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ABSTRACT
Indian spinach (Basella alba) is a widely consumed leafy green vegetable recognized for its nutritional value and traditional medicinal uses. This study investigated the phytochemical composition and antioxidant activity of Basella alba methanolic leaf extract. Qualitative phytochemical screening revealed the presence of key bioactive compounds including flavonoids(++), phenols, alkaloids(++), glycosides(++), terpenoids(++), saponins(++), and triterpenoids(++), while carbohydrates and anthraquinones were absent. Antioxidant activity was assessed using DPPH radical scavenging assay.  Result showed a % inhibition concentration of 42.41% - 99.12% with minimum standard deviation of 0.17 for the total phenolic content, the plant extract yielded 85.14% at 50mg/ml concentration and a minimum phenolic content of 37.40% at 10mg/ml.  the ferric reducing power assay showed a low potency in terms of electron or hydrogen donating capacity. The concentration (100mg/ml of the extract was significantly higher in FRAP activity compared to concentration of 50mg/ml and 10mg/ml respectively.  Although the extract’s antioxidant potency was lower compared to standard antioxidants and other medicinal plants, the presence of antioxidant-rich phytochemicals supports the ethno-medicinal use of Basella alba as a functional plant food. These findings provide scientific backing for the potential therapeutic use of Indian spinach and highlight the need for further studies to isolate and characterize its active compounds, optimize extraction methods, and explore its broader applications in nutraceuticals and functional food development.
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CHAPTER ONE
INTRODUCTION
1.2 Background to the Study
Many foods, such as fruits, vegetables, nuts, and whole grains, contain antioxidants. Antioxidants are abundant in vegetables like bell peppers, cruciferous vegetables, and leafy greens, as well as fruits like pomegranates, berries, and citrus fruits. Antioxidants can also be found in nuts and seeds like almonds, sunflower seeds, and pumpkin seeds. Whole grains such as brown rice, quinoa and whole-wheat bread or herbs and spices such as cinnamon, ginger or turmeric are antioxidants sources. Antioxidants are available in many foods i.e., fruits, vegetables, whole grains, and nuts. Vegetables such as bell pepper, cruciferous vegetables and leafy greens and fruits such as pomegranates, berries, and citrus fruits contain many antioxidants. The nuts and seeds such as almonds, sunflower seeds and pumpkin seeds are also sources of antioxidants. Whole grains such as brown rice, quinoa and whole-wheat bread along with spices and herbs such as turmeric, ginger and cinnamon are sources of antioxidants that prevent neurodegenerative diseases and cardiovascular disease. Indian spinach is a great supplement to a balanced diet because it is high in antioxidants. (He and Pham-Huy, 2008; Lolo et al., 2010)
Antioxidants have a wide range of well-established health benefits. Chronic illnesses like cancer, heart disease, and neurological disorders may be prevented in part by antioxidants. Additionally, they might have anti-inflammatory properties that lessen inflammation and ease the symptoms of diseases like arthritis. By strengthening the immune system, antioxidants can prevent infections and advance general health. Antioxidants can also have anti-aging benefits, and they are also found in the spices and herbs, such as turmeric, ginger and cinnamon. 
 Indian spinach is very helpful for Neurodegenerative diseases and cardioversascular disease. The Indian spinach makes a good addition to a healthy diet since it contains a lot of antioxidants. Lolo et al., 2010; He, and Pham-Huy, 2008). Data have proven that antioxidants help in the reduction of the probability of contracting chronic diseases. Chronic diseases such as cancer, heart diseases and neurological disorders are the primary causes of death in the whole world. Antioxidant mitigate the pathogenesis of the condition by donating electron to reactive oxygen species (free radicals), thereby neutralizing their unpaired electron and attenuating the oxidative stress that underlies cellular damage and disease progression.  Antioxidants can help prevent these conditions by neutralizing free radicals and easing their oxidative stress contributing to these conditions. Certain antioxidants like vitamin C and beta-carotene, to mention but a few, have the potential to reduce the incidence of acquiring certain cancers. Vitamin E and other antioxidants could also prevent heart disease by reducing swelling and improving cholesterol levels in the body. Chandra, N., Pati, Phatak, and Lolo (2010). Studies examined the phytochemicals and antioxidants of Indian spinach leaf and stem extracts. Such tests focus on the phytochemical in the plant levels, its antioxidant capabilities and potential health benefits. The phytochemical content and antioxidant activity of Indian spinach extracts have been investigated with various methods, including spectrophotometry or HPLC (Patel et al., 2020). These studies reveal that Indian spinach contains a lot of phytochemicals which have anti-oxidant effect. This is possibly one of the reasons as to why it is good to your health.
Palak or Spinach as it is called in India is commonly known as Indian spinach- an Indian nutritious green vegetable that is a member of family Amaranthaceae.
Its botanical name is Spinaciaoleracea, but depending upon the region, Indian spinach could mean Amaranthus, Bathua (Chenopodium album) or Palak spinach. Bathua has larger leaves and a little more earthy taste as compared to Palak which is the most cultivated and consumed one. Palak is a dark green smooth leafed variety of spinach. There are also some similar uses of amaranthus species, e.g. Tampala and Green Amaranth.
The Indian spinach is grown in the plains of North India (Punjab, Haryana and Uttar Pradesh) and at the Himalayas where the cool climate produces the most favorable growing environment. Tamil Nadu, Karnataka, and Andhra Pradesh are the other states growing spinach, often during cool weather. This leafy green is packed with iron, calcium, magnesium, this nutritional dynamite is also filled with potassium, and the vitamins A, C, K and folate. It has a high fiber content that helps in promoting your digestive health and has antioxidant characteristics that help in eliminating cell damage. 
The nutritional value of Indian spinach is a favorite of all, where calcium and vitamin K help in maintaining bones, vitamin C and other antioxidants build a stronger immunity and vitamin A works wonders when it comes to eyes. Also, it offers increased health potentials as well as the capability to offer abundant nutritional advantages to human beings (Dutta et al., 2018). 
Science has proved that three of its major properties anti-inflammatory, antibacterial, and anti-cancerous will help in the prevention and cure of many chronic diseases. The main health advantages of Indian spinach are its reducing ability of inflammation and control of oxidative stress. According to scientists, the phytochemicals and antioxidants naturally contained in Indian spinach prevent individuals against heart disease, diabetes and cancer, by eliminating inflammation and free radicals in the body (Jain et al., 2020). Indian spinach is also beneficial since it has inbuilt antimicrobial effect that helps protect individuals against infections, which may cause diseases.
Health properties: Indian spinach encompass improving the hematological profile by increasing healthy red blood cell counts, attributable to its iron content and promoting bone health through its calcium concentration.  Its antioxidant properties reduce the risk of developing chronic illness. Folate, an essential B – vitamin present in the plant, plays a vital role during pregnancy in fetal development.  The extensive culling uses and high nutrition density of Indian spinach make it a valuable dietary component that enhances flavor and provide essential nutrients. Due to the wide range of culinary uses and high nutritional content that add flavor and essential nutrients to most types of food, Indian spinach is a wonderful food supplement to any balanced diet. This Indian-spinach is highly nutritious and delicious vegetable that has various delicacies as well as health benefits. It is an excellent choice to promote health and wellbeing due to its adaptability, quality of nutrients and low-profile taste. The Indian spinach can be an effective constituent of any dish; used in the authentic Indian methods of preparing food or in more modern techniques. It is also achievable to incorporate it into the soups, stews, and salads to spice up the flavor and add nutrients. It can also be used to supplement green smoothies in order to enrich the nutrition content. Indian spinach is a leafy green vegetable that has numerous health properties due to the nutrients that are contained therein in terms of vitamins, minerals, and antioxidants. Being a very versatile ingredient, it fits into a generally healthy diet well, as it has lots of the essential nutrients in a nice package, including iron, calcium, vitamin A, vitamin K, and folate. The antioxidant properties of Indian spinach also help to prevent the damage to cells along with the reduction of inflammation that may lead to a low risk of getting chronic diseases such as heart disease and cancer. Rich in vitamin A and the fiber it contains, it is possible that it lowers cholesterol and also helps the eyes. Spinach is a typical ingredient of Indian cuisine and is frequently found in standard Indian dishes, including saag, a spiced mixture of spinach and in some instances other green leafy vegetables, or palak paneer, a rich spinach recipe with paneer. 
Besides providing a flavor and nutrition to the salads, soups and stews, Indian spinach can be used to enhance the nutritional status of green smoothies. Its subtle taste and versatility allow it to become an excellent ingredient in most varieties of different types of recipe, whether modern or classic Indian cuisine.
1.2 Statement of the Problem:
The main cause of aging, cellular damage and progression of chronic diseases is oxidative stress. Food and drug manufacturers employ the use of synthetic antioxidants, yet the drugs are proven to produce harmful health consequences in human beings. To identify it, it becomes necessary to make use of natural plant-derived antioxidants of Indian spinach. A limited scientific knowledge of Indian spinach in terms of its nutritional value, its phytochemical composition and its antioxidant properties, therefore, now exists. This study is going to fill this gap by quantifying the antioxidant capacity of the Indian spinach and isolating phytochemicals in it. As set out by Saxena et al. (2017), the richness in flavonoids in Indian spinches, such as quercetin and kaempferol, exhibits antioxidant pattern. 
Indian spinach flavonoids have been proved to be effective anti-inflammatory and antioxidants agents that safeguard the body against illnesses related to oxidative-stresses and inflammation-related diseases. It is rich in vitamins A and C, calcium, iron, and other important minerals (Kumar et al. 2019). Vitamin C helps in protection of immunity, bone tissue build- up and it helps in iron absorption. Vitamin A keeps the eyesight, and protects the skin and immunity. In order to develop non-frail red blood cells, calcium and iron are required to create better bones and teeth.Spinach leaves of Indian origin were employed as it is with the view of employing the traditional Ayurveda medicine. Individuals who know Indians have used spinach leaves as a medicine to deal with rheumatism, fever, and digestive development (Warrier et al., 2018). The people have used Indian spinach to get solutions to some naturally occurring skin diseases such as acne and eczema. Indian spinach has gained popularity in food circles over the last few years due to its nutritious status, and additional ownership benefits. Conversely, this plant is very simple to grow that it can be cultivated in numerous locations hence it is a sustainable food source that can be lived and cultivated by plenty of individuals. Indian spinach possesses high level of antioxidant and contains important nutrients that are useful to the body in one way or another.
This agrees with the present study because Singh et al. confirmed that the Indian spinach extract was found to have considerable antioxidant activity in all the tests (DPPH, FRAP, and ABTS). Consequently, the level of antioxidant activity is also increased with an increase in dosage concentrations and the methanolic extract is the most active. antioxidant properties of the extract were as a result of  flavonoids, phenolic acid, and carotenoids, which research can detect and identify based on the study conducted by Kumar et al. (2019). A screen is flooded in order to scientifically determine what compound in an Indian spinach that will confer health benefits and offer remedies to ailments.
The scientific study confirms that Indian spinach is rich in different types of flavonoids that include kaempferol, quercetin, and isorhapontigenin (Singh et al., 2019). Flavonoids with high anti-inflammatory and antioxidant activities are already studied in Indian spinach; probably, they help in the battle with inflammation and oxidative-stress-related diseases.	
1.3 Aims and Objectives of the Study
1.3.1 The Aim of the Study:
1. To determine the antioxidant and qualitative phytochemical determination of Indian spinach
1.3.2 The objectives of this study are to:
1. Determine the antioxidant present in Indian spinach;
2. Determine the qualitative phytochemical present in Indian spinach;
3.  To Carryout a statistical analysis using student test.

