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I  INTRODUCTION

“Herbs are curative, preventive, protective and nutritive

Thus conserve, perpetuate, preserve and nourish it”

Plants are an integral part of nature. Nature reflects the creative powers of God. These are designed with a specific purpose and are life sustaining forces on earth (Rege et al., 1999).

Primitive ethnic groups living in various colonies of the universe by trial and error made use of the plants in their region for treating various ailments (Nagasampagi, 2006).

Herbs and herbal charms are highly effective for curing many diseases. The earliest reference to using medicinal herbs is found in manuscripts of “Eber papyus”, which dates to 16th century BC. Egyptian herbal medicines were in use as early as 2900 BC. Use of oils and juices were discovered in Mesopotamia dating back to 2600 BC. The Indian system of Ayurvedic medicines was documented by Charaka, Sushruta from 1000 BC and Chinese medicine were published around 1100 BC (Singh and Soma, 2005). 

Among the civilization, India has been known to be a rich repository of medicinal plants. The Rigveda (500B.C.) mentioned 67 medicinal plants, Yajurveda and Atharvaveda (4500 - 2500B.C.) reported 81 and 290 species respectively. Ayurvedic system of medicine was made from 1100 - 1279 plants (Prajapati et al., 2003).

Eighty per cent of the population of developing countries relies on traditional medicines for primary health. In the Western countries 40 per cent of population use herbs to treat illness (Skiller,  2002).  

The international market of medicinal plants spends over 60 billion US dollars per year in the procurement of medicinal plants. India is one of the major exporters of crude drugs mainly to six developed countries like USA, Germany, France, Switzerland, United Kingdom and Japan (Chatterjee, 2002).

In the global market, around 24 per cent of exports of herbs are shared by China, 11 per cent by United States and 8 per cent by India (EXIM, 2003). About 40 percent of modern monomolecular drugs are derived directly or indirectly from secondary metabolites with antioxidant properties present in extracts of plants (Giachetti and Monti, 2005 and Akinmoladun et al., 2007). 

India is called the “botanical garden of the world” as it is the largest producer of medicinal herbs (Sheth, 2005). In India about 7500 species of higher plants are known for their medicinal use which is supposed to be high in the whole world (Shiva, 1996).

National Medicine Plant Board India (2002), had documented 17,000 - 18,000 species of flowering plants of which 6000 - 7000 are estimated to have medicinal usage in folk and documented systems of medicine like Ayurveda, Siddha, Unani and Homeopathy (www.nmpb.nic.in/index.php).

The instant rising demand of plant based drugs is unfortunately creating heavy pressure on some selected high value medicinal plant population in the world due its harvesting. This phenomenon is leading to continuous erosion of forest and forest products (Samal et al., 2004).

Demand for medicinal plants based raw materials is growing at a rate of 15-25 per cent annually. World Health Organization reported that demand of medicinal plants is likely to increase more than U. S. $5 billion in 2050. In India, medicinal plant related trade is estimated to be approximately U.S. $1 billion per annum (Joshi et al., 2004). 

Thus making challenge to meet the requirements as well as                    conserve useful bio resources. Several of these medicinal plants have slow growth rates, low population densities and narrow geographic range (Kala, 1998 and Nautiyal et al., 2002). Therefore they are more prone to extinction (Jablonski, 2004).

Hence there is an urgent need for ethno botanists to direct their efforts immediately to gather all information regarding medicinal plants (Ahire, 2003).

Medicinal plants improvement program started in 1960s after the Indian Council of Agricultural Research started a separate project for herbs in Indian Agricultural Research Institute under the division of plant introduction which subsequently developed to an institution as National Bureau of Plant Genetic Resources in New Delhi (www.nbpgr.ernet.in/).

Medicinal plants have regained a wide recognition due to an escalating faith in herbal medicine in the last few decades due to its lesser side                    effects compared to allopathic medicines (Kala et al., 2006). International     trade is looking to procure medicinal plants from India for production                     of pharmaceutical, nutraceutical and cosmetic preparation (Purohit and                    Vyas, 2007).

 There is positive correlation between intake of plants and prevention of cancer, diabetes, arthritis, and delaying of aging. This is because plant sources contain phenols, flavonoids, lycopene, caroteniods, and glucosinolates which are antioxidants (Kaur and Kapoor, 2001).

The Government of India is taking enormous measures to protect and conserve medicinal plants and to popularize the traditional medicinal system native to India through various organizations. Conservation of medicinal plants in South India was taken by Forest Department Officials in Thirupathi. A list of endangered species was documented (The Hindu, 2003).

In accordance to Kalams 10 point agenda herbal plants such as Punica Granatum (Mathalanarakom), Tricopus Zeylanicus (Arogyappacha), Emblica Officinalis (Nelli), Asparagus Racemosus (Sataveri), Acasia Catechu (Karingali), Cessalpinia Sappan (Patimukhom), Becopa Monnied (Brahmi), Kaempferia Galanga (Kacholom) and Curucuma Aromatic (Kasturimanjal) were distributed in selected districts in Kerala (The Hindu, 2005). 

Tribal’s and Ayurvedic texts use Asparagus racemosus root for the treatment of various ailments gonorrhea, piles, diabetes, rheumatism, cough diarrhea, dysentery, headache, increase in breast milk during lactation, gastric ulcers, digestive disorders, respiratory diseases and weakness (Williamson, 2002 and Caldecott, 2000).

A number of phytochemicals were discovered from the Asparagus racemosus root such as, steroidal saponins (Sharma et al., 2009), isoflavones (Saxena and Chourasia, 2001), racemosol (Sekine, 1997), alkaloids and antioxidant like racemofuran (Kamat et al., 2000).

Twenty two percent proteins, 6.2 per cent fat, 3.2 per cent carbohydrates, 0.36 per cent vitamin B, 0.04 per cent vitamin C and traces of vitamin A were found in Asparagus root. Minerals like zinc, copper, manganese, iron, cobalt, sodium, potassium, calcium and lithium were analyzed (Negi et al., 2009). 

India is world’s second largest producer of food. In contrast to the past situation there is food abundance but accounts for less than 1.5 per cent of international food trade. Thus there is need to process and preserve the various food items using food preservation technique to avoid food wastage and utilize seasonal foods throughout the year (www.indianfoodindustry.net).

 With increase in urbanization, rise in middle class purchasing power and change in food habits there is increase demand in factory made preserves like jams, jelly, squashes, pickles, chutneys, frozen and dehydrated fruits and vegetables. (Khetarpaul, 2005 and www.indiaonestop.com.html).

The utilization of fruits and vegetables for processing in organized and unorganized sectors is established to be around 27 per cent of the total production. Of the various products fruit juices and fruit accounts for                   27 per cent followed by ready to serves beverages and pickle between 12- 13 per cent each, jams and jellies 10 per cent and synthetics eight per cent (www.buisness.mapsofindia.com).

The main aim of food preservation is to prevent undesirable changes in the wholesomeness, nutritive value or sensory quality of food by economical methods which control growth of microorganisms, reduce chemical, physical and physiological changes of an undesirable nature and obviate contamination (Sareen, 2003).

Advantages of food preservation is that it helps to increase shelf life of the food, increase supply, lowers spoilage, adds to variety in diet, maximizes availability throughout the years, preserved for natural calamities, eases the preparation of meals, is ready to eat, minimizes wastage, stabilizes the price of food, equal availability to all and adds to growth of economy of the country (Subbulakshmi and Udipi, 2001).

“We are what we eat” is a quote stating that our body solely depends on our food intake. We would benefit if the food we eat is also our medicine whether the body is in a healthy state or unhealthy state. Considering the above discussed points about Asparagus racemosus, the study is carried out in order to convent the rich, nutritious, endangered and underused medicinal plant into a healthy, economical and equally available preserve. This provoked the investigator to undertake the research on “Development and Analysis of Preserves Developed using Asparagus racemosus” with the following as its objectives to:

· Select the medicinal plant.

· Develop and standardize the preserves by adopting variation.

· Sensory evaluation of the developed preserves

· Chemical analysis of the developed preserves for fibre, iron, phenolic content and antioxidant activity.

· Study shelf life of the developed preserves.

II REVIEW OF LITERATURE

The literature pertaining to the study entitled “Development and Analysis of Preserves using Asparagus racemosus” is presented under the following heads:
1.  An ethanobotanical information of herbs.

