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[bookmark: _Toc214634949]ABSTRACT
A study on the phytochemical analysis and antioxidants activities of Aloevera barbandensis and Moringa oleifera. Firstly the extracts of the plants were screened for phytochemical properties which revealed the presence of flavonoids in moderate amounts in both plants, alkaloids in large amount in Moringa while in moderate amount in aloevera, terpenoids were found to be in moderate amounts in Aloevera but trace amounts in moringa, tannins was not detected in Aloevera while it was found in moderate amounts in Moringa, phenol contents were found in moderate amounts in Moringa but not detected in Aloevera, glycosides were not detected in both Aloevera and Moringa. Antioxidants activities was further carried out using the extracts of Aloevera and Moringa for the determination of natural vitamins viz: Vitamin A, E and C. The results revealed that the natural antioxidants (Vitamin C) in Aloevera were   found to be higher (28.52 ± 1.80) compared to the other natural antioxidants Vitamin A (9.99 ± 0.17) and Vitamin E (26.92 ± 0.41). Also, the natural antioxidant (Vitamin E) in Moringa were found to be higher (59.43 ± 0.91) compared to the other natural antioxidants Vitamin A (17.09±0.20) and Vitamin C (16.93 ± 0.09).  Conclusively, the finding of this study confirmed that presence of the phytochemicals and antioxidants in both Aloevera and Moringa have medicinal as well as physiological properties in the treatment of different kinds of ailments. 


i

[bookmark: _Toc214634950]CHAPTER ONE

1.0 [bookmark: _Toc214634951]INTRODUCTION

Medicinal plants are the richest bioresource of drugs for traditional systems of medicine because they contain a wide variety of free radical scavenging molecules such as phenolic compounds (phenolic acids, flavonoids, catechins, proanthocyanidins, quinons, coumarins, tannins etc.), nitrogen compounds (alkaloids, amines, betalains etc.), vitamins, terpenoids, carotenoids and other secondary metabolites (Kamal and Khan, 2014). Among the reported medicinal plants, Aloe vera is used as a popular folk medicine throughout the world (Arun and Muthuselvam, 2009).
Aloe vera (Aloe barbadensis) contains over hundreds of nutrient and bio-active compounds, including vitamins, enzymes, minerals, sugars, lignin, anthraquinones, saponins, salicylic acid and amino acids, which are responsible for their medicinal properties. Its secondary metabolites have multiple properties such as anti-inflammatory, antibacterial, antioxidant, immune boosting, anticancer, anti-diabetic, anti-ageing and sunburn relief. Several uses of Aloe vera also have been reported such as for burn injury, eczema, cosmetics, inflammation and fever in traditional medicine systems (Kumar et al., 2017)
Among various species of Aloe, Aloe vera is considered to be the most potent, commercially important and the most popular plant in the research field (Misir et al., 2014). Aloe vera is blessed with all the phytochemicals and marked to be efficient in sustaining in medical field (Sonam and Tiwari, 2016). Aloe vera gained many reputations, such as “champions among health care medicines,” “the best health food in 21st century” and “star in plant” due to its unique effective ingredients and special functions (Kumar and Yadav, 2014). World Health Organization (WHO) estimates that up to 80% of people still rely on traditional remedies such as herbs for their medicine. One of such herbs is Aloe vera which has caught the global commercial interest in the world of Science, particularly medical science (Adesuyi et al., 2012).
Aloe vera is rich in phenolic compounds, such as flavonoids, phenolic acids, stilbenes and coumarins, vitamins, minerals, amino acids etc. These structures are ubiquitous bioactive compounds and a diverse group of secondary metabolites. Accordingly, bioactive polyphenols have attracted special attention because they can protect the human body from the oxidative stress. The antioxidant properties of phenolic acids and flavonoids are due to their redox properties, ability to chelate metals and quenching of singlet oxygen (Aljesri, 2015) containing beneficial phytochemicals which may supplement the needs of the human body by acting as natural antioxidants (Altemimi et al.,2017).  
Moringa oleifera (M. oleifera) is one of the most promising medicinal plants (Kou et al., 2018) among all plant species and belongs to the Moringaceae family. All parts of M. oleifera are valuable including pods, flowers, leaves, and seeds (Muzumbukilwa et al., 2019). M. oleifera has shown its therapeutic potential against several human pathologies; dyslipidemia, hypertension, asthma, diabetes, infection, rheumatoid arthritis, cancer (Mehwish et al., 2021), and wound healing (Vergara-Jimenez et al., 2017). A lot of in vivo and in vitro models have shown the worth of using M. oleifera for anti-inflammatory, anti-diabetic, antibacterial, antioxidant, anti-microbial (Mehwish et al., 2021) and antifibrotic properties (Gouda et al., 2018). M. oleifera plant parts were analysed for their anti-nutritional metabolites, which showed the dominance of flavonoids, kaempferol, quercetin, vanillin, and glucosinolates (Lakshmana et al., 2019). Flavonoids are major free radical scavengers, thus minimize the risk of illnesses. 
Liver pathologies account for about 2 million deaths every year worldwide. Cirrhosis stands at the top among 20 non-communicable diseases that causes disability-adjusted life years and life lost years, causing mortality of 1.6 and 2.1% (Das et al., 2021). Globally, hepatic disorders account for increased mortality and morbidity and their mitigation is the biggest challenge to the society (Zhou et al., 2019). Prescribed medications such as aspirin, naproxen, ibuprofen, diclofenac, and acetaminophen account for 50% of liver failure cases (Pinzani et al., 2011). Dietary flavonoids, having the ability to prevent oxidative stress, chromosome instability linked to diseases and genetic mutation, is gaining much attention worldwide (George et al., 2017). M. oleifera, a plant with potent anti-inflammatory properties, has also been reported to possess hepato-protective action against inter-tubular drugs (Ma et al., 2018). In developing countries, M. oleifera is an extensively used vegetable because of its diverse nutrient range. The presence of secondary metabolites in M. oleifera makes it even more well-intentioned. 
Quercetin, apigenin, kaempferol, and isorhamnetin are flavonoids abundantly present in M. oleifera (Bhattacharya et al., 2018). Quercetin, present in the M. oleifera, is known to be an effective hepatoprotective agent (Pingili et al., 2019). Quercetin belongs to the family of flavones, having a strong potential to prevent or delay oxidative degradation in the body (Lesjak et al., 2018). Hydroxyl group present in quercetin act as an electron donor and helps to scavenge free radical (Zhang et al., 2020). The chemical structure of quercetin is also capable to suppress the expression of low-density lipoprotein receptors (LDLR) and enhance the uptake of low-density lipoprotein (LDL) toward a liver cell (Mbikay et al., 2014). Compounds with the potential to minimize the effect of reactive pro-oxidant species are useful to prevent hepatic injury induced by specific by-products and M. oleifera is assumed to serve protective action against hepatopathy. 
Moringa oleifera, a plant with a wide range of medicinal, nutritional, and economic benefits is the most widely cultivated species of the moringaceae family, Native to tropical and subtropical regions of South Asia (Aiyegoro et al., 2008). The leaves of Moringa oleifera plants are used as a source of vitamins A and C. They are also good sources of vitamin B and are all sources of minerals (Bhattacharya et al., 1982). The leaf of this plant has diverse biological activities, including antidiabetic, hypocholesterolemic, hypertensive agents (Devis et al., 2011) and regulates thyroid hormone (Gassenschmidt et al., 1995), central nervous system, digestive system, nutrition, and metabolism. This plant is also reported to be hepatoprotective against anti-tubercular drugs such as ionized and rifampicin (Gheldof et al., 2002) and is being studied for its antimicrobial anti-inflammatory, diuretic, antibiotic, hypertensive, and antimicrobial properties (Mahomed et al., 2006).
[bookmark: _Toc214634952]1.1 STATEMENT OF THE RESEARCH PROBLEM

