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ABSTRACT
Amaranth (Amaranth tricolor L.) is considered as a fiber rich vegetable in Bangladesh and some other countries attributable to its high food values, color variability, minerals  as well as medicinal properties. A laboratory experiment was conducted using five amaranth cultivars namely BARI Lalshak -1, Altapeti, Roktozoba, Lal Mia and Ghee Kanchan for studying their chemical composition and food values. The attributes like moisture, ash, fiber, total sugars, vitamin-A, vitamin-C, Ca, Mg, Na,S,N and K were estimated from Amaranth stem and leaves. Chemical composition of stem, Amaranth cv. BARI Lalshak-1 had the highest moisture content (89.45%) and Ash content (2.10%). Mineral composition of stem Amaranth cv. Ghee kanchan had the highest amount of magnesium (317.89 mg/100g), potassium (130.79 mg/100g) and vitamin A (218.76 mg/100g). Raktozoba had the highest amount of sugar content (1.65%). Chemical composition of leaves, Amaranth cv. Lal Mia had the highest amount of ash content (3.10%), Lal Mia and the lowest of sugar content that is helpful for Diabetes patient. The present finding infers that Amranth cv. Ghee Kanchan contained higher amount of minerals than those of others which was superior to Altapeti and Lal Mia. For the five cultivars of tested amaranth BARI Lalshak-1 had the highest value of calcium contents (301.30 mg/100g) and Raktozoba had the lowest calcium content (219.21mg/100g) in stem and leaves. BARI Lalshak-1 has contained highest amount of moisture (89.45 %), Calcium (301.30%), Magnesium (68.17%) and Fiber (2.47%). It is concluded that BARI Lalshak -1 and Ghee Kanchan considered the better for consumption based on all the nutrient composition and food values tested in present study. Considering all the parameters Ghee kanchan may be the best choice for the consumers. Regarding the parameters protein, vitamin A,  magnesium, potassium.
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CHAPETR I
INTRODUCTION
Vegetable amaranth serves as an alternative source of nutrition. Amaranthus is a fast-growing plant that is widely distributed throughout the world. Amaranth leaves and stems are respectable economic sources of carotenoids, and proteins, including the essential amino acids methionine and lysine, dietary fiber, and minerals, such as magnesium, calcium, potassium, copper, phosphorus, zinc, iron, and manganese. It is a fabulous source of proximate, minerals, phytopigments, and bioactive compounds that had prominent significance as a food natural antioxidant. Amaranth proteins are enriched with nutritionally essential amino acids such as lysine and methionine and natural antioxidant phytochemicals, such as vitamin C, β-carotene, flavonoids, and phenolic acids that act as reactive oxygen species (ROS) scavengers in the human body .Amaranth has two morphological types described as red and green morphs. Bangladesh has many amaranth germplasms with great variability and phenotypic plasticity that have many culinary uses. Cleome gynandra and Hibiscus sabdariffa Patricia et al. (2023). Asaolu et al. (2022).
In Bangladesh, amaranth is grown in year-round and even fills in the gaps of main crops between winter and summer. Leafy vegetables are widely consumed in many countries because of their nutritional quality and anthocyanin, ascorbic acid, β-carotene, flavonoid, folic acid, polyphenol, and alkaloid contents. These components have a wide range of biological functions such as anti-allergic, anticancer, anti-diabetic, antimicrobial, antioxidant, and anti-cardiovascular diseases. Many epidemiological studies have shown that the consumption of leafy plant vegetables containing phenolic and flavonoid compounds with potent antioxidant activity is associated with a lower incidence of cardiovascular diseases, cancer, diabetes, and neurodegenerative diseases. In the present research, some common leafy vegetables will be analyzed for determining their total phenolic and flavonoid contents. Most of the work on the effects of processing on vegetable amaranth deals with the effects of various preparation methods on the vitamin C content of Tete (A. hybridus), which is widely consumed in Central Africa and parts of South Africa. Keshinro et al. reported that 80.3% loss of ascorbic acid from parboiling for 5 minutes, this increased to 91.5% after final cooking for 5 min. Cooking of fresh A. hybridus leaves resulted in a 35% loss of ascorbate and a reduction of the chemical score from 71 to 58.11 Blanching of 1-g (fresh-weight) portions of A. hybridus for 5 min in 10 ml of distilled water resulted in a reduction of the total vitamin C content from 560 to 228 mg/100 g dry matter.
Amaranth (Amaranth tricolor L.)  is the world’s most popular vegetable because most people find its taste appealing, it is a satisfying comfort food, and it is inexpensive and readily available year-round. The amaranth is a starchy tuber of the plant and is a vegetable native to the Americas. Amaranth is considered to be a starchy vegetable, leading to a focus on its contribution as a source of carbohydrates. Amaranths belong to the family Amaranth with approximately 60 species that are recognized. Some of the species include Amaranths hypochondriacs, Amaranths hybrids, Amaranths current and Amaranths caudatus. Amaranths have been domesticated as leaf vegetables, fodder, potherbs or as ornamentals. Amaranth species are characterized by a high level of diversity and wide spectrum of adaptability to diverse environmental conditions in Malawi. Information on genetic as well as nutritional diversity among the species and their wild relatives is essential for efficient utilization of plant genetic resources such as crop improvement of Amaranth. Several species of Amaranth are collected as non wood forest products from forests and wastelands. Even though many communities in Malawi harvest Amaranth from the wild such as forest sites, rural communities have made conscious efforts to conserve Amaranth around their homesteads and some plant the species as grain and leaf vegetables in crop fields and communal lands. Amaranth nutritional values are likely to vary widely due to influences of environment, genotype and adaptation to specific agro-ecological area under which the plant genotypes have evolved and are adapted. There is growing ignorance among young people about the existence of indigenous vegetables that are nutritionally rich. The decline in consumption of indigenous vegetables such as Amaranth by rural and urban communities has resulted in poor diets and increased incidence of nutritional deficiency disorders in many parts of Africa (Kwapata and Maliro, 2018).
Objectives 
These study focused on comparing chemical composition and nutritional value and specific objectives are 
i. To study the nutritional composition and attributes of one green and four red amaranth cultivars.
ii. To investigate the food values for human health benefits of amaranth.

