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ABSTRACT

The present study entitled ‘Development and Popularization of value-added food products by using Ashwagandha root powder was done with an aim to prepare Ashwagandha incorporated products, to study their organoleptic and microbial life qualities. In order to meet the objectives, three products were prepared by incorporating Ashwagandha root powder into wheat bread, biscuit, Nutri bar. A score card was prepared to select the judging panel of ten members. Organoleptic evaluations of the sensory qualities of the prepared products were done by employing the triangle test. Among the prepared variations, those variations with highest overall acceptability scores were considered as the best variation of the product. By testing the framed hypothesis using Mann Whitney U test, the alternate hypothesis for the test was identified. It revealed that sample do not differ from each other in their overall acceptability. So, the null hypothesis was rejected.
 	The nutrient content of the each Ashwagandha incorporated product per 100g was assessed with reference to their energy, calcium, carbohydrate and protein content. Ashwagandha incorporated products were found to be rich in nutrients especially energy, calcium, carbohydrate. The developed products were analyzed for their microbial qualities for a period of 5 days. Among the developed products, the best product variation with highest overall acceptability scores were analyzed and recorded. 
For the sensory evaluation of Ashwagandha incorporated products was collected from the members were prepared and presented. Each product was then organoleptically scored by the judging panel. 
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CHAPTER- 1
INTRODUCTION
Value-Addition is the process of taking a raw commodity and changing its form to produce a high-quality end product. 
Ashwagandha is an evergreen shrub that grows in Asia and Africa. It is commonly used for stress. Its botanical source is Withania Somnifera, (family – Solanaceae) and its very revered herb of the Indian Ayurvedic system of medicine as a Rasayana (tonic). It is used for various kinds of disease processes and specially as a nervine tonic. It is commonly known as “Indian Winter cherry” or “Indian Ginseng”. It is one of the most important herbs of Ayurveda (the traditional system of medicine in India) used for millennia as a Rasayana for its wide-ranging health benefits. The Sanskrit name “ashva” meaning horse and “gandha” meaning smelling was given to this plant due to the smell of the roots resembling a sweating horse. Ashwagandha was first mentioned by sage Punarvasu Atreya over 4000 years ago (Rajeswara Rao et al., 2012)
Value added products from Ashwagandha include root powder, capsules, root extract, herbal beer etc. in addition to the traditional drugs made from this plant. Health drinks, herbal tea, functional foods, nutraceuticals and cosmeceuticals are some of the value-added products on which enterprises can be set up (Rajeswara Rao et al. 2012).
It is an annual evergreen shrub in the Solanaceae or nightshade family that grows in India, the Middle East, and parts of Africa. Several other species in the genus Withania are morphologically similar. 
Ashwagandha is conventionally used in amalgamation with other herbs, it is not apparent which of the ingredients had the gain. In people with type II diabetes and decreased elevated cholesterol, Ashwagandha was known to help reduce blood glucose. Since Ashwagandha has some sedative effects, it can help to alleviate anxiety and stress-after all, the maximum amount has been suggested by human studies. There are some preliminary studies that will help with epilepsy and amnesia, but these findings are too early to note as predicted whether human benefits can be increased. 
Some laboratory studies of cancer cells have shown that the growth of Ashwagandha can be prevented. Animal studies have proven that Ashwagandha could improve the effects of radiation therapy. These are early outcomes, however. It is not known if Ashwagandha will support cancer patients. For other health problems, like anemia, people use Ashwagandha. It is rich in iron and it h	as been shown to help improve hemoglobin. There is no evidence to support the advantages of Ashwagandha for many of the opposite supposed applications. In each of the wonderful rejuvenating agents of Ayurveda, Ashwagandha is taken into account to be one. The roots, seeds and leaves of Ayurvedic and Unani medicines are used in Ashwagandha is mentioned in ancient Ayurvedic literature as a very important drug-the berries can be used as a rennet replacement to coagulate milk in cheese making. 
In this plant, several kinds of alkaloids are present, of which Withanine and Somniferine are important. Withanolides, glycosides, glucose, five unspecified alkaloids (0.09%) and plenty of free amino acids are found in the leaves.
  The alkaloids are responsible for the pharmacological function of the roots. It has been stated that the total alkaloid content in roots of Indian types varies between 0.13% and 0.31% 
 The antibiotic and anti-tumor activities, Withaferin-A have earned strong publicity. It is used by the indigenous drug system to treat carbuncles. 
 The paste prepared from its leaves is used to treat tubercular inflammation, which is rooted in the healing of skin diseases, bronchitis and ulcers.
  Roots are primarily used in Rajasthan to treat rheumatism and dyspepsia; they are used to alleviate loin pain in Punjab and abortion in Sind. Warm leaves are often used in some areas to provide relief during eye illnesses. 
 Roots are often used, however, to treat general and sexual deficiency in mortals. 
 Fruits and seeds are natural diuretics. It is stated that leaves possess anthelmintic and febrifuge properties. Fevers are handled with an infusion of leaves. (Dhaneswar Moharan, Vijay Bahadur, et.al 2020)
Although thought to be useful as a medicinal herb in Ayurveda and sold in many countries as a dietary supplement, there is insufficient scientific evidence that it is safe or effective for treating any disease.
 Withania somnifera is cultivated in many of the drier regions of India. It is also found in Nepal, Sri Lanka, China, and Yemen. It prefers dry stony soil with sun to partial shade. To propagate it can be grown from seed in the early spring, or from greenwood cuttings in the later spring. It grows three to five feet tall, mainly on waste land, but is cultivated widely as the whole plant. Most commonly the root and leaf are used medicinally (Engels and Brinckmann, 2013).
 	In Ayurveda ashwagandha is considered a rasayana herb. This herb is also considered as an adaptogen which is a herb that works to normalize physiological function, working on the HPA axis and the neuroendocrine system. In Ayurveda, the fresh roots are sometimes boiled in milk, prior to drying, in order to leach out undesirable constituents. 
[bookmark: _Hlk102336003]Withania somnifera is one of the major herbal components of geriatric tonics mentioned in Indian systems of medicine. In the traditional system of medicine Ayurveda, this plant is claimed to have potent aphrodisiac rejuvenative and life prolonging properties. It has general animating and regenerative qualities and is used among others for the treatment of nervous exhaustion, memory related conditions, insomnia, tiredness potency issues, skin problems and coughing. It improves learning ability and memory capacity. (Sitansu Kumar Verma and Ajay Kumar ,2011)
[bookmark: _Hlk104328613]The traditional use of ‘Ashwagandha’ was to increase energy, youthful vigor, endurance, strength, health, nurture the time elements of the body, increase vital fluids, muscle fat, blood, lymph, semen and cell production. It helps counteract chronic fatigue, weakness, dehydration, bone weakness, loose teeth, thirst, impotency, premature aging emaciation, debility, convalescence and muscle tension. It helps invigorate the body by rejuvenating the reproductive organs, just as a tree is invigorated by feeding the roots. (Sitansu Kumar Verma and Ajay Kumar ,2011)
Nutrient composition of Ashwagandha root powder(per 100g) obtained by chemical analysis is as follows, Moisture was found to be 7.45%, Ash was found to be 4.41g,the amount of protein was 3.9g,Fat was 0.3g,the amount of crude fiber was 32.3g,Energy was 245kcal,carbohydrate was 49.9g,Iron was3.3mg,the calcium content was 23mg.Total Carotene was 75.7 µg and Vitamin C was 5.8mg/100g.(Sangeeta kumara et.al.2016)
Ashwagandha, has health benefits which are as follows such as it controls cholesterol levels, increases fertility in men, reduces anxiety, relieves stress, fights diabetes, controls hair fall, hinders, treat osteoporosis, rheumatic arthritis, treats cancer, increases blood production, prevents seizures, aids in muscle growth, stimulates the thyroid gland, reduces ocular diseases, anti-tumor, anti-inflammatory and antibacterial properties etc.
Ashwagandha is composed of several nutrients like glycowithanolides (antioxidants), potassium nitrate, iron, fatty acids, tannins, glucose, alkaloids and numerous other substances, as these compositions are rich sources of Ashwagandha. Cereals are globally grown in abundant quantities and provide almost more than 70% of the energy needs of the people than any other crop. (Manvir Kaur Gill, Shiv Kumar, et.al 2019)