Oxidative stress reflects an imbalance between the systemic manifestation of reactive oxygen species and a biological system's ability to readily detoxify the reactive intermediates or to repair the resulting damage. Disturbances in the normal redox state of cells can cause toxic effects through the production of peroxides and free radicals that damage all components of the cell, including proteins, lipids, and DNA. Oxidative stress from oxidative metabolism causes base damage, as well as strand breaks in DNA. Base damage is mostly indirect and caused by the reactive oxygen species generated, e.g., superoxide radical, hydroxyl radical and hydrogen peroxide (Birnboim, 1986).
[bookmark: _Toc214634953]1.2 JUSTIFICATION OF STUDY
Aloe vera and Moringa oleifera has been used as a common folk remedy for as long as civilization has existed. They are thought to have antioxidant properties and positive effects on the healing of wounds and ulcers, diabetes, constipation due to radiation injury, gastrointestinal issues, skin conditions, and stomach disorders. 
Despite the widespread usage of Moringa oleifera and Aloe vera to treat a variety of illnesses, there is no scientific evidence to support the safety of this medicine, and no draft has been discovered to determine the biosafety index of this herbal medication preparation. The present study will investigate the phytochemical analysis and antioxidant properties of Moringa oleifera and Aloe vera extracts.
[bookmark: _Toc214634954]1.3 AIM AND OBJECTIVES
[bookmark: _Toc214634955]1.3.1 AIM	
To estimate the phytochemical and antioxidant activities of Aloe vera and Moringa oleifera, exploring their potential application in medicine, nutrition and cosmetics.
[bookmark: _Toc214634956]1.3.2 OBJECTIVES
1. To identify and quantify major phytochemicals such as flavonoids, alkaloids, saponins, tannins, glycosides, phenol content and terpenoids in Aloevera and Moringa extracts.
2. To determine the antioxidants activities (Vitamin A, C and E) in Aloevera and Moringa.
3. To determine the potential uses of Aloevera and Moringa extracts in medicine, nutrition and cosmetics. 