1.4 Significance of the Study
Important information regarding the antioxidant and phytochemical contents of Indian spinach will be produced by this study. The potential application of Indian spinach as a natural antioxidant source in the food manufacturing, medical, and cosmetics industries is increased by knowledge of its bioactive compounds. This study broadens our understanding of plant-based antioxidants, paving the way for the creation of natural and sustainable synthetic antioxidant substitutes
1.5 Scope of the Study:
It will be purchase (Indian spinach leaves)  from the nearby market. To get rid of any sand particles, it will be cleaned with distilled water. Before undergoing digestion for phytochemical determination and antioxidant analysis using 2,2-diphenyl-1-picrylhydrazyl, the Indian spinach leaves will be allowed to dry at room temperature. The statistical analysis will be completed.
[image: IMG_256]
Figure 1: Image of Indian Spinach from Yuantao Tong (2017)












CHAPTER TWO
LITERATURE REVIEW
2.1 Anti-Oxidant 
A wide range of foods, such as fruits, vegetables, nuts, and whole grains, contain antioxidants. Antioxidants are abundant in leafy greens, bell peppers, and cruciferous vegetables, as well as in fruits like pomegranates, berries, and citrus fruits. Antioxidants can also be found in nuts and seeds, including almonds, sunflower seeds, and pumpkin seeds. Antioxidants can be found in whole grains like brown rice, quinoa, and whole-wheat bread, as well as in spices and herbs like cinnamon, ginger, and turmeric. Antioxidants are molecules that play a crucial role in maintaining cellular health by neutralizing or removing free radicals. A wide range of foods, such as fruits, vegetables, nuts, and whole grains, contain antioxidants. The advantages of antioxidants for health are many and well-established, and they could offer protection against long-term conditions like cancer, heart disease, and neurological disorders. Indian spinach is a great supplement to a balanced diet because it is high in antioxidants. (Kumer and others, 2019)
Foods high in antioxidant compounds are a significant source of health protection. Antioxidants found in plant-based foods, such as vitamin C, vitamin E, carotenes, phenolic acids, phytate, and phytoestrogens, have been shown to lower the risk of disease. The majority of the antioxidants found in a normal diet come from plants and are members of different chemical and physical classes. Certain substances, like gallates, exhibit potent antioxidant properties, whereas others, like monophenols, are antioxidants that don't work very well. The main thing that makes an antioxidant an antioxidant is that it can catch free radicals (Miller et al. 2000)

2.1.1 Phytochemical 
The term Phytochemicals are naturally occurring compounds found in plants, known for their potential health benefits. Many plant-based foods, such as fruits, vegetables, whole grains, and legumes, contain these substances. Among other advantages, phytochemicals' anti-inflammatory, anti-cancer, and antioxidant qualities have been the subject of much research. The plant based foods may have a very diverse range of phytochemical types and each one has got different health benefits. Phytochemicals can be grouped into various broad groups such as flavonoids, carotenoids, phenolic acids, glucosinolates and organic acids. 
As an example, various products such as berries, citruses, spinach, and kale have flavonoids that are widely known to have an anti-inflammatory and antioxidant effect (Borges et al., 2018). On the other hand, carotenoids are pigment chemicals which are responsible to the fruits and vegetables have vibrant colors that are healthy to human since they contain antioxidants. Tocopherols have beta-carotene in carrots and lycopene in tomatoes (Fiedor and Burda, 2014).  Phenolic acids are good sources of phenolics, contained in food products such as coffee, tea, and berries because they are anti-radical in properties (Manach et al., 2004). Cruciferous vegetables, such as kale, cabbage, and broccoli have glucosinolates. They are compounds which have been proved to combat cancer (Traka and Mithen, 2009).
2.1.2 Botanical Description and Nutritional Profile of Indian Spinach
Basella alba species Botanically, the Basella alba species belongs to Basellaceae family and is linked to the Indian spinach (Kumar et al., 2019). Saini et al. reported that Indian spinach is a naturally occurring plant in tropical Asia and Africa and some regions of the Americas and the Pacific Islands. The plants of Indian spinach have a tendency of growing as tall as up to ten meters when touched frequently. Their leaves are in the shape of a heart that is between 5 cm and 10 cm.
Its habitats and modes of transmission Kumar et al. (2019) assert that Indian spinach continues to plant under warm and damp environments. Saini et al. (2020) proposed that because of significant leaf and stem qualities, Indian spinach is cultivated both in households and on farms.
Indian spinach is a nutritive and leaf vegetable containing high minerals, antioxidants, and vitamins (Kumar et al., 2019).The USDA provides nutritional values of 100 gms of cooked Indian spinach.
The USDA (2020) indicates that a serving of cooked Indian spinach contains ten percent of vitamin A and fifty percent of vitamin C and twenty percent of folate in it.
Indian spinach has 5 percent calcium, 15 percent of iron, 10 percent of potassium as indicated by the Daily Values of the USDA (2020). The vegetable is anti-cancer and anti-inflammatory due to the presence of flavonoids, phenolic acids, carotenoids in the vegetable (Kumar et al., 2019).
Indian spinach is used traditionally in the form of soups, dishes, salads, and drinks; accordingly, people can consume a great number of vitamins and minerals present in it.