2. Benefits and usage of bioactive compounds

3. Asparagus racemosus - a wide spectrum cure 

4. Preservation - its need and importance.

1. An ethanobotanical information of herbs
Medicinal plants are an integral component of ethno veterinary medicine and it has been used in all cultures as a source of medicine (Hota, 2007). 
Plants have been a source of medicine and aroma, chemical for thousands of years. Over three-quarters of the world’s population relies mainly on plant and plant extracts for health care (De, 2000).
Twenty five per cent of modern drugs today are of plant origin and many others are synthetic analogues built on prototype compounds isolated from plant species in modern pharmacopeia (Rao et al., 2004). 
World Health Organization (2007) reported that Asian and African countries 80 per cent of the population depend on traditional herbal medicine for primary health care. Also 70 to 80 per cent of developed countries use alternative or complementary medicines (www.who.org).
Nagasampagi, (2006) accounts that primitive ethnic groups living in various colonies of the universe by trial and error made use of the plants in their regions for treating various ailments.  The clues regarding medicinal properties of plants were obtained by the observation of unusual grazing of certain plants by ailing animals. 
Our ancestors believed that medicinal plants have healing power. Ethno botanical literatures have described the usage of plant extracts, infusions and powders for treating diseases. So every community had a wealth of herbal folklore plants (Vijayan et al., 2004). Okello, (2010) found that medicinal plants are still being used to treat various ailments.
Herbs are a major part of various religions. The use of meswak and olives are customary to Muslim religion. Bible mentions the use of aloes, hyssop, mustard, almonds, figs, grapes. Each birth star as well as constellation of Hindu astrology is associated with a specific tree and a wide range of herbs is used in different kinds of Pujas and Vratas (The Hindu, 2008). 
Chauhan (2006) exemplates that herbs are seen as agents of taste, satisfaction and well being and herbalism was developed by ancient seers, sages, wanderers and tribals, who through intuition and observation discovered many properties of plants and their products.
Robbers and Tyler (2002), defines herbs as non-woody, seed producing plants that die to the ground at the end of a growing season. Medically, it is crude drugs derived from plant origin utilized for the treatment of disease of chronic nature or to attain and maintain a condition of improved health and in culinary, it refers to a vegetable product used to add flavor or aroma to food. 
An ethnobotanical survey of medicinal plants from traditional medical practitioners in Babungo identified and recorded 107 plant species are used for treating diseases. According to Simbo, (2010) knowledge and use of plants remain mostly with the older generation and a few interested youths.
A study in Eastern Riviera, Italy recorded 120 botanical taxa of medicinal herbs out of which 40.4 per cent were used as medicine, 46.6 per cent for alimentary, 4.6 per cent as veterinary, 4.2 per cent as domestic and cosmetic, 1.8 percent as magic and ritual and 2.4 percent as other uses. These herbs are mainly used to treat disorders of digestive system, skin and genitals. Herbs are rich in polyphenols, vitamins, complex sugars, essential fatty acids and fibres (Cornara and Mariotti, 2009).
Alamoc et al., (2008) unveils the countries which documented the highest percentage use of herbs in psychiatry from 1986 to 2006 to be United States (29.44 %), Germany (9.4 %) and Japan (8.7 %). India and China are the countries having highest proportional index for herb usage.
Ancient ayurvedic physicians have developed certain herbal diet and therapeutic measures to arrest/delay aging and rejuvenating whole body systems. Rasayana plants with potent antioxidant activity and free radicals have been used successfully to treat diseases like rheumatoid arthritis, hemorrhagic shock, cardiovascular system disorders, cystic fibrosis, metabolic disorders, neurodegenerative diseases, gastrointestinal ulcerogenesis and AIDS have been reported (Govindarajan et al., 2005). 
Jadhav, (2008) classifies medicinal plants as Traditional System of Medicine (TSM) which has a systematic codified body of knowledge either in the form of pharmacopoeias or ancient scriptures (Ayurvedic, Chinese, Unnani, Siddha), Traditional medicinal knowledge or folk medicine transmitted by oral means and is mostly acquired through learning by doing approach. Shamanistic or spiritual medicine which has a strong religious/spiritual element can be practiced only by highly specialized local experts.
Herbal  remedies can be taken in many forms as infusions (steeping herbs or spices with parts like leaves and flower in boiling water for some time), filtered or unfiltered (water extracts of spices as herbal remedies) or as decoction (roots, barks and hard parts of herbs and spices are boiled for a long time). Infusions and decoctions are also known as herbal teas (www.herbsns picesinfo.com).
2. Benefits and usage of bio active compounds
India is recognized all over the world for spices and herbs both of which have a wide range of physiological and pharmacological properties (Krishnaswamy, 2008).
Plants (fruits, vegetables, medicinal herbs.etc.) contain a wide variety of free radical scavenging molecules such as phenolic compounds (phenolic acids, flavonoids, quinines, coumarins, lignans, tannins), nitrogen compounds (alkaloids, amines and betalins), vitamins, terpenoids and some other endogenous metabolites which are rich in antioxidants (Agrawal and Jain, 2008).
 With the ushering in the scientific era during early nineteenth century, physiologically active alkaloids such as Morphine (1806) and Codeine (1832) from Opium, Strychnine(1817) from Strychnos, Atropine(1819) from Hyoscyinus, Quinine(1820) from Cinchona, Colchicines(1920) from Colchicum and Ephedrine(1887) from Ephedra species are used for development of drugs (Shiva, 2006).
Phenols are antiseptic and lowers inflammation when taken internally, flavonoids are anti-inflammatory and used in maintaining healthy circulation. Steroidal saponins can replace human hormones. Alkaloids contain NH2 which absorbs free oxygen (Prajapthi et al., 2003).
Manikandan et al., (2006) cites some examples of flavonoids, these are Naringenin and Hesperedin in citrus fruits, Catechin in green tea. 

 Anthocyanins in grapes, the isoflavones and phytoestrogens from soya and tannins in tea are phenolics (www.itmonline.org/arts/ayurind.html). 
Rhone and Arpita (2008) proposes that phytochemicals as antioxidants and antinflammatory agents may help in prevention or delay the progression of eye disease.
Globally there is much interest in edible plants with antioxidants and those with phytonutrients which might help decrease the burden of chronic illness as well as in nutrigenomics that will lead to the design of foods with these properties (Yang et al., 2008).
 As stated by Spencer (2008), dietary derived flavonoids have potential to improve human memory power and neurocognitive performance due to their ability to protect vulnerable neurons, enhance existing neurological function and stimulate neuronal regeneration.
Numerous polyherbal formulations which are combination of different herbal extracts fraction, are used for the treatment of liver diseases. Antioxidants can protect liver from oxidative damages (Chandrasekhar et al., 2005).
3. Asparagus racemosus - a wide spectrum cure
Family Liliacea contains about 240 genera and 4000 species. It is of little economical value. Some are grown as ornamentals while others posses medicinal properties (Mukherji, 2003). 
The various species of asparagus are: Asparagus adscendens known as Safed musli which is used as demulscent, diaphoretic, galactogogue, and stimulant and is found in Madhya Pradesh, Himalayas and Maharashtra. Asparagus aethiopicus is ornamental and found in Australia. Asparagus asparagoides found in South Africa and it is considered as an unwanted weed by National pest plant accord (Pooja, 2004). Asparagus densiflorus is a weed in Hawaii and Florida and consumption of its berries can cause diarrhea, vomiting and abdominal pain. Asparagus flagellaris is native to Africa and is a flowering plant and its shoots are eaten as vegetable (Grubben and Denton, 2004). Asparagus officinalis shoots are eaten as vegetable. It is low in calories and sodium and is good source of Vitamins (B6, A, C, E, K,thiamine and riboflavin), Minerals (calcium, magnesium, zinc, iron, phosphorous, potassium, selenium, copper, manganese) and dietary fiber. Native to Europe and West Asia. Asparagus cochinchinensis is Chinese asparagus. The plant is antibacterial, antiinflammmatory, antipyretic, antiseptic, antitussive, diuretic and tonic. It is found on sea coasts (Yeunghimche, 1985). Asparagus plumosus is a fern native to South Africa. Asparagus sarmentosus roots are consumed as vegetable and is native to North Africa. Asparagus racemosus is a common herb that is also consumed as a vegetable and is an important plant in Ayurvedic medicine. It is grown in tropical and sub tropical India and Africa (Ali et al, 2007).
Ancient works like Rigveda, Athrvaveda have mentioned the manifold action of the drug which is indicated by synonums Satavirya and Dasavirya. Men of Ayurveda consider it as a powerful Rasayana drug capable of improving memory power, intelligence and physical strength and maintaining youthfulness (Sivaranjan and Balachandran, 2002).
Shatavari has been used in ancient India for thousands of years for its therapeutic and tonic properties. It is an all round tonic and rejuvenative which can be given to anyone young and old. Charaka has categorised it as balya promoting strength or a tonic, vaya sthapana promotes longevity and sukra janana. It is classified as samsamana- it neither aggravates nor does it eliminates the doshas from the body but simply pacifies the aggrevated doshas (www.herbalcureindia.com)
 Shataveri is a tall climbing under shrub with woody stem and has spines.  The root is fleshy of 10- 15 cm in length. It is fusiform and tuberous. The leaves are reduced to spine scent structures tubers are succulent 30 - 100 cm in length, falsified at the stem end and tapers to the ends. Leaves are lowered to spine scent structures subtending leaf like cladodes which are falcate, slightly compressed and channeled beneath (Kiritikar and Basu, 2000). It is distributed in tropical and subtropical India, Africa, South Asia to China, South Malaysia and North Australia (Sivarajan and Balachandran, 2002).
Thakur et al, stated that (2000) the leaves and roots are used as medicine. The word Shataveri means “women having  100 husbands”. It is basically used to treat women’s fertility properties (Nadkarni, 2008).
 Satavari is guruh seta, tiktaa (bitter), swaadwee (sweet), rasaayani (tonic), madhaagni pushtidaa (improves intelligence, promotes digestion, power and growth), snigdhaa (lubricating), netryaa gulmaatisaarajit (used in treatment of gulma and atisaara), sukrastanya karee balyaa (improves sperms and breast milk), vaatapittaasra sodhajt bhaavaprakaash (checks vaata, raktapitta and sodha) (www.mypurohith.com/ayurveda/medicine17.asp).
Some of the accessible products of Shatavari are Shatavari juice, Shatavari capsules, Kashayams are herbal decoction prepared by boiling a single herb or a combination of herbs in large quantities of water till its essence is drawn is drawn into water. Some of the obtainable kashayams are rasnadi kashyaym, dhanavantharam kashayam, mahathikthakam kashayam, musalikhadeeradi kashayam, Lehyam are thickened and sweetened extracts of a single herb or a combination of herbs, animal and mineral products. These have consistency of jams examples of lehyams are sowbhagyasundi lehyam, sukumaran lehyam, varandi lehyam, vidaryadi lehyam. Thailam is a herbal oil that is applied to areas with pain example baladhtryadi thailam, narayana thailam, prabhanjam thailam (www.punarnava-ayurveda.com/home.asp). 