CHAPTER II
REVIEW OF LITERATURE

Different types of amaranth, especially those that come in other colors, contain more nutrients that have health benefits. In general, the darker the amaranth, the more antioxidants it contains. Amaranth is a good source of vitamin A, an important nutrient for immunity and eye health. Purple amaranth uses are rich in antioxidants including anthocyanin which may prevent heart disease and cancer and boost brain health.
2.1 Amaranth
Amaranth, (genus Amaranth), genus of 60–70 species of flowering plants in the family Amaranth accede, distributed nearly worldwide. Several amaranth species are useful as food crops and are grown both for their leaves and for their edible seeds, which are a nutritious pseudo cereal (nongrass seeds used like cereal grains). A number of species, including love-lies-bleeding (Amaranth caudate), prince’s feather (A. hypochondriacus), and Joseph’s coat (A. tricolor), are common garden ornamentals. Several species are considered weeds. Amaranth plants typically are annuals or short-lived perennials. The stems often are reddish in colour and sometimes are armed with spines; they bear simple alternately arranged leaves and often feature a pinkish taproot. The plants can be monoecious (flowers of both sexes are on the same individual) or dioecious (each individual produces flowers of a single sex). Cleome gynandra and Hibiscus sabdariffa Patricia, et al. (2023). Asaolu, et al. (2022).
The small flowers typically feature colourful bracts and are arranged in dense showy inflorescences; a single plant can produce hundreds or thousands of seeds, borne singly in dry capsule fruits. The plants utilize a photosynthetic pathway known as C4 carbon fixation, which largely prevents photorespiration and thus increases drought  tolerance. Several species of amaranth have been used for food by Native Americans and pre-Columbian civilizations since prehistoric times. Aztecs and peoples of other cultures consumed both the leafy greens and the seeds, and they used the plants as medicinal herbs and as a source of ceremonial face and body paint. Only three species are commonly grown as minor food crops in modern agriculture: red amaranth (A. cruentus), love-lies-bleeding, and prince’s feather, and they are of local importance in parts of Latin America, tropical Asia, and Africa. Given that amaranths typically produce high yields of leaves and seeds, are easy to grow and harvest, and are simple to cook, the plants hold promise as potential alternative crops. Both the leaves and the seeds are nutritionally dense and are good sources of dietary fibre, calcium, and iron; the seeds are also high in protein. The leaves can be eaten fresh or cooked like spinach and are often added to salads or soups. The nutty-tasting seeds can be popped, cooked into a porridge, or ground into a flour for use in baked goods (typically mixed with grain flours). (Kwapata and Maliro, 2018).
Amaranths are an excellent source of many vitamins and minerals. Especially contains:
· Sugar
· Saturated sugar
· Sodium
· Potassium
· Carbohydrate
· Dietary fiber
· Sugar
· Potassium
· Vitamin C
· Iron
· Vitamin B6
· Magnesium
The nutritional content of amaranth can vary depending on the variety and how they are prepared.
2.2 Origin of amaranth
Amaranth is actually not a cereal grain by definition. It belongs to another plant family entirely. But, because its nutritional composition is so similar, it is often included with cereal grains.
These tall plants get their name from a Greek word that means “the never-fading” or “one that does not wither.” Our friend, amaranth, is true to its name. Its bright gold, purple, and red leaves retain their brilliance even after harvest and drying. Even the leaves can be aesthetically exciting in certain varieties – from deep red to light green with purple veins. The grain itself is tiny (About the size of the eye of a needle) and is a pale cream color, but there are normally a few rogue black grains mixed in.
As far as growing goes, amaranth prefers higher elevations but can be grown in many elevations with the proper soil. It has some agricultural advantages. First, if there is enough water to get the crop established, it can be grown with very little water. It can generate seeds with up to 40 days of no rain. It is drought-tolerant and thrives in areas with a lot of sun. Second, early frost isn’t a problem. It’s planted late and autumn frost is actually necessary because it dries the seed, preparing it to be harvested. It was cultivated by the mighty Aztecs about 6,000-8,000 years ago. Amaranth was not just a food staple for the Aztecs. It played a big part in their worship. They built statues of their deity using amaranth grain and honey. These statues were worshipped, broken, and distributed for eating. This practice is the primary reason amaranth did not survive as a staple.
When the Spanish arrived with Cortez, as part of their efforts to force Christianity on the pagan natives, they outlawed the grain. Amaranth fields were burned and cultivators were punished. Lucky for us, they were unable to completely destroy the grain. In a few remote areas, small amounts of amaranth survived.
For a while it was primarily used to make a traditional sweet called alegria which was mady by popping the amaranth and combining it with some kind of sticky sweetener like honey or sugar and molasses.
Fortunately for us, this historic grain flew under the radar until the 1970s when it was introduced into the United States. An article by the George Mateljan Foundation explained the discovery this way, “Amaranth has always had a place near and dear to my heart. Years ago, I heard about amaranth, the grain that had once been a staple in the diets of pre-Columbian Aztecs. I had learned that with the arrival of Cortez and the Spanish conquistadors, all crops of amaranth were burned, its use was forbidden, and its possession was cause for severe punishment. I set out to find this ‘lost’ grain, to hopefully discover this treasure that lay at the heart of this incredibly powerful people. After 300 years of it being in obscurity, I rediscovered amaranth in Mexico where I was honored to share it on ceremonial days with the descendents of the Aztecs, who believed that amaranth provided them with supernatural power. Therefore, it is not surprising to me when people say they are not familiar with amaranth as it was only in the 1970s that I reintroduced this ancient grain to the United States.”
And we are thankful for that! Today, amaranth is grown in locations in Bangladesh and we are able to enjoy this grain despite its rough past.
2.3 Plant characteristics
Amaranth belongs to the family Amaranthaceous. It is the most popular leafy vegetable of Kerala. It can be grown throughout the year. Avoid sowing or planting of red leaved varieties during periods of heavy rain. The leaves and succulent stems are good sources of iron (305 mg/100 g), calcium (397 mg/100 g), vitamin A (8340 mg /100 g) and vitamin C (99 mg /100 g). The crop is adapted to a wide range of soil conditions. Sandy soil with slight acidity is best suited. A temperature range of 20-30o C is required for better vegetative growth. A. tricolor, A. dubius, A. tristis are common leafy vegetables whereas A. hypochondriacs is a grain type. In leafy Amaranth the grain colour is black while in grain Amaranth the seed colour is sandal yellow. The grain Amaranth is a rich source of protein and essential amino acids like lysine, leucine, isoleucine etc.
2.4 Grow and Care for Amaranth
Annual and short-lived perennial species that easily cross-breed and hybridize. Today, most gardeners are familiar with the species as annual ornamental plants and many don't realize that amaranths are also edible plants that can be grown for their grain-like seeds and edible leaves. Culinary use was once the primary reason amaranth was grown as a staple in home cottage gardens. The use of amaranth as an ornamental plant is a relatively recent development in the plant's history. Amaranth are characterized by large, broad leaves with prominent veining. Each plant produces a single flower at the end of the tall reddish stem. Colors are usually burgundy, red, pink, or salmon. Amaranth grows well in any average well-drained soil, so make sure the site you choose has good drainage and air circulation. To ensure continued production, it's a good idea to stagger planting every two to three weeks, beginning a week or two after the last frost date in your region. While amaranth plants are tall, they aren’t necessarily wide or bushy, so you can plant them 10 to 18 inches apart. The closer you plant them, the better they look once fully grown. At the same time, they need enough space to provide good air circulation. Amaranth does best in full sun in the northern part of its range, but in warm southern climates, it can benefit from some shade in the afternoon. Generally, plant amaranth in a location where it will receive at least six hours of sunlight each day. Amaranth grows well in average soils and will even grow adequately in poor soils. Only dense clay mixtures are likely to be completely unsuitable for amaranth, though very rich soils might hinder flowering and seed production. Amaranth plants have average needs for water, requiring no more than one inch per week. Take care not to overwater them or you run the risk of root rot or fungal diseases. Unlike other leafy green vegetables, amaranth is fairly happy in the heat. Many species are native to the southern U.S. and Mexico, so you can expect them to thrive even when the temperatures are unusually warm. Amaranth doesn't require any supplemental feeding. Excessive nitrogen (often found in fertilizers) can cause the plants to become leggy and less suitable for harvesting.
Table 2.1: Top countries exporter of Amaranth
Rank	 Countries		Export %		Export value
1	China			14.31%		$17.7 M
2	Netherland 		8.22%			$5.17M
3	Austria			7.35%			$3.44M
4	Paragua		6.97%			$5.18M
5	Canada		            6.47%			 $5.03M
6	Burkiafaso		4.55%			$18.14M
7	Germany		3.73%			$1.43M
8	Spain 			3.73%			$1.11M
9	United state		 3.36%			$3.81