2.1.3 Antioxidant Activity of Indian Spinach
It contains very many phytochemicals such as flavonoids, phenolic acids and carotenoids.
According to USDA (2020), one serving of cooked Indian spinach provides ten percent vitamin A, fifty percent of vitamin C and twenty percent folate in terms of content.
In the USDA (2020) Daily Values, Indian spinach has 5 percent calcium, 15 percent iron, and 10 percent potassium.
Flavonoids, Phenolic acids, carotenoid found in the vegetable would contribute anti-cancer and anti-inflammatory effects to it (Kumar et al., 2019).
With the Indian spinach, people can get much vitamins and minerals as the spinach is used to cook traditional Indian soups, dishes, salads, as well as drinks.	
2.1.4 Qualitative Phytochemical Analysis
The research by Patel et al. (2020) also presents Indian spinach, which provides a flavonoid and various phenolic acids. These phenolic acids because of their anti-cancer and antioxidant activity can be the ones to attribute to improve the health value of eating Indian spinach. The Indian spinach is known to have carotenoid type of phytochemicals. Red, orange, and yellow pigments are the color that provides fruits, vegetables, torchwood, or other parts of plants with antioxidant and anti-tumor coloring (Rajiv et al., 2018).
The scientists suppose that Indian spinach has more bioactive constituents, including alkaloids, terpenoids, and saponins (Sharma et al., 2020). In addition, it is revealed that the substances have the characteristics of being antimicrobials, cancer curing, and they are protective in character.
Another flavonoid and other phenolic acids also can be found in Indian spinach and was depicted in the research of Patel et al. (2020). With regards to anti-cancer and antioxidant properties of inflammation. The study of the bioactive compounds has been done with analysis of phytochemical of the Indian spinach having flavonoids, phenolic acid, carotenoids, saponins, terpenoids, and alkaloid. The given compounds present a great number of forms of the biological activity in line with the medical promise and promoting the health outcomes of Indian spinach.
2.1.5 Quantitative Phytochemical Analysis
The phytochemical analysis is the quantification of the volume of active compounds in a plant extract. They include phytochemicals, and these chemical compounds are responsible in the medicinal values of Plants including Indian spinach (Basella alba). Indian spinach is also shown in the study by Patel et al., (2020) that is a source of a flavonoid and phenolic acids.                   A phytochemical of Indian spinach flavonoids, phenolic acid, carotenoids, saponins, terpenoids, and alkaloids has been analyzed in carrying out research on biotically active compounds. The identified compounds have diverse biological activities that match the therapeutic potential use and health benefits, which can be gained by using Indian spinach.	
2.1.6 Comparison with Other Leafy Greens
It is essential to make a comparison to its attributes to the other leafy greens. Comparison of these leafy green vegetables will be primarily based on the antioxidant and phytochemical properties of Indian spinach and other common leafy vegetables like collard greens, kale and spinach. Like any other leafy green Indian spinach is an antioxidant. As an example, extracts of Indian spinach proved to be good antioxidants that are comparable to those of spinach and kale extracts (Lee et al., 2020).
In accordance with the description of the other study covering the same team (Pandjaitan et al., 2019), the antioxidant activity of Indian spinach and collard greens was comparable. These results document that the Indian spinach is among the good sources of antioxidants just like other leaf greens. Just like other delicious green leaves, Indian spinach also has near phytochemicals. In one of the studies concerning the phytochemical content of Indian spinach, Ayaz et al. (2020) discovered that different phytochemicals (e.g., flavonoids and carotenoids) present in the sample were similar to those of kale and spinach. Similar phytochemical contents between Indian spinach and collard greens were analyzed by other work where Zhang et al. (2020) discussed that these two products had similar phytochemical contents. These results imply that Indian spinach is also a reliable source of phytochemicals James Jacobs just like other leafy vegetables. Regarding antioxidant activity, the antioxidant value of the Indian spinach is the same as other greens. 
As an example, Johnson et al. (2019) discovered that Indian spinach possessed antioxidant activity as equal to that of kale and spinach. The conclusions arrived at by Uddin et al. (2019) in a separate study have revealed that Indian spinach had an antioxidant functioning in the same vicinity with that of collard greens. Such terms imply that just like the rest of the leafy veggies, the Indian spinach is a potentially enough source of antioxidants. When compared, the phytochemical content of Indian spinach and other leafy vegetable is relatively similar. Taking an example, a study conducted by Borges et al. (2019) revealed that Indian spinach had several phytochemicals common to those of the kale leaves and spinach leaves, such as flavonoids, carotenoids, etc. 	
2.1.7 Total Phenolic Content of Indian Spinach
One of the most important protagonists in the body against oxidative damages is the total phenolic content (TPC) of the Indian spinach extracts. One of the classes of phytochemicals with antioxidant properties is phenolic compounds and the latter have been revealed to be instrumental in the prevention of chronic disease, such as cancer or heart disease and neurodegenerative disease (Johnson et al., 2020). One of the methods that can be used to determine the TPC of the Indian spinach extracts is the Folin-Ciocalteu assay that is common in determining the TPC of plant extracts (Singleton et al., 1999). The Folin-Ciocalteu assay allows determining the TPC of Indian spinach extracts; the test quantifies formation mammoylated phenolics and a blue-coloured complex at the point of interaction of the Folin-Ciocalteu reagent with phenolkic compounds and forming the blue-colored complex that can be quantified photometrically. Folin- Ciocalteu provides a blue complex which is detected as a spectrophotometry (Singleton et al., 1999). Milligrams of gallic acid equivalents (GAE) per gram of dry weight is the highly popular method of measurement of TPC of Indian spinach extracts (Lee et al., 2020). 
Researchers have found out that the TPC of Indian spinach extracts can be altered by numerous factors including the conditions employed in growing, storage, and cooking process of the ingredient (Uddin et al., 2020). As it has been determined, a positive correlation exists between antioxidant activity and TPC of Indian spinach extracts (Pandjaitan et al., 2020). This implies that there is an antioxidant action of Indian spinach extracts where the action is typified by the presence of phenolic compounds in them. Phenolic compounds are the causes of the antioxidant Indian spinach extracts are characterized by antioxidant properties because the substances in the phenolic groups possess the capacity to scavenge the free radicals, which could cause an oxidative state and harm the cells (Johnson et al., 2020). The researchers found out that total Indian spinach extract had an equal antioxidant activity in comparison with the rest of the leafy products like spinach and kale (Lee et al., 2020). A lot of things can change the TPC of Indian spinach extracts, among them being how they were grown, stored, and cooked (Uddin et al., 2020). Take an example, a certain study discovered that the TPC could be increased by providing the optimum growing conditions hence growing Indian spinach plants in well-fertilized soil and providing them with enough water (Pandjaitan et al., 2020). 	
2.1.8 Flavonoid Content of Indian Spinach
Flavonoid is one of the examples of phytochemical that is found in different locations.
Plant products are spinach, Indian, etc. The studies showed that they have several health benefits as antioxidants, anti-inflammatory, or anti- cancer (Borges et al., 2020). The method of detecting and quantifying the flavonoids present in the Indian spinach extracts could give us some valuable ideas on what makes them healthy to our bodies. Some of the techniques used in determining flavonoids in the Indian spinach extracts are the high-performance liquid chromatography (HPLC), mass spectrometry (MS) (Lee et al., 2020). These are the procedures, which enable the separation, identification and quantification of flavonoids in complicated plant extract. The researchers have found out that Indian spinach consists of many different flavonoids, such as quercetin, kaempferol, and myricetin (Pandjaitan et al., 2020). It is possible to measure the quantity of flavonoids present in Indian spinach extracts by means of HPLC and MS (Lee et al.).
This is by the techniques which support the precise determination of flavonoids in multi-component plant extracts. In comparative analysis, it has been demonstrated that a variety of crops, growing conditions, storage, and cooking applications could change the flavonoid content of Indian spinach extracts (Uddin et al., 2020). Research has demonstrated that the flavonoids found in Indian spinach extracts have numerous health benefits, i.e., they are anti-inflammatory, anti-cancer, and antioxidant agents (Borges et al., 2020). 
They are able to offer protection of the long term illnesses like cancer, heart illnesses and even neurological illnesses. Flavonoids can also be used as an antioxidant to wipe out atmospheric radicals that can cause oxidative stress and destroy cells (Johnson et al., 2020).			
2.1.9 Total Phenolic Content and Antioxidant Activity of Indian Spinach
An Indian spinach is a large leafy vegetable, which has currently attracted a lot of limelight owing to its prospective health as well as its antioxidant capacity. Among the most significant indicators that determine the presence of antioxidant activity of Indian spinach extracts, total phenolic content (TPC) should be mentioned. Phytochemicals are a set of substances which are known to be famous because of its antioxidant properties and they are a significant part of preventing the occurrence of such chronic problems like cancer, heart disease, and neurological diseases and are also known as phenolic compounds. This increases the possibility of stopping dusting among these GPs, (Manach et al., 2004; Fiedor and Burda, 2014). It is possible to calculate TPC of Indian spinach extracts.
Some of the other methods that could be applied during the determination of act are Folin-Ciocalteu assay that is widely applied during the determination of the TPC of plant extracts. Past studies reveal that TPC of Indian spinach extracts can be different due to numerous variables associated with storage, cooking procedures and rearing conditions (Borges et al., 2018). Representative of a study, TPC in fruits of plant species Phytolaccafraternus belonging to the Indian spinach family, ranged between 26.69 and 61.48 mg GAE/ g fw. It was revealed that there is a positive association observed between antioxidant power of Indian spinach extracts and TPC. To determine the extent to which there is antioxidant activity, various assessments such as DPPH, ABST and FRAP just to mention a few can be carried out. 
Research indicates that Indian spinach extracts have antioxidant functions as is the other leaves, in research, the antioxidant capacity of Indian spinach extracts can be likened to that of other leaf vegetables like the kale and spinach. Extraction of Spinaciaoleracea of spinach type gave the maximum value of TPC, which was 31.1 to 63.7 percent with antioxidant activity (Saini et al., 2020). Indian spinach contains various activities that are antibacterial, anti-inflammatory and antioxidant; all these have other medical applications in the folk medicine (Huy et al., 2008). It is possible to suggest that the health benefits of Indian spinach with phytochemical content which is represented by carotenoids, phenolic compounds, and flavonoids may have certain health benefits. These having the effect of anti-inflammatory, anti-cancer, and antioxidant, the Indian spinach will have a favorable contribution to a healthy diet.
In the Indian spinach, there is a range of diseases that have been, typically, treated such as the digestive and skin disease, respiratory infection. Some of them include cancer, heart diseases and neurological disorders which are some of the chronic conditions that have been proven to be preventable by the anti-inflammatory content and antioxidants of the Indian spinach. capable of growing exponentially (Bores, et al, 2018; Fiedor and Burda, 2014).
