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ABSTRACT
This research investigated the Phytochemical Screening, Nutrient Evaluation and Anti-Microbial Activity of Onion  (Allium cepa) Peel Extract. Dried red onion peels were pulverized and extracted using ethanol as the solvent. Standard procedures were employed for qualitative phytochemical screening to test for the presence of alkaloids, flavonoids, tannins, saponins, and phenols. The presence of Copper, magnesium, potassium, sodium, zinc, and iron was determined using Atomic Absorption Spectrophotometry (AAS). The antimicrobial activity of the extract was assessed using the agar well diffusion method against Staphylococcus aureus, Escherichia coli, Candida albicans, and Streptococcus spp. Data were analyzed using descriptive statistics, and the zones of inhibition were measured in millimeters. The results revealed that the microorganisms tested were resistant to the onion peel extract. However, phytochemical screening confirmed the presence of alkaloids, flavonoids, tannins, phenols, saponins, and terpenes, all of which are known for their bioactive properties. Mineral analysis showed the following concentrations: Cu (0.278 mg/g), K (10.067 mg/g), Fe (0.354 mg/g), Na (11.038 mg/g), Mg (5.111 mg/g), and Zn (0.893 mg/g). These findings indicate high levels of potassium, sodium, and magnesium, along with moderate amounts of Copper, zinc, and iron.
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CHAPTER ONE
INTRODUCTION
1.1 Background to the Study
A popular vegetable grown for its culinary and therapeutic uses is the onion (Allium cepa). Although the edible bulb is frequently eaten, the outer peel which contains a wealth of minerals and phytochemicals is frequently thrown away as garbage. According to recent research, onion peels contain bioactive substances with anti-inflammatory, antibacterial, and antioxidant qualities, including phenolics, flavonoids, and sulfur-containing compounds (Lu et al., 2011).
Researchers are looking into the possible health advantages and industrial uses of onion peels due to the growing interest in plant-based bioactive chemicals.
Phytochemical characterization of onion peels is needed to determine and quantify the secondary metabolites thus conferring their biological characteristics. Onion peel extracts possess antibacterial and antioxidant properties able to be provided by such compounds as tannins, kaempferol or quercetin (Benítez et al., 2011).
Moreover, it is very necessary to determine the mineral content since onion peels are the source of essential micronutrients such as potassium, Copper, magnesium, and iron that are important to the growth and nutrition of plants and humankind (Suleria et al., 2015).The rise in the problem of antibiotic resistance in the world has focused on antibacterial properties of onion peels. Replacing the artificial antibiotics and preservatives are expected to be the antibacterial natural plant extracts. As per research, onion peel extracts have an inhibitory character against pathogenic bacteria like Pseudomonas aeruginosa, Staphylococcus aureus, and Escherichia coli (Sharma et al., 2017). These facts give credence to what can be achieved by putting the onion peels in agriculture, medicine and food preservation.
The use of onion peels is still largely unexploited although it holds great potential uses mainly due to lack of knowledge and industrial adaptation. Thus, to further enhance the utility of onion peels as a sustainable commodity, they need further studies with regard to phytochemical characterization, mineral content and antibacterial activity. The general purpose of this work is to do a detailed study about the onion peels and give importance to the possible applications of the same in biotechnology, medicine and the food sector.
Onions are one of the oldest domesticated vegetables and their history dates back to human history. They have a lot of health benefits due to the unique bioactive compounds they contain (Elattar, 2024).Allium cepa is a herb that falls under Onion (Allium) family, family (Alliaceae). Onions are one of the most important crop of vegetables. The light has a diameter of 15 tunicketed cm. The outer dry scales around it have a rough surface of yellow or sometimes purple, or white in colour, close and starched up to each of the inner scales.
Scales are present on a shorter scape known as bottom and are either meaty, white, greenish or purple in colour. The blooming stem, which can reach a height of 1.5 meters, is bloated, hollow, and ends in an umbellate inflorescence with many flowers. Long pedicels support the flowers. The pistil contains an upper three-celled ovary, while the perianth is greenish-white, up to 1 cm in diameter, and composed of six leaflets and six stamens. The fruit is a capsule with up to six seeds within. The seeds are tiny, wrinkled, triangular, and black. June or July is when the plant blooms. In August, the fruits ripen. Over 66 million tons of onions are produced annually worldwide .