SIGNIFICANCE OF STUDY 
     The Present study was undertaken for understanding the value and importance of Ashwagandha incorporated food products and their overall acceptability.
In Ayurveda ashwagandha is considered a rasayana herb. This herb is also considered an adaptogen which is an herb that works to normalize physiological function, working on the HPA axis and the neuroendocrine system. In Ayurveda, the fresh roots are sometimes boiled in milk, prior to drying, in order to leach out undesirable constituents.
Withania somnifera is a medicinal plant extends over a large area, from the Atlantic Ocean to South East Asia and from the Mediterranean region to South Africa. The medicinal plants are widely used by the traditional medical practitioners for curing various diseases in their day-to-day practice. In traditional systems of medicine, different parts (leaves, stem, flower, root, seeds, bark and even whole plant) of Withania somnifera (known as Ashwagandha in Hindi), a small herb seen throughout India, have been recommended for the treatment of aphrodisiac, liver tonic, anti - inflammatory agent, astringent, and more recently to treat bronchitis, asthma, ulcers, emaciation, insomnia, and senile dementia etc. Clinical trials and animal research support the therapeutic use of ashwagandha for anxiety, cognitive and neurological disorders, inflammation, and Parkinson’s disease. Ashwagandha’s chemo preventive properties make it a potentially useful adjunct for the patients undergoing radiation and chemotherapy. Ashwagandha is also used therapeutically as an adaptogen for patients with nervous exhaustion, insomnia, and debility due to stress, and as an immune stimulant in patients with low white blood cell counts in blood. The major biochemical constituents of ashwagandha root are steroidal alkaloids and steroidal lactones in a class of constituents called withanolides. (Sitansu Kumar Verma and Ajay Kumar,2011)


OBJECTIVES 

· [bookmark: _Hlk104191097]To develop ashwagandha incorporated food products.
· To conduct the organoleptic analysis of the products. 
· To compare the overall acceptability of the incorporated products.
· To analyze the microbial components of different ashwagandha incorporated food products. 
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CHAPTER-2
REVIEW OF LITERATURE

The review of literature pertaining to the study entitled “Development Of Different Food Products By Incorporating Ashwagandha Root Powder” is discussed under the following headings. 
[bookmark: _Hlk93001445]2.1. Cultivation and utility of Ashwagandha root powder 
2.2. Description of ashwagandha 
2.3 Nutrient composition of Ashwagandha root powder 
2.4 Value added product 
2.5 Health Benefits of Ashwagandha 
2.1. Cultivation and utility of Ashwagandha root powder
Ashwagandha (Withania somnifera) is an important medicinal plant that has been used in Ayurvedic and indigenous medicine from the ancient time.  Ashwagandha is also known as Indian ginseng, and as Indian Winter Cherry, the roots of which have been employed in Indian traditional systems of medicine, Ayurveda and Unani. (Umadevi et al., 2012) 