[bookmark: _Toc214634957]CHAPTER TWO
[bookmark: _Toc214634958]2.0 LITERATURE REVIEW
[bookmark: _Toc214634959]2.1 Aloe vera
Aloe vera is a succulent plant species of the genus Aloe. It is widely distributed, and is considered an invasive species in many world regions. An evergreen perennial, that originates from the Arabian Peninsula,but also grows wild in tropical, semi-tropical, and arid climates around the world. It is cultivated for commercial products, mainly as a topical treatment used over centuries. The species is considered attractive for decorative purposes, and is often used indoors as a potted plant (Liu et al., 2019).
The leaves of Aloe vera contain significant amounts of the polysaccharide gel acemannan, which can be used for topical purposes (Surjushe et al., 2008). 
[bookmark: _Toc214634960]2.1.1 Etymology of Aloe vera
The genus name Aloe is derived from the Arabic word alloeh, meaning "bitter and shiny substance" or from Hebrew אוהלים ahalim, plural of אוהל ahal (Guo et al., 2016) specific epithet vera comes from verus meaning "true" in Latin (Curwin and David,2008). 
[bookmark: _Toc214634961]2.1.2 Taxonomy of Aloe vera
The species has several synonyms: Aloe barbadensis Mill., Aloe indica Royle and Aloe vulgaris Lam. (Wang et al., 2004) . The species was first described by Carl Linnaeus in 1753 as Aloe perfoliata var. vera, (Newton, 1979) and was described again in 1768 by Nicolaas Laurens Burman as Aloe vera in Flora Indica on 6 April and by Philip Miller as Aloe barbadensis some ten days after Burman in the Gardener's Dictionary (Darokar et al., 2003)
Techniques based on DNA comparison suggest Aloe vera is relatively closely related to Aloe perryi, a species endemic to Yemen (Treutlein et al., 2003). Similar techniques, using chloroplast DNA sequence comparison and inter simple sequence repeat profiling have also suggested it is closely related to Aloe forbesii, Aloe inermis, Aloe scobinifolia, Aloe sinkatana, and Aloe striata (Jones and Sacamano, 2000). 
[bookmark: _Toc214634962]2.1.3 Description of Aloe vera
Aloe vera is a stemless or very short-stemmed plant growing to 60–100 centimetres (24–39 inches) tall, spreading by offsets (King, 1995). 
[bookmark: _Toc211528795][bookmark: _Toc212709437][bookmark: _Toc213164401][bookmark: _Toc214634963][image: ]                                                          Figure 2.1; Aloe vera (Erin, 2005)
[bookmark: _Toc214634964]2.1.3.1 Leaves
The leaves are thick and fleshy, green to grey-green, with some varieties showing white flecks on their upper and lower stem surfaces (King, 1995). The margin of the leaf is serrated and has small white teeth.
[bookmark: _Toc214634965]2.1.3.2 Flowers
The flowers are produced in summer on a spike up to 90 cm (35 in) tall, each flower being pendulous, with a yellow tubular corolla 2–3 cm (3⁄4–1+1⁄4 in) long (Gong, 2002).  
[bookmark: _Toc214634966]2.1.3.3 Roots
Like other Aloe species, Aloe vera forms arbuscular mycorrhiza, a root symbiosis that allows the plant better access to mineral nutrients from the soil (Gong, 2002).
[bookmark: _Toc214634967]2.2 Dietary Supplement of Aloe Vera
Aloin, a compound found in the semi-liquid latex of some Aloe species, was a common ingredient in over-the-counter (OTC) laxative products in the United States until 2002 when the Food and Drug Administration banned it because manufacturers failed to provide the necessary safety data (Bottenberg et al.,2007). Aloe vera has potential toxicity, with side effects occurring at some dose levels both when ingested and when applied topically (Perkin s and Cyndi, 2013). Although toxicity may be less when aloin is removed by processing, Aloe vera ingested in high amounts may induce side effects, such as diarrhoea or hepatitis (Perkins and Cyndi, 2013). Chronic ingestion of aloe (dose of 1 gram per day) may cause adverse effects, including hematuria, weight loss, and cardiac or kidney disorders (Perkins and Cyndi, 2013).
[bookmark: _Toc214634968]2.3 Distribution of Aloe Vera
Aloe vera is considered to be native only to the south-east, Arabian Peninsula in the Hajar Mountains in north-eastern Oman and eastern U.A.E. However, it has been widely cultivated around the world, and has become naturalized in North Africa, as well as Sudan and neighbouring countries, along with the Canary Islands, Cape Verde, and Madeira Islands (Farooqi and Sreeramu,2001) 
The species was introduced to China and various parts of southern Europe in the 17th century (Burman, 1768). It is widely naturalized elsewhere, occurring in arid, temperate, and tropical regions of temperate continents (Domingues et al., 2006).  
[bookmark: _Toc214634969]2.4 Cultivation of Aloe Vera
Aloe vera has been widely grown as an ornamental plant. The species is popular with modern gardeners as a topical medicinal plant and for its interesting flowers, form, and succulence. This succulence enables the species to survive in areas of low natural rainfall, making it ideal for rockeries and other low water-use gardens (King et al., 1995). The species is hardy in zones 8–11, and is intolerant of heavy frost and snow (Gong et al., 2002). The species is relatively resistant to most insect pests, though spider mites, mealy bugs, scale insects, and aphid species may cause a decline in plant health. This plant has gained the Royal Horticultural Society's Award of Garden Merit (Peerless, 2017).
In pots, the species requires well-drained, sandy potting soil, and bright, sunny conditions. Aloe plants can turn red from sunburn under too much direct sun, though gradual acclimation may help (Coleby-Williams, 2008). The use of a good-quality commercial propagation mix or packaged "cacti and succulent mix" is recommended, as they allow good drainage. Terra cotta pots are preferable as they are porous. Potted plants should be allowed to completely dry before re-watering. When potted, aloes can become crowded with "pups" growing from the sides of the "mother plant". Plants that have become crowded can be divided and repotted to allow room for further growth, or the pups can be left with the mother plant. During winter, Aloe vera may become dormant, during which little moisture is required (Coleby-Williams, 2008). In areas that receive frost or snow, the species is best kept indoors or in heated glasshouses (Gong et al., 2002) 
[bookmark: _Toc214634970]2.5 Topical Medication and Potential Side Effects
Aloe vera may be prepared as a lotion, gel, soap or cosmetics product for use on skin as a topical medication (Perkins and Cyndi, 2013). For people with allergies to Aloe vera, skin reactions may include contact dermatitis with mild redness and itching, difficulty with breathing, or swelling of the face, lips, tongue, or throat (Curwin and David, 2008).
[bookmark: _Toc214634971]2.6 Moringa oleifera
Moringa oleifera known as the drumstick tree belongs to the genus Moringa, Moringaceae family. There are several species of Moringa throughout the world that are renowned for their range of applications. Because of its many medical benefits, the Moringa oleifera is regarded as one of the magical plants. Moringa oleifera’s antimicrobial components have been utilized to treat a variety of bacteria. Aqueous extracts of Moringa oleifera were shown to have antibacterial action against various harmful bacteria, including Bacillus subtilis, Staphylococcus aureus, Pseudomonas aeruginosa, and Escherichia coli (Saadabi and Abu Zaid, 2011).