Ramesh, (2005) advices that the cure urinary disease, hyperacidity, hypertension, uterine bleeding, semenorrhoea and increase breast milk, can be attained if the Satavari root is cleaned, powdered and 10 g of it is mixed with milk and taken at bedtime for 1 month. 

Satavari root is employed in diarrhea as well as chronic colic and dysentery problems. Root is boiled with oil and is applied for various skin diseases. Root is boiled with milk and is administered to relieve bilious dyspepsia and diarrhea, promote appetite, fresh root juice is given with honey as demulcent, leaves are boiled with ghee and is smeared on boils (Thomsen, 2002). The juice is dropped in bleeding nose or mouth to stop bleeding, root is crushed in water, filtered and mixed with jaggery and given to patients with scanty urine (Beg et al., 2006).

Shrama, (2006) explains that the Satavari root has been identified to control the symptoms of AIDS.  It also prevents occurrence of gastric ulcers, nerve disorders and inflammation of liver (Goyal et al., 2003).

Asparagus racemosus is used to develop plant based estrogens and is used in the treatment for various ailments. Due to its multi use the demand for A. racemosus is on the rise, however supply is inadequate and erratic. Destruction harvesting combined with habitat destruction in the form of deforestatation has aggravated the problem (Bopana and Saxena, 2007).
4. Preservation - its need and importance
Foods generally undergo deterioration or spoilage from the time they are harvested. Some foods spoil rapidly others keep for longer but limited periods. The useful storage life of some fruits, leafy vegetables is less than 1- 2 days at 210C. The deteriorative changes in some food are so rapid as to render them virtually useless in a matter of hours (Manay, 2008).
Problems with food spoilage and food borne disease must have been a continuous pre - occupation of early humans once they began their hunting and food gathering activities and domestic production of food, animals and crops. Food processing serves as a key role to transformation of perishable food              stuffs into microbiologically stable and safe food production. Food processing serves a number of purposes and it is key to the transformation of perishable food stuffs into microbiologically stable and safe food products (Zeuthen and Sarensen, 2005).
With increase in urbanization, rise in middle class purchasing power, change in food habits, there is increase in demand for factory made jams, jellies, fruit beverages, dehydrated foods, pickle, etc. Inspite of all this, the fruit and vegetable preservation industry at present in able to utilize less than one per cent of the total production for conversion into products against 40 per cent in developed countries (Khetarpaul, 2005). Food preservation has become an integral part of the food processing industry in India with FMGC being the 4th largest sector.  Food preservation is in demand due to a long between production and the actual consumption (www.business.mapsofindia. com/India-petroleum-industry/food-preservation.html).
Over the past few decades, food consumption has increased steadily with global population increases. Populations in both developed and developing countries depend on fruits and vegetables to provide essential vitamins, minerals, and dietary fibre. The Food and Agriculture Organisation (FAO) estimates that by 2006 global fruit consumption will reach 544 million tons. With increasing urbanization, supplying fresh foods has become increasingly difficult and only by some form of preservation does food produce reaches the intended consumers. Over the past few decades, global population has increased over 70%, and per capita food consumption has been almost 20% higher. Fruits and vegetables continue to play an important role in providing essential vitamins, minerals, and fibre to populations in developed and developing countries. FAO estimates of global production of 469 million tonnes of fruits in 1996 have been projected to increase 16% by 2006. With urban population exploding it will become more difficult to supply fresh fruits and vegetables. Fortunately, many of these can be processed into canned products that can be stored for a long time, are easy to carry and convenient to serve, thus reducing losses incurred from natural deterioration and damage (www.lindenchamber. org.gy)

Springer, (2002) stated that salt occupies a special position among the spices. It is used in greater and than all other spices to enhance the flavor and taste of food. Some foods are preserved when salted with large amount of salt. The results indicate that the antimicrobial properties of salt used for the preservation of natural casings are sufficient to reduce the bacterial contamination (Wijnker et al., 2006).
D’sa and Andress, (2006) stated that sugar substitutes are important in controlling calorie intake for consumers with health problems including obesity and diabetes. Splenda is a popular and suitable substitute for inclusion in heat processed sweet products and is nil in calories.
According to APEDA (Agricultural and Processed food products Export Development Authority) jaggery is unrefined natural sugar that is produced without addition of chemicals. Seventy percent of total world jaggery is produced in India. It is known as medicinal sugar and is nutritionally comparable with honey. Used as sweetner in ayurvedic medicine for 3000 years. One teaspoon of jaggery contains approximately 4-5 mg calcium, 2-3 mg phosphorus, 8 mg magnesium, 48 mg potassium, 0.5 mg iron, as well as trace amounts of zinc, copper, thiamin, riboflavin and niacin. The corresponding values for white sugar are all essentially zero. (www.agriculturalproducts india.com/other-agro-products/other-miscellaneous-jaggery/html).
Jaggery prevents rheumatic afflictions, disorders of bile, helps relieving fatigue, relaxses muscle, nerves and blood vessels, maintains blood pressure and reduces blood pressure and reduces water retention, increases haemoglobin levels and prevents anemia (www.apeda.com/apedawebsitesubHead_products /jaggery_confectionary.html).
Uttar Pradesh has fifty per cent cane area followed by Maharastra, Karnataka, Tamil Nadu, Andra Pradesh, Gujrath, Bihar, Harayana and Punjab. Productivity wise Tamil Nadu stands first with 100 tonnes per hectare followed by Karnataka and Maharashtra (www.ikisan.com/links/as_sugarcanehistory). 
The outcome of study showed that jaggery the natural functional food            has efficiency to encounter the genotoxic effects induced by arsenic                     (Singh et al., 2008).
The Microwave blanched yellow squash retained 96 per cent iron and 93 per cent potassium and 87 per cent ascorbic acid than blanching in boiling water and steam (Robert et al., 2004).
Matusek and Czukok (2006) accredited that fructo oligosaccharides used in preparation of fruit products that gave better appearance, flavor and smell of the products was better than product made of sucrose.

Faus and Sisniega, (2006) developed alternative sweetners such as Thaumatin, Monellin, Mabinlin, Pentadin, Brazzein, Curculin and Miraculin through the application of biotechnological processes on plant resources in terms of their physiochemical properties and industrial application in food industries. 
Eupatorium cannatrinum was found to be fungi toxic.  It enhanced the shelf life of mango by protecting from fungal rotting (Dubey et al, 2006).
E-coli, saccharomyces cerevisiae and yeast cocktail were inactivated by use of High Intensity Ultrasound and Ultraviolet - C light. Combination of the treatment was more effective (Cielo, 2010).
Shelf life of fresh cut tomatoes could be prolonged by use of natural antimicrobials like methyl jasmonate because it keeps higher content of lycopene, ascorbic acid and phenoloic compounds than other treatments and has no ill effects on health (Zavala et al., 2007).
 Jain et al., (2005) formulated ready to serve beverages by incorporation of amla juice. The juice was added for vitamin C enrichment to fruits like apple, lime, pomegranate, perlett grape and pusa navrang grape.  Of this gooseberry and pusa navrang grape juice in 20:80 ratio was the best. 
High pressure - low temperature treatment, succeeded showing in activation of micro organisms. Other than lipoxygenase all other enzymes are not deactivated (Buggenhout et al., 2006).
Pulsed light treatment is considered an alternative to continuous U.V. light treatment for solid and liquid foods (Gemma et al., 2008).
Blanching help is reducing the trypsin and chymotripsin inhibitor activities in leafy vegetables (Mosha and Gorga, 2004).
Jams can also represent a good source of antioxidant compounds, although compared to fruit important losses seem to occur (Pinto et al., 2007).  

III METHODOLOGY

The procedure adopted for the study entitled “Development and Analysis of Preserves using Asparagus racemosus” is carried out under the following steps:

A. Market survey on availability of Asparagus racemosus products

B. Selection of Asparagus racemosus
C. Development and standarization of selected preserves

D. Objective assessment of preserves

E. Study the shelf life of the developed preserves
F. Subjective assessment of preserves by selected subject
G. Analysis and interpretation of data.

A. MARKET SURVEY ON AVAILABILITY OF Asparagus racemosus PRODUCTS

Market survey was carried out in supermarkets and ayurvedic shops of Coimbatore and Kerala districts to find out the availing products of Asparagus racemosus.
B. SELECTION OF Asparagus racemosus

The present study is aimed to convert this wide spectrum medicinal plant Asparagus racemosus into a preserve. The selected plant is underused, posses high medicinal properties and has strong use in Ayurveda.

By using judgement sampling technique Asparagus racemosus, belonging to family Liliaceae was selected for the present study. Other species in this family are Aloe barbadensis (aloe vera), Allium sativum (garlic) and Allium cepha (onion). Plate 1 shows the plant and its root.

[image: image2.jpg]PLATE 1
Asparagus racemosus PLANT AND ROOT





Asparagus racemosus has various medicinal properties. It is antidiarrheal, antiseptic, antidysenteric, and antispasmodic (Patel and Karitkar, 1999), adaptogenic (Bhattacharya et al., 2002), antioxytocic (Gaitonde and Jetmalani, 1969), antimicrobial (Boger et al., 1985), antioxidant (Wiboonpun et al., 2004) and antibacterial (Mandal et al., 2000).