Ashwagandha was first mentioned by sage Punarvasu Atreya over 4000 years ago. Subsequently the medicinal properties of this plant were mentioned in Ayurvedic treatises such as Charaka Samhita, Sushruta Samhita, Astanga Hridaya, Bhava Prakash Nighantu, etc., to mention a few.  Currently around 200 traditional medicinal formulas are prepared in Ayurveda, Siddha and Unani systems using this plant. All the plant parts are credited with medicinal properties (Rao et al., 2012).  Ashwagandha is cultivated in different parts of country. It is drought tolerant annual, hence is cultivated under rainfed condition in marginal soils by small and marginal farmers of Madhya Pradesh, Rajasthan, Andhra Pradesh, Karnataka and other states of India.
The cost of cultivation and high price for the roots is attracting farmers for large scale cultivation (Rao et al.,). It grows in dry parts in sub-tropical regions like Rajasthan, Madhya Pradesh, Haryana, Gujarat, Maharashtra and Uttar Pradesh states of the country (Directorate of Medicinal and Aromatic Plants Research).  The demand of Ashwagandha roots has increased in domestic market from last decade and in recent years, the demand for ashwagandha alkaloids has also increased in the international as well as the US market for the Neutraceuticals.  One and half decade before it was mostly collected from forest area to meet out the domestic requirements of Ayurveda industry.  The cultivation of Ashwagandha was started in late 90s and in the beginning of the 21st century. CSIR-Central Institute of Medicinal and Aromatic Plants (CIMAP) in Deccan plateau introduced the Ashwagandha cultivation one decade before through its Research Centre situated at Hyderabad. The two high-yielding varieties of Ashwagandha namely Poshita and NIMTLI-118 were introduced for cultivation at farmer’s field in Kurnool and Anantpur districts of Andhra Pradesh.  Later it spread in to other adjoining districts of Andhra Pradesh and Telangana.  Kurnool and Anantapur districts lie in arid and semi-arid regions of Andhra Pradesh.  At present, this crop is being cultivated by 6000 farmers on an area of about 4000 hectares in Deccan plateau. The buyers from Neemuch (Madhya Pradesh) and other parts of the country are purchasing the Ashwagandha roots from farmers through local traders and directly from farmers group.
Ashwagandha is   usually grown in fields which are not well covered by the irrigation systems. This is due to requirement of dry season during its growing periodThe field on which food crops cannot be taken    profitably due to lack of   irrigation facilities may be used for Ashwagandha cultivation.   Ashwagandha grows well in sandy loam or light soil or black soil, having pH7.5-8.0 with well Drainage.

Ashwagandha requires relatively dry season during its growing period.  Because, Ashwagandha is rainfed crop Rainfall requirements of 650-750mm is suitable for Ashwagandha cultivation. Temperature requirements of 20°C to 35°C is ideal for ashwagandha growth. It is a late rainy season (Kharif)crop. Late winter rains are conducive for the proper development of the plant roots.  That’s why the root of ashwagandha develop to their full strength after 1-2 late winter seasons.

2.2.Description of Ashwagandha 
Ashwagandha or Asgand (Withania somnifera), Ashwagandha is a native medicinal plant grown all over central   and   north-western   India, belonging   to   the Solanaceae   or   nightshade   family   known   as   Indian ginseng or winter cherry. It is an important ancient plant; in the traditional Indian systems of medicine, Ayurvedic and Unani, the roots were placed.  It is in use for a very long time for all age groups and both sexes and even during pregnancy without any side effects (Sharma et al. 1985). It is a vertically growing, branching shrub, usually 1.50 m tall.  In dry and sub-tropical areas, it grows well. Ashwagandha is a plant that is robust and drought-resistant.  In most regions of South Asia, Ashwagandha grows   abundantly   and   many   closely   related   species happen to be as far away as Northern Africa.  As a lucrative   crop, the   cultivation   of   Ashwagandha   is regularly carried out in all the states of India.  In areas with rainfall of about 500-750 mm and altitudes ranging from 600 to 1200 meters above sea level, the herb grows best.   20-32   0C   is   the   optimum   temperature   range. Ashwagandha has historically been grown in areas that are not soundly irrigated and therefore not suitable for food crops  due  to  the  durability  of  the  plant.  It is a cash crop in fields where more profitable plants will not be suitable to grow.  Even in moderate drought conditions, Ashwagandha cultivation is promising. [Dhaneswar Moharana, Vijay Bahadur, Sandeep Rout et.al 2020]
Ashwagandha is an evergreen shrub that grows in Asia and Africa. It is commonly used for stress. Its botanical source is Withania Somnifera, (family – Solanaceae) and its very revered herb of the Indian Ayurvedic system of medicine as a Rasayana (tonic). It is used for various kinds of disease processes and specially as a nervine tonic. It is commonly known as “Indian Winter cherry” or “Indian Ginseng”. It is one of the most important herbs of Ayurveda (the traditional system of medicine in India) used for millennia as a Rasayana for its wide-ranging health benefits. Rasayana is described as an herbal or metallic preparation that promotes a youthful state of physical and mental health and expands happiness. These types of remedies are given to small children as tonics, and are also taken by the middle-aged and elderly to increase longevity. Among the ayurvedic Rasayana herbs, Ashwagandha holds the most prominent place. It is known as “Sattvic Kapha Rasayana” Herb (Changhadi, 1938). Most of the Rasayana herbs are adaptogen / anti-stress agents. Ashwagandha contains chemicals that might help calm the brain, reduce swelling, lower blood pressure, and alter the immune system. [Maheshwari patel.et al 2021]
2.3. Nutrient composition of ashwagandha root powder 
Nutrient composition of Ashwagandha root powder (Per 100g) obtained by chemical analysis is as follows, Moisture was found to be 7.45%, Ash was found to be 4.41g, the amount of Protein was 3.9g, Fat was 0.3g, the amount of Crude Fiber was 32.3g, Energy was 245Kcal, Carbohydrate was 49.9g, Iron was 3.3mg, the Calcium content was 23mg, Total carotene was 75.7 µg and Vitamin C was 5.8mg/100g. [ Sangita Kumari and Alka Gupta, 2016]
2.4. Value added products 
2.4.1 Extrudates
  Choudhury et al., developed Ashwagandha fortified snacks and found more antioxidant as compared to control.  The comparison of extrusion cooking of herbal snacks with traditional cooking process of dried products, the resulting of extrusion cooking was found more retention of bioactive compounds.  The value addition processing of herbal antioxidant is promising area which is needed to be explored for commercial application.    
2.4.2 Juices and Beverages 
The study was done for develop a functional ready to serve (RTS) beverage   blend   using Withania      somnifera (Ashwagandha) and Solanum nigrum (Makoi) separately with orange juice (Citrus sinensis L.). Both Ashwagandha fortified beverage blend and makoi fortified beverage was found more or less comparable quality characteristics both in fresh and in stored samples. The developed products were acceptable till 90 days when stored at room temperature. The results were found by researcher that antioxidant rich Ashwagandha (AFBB antioxidant activity: 899±22.4 μmol TE/100 gms) and Solanum nigrum (MFBB antioxidant activity: 750±21.8 μmol TE/100 gms) could be successfully utilized to develop functional fruit beverage to improve quality of nutrition in today’s way of life.