[bookmark: _Toc214634972]2.6.1 Etymology of Moringa oleifera
The genus name Moringa derives from the Tamil word, murungai, meaning "twisted pod", alluding to the young fruit (Olson, 2010). The specific name oleifera is derived from the Latin words oleum "oil" and ferre "to bear". The plant has numerous common names across regions where it is cultivated, with drumstick tree, horseradish tree, or simply moringa used in English (Climate Action Business Incubator, 2019).
[bookmark: _Toc214634973]2.6.2 Taxonomy of Moringa oleifera
French botanist François Alexandre Pierre de Garsault described the species as Balanus myrepsica, but his names are not accepted as valid, as he did not always give his descriptions binomial names. 
French naturalist Jean-Baptiste Lamarck described the species in 1785. A combined analysis of morphology and DNA shows that M. oleifera is most closely related to M. concanensis, and the common ancestor of these two diverged from the lineage of M. peregrina (Olson, 2010)
[bookmark: _Toc214634974]2.6.3 Description of M. oleifera
M. oleifera is a fast-growing, deciduous tree that can reach a height of 10–12 m (33–39 ft) and trunk diameter of 46 cm (18 in). The bark has a whitish-gray color and is surrounded by thick cork. Young shoots have purplish or greenish-white, hairy bark. The tree has an open crown of drooping, fragile branches, and the leaves build up a feathery foliage of tripinnate leaves.
The flowers are fragrant and hermaphroditic, surrounded by five unequal, thinly veined, yellowish-white petals. The flowers are about 1–1.5 cm (3⁄8–5⁄8 in) long and 2 cm (3⁄4 in) broad. They grow on slender, hairy stalks in spreading or drooping flower clusters, which have a length of 10–25 cm (4–10 in) (Parotta, 1993). 
Flowering begins within the first six months of planting. In seasonally cool regions, flowering only occurs once a year in late spring and early summer (Northern Hemisphere between April and June, Southern Hemisphere between October and December). In more constant seasonal temperatures and with constant rainfall, flowering can happen twice or even all year-round (Parotta, 1993). 
The fruit is a hanging, three-sided, brown, 20–45 cm (8–17+1⁄2 in) capsule, which holds dark brown, globular seeds with a diameter around 1 cm. The seeds have three whitish, papery wings and are dispersed by wind and water (Parotta, 1993).
 In cultivation, it is often cut back annually to 1–2 m (3.3–6.6 ft) and allowed to regrow so the pods and leaves remain within arm's reach (Parotta,1993). 
[image: ]                                 Figure 2.2; Moringa olifera (Obsidian, 2017).
[bookmark: _Toc214634975]2.6.4 Health Benefits of Moringa olifera
Moringa species especially Moringa oleifera are high in protein and important amino acids, including tryptophan, methionine, cysteine, and lysine. These amino acids are essential for many body activities, including protein synthesis, enzyme manufacturing, and general growth and development. Moringa has a wide range of phytochemicals. These include flavonoids, which are known for their antioxidant and anti-inflammatory effects; terpenoids, which have been shown to have anti-cancer and anti-microbial properties; tannins, which are effective in reducing inflammation and fighting infections; anthocyanins, which are known for their antioxidant and anti-inflammatory benefits; and proanthocyanidins, which contribute to cardiovascular health and have strong antioxidant properties. These chemicals provide Moringa with powerful antioxidant, antigenotoxic (DNA protective), and immunostimulant (immune-boosting) characteristics, making it an important plant for improving health and avoiding illness (Hamed and El-Sayed, 2019).
[bookmark: _Toc214634976]2.7 Phytochemicals in Plants and Their Roles in Human Health
Phytochemicals are plant-based bioactive compounds produced by plants for their protection. They can be derived from various sources such as whole grains, fruits, vegetables, nuts, and herbs, and more than a thousand phytochemicals have been discovered to date. Some of the significant phytochemicals are carotenoids, polyphenols, isoprenoids, phytosterols, saponins, dietary fibres, and certain polysaccharides. These phytochemicals possess strong antioxidant activities and exhibit antimicrobial, antidiarrheal, anthelmintic, antiallergic, antispasmodic, and antiviral activities (Sharmaet al., 2018). They also help to regulate gene transcription, enhance gap junction communication, improve immunity, and provide protection against lung and prostate cancers (Vallverdú-Coll, 2015). 
[bookmark: _Toc214634977]2.8 Vitamins as an Antioxidant
Vitamins are groups of complex organic compounds found in foodstuffs and essential for a healthy metabolism. Their deficiency can cause disorders, whereas resupply of these nutrients can alleviate deficiency symptoms (Marshall, 1986). Vitamins are different from other food nutrients due to their distinct organic nature, and their classification depends on their chemical nature and function (Ibrahim and El-Sayed, 2015). Growth, development, health, and reproduction require minute amounts of vitamins (Orssaud et al., 2007). Generally, vitamins are classified into two groups:
1. Water-soluble vitamins
2. Fat-soluble vitamins
Example of water-soluble vitamins is: Vitamins B complex and C and that of fat-soluble vitamins include: A, D, E, and K. Fat-soluble vitamins are associated with fats and are absorbed with dietary fats. The absorption of fat-soluble vitamins is like the absorption of fats. Water-soluble vitamins are not associated with fats and are unaffected by alterations in fat absorption (Wardlaw, 2004).
Vitamin A is a fat-soluble vitamin obtained both from plant and animal sources. Vitamin A from animal sources is known as retinoid, whereas, the vitamin A from the plant source is called provitamin A carotenoids. They are essential for vision, cell growth and development, antioxidant activity, and promotion of proper cell communication (Cho, 2016). 
Vitamin C (ascorbic acid) is a prevalent nutritional supplement (Chambal et al., 2013). Vitamin C possesses antioxidant potentials, protecting cellular structures from the harmful effects of free radicals. Its significant iron absorption in transforming iron into a form easily absorbed into the intestines. Vitamin C is vital in the production of collagen, which is a structural component of the human body. The synthesis of certain neurotransmitters is also dependent on vitamin C, especially neurotransmitters involved in signalling of feelings, thoughts, and commands throughout the brain and nervous system. Vitamin C is also prerequisite for the synthesis of serotonin, a hormone needed for the proper functioning of the endocrine system, nervous system, digestive system, and immune system (Carr and Frei, 1999).
 Vitamin E comprises of four forms of tocopherols and tocotrienols, forming eight naturally occurring forms of vitamin E, which include alpha, beta, gamma, and delta classes of tocopherol and tocotrienol (Rizvi, 2014). Collectively the eight compounds are called “tocochromanols,” and they are fat-soluble antioxidants. Present in the serum and red blood cells among the tocopherols are the alpha- and gamma-tocopherols, with the alpha-tocopherol present in a higher concentration (Chow, 1975). Vitamin E shields the body structures from oxidative damage. A deficiency of vitamin E protects low-density lipoproteins against oxidative damage. 
[bookmark: _Toc214634978]