Onion products that are ready to use, including dried onions and minimally processed options like peeled or pre-cut onions, are becoming more and more popular due to the hassle of peeling and chopping fresh onions (Gorrepatiet al., 2014, Ahamadet al., 2024). Large volumes of bio-waste are produced during the processing of onions into different value-added products, mostly in the form of outer skins, peels, and basal and apical trimmings. Due to the presence of sulfur-containing compounds, this waste has a distinctive odor, making its disposal a significant difficulty for the industry (Chadorshabi et al., 2022). Nonetheless, this waste can be beneficially utilized as a possible source for the generation of biogas, electricity, functional/nutraceutical food, and the extraction of high-value secondary metabolites.
Extracts from onion skins provide natural alternatives for the prevention and treatment of conditions linked to cancer, microbial infections, and oxidative stress (Bozinouet al., 2023). Onion peel extract (OPE) is reported to have antimicrobial,  antibacterial, antidiabetic,  anti-obesity,  anti-thrombotic, and anti-cancerous  properties.   Onion peel extract is a promising ingredient for future nutraceuticals and value-added products (Kim et al., 2013). OPE also lowers the levels of total cholesterol, low-density lipoprotein, and atherogenic index (Kim et al., 2012). Numerous polyphenolic components, including flavanols, anthocyanins, and tannins, are found in onion peel.onion peel extracts were shown to contain kaempferol, quercetin, and the acids ferulic, gallic, and protocatechuic (Singh et al., 2009). (Lee and Mitchell (2011) identified quercetin 3,4-O-diglucoside, quercetin 3-O-glucoside, quercetin 4'-O-glucoside, isorhamnetin 4'-O-glucoside, and quercetin aglycone as the main flavonoids found in the outer paper, first, and second layers of onions.


1.2 Statement of the Problem
Onion is one of the most demanded vegetables in the world yet it produces much garbage including onion peels. Although such peels contain many vital nutrients, phytochemicals that are bioactive, and antibacterial properties, they are always dumped as agricultural wastes. To make matters worse, the poor utilization of onion peels leads to their disposal at the expense of valuable natural chemicals, which might have been utilized in industrial, nutritional and medical activities. Onion Peels have not been fully characterised particularly their phytochemical constituents and mineral content, as well as antibacterial properties, even though bioactive chemicals of plant materials are getting increased research. There is a lot of potential that has not yet been tapped and onion peels cannot exploit so many industries such as cosmetics, food preservation, pharmaceuticals, beefing up on these natural resources due to lack of due scientific substantiation. The use of onion peels too offers a prospect but lesser known solution in the light of the current health menace on antibiotic resistance and the search of natural antibacterial add-ons. Their effective utilization is however hindered by lack of standardization in the method of extraction, lack of knowledge of the benefits associated with their consumption and also a lack of information on mineral composition.   Thus, this research is expected to bridge the gap in information, by characterizing all phytochemicals, determining the mineral content, and achieving antimicrobial effects of onion peel. The findings will provide scientific evidence regarding their future usage in various sectors that will promote sustainable resource and waste management.


1.3 Significance of  Study
The research into onion peel phytochemical characterisation, mineral content and the study on the antimicrobial activity has relevant implications in the field of food science, medical, environmental sustainability and industrial applications.
1.	Agricultural Waste Valorization
The problem with the environmental concerns is that the onion peels are often disposed of as wastes (Benítez et al., 2011). Through provision of scientific knowledge related to the bioactive compounds and the important minerals available in onion peels, the study encourages its use in numerous enterprises instead of being treated as waste. Use of the research can be achieved in efficient use of resources and sustainable waste scheming by identifying valuable molecules.
2.	 Possibility of Pharmaceutical and Nutraceutical Uses
The onion peels contain phytochemicals that possess antibacterial, anti-inflammatory and antioxidant properties such as flavonoids, phenolic and tannins (Lu et al., 2011). This work will contribute to the growing body of literature in the effort to develop the use of plant based bioactive chemicals in drugs and nutraceuticals by offering viable alternatives to the use of artificial additives and medicines.