2.4.3 Sweet products
 	 A  study  reported  that  addition  of  0.5  per  cent Withania Somnifera powder to shrikhand has improved the organoleptic quality and the product was self-stable and acceptable up to 52 days at refrigeration temperature [Sreenivas, K. N., Davuddin, M. D., Dharani Kumar, M., Banakar et.al 2017] 
Choudhury et  al.,    developed  the  cereal-legume  based Ashwagandha root powder  incorporated  sweet ladoo and  studied  the  sensory characteristics and nutritional composition such as crude fat, crude fiber, total dietary fiber and mineral content. The ladoos exposed that the variation in proportion of cereal-legume affected the sensory scores of the ladoos more than the level of Ashwagandha root powder incorporation it was a sweet product and minor bitter taste. The taste of Ashwagandha root powder was masked by sweetness of jaggery. As per sensory score i.e.  overall acceptability of the ladoos adversely and incorporation of Ashwagandha root powder till the level of 5% was acceptable. The shelf-life study indicated that the ladoos an be stored for 30 days, which is best consumed within 15 days. The shelf life of these ladoos can be further increased by increasing the jaggery and fat content.  The results of nutritional evaluation exposed that Ashwagandha root powder supplementation improved the nutritional as well as shelf-life of developed product.  The study as a result suggest that Ashwagandha root powder supplementation can be used effectively as a source of value addition in sweet preparations to increase the fat, fiber and mainly the micronutrient content in addition to imparting beneficial medicinal properties. 

2.4.4 Bakery and Cereal products  
Sensory evaluation of the developed products by semi trained panels revealed that 1.5% level of incorporation of Withania Somnifera powder in sweet and salt biscuits and customer assessment exposed that 2.5% level of incorporation of Withania Somnifera powder was used in sweet and salt biscuits (blend of sorghum and wheat flour).  The result of developed product was found by Sowmya, Narayan from Acharya Ng Ranga Agricultural University Hyderabad were satisfactory.  However, the addition of 5% level of Ashwagandha powder in Namakpara, Muruku, Pappu chakalu, and upto 10% in Missi roti and Chutney powder was acceptable.  Anita et al., worked on the development of herbal based functional food using Ashwagandha leaf powder and found the developed product have high nutritional value as compared to the control sample. The Ashwagandha based cookies was good source of number of bioactive components which will be helps in the improvement of overall health.   The Pharma Innovation Journal was studied and prepared the cereals-legumes incorporated biscuits using Ashwagandha root powder at different proportions (3%, 4% and 5%) and best combination was found at the level of 5 percent addition. The study was showed that enriched biscuits were rich of energy, minerals, fibers, protein and enhancing the medicinal properties. [Priyanka Chakravarty Indu and Pratima Awasthi, 2018]
The Ashwagandha root powder (2%) added in the baked products such as flat bread and thepla and reported the lower down glycemic index which also lowers down the diabetes mellitus.[Chaturvedi, N., Raj, N. et.al. March 2018].
The Nutrients calculation of prepared products (Cheela and Cookies) showed that the protein, fat, crude fiber,  energy, carbohydrate,  iron,  calcium  and  vitamin  C  content  of  the prepared  products  were  increased  by  the  incorporation  of medicinal root powder with besan in cheela and with refined wheat flour in cookies. The antioxidant content such as total polyphenol  and  anti  radical  scavenging  activity  was  also increased  significantly  in  cheela  and  cookies.  As  the incorporation level of the dehydrated medicinal herbs leaves increased, the cost of prepared products decreased  [Kumari, S. and Gupta, 2016. ]

2.5. Health benefits of Ashwagandha
Ashwagandha is found to be effective in cancer management in multiple ways. It is utilized in pre-cancerous stage, cancerous stage as well as in post-cancerous stage palliative care In pre-cancerous stage its components have the potential to arrest the growth and differentiation in glioma cells, which decreases the risk of brain tumour.Ashwagandha offers an effective differentiation therapy .In cancerous stage, Ashwagandha acts as a radio sensitizer, by making tumor cells more sensitive to radiation therapy and there by acting as a chemotherapeutic agent In post cancerous stage during palliative care, it is found to enhance QOL and reduces radiation and chemotherapy induced fatigue, peripheral neuropathy, and other complications such as hepatotoxicity, sleep etc.  as it is Balya strengthening and pushtida nourishing. It is clear that Ashwagandha is effective in controlling cancer, as well as in reducing the adverse effects produced during cancer management, Withaferin A & withanolide ' isolated from the extract showed significant antitumor and radio-sensitizing effects in experimental tumors in vivo, without any noticeable systemic toxicity & on sidering its wide spectrum of anti-cancerous activity, there is a need for more researches in formulating a potent anti-cancerous drug from Withania somnifera. [Dr Jithu S1 , Dr Pratibha C K, et.al 2019]
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                                                      CHAPTER-3
METHODOLOGY
Research in common parlance refers to a search for knowledge. Once can also define research as a scientific and systematic search for pertinent information on a specific topic. In fact, research is an art of scientific investigation. The Advanced Learner’s Dictionary of Current English lays down the meaning of research as “a careful investigation or inquiry specially through search for new facts in any branch of knowledge.” Redman and Mory define research as a “systematized effort to gain new knowledge.”. It is actually a voyage of discovery. Research is an academic activity and as such the term should be used in a technical sense. 
According to Clifford Woody research comprises defining and redefining problems, formulating hypothesis or suggested solutions; collecting, organizing and evaluating data; making deductions and reaching conclusions; and at last, carefully testing the conclusions to determine whether they fit the formulating hypothesis. D. Slesinger and M. Stephenson in the Encyclopedia of Social Sciences define research as “the manipulation of things, concepts or symbols for the purpose of generalizing to extend, correct or verify knowledge, whether that knowledge aids in construction of theory or in the practice of an art. Research is, thus, an original contribution to the existing stock of knowledge making for its advancement. It is the pursuit of truth with the help of study, observation, comparison and experiment. In short, the search for knowledge through objective and systematic method of finding solution to a problem is research. 
The systematic approach concerning generalization and the formulation of a theory is also research. As such the term ‘research’ refers to the systematic method consisting of enunciating the problem, formulating a hypothesis, collecting the facts or data, analyzing the facts and reaching certain conclusions either in the form of solutions(s) towards the concerned problem or in certain generalizations for some theoretical formulation.