CHAPTER THREE
[bookmark: _Toc214634979]3.0 				MATERIALS AND METHOD
[bookmark: _Toc214634980]3.1MATERIALS USED
Conical flask, test tube, mortar and pestle, test tube rack, funnel, filter paper, syringe and graduated cylinder. 
[bookmark: _Toc214634981]3.2 Study Area
The phytochemical analysis was conducted in Mycology Laboratory at the department of   Biological Sciences and the Antioxidant Activities was carried out in Biochemistry Laboratory at the Department of Biochemistry and Molecular Biology, Usmanu Danfodiyo University, Sokoto.
[bookmark: _Toc214634982]3.3 Collection and Identification of Aloevera and Moringa Plants
The aloevera plants were collected at the Botanical Garden of Department of Plants sciences and the moringa leaves were collected at the back of Multipurpose Hall (MH1).
The aloevera plants and the moringa leaves were identified and classified in the University Herbarium, Department of Biological Sciences of Usmanu Danfodiyo University, Sokoto, and the voucher numbers for aloevera (UDUH/ANS/1075) and that of moringa (UDUH/ANS/1036) were obtained.
[bookmark: _Toc214634983]3.4 Samples Preparation
The Moringa leaves was washed with distilled water and allowed to air dried. This was done to reduce the microbial load of the plant material and dirt. The leaves was air dried at room temperature (25-28℃) for three weeks.
The dried sample was ground into fine samples using a sterile mortar and pestle and stored into a tight container for further analysis.
The Aloe vera plants was washed thoroughly with distilled water and allowed to air dried. The plants was sliced into flat pieces and was air dried at room temperature for four weeks.
The dried aloe vera plants was grounded into powdered using a sterile mortar and pestle and stored into a tight container for further analysis.
[bookmark: _Toc214634984]3.5 Extraction of Aloe vera and Moringa Plants for Phytochemical Screening
A 10g of powdered Aloe vera and Moringa was subjected to cold maceration using 100ml of distilled water in separate containers for 24 hours with intermittent shaking.
The extracts were filtered using Whatman No.1 filter paper, and the filtrates were stored using a rotary evaporator. The extracts were stored at 4℃ until phytochemical screening was conducted.
[bookmark: _Toc214634985]3.6 Phytochemical Screening of Aloevera and Moringa Extracts
The plants extracts were screened qualitatively for the presence of the following phytochemicals: flavonoids, alkaloids, saponins, tannins, glycosides, phenol content and terpenoids using a standard protocols described by Harbone (1998) and Trease and Evans (2002) with slight modification.
[bookmark: _Toc214634986]3.6.1 Test for Alkaloids
Two millimetres (2ml) of extract was stirred with 2ml of 10% of aqueous Hydrochloric acid, 1ml portion was treated with a few drops of Wagner reagent and the second 1ml portion was treated similarly with Mayers reagent. A reddish brown precipitate indicated the presence of alkaloid exracts.
[bookmark: _Toc214634987]3.6.2 Test for Saponins
Five millimetres (5ml) of the extracts was mixed with 5ml of distilled water in a test tube and was shaken vigorously to obtain a stable persistent froth, which indicated the presence of saponins.
[bookmark: _Toc214634988]3.6.3 Test for Flavonoids
A few drops of 1% of NH3 solution was added to the extract in a test tube. A yellow coloration confirms the presence of flavonoids compounds.
[bookmark: _Toc214634989]3.6.4 Test tor Terpenoids
Five millimetres (5ml) of aqueous extracts of the sample was mixed with 2ml of CHCl3 in a test tube, 3ml of H2SO4 was carefully added to the mixture to form a Layer.An interface formed with a reddish brown coloration confirms if terpenoids constituent is present.
[bookmark: _Toc214634990]3.6.5 Test for Tannins 
A 0.5g of the powdered samples was boiled in 20ml of distilled water in a test tube and then filtered. The filtration method used was a normal method, which includes a conical flask and a filter paper. 0.1% of FeCl3 was added to the filtered samples. 
A   brownish green or a blue black coloration was observed which shows the presence of tannins.
[bookmark: _Toc214634991]3.6.6 Test for Glycosides
One millimetres of concentrated H2SO4 was prepared in a test tube, 5ml of the extract was mixed with 2ml of glacial CH33COOH containing 1 drop of FeCl3.This mixture was carefully added to the 1ml of concentrated H2SO4 already present in the test tube 
 A ring at interface indicated the presence of glycosides.
[bookmark: _Toc214634992]3.6.7 Test for Phenol contents
To 2-3ml of ethanol extracts, few drops of 5% of Fe3Cl solution was added.
 Formation of deep blue-black colour indicated the presence of phenols. 
[bookmark: _Toc214634993]3.7 Extraction of Aloevera and Moringa Plants for Antioxidants Activities
[bookmark: _Toc214634994]3.7.1. Determination of Vitamin A 
A  0.5g of powdered Aloevera and Moringa plants was dissolved in 10ml of distilled water and allowed to stand for one hour at room temperature and was filtered using Whatman No.1filter paper.
[bookmark: _Toc214634995]3.7.2 Determination of Vitamin C
A  0.5g of powdered Aloevera and Moringa plants was dissolved in 10ml of distilled water and allowed to stand for thirty minutes (30 mins) at room temperature and was filtered using Whatman No.1filter paper.
[bookmark: _Toc214634996]3.7.3 Determination of Vitamin E
A  0.5g of powdered Aloevera and Moringa plants was dissolved in 10ml of distilled water and allowed to stand for thirty minutes (30 mins) at room temperature and was filtered using Whatman No.1filter paper.
[bookmark: _Toc214634997]3.8 Antioxidants Activities of Moringa and Aloevera Extracts
The plants extracts were screened accurately for the presence of the following Antioxidants: Vitamin A, Vitamin C and Vitamin E.
[bookmark: _Toc214634998]3.8.1 Determination of Vitamin A
Principle: This was based on addition of ethanol to break up complex and permit vitamin to partition into heptanes and the nearly colourless retain was measured spectrophetometrically at 450nm.
Reagents used
1. 95% of Ethanol
2. Pet Either
3. Standard (Std) Vitamin A