3.	 Support for Food Safety and Preservation
The antibacterial effects of onion peel extracts can help the food industry replace the synthetic food preservatives since the natural food ingredient is gaining traction in the market (Sharma et al., 2017). The study would contribute towards the formulation of natural food preservatives, which reduces the use of chemical preservatives hence enhancing food safety through testing the antibacterial activity of onion peels to harmful bacteria.
4.	Taking Antibiotic Resistance Seriously
There has been an increased demand on natural antimicrobial agents because of the surge of antibiotic-resisting bacteria. Onion peels have been identified as having antibacterial effect on a number of pathogens because of bioactive compounds therein (Suleria et al., 2015). This research can be used to encourage prospective applications of onion peel extracts in the design of alternative antimicrobial compounds by providing valuable insight into the efficiency of their action against infections caused by all types of bacteria.
5.	 Using Mineral-Rich Plant Extracts to Improve Human Nutrition
Onion peels contain minerals such as potassium, Copper and magnesium whose health benefits to human beings are essential (Suleriaet al., 2015). It would be part of knowing their mineral component which would help in emphasizing their nutritional value and hence opening up opportunities of exploiting them as supplements of food and functional foods.
6.	Enhancing Pro-environmental Industrial Operation
The findings of this study can be used in the pharmacologics, cosmetic and even in the agricultural sectors. Due to their antioxidant nature, the onion peel extracts can be used in cosmetics and the antibacterial property may be useful in organic agriculture where they can be used as pesticides (Benítez et al., 2011). The proposed use of this study is to promote the use of sustainable and environment friendly industrial processes by making the useful applications.

1.4 Aim and Objectives
1.4.1 	Aim
This study's main goal is to examine the phytochemical makeup, mineral content, and antimicrobial activity of onion (Allium cepa) peels in order to investigate possible uses in the food, pharmaceutical, and health sectors.
1.4.2 Objectives
1. The study objectives shall involve the following to carry out a screening of: Antimicrobial Activity: The antifungal and antibacterial property of the onion skin extracts against the target microbial isolates.
To find and quantify the bioactive materials present in the onion peel they were using regular phytochemical methodology to determine and quantitate the substances present.
To determine the presence of flavonoids, phenolics, alkaloids, tannins and other types of secondary metabolises giving them their medicinal benefits.
2. To find out the possible nutritional benefit of these minerals to human health.
To determine the essential minerals that are present in the onion peels, which are potassium, Copper, magnesium, iron and zinc.
3. Use and applications:
In a study, the antibacterial property of onion peels was compared with other common antibiotics or antifungal agents.
4. To describe the effects produced by the results on sustainable waste management, on drugs, and food preservation.
This research will isolate and quantify the presence of the different phytochemicals present on the onion peels, and this includes the most predominant phytochemicals, flavonoids, tannins, phenolics, alkaloids, and other bioactive compounds.
The prospect is to attract the attention of financial and ecological benefits in using onion peels as bioactive components.
The study is expected to be helpful in contributing to the rising studies on natural antimicrobial and bioactive compounds, making use of the agricultural sector sustainable.
1.5.	Scope of the Study
The objectives of the work are the phytochemical characterization, qualitative and quantitative analysis of mineral composition, and determination of antibacterial activity onion peels (Allium cepa). The purpose of the research is to find sources of potential applications of onion peels in food, medicine, and environmental sustainability based on the understanding of their bioactive compounds, essential minerals, and antimicrobial properties.
1. This research will profile and quantify the levels of the different phytochemicals present on the onion peels, most importantly the main phytochemicals, flavonoids, tannins, phenolics, alalioloids and other bioactive compounds.
In this study, the quantity of the different phytochemicals present on the onion peels shall be established and identified the major phytochemicals, flavonoids, tannins, phenolics, alkaloids, and other different bioactive phytochemicals present. There are several techniques that could be used in chemical analysis, i.e. a variety of chromatographic and spectrophotometric techniques such as UV-Vis spectroscopy and HPLC, (Benítez et al., 2011).
2.Mineral Content Evaluation
The objective of the study is to determine the mineral content of the onion peel with specific focus on the essential minerals that include potassium, Copper, magnesium, iron, zinc and so on. Suleriaet al., (2015) demonstrated that the mineralic quantification can be measured with ICP-MS or AAS.