 The methodology of the present study “Development Of Different Food Products By Incorporating Ashwagandha Root Powder” is discussed under following headings;

3.1.Development of indigenous products based on Ashwagandha 
3.1.1 Selection of Ashwagandha root for the study:
The herb ashwagandha (Withania somnifera) is a member of the nightshade family. It has been used as a nervine tonic in Ayurveda since around 3000 BC. They are much available and they can be cultivated in a cheap and easy way. Most of the people were ignorant about the nutritive value of Ashwagandha and consumption rate among the people was very less but availability was also found to be more. Thus, Ashwagandha was chosen for the study which involves development of Ashwagandha incorporated recipes and its popularization.

3.1.2 Development of the products 
Eight recipes suitable for Ashwagandha incorporation were collected and 4 ideal recipes were selected for the study. The recipes selected for incorporation were Ashwagandha wheat bread, Ashwagandha biscuits, Ashwagandha Nutri bar, Ashwagandha ladoo.
3.1.3 Preliminary checking of Ashwagandha and ingredients of food products 

Quality is the ultimate criterion of the desirability of any food product. Organoleptic evaluation is a scientific discipline used to evoke, measure and analyse reactions to those characteristics of products or material as they are perceived by the sense of sight, smell, taste, touch and hearing. The developed products were evaluated organoleptically to assess their sensory qualities
3.1.4 Selection of judging panel 

To assess the acceptability of the products through sensory evaluation, a panel of 5 judges was selected. The selection criteria for the panel members were their ability to perceive and recognize the variations in the quality of different food items. 

3.2. PREPARATION OF ASHWAGANDHA ROOT POWDER
Selection of Ashwagandha root 



                                                                            ↓Washing and Sorting  



                                                                           ↓Sun Drying

                                                                           ↓Grinding



                                                                            ↓ Flour



                                                                            ↓Stored at a cool and dry place 




                                             [image: ]
PLATE 1
3.3. DEVELOPMENT OF ASHWAGANDHA FOOD PRODUCTS
Procedure for developing Ashwagandha wheat bread: 
        Before preparation, the organoleptic properties of Ashwagandha root powder are checked such as condition of powder, expiry date of other ingredients used etc. Ashwagandha root powder were   sifted and used. The other ingredients required for preparation of food were placed near before the preparation. All the ingredients were measured using a weighing balance. Handling and preparation of the food product is done under hygienic conditions with minimum wastage of food materials.

INGREDIENTS 
The health fullness of a food depends on the ingredients used in the food’s preparation.
ASHWAGANDHA WHEAT BREAD 
INGREDIENTS:
Milk – 1 cup (warm)
Sugar- 2tbsp 
Ashwagandha root powder-5g 
Dry yeast – ½ tbsp 
Wheat flour – 3 cups 
Salt – 1 tsp 
Oil -2tbsp 
Water -1/2 cup (as required)
Butter – ½ tsp (to brush)
METHOD OF PREPARATION 
0. Firstly, in a large mixing bowl take 1 cup warm milk.
1. Add 2 tbsp sugar and ½ tbsp dry yeast. Mix well.
2. Rest and allow the yeast to activate.
3. Further add 3 cup wheat flour, Ashwagandha powder, 1 tsp salt and 2 tbsp oil. 
4. Mix well   making sure everything is combined well.
5. Additionally, add ½ cup water and knead well.
6. Cover with cling wrap or moist cloth and rest for 2 hours.
7. After 2 hours, the dough will double in size. knead again to a cylindrical shape.
8. Cover and rest for 30 minutes or till dough rise just an inch above the loaf pan.
9. Place the bread loaf pan in preheated oven and bake at 180-degree Celsius for 30 minutes.
      finally, serve whole wheat bread or atta bread.


[image: ]
PLATE 2
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PLATE 3
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PLATE 4





ASHWAGANDHA BISCUITS 

INGREDIENTS 

Wheat flour – ½ cup
Salt – a pinch 
Ashwagandha powder -2 tsp 
Butter -1/4cup 
Brown Sugar – 1/8cup
Milk-1/4cup

METHOD OF PREPARATION 

1. Sift the flour, salt, and ashwagandha powder together 3-4 times with a sieve and set aside. Melt the butter in a pan.
2. Add sugar to the melted butter and mix well. Next, add the milk and mix together.
3. Add the dry ingredients to the wet ingredients, mix together and knead into a dough. 
4. Form the dough into cookies on a baking sheet. Bake in the oven at 375 F for 2-3 minutes.
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PLATE 5
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PLATE 6
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PLATE 7
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PLATE 8
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PLATE 9
ASHWAGANDHA NUTRI BAR 
 INGREDIENTS 
Almonds- 1cup 
Oats – 1 ½ cup 
Honey – 1/2cup 
Peanut butter- 1cup 
Ashwagandha powder- 2g 
Coconut oil- 2tbsp 
Salt – ½ tsp 
Cranberries dried – 1 cup 
Dark Chocolate chips – 1 cup 

METHOD OF PREPARATION 

0. Place almonds, oats, and cranberries in a medium sized bowl. Heat the honey, coconut oil      and nut butter in a small saucepan over low heat until mixed. Pour the peanut butter mixture over the oat and almond, ashwagandha powder mixture and stir together.
1. Once mixed, transfer to an 8×8-inch baking dish and flatten into a 1-inch-thick square.
2. Cover with plastic wrap and place in the fridge overnight or for 2-3 hours. 
3. Then, cut and store in an airtight container.
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PLATE 10 
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PLATE 11






Organoleptic Analysis of The Developed Products

Nutritive value of formulated recipes 
The nutrient content of the developed products per 100g was calculated using Nutrient Composition Table and lab testing results using standard testing procedures with reference to their Calcium, Energy content.


