Table 3.1: Procedure for Vitamin A
      Reagents		   Test			Standard		Blank
         Aloevera filterates             1ml                                -                               -                                          
          Moringa filterates             1ml                                -                               -
          95% ethanol                      1ml                                -                               -
         Vitamin A                             -                                2ml                            -
          Pet either                           2ml                              2ml                        4ml
     The test, standard and blank were mixed and centrifugated for 10 minutes at 2000rpm.The test showed a supernatant and the supernatant was measured at 450nm against reagent blank
Calculation: %Vitamin A (mg %)
  Absorbance of samples     x concentration of Std
  Absorbance of standard
[bookmark: _Toc214634999]3.8.2 Determination of Vitamin C
Reagent used:
1. STD Ascorbic Acid
2. DH2O
3. PR Reagent	


Table 3.2: Procedure for Vitamin C
Reagent			Test			Standard		Blank
Aloevera fllterates            1ml                                    -                                  -
 Moringa filterates            1ml                                    -                                   -
STD Ascorbic Acid             -                                      1ml                               -
DH2O                                   -                                       -                                1ml
PR Reagent                       1ml                                     1ml                            1ml
The test, standard and the blank were mixed and incubate for 30 minutes at room temperature. The moringa and the aloevera filterate mixed was centrifugated for 10 minutes at 2000rpm and the absorbance was measured at 700nm.
Calculation: % Ascorbic acid (mg/dl)
Absorbance of samples     x concentration of standard
Absorbance of standard
[bookmark: _Toc214635000]3.8.3 Determination of Vitamin E                                                                                          
Principle:  The principle of this method was based on the reduction of ferrous ion to ferrous, which formed a red colour with a-a dipyridyl and the absorbance was measured at 539nm.
Reagents Used
1. Xylene
2. Ethanol
3.2,2 dipyridyl (120mg in 100ml proponal)
4. Ferric chloride (120mg in 100ml ethanol)
5. STD Vitamin E


