANT ASSAY

FRAP (Ferrie Reducing Antioxidant Power) Assay

The principal of this method is based on the reduction of a ferric-tripyridyltriazine complex to its ferrous coloured form in the presence of antioxidants, according to the method of Benzie and Strain (1996).

Reagents used

1. Acetate buffer, 300 mmol/1 (pH 3.6): Sodium acetate (3.1g) was mixed with 16 ml glacial acetic acid and made up to 100ml with distilled water. This solution was prepared freshly and warmed at 370C.

2. TPTZ reagent, 10 mmol/1. TPTZ (2,4,6 – tripyridyl-s-triazine, was dissolved in 40 mmol/l HCI.

3. Ferric chloride reagent, 20 mmol/l. Ferric chloride reagent was prepared by dissolving 3.24 mg of ferric chloride in 100 ml of water.

4. FRAP working solution was prepared by mixing 25 ml buffer, 2.5 ml TPTZ solution and 2.5 ml FeCl3. This solution was freshly prepared before use.

Procedure

Aliquots of 50 (l sample supernatant were mixed with 0.2 ml distilled water and 1.5 ml FRAP reagent and the absorbance of reaction mixture was measured at 593 nm spectrophotometricaly after incubation at 370C for 10 min. Adequate dilution was made if the FRAP value measured was over the linear range of standard curve. FRAP reagent was used as blank. Ascorbic acid was used as the standard. Different concentration of ascorbic acid was added in to the cuvette containing 3 ml reagent and the absorbance value was noted.

ESTIMATION OF TOTAL PHENOLS

PRINCIPLE

Phenols react with phosphomolybdic acid in Folin-Ciocalteau reagent in alkaline medium and produce blue coloured complex (molybdenum blue).

Reagent

· 80% Ethanol

· Folin –Ciocalteau Reagent

· Na2Co3 20%

· Standard (100 mg Catechol in 100 ml water)

Dilute 10 times for a working standard

Procedure

1. Weigh exactly 0.5 to 1.0g of the sample and grind it with a pestle and mortar in 10-time volume of 80% ethanol.

2. Centrifuge the homogenate at 10,000 rpm for 20 min. Save the supernatant. Re-extract the residue with five times the volume of 80% ethanol, centrifuge and pool the supernatants.

3. Evaporate the supernatant to dryness.

4. Dissolve the residue in a known volume of distilled water (5ml).

5. Pipette out different aliquots (0.2 to 2ml) into test tubes.

6. Make up the volume in each tube to 3ml.with water

7
 Add 0.5 ml of Folin-Ciocalteau reagent.

8 
After 3 min, add 2ml of 20% Na2CO3 solution to each tube.

9 
Mix thoroughly. Place the tubes in boiling water for exactly one min, cool and measure the absorbance at 650 nm against a reagent blank.

10 
Prepare a standard curve using different concentrations of catechol.

Calculation

From the standard curve find out the concentration of phenols in the test sample and express as mg phenols/100g material.


































PAGE  
37