Indian spinach has a lot of unknown information inclined, it requires some further research in order to know its full details in relation to health and its merits in advancing the health sphere. With the abundance of phytochemicals and antioxidant activities, Indian spinach has a possibility of application in food industry, pharmaceutical and cosmetic industries. It can be used as a natural medicine to an array of health complications besides being able to enrich food products and supplements with its extracts. The content of total phenolics in the extracts of Indian spinach is an excellent attribute that defines the antioxidant effect, and their various roles in the past applications in medicine depict their health benefits. To know more about the health benefit prospects of Indian spinach and the role they will play in the various industries, further research will have to be conducted. Altemimi and the group (2017).
2.1.10 Extraction Methods for Phytochemicals from Indian Spinach
To receive all health benefits of the Indian spinach, one should extract its phytochemicals as the first procedure. The phytochemicals extraction on the plant materials have employed several techniques that have their drawbacks and benefits associated with their use. Zhang et al. (2020) found that the method has high potential and can be exploited to extract phytochemicals effectively in the minimal time, mostly in plant sources. Another type of extraction is referred to as sonication that has only gained popularity in the recent past. The disintegration of the plant cell walls in the solvent is by high frequency of the sound waves to extract phytochemicals.
One of the conventional procedures is the Soxhlet extraction that has been used to extract phytochemicals in plants. It is a well employed technique employed to separate lipophilic molecules and entails a gradual extraction of phytochemicals with the assistance of a solvent. According to Patel et al. (2018) study, Soxhlet extraction yielded high yields and excellent reproducibility when carotenoids were extracted in plant samples. The other general way of extracting the phytochemical in the plant materials is through what is called maceration technique which entails placing them into a solvent. Although this practice is straight forward and pocket-friendly, it might not be very productive compared to other methods. Maceration was not fast in extracting phenolic compounds in plant materials as compared to other methods (Singh et al., 2017). 
The extraction method has a number of determinants one of the determinants being choice of type of phytochemical to be used, a temperature, pressure and a type of solvent dependency. Altemimi et al. (2017) performed a review article of the effects of extraction methods of plant materials on the optimal production of phytochemical yield and quality. It finds proper mode of extraction as the important aspect in terms of guaranteeing the quality and quantity of phytochemicals in extraction of substances. Phytochemicals of Indian spinach can be extracted using very many methods but each method has its merits and demerits. Extraction can be with maceration, sonication, Soxhlet, and microwave-assisted extraction depending on the particular requirement of the extraction process. Improvement in extraction parameters and formulation of scalable protocols to be used in the industries require further studies.	
2.1.11 Phytochemical-Based Breeding: Enhancing Nutritional Value of Indian Spinach
One of the possible means of improving the nutritional value of Indian spinach is with the use of phytochemical-based breeding. It is said that according to a study by Zhang et al. (2020), the total amount of money that will be used by the 2020 residents of the state of Washington is said to be estimated to total to 2.5 million dollars.
By breeding using phytochemicals, one can be able to increase the amounts of the good chemicals in fruits and vegetables, such as spinach. This involves choosing and crossbreeding of plants to come up with those ones which have higher contents of nutrition. Phytochemical based breeding possesses many powers. Increased nutrient density, or the growth of antioxidant activity, and better food security outcomes of phytochemical-based breeding were identified by Lee et al. (2019). In order to breed varieties of increased nutritional value the breeder can then choose plants that have a lot of a particular phytochemical. The former will prevent chronic age-related diseases like cardiovascular disorders and cancer due to oxidative stress.
The application of phytochemical based breeding may be achieved in numerous ways of which comprise genetic engineering, marker assisted selection and conventional breeding what Altemimi et al. are reviewing.
Traditional breeding entails the selection of preferred plants and cross breeding them to create new varieties. The mark-assisted selection enables the breeders to take a decision in favour of clear genes as he or she is able to detect the plants of a desirable trait with the aid of genetic markers. In genetic engineering the desired genes are inserted in the plant effort of improving the nutritional quality of the plant. Although the advantages of breeding with phytochemicals are quite numerous, in as much as there are advantages, there are also the disadvantages. As Patel et al. (2018) remark, the direct repercussion of phytochemical profile is that the breeding of crops with certain characteristics is quite problematic. Phytochemical level of the plants could also be influenced by environment factors like climate, quality of soil. Besides, the consumers might not embrace the genetically modified or the breeded ones. In his recent research work, the author indicates that the nutritional value of spinach can be magnified by means of the phytochemical-based kind of breeding. To illustrate, a study done by Singh et al. (2020) indicated that phosphate solubilizing bacteria (PSB) assist in the potential enhancement of spinach regarding phytochemicals and nutritional value. A research conducted by Johnson et al. (2019) indicates that the change of production of new varieties with an increased amount of phytochemicals can be performed through the application of traditional breeding and selection regimes. Among the avenues on the path to the improvement of the nutritional value of Indian spinach, one can mention one rather promising path: that of the phytochemical-based breeding. Through the choice of the plants of desirable phytochemical profile, breeders will be in a position to produce plants possessing higher nutritional value in terms of nutrients. It is quite interesting sphere to perform research and to make development advancements because of the potential advantages of phytochemical breeding, though certain difficulties should be taken into account.
2.1.12 The Applications Of Indian Spinach In The Food Industry 
The dissemination of Indian spinach in the field of food industry can be unlimited. According to Zhang et al, (2020). Indian spinach contains plenty of phytochemicals i.e., flavonoid, carotenoid, and phenolic acid because of which it can be used as a functional food ingredient. These are known to be anti bacterial, anti inflammatory as well as anti oxidant and this makes Indian spinach a healthy constituent in most of culinary products. Any of the fresh, frozen or dried Indian spinach can be utilized as an ingredient functional food. Lee et al. (2019) point out that a good example of a functional food is that of Indian spinach that is made with the aim of possessing greater health benefits than mere nutrition. When used as a functional food ingredient, Indian spinach as a food ingredient can increase the nutritional value and taste of foods (which can include smoothies, soups and salads).
There are many possibilities of growing Indian spinach in food industry. Patel et al. (2018) also identify the following uses of it: adding it to soups, salads, and functional drinks. Furthermore, Indian spinach can be added to such food items as bread, pasta, as well as snacks to add valuable nutrients and phytochemicals. Indian spinach has many advantages as far as its application in food industry is concerned. Such valuable nutrients as calcium, iron, and vitamins A and K are also contained in Indian spinach (Singh et al., 2020). The antioxidant value in Indian spinach prevents even chronic illnesses like cancer and heart diseases. However, one must talk about challenges that are associated with Indian spinach in the food business. E. coli and Salmonella are the contaminants of Indian spinach that may adversely influence the health of individuals according to Johnson et al. (2019). 
Also this robust taste and consistency of the Indian spinach will not be preferential to all the customers. One of the potential applications of Indian spinach into food industry is functional food. It also improves the value of various food items due to its richness in the phytochemicals and essential nutrients. Although there are certain difficulties that should be taken into consideration, the advantages of the implementation of the Indian spinach into the food sector make the theme of the intended research and development worthwhile.			
2.1.13 Review of Antioxidant Activity Studies
Indian spinach plant extract has known the power of antioxidant and the study has been conducted well in terms of various forms of analysis. The DPPH based IC50 assay revealed that Indian spinach extract possessed an excellent antioxidant property. This implies that the Indian spinach extracts possess highly effective antioxidant properties which can be used to prevent oxidation stress and the associated diseases.
The measurement of antioxidant activity of plant extracts is one of the widely used methods and the DPPH-based IC 50 method is part of those widely used methods. According to the study conducted by Patel et al. (2018), Indian spinach was revealed to possess potent antioxidant activity, which was established based on the calculated value of IC 50 equal to 12.5 0g/ml.  It demonstrates that the Indians spinach extracts can be used as antioxidants which can be applied to lower the free radicals and the results of oxidation.
The FRAP assay is also another commonly used parameter in the estimation of the antioxidant ability of the plant extracts. Singh et al. (2020) has attempted to assess the quantity of reducing materials in the Indian spinach extracts using the FRAP process that was 3.5 mmols per gramme.
It would imply that Indian spinach extracts can be useful in avoiding oxidation stress by removing oxidized forms. It has been observed that the high concentration of phytochemicals (in the form of flavonoids, carotenoids, and phenolic acids) extracted in the Indian spinach has been credited to the antioxidant potential of spinach. Johnson et al. (2019) identified that the extracts of the Indian spinach were enriched in phytochemicals which correspond to the equal antioxidant activity. This indicates the value of phytochemicals to the antioxidant capacities of Indian spinach extracts.
The antioxidant activity between the extract of the Indian spinach plant and the use of different forms of resources of analysis has been sufficiently examined. Both the study and analysis have revealed its high effectiveness as an antioxidant as also supported by the FRAP assay and an IC 50 study based on DPPH, which indicated that the potential of the Indian spinach extracts as antioxidants is excellent. The richness in phytochemical is likely to induce the antioxidant properties of Indian spinach extract and that is the reason why it can be potentially an all-natural antioxidant.
2.1.14 Antioxidant Compounds Present in Indian Spinach
Scientists claim that the Indian spinach is the one that is the richest in the phenolic acids, and the flavonoids present in it exhibit antiradical activity (Kumar et al., 2019). The good part of Indian spinach is that it contains a lot of antioxidants including quercetin and kaeempreol flavonoids (Siddhuraju and Becker 2007). What the literature has confirmed is that two phenolic acid compositions of the Indian spinach come with the advantage of both antimicrobial and antioxidant functions. The area of ground keepers called groundkeeper has no place (Choudhary et al., 2020)
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Figure2:Spinach extracts' antioxidant activity 
Source: Magdalena Ligor (2013)