Table 3.3: Procedure for Vitamin E
Reagent                           Test          	   Standard   	              Blank     
Moringa                          0.5ml          	        -                     	      -
Aloevera                          0.5ml          	        -                                -
Ethanol                             0.5ml            	        -           	                  -
     Mixed and incubated for one minutes                                                                            
     Xylene                               3ml                          -                                 - 
     Mixed and centrifugated for 10 minutes at 2000rpm                                                                                                                  
     Supernatant                        1ml                          -                	        -
     Standard vitamin E              -                         1ml                                  - 
     Xylene                                 -                              -                                   1ml
     2,2- dipyridyl                     0.25ml                0.25ml                         0.25ml
    Ferric chloride                     0.25ml                 0.25ml                        0.25ml         
Calculation: % Vitamin E (mg %)
Absorbance of samples    x concentration of STD
Absorbance of standard
	




[bookmark: _Toc214635001]CHAPTER FOUR
[bookmark: _Toc214635002]4.0 RESULTS
Table 4.1: Phytochemical Screening of Aloevera barbadensis and Moringa oleifera
S/N     Parameters                                     Aloe vera                      Moringa
1         Flavonoids                                       ++                                   ++
2         Alkaloids                                         ++                                   +++
3        Saponins                                            +                                     ++
4        Tanins                                               ND                                  ++
5        Glycosides                                        ND                                  ND
6       Phenol content                                   ND                                  ++
7       Terpenoids                                         ++                                    +
Key:
Trace Amount           +
Moderate Amount      ++
Large Amount            +++
Not Detected                ND
Table 4.1 above shows the results for phytochemical screening of Aloevera berbandensis and Moringa oleifera were Alkaloid are found in large amount in Moringa and moderate amount in Aloevera.
Flavonoids are found in moderate amounts in both Aloevera and Moringa, Saponins are found in moderate amounts in Aloevera while it is found in trace amounts in Moringa.
Tannins were not detected in Aloevera while it is found in moderate amounts in Moringa. Glycosides are not detected in both Aloevera and Moringa while Phenol content were found in moderate amount in Moringa but not detected in Aloevera.
Terpenoids were found to be in moderate amounts in Aloevera but trace amounts in Moringa. 
Table 4.2: Antioxidants Activities of Aloevera barbadensis and Moringa oleifera
Samples                           Vitamin A            Vitamin C          Vitamin E
                                       (mg/dl)                 (µmol/L)             (mg/dl)
Aloe vera		             9.99 ± 0.17	      28.52 ± 1.80       26.92 ± 0.41
Moringa olifera	             17.09±0.20           16.93 ± 0.09       59.43 ± 0.91
Table 4.2 above shows the results of  Antioxidants Activities of Moringa oleifera and Aloevera barbadensis in which the natural antioxidants (Vitamin C) in Aloevera were found to be higher compare to other natural antioxidants (Vitamin A and E).
The natural antioxidants (Vitamin E) in   Moringa were found to be higher compare to the other natural antioxidants (Vitamin A and C). 
[bookmark: _Toc214635003]
CHAPTER FIVE
DISCUSSION, CONCLUSION AND RECOMMENDATION
[bookmark: _Toc214635004]5.1 DISCUSSION
This study revealed the phytochemical and antioxidants activities of Aloevera barbadensis and Moringa oleifera.
 The phytochemicals investigated, as shown in this study, have been reported to possess strong antioxidant activities due to their ability to adsorb, quench free radicals and decompose peroxides generated in the system (Adedapo et al., 2008).
Flavonoids are hydroxylated phenolics and are potent water-soluble antioxidants which help in radical scavenging and prevention of oxidative cell damage. They have been reported to possess strong antioxidant activities (Loots et al., 2007). The concentration in the whole leaf extracts of Aloe vera and moringa was in moderate amounts.
Tannins are known to be useful for the prevention of cancer as well as treatment of inflamed or ulcerated tissues. (Okwu and Emenike, 2006) However, tannin level was in moderate amount in moringa but not detected in aloevera. Alkaloids have been associated with medicinal purpose for centuries as agents possessing analgesic, antimalarial, antiseptic and bactericidal activities, but could be toxic to cells (Madhavi and Salunkhe, 2005).
In this study, the high content of alkaloids in moringa and trace amount in aloevera extracts could be responsible for its much acclaimed medicinal value. Saponins in medicinal plants are responsible for most biological effects related to cell growth and division in humans and have inhibitory effect on inflammation (Okwu and Emenike, 2006).The level of saponin content in the extracts of the whole leaf was quite moderate in moringa but in trace amounts in aloevera.
Terpenoids were known to possess activity against bacterial and viruses. It has also been used as anti-malaria, anti- inflammatory and to treat cardiovascular diseases (Gali et al., 2011). The level of terpenoids were found in moderate amounts in Aloevera but in trace amounts in Moringa.