2.5 Composition of amaranth
The chemical composition of Amaranth determines processing quality and is influenced by several factors, including production area, cultivars, soil and climate, agricultural practice, storage, and commercialization conditions (Arvanitoyannis et al., 2008).
Differences in the Amaranth crop between genotypes for shoot growth rate and dry matter production are attributed to differences in phosphorus (P) uptake efficiency and in the use efficiency of phosphorus absorbed (Balemi and Schenk, 2009). Amaranth crops possess a high requirement for soil available P and this indicates a low P uptake efficiency. Low P use efficiency in Amaranth was reported as primarily related to a relatively low root to shoot ratio and especially to a relatively low proportion of root hairs (Dechassa et al. 2003; Westermann 2005; Iwama 2008; Thornton et al., 2014; Hopkins et al. 2014). The phosphorus following absorption by a plant participates in various metabolic processes including energy transfer, synthesis of nucleic acids and starch, respiration, synthesis and stability of membranes, activation and deactivation of enzymes, redox reactions and carbohydrate metabolism (Vance et al., 2003). Starch is the main carbohydrate of Amaranth tubers and phosphorylation of starch during its biosynthesis process has important effects on technological properties of Amaranth starch (Lu et al., 2011; Leonel et al., 2016) examined the characteristics of starches of different Amaranth cultivars grown in soils with three levels of phosphorus (P) availability and found that higher contents of P in starch were observed when Amaranths were grown in soils with higher P availability. Additionally, increased starch phosphorylation promoted significant changes in amylose content as well as thermal and pasting properties.
Amaranth are among most widely cultivated crops in the world, and thus it is extremely important to understand the impact of grown conditions on qualitative parameters of Amaranth in terms of the importance of phosphorus in Amaranth plant metabolism.
2.6 Mineral nutrients in Amaranth 
Amaranth has been discovered to be an especially nutritious vegetable. Freshly harvested Amaranth contain approximately 80% water and 20% dry matter. Amaranth is primarily composed of starch, but they also contain trace amounts of protein virtually sugar and cholesterol-free. Beta-carotene, vitamin C, A, B1, B2, B6, and folic acid are among many vitamins found in Amaranth. It also contains trace amounts of protein, amino acids, and nicotinic acid (Navarre et al. 2009).  However, there have been significant variations. Because many of the nutrients in Amaranth are found in their skin, eating them whole rather than peeled has been linked to more health benefits (Brar, 2017). Amaranth is not only important food security crops, but they are also excellent candidates for commercial use (Farvin et al. 2012) Processing adds value to this tuber, extends their shelf life and convenience, reduces post-harvest losses and waste, and yields a diverse range of products for various applications. Amaranth are eaten raw or processed into products such as vegetables Amaranths are a great source of Vitamin C and potassium, offering 45% and 18% of the recommended daily value respectively per 5.3-ounce Amaranth with skin on (United States Amaranth 4 Board, 2015). Compared to other vegetables commonly found in grocery stores, Amaranths’ are the largest and most affordable source of potassium (Drewnowski et al. 2011). With zero mg of sodium per serving, and 2 g of fiber, Amaranth are receiving more and more attention as a food source for bio-fortification to be a more complete nutrient source for the American diet as well as developing nations. Iron deficiency is one of the most prevalent forms of malnutrition and is ranked as the ninth most common risk factor for disability adjusted life years, the number of years lost due to poor health or disability.

2.6.1 Carbohydrate
The primary function of carbohydrates is to provide energy to the cells of the body, particularly the brain. While most body tissues and organs prefer carbohydrate as their primary fuel source, some, like the brain, red and white blood cells, and certain parts of the kidney require it (FNB, 2002). Carbohydrates are also an important fuel for the muscles during exercise, particularly intense and/or prolonged exercise, and as such are key to optimal athletic performance (Burke et al. 2011). Amaranth has 26 grams of carbohydrate per serving, which is 9% of the daily value. Carbohydrates are a key source of energy for muscles to help you fuel, perform and recover (Burke et al. 2011). Carbohydrates are also important for optimal physical and mental performance (Thomas et al. 2016).
2.6.2 Iron
Amaranth have 1.1 mg of iron per serving, which is 6% of the daily value and more than half the amount in a 3-ounce beef patty (2.06 mg per serving). Iron is a mineral involved in making proteins that carry oxygen to all parts of the body, including to the muscles.
2.6.3 Potassium
Amaranth has 620 mg of potassium per serving, which is 15% of the daily value and more than a medium-sized banana (422 mg per serving). Potassium is an electrolyte essential for muscle functioning. Potassium is lost in sweat, so it needs to be replenished for optimal performance (Thomas et al., 2016). It is estimated that less than 3% of Americans are meeting the current adequate intake (AI) for potassium as specified by the USDA’s Dietary Guidelines for Americans (Drewnowski and Rhem, 2013).
2.6.4 Protein
A medium-size 5.3 oz Amaranth with skin-on provides 3 grams of plant-based protein. The 3 grams of protein in one skin-on 5.3 oz Amaranth exceeds that of all other commonly consumed vegetables, except dried beans (Woolfe, 1987). The Dietary Guidelines for Americans recommend eating a variety of plant-based foods to improve overall health (U.S. Department of Agriculture, 2015 – 2020).
2.6.5 Vitamin C
A medium 5.3 skin on Amaranth contains 27 mg of Vitamin C, which is 30% of the daily value. Vitamin C, also known as ascorbic acid, is a water-soluble vitamin that is essential for humans. Vitamin C is found naturally only in fruits and vegetables. (Institute of Medicine US 2000) Amaranth are an excellent source of vitamin C and contribute significantly to the daily vitamin C requirements for Americans (Cotton et al. 2004 and O’Neil et al. 2012).
2.6.6 Vitamin B6
Amaranth has 0.2 mg of vitamin B6 per serving, which is 10% of the daily value and considered to be a good source. Vitamin B6 plays important roles in carbohydrate and protein metabolism.
2.6.7 Fiber
A medium 5.3 Amaranth with skin-on provides 2 grams of fiber, or 7% of the daily value per serving. Dietary fiber has been shown to have numerous health benefits, including improving blood lipid levels, regulating blood glucose, and increasing satiety, which may help with weight loss (Dahl WJ. and Steward ML., 2015). A common misconception is that all of the fiber in a Amaranth is found in the skin. While the skin does contain approximately half of the total dietary fiber, the majority (> 50 percent) is within the Amaranth itself (Woolfe, 1987). In the United States, recommendations for fiber intake are often made relative to calorie intake. The current recommend intake for fiber is 14g/1,000 kcal; thus, an average adult woman should consume 25 grams of fiber per day and the average male should consume 38 grams of fiber per day.
2.6.8 Sugar
They are an important dietary staple in countries all over the world. They are 99.9% sugar free and are a great source of fiber when served with their skins on. A boiled Amaranth has 0.2g of sugar. A baked Amaranth in the jacket has 0.3g sugar. Roasted Amaranth have 5g sugar. Oven baked chips have 6g sugar. Amaranth baked in the jacket with added sour cream has 7g sugar. Deep fried chips have 10 – 14g sugar. Amaranth crisps have 34g sugar (Waglay and Karboune, 2016).
2.7 Health benefit of amaranth
Amaranth or Amaranth caudate is considered a weed by much of the world, but it has been grown as a grain-like seed and vegetable for thousands of years. The Aztecs used it as a staple and even included it in their religious rituals. It has about the same yield as many other commonly used grains like rice and a similar nutritional value to quinoa, which makes it a plant well worth looking into. 2.7.1 Gluten-Free Flour Option
Amaranth isn’t really a grain, and it does not have the sometimes troublesome proteins you find in wheat, rye, and barley. This makes it the perfect ingredient for various gluten-free recipes.
Amaranth flour can be used as a gluten-free flour option to thicken soups and stews, sauces, and more. It can also be used with other gluten-free flours and gums in baking.
2.7.1 Gluten-Free Flour Option
Amaranth isn’t really a grain, and it does not have the sometimes troublesome proteins you find in wheat, rye, and barley. This makes it the perfect ingredient for various gluten-free recipes.
Amaranth flour can be used as a gluten-free flour option to thicken soups and stews, sauces, and more. It can also be used with other gluten-free flours and gums in baking.
2.7.2. Lowers Cholesterol Levels
The oils and phytosterols in amaranth help lower cholesterol levels, including LDL and triglycerides.
2.7.3. Fights Inflammation
The anti-inflammatory properties of peptides and oils in amaranth can ease pain and reduce inflammation. This is especially important for chronic conditions where inflammation erodes your health, such as diabetes, heart disease, and stroke.
You can also use amaranth oil for minor injuries and specific skin conditions. For example, if you trip and sprain your ankle, you can use it to reduce the risk of inflammation.
2.7.4. Reduces Risk of Developing Cancer
The same peptides in amaranth that protect against inflammation may also help prevent cancer, a study shows. The antioxidants in amaranth grain may even help protect cells from damage that can lead to cancer.