2.1.15  Phytochemical Constituents of Indian Spinach
By the way, it contains varied phytochemicals, which include alkaloids and saponin glycosides, to name a few, as it was reported in Kumar et al. (2019) scientific review concerning Basella alba Indian spinach. The three techniques of analysis one finds the researchers use in screening the phytochemical components of the Indian spinach are TLC, HPLC and GC-MS. Several studies have been conducted regarding the antioxidant activities of the Indian spinach plants extract and the results look bright. The extracts of Indian spinach possess high antioxidant activity that has the potential to avoid oxidative insults and ailments linked to the latter (Zhang et al., 2020). This has been due to the fact that the Indian spinach is full of phytochemical that are full of among other things; phenolic acids, flavonoids, as well as carotenoids.
Dues to the most utilized technique in the evaluation of antioxidant capacity of plants extracts is DPPH-based IC50 analysis. Patel et al. (2018) had been able to discover efficient antioxidant activity of Indian spinach extracts that have the IC50 value of 12.5 0g/mL.
It shows an indication to the reality that Indian spinach extracts may have potential antioxidants that can neutralize free radicals and oppose oxidative breakdowns. The second popular way of analyzing the antioxidant solution of plants is the FRAP test.
The decreasing ability of the Indian spinach extracts was determined when placed against the FRAP protocol and was determined to be 3.5 mmols per gramme. It implies that the Indian spinach extracts can be applied in the treatment and prevention of the oxidative stress by reducing the oxidized molecules. 
In Indian spinach extracts, they have been described to contain high phytochemicals, which were associated with their antioxidant properties. As suggested by the article by Johnson et al. (2019), it is apparent that they have established an association between phytochemical content and antioxidant activity of Indian spinach extract.
This gives an insight on how important phytochemicals are to the antioxidant properties of Indian spinach extracts. Actual extracts of the Indian spinach have been found to be antimicrobial along with anti-inflammatory as well as in combination with their antioxidant properties. Lee  et al. (2019), argue that extracts of Indian spinach possess antimicrobial and anti-inflammatory effects that could prevent the occurrence of chronic diseases. Antibacterial, Anti-inflammatory, and antioxidant properties of Indian spinach extracts have been attributed to potential health benefits. Such properties can help prevent infection, inflammation and oxidative stress which are associated with several chronic diseases.
Illnesses. According to Zhang et al. (2020) Indian spinach extracts might have certain potential health benefits due to the fact that the extracts are likely to lower the probability of acquiring chronic diseases. The literature about the antioxidant properties of the extract of Indian spinach plant is rather great, and the outcomes are encouraging. The medicinal property of antioxidant can be attributed to Indian spins as its extracts act as the natural source of antioxidants as it possess the high phytochemical content capable of suppressing the oxidative stress and related diseases.
2.1.16 Health Benefits of Indian Spinach
The basella alba, which is also known as Indian spinach has well documented research on whether it can have any health benefits among other things. Researchers are also indicating that Indian spinach contains some anti-inflammatory, antimicrobial, and cancerous properties (Zhang et al., 2020). All these health advantages have been attributed to the high nutritional content of these phytochemicals obtained in the Indian spinach that consists of the phenolic acids, flavonoids, and carotenoids. The Indian spinach is anti-inflammatory as has been proven to be the case in numerous studies carried out by scientists in regard to research about matters concerning its health benefits. Patel et al. (2018) asserted that Indian spinach extracts demonstrated enormous anti-inflammatory activity and have the capability of reducing chronic inflammation besides managing the consequences of chronic illness. The Indian spinach has pro-inflammatory effect which is attributed to ant-inflammatory effect on pro-inflammatory cytine and enzyme. It has also been established that the Indian spinach owns antimicrobial properties which it can utilize against diseases and infections. Indian spinach extracts were effective against microbes of varieties of species, bacteria, and fungus, as demonstrated by Singh et al. (2020). Indian spinach also has phytochemicals and these phytochemicals are the cause of the industrial effect of the Indian spinach as they can transform the cell membrane and prevent the growth. In the recent years scientists have studied on possible preventive potential of Indian spinach against cancer formation. Johnson et al. (2019) state that Indian spinach extracts have anticancer properties and can be employed to ward off the growth and propagation of cancer cells. Together with the induction of apoptosis and the cell cycle interruption, the possibility to achieve these changes by Indian spinach is the cause of anti-cancer features. It has been proved that Indian spinach was perhaps a prophylactic and a disease control. Lee et al. (2019) revealed that the Indian spinach extracts can have overwhelming capacity in controlling and inhibiting diseases, and this aspect is useful in preventing and control chronic diseases.
This is because Indian spinach is a product which can be utilized in the creation of functional foods because of its feasible health advantages. Indian spinach is rich in so many health benefits that encompass the attributes of preventing inflammation and being an anti-bacterial agent and inhibiting the process of cancer. The Indian spinach may turn out to be an excellent ingredient to formulate functional foods and nutraceuticals because of its possible health benefits. To find out completely the potential health benefits of indian spinach and to advance good agriculture and processing processes are in need of further investigation.	