Phenolic compounds have anti-oxidative, anti-diuretic, and anti-inflammatory properties. (Arts and Hollman, 2005).These contents shows different types of activities against pathogens. Therefore, it can be used in the treatment of diseases. The concentration in the whole leaf extracts were found to be in moderate amounts in Moringa but not detected in Aloevera. Exogenous antioxidants are those which our bodies cannot produce themselves, including    vitamins A (and the related family of carotenoid molecules), C (ascorbate), and E (Alpha, 2004). 
Vitamin A is also called retinoic acid, and it possesses the ability to inhibit viral hepatitis (Villamor et al., 2010).  All-trans retinoic acid was reported to play a key role in the inhibition of hepatic stellate cells (an effector of hepatocellular carcinoma) activation via suppressing thioredoxin-interacting protein and reduces oxidative stress levels (Shimizu et al., 2018).  Furthermore, Vitamin A could play a role in protecting the body against oxidative stress damage and are essential for vision, cell growth and development, antioxidant activity and promotion of proper cell communication (Meydani et al., 2017).
Vitamin C is well known for its antioxidant properties protecting cellular structures from harmful effects of free radicals (Carr and Frei, 2009). It also plays a role in iron absorption by transforming iron into a form which can be easily absorbed into intestines. Also, Vitamin C is needed for collagen production, which is a structural component of the human body.
  Vitamin C is maintained in its reduced form by interacting with glutathione, allowing it to reduce and neutralize ROS (Meister and A, 2003). Importantly, vitamin C is capable of regenerating vitamin E in lipid membranes by using reducing equivalents and glutathione. Vitamin E collectively describes a group of related tocophenols and tocopherols (Herrera et al., 2021)
Carotenoids, regardless of their vitamin A activity, exhibit direct anti-oxidizing abilities via radical scavenging and singlet oxygen quenching. Furthermore, carotenoids are dynamic agents that can produce either an anti-oxidative or pro-oxidative response, depending on the partial pressure of oxygen in the cellular environment. Malignant cells maintain high intracellular ROS levels, creating high oxygen tension. Table 4.2 shows the results of antioxidants activities of vitamin A in Aloevera barbandensis (9.99±0.17) and Moringa oleifera (17.09±0.20).This results shows that the natural antioxidants Vitamin A is higher in Moringa oleifera compared to Aloevera barbandensis. 
Vitamin C has been shown to have antioxidant properties, allowing it to reduce free radicals that may cause harmful damage to DNA. Reactive oxygen species (ROS) may be made by peroxisomes, radiation, the mitochondria, and more biological processes which result in ROS. Vitamin C acid, when ingested, contains electrons that it can give to reactive oxygen species. These will be reduced to water, and therefore will not be harmful to the body (Vissers et al., 2018)
 Table 4.2 shows the results of antioxidants activities of vitamin C in Aloevera barbandensis (28.52±1.80) and Moringa oleifera (16.93±0.09).This results shows that the natural antioxidants Vitamin C were found to be in high proportion in Aloevera barbandensis compared to Moringa oleifera.  
Vitamin E shields the body structures from oxidative damage. It acts as the first line of defence against lipid peroxidation, protecting the cell membranes from free radical attack and its deficiency is also associated with heart attack, cancer, stroke, fibrocystic breast disease, epilepsy, PMS, diabetes, Parkinson’s disease, cataract, Alzheimer’s disease (Meydani et al., 2005).           	
Table 4.2 shows the results of antioxidants activities of vitamin E in Aloevera barbandensis (26.92±0.41) and Moringa oleifera (59.43±0.91).This results shows that the natural antioxidants Vitamin E were found to be in high proportion in Moringa oleifera compared to Aloevera barbandensis.              
[bookmark: _Toc214635005]5.2 CONCLUSION
The results revealed the presence of medicinally important constituents in the plants studied. Many evidences gathered in earlier studies have confirmed the identified phytochemicals to be active.
Several studies confirmed the presence of the phytochemicals have medicinal as well as physiological properties in the treatment of different kinds of ailments.
Antioxidants activities conducted in the presents works shows that the extracts of both Aloevera barbandensis and Moringa oleifera have antigenotoxic (DNA protective), and immunostimulant (immune-boosting) characteristics, making it an important plant for improving health and avoiding illness.
[bookmark: _Toc214635006]5.3 RECOMMENDATION  
It is important to carry out scientific studies on medicinal plants (Aloevera and Moringa) having traditional claims of effectiveness in ethnomedicinal application.
Explore the potential synergistic effects of combining these plants for enhanced benefits. Investigate optimal extraction methods for phytochemicals from Aloevera and Moringa.   
Conduct further studies on their application in functional foods, pharmaceuticals and cosmetics.  
[bookmark: _Toc214635007]
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	Parameters 
	Names of samples
	1st 
	2nd 
	3rd 

	Vitamin A. (mg/dl)
	Aloevera barbandensis 
	9.79 mg/dl
	10.06 mg/dl
	10.11 mg/dl

	
	Moringa oleifera
	17.31 mg/dl
	17.04 mg/dl
	16.93 mg/dl

	Vitamin C (µmol/l)
	Aloevera barbandensis 
	29.54 µmol/l
	29.57 µmol/l
	26.44 µmol/l

	
	Moringa oleifera
	16.85µmol/l
	16.93 µmol/l
	17.02 µmol/l

	Vitamin E (mg/dl)
	Aloevera barbandensis 
	27.38 mg/dl
	26.75 mg/dl
	26.62 mg/dl

	
	Moringa oleifera
	60.44 mg/dl
	59.17 mg/dl
	58.67 mg/dl
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