The roots of Asparagus racemosus were consumed either in raw or boiled form by the tribal population of India. It acts as a curative for various diseases. Thus the endangered species was selected for the present study by the investigator to develop the preserves.
C.   DEVELOPMENT AND STANDARISATION OF SELECTED PRESERVES

For the development of the selected preserves from Asparagus racemosus the following methods were adopted to convert the medicinal plant into preserve. Figure 1 and Plate 2 pictorially represents the preparation of the Asparagus racemosus for preserves.
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PREPARATION OF Asparagus root
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PLATE 3
PRESERVES DEVELOPED FROM Asparagus racemosus
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VARIATIONS OF DEVELOPED PRESERVES
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FUNGAL CONTAMINATION OF DEVELOPED PRESERVES
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FIGURE 1

METHODS ADOPTED FOR DEVELOPING THE PRESERVES
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Inorder to standardize the quantity of contents of the various preserves variations were prepared. A standard recipe is one that has been tried, adapted and retried several times by a given food service operation and has been found to produce the same results and yield every time when the exact procedure is used with the same type of equipment, quantity and quality of the ingredients (Brown, 2006).
table I
formulation of jam using asparagus racemosus
	Ingredients
	Variations

	
	I
	II
	III

	A.r. Paste(g)
	60
	60
	60

	Jaggery(g)
	20
	40
	60


          (a.r. - asparagus racemosus)
Table I shows the variations of jam prepared using Asparagus racemosus at various proportions. The root is steamed in pressure cooker for two whistles at low flame. The peeled root is ground to paste in mixie. Jaggery was added in three different proportions for three different variations 1:3, 2:3, 3:3 ratio in order to standardize the preserve. The variation that scored the highest was taken as standardized recipe for jam preparation. The purpose of using jaggery instead of sugar was primarily to reduce bitterness and increase its wholesomeness. 
Jaggery is ascribed with various medicinal properties and other health benefits. It is a pure and wholesome food and shares the variety of essential amino acids, minerals and vitamins of the sugarcane juice. It is high on calcium which is required for maintenance of bone strength. Being rich in iron, it prevents diseases like anemia and also contains essential nutrients like magnesium and potassium. Magnesium is vital for the proper functioning of the nervous systems and the potassium regulates the blood pressure and the heart functions (www.agriculturalproducts india.com). Plate 3 shows pictorially the preparation of the preserve and variations of developed jam is shown in Plate 4.
table II

formulation of jelly using asparagus racemosus
	Ingredients
	Variations

	
	I
	II
	III

	A.r. Juice(ml)
	60
	60
	60

	Jaggery(g)
	20
	40
	60

	Water(ml)
	10
	10
	10


Table II exhibits the variations of jelly prepared using Asparagus racemosus at various proportions. Root is steamed in pressure cooker at low flame for two whistles. The root is peeled and ground to paste in mixie and strained to obtain the juice. Jaggery was added in three different proportions for three different variations 1:3, 2:3, 3:3 ratio in order to standardize the preserve. The variation which obtained the maximum mean score was considered as a standard recipe for the development of jelly. The purpose of using jaggery instead of sugar was primarily to reduce bitterness and increase its wholesomeness. Plate 3 shows the preparation of the preserve and Plate 4 exhibits the variations of jelly.
table III

formulation of squash using asparagus racemosus
	Ingredients
	Variations

	
	I
	II
	III

	A.r. Juice(ml)
	60
	60
	60

	Jaggery(g)
	20
	40
	60

	Water(ml)
	10
	10
	10


In case of squash preparation Asparagus racemosus root is steamed in pressure cooker at low flame. Plate 3 shows preparation of squash. The peeled root is ground to paste in mixie and strained to obtain the juice. Jaggery was added in three different proportions for three different variations 1:3, 2:3, 3:3 ratio in order to standardize the preserve. The mixture was heated till before one thread stage (1000 C). The variation that scored the highest was taken as standard for the development of squash as displayed in Plate 4.

Table IV

formulation of pickle using asparagus racemosus
	Ingredients
	Variations

	
	I
	II
	III

	A.r. Pieces(g)
	30
	30
	30

	Chilly powder(g)
	2.5
	5
	7.5

	Salt(g)
	2.5
	5
	7.5

	Oil(ml)
	15
	30
	45
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Table IV portrays the variations of pickle prepared with Asparagus racemosus at different proportions. The root was steamed and cut transversely into 2cm thick pieces as shown in Plate 3. The formulation of variations for pickle was done by varying the quantity of oil and chilli powder keeping the quantity of the root of Asparagus racemosus constant. All the pickle formulations were heated for about 8 - 10 minutes. The standard recipe for pickle was selected from the variation with the utmost mean score. Plate 4 portrays the variations of pickle.
The variations were sensory evaluated by randomly selected 15 subjects from the age group 20 - 25 years. 
D. OBJECTIVE ASSESSMENT OF PRESERVES
Method of evaluation that depends on some measures other than human sense is called objective method of evaluation (Manay, 2008). Plants possess medicinal value due to the presence of phytocompounds such as phenols, flavanoids, alkaloids, etc also various minerals, vitamins and nutritionally important insoluble fibre. In human bodies, these chemicals act as antioxidants, reacting with free radicals that can damage our cells. People who consume large amounts of vegetables, fruits and whole grain products are less likely to develop heart disease, cancer, type 2 diabetes and eye disease. Phytochemicals also appear to kill cancer cells as they arise in the body and particularly help prevent cancer in cells that line the lungs, bladder, cervix, mouth, larynx, throat, oesophagus, stomach, pancreas, colon and rectum. Studies show that some phytochemicals help preserve memory and prevent ageing-related vision problems like macular degeneration (Indian Express, 2009). 

The standardized preserves were thus analyzed for its nutrients by the following test stated in Table V. The procedure for the test is given in Appendices (I - III).
TABLE V

TESTS FOR DETERMINATION OF VARIOUS NUTRIENTS

	S.No.
	Nutrients
	Method

	1.
	Antioxidant activity
	FARP 

	2.
	Phenolic content
	Folin-ciocalteau 

	3.
	Fibre content
	Alkali treatment

	4.
	Iron content
	Atomic absorbtion spectrometer


E. STUDY THE SHELF LIFE OF THE DEVELOPED PRESERVES

Shelf life is the length of time that food, drink, medicine and other perishable items are given before they are considered unsuitable for sale or consumption. Shelf life is most influenced by several factors like exposure to light and heat, transmission of gases (including humidity), mechanical stresses, and contamination by micro-organisms (Azanha, 2005).

The shelf life of the preserves is noted for a month. The preserves are noted for change in texture, color, appearance, odor and taste.
The preserves are studied for shelf life under two categories:

1. Test group           -   The test group consists of three variations. T(X)1, T(X)2 and T(X)3. T(X)1   - variation I, T(X)2  - variation II,  T(X)3 - variation III . These are made by Class I preservatives (jaggery, salt and oil).

2. Control group      -   The control group is made from variation III prepared by addition of Class II preservatives (sodium benzoate and citric acid).
· For Jam, the test groups are TJA1, TJA2, TJA3 and control is CJA.
· For Jelly, the test groups are TJE1, TJE2, TJE3 and control is CJE.
· For squash, the test groups are TS1, TS2, TS3 and control is CS.

· For pickle, the test groups are TP1, TP2, TP3 and control is CP.

F.  SUBJECTIVE ASSESSMENT OF PRESERVES BY THE SELECTED SUBJECT
Sensory evaluation consists of judging the quality of food by a panel of judges. The evaluation deals with measuring, analyzing and interpreting the qualities of food as they are perceived by the senses of sight, taste, touch and hearing (Brown, 2006).

To evaluate the developed preserves 15 female subjects were selected from the age group of 20-25 years. The developed preserves were evaluated using 5 point hedonic rating scale and scorecard was used to measure acceptability of preserve ranging from very good to very poor (Manay, 2008). Key for the score card is given in Appendix V. 

G. ANALYSIS AND INTERPRETATION OF DATA

The data is finally analyzed, compiled, discussed and interpreted for its acceptability, nutrient content, antioxidant properties and shelf life.

IV RESULTS AND DISCUSSION

The results of the study entitled “Development and Analysis of Preserves using Asparagus racemosus” are discussed under the following heads:

A. Market survey on availability of Asparagus racemosus products

B. Standardization of selected preserves

C. Objective assessment of preserves

D. Study the shelf life of the developed preserves

E. Subjective assessment of preserves and overall acceptability.

A. MARKET SURVEY ON AVAILABILITY OF Asparagus racemosus PRODUCTS

A market survey was conducted in supermarkets and ayurvedic shops of Coimbatore and Pathanamthitta districts to find the availing products of Asparagus racemosus.  Table VI shows the details of the available products.

TABLE VI

AVAILABLE PRODUCTS OF Asparagus racemosus

	S.No.
	Product Name
	Form
	Quantity
	Cost (Rs.)

	1
	Abana
	Tablet
	60 Nos.
	560.00

	2
	Diabecon
	Tablet
	60 Nos.
	600.00

	3
	Evecare
	Capsules
	30 Nos.
	520.00

	4
	Shatavari
	Capsules
	60 Nos.
	570.00

	5
	Herb powder
	Powder
	500g
	700.00

	6
	Shatavari
	Tablets
	60 Nos.
	330.00

	7
	Shatavari gulam
	Gulam
	500g
	140.00

	8
	Dhanvantharam
	Kashayam
	200g
	94.00

	9
	Sowbhagyasundi
	Lehyam
	250g
	89.00

	10
	Sukumaran
	Lehyam
	250g
	144.00

	11
	Vidaryadi
	Lehyam
	500g
	182.00

	12
	Baladhtryadi
	Thailam
	200ml
	137.00

	13
	Narayana
	Thailam
	200ml
	131.00

	14
	Prabhanjam
	Thailam
	200ml
	76.00

	15
	Amrutha prasa ghritham
	Gulam
	500g
	215.00

	16
	Marma gulika
	Powder
	10 pkts.
	26.00


Table VI reveals the products available of Asparagus racemosus.               Most of these products are a combination of two or more herbs but proportion of Shatavari used is high. Cost of Ayurvedic medicine is comparatively less than the Himalaya products. The selected plant for the research was used only 
for preparation of medicine, thus it was not found in supermarkets or local shops. Half kilogram of the Asparagus racemosus root costs about Rs.10-Rs.50.