2.7.5. Normalizes Blood Pressure Levels
The fiber and phytonutrients in amaranth can lower blood pressure, according to some recent studies. This seed tackles cholesterol, inflammation, and blood pressure, making it an all-around good food for heart health.
2.7.6. Good Source of Protein
Amaranth is a very rich source of protein and essential amino acids. In fact, just one cup of amaranth already contain about 10 grams of protein.
Also, this protein is highly bioavailable, which means the protein in amaranth is more digestible than other seeds and grains and has been compared to the digestibility of milk protein. 
2.7.7. Has Potent Lysine Properties
Vegetables and grains are often lacking in this essential amino acid. Luckily, amaranth has a good amount of lysine which helps the body absorb calcium, build muscle, and produce energy.
2.7.8. Fiber Helps with Digestion
Insufficient fiber consumption could lead to constipation, bloating, and even increased sugar storage. Adding foods that are high-fiber like amaranth are a great option. Amaranth is a high fiber food. This makes it filling and helps aid digestive health, cholesterol, blood pressure, and slows the absorption of sugars to let the body keep up with energy production.
Insufficient fiber consumption could lead to constipation, bloating, and even increased sugar storage. Adding foods that are high-fiber like amaranth are a great option.
Using amaranth as part of a healthy breakfast can help increase energy and better digestive functions.
2.7.9. Minerals for Overall Health
Amaranth is a very rich source of minerals like calcium, magnesium, and copper. It is also a good source of zinc, potassium, and phosphorus.
These build strong bones and muscles, aid hydration, boost energy, and are vital in thousands of processes throughout the body. It’s a fast-absorbing multivitamin that comes entirely from raw plant sources and contains no synthetics. These natural ingredients come loaded with phytonutrients, like fulvic acid, that deliver our plant-based vitamin mineral complex for increased absorbability, rushing nutrition to the cells where it’s needed.
2.7.10. Brimming with Vitamins
Amaranth is also a good source of many essential vitamins, too, including vitamins A, C, E, K, B5, B6, folate, niacin, and riboflavin. These act as antioxidants, raise energy levels, control hormones, and do much more.
2.7.11. Boosts Immune System
Amaranth may boost immune function according to some studies, probably thanks to the potent vitamins, minerals, and antioxidants.
2.7.12 Darkens Gray Hair
Amaranth helps prevent premature graying, mainly due to the minerals this seed has in abundance.
Amaranth, like most seeds, nuts, and grains, does contain some phytic acid, a phosphorus storage molecule that can bind to many minerals and keep us from digesting and using these vital nutrients.
It is always better to soak, ferment, or sprout seeds and grains before cooking them to neutralize most of the phytic acid. The amaranth plant has a modest amount of oxalic acid, which should be avoided or only moderately used by those with more serious conditions such as gout, kidney problems, or rheumatoid arthritis.
2.7.13. Snack Bonus
Amaranth flowers are versatile leafy vegetables that you can even turn into a delicious snack with a nutty flavor! You can pop amaranth, like popcorn, and use it as a healthy snack or as a treat by mixing it with coconut syrup or honey.
If you want you can also use it to make gluten-free baked goods or amaranth chips. Follow your favorite baking recipes but replace wheat flour with amaranth.




Table 2.2 Nutritional value of Amaranth 
Nutrient				Amounts 				%Daily value
Saturated sugar			1.622g	
Poly saturated sugar			2.89g						8%
Mono saturated sugar			1.43g	
Cholesterol				0 mg						0%
Sodium				21mg						1%
Carbohydrate				66.17g						24%
Dietary fiber				9.3g						33%
Calcium				153g						12%
Iron					7.59g						42%
Potassium				366g						8%
Vitamin C				4.2g						5%


CHAPTER III
MATERIALS AND METHOD

The current study on the evaluation of nutritional values of some amaranth varieties. The material and methods used for the study are described in this section January-April, 2024.
3.1 Experimental site
The experimental site was situated in the Hajee Mohammad Danesh Science and Technology University (HSTU) Campus. The experiment was conducted in the laboratory of Department of Agricultural Chemistry, HSTU, Dinajpur. The duration of the experiment was January-April, 2024.
3.2 Sample collection
Seeds were collected from local markets of Dinajpur, Bangladesh.


       



 





Figure -3.1: Google location of Amaranth seeds collection area




Name of cultivars used for this experiment 
1. BARI Lalshak  -1
2. Altapeti
3. Raktazoba
4. Lal mia
5. Ghee Kanchan
Figure that used in this experiment
	
            Figure-3.2: BARI Lalshak-1			Figure-3.3 Altapeti
   	 
               Figure-3.4 Ghee Kanchan		                    Figure-3.5 Raktozoba
 





Figure-3.6 Lal Mia

3.3 Parameter
3.3.1 Physical Parameters are to studied amaranth 
· Height	
· Diameter	
· starch
· weight	
· moisture
· Fresh weight of leaves
· Dry weight of leaves	
· Anthocyanin
· Dry matter	
3.3.2 Chemical Parameters are to studied amaranth leaves as
· Vitamin C
· Ash content
·  Total Sugar content	
· protein
· Vitamin A
· Ash content	
· chlorophyll	
· calcium
· magnesium	
· β-Carotene
· Reducing sugar content
· Phosphorus
· Sodium
· Sulpher
· Total phenol content
· potassium
3.4 Sample preparation
The fresh amaranth sample was washed with clean water, then dried with tissue paper. After that the amaranth sample was cut into small pieces. The sample was oven dried at 60°C for 3 days. Next blending was done by using a blender and stored the powder in bottles (refrigeration conditioned) for further use.
3.5 Physiochemical analysis of raw material
3.5.1 Determination of titrable acidity
Method suggested by AOAC (2000) was followed for the estimation of titrable acidity. The following reagents were used for the determination of titrable acidity.
i.	Standard NaOH solution (0.1 N).
ii.	Phenolphthalein indicator

3.5.1.1 Preparation of sample
10 g of amaranth pulp was taken in a 250 ml beaker 20-25 ml distilled water was added to it and it was blending with a blender then it was filtered with thin cloth then it was transferred in a 100ml volumetric flask and volume made up to the mark with distilled water.
Procedure
10 ml of amaranth sample was taken in a conical flask. 2-3 drops of phenolphthalein indicator were added to it and titrated with standard NaOH solution from burette. At the end point pink color will be appeared. 

% Titrable acidity = 
 
Where,
T= Titrable value
N= Normality of NaOH
V1= Volume made up	V2= Volume of extract (used) 
E= Equivalent weight of alkali 
W= Weight of sample
3.5.2 Determination of vitamin C
L ascorbic acid was determined by following the method of Rangana.
Chemical required:
i. Metaphosphoric acid solution: 30 g metaphosphoric acid dissolved in 80 ml glacial acetic acid then this solution transferred in a 1000 ml volumetric flask volume up to the mark with distilled water.
ii. Dye solution: 260mg 2, 6 dichlorophenol Indophenol and 210 mg NaHCO3 dissolved in 1000 ml distilled water.
iii. Standard vitamin C solution: 100 g vitamin C (L-ascorbic acid) dissolved in 1000 ml meta phosphoric acid solution.
Standardization of dye solution:
5 ml of standard vitamin C solution was taken in a 100 ml conical flask and titrated with dye solution from burette.
Dye factore =
 
Preparation of sample:
10 g of Amaranth sample blended with about 50 ml meta phosphoric acid solution then it was filtered with white thin cloth then it was transferred in a 100 ml volumetric flask and then volume made up to the mark with meta phosphoric acid solution.
Titration with unknown solution
10 ml of Amaranth sample was taken in a conical flask and titrated with dye solution from burette.

% Vitamin C =

3.5.3 Determination of total sugar
Chemical required:
Fehling A: 69.28 g copper sulphate was dissolved in distilled water. Diluted to 1000 ml filter and stored in amber colored bottle.
Fehling B: 346 g Rochelle salt (potassium sodium tartrate) and 100 g NaOH was dissolved in distilled water. Diluted to 1000 mL filtered and stored in amber colored bottle.
Potassium oxalate solution: 10% potassium oxalate solution was prepared. This reagent was used to remove the excess lead used in clarification.
Lead acetate solution: 20% neutral lead acetate solution was prepared.
Methylene blue Indicator: 1% of methylene blue solution was prepared in distilled water.
Estimation of reducing sugars
It was determined according to the method described by Haq and Rab, 2012 and Santini et al. 2014 with slight modification. 20 gm of the Amaranth pulp was crushed in a mortar and pestle then transferred in a 200 ml volumetric flask. The volume was adjusted to 150 ml by adding purified water. After a few minutes to allow the sugar dissolution, 10 ml of lead acetate solution and the minimum amount of potassium oxalate solution were added. The volume of the resulting solution was adjusted to 200 ml, and the solution shacked, filtered and transferred in a burette for the titration. 5ml of Fehling solution A, 5 ml of Fehling solution B and 40 ml of purified water were transferred in a flask. The solution was heated up to boiling point and the solution was added drop by drop till the nearly complete de-coloration of the Fehling reagent. Two drops of methylene blue were added, and the boiling continued for 3 minutes. The solution from the burette was added till the blue coloration of the indicator disappeared and the solution turned into a red color. Reducing sugar was calculated using the following equation:

% Reducing sugar =

Estimation of non-reducing sugars
Non-reducing sugar =  
 
Estimation of total sugars
An aliquot of 50 ml of the clarified, de-leaded filtrate was pipetted to a 100 ml volumetric flask. 5 ml conc. HCl and allowed to stand at room temperature for 24 hours. It was neutralized with concentrated NaOH solution followed by 0.1 N NaOH solution. The volume was made up to the mark and transferred to 50 mL burette having an offset tip and performed the titration on Fehling’s solution similar to the procedure described in the determination of reducing sugar (AOAC, 2000).
% Total sugar =
3.5.4 Determination of moisture content
The moisture content of the samples was determined in accordance to moisture measurement by AOAC (2000) method.
Procedure
About 5g sample was taken in a previously dried crucible. Then the crucible was dried in an oven at 100-105°C for 24 hrs or more till constant weight. After drying the crucible was removed from the oven and cooled in desiccators. The crucible was removed from the desiccators and weighed soon after reaching room temperature.

% Moisture = 
3.5.5 Determination of ash content
AOAC (2000) method was used to determine the total ash content.
Procedure
5 ml sample was taken in a dry, clean porcelain dish and weighted accurately. Hot air oven method was applied to remove the moisture. Then the sample was burned using an electric heater. This was done to avoid the loss of sample in the muffle furnace at higher temperature of 550°C and ignited until light gray ash was appeared. The sample was then cooled in desiccators and weighed. The ash content is expressed

% Ash = 

3.5.6 Determination of fiber
The method is based on the procedure developed by Hennaberg, Stohman and Rautenberg in the agricultural experiment station at Weendebei Gottinger in Germany in 1864. Only slight modifications have been made in the Weaned method since its development.
Reagents
a) 1.25% sulfuric solution: 12.5ml conc. sulfuric was added in about 200ml distilled water and the volume was made up to the 1000ml
b) 1.25% sodium hydroxide solution: 12.5g sodium hydroxide was dissolved in about 200ml distilled water and the volume was made up to the 1000ml	

Procedure
About 20g moisture and sugar free sample was taken in a 500ml beaker, about 200ml 1.25% sulfuric acid was added in the beaker and boiled for 30 min. Keeping the volume constant by addition of distilled water at the frequent intervals. Then the mixture was filtered through a muslin cloth and the residue was washed with hot water till free from acid. Then the materials were transferred in the same beaker and about 200ml 1.25% NaOH solution was added in the beaker and boiled for 30 min (Keeping the volume constant as before). Then the mixture was filtered through same cloth. The residue was washed with hot water till free from alkali. Then the residue was transferred in a dried crucible (which previously was weighed) and dried about 24 hrs at 100-105°C in an oven. Then the crucible cooled in desiccators and weighed the crucible. Then the crucible heated in a muffle furnace at 600°C for 3-5 hrs. Then the crucible was cooled and weighed again.
Calculation
% Fiber = 

 
Loss of weight = 

3.5.7 Estimation of protein from plant sample by modified Kjeldahl method 
Principle
The modified kjeldahl method is used to determine the total nitrogen consisting of organic and ammonium forms. It is a wet oxidation procedure; whose complex form of nitrogen in plant protein is converted to nitrogen. 
These steps are involved in this method.
i. Digestion
ii. Distillation
iii. Titration
Apparatus required:
i. Kjeldahl flask
ii. Kjeldahl digestion stand
iii. Conical flask
iv. Volumetric flask
v. Measuring cylinder
vi. Burette
vii. Distillation apparatus
viii. Electrical balance
Chemical required:
i. Sulphuric acid
ii. Potassium sulphate
iii. Copper sulphate
iv. Selenium powder
v. Sodium hydroxide
vi. Boric acid

Preparation of different reagents:
i. 4% Boric acid solution: 20 g boric acid (H3BO3) was taken in a 250 ml beaker about 150 ml distilled water was added to it and heated until the solution clear and cooled. Then the solution was transferred in a 500 ml volumetric flask was made volume up to the mark with distilled water.
ii. Mixed indicator: 0.5 mg bromo cresol green and 0.1 g methyl red was taken in a 150 ml transferred in a 100 ml volumetric flask volume made up to the mark with ethanol.
iii. 40% sodium hydroxide (NaOH) solution: 400 g NaOH pallet was taken in a 500 ml beaker, about 300 ml distilled water was added to it and stirred with a glass rod until dissolved the NaOH and cooled the solution. Then the solution was transferred in a litter volumetric flask and volume was made up to the mark with distilled water.
iv. Standard (0.2N) Sulphuric acid solution: About 200 ml distilled water was taken in a 1000 ml volumetric flask, 5.6 ml conc. Sulphuric acid was added to it and made volume up to the mark with distilled water.
Procedure
i. Digestion
1g previously oven dried sample was taken in a digestion flask. 10g potassium sulphate (K2SO4), 0.1g copper sulphate (CuSO4), 1g selenium powder and 25 ml conc. H2SO4 was added to it and heated until the solution became clear. Then the flask was cooled.
ii. Distillation
After digestion about 300 ml distilled water and 125 ml 40% NaOH solution was added to it. Then the flask was attached quickly to the distillation set and heated the flask continuously. In the meantime, a 250 ml conical flask (containing 25 ml of 4% boric acid and 4 to 5 drops of mixed indicator) was placed at the zet of the condenser. About 150 ml distillate was collected and was titrated with 0.2N H2SO4 solution.
iii. Titration
The micro burette was filled with 0.01N HCL until the blue color disappears. The blank distillation was carried out and titrated.
Calculation

% Nitrogen = 
 
% Protein = % Nitrogen6.25
3.5.8 Determination of sugar content
The Sugar content of amaranth samples were determined by Solvent extraction (Soxhlet extraction) method.
Principle of solvent extraction (Soxhlet extraction) Method
Sugar in food present in various forms like mono glycerides, diglycerides, triglycerides and sterol and free sugarty acid and phospholipid and carotenoids and sugar-soluble vitamins. Lipid is soluble in organic solvent and insoluble in water. Because of this characteristic of lipid, organic solvents like hexane, petroleum ether have the ability to solubilize sugar and sugar is extracted from food in combination with the solvent. Later the sugar is collected by evaporating the solvent. Almost all the solvent is distilled off and can be reused.
Material and equipment:
i. Weighing balance
ii. Soxhlet apparatus
iii. Drying oven
iv. Thimble
v. Heating mantle
vi. Glass rod
vii. Desiccator with silica gel
viii. Cotton plugs
ix. Amaranth sample

Reagent:
· Petroleum ether (Boiling temperature 60°-80°C)
Procedure
At first, all the glass apparatus were rinsed by petroleum ether and dried them in the oven at 102°C for 30 min and cooled in desiccator. At that time, the supply of cold water should be checked and ensured. Then 5ml of amaranth sample was placed in a weighed thimble. The thimble was placed in the Soxhlet extractor. After that, the cleaned round bottom flask wasfilled with 200 ml petroleum ether. The extraction unit was assembled (condenser-extractor-receiver) properly over an electric heating mantle and allowed the petroleum ether to boil. The extraction process was continued almost 6 hours. After that, the extraction unit was removed from the heat source and detached the extractor and condenser. Then the collected solvent from the flask after extraction was taken in a previously weighed crucible. Then the crucible was placed in the hot air oven and allowed it for drying at 105 °C for 6 hours. After completing the drying, the crucible was placed in the desiccator for cooling. Then the crucible was weighed and recorded the value. Similarly, this process was done for others sample.
For accuracy, the above procedure was done at least 3 times for each sample and the average sugar content was calculated by the following formula.
Formula for estimation of percent sugar content:

%Crude fat/lipid = 
 
3.5.9 Determination of calcium content
Calcium was estimated by complex metric method of titration using Na2-EDTA as a Complexing Agent.
Chemicals required
i. Disodium EDTA
ii. Sodium Hydroxide (NaOH 10%)
iii. Calcon Indicator
iv. Methanol.
Masking agents:
a) Hydroxylamine hydrogen chloride
b) Potassium 
c) Potassium ferrocyanide
d) Triethanolamine (TEA)
Procedure
5 ml of plant extract solution was taken in a 250 ml conical flask. 20 ml distilled water was added into the conical flask and shaken thoroughly.10 drop of each masking agent was addeda) Hydroxylamine hydrogen chloride b) Potassium ferrocyanide c) Triethanolamine (TEA). 5 ml NaOH buffer solution was added and shaken thoroughly and then added 5-6 drops calcon indicator into the conical flask and shaken the flask thoroughly. Then titrated against 0.01 M Na2-EDTA solution. The titration was continued until pink color of the solution completely turns to pure blue color. The titration was repeated at least 3 times to minimize the error. A blank titration was also conducted by taking all reagent as above except calcium stock solution. 5 ml more distilled water was taken into conical flask instead of calcium solution. Tabulated the data and calculated the amount of calcium by the following formula:
1 ml 1M EDTA ≡ 1ml 1M Ca = 40.08 mg Ca
3.5.10 Estimation of magnesium content 
Chemicals required
i. Disodium EDTA
ii. Ammonia ammonium buffer
iii. EBT Indicator
iv. Methanol.
v. Masking agent:
a) Hydroxylamine hydrogen chloride
b) Potassium ferrocyanide
c) Tri ethanolamine (TEA)
d) Sodium tungstate.
Procedure
a) Take 5 ml of plant extract solution in a 250 ml conical flask  
b) Add 20 ml distilled water into the conical flask and shake thoroughly.
c) Add 10 drops of each masking agent 
d) Add Ammonia ammonium buffer solution and shake thoroughly.
e) Add 5-6 drops EBT indicator into the conical flask (depending on the concentration of the indicator solution) and shake the flask thoroughly.
f) Then titrate against 0.01 M Na2-EDTA solution from burette.
g) Continue the titration until pink color of the solution completely turns to pure blue color.
h) Repeat the experiment at least 3 times.
i) Conduct a blank experiment also by taking all the reagents as above except plant extract solution. Take 5 ml more distilled water into conical flask instead of extract solution. Tabulate the data and calculate the amount of calcium present in the prepared solution.
Formula of Calculation
1 ml 1M EDTA ≡ 1ml 1M Mg = 24.305 mg Mg
3.5.11 Determination of phosphorus
Phosphorus was determined by placing 5 g of the dried sample in a crucible and then in a Muffle furnace at 450°C until it was grey in colour (Pavlista et al., 2008). The ash was extracted with hot concentrated HNO3, washed and then made up to a volume of 100 ml. The mixture, 10 ml of concentrated HNO3 and 30 ml of molybdate solution was gently stirred and was allowed to stay overnight. The canary yellow coloured precipitate of ammonium phosphor molybdate formed, was collected by filtration over a filter paper and the precipitate was washed by decantation, twice with 2% HNO3 and then with NaNO3 solution. Finally, it was washed with NaNO3 solution over a filter paper until the filtrate was acid free as tested with a strip of litmus paper. Thereafter it was transferred to a beaker, dissolved, and the yellow precipitate was measured. The volume of 0.1 N NaOH solution measured was then added to the excess from the burette and phenolphthalein was used as an indicator. Excess NaOH was titrated with 0.1 N HCl. 
Conversion Factor: 1 ml of 0.1 N NaOH = 0.0001351 g of P
or 1 ml of 0.1 N NaOH = 0.000309 g of P205
% P = 
3.5.12 Determination of starch 
1gm of oven dried and desiccated powdered sample was taken in an Erlenmeyer flask and 50 ml of cold water was added. The content of flask allowed standing for one hour with occasional stirring. It was then filtered and residue was washed with 50 ml of distilled water.
The sample was hydrolyzed with 10% HCl for 2.5 hours under reflux (Blumenthal et al. 2008)
The hydrolysis was neutralized with dilute NaOH solution and filtered. The filtrate was collected in a 100 ml volumetric flask and volume made up to 100 ml.

The reducing sugar in the filtrate was determined by Fehling s titration method and the amount of glucose was calculated 
				% Starch = % invert sugar

CHAPTER IV
RESULT AND DISCUSSION

The results obtained from the experiment are described and discussed in this chapter. The parameter are present below.

4.1 Physical properties of Amaranth
In our physical characteristics study, we evaluated five (5) Amaranth cultivars of Bangladesh. We evaluated the morphological characters length (cm), total weight (g), fresh weight of leaves (g), dry weight of leaves (g).

Table-1: Physical properties of Amaranth
	
	Varieties
	Length (cm)
	Total weight (g)
	fresh weight of leaves (g)
	dry weight of leaves (g)

	BARI Lalshak-1  (V1)
	181.41
	105
	35.54
	15.31

	Altapeti
 (V2)
	7.550.7
	71.33
	26.36
	8.53

	Raktozaba
 (V3)
	9.33
	66.1
	17.84
	5.63

	Lal Mia
 (V4)
	7.33
	53.33
	12.67
	3.42

	Ghee khanchan (V5)
	17.66
	182.83
	78.56
	42.33



4.2 Physicochemical properties of Amaranth 
4.2.1 Nutrients Present in Amaranth 
Amaranth are a rich source of abundant nutrients and their contents (Table 2) which all desirable mainly for body growth, to overhaul of worn out materials and provide shield. Amaranth are the complete set of minerals, vitamins, nutritional fiber, protein, anti-oxidants, along with some phyto-chemicals that having scavenging activities (Noda et al. (2000) Whitaker and Stommel, 2003). Major phytochemicals in Amaranth, caffeic, chlorogenic (phenolic components) glucoside, delphinidin and nasunin (flavonoids) (Bhasker and Ramesh Kumar, 2015, Cassidy et al. (2013), Choudhury, 1976, Kwon et al. ( 2004) Matsubara et al. (2005).
Table -2: Proximate compositions of various amaranth leaves 
	Varieties
	%Moisture
	%Ash
	%Fiber
	%Nitrogen	
	%Protein

	BARI Lalshak-1 
 (V1)
	89.45±0.68
	2.10±0.02
	2.47±0.02
	0.43±0.01
	2.72±0.02

	Altapeti 
(V2)
	86.89±0.67
	2.01±0.02	
	1.68±0.02	
	0.21±0.01
	1.34±0.01

	Raktozaba
 (V3)
	87.67±0.88
	3.07±0.03
	1.56±0.02
	0.49±0.01
	3.05±0.03

	Lal Mia
 (V4)
	87.13±0.66
	3.10±0.03
	1.90±0.02
	0.50±0.01
	3.15±0.03

	Ghee khanchan 
(V5)
	88.25±0.67
	2.21±0.02
	1.44±0.01
	0.53±0.01
	3.30±0.03



4.2.2 Moisture content
In the tested amaranth plants, the percentage of moisture content depends on varieties Table 2 represented the highest value of moisture was 89.45 % observed in BARI Lalshak-1. Altapeti had the lowest value of moisture and was 86.89 %. Hasnat (2023) Reported that the moisture content of amaranth cultivars ranged from 90.61 % to 93.357%. This result was in well agreement with the present studies. moisture content in amaranth was 83.20 % that was close to the present findings but fully conformed with Sarkar et al. 2024 that moisture content ranged from 81.68 to 86.75 %.