RESULT AND DISCUSSION












                                                                                   CHAPTER-4
RESULT AND DISCUSSION

The study of ‘Development Of Different Food Products By Incorporating Ashwagandha Root Powder’ was statistically analysed and discussed under the following headings:
4.1       To Develop Ashwagandha incorporated food products.
4.2       To Conduct the organoleptic analysis of the products.
[bookmark: _Hlk104221439]4.3       To compare the overall acceptability of the incorporated products
[bookmark: _Hlk104222519]4.4       To Analyze the microbial components of different ashwagandha incorporated food                           products.

4.1 TO DEVELOP ASHWAGANDHA INCORPORATED FOOD PRODUCTS 
The following products were developed incorporating Ashwagandha root powder:
· Ashwagandha Wheat Bread 
· Ashwagandha Biscuit 
· Ashwagandha Nutri Bar 

Ashwagandha Wheat Bread was found to more acceptable than the normal wheat bread. Ashwagandha Biscuit was crisper and tastier in texture and appearance. Ashwagandha Nutri Bar was found to be more nutritious and acceptable. The nutrient value of each incorporated product was seen to be higher than the normal products.

4.2 TO CONDUCT THE ORGANOLEPTIC ANALYSIS OF THE PRODUCTS 

[bookmark: _Hlk104239303]TABLE NO – 4.2.1 Average mean sensory score of Ashwagandha products
	Product
	Taste
	Texture
	Appearance
	Colour
	Overall Acceptability

	Ashwagandha Wheat Bread
	7.7
	7.3
	8.1
	7.8
	7.2

	Ashwagandha Biscuit
	9.0
	9.0
	8.4
	9.0
	9.0

	Ashwagandha Nutribar
	8.0
	8.1
	8.0
	7.6
	7.6



The organoleptic evaluation by 10 selected panel members are depicted in (TABLE 1) along with graphical representation.

[image: ]
FIGURE NO. 4.2.2 Graphical Representation of Average mean sensory score of Ashwagandha products.
[bookmark: _Hlk104191313]
Among 3 sample products kept for evaluation Ashwagandha Biscuit was the most acceptable among the 3 different products for all the ten panel members. It possessed highest score in the all the organoleptic parameters. Therefore, this parameter was taken for further standardisation and processing of the study.

4.3 TO ASSESS THE NUTRITIVE VALUE OF THE PRODUCTS 
	PARAMETERS 
	NORMAL BREAD 
	ASHWAGANDHA WHEAT BREAD 

	ENERGY 
	219kcal 
	390.0 kcal

	CARBOHYDRATES
	41g
	65.80g

	CALCIUM
	214mg
	326mg

	PROTEIN 
	3.1g
	5.73g


[bookmark: _Hlk104220620]TABLE NO.4.3.1- Comparison Between Normal Bread and Ashwagandha Wheat Bread  
Among the following parameters, Ashwagandha incorporated food products was found to be more nutritive and the energy, carbohydrate, calcium, protein content was comparatively higher. 
	[bookmark: _Hlk104193983]COMPARISON BETWEEN NORMAL BISCUIT AND ASHWAGANDHA BISCUIT 



	PARAMETERS
	NORMAL BISCUIT 
	ASHWAGANDHA BISCUIT 

	
	
	

	ENERGY 
	353kcal
	430kcal

	CARBOHYDRATES
	45g
	70.33g

	CALCIUM
	230mg
	434mg

	PROTEIN 
	7g
	6.89g









TABLE NO. 4.3.2- Comparison Between Normal Biscuit and Ashwagandha Biscuit 

[bookmark: _Hlk104220955]Among the following parameters, Ashwagandha incorporated biscuit was found to be more nutritive and the energy, carbohydrate, calcium content was comparatively higher. The protein content was found to be having a slight difference in the incorporated biscuit.

	COMPARISON BETWEEN NUTRIBAR AND INCORPORATED NUTRI BAR 

	
	NORMAL NUTRI BAR 
	ASHWAGANDHA NUTRI BAR 

	PARAMETERS 
	
	

	ENERGY 
	350kcal
	500kcal 

	CARBOHYDRATES
	70g
	50.2g

	CALCIUM
	200mg
	583mg

	PROTEIN 
	5g
	12.03g

	
	
	



TABLE NO. 4.3.3 Comparison Between Normal Nutri Bar and Ashwagandha Nutribar 

Among the following parameters, Ashwagandha incorporated Nutribar was found to be more nutritive and the energy, carbohydrate, calcium, protein content was comparatively higher. The energy value for incorporated product was seen as 500kcal which was higher than the normal nutri bar. The Carbohydrate parameter was found to be comparatively less, whereas the calcium, protein content of the bar was found to be higher in amount.
[bookmark: _Hlk104221666]4.4 To compare the overall acceptability of the incorporated products

[bookmark: _Hlk104321381]Comparison of the overall acceptability of Ashwagandha wheat bread and normal wheat bread: 

Mann Whitney U test


	ID
	Overall acceptability of Ashwagandha wheat bread 
	Overall acceptability of normal wheat bread 

	1
	7
	7

	2
	7
	6

	3
	7
	6

	4
	8
	7

	5
	7
	6

	6
	7
	6

	7
	8
	7

	8
	7
	6

	9
	7
	7

	10
	7
	6


TABLE NO.4.4.1- Comparison of the overall acceptability of Ashwagandha wheat bread and normal wheat bread

Mann Whitney U test:

	
	Type of the product
	N
	Mean Rank
	Sum of Ranks
	U
	p

	Overall aacceptability of Bread
	Ashwagandha wheat bread
	10
	13.90
	139.00
	16.00
	0.003*

	
	Normal wheat bread
	10
	7.10
	71.00
	
	

	
	Total
	20
	
	
	
	