B. STANDARDIZATION OF SELECTED PRESERVES
Standardization of the preserves was done by sensory evaluation of the variations by selected adolescents. Sensory evaluation was done for the various sensory characteristics appearance, color, flavor, texture and taste. Based on the scores obtained, the mean score was calculated.

1. Mean scores for variations of jam formulated from Asparagus racemosus

The mean score obtained for the different variations of jam is portrayed in Table VII.
TABLE VII

MEAN SCORES OBTAINED FOR THE VARIATIONS OF FORMULATED JAM

	Variations
	Appearance
	Color
	Flavor
	Taste
	Texture
	Total mean

	
	Mean ± S.D
	Mean ± S.D
	Mean ± S.D
	Mean ± S.D
	Mean ± S.D
	Mean ± S.D

	I
	3.6 ± 0.83
	4.0 ± 0.80
	3.8 ± 0.72
	3.5 ± 0.87
	4.1 ± 0.74
	3.8 ± 0.25

	II
	4.0 ± 0.89
	4.2 ± 0.82
	4.0 ± 0.85
	4.2 ± 0.85
	4.8 ± 0.60
	4.2 ± 0.15

	III
	4.6 ± 0.38
	4.6 ± 0.48
	4.7 ± 3.70
	4.7 ± 3.70
	4.5 ± 0.50
	4.6 ± 0.20


Table VII portrays that among the three variations prepared for jams, variation II scored the highest 4.8 for texture and variation III scored highest for the rest of the sensory characteristics, appearance 4.6, color 4.6, flavor 4.7, taste 4.7. Thus variation III was taken as standard due to its high score 4.6. Figure 2 graphically shows the mean scores of sensory attributes for jam variations.


2. Mean scores for variations of jelly formulated from Asparagus racemosus

The mean scores obtained for different variations of jelly is revealed in Table VIII.

TABLE VIII

 MEAN SCORES OBTAINED FOR THE VARIATIONS OF FORMULATED JELLY

	Variations
	Appearance
	Color
	Flavor
	Taste
	Texture
	Total mean

	
	Mean ± S.D
	Mean ± S.D
	Mean ± S.D
	Mean ± S.D
	Mean ± S.D
	Mean ± S.D

	I
	3.7  ± 1.03
	4.0 ±  0.79
	3.8 ±  0.74
	3.6 ± 0.94
	4.3 ±  0.88
	3.8 ±  0.10

	II
	3.9  ±  0.88
	4.2 ±  0.70
	3.9  ±  0.48
	4.4 ± 0.45
	4.3 ± 0.88
	4.1 ±  0.26

	III
	4.7  ±  0.74
	4.5 ±  0.63
	4.8 ±  0.51
	4.9 ± 0.59
	4.2 ± 0.88
	4.6 ± 0.15


Table VIII and Figure 3 shows the mean scores of sensory attributes for jelly variations. It reveals that among the three variations prepared for jelly, variation II and III scored the highest 4.3 for texture, the rest of the characteristics was maximum for variation III, appearance 4.7, color 4.5, flavor 4.8 and taste 4.9. Thus variation III was taken as standard due to its high score 4.6. 

3. Mean scores for variations of squash formulated from Asparagus racemosus

The mean scores obtained for different variations of squash is shown in Table IX.
TABLE IX 

MEAN SCORES OBTAINED FOR THE VARIATIONS OF FORMULATED SQUASH

	Variations
	Appearance
	Color
	Flavor
	Taste
	Texture
	Total mean

	
	Mean ± S.D
	Mean ± S.D
	Mean ± S.D
	Mean ± S.D
	Mean ± S.D
	Mean ± S.D

	I
	3.6 ± 1.2
	3.6 ± 0.72
	3.7 ± 0.96
	4.0 ± 0.75
	4.1 ± 0.94
	3.8 ± 0.21

	II
	4.0 ± 0.92
	4.3 ± 0.72
	4.5 ± 0.70
	4.3 ±  0.25
	4.5 ± 0.63
	4.3 ± 0.10

	III
	4.5 ± 0.63
	4.3 ± 0.72
	4.4 ± 0.12
	4.6 ±  0.38
	4.7 ± 0.77
	4.5 ± 0.11


Table IX shows that among the three variations prepared for squash, variation II and III gave equal scores for color 4.3. The rest of the sensory characteristics was scored highest by variation III, appearance 4.5, color 4.3, flavor 4.4 and texture 4.7.  Thus variation III was taken as standard due to its high score 4.5. Figure 4 graphically shows the mean scores of sensory attributes for squash variations.


4. Mean scores for variations of pickle formulated from Asparagus racemosus

The mean scores obtained for different variations of pickle is projected in Table X.
TABLE X

MEAN SCORES OBTAINED FOR THE VARIATIONS OF FORMULATED PICKLE

	Variations
	Appearance
	Color
	Flavor
	Taste
	Texture
	Total mean

	
	Mean ± S.D
	Mean ± S.D
	Mean ± S.D
	Mean ± S.D
	Mean ± S.D
	Mean ± S.D

	I
	3.6  ± 1.03
	4.1 ± 0.79
	3.9 ± 0.74
	3.9 ± 0.94
	3.9 ±  0.94
	3.9 ±  0.10

	II
	4.4  ±  0.74
	4.4 ±  0.63
	4.6 ±  0.51
	4.8 ± 0.59
	4.7 ± 0.48
	4.7 ± 0.22

	III
	4.5 ± 0.63
	4.5 ± 0.73
	4.5 ± 0.12
	4.5 ±  0.38
	4.5 ± 0.77
	4.6 ± 0.11


Table X projects that among the three variations prepared for pickle, variation III scored maximum for appearance 4.5 and color 4.8. The overall score was highest for variation II with flavor 4.6, taste 4.8, and texture 4.7 having the highest scores. Thus variation II 4.7 was selected as standard due to its maximum value. Figure 5 graphically shows the mean scores of sensory attributes for pickle variations. Figure 6 graphically shows the comparison of mean scores obtained for the formulation of preserves.



C. OBJECTIVE ASSESSMENT OF PRESERVES

The developed preserves were analyzed for their total antioxidant activity, total phenolic content, fibre and iron.
1. Antioxidant activity of Aspargus racemosus using different cooking methods
Table XI ascribes the antioxidant activity of Asparagus racemosus in different cooking methods.

TABLE XI

TOTAL ANTIOXIDANT ACTIVITY OF Asparagus racemosus SUBJECTED TO DIFFERENT COOKING METHODS 

	S.No.
	Cooking Methods
	Time

(mins)
	Total Antioxidant Activity (µg/g)

	1.
	No cooking
	-
	161.76

	2.
	Boiling 
	10 
	164.47

	3.
	Steaming 
	10 
	168.81

	4.
	Sautéing (10ml of oil)
	10 
	217.18


Table XI ascribes that among the different cooking methods, Asparagus racemosus sauted in 10 ml of oil for 10 mins had the highest antioxidant activity (217.8 µg/g)since oil has antioxidant properties due to the presence of vitamin E, followed by steamed asparagus (168.81µg/g), boiled asparagus (164.47µg/g) and raw asparagus (161.76µg/g). This reveals that antioxidant activity increases in cooking with oil and steaming, thus the two processes were adopted in research for preparation of preserves. Figure 7 graphically shows the total antioxidant activity of Asparagus racemosus subjected to various cooking methods.


2. Antioxidant activity of developed preserves using Asparagus racemosus
Table XII accounts the antioxidant activity of the developed preserves.

TABLE XII

TOTAL ANTIOXIDANT ACTIVITY OF DEVELOPED PRESERVES

	S.No.
	Preserves
	Total Antioxidant Activity (µg/g)

	1.
	Jam
	287.5

	2.
	Jelly
	100

	3.
	Squash
	80

	4.
	Pickle
	577.5


Table XII accounts that pickle had the highest antioxidant activity than the rest of the developed preserves (577.5µg/g) followed by jam (287.5µg/g), jelly (100µg/g) and squash (80µg/g). Pickle obtained the highest value since it was sauted in oil which is rich in antioxidants. Squash and jelly obtained the least since only the juice was extracted and it was just boiled. Figure 8 graphically shows the total antioxidant activity of developed preserves.


3. Phenolic content of developed preserves using Asparagus racemosus
Table XIII shows the phenolic content of the various developed preserves.

TABLE XIII

PHENOLIC CONTENT OF DEVELOPED PRESERVES

	S.No
	Preserves
	Phenolic Content (mg/100g)

	1.
	Jam
	160

	2.
	Jelly
	139.52

	3.
	Squash
	133.75

	4.
	Pickle
	141.75


 Table XIII shows that jam had the overall highest phenolic activity (160mg/100g) followed by pickle, jelly and squash (141.75 mg/100g, 139.52 mg/100g, 133.75 mg/100g). Figure 9 graphically shows the phenolic content of developed preserves.