4.2.3 Ash content
In the tested amaranth plants, the percentage of Ash of the tested amaranth cultivars was presented in Table 2. The highest ash content was found in Lal mia (3.10%) and the lowest ash content was obtained in Altapeti (2.01%). This result was higher than the finding of Jahan et al. (2022) revealed that ash content was (1.27 %) and Sarkar et al. (2024) that average ash content of  30 amaranth varieties ranged from 4.50% to 6.37% which was higher than that of present findings due might be varietal, growth stage and environmental factors.
4.2.4 Fiber Content
The amount of fiber contained by selected Amaranth cultivars are shown in Table 2. The cultivars were ranged from 1.44% to 2.47%. The highest value was found in BARI Lalshak-I (2.47%) and the lowest value of fiber found in Ghee kanchan (1.44%). This result was higher than that of the present finding. Jahan et al. (2022) revealed that fiber content 0.54% and Sarkar et al. (2024) that ranged 8.15% to 10.76% in different amaranth varieties. The present finding was intermediate of the former and later findings. It might be due to varietal difference. A high-fiber diet may lower your risk of developing hemorrhoids and small pouches in colon (diverticular disease).  A high-fiber diet likely lowers the risk of colorectal cancer.
4.2.5 Nitrogen Content	
The amount of nitrogen contained by selected Amaranth cultivars are shown in Table 2. The cultivars were ranged from 0.21% to 0.53%. The highest value was found in Altapeti (0.21%) and the lowest value of nitrogen in Ghee kanchan (0.53%). 
4.2.6 Protein Content
Protein is an important building block of bones, muscles, cartilage and skin. In fact, your hair and nails are comprised mostly of protein. Protein plays an important role in hormone regulation, especially during the transformation and development of cells during puberty. The amount of protein contained by selected Amaranth cultivars are shown in Table 2 The cultivars were ranged from 1.34% to 3.30%. The highest value protein was found in Ghee kanchan (3.30%) and the lowest value was in Altapeti (1.34%). Jahan et al. (2022) protein content 2.16%.  This result was in well agreement with the present studies but differed with Sarker et al. (2024) that protein content ranged 5.43% to 5.88%.  

4.2.7 Vitamin C
Vitamins have some special roles which are essential for life and most of them are not produced by the body. Vitamin C, which is naturally present or added to most juices, is necessary for the body to form collagen, cartilage, muscle and blood vessels, and aids in the absorption of iron (Levine et al. 1993). Vitamin C is a powerful antioxidant essential for healthy formation of bone and teeth (Szeto et al. 2002). The amount of Vitamin C contained by selected cultivars are shown figure-1. The highest value found in Lal mia 27.56 (mg/100g) and the lowest of BARI Lalshak-I 16.21(mg/100g). Hasnat (2023) reported that Vitamin C of cultivars were ranged from 29.50 (mg/100g) to 45.54 (mg/100g). Sarkar et al.(2024) Vitamin C ranged( 21.30mg/100g) to 43.41(mg/100g) was slightly difference with present studies .It might be due to varietal difference.

Figure -1: Vitamin C of different cultivars of amaranth leaves

4.2.8 β-Carotene
Beta carotene is a potent antioxidant that may benefits of brain, skin, lung, and eye health. Food sources are likely a safer, more healthful choice than beta carotene supplements. The amount of β-Carotene contained by selected Amaranth cultivars are shown in figure-2. The highest value was found in Ghee Kanchan (131.26%) and the lowest value of Lal Mia (90.64%). This result was higher to the present finding. Sarkar et al.(2024) that average β-Carotene content of  30 amaranth varieties ranged 46.67 % to 62.88%  from which was higher than that of present findings due might be varietal, growth stage and environmental factors.



 Figure-2: β-Carotene of different cultivars of amaranth leaves

4.2.9 Vitamin-A
Vitamin A is an important fat-soluble vitamin that supports your immune system, vision, reproductive health, and fetal growth. Vitamin A also helps heart, lungs, and other organs work properly.
The amount of Vitamin- A contained by selected Amarnth cultivars are shown in figure-3. The highest value was found in Ghee Kanchan 218.76 (mg/100g) and the lowest value of Lal Mia (151.07%). Hasnat (2023) Reported that Vitamin A of cultivars were ranged from 230.56% to 142.71%. This result was in well agreement with the present studies.

Figure-3: Vitamin-A of different cultivars of amaranth leaves


4.3 Anthocyanin content
Anthocyanin are colored water-soluble pigments belonging to the phenolic group. The pigments are in glycosylated forms. Anthocyanin responsible for the colors, red, purple, and blue, is in fruits and vegetables. Berries, currants, grapes, and some tropical fruits have high anthocyanin content. The amount of Anthocyanin contained by selected Amaranth cultivars are shown in figure-4. The highest value was found in Roktazoba (125.85%) and The lowest value of Lal Mia (24.16%). Hasnat (2023) Reported that Anthocyanin of cultivars were ranged from to 51.55 (%). 116.11 (%). This result was in well agreement with the present studies.



			Figure-4: Anthocyanin content of various amaranth leaves

4.3.1 Total Phenol content
Phenol was widely used as an antiseptic, and it is used in the production of carbolic soap. Concentrated phenol liquids are used for permanent treatment of ingrown toe and finger nails, a procedure known as a chemical matrixectomy. The amount of total phenol contained by selected Amaranth cultivars are shown in figure-5. The highest value was found in Ghee Kanchan (1.02%) and the lowest value of (0.54%). 

 

Figure-5: Total Phenol content of different cultivars of amaranth leaves

4.3.2 Reducing Sugar content
Reducing sugar content of Amaranth is an important measure of quantity. It is used to assess suitability of tubers for processing efficiency, product yield and oil absorption. The amount of reducing sugar contained by selected Amaranth cultivars are shown in figure-6. The highest value was found in Ghee Kanchan and BARI Lalshak-1 (1.07%) and the lowest value of Altapeti and Lal Mia (1.03%). 



Figure-6: Reducing Sugar content of different cultivars of  amaranth leaves

4.3.3 Total Sugar content
Total sugar content of Amaranth is an important measure of quantity. It is used to assess suitability of tubers for processing efficiency, product yield and oil absorption. The amount of Total sugar contained by selected Amaranth cultivars are shown in figure-7. The highest value was found in Raktozoba (1.65%) and the lowest value of Lal Mia (1.58%). 



Figure-7: Total Sugar content of different cultivars of  amaranth leaves

4.3.4 Chlorophyll content
Chlorophyll, any member of the most important class of pigments involved in photosynthesis, the process by which light energy is converted to chemical energy through the synthesis of organic compounds. Chlorophyll is found in virtually all photosynthetic organisms, including green plants, cyanobacteria, and algae. The amount of Chlorophyll was found in  only Ghee Kanchan.
Table 4.3: Minerals content in various amaranth leaves
	Varieties
	Ca(mg/100g)
	Mg(mg/100g)
	S(mg/100g)
	P(mg/100g)
	Na(mg/100g)
	K(mg/100g)

	BARI Lalshak-1  (V1)
	301.30±1.51
	274.07±1.37
	112.24±1.57
	68.17±0.66
	39.94±0.40
	108.06±1.08

	Altapeti 
(V2)
	298.71±2.99
	271.72±2.72
	89.02±2.74
	68.16±8.39
	34.94±0.17
	88.50±0.44

	Raktozaba
 (V3)
	219.21±1.68
	310.17±2.37
	138.65±2.88
	72.59±0.25
	41.09±0.41
	114.13±1.14


	Lal Mia
 (V4)
	222.96±1.11
	315.47±1.58
	126.19±0.52
	63.10±0.66
	41.72±0.21
	111.26±0.56

	Ghee khanchan (V5)
	224.66±2.25
	317.89±3.18
	194.28±0.79
	74.85±0.66
	56.05±0.56
	130.79±1.31