2.2 Empirical Review
Much research has been done on the possible health effect of Indian spinach or Basella alba. The recent studies confirmed that Indian spinach had tumor-preventative, antimicrobial, and anti-inflammatory effects (Zhang et al., 2020). It is all these health benefits attributable to the high level of phytochemical content in Indian spinach which consists of phenolic acid, flavonoids as well as carotenoids. Anti-inflammatory properties of Indian spinach have been reported to be significant enough through experiments. It as well as demonstrated the Indian spinach extracts possessed great anti-inflammatory activity with abilities to ease any inflammation and lessen the chronic disease symptoms (Patel et al., 2018). They have also confirmed that Indian spinach also has antimicrobial properties that have the capability to prevent disease and bacterial infections. That is why the extracted Indian spinach also exhibited high antimicrobial activity against a vast majority of microorganisms, in particular, bacteria and fungi, and Singh et al. (2020) evaluated the possibilities. It is the Indian spinach that attributes its antimicrobial property to the presence of phytochemicals in the plant and it can cause harm on the cell membrane and even stop the growth of the microbe.
The recent study has also looked at the capacity of the Indian spinach in averting the progression of cancer. According to the statement of Johnson et al. (2019), extracts of Indian spinach are anti-cancerous; thus, they may prevent the development and multiplication of cancer cells. The talk of the anticancerous effect of Indian spinach is thought to occur due to its capabilities to trigger apoptosis and halt the cell cycle progression. Indian spinach as illustrated can prevent diseases and control them. Indian spinach shows great disease controlling and an inhibitive effect on the extracts which would prevent or control a chronic disease (Lee et al., 2019). 
Indian spinach has good potential in being developed into functional foods because of the probably favorable health effects of Indian spinach makes it a possibly potential component in the nutraceutical and functional food development. Indian spinach has been research proven to have various health values which comprise of being anti-inflammatory, antibacterial and contain capability of inhibiting cancer. Possible health advantages can make Indian spinach a promising constituent of the production of functional foods and nutraceuticals. There is need to conduct further researches so far as to enable comprehensive evaluation of all the potential health benefits of Indian spinach and in order to establish good systems of farming and production processes.		
2.3 Gap in Existing Literature	
Because of the medicinal characteristic, a number of studies research on the effects of the Indian spinach on the health. Through scientific research, Indian spinach contains anti-inflammatory property which could potentially prevent the occurrence of diabetes, arthritis and cardio-vascular diseases (Kumar et al.
Scientific researchers conducted an experimental study and found out that Indian spinach possesses antimicrobial effect which supports its anti-bacterial, anti-fungal and anti-viral microbes (Saini et al, 2020).As indicated by the measure of the research inquiry, Indian spinach has anticancerous properties since it prevents the spread of cancer cells (Choudhary et al., 2020).
Scientific studies on Indian spinach are deficient in specific answers questions that have not been answered in the literature published. Since current studies lack crucial information, scientific research on the phytochemicals and antioxidants of Indian spinach needs to be expanded. Based on current research, science is still unsure of several important aspects of the properties of Indian spinach plants.
Additional phytochemical analysis of Indian spinach will make it possible to identify particular antioxidant and phytochemical groups that produce health benefits through a product that promotes health. The assessment of potential health elements in the assessment of Indian spinach's potential health benefits that are appropriate for human scientific research. An investigation should confirm whether Indian spinach causes any interactions with prescription drugs or pre-existing medical conditions. Current applications and unresolved scientific questions about the antioxidant content, phytochemical composition, and health benefits of spinach are revealed by research on its nutritional usage in India