3. Research Restriction
In this study, only onion peels of specific geographical regions will be used and a diversion in the environment and soil can produce an influence on the phytochemical and mineral composition. In addition to that, the analysis will only focus on a few microbial strains, and there can be a need to determine its efficacy against a broader range of pathogens.
To aid sustainability of waste management and emergence of alternative natural products, the study hereby tries to determine phytochemical, mineral and antimicrobial attributes of onion peels with the aim of providing a scientific basis on how they can be used in industrial and pharmaceutical industries besides being used as a nutraceutical.
1.6  Location and Accessibility of The Study
A dedicated research facility that contains the necessary analytical equipment such as High-Performance Liquid Chromatography (HPLC), Atomic Absorption Spectroscopy (AAS), and microbial culture will conduct this study on the analysis of the phytochemical make-up, mineral load and anti-microbial potential of onion peel.
1. Study Location
The work will be carried out in a lab that deals specifically with food science, microbiology and natural product chemistry at a selected university or research facility. These facilities will be the determinant of the specific location available with the tools and knowledge required to conduct the phytochemical, mineral, and antimicrobial studies (Beni tezet al., 2011).
2. Sample choice and acceptance of collection sample of samples
Onion peels will be obtained in local markets, farms and food processing plants where onion is commonly handled in bulk. Getting fresh samples will not be a problem since, onions are grown and consumed worldwide. The study will ensure that it collects samples of different sources to be able to take into consideration the differences in the chemical composition caused by different growing conditions (Suleriaet al., 2015).
3. Laboratory Accessibility
The study will be carried out in a laboratory and the laboratory shall have the advanced equipment in the laboratory needed such as phytochemical and microbiological laboratory need. The certified vendors will provide all the necessary reagents, solvents and microbial cultures. The collaboration with institutions that focus on research in the field of microbiology and natural products can increase the scope and the fidelity of the research (Sharma et al., 2017).
1.7  Justification Of The Study
It is important to investigate underutilized agricultural byproducts such as the onion peels since more attention is placed on natural bioactive chemicals and the re-use of resources. The reasoning why such a research on the phytochemistry, mineral composition testing and antimicrobial action of the onion peels have been conducted is the following one:
1.	Development of solutions to the pressure of agri-wastes management
Beni et al. (2011) affirm that onion peels are one of the most commonly discarded agricultural byproducts which cause pollution to the environment. This research will promote valorization of important bioactive substances that may help curb the generation of waste and sustainability effort.
2.	The Natural Alternatives to Christening Natural Antimicrobial
Driven by drug resistance, there is an inspired need to come up with good antimicrobial agents of natural origin. Flavonoids and sulfur-containing compounds are the two bioactives in onion peels, which have antimicrobial activity (Sharma et al., 2017). This research can prove useful in creation of tetracyclines based on plants as prophylactics and therapeutic drugs because of its antibacterial activity.
3.	Foods and Herb Utilizers
Onion peels have been found to contain minerals which are essential to human health such as potassium, Copper and magnesium (Suleriaet al., 2015). Its possible applications include the use in functional meals and nutraceuticals since it is rich in antioxidants. Evidence of their nutritional Enhancing effects will be given by explaining their phytochemical and mineral composition.
4.	Can be applicable commercial and industry applications
Because of their antibacterial, bioactive and antioxidant characteristics, the extracts of the onion peel can be utilized in various sectors such as pharmaceutical, cosmetic and even agriculture. The findings of the study will provide the foundation of applying onion peel in the organic farming solutions, food preservatives, and natural skincare products (Lu et al., 2011).
5. Advancement of the Scientific Knowledge
Onions are considered to be beneficial to our health but there is not much known about the phytochemical and mineral content of onion peels and how each is potentially antimicrobial.                                                This study will address this gap in knowledge and contribute to data that may be of assistance in the future research and practical activity.
The study will have significant scientific outcomes that will promote the sustainable use of onion peels thus reducing its waste and promoting its potential use in the food, industrial, and health industries.











CHAPTER TWO
LITERATURE REVIEW
2.1 Onion Peel Composition and Activity.
Onion (Allium cepa) is a very popular food and traditional medicine that is much grown and consumed. Although the edible bulb has been researched extensively, onion peels, which would normally be waste, are becoming aware of their high phytochemical content and mineral-rich, possibly with a high number of antibacterial characteristics (Elguetaet al., 2021). It is these bioactive substances of sulfur-containing compounds, phenolics, and flavonoids (Benítez et al., 2020) that have different pharmacological effects. The dried skin of onions is recognized as a good source of flavonols with a high concentration of aglycone forms.