* p value is significant

[bookmark: _Hlk104234965][bookmark: _Hlk104234263]In The null hypothesis obtained there is no significant difference between the overall acceptability of normal bread and ashwagandha wheat bread, whereas in the alternative hypothesis there is a significant difference between the overall acceptability of normal bread and ashwagandha wheat bread. Therefore, we accept the alternative hypothesis that is there is a significant difference between the overall acceptability of normal bread and ashwagandha wheat bread.
Conclusion: The overall acceptability of ashwagandha wheat bread is statistically significantly higher than normal wheat bread (U = 16.00, p = 0.003)






[bookmark: _Hlk104321542]Comparison of the overall acceptability of Ashwagandha biscuit and normal biscuit


	ID
	Overall acceptability of Ashwagandha biscuit 
	Overall acceptability of normal biscuit

	1
	9
	9

	2
	9
	8

	3
	9
	7

	4
	9
	7

	5
	9
	8

	6
	9
	8

	7
	9
	8

	8
	9
	7

	9
	9
	8

	10
	9
	8















TABLE NO. 4.4.2- Comparison of the overall acceptability of Ashwagandha biscuit and normal biscuit



 
Mann Whitney U test :
	
	Type of the product
	N
	Mean Rank
	Sum of Ranks
	U
	p

	Overall aacceptability of biscuit
	Ashwagandha biscuit
	10
	15.00
	150.00
	5.00
	0.000*

	
	Normal biscuit
	10
	6.00
	60.00
	
	

	
	Total
	20
	
	
	
	



* p value is significant


[bookmark: _Hlk104235217]In The null hypothesis obtained there is no significant difference between the overall acceptability of normal biscuit and ashwagandha biscuit, whereas in the alternative hypothesis there is a significant difference between the overall acceptability of normal biscuit and ashwagandha biscuit. Therefore, we accept the alternative hypothesis that is there is a significant difference between the overall acceptability of normal biscuit and ashwagandha biscuit. Conclusion: The overall acceptability of ashwagandha biscuit is statistically significantly higher than normal biscuit (U = 5.00, p = 0.000)






[bookmark: _Hlk104321663]
Comparison of overall acceptability of Ashwagandha nutribar and normal nutribar


	ID
	Overall acceptability of Ashwagandha nutribar 
	Overall acceptability of normal nutribar

	1
	8
	6

	2
	7
	7

	3
	9
	8

	4
	8
	6

	5
	9
	7

	6
	7
	6

	7
	8
	7

	8
	6
	6

	9
	8
	7

	10
	6
	6



TABLE NO: 4.4.3- Comparison of overall acceptability of Ashwagandha nutribar and normal nutribar



Mann Whitney U test:

	
	Type of the product
	N
	Mean Rank
	Sum of Ranks
	U
	p

	Overall acceptability of nutribar
	Ashwagandha nutribar
	10
	13.20
	132.00
	23.00
	0.033*

	
	Normal nutribar
	10
	7.80
	78.00
	
	

	
	Total
	20
	
	
	
	


* p value is significant

In The null hypothesis obtained there is no significant difference between the overall acceptability of normal nutribar and ashwagandha nutribar, whereas in the alternative hypothesis there is a significant difference between the overall acceptability of normal nutribar and ashwagandha nutribar. Therefore, we accept the alternative hypothesis that is there is a significant difference between the overall acceptability of normal nutribar and ashwagandha nutribar.

Conclusion: The overall acceptability of ashwagandha nutribar is statistically significantly higher than normal nutribar (U = 23.00, p = 0.033)





4.5. To Analyze the microbial components of different ashwagandha incorporated food products. 






TABLE NO. 4.5.1 Microbial Analysis of Ashwagandha Incorporated Food Products 
	PRODUCT 
	AEROBIC PLATE COUNT (APC)
cfu/g 
	STAPHYLOCOCCUS AUREUS cfu/g

	Biscuit 
	180
	<10

	Wheat bread 
	1,75,000
	1500

	Nutri Bar
	2900
	<10



The aerobic plate count (APC) indicates the level of microorganisms in a product (Maturin and Peeler, 1998).

The aerobic plate count in Ashwagandha incorporated biscuit was found to be 180cfu/g whereas the count of staphylococcus aureus was found to be less than 10. 
The aerobic plate count in Ashwagandha wheat bread was found to be 1,75,000 cfu/g whereas the count of staphylococcus aureus was found to be around 1500 cfu/g.
The aerobic plate count in Ashwagandha Nutri bar was found to be 2900cfu/g whereas the count of staphylococcus aureus was found to be less than 10. 
Therefore, we can conclude that the microbial analysis of the products is found to be considerably normal. 















    SUMMARY AND CONCLUSION








CHAPTER-5
SUMMARY AND CONCLUSION
Every part of Ashwagandha is said to help in the treatment of diseases. In order to meet the objectives of the study, three products were prepared by incorporating Ashwagandha root powder. The products developed are Ashwagandha wheat bread, Ashwagandha biscuit, Ashwagandha Nutribar.
The prepared products contained, calories within range of 300-500 Kcal, carbohydrates within the range of 60-70g, protein within the range of 5-8 g per 100g of each product. Ashwagandha incorporated products were found to be rich in nutrients especially calcium and energy, while it supplied adequate amount of carbohydrate and protein. The developed products were analyzed for their microbial qualities for a period of 5 days. Among the developed products, two of the best product variation with highest overall acceptability scores namely Ashwagandha wheat Bread and Ashwagandha biscuit.
Ashwagandha is a medicinal plant.  In traditional medicinal system, Ashwagandha is used for curing different diseases like arthritis, impotence, amnesia, anxiety, cancer, neurodegenerative and cardiovascular diseases, and others... The production and consumption of Ashwagandha Root powder incorporated recipes, will help to prevent these types of diseases to a remarkable extent. Most of the people are not aware about the nutritional and medicinal importance of ashwagandha. Ashwagandha   incorporated products are not readily available in markets. In our country, though presently the area under minor plants is very limited, it is expected that in near future there will be great demand of this ayurvedic medicinal plant. 
Hence the current study which highlights the incorporation of Ashwagandha Root Powder into common foods is beneficial, because of its convenience in cultivation, nutritional benefits, medicinal uses and less expense.