4. Iron content of developed preserves using Asparagus racemosus
Table XIV presents the amount of iron in the developed preserves.

TABLE XIV

IRON CONTENT OF DEVELOPED PRESERVES

	S.No.
	Preserves
	Iron  (mg/100g)

	1.
	Jam
	2.57

	2.
	Jelly
	1.64

	3.
	Squash
	1.64

	4.
	Pickle
	5.09


 Table XIV presents that Pickle has the maximum iron content followed by jam (5.09mg, 2.57mg) jelly and squash had the same iron content (1.64 mg). Pickle has the maximum iron due to the presence of chilli powder. Chilli contains iron 2.3mg and vitamin C 50mg. The presence of vitamin C makes the availability of iron more. Also jaggery has 2.64mg of iron but no vitamin C, thus availability is less. Jelly and squash is made by adding 50g of jaggery to 50ml juice, jelly is made by adding agar and in squash preparation jaggery was heated to one thread stage, thus there is no change in the iron content. Figure 10 graphically shows the iron content of developed preserves.


5. Fibre content of developed preserves using Asparagus racemosus
Table XV attributes the fibre content of the developed preserves.

TABLE XV

FIBRE CONTENT OF DEVELOPED PRESERVES

	S.No.
	Preserves
	Fibre content

(g)

	1.
	Jam
	4.12

	2.
	Jelly
	0.03

	3.
	Squash
	0.03

	4.
	Pickle
	7.12


 Table XV attributes that pickle has the highest fibre content (7.12g) followed by jam (4.12g). Jelly and squash has the same amount of fibre (0.03g). Pickle has the maximum fibre since the fibre molecule is not broken down to smaller sized units. Jam is ground in the mixie thus breaking complex fibre units to simpler units. Jelly and squash has the least fibre content. Figure 11 graphically shows the fibre content of developed preserves from Asparagus racemosus

D. STUDY THE SHELF LIFE OF THE DEVELOPED PRESERVES

Shelf life of the preserves was noted on every forth day for one month and recorded. The changes in texture, color, appearance, flavor and odor. The developed preserves and its variations were kept in room temperature in the month of March. The three variations of each of the preserves jam, jelly, squash and pickle were taken as test and control of each preserve was made using class II preservatives. 

1. Shelf life of jam formulated using Asparagus racemosus 

Table XVI exhibits the shelf life of jam. The change in texture, color, appearance and odor of jam is noted every 4th day for one month. The three test variations and a control were kept at room temperature in plastic containers.

TABLE XVI
CHANGE IN SENSORY ATTRIBUTES OF JAM USING Asparagus racemosus
	Days
	Variation
	Appearance
	Color
	Texture
	Odor

	0 - 4 
	TJA1
	(((
	(
	(
	(

	
	TJA2
	-
	-
	-
	-

	
	TJA3
	-
	-
	-
	-

	
	CJA
	-
	-
	-
	-

	4 - 8 
	TJA1
	-
	-
	-
	-

	
	TJA2
	-
	-
	-
	-

	
	TJA3
	-
	-
	-
	-

	
	CJA
	-
	-
	-
	-

	8 - 12 
	TJA1
	-
	-
	-
	-

	
	TJA2
	-
	-
	-
	(

	
	TJA3
	-
	-
	-
	-

	
	CJA
	-
	-
	-
	-

	12 - 16 
	TJA1
	-
	-
	-
	-

	
	TJA2
	(
	-
	-
	-

	
	TJA3
	-
	-
	-
	-

	
	CJA
	-
	-
	-
	-

	16 - 20 
	TJA1
	-
	-
	-
	-

	
	TJA2
	-
	(
	(
	-

	
	TJA3
	-
	-
	-
	-

	
	CJA
	-
	-
	-
	-

	20 - 24 
	TJA1
	-
	-
	-
	-

	
	TJA2
	-
	-
	-
	-

	
	TJA3
	-
	-
	-
	(

	
	CJA
	-
	-
	-
	-

	24 - 28 
	TJA1
	-
	-
	-
	-

	
	TJA2
	-
	-
	-
	-

	
	TJA3
	-
	-
	(
	-

	
	CJA
	-
	-
	-
	-


TJA1, TJA2, TJA3  - Test groups; CJA -Control group;  (- change; - - no change

Table XV exhibits the sensory attributes of variations of jam over one month. Variation I showed a change in all attributes at the end of the forth day since the ratio of jaggery was less which acts as a preservative, high temperature and more moisture. Variation II showed change in odor at the end of 12 days, change in appearance by the end of the 16th day and change in other attributes by the end 20 days due to high temperature. Variation III showed change in odor by 24th day and the texture became tougher than variation I and II implying less moisture and longer shelf life. The control jam showed no change in any of the sensory attributes due to the addition of class II preservatives. 
2. Shelf life of jelly formulated using Asparagus racemosus 

The change in sensory attributes of jelly is accounted in Table XVII. The three variations of jelly, test and a control are kept in room temperature.

TABLE XVII

CHANGE IN SENSORY ATTRIBUTES OF JELLY USING Asparagus racemosus
	Days
	Variation
	Appearance
	Color
	Texture
	Odor

	0 - 4 
	TJE1
	(
	(
	(
	(

	
	TJE2
	-
	-
	-
	-

	
	TJE3
	-
	-
	-
	-

	
	CJE
	-
	-
	-
	-

	4 - 8 
	TJE1
	-
	-
	-
	-

	
	TJE2
	-
	-
	-
	(

	
	TJE3
	-
	-
	-
	-

	
	CJE
	-
	-
	-
	-

	8 - 12 
	TJE1
	-
	-
	-
	-

	
	TJE2
	(
	(
	(
	-

	
	TJE3
	-
	-
	-
	(

	
	CJE
	-
	-
	-
	-

	12 - 16 
	TJE1
	-
	-
	-
	-

	
	TJE2
	-
	-
	-
	-

	
	TJE3
	(
	(
	(
	-

	
	CJE
	-
	-
	-
	-


TJE1, TJE2, TJE3 - Test groups; CJE -Control group;  (- change; - - no change

Table XVI accounts for the change in sensory attributes of jelly over one month. Variation I showed a change in all attributes at the end of the forth day. Variation II showed change in odor at the end of 8 days, and change in all other attributes by the end 12 days. Variation III showed change in odor by 12th day and change in all other attributes by the end 16 days. All variations of jelly was high in moisture and agar being a good medium for microbes, which might have contaminated the preserve during the processing time, thus fungal contamination determined complete spoilage of jelly also high room temperature in the month of march assisted in the growth of fungus. The control jelly showed no change in any of the sensory attributes due to the presence of class II preservatives.

3. Shelf life of squash formulated using Asparagus racemosus 

The change in sensory characteristics of squash every 4th day is noted for one month is shown in Table XVIII.
TABLE XVIII

CHANGE IN SENSORY ATTRIBUTES OF SQUASH USING Asparagus racemosus
	Days
	Variation
	Appearance
	Color
	Texture
	Odor

	0 - 4 
	TS1
	-
	-
	-
	(

	
	TS2
	-
	-
	-
	-

	
	TS3
	-
	-
	-
	-

	
	CS
	-
	-
	-
	-

	4 - 8 
	TS1
	-
	-
	-
	-

	
	TS2
	-
	-
	-
	-

	
	TS3
	-
	-
	-
	-

	
	CS
	-
	-
	-
	-

	8 - 12 
	TS1
	(
	(
	(
	-

	
	TS2
	-
	-
	-
	(

	
	TS3
	-
	-
	-
	-

	
	CS
	-
	-
	-
	-

	12 - 16 
	TS1
	-
	-
	-
	-

	
	TS2
	-
	-
	-
	-

	
	TS3
	-
	-
	-
	-

	
	CS
	-
	-
	-
	-

	16 - 20 
	TS1
	-
	-
	-
	-

	
	TS2
	(
	(
	(
	-

	
	TS3
	-
	-
	-
	(

	
	CS
	-
	-
	-
	-

	20 - 24 
	TS1
	-
	-
	-
	-

	
	TS2
	-
	-
	-
	-

	
	TS3
	-
	-
	-
	-

	
	CS
	-
	-
	-
	-

	24 - 28 
	TS1
	-
	-
	-
	-

	
	TS2
	-
	-
	-
	-

	
	TS3
	(
	(
	(
	-

	
	CS
	-
	-
	-
	-


TS1, TS2, TS3  - Test groups; CS -Control group;  (- change; - - no change

Table XVII ascribes the sensory evaluation done for different variations of squash over one month. Variation I showed a change in odor by the fourth day and change in appearance, color and texture by 12th day. Variation II showed a change in odor by the 12th day and change in appearance, color and texture by 20th day. Variation III showed a change in odor by the 20th day and change in appearance, color and texture by 28th day. All three variations of squash showed changes due to high moisture and high room temperature were favorable to the growth of microorganisms. The control squash showed no change in any of the sensory attributes due to the addition of class II preservatives. 

4. Shelf life of pickle formulated using Asparagus racemosus 

Table XIX reveals the change in sensory attributes texture, color, appearance and odor of pickle. 