Recent researches reveal that the onion peel is a good source of quercetin which is very strong anti-oxidant with anti-fungal properties and anti-bacterial properties (Shivamet al,2023). They also have mineral composition including such essential elements as Copper, magnesium, and potassium that further increases their nutritional density and application potential (Gorinsteinet al., 2017).  The ability to use organosulfur compounds also describes the anti-cancer character tics of onion peel since the Allium  cepa successfully facilitated the growth of six different tumor cells. When quercetin (3,5,7,3-5,4-pentahydroxylflavone) is used in cell lines of human tumors or in human leukemia, HL-60 cells, it induces cell death (Oanaet al, 2022). Choe et al. (2020) revealed that onion peel extract exerted anticancer effects through its effects on breast cancer.
The extracts of onion wastes were expected to be highly antioxidant in nature because the phenolic chemicals that exist in the extracts are known as electron or hydrogen donors. The antioxidant ability of primary flavonols included in methanolic onion waste extracts quercetin 3,4-diglucoside, quercetin 40-monoglucoside and quercetin aglycone (Nile A. et al. and Nile S.H. et al).   Antioxidant activity of onion extracts was set in the concentration of phenolic. But in this case the antioxidant capacity of onions cannot be ignored by the influence of organo-sulfur compound.
 Assessing these factors encourages the sustainable use of onion waste and supports its possible use in food preservation and pharmaceuticals (Al-Naqebet al., 2019). An improvement in dietary practices has been spurred by the rising prevalence of non-communicable diseases (NCDs), which include diabetes, cancer, and cardiovascular disease, as the leading causes of mortality, globally. The Mediterranean diet is typically linked to health benefits and a favorable life expectancy because it includes a variety of fruits and vegetables, which are rich sources of antioxidants. It has been demonstrated that the daily intake of phenolic-rich foods or polyphenol-enriched food supplements is highly related to non-communicable disease prevention. This is especially true for some essential Mediterranean diet foods, like vegetables from the Allium genus, like onions, whose anti-disease properties have been well established.
Onion bulbs' multilayer tissue is a rich source of bioactive compounds that belong to two main chemical groups: flavonoids and alkenyl cysteine sulfoxides. The first group of molecules gives onions their distinctive flavor and odor, so the makeup and content of these molecules determine the distinct flavors of various species and varieties (Celanoet al,2021).Different skin and bulb hues, ranging from red to yellow, are solely determined by the flavonoid composition; anthocyanins are responsible for the red color, while quercetin and its derivatives are primarily responsible for the yellow color. Recently, it was revealed that one of the best sources of dietary flavonoids, primarily flavonols and anthocyanins, is onion bulbs. Since the onion skin is inedible, it is quickly removed before processing and sale; yet, due to its composition and odor, it is not acceptable for use as fodder or for disposal on landfills, making it the primary waste product of onion processing.
2.1.1 Onion Peel's Composition and Nutritional Profile
Onion waste has 169–750 mg/g dm (dry matter) of dietary fiber, 8.3–15.6% dm (dry matter) of protein, and 88.56% carbs. Flavonoids, manganese (0.0065–0.0288 μg/g), iron (0.0196–0.8889 mg/g), selenium (0.00003–0.00093 μg/g), zinc (0.0162–0.0538 mg/g), magnesium (0.6–1.5 mg/g), Copper (1.8–16.5 mg/g), potassium (11.1–15.9 mg/g), and total phenolics (9.4–52.7 mg gallic acid equivalent (GAE)/g dm) are also abundant in the peel( Irtiqashabir et al, 2022)
The outer scales of onion contain 26.84% of crude fibre, 15.13% of crude fat, 2.64% of crude protein, 8.06% of ash, 8.02% of moisture, and 66.12% of carbohydrates. The fatty acid profile is primarily composed of 0.94% of lauric acid, 1.28% of myristic acid, 9.8% of palmitic acid, 2.84% of palmitoleic acid, 17.57% of oleic acid, 8.81% of stearic acid, 2.88% of linolenic acid, 52.87% of linoleic acid, 1.23% of behenic acid, 0.59% of arachidic acid, 0.63% of erucic acid, and 0.54% of lignoceric acid, demonstrating that the total USFA was 76.79% and total SFA content was 21.42%. However, the red onion cultivar had the most available flavonoids (20.22 mg/g), followed by the pearl onion (19.64 mg/g), while the white onion had the least (0.08 mg/g).