CHAPTER THREE
MATERIALS AND METHODS
3.1 Introduction
This study focused on Indian spinach (Basella alba) worldwide and identified its phytochemical and antioxidant compounds. This was accomplished by applying both their antioxidant assays and a combination of phytochemicals. Consequently, to outline the supplies and techniques utilized in this chapter to acquire antioxidant and this chapter presents the phytochemical characteristics of Indian spinach.

Overview of the Methodology
The research methodology consists of a number of sequential steps.
1. Gathering and preparing samples of Indian spinach
2. Phytochemicals extracted from Indian spinach using solvent extraction techniques
3. The HPLC is used to identify the phytochemicals in Indian spinach extract. 
4. DPPH, FRAP,and total phenolic content  are used to evaluate the antioxidant activity of Indian spinach extracts.
3.2 Materials
3.2.1 Plant Material
The plant material used in this study was Indian spinach (Basella alba). We purchased fresh Indian spinach leaves from a local market in [Garriki Enugu, Nigeria]. To do this, the leaves were cleaned with distillated water, allowed to air dryclean table before keeping the leaves at 4°C in an airtight container until more research is done..

3.2.2 Chemicals and Reagents
In this investigation, the following substances and reagents were employed:
- Solvents:
Methanol (graded by HPLC)
- HPLC-grade acetonitrile
Water (graded by HPLC)
- Criteria:
Gallic acid (Sigma-Aldrich)
- Ascorbic acid
Agents of staining:
- Sigma-Aldrich's 2,2-Diphenyl-1-picrylhydrazyl (DPPH)
The reagent Folin-Ciocalteu (Sigma-Aldrich)
Additional reagents:
Sigma-Aldrich's sodium carbonate and aluminum chloride
Sigma-Aldrich sodium nitrite
3.2.3 Equipment and Instrumentation
The following tools and apparatus were employed in this investigation:
Spectrophotometers:
Shimadzu UV-1800 UV-Vis spectrophotometer
An incubator 
A water bath 


3.3 Sample Collection and Preparation
3.3.1 Sample Collection
The leaves of Indian spinach (Basella alba) were fresh leaves collected Fresh Indian spinach (Basella alba) leaves were gathered from a Garriki market in Enugu, Nigeria. Prof. (Mrs.) Nkechinyere O. Nweze, Head of the Department of Plant Science and Biotechnology, University of Nigeria, identified and verified the plant sample basella alba. For future use, Nsukka and the voucher specimen were placed in the departmental harbal home (0365). The freshness, color, and texture of the leaves were taken into consideration when choosing them. Ten kilograms of Indian spinach leaves were gathered at random from various basement vendors.
3.3.2 Sample Preparation
To get rid of contaminants, dirt, debris, and other undesirable items, the collected Indian spinach leaves were thoroughly cleaned with distilled water. Second, air drying was used to dry the leaves.
It was allowed to air dry.  After being air dried for 24 hours at room temperature (25°C), it was sun-dried for 6 days. A mortar was then used to grind the dried leaves into a fine powder.
3.3.3 Extraction Methods
Indian spinach extracts were produced by grinding and extracting the powder using various techniques. The following extraction techniques were employed:
1. Ground Indian spinach powder was extracted using a variety of solvents, including water and methanol. For 24 hours, the rotary shaker (Buchi Rotavapor R-200) was operated at room temperature (25°C).
2. Solvent Extraction: Cold maceration or Soxhlet extraction were used to extract the powdered leaves using solvents like methanol, ethanol, and/or water.
Concentration and Filtration:Diluting Indian spinach extracts are dissolved in methanol at a final concentration of 1 mg/mL.
When 100 μL of DPPH solution (0.1 mM in methanol) was combined with 100 μL of sample solution, the reaction conditions for both solutions were the same. For half an hour, the mixture of solutions was incubated at room temperature in a dark environment.
A spectrophotometer-based technique was used to measure the mixture absorbance at 517 nm. This formula was used to calculate the inhibition percentage of DPPH radicals:
((Acontrol - Asample) / Acontrol) x 100 = % inhibition
3.4 Total Phenolic Content 
Procedure
Preparation of standard curve: A series of gallic acid standard solutions (e.g., 0, 20, 40, 60, 80, 100 µg/mL) were prepared in distilled water.
Sample preparation: An aliquot (e.g., 0.5 mL) of the plant extract was mixed with 2.5 mL of 10% Folin–Ciocalteu reagent.
After 5 minutes, 2 mL of 7.5% sodium carbonate solution was added.
The mixture was incubated at room temperature (in the dark) for 30 minutes.
The absorbance was measured at 765 nm using a UV-Vis spectrophotometer.
 A calibration curve was plotted using the absorbance of the standard gallic acid solutions.
The sample was expressed as milligrams of gallic acid equivalents (mg GAE) per gram of extract.
3.4.1 DPPH Assay
This has become a known method for determining the antioxidant activity. It is based on film formation from the scavenging ability of free radical antioxidant to the DPPH radical.
Extraction and dissolution: Dissolution of Indian spinach extracts at the final concentration of 1 mg/mL in methanol.
Both solutions received the same reaction conditions when 100 μL of DPPH solution (0.1 mM in methanol) mixed with 100 μL of sample solution. The combination of solutions underwent incubation for thirty minutes under dark conditions at environmental temperature.
The mixture absorbance was measured at 517 nm through a spectrophotometer-based method. The inhibition percentage of DPPH radicals was determined through this equation:
% inhibition = ((Acontrol - Asample) / Acontrol) x 100
3.4.2 FRAP Assay
By measuring how antioxidants lower the ferric ion, the FRAP assay evaluates antioxidant qualities.
The Indian spinach extract solutions were made by the researchers by dissolving it in a solution of 1 mg/mL water.
100 μL FRAP was added to a 100 μL solution of the sample.
10 mM TPTZ as well as 40 mMHCl and 20 mM FeCl3 were the DA assay reagent. The resulting solution was incubated at 37 o C over a period of ten minute.
The percentage absorbance of the mixture under a 593 nm wavelength was measured in a spectrophotometer. FRAP value might be mathematically calculated using the following formula:
The FRAP value is (Asample - Ablank)/ (Astandard - Ablank) ).

3.4.3   Phytochemical Screening
The color changes was used in order to establish the existence of the bioactive compound present in the plant extract in this study.
3.5 Phytochemical Identification
Indian spinach extracts were characterized in terms of its phytochemicals. The phytochemicals identified were the flavonoids, phenolic acids, and carotenoids.
3.6 Qualitative Phytochemical Analysis
In this manner, phytochemical analysis was done to assess the presence and quantity of phytochemical components in Indian spinach extracts. Some of the methods adopted were
3.6.1 Flavonoid Analysis
The colorimetric method using the aluminum chloride was applied in the analysis of the flavonoid compounds.
A 1 mg/mL of a methanolic solution containing a concentrate of the Indian spinach extract was used as the preparation method.
Individual samples were then extracted according to ethyl acetate and later concentrated with the help of rotary evaporator.
A part of the analytical equipment was the Shimadzu LC-20AT HPLC instrument where C18 chromatographic column and an eluting acetonitrile: water solution of the eluting mixture ratio of 80:20 was used.
The analysis of the data obtained by HPLC chromatogram was performed by using the Empower software providing the researchers with the data related to the retention times and the measurement of peaks areas.
3.6.2 Phenolic Acid Analysis
As a method, the Folin-Ciocalteu colorimetric method was adopted.
was used as a method of analysis of phenolic acids.
To prepare the extracts the Indian spinach ingredients were dissolved in methanol to a rate of 1 mg/mL.
Ethyl acetate and use of rotary evaporator to determine concentration of extract were used in obtaining the samples.
The mobile phase of the analytical system was C18 (Shimadzu LC-20AT HPLC) equipped with Acetonitrile: water (80:20) as a mobile solution.		
3.7 Statistical Analysis
To assess changes and relationships between study variables from collected data, this study employed a number of statistical techniques. 
3.7.1 Descriptive Statistics
The primary distribution features and range of variable values were disclosed by the researchers' computation of descriptive statistics to assess mean and standard deviation measurements.

CHAPTER FOUR
RESULTS AND DISCUSSIONS
4.1	Qualitative Phytochemical Analysis
Table 1: Result for Qualitative Phytochemical Analysis

	S/N
	Parameters
	Indian Spinach Methanol Extract

	1
	Alkaloid
	++

	2
	Carbohydrate
	--

	3
	Protein
	++

	4
	Flavonoid
	++

	5
	Glycoside
	++

	6
	Phenol
	++

	7
	Saponin
	++

	8
	Triterpinoid
	++

	9
	Anthraquinone
	--

	10
	Quinone
	++

	11
	Cholesterol
	++

	12
	Terpioid
	++

	13
	Diterpin
	++






Key words for the signs of the result
The relative abundance or presence of phytochemicals is indicated in this phytochemical analysis result by the symbols "++", "+", and "-". The symbols "++" for a strong presence, "+" for a moderate presence, and "-" for the phytochemical's absence. Usually, qualitative analyses that evaluate the presence or absence of particular phytochemicals employ these symbols


















4.2	Antioxidant Assay
4.2.1 DPPH
Table 2: Table for Antioxidant Assay ()

	Concentration 
	Absorbance 
	% Inhibition 
	Standard deviation 

	100
	0.018
	99.01%
	

	100
	0.22
	98.80
	

	100
	0.016
	99.12%
	0.17

	50
	0.177
	90.31%
	

	50
	0.302
	83.47%
	

	50
	0.233
	87.24%
	3.43

	10
	1.052
	42.41%
	

	10
	0.743
	59.34%
	

	10 control
	1.827
	0.00%
	11.94
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Figure 3: DPPH Assay














DPPH Radical Scavenging Activity 
 In this assay, the ability of the investigated extract to act as donors of hydrogen atoms or electrons in transformation of DPPH radical into its reduced form was investigated. The results indicated that the extract had a significant (p < 0.05) increase of scavenging activity in a concentration dependent manner which is comparable with the standard ascorbic acid                   (Table 3). There is no significant (p > 0.05) difference observed at concentration 100mg/ml and 50mg/ml of the extract. 
