CONCLUSION 
The incorporation of ashwagandha root powder into commercially available products was successful.The development and incorporation was carried out under hygienic conditions with little to no wastage of food materials. The products were prepared without the addition of any artificial coloring agents or chemical preservatives. Additionally, the high energy, calcium, protein content would benefit the people.
LIMITATIONS 
Drying method other than sun drying were not applied because of the unavailability of equipment’s required for doing the same.
The roots were powdered in a electric blender because of unavailability of other equipment’s.
RECOMMENDATIONS 
The Ashwagandha root powder was not studied with respect to any particular disease condition. Hence such studies in the future can be conducted to understand its nutrient efficiency in various disease conditions.
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APPENDIX
















ESTIMATION OF CALCIUM
TEST METHOD: IS 9497- 1980;R- 2015
SCOPE: To determine the potassium/calcium content of Nut and nut  products 
APPARATUS:
· Flame Photometer
REAGENTS
· Con. Hydrochloric Acid
· Con. Nitric Acid
· Standard Sodium solution: using 1000 ppm NIST
PROCEDURE:
Preparation of Test solution: Weigh accurately about 5 gm of the sample dry in an air oven at 110ºC for an hour and cool. Then incinerate the sample at 400ºC to 450ºC till carbon is completely burnt. To that add 10 ml of hydrochloric acid, evaporate to syrupy consistency. Take up with 2 ml of concentrated hydrochloric acid and 10 ml of water, filter it. Then transfer solution and washings quantitatively to a 100 ml volumetric flask and make up to the mark. Analyses the above prepared test solution in flame photometer by following the standard operating procedure.    
CALCULATION:
Concentration of Alkali metal, percent by mass = Absorbance × Dilution factor    
                                                                                                         W×10000

   Where,
                W = Weight of the sample





ESTIMATION OF ENERGY

TEST METHOD: Pearson’s composition & analysis of food- 9th Edn. Page-6-1991 
      
SCOPE: Method of determination of energy value in Food grains

Energy  in Kcal= (Carbohydrate x 4) + (Total fat  x  9)  + (protein x 4)




















AEROBIC PLATE COUNT ESTIMATION :
1.Purpose :-
   To enumerate Total Plate Count in Food samples.
2. Scope :-
   Enumeration of Total Plate Count in Food and Agricultural products.
3. Principle:-
   This method uses bacterial cultural plates of dry media, cold water soluble gel and 2,3,5 – Triphenyl tetrazolium chloride indicator. Diluted suspensions are added to the plates at the rate of 1 ml per plate. Pressure when applied to plastic spreader placed on overlay film, spreads test portion over a 20 square cm growth area. Gelling agent is allowed to solidify.
4. Range and limit of testing :-
  The range of testing is  > 10 cfu/g.
  The limit of testing is 10 cfu/g.
5. Equipments, Materials, Media and Reagents
5.1. Equipments and materials
5.1.1. Horizontal work surface of sufficient area that is clean, well lit and ventilated and with low level of dust and draft. Microbiological, air quality of the work area should be less than or equal to 15 cfu in settle plate in a  time period of 15 min.
5.1.2. Digital weighing balance with sensitivity of 0.1 g.
5.1.3. Incubator set at 35 o C + 1 o C.
5.1.4. Refrigerator (0- 5o C).
5.1.5. Calibrated thermometer
5.1.6. Circulating water bath for tempering agar thermostatically controlled at 45 o + 1 o C.
5.1.7. Colony counter with suitable light source and grid plate
5.1.8. pH meter
5.1.9. APC spreader
5.1.10. Graduated pipettes ( 1 ml , 5 ml, 10 ml as required, with 0.1 ml graduations)
5.1.11. Sterile Micropipette tips (1 ml )
5.1.12. Micropipette ( 1 ml)
5.1.13. Sterile spatula
  5.1.14. Cotton
  5.2.    Media and Reagents
  5.2.1. APC petrifilm with dehydrated media
  5.2.2. Sterile conical flask (250 ml) containing 90 ml of sterilized Butterfield’s phosphate buffer  solution.
  5.2.3. Sterile tubes containing 9 ml of sterilized Butterfield’s Phosphate buffer solution.
  5.2.4. 70 % alcohol ( IPA or Ethyl alcohol)

6.0. Procedure
6.1. Aseptically transfer 10 gms of the sample into 90 ml of Butterfiled’s Phosphate buffer. This becomes 10 -1 dilution. 
6.2.  Dispense 1 ml each of the sample homogenate into duplicates of appropriately labelled petrifilms within 3 minutes of shaking. Re shake the sample homogenate if 3 minutes has elapsed, before dispensing into petrifilms.
6.3. Prepare appropriate decimal dilutions of sample homogenate , using separate sterile micropipette tips for each dilutions, by transfering 1 ml of the sample homogenate and previous dilutions to 9 ml of Butterfield’s phosphate buffer solution within 3 minutes of shaking them.
6.4. At each stage of selected dilution, within 3 minutes of shaking , dispense 1 ml of each dilutions into duplicates of appropriately labelled  petrifilms. Reshake the dilution tubes if 3 minutes has elapsed before dispensing into petrifilms.

6.5. Place petrifilms on flat surface. Lift the top film  and inoculate 1 ml of the test suspension on to the centre of the film plates. Carefully roll the top film down into the inoculum. Distribute test suspension over 20 cm square area with downward pressure on centre of plastic spreader device ( recessed side down). Leave petrifilms undisturbed for 1 min to permit gel to solidify . Incubate petrifilms 48 hrs + 3 hrs at 35 o + 1 o C .
6.6.  Colonies appear in various shades of red . Count all colonies in countable range (30 – 300 colonies per plate)
6.7. In incubator, place plates in horizontal position, clear side up , in stacks not exceeding 20 units. Count plates promptly after incubation period.

7.0. Calculation and reporting.
7.1.  Count all the colonies in the countable range 30 to 300. 
7.2. Multiply average number of colonies in the plates in countable range with the dilution factor and report in cfu/g.
7.3. Estimated counts can be made on plates with > 300 colonies and should be reported as estimated counts. In making such counts, circular area can be considered to contain 20 one centimeter squares. 
8.0. Reference
      AOAC 990.12 ., Chapter 17., page 12
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