TABLE XIX

CHANGE IN SENSORY ATTRIBUTES OF PICKLE USING Asparagus racemosus
	Days
	Variation
	Appearance
	Color
	Texture
	Odor

	0 - 4 
	TP1
	-
	-
	-
	-

	
	TP2
	-
	-
	-
	-

	
	TP3
	-
	-
	-
	-

	
	CP
	-
	-
	-
	-

	4 - 8 
	TP1
	-
	-
	-
	-

	
	TP2
	-
	-
	-
	-

	
	TP3
	-
	-
	-
	-

	
	CP
	-
	-
	-
	-

	8 - 12 
	TP1
	(
	(
	(
	(

	
	TP2
	-
	-
	-
	-

	
	TP3
	-
	-
	-
	-

	
	CP
	-
	-
	-
	-

	12 - 16 
	TP1
	-
	-
	-
	-

	
	TP2
	-
	-
	-
	-

	
	TP3
	-
	-
	-
	-

	
	CP
	-
	-
	-
	-

	16 - 20 
	TP1
	-
	-
	-
	-

	
	TP2
	-
	-
	(
	-

	
	TP3
	-
	-
	-
	-

	
	CP
	-
	-
	-
	-


     TP1, TP2, TP3  - Test groups; CP -Control group;  (- change; - - no change

Table XIX reveals the sensory attributes of different variations of pickle over one month. Variation I showed a change in all attributes at the end of the 12th day due to less amount of oil and root was not immersed in oil to keep away moisture. Variation II and Variation III showed no change in any of the sensory attributes, since oil, chilli powder and salt act as a preservative it arrests the growth of micro organisms and keeps away moisture. The control pickle showed no change in any of the sensory attributes. 

Figure 12 graphically shows the changes in sensory attributes of preserves over a month.

5. Appearance of fungal growth on the developed preserves
Table XX, shows the period of fungal appearance on the developed preserve.

TABLE XX

PERIOD OF FUNGAL CONTAMINATION ON DEVELOPED PRESERVES
	Days
	Jam
	Jelly
	Squash
	Pickle

	
	TJA1
	TJA2
	TJA3
	TJE1
	TJE2
	TJE3
	TJA1
	TJA1
	TJA1
	TJA1
	TJA1
	TJA1
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	(
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	4 - 8
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	12 - 16
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	16 - 20
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	(
	
	
	
	

	20 - 24
	
	
	
	
	
	
	
	
	
	
	
	

	24 - 28
	
	
	
	
	
	
	
	
	(
	
	
	

	28 - 32
	
	
	
	
	
	
	
	
	
	
	
	


The preserves were analyzed for fungal contamination. The fungus identified was Aspergillus niger of genus Aspergillius. 
In jam the, fungal growth was noted in variation I on the 4th day and variation II on the 20th day. In jelly, fungal growth was noted in variation I, II and III on 4th, 12th and 16th day. In squash, fungal growth was noted for variation I, II and III on 12th, 20th and 28th day. For pickle fungal growth was noted for variation I on the 12th day and variation II and III did not show fungal growth. The growth of fungus is mainly due to high moisture, low ratio of preservatives and high temperature. Plate 5 displays the fungal contamination on the developed preserves.  Figure 13 graphically shows the rate of fungal contamination of developed preserve.



E. SUBJECTIVE ASSESSMENT OF PRESERVES AND OVERALL ACCEPTABILITY

Evaluation of the developed preserves was done by 15 subjects of age group 20 - 25 years. The preserves were evaluated using 5 point hedonic scale. A score card was used to measure the sensory characteristics like color, flavor, texture, taste, appearance of the jam, jelly, squash and pickle.

1. Mean scores for developed preserves

Mean scores for sensory assessment of the developed preserves jam, jelly, pickle and squash attributed by the selected subjects is tabulated in               Table XXI.
TABLE XXI

MEAN SCORES ATTRIBUTED BY SELECTED SUBJECTS FOR PRESERVES USING Asparagus racemosus

	Variations
	Appearance
	Color
	Flavor 
	Taste
	Flavor
	Total mean

	
	Mean ± S.D
	Mean ± S.D
	Mean ± S.D
	Mean ± S.D
	Mean ± S.D
	Mean ± S.D

	Jam
	4.4 ± 0.51
	4.4 ± 0.66
	4.0 ± 0.72
	4.2 ± 0.73
	4.0 ± 0.84
	4.2 ± 0.10

	Jelly


	4.6  ± 0.48
	4.0 ± 0.73
	3.8 ± 0.90
	3.7 ± 0.76
	3.7 ± 1.01
	3.9 ± 0.83   



	Squash
	4.2 ± 0.77
	3.9 ± 1.10
	3.6 ± 0.95
	3.8 ± 0.74
	3.8 ± 0.74
	3.8 ± 0.49

	Pickle
	4.4 ± 0.63
	4.1 ± 0.91
	4.4 ± 0.61
	4.1 ± 0.54
	4.1 ± 0.55
	4.3 ± 0.88


Table XXI tabulates the mean score attributed by selected 15 subjects, pickle had the overall highest score, followed by jam, jelly and squash. 
Pickle was the preserve that scored the highest among the other preserve since, it was a traditional delicacy that could be eaten with meals. Jam was second preferred due to its acceptable taste and jaggery had reduced its bitterness. The appearance of jelly scored maximum due its rich and delicious color. Squash scored the least overall. 
Suggestions were given by the selected subjects for the improvement of the preserve. To increase the taste of jam and jelly, essence was asked to be incorporated to the preserves. The jam tasted well along with a little ghee. For squash, during the serving, lime and ginger were suggested to be incorporated into the mixture and to serve chill. Figure 14 graphically shows the mean scores for sensory attributes of the developed preserves from Asparagus racemosus.


V. SUMMARY AND CONCLUSION

Plant and plant products have been consumed by man from the very beginning. Some plants posses therapeutic properties and exert beneficial pharmacological effects on animal body, these are called medicinal plants. Herbs are used for treatment of various diseases and often contain secondary metabolites which prevent oxidative process.

Ethanobotany is the study of relationship between people of primitive society and plants. India is one of the richest plant based society in the world. But the knowledge of the uses of herbs stays with the older generation and few interested youths.

Conservation and preservation of herbs and herbal remedies is important. The cure for many diseases is coded on plants. One such plant is Asparagus racemosus or Shatavari. The plant is used in different forms with different ingredients/ herbs for the cure of a wide range of diseases.

Researcher conducted a market survey in Coimbatore and Pathanamthitta districts, to find out the available products of Asparagus racemosus. Products were found only in ayurveda shops and stores like Himalaya.

The study was taken up in order to convert the wide spectrum medicinal plant Asparagus racemosus into a preserve. The Asparagus racemosus root is consumed raw or boiled by the tribal population of India.

For the development and standardization of the selected preserves, the following methods were adopted. The Asparagus racemosus root is soaked and washed. It is then steamed and peeled. For fabrication of pickle, the root is diced into small pieces, whereas for jam preparation the root is ground to paste and incase of squash and jelly the root paste is strained and juice is incorporated for its formulation.

In order to standardize the preserves, three variations of each preserve is developed by altering the ratio of ingredients added. Using five point hedonic rating scale the developed preserves were evaluated by 15 subjects from age group (20 - 25 years).

The standardized preserves are then analyzed for its nutrient content by various tests. For antioxidant activity FARP test was used, for phenolic content folin coicaltrace method was used, for fibre alkali treatment and iron was estimated by atomic absorption spectrometer method.

Shelf life of the preserves was noted every four days for one month. The preserves are noted for change in color, appearance, texture and odor. A test and control group was developed for analyzing the shelf life of the various preserves. The test group consisted of three variations made with class I preservatives and control was developed using variation III and class II preservatives.

Subjective assessment of the various preserves were done by selected female subjects age using standardized five point hedonic rating scale. A score card was used to rate the preserves from very good to very poor.

The results obtained for the study are as follows:

· Products of Asparagus racemosus were available only in ayurveda shops and Himalaya stores.

· Most of the products are a mixture of various herbs but ratio of Asparagus racemosus used is high.

· The products of Himalaya were costlier than that of ayurvedic preparations and half kilogram of root costs about Rs. 10 – Rs.50.
· Sensory assessment of the variations of jam, jelly, squash and pickle were done. Variation III of jam, jelly and squash obtained maximum scores (4.6, 4.6, 4.5) and variation II got highest score for pickle (4.7).

· Antioxidant activity of Asparagus racemosus in different cooking methods were obtained as follows, Asparagus racemosus sautéd for 10 mins in 10 ml of oil gave the highest total antioxidant activity as 217.8µg/g, whereas in steaming process 168.81µg/g, boiled Asparagus racemosus showed 164.4µg/g. Asparagus racemosus in raw form showed161.76µg/g.

· Total antioxidant activity of developed preserves from Asparagus racemosus revealed that pickle 577.5µg/g had the maximum antioxidant activity tailed by jam 287.5µg/g, jelly 100µg/g and squash 80µg/g.

· The phenolic content of the analyzed preserves developed from Asparagus racemosus showed that jam 160mg/g had the utmost value followed by pickle 141.75mg/g, jelly 139.52mg/g and squash 133.75mg/g.

· The amount of iron present in developed preserves from Asparagus racemosus exhibited highest iron content for pickle as 5.09mg/100g, compared to jam 2.57mg/100g, squash 1.64mg/100g and jelly 1.64mg/100g.

· Amount of fibre estimated presented the following results, pickle had the maximum value 7.12g, tailed by jam 4.12g squash and jelly had the same fibre content 0.03g.

· Analysis of shelf life of jam gave the following results. Variation I got spoiled in 4 days, variation II within 12 days and variation III showed a change in one characteristic that is texture, it hardened on storage for a long time.

· Shelf life of different variations of jelly I, II and III, showed deterioration in it sensory attributes within 4th, 12th and 16th day.

· Sensory characteristics of squash of variations I, II and III exhibited changes in appearance, color, texture and odor by 12th, 20th and 28th day.

· Variation I of pickle deteriorated within 12 days, whereas the rest of the variations showed no changes in the sensory attributes.