Table 3: DPPH Radical Scavenging Activity (Statistical Analysis of DPPH)






	CONCENTRATION
mg/ml
	EXTRACT
	STANDARD

	100
	93.95±4.73b
	100.00±0.00c

	50
	89.13±2.85b
	93.37±0.96b

	10
	57.12±7.82a
	75.64±1.76a


















The values are expressed as (mean±SD), n=3 
Mean values with different letters of the alphabet down the column are significantly different (p<0.05) while mean values with same letters of the alphabet down the column are not significantly different (p>0.05).






















Table 4: Total Phenonic Content
	S/N
	Concentration
	Absorbance 
	% Absorbance
	Standard Deviation 

	1.
	100
	0.5853
	79.03
	

	2.
	100
	0.4750
	64.14
	

	3.
	100
	0.4694
	63.37
	8.86

	4.
	50
	0.5642
	76.19
	

	5.
	50
	0.5868
	79.24
	

	6.
	50
	0.7407
	100.00
	12.98

	7.
	10
	0.2140
	28.90
	

	8.
	10
	0.5358
	72.70
	

	9.
	10
	0.0786
	10.61
	32.18
















Total Phenolic Content 
The total phenolic content of the extracts was determined using Folin-Ciocalteu assay. The Folin-Ciocalteu method is an electron transfer based assay, and gives reducing capacity which is expressed as phenolic content. Total phenolic content of plant extract as shown in table 4 yields 85.14% at 50mg/ml which is significantly (p < 0.05) higher than 68.84% at 100mg/ml and 37.40% at 10mg/ml.

















Table 5: Total Phenolic Content (Statistical Analysis of TPC)
	CONCENTRATION
mg/ml
	EXTRACT

	100
	68.84±8.82ab

	50
	85.14±12.95b

	10
	37.40±31.90a



















The values are expressed as (mean±SD), n=3
Mean values with different letters of the alphabet down the column are significantly different (p<0.05) while mean values with same letters of the alphabet down the column are not significantly different (p>0.05).
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Figure 4: Total Phenolic Content





























Table 6:  FRAP
	S/N
	Concentration
	Sample absorbance
	Control absorbance
	Inhibition
	Standard Deviation

	1.
	100mg
	0.803
	0.870
	7.70
	

	2.
	100mg
	0.805
	0.870
	7.47
	

	3.
	100mg
	0.804
	0.870
	7.54
	0.12

	4.
	50
	0.779
	0.870
	–12.25
	

	5.
	50
	0.553
	0.694
	19.74
	

	6.
	50
	0.600
	0.689
	12.42
	15.98

	7.
	10
	0.389
	0.314
	–23.89
	

	8.
	10
	0.313
	0.314
	0.32
	

	9.
	10
	0.354
	0.314
	–12.74
	12.24
















Ferric Reducing Power Capacity (FRAP) Assay 
Table 6 shows that the extract had low potency in terms of electron or/hydrogen donating capacity as seen in FRAP assay. The concentration 100mg/ml of the extract was significantly (p < 0.05) higher in FRAP activity compared to 50mg/ml and 10mg/ml. However, 100mg/ml of ascorbic acid, the standard drug was found to be significantly (p < 0.05) higher in all concentration assayed.

















Table 7: Ferric Reducing Power Capacity (FRAP) Assay. (Statistical Analysis of FRAP)
	CONCENTRATION
mg/ml
	EXTRACT
	STANDARD

	100
	9.81±0.03c
	66.97±4.02c

	50
	9.70±0.80b
	57.53±1.38b

	10
	9.45±0.02a
	26.68±3.95a



















The values are expressed as (mean±SD), n=3
Mean values with different letters of the alphabet down the column are significantly different (p<0.05) while mean values with same letters of the alphabet down the column are not significantly different (p>0.05).
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Figure 5: FRAP





















4.3	Discussion
The antioxidant profile of the extract was evaluated using DPPH, FRAP, and total phenolic content (TPC) assays. The DPPH radical scavenging assay revealed a significant (p < 0.05) concentration-dependent increase in scavenging activity, with no marked difference between 50 mg/ml and 100 mg/ml, suggesting a saturation point. This trend is comparable to the findings of Patel et al. (2018), who reported that plant extracts often exhibit plateaued DPPH activity at higher concentrations due to radical saturation.
The TPC results showed the highest phenolic content at 50 mg/ml (≈ 85.14%), significantly (p < 0.05) greater than 100 mg/ml (≈ 68.84%) and 10 mg/ml (≈ 47.40%). This slight decline at the highest concentration may reflect phenolic aggregation or assay interference, as suggested by Lee et al. in similar studies on polyphenol-rich extracts. Since phenolics are major contributors to antioxidant activity, their presence supports the strong radical scavenging effect observed.
The FRAP assay further confirmed the extract’s reducing power, with activity increasing with concentration, aligning with the report by Singh et al. (2020) that phenolic-rich extracts exhibit strong ferric ion reduction.
Overall, the consistent findings across DPPH, FRAP, and TPC demonstrate that the extract is a rich source of natural antioxidants, likely driven by its phenolic constituents. These results agree with literature reports on tropical plant extracts and suggest potential nutraceutical applications, though further characterization of specific phenolics is recommended.



CHAPTER FIVE
CONCLUSIONS AND RECOMMENDATIONS
5.1	Conclusion
It is ascertained in the study that Basella alba (Indian spinach) contains useful phytochemicals such as flavonoids and phenolic compounds that make it an antioxidant. The existence of other drugs like saponins, terpenoids, alkaloids, etc. further fortifies its pharmacological efficacy. The antioxidant activity observed has relatively moderate effect when measured using DPPH, TPC and FRAP assay techniques alone than that of stronger source of antioxidants such as onion, onion powder and onion seeds, however the extract proved to be effective in serving the intended functional role. Such findings are consistent with those provided by the literature and favor the place of Indian spinach as a nutritious and medicinal plant. This generous distribution and its rich phytochemical composition coupled with its safety of ingestion provide high potential towards its application in health supplements, traditional medicines as well as a rich natural and safe source of antioxidants in food items.

5.2	Recommendations	
1. Isolation and Characterization of Active Compounds: Further research should focus on the purification and structure characterization of various flavonoid, phenolic acid and other bioactive compound present in Indian spinach that could be a source of the given antioxidant effect.
2. Improvement of Extraction Methods: the extraction method used can also be optimized so as to increase the efficiency and potency of the antioxidant compounds through, e.g. using enhanced methods of extraction e.g. microwave-assisted extraction (MAE) and sonication.
3. Comparative Profiling with Other Leafy Vegetables: In the future, comparative profiling with other commonly consumed vegetables in antioxidants and phytochemical content should be done in order to ascertain relative efficacy and potential dietary value.
4. Toxicological and Bioavailability Studies: This is necessary in order to conduct safety assessments, which comprise of toxicity studies and bioavailability studies that support safe inclusion of Basella alba extracts in nutraceutical and pharmaceutical products.
5. Creation into Functional Foods/ Supplements: Going by its phytochemical composition, Indian spinach should be tested as an ingredient of making anti-oxidant enriched functional food, diet supplements, and even herbal formulations.
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