4.3.5 Calcium content
The amount of Calcium contained by selected Amaranth cultivars are shown in Table 3. The highest value was found in BARI Lalshak-I (301.30mg/100g) and the lowest value of Raktozoba (219.21mg/100g). Hasnat (2023) reported that calcium content ranged 769.5(mg/100g) to  3123.1 (mg/100g) was slightly difference with present studies .It might be due to varietal difference. Calcium is a mineral most often associated with healthy bones and teeth, although it also plays an important role in blood clotting, helping muscles to contract, and regulating normal heart rhythms and nerve functions.
4.3.6 Magnesium content
The amount of Magnesium contained by selected Amaranth cultivars are shown in Table 3. The highest value was found in Ghee Kanchan 317.89(mg/100g) and the lowest value of BARI Lalshak-1274.07 (mg/100g). Hasnat (2023) Reported that The Magnesium of cultivars were ranged from 1082.6(mg/100g) to 1039.8 (mg/100g) was slightly difference with present studies .It might be due to varietal difference. Magnesium is a cofactor in more than 300 enzyme systems that regulate diverse biochemical reactions in the body, including protein synthesis, muscle and nerve function, blood glucose control, and blood pressure regulation. Magnesium is required for energy production, oxidative phosphorylation, and glycolysis.
Magnesium is the second most abundant element inside human cells and the fourth most abundant positively charged ion in the human body (Fox et al., 2001).
4.3.7 Sulpher
The amount of Sulpher contained by selected Amaranth cultivars are shown inTable 3.The highest value was found in Ghee Kanchan (194.28mg/100g) and the lowest value of Altapeti (89.02 mg/100g). Sulpher is the third most abundant mineral in the human body. Sulfur seems to have antibacterial effects against the bacteria that cause acne. It also might help promote the loosening and shedding of skin. This is believed to help treat skin conditions such as seborrheic dermatitis or acne.
4.3.8 Phosphorus
The amount of Sulpher contained by selected Amaranth cultivars are shown in Table 3. The highest value was found in BARI Lalshak-1 and Altapeti 68.17 (mg/100g)) and the lowest value of Lal Mia 63.10(mg/100g). Phosphorus is a mineral that naturally occurs in many foods and is also available as a supplement. It plays multiple roles in the body. It is a key element of bones, teeth, and cell membranes. It helps to activate enzymes, and keeps blood pH within a normal range. Phosphorus regulates the normal function of nerves and muscles, including the heart, and is also a building block of our genes, as it makes up DNA, RNA, and ATP, the body’s major source of energy. The kidneys, bones, and intestines tightly regulate phosphorus levels in the body.
4.3.9 Sodium
The amount of Sulpher contained by selected Amaranth cultivars are shown in Table 3. The highest value of Ghee Kanchan 56.05 (mg/100g) and the lowest value of Altapeti 34.94(mg/100g). The human body requires a small amount of sodium to conduct nerve impulses, contract and relax muscles, and maintain the proper balance of water and minerals. It is estimated that we need about 500 mg of sodium daily for these vital functions.
4.4 Potassium
The amount of Sulpher contained by selected Amaranth cultivars are shown in Table 3.The highest value of Ghee Kanchan (130.79 mg/100g) and the lowest value of Altapeti (88.50 mg/100g).  Hasnat (2023) Reported that The Potassium of cultivars were ranged from 1948 (mg/ 100g) to 959.9 (mg/100g) was slightly difference with present studies.It might be due to varietal difference.. Potassium is an essential mineral that is needed by all tissues in the body. It is sometimes referred to as an electrolyte because it carries a small electrical charge that activates various cell and nerve functions. Potassium is found naturally in many foods and as a supplement.

















CHAPTER V
SUMMARY AND CONCLUSION

The experiment was conducted in the laboratory of Department of Agricultural Chemistry, Hajee Mohammad Danesh Science and Technology University Dinajpur during January to April 2024 to find out the physiochemical properties, minerals content of amaranth. The fresh amaranth sample was washed with clean water, then dried with tissue paper. After that the amaranth sample was cut into small pieces. Next blending was done by using a blender and stored the pulp in bottles (refrigeration conditioned) for further use. Data were collected on Moisture (%), Ash (%), Fiber (%), Nitrogen (%), Protein (%), Vitamin C (mg/100ml), β-Carotene (mg/100ml), Vitamin A (mg/100ml), Anthocyanin (mg/100ml), Total phenol (%), Reducing sugar (%), Total sugar (%), Chlorophyll (%), Calcium (mg/100ml), Magnesium (mg/100ml), Sulpher (mg/100ml), Phosphorus (mg/100ml), Sodium (mg/100ml), Potassium (mg/100ml) and sensory Attributes.
Amaranth is an excellent source of dietary fiber, vitamin C, vitamin B6, potassium, magnesium, iron, carotenoids and phenolic acids. It is becoming recognized as a functional food not only for the general consumer but also for athletes, who demand nutrient-dense, high-quality carbohydrates. Therefore, the present study has been undertaken with the following objectives-to study the morpho-physiochemical quality and mineral nutrients of various Amaranth cultivars. The moisture content of leaves in BARI Lalshak-1, Altapeti, Raktozoba, Lal Mia and Ghee Kanchan were 89.45%, 86.89%, 87.67%, 87.13% and 88.25%, respectively. The amaranth leaves maximum ash content was found in Lal Mia (3.10%) and the minimum value of ash was found in Altapeti (2.01%). The maximum protein content leaves was found in Ghee Kanchan (3.30%) and minimum in Altapeti variety (1.34%). The maximum chlorophyll in leaves was found in only Ghee Kanchan. In the stem, the highest value of moisture was observed in water BARI Lalshak-I 89.45%. Altapeti had the lowest value of moisture and was recorded 86.89%.Sugar content of the Amaranth cultivars ranged 1.58% to 1.65%. The lowest sugar in Lal Mia (1.58%) and the highest sugar value in Raktozoba (1.65%).  BARI Lalshak-1, Altapeti and Ghee kanchan were 1.63%, 1.61% and 1.60% contained sugar respectively. Calcium ranged from 219.21 mg/100 g to 301.30 mg/100g.
For the five cultivars of tested amaranth BARI Lalshak-1 had the highest value of calcium contents (301.30 mg/100g) and Raktozoba had the lowest calcium content (219.21mg/100g) in stem and leaves. 
We evaluated that from experiment in stem and leaves, which BARI Lalshak-1 contained highest amount of moisture (89.45 %), Calcium (301.30%), Magnesium (68.17%) and Fiber (2.47%). Ghee Kanchan contained higher amount of minerals than those of others and BARI Lalshak-1 had the higher content of vitamin-A which was superior to Lal Mia. In leaves of Ghee Kanchan also had the highest amount of chlorophyll (16.24 mg/100g potassium (130.79%), Sodium (56.05%) Magnesium (74.85%) Sulpher (194.28%), Protein (3.30%). The total sugar content (1.58%) was the lowest in Lal Mia that is helpful for Diabetes patient. It is concluded that BARI Lalshak-1 and Ghee Kanchan considered the better for consumption based on all the nutrient composition and food values tested in present study.    Considering all the parameters Ghee kanchan may be the best choice for the consumers.
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Vitamin C	BARI Lalshak-1 (V1)	Altapeti (V2)	Roktazoba (V3)	Lal Mia (V4)	Ghee Kanchan (V5)	16.206666666666667	16.77	23.409999999999989	27.556666666666668	23.849999999999987	Varieties of Amaranth

(mg/100g)



β-Carotene	BARI Lashak-1 (V1)	Altapeti (V2)	Roktazoba (V3)	Lal Mia (V4)	Ghee Kanchan (V5)	129.26999999999998	111.66999999999999	103.15666666666668	90.643333333333288	131.25666666666658	Varieties of Amaranth 

mg/100g


Vitamin A
BARI Lalshak-1 (V1)	Altapeti (V2)	Roktazoba (V3)	Lal Mia (V4)	Ghee Kanchan (V5)	215.45333333333363	186.11666666666642	171.92666666666665	151.07000000000002	218.76333333333341	
mg/100g


Anthocyanin
Anthocyanin	BARI Lalshak-1 (V1)	Altapeti (V2)	Roktazoba (V3)	Lal Mia (V4)	Ghee Kanchan (V5)	52.413333333333334	37.950000000000003	125.85000000000001	24.159999999999997	53.05	Varieties of Amaranth

mg/100g



Total phenol	BARI Lalshak-1 (V1)	Altapeti (V2)	Roktazoba (V3)	Lal Mia (V4)	V5	0.53666666666666651	0.60666666666666669	0.85666666666666669	0.74333333333333362	1.0233333333333332	Varieties of Amaranth

mg/100g



% Reducing sugar	BARI Lalshak-1 (V1)	Altapeti (V2)	Roktazoba (V3)	Lal Mia (V4)	Ghee Kanchan (V5)	1.07	1.0333333333333334	1.0466666666666666	1.0333333333333334	1.07	Varieties of Amaranth

g/100g



%Total sugar	BARI Lalshak-1 (V1)	Altapeti (V2)	Roktazoba (V3)	Lal Mia (V4)	Ghee Kanchan (V5)	1.6333333333333335	1.6133333333333333	1.6533333333333333	1.5833333333333333	1.5999999999999976	Varieties of Amaranth

g/100g
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