· Fungal growth was the last stage of deterioration of the preserves. The fungus that appeared on the preserves was Aspergillus niger. All variations of jelly and squash were attacked by the fungus only variation I and II of jam and variation I of pickle got spoiled.

· The control group did not develop any fungal contamination due to addition of class II preservatives.

· Sensory assessment of all the preserves showed that pickle was most accepted followed by jam, jelly and squash.

CONCLUSION:

From the above discussed points it is clear that medicinal plants posses a lot of unidentified nutrients that can pose to increase the longevity of man. Plants are an important source of nourishment for both animals and humans and it is a healer since it poses the code to cure many diseases. Thus conservation of plants should be an important step and planting of basic herbs in ones garden is essential and the first step to conservation is the preservation of it. 

Asparagus racemosus is a herb that grows in varied climatic conditions and in any soil. The plant posses a lot of health benefits as reviewed by ayurvedic doctors especially for the female population. 

Thus concluding this research by saying that herbs indeed are “curative, preventive, protective and nutritive thus let us join hands to conserve, perpetuate, preserve and nourish it”

RECOMMENDATIONS:

· Formulation of daily use recipes from the Asparagus plant.

· Identification of other medicinal herbs and promoting knowledge of its uses.

· Supplementation of the herb for any disease condition.

· Finding herbs that can control diabetes and hypertension, which are the leading disorders of the 21st century.

· Approaching cottage industries for production of herbal preserves and promoting it.
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APPENDIX I

ESTIMATION OF TOTAL ANTIOXIDANT ACTIVITY

 - FRAP (Ferric Reducing Antioxidant Power) Assay

Free radicals present in the human cause oxidative damage to different biomolecules such as proteins, nucleic acids and lipids. These oxidative damages are involved in the initial phase of degenerative illnesses. Antioxidant compounds present in the plant food stuffs are capable of neutralizing free radicals and thus playing a major role in the prevention of certain diseases such as cancer, cataracts, cerebral pathologies and rheumatoid arthritis. Different groups of antioxidants are present in plants which include vitamin C, E, carotenoids and phenolic substances.

Principle:

Absorption changes occur when the reduction of 2,4,6 tri-pyridyl-s-triazine(TPTZ)-ferric complex to TPTZ-T-Fe2+ form occurs in the presence of antioxidants. An intense blue colour with absorption maximum at 593nm develops. An aqueous solution of 1000 μmol/L FeSO4.7H2O was used for calibration of the instrument.

Reagents:

1) Acetate buffer (300 mmol/l) (pH 3.6)

3.1g sodium acetate in16 ml glacial acetic acid made upto 100ml with water. Finally check the pH is 3.6. To increase or decrease the pH use acid or base (alkali). 

2) TPTZ (10 mmol/l):

2, 4, 6-tripyridyl-s-triazine (TPTZ) in 40 mmol/ l HCl.

Preparation of 40mmol HCl:

Purity 




35.4

---------------------   = X molar                  -------------- = 0.96M

Molecular Weight



36.5

X x Y = 100x0.04     


     0.96MxY = 100x0.04

(by using V1N1=V2N2 formula)

        100x0.04






            Y= ------------- = 4.1ml







             0.96

(4.1ml of HCl diluted to 100ml with water)

Preparation of 10mmol TPTZ:

312mg/1lit =1mM

3120mg/lit = 10mM

312.0mg/100ml

31.2mg/10ml     (31.2mg of TPTZ/10ml of 40mmol HCl)   

3) Ferric Chloride (20 mmol) [freshly prepared]
162mg/1lit = 1mM

324mg/1lit = 2mM

3.24mg/10ml = 2mM

32.4mg/10ml =20mM        (16.2mg FeCl3/5ml of water)

4) FRAP (ferric reducing antioxidant power) working solution: 

25 ml acetate buffer, 2.5 ml TPTZ solution and 2.5 ml FeCl3 solution. The working solution must be always freshly prepared.

5) Ascorbic Acid (1mM) Stock standard

176.13g/L = 1M

17.613g/100ml = 1000mM

0.017613g/100ml = 1mM

0.0044g/25ml = 1mM

4.4mg/25ml = 1mM or 5mg/25ml approximately (concentration 200µg/ml)

Working Standard

1ml stock solution in 10ml of water (concentration 20µg/ml)

Sample preparation

One g of leaves, shoot or stem were cut into small pieces and mashed with a mortar and pestle and centrifuged at 15.000. rpm for 10 min. The supernatant was used for the measurements. If sample concentration is too high, further dilution is to be done.

Procedure

1. Pipette out different aliquots of 0.2 to 1ml in test tubes.

2. Make up the volume in each tube to 1ml with water.

3. Add 0.5ml FRAP reagent.

4. Wait for 10 minutes and measure the absorbance at 593nm.

Reference:

1. Benzie, IF.F and J.J.Strain. 1996. The ferric reducing ability of plasma as a measure of “antioxidant power:” the FRAP assay. Anal Biochem.,239:70–76.

       2. Guo, C., J. Yang, J. Wei, Y. Li, J. Xu and Y. Jiang. 2003.  Antioxidant activities of peel, pulp and seed fractions of common fruits as determined by FRAP assay. Nutrition Research., 23:1719–1726.
APPENDIX III 

ESIMATION OF CRUDE FIBRE
Crude fibre consists largely of cellulose and lignin (97%) plus some mineral matter. It represents only 60% to 80% of the cellulose and 4% to 6% of the lignin. The crude fibre content is commonly used as a measure of the nutritive value of poultry and livestock feeds and also in the analysis of various foods and food products to detect adulteration, quality and quality.

Principle:

During the acid and subsequent alkali treatment, oxidative hydrolytic degradation of the native cellulose and considerable degradation of lignin occur. The residue obtained after final filtration is weighed, incinerated, cooled and weighed again. The loss in weight gives the crude fibre content.

Reagents:

· Sulphuric acid solution (0.255 ± 0.005N): 1.25ml concentrated sulphuric acid diluted to 100ml (concentration must be checked by titration)

· Sodium hydroxide solution (0.313 ± 0.005N) : 1.25g sodium hydroxide in 100ml distilled water (concentration must be checked by titration with standard acid)

Procedure:

· Extract 2g of material with ether or petroleum ether to remove (intial boiling temperature 35-38ºC and final temperature 52ºC). If fat content is below1%, extraction may be omitted.

· After extraction with ether boil 2g of dried material with 200ml of sulphuric acid for 30minutes with bumping chips.

· Filter through muslin and wash with boiling water until washings are no longer acidic.

· Boil with 200ml of sodium hydroxide solution for 30minutes.

· Filter through muslin cloth again and wash with 25ml of boiling 1.25% H2SO4, three 50ml portions of water and 25ml of alcohol.

· Remove the residue and transfer to ashing dish (preweighed dish W1).

· Dry the residue for 2hour at 110 ± 2ºC. Cool the dish in a desiccator and weigh (W2).

· Ignite for 30 minutes at 600 ± 15ºC.

· Cool in a desiccator and reweigh (W3).

Calculation:

% of crude fibre in ground sample



Loss in weight on ignition (W2-W1)-(W3-W1)

=     -------------------------------------------------------------        x 100




Weight of the sample taken (g)

Reference:

1. I.S 1155 : 1968 Specification for Wheat Atta/I.S.I Handbook of Food Analysis ( Part IV ) - 1984 page 115
2. Maynard, A J (Ed) (1970) Methods in food analysis Academic press Newyork.p. 176.

3. S.I Hand book of Food Analysis (Part XI) - 1981
APPENDIX II 

Estimation of Total Phenols

Phenolic compounds are water-soluble and form complex with protein by hydrogen bonding. It includes simple phenols, phenolic glycosides, flavonoids, phenolic acids or phenyl propanoids, phenolic quinines and polyphenolic compounds like lignins, melanins and tannins. These are highly susceptible to enzymic oxidation by specific phenolase. Phenols can be estimated by various methods. Estimation of phenols using Folin-ciocalteau reagent is described below.

Principle:


Phosphomolybdic acid and phosphotungstic acid present in the Folin-ciocalteau reagent is reduced by phenolic hydroxyl group. Blue colour is developed in alkaline condition.

Reagents:

· Folin-ciocalteau reagent – commercially available.

· Sodium carbonate, 20 %.

· Standard phenol: Dissolve 50mg pyrocatechol in 50ml water.

· Wprking standard: Dilute 1ml of this stock solution to 20ml which contains 50µg/ml.

Procedure:

Extraction of phenols:


Phenols are highly soluble in water as well as in alcohol. Eighty percent ethanol is employed for efficient extraction. Boiling alcohol prevents enzymic oxidation of phenols.

· One gram plant material (fresh) is ground in two 5ml portions of 80% ethanol and centrifuged. Pool the extract (supernatant) and make up to 10ml or 25 ml in a standard flask.

· Evaporate 0.1 ml of the ethanol on a water bath. 

· Add 6ml water and shake well.

· Add 0.5ml Folin-ciocalteau reagent.

· Wait for 5 minutes.

· Then add 2ml of 20 percent sodium carbonate solution.

· After 15 minutes, measure the absorbance at 600nm.

· Pipette out 0.2, 0.4, 0.6, 0.8 and 1.0ml of the diluted standard solution and adjust the volume to 6ml by adding distilled water. Then proceed as per the sample.

Result:


Express the result as mg equivalent of pyrocatechol per 100g fresh (or dry) plant tissue.

APPENDIX IV
SCORE CARD FOR VARIATIONS OF PRESERVES
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(5- VERY GOOD; 4- GOOD; 3- FAIR; 2- POOR; 1- VER POOR)
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