2.1.2Bioactivity of Onion Peel
Although onion peel contains anthocyanins,  it can be used as a natural food coloring in a variety of colors, from orange to red and purple to blue. Because they are non-toxic mutagens, have many therapeutic benefits, improve the integrity of capillary blood vessels, and prevent thrombosis from aggregating, these natural food coloring agents are being used more often than synthetic ones, which lowers the risk of circulatory diseases. Onion bulbs are said to be a significant source of flavonoids, which are bioactive substances (Aslamet al,202). 
On the other hand, the phytonutrients present in the outer layer of onions may be investigated for the production of biologically active compounds, clever packaging, or sustainable "green" agricultural pest control. Therefore, the various uses for onion scraps could aid in the development of low-cost, environmentally friendly, and effective methods to reduce agricultural food waste. 
Bisphenol and its derivatives, which have various biological actions like anticancer, antiviral (human immunodeficiency virus), antipyretic, and antibacterial qualities, were made from onion skin ash water extract. Due to its application in organic synthesis, which reduces its environmental impact, the waste from onion peels that is produced globally has become more and more popular (Pandiselvanet al). It has been discovered that quercetin has the ability to stimulate L6 myotube consumption during oxidative stress. In mice, quercetin and naringenin efficiently reduce the influence on uterine contractions.It has been discovered that quercetin has the ability to stimulate L6 myotube consumption during oxidative stress. In mice, quercetin and naringenin efficiently reduce the influence on uterine contractions.
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Figure 1: Bioactive compounds found in onion peel.











2.1.3 Health Benefits of Onion Peel
Onion peel extract has been associated with numerous health benefits, particularly in its potential to reduce the risk of chronic diseases such as cancer, diabetes, and cardiovascular disorders. These beneficial effects are largely attributed to its high content of flavonoids, phenolic compounds, and antioxidants.
i.	Anti-cancer activity 
One of the major bioactive compounds in onion peel is quercetin, which possesses strong anti-inflammatory, cytotoxic, and antioxidant properties. These help reduce the generation of reactive oxygen species (ROS), thereby limiting oxidative stress and preventing cellular damage.
Research has shown that treatment with onion peel extract can decrease the activation of heme oxygenase-1 (HO-1) and promote the activity of glutathione S-transferase (GST) detoxification genes such as GSTP1, GSTM1, GSTT1, and inflammatory markers like interleukin (IL). It has also been demonstrated that methanolic, aqueous, and ethanolic onion peel extracts, when applied at different concentrations, can significantly reduce intracellular oxidative damage caused by AAPH (2,2′-azobis(2-methylpropionamidine) dihydrochloride) in HepG2 liver cancer cell lines.These protective effects are attributed to the penetration of flavonoid and phenolic components specifically epicatechin, quercetin 4′-glucoside, quercetin, and morin into the cells. These compounds neutralize hydrogen peroxide, converting it into water through the action of phenolic antioxidants. Additionally, they contribute to the reduction of human leukocytes, suggesting a role in immune modulation (the journal of pharmaceutical science and research,( 5): 28-29,  2021).

ii.	Anti- cardiovascular diseases
It has been demonstrated that some onion genotypes with high sulfur content have strong antiplatelet properties. Moreover, dimethyl and diphenyl thiosulfates slow down the production of thrombocytes, onion peel extract significantly reduce platelet production. In rats with doxorubicin-induced cardiotoxicity, onion peel (A. cepa) also shown anti-oxidant action and cardioprotective properties, helping to monitor and regulate circulating blood pressure and endothelial functioning in prehypertensive individuals who are overweight or obese( Mandal et al,2015).
iii.	Neuroprotective action 
Neurodegenerative illnesses like Parkinson's and Alzheimer's are widespread among older persons. In animal experiments, the antioxidant activity of onion peel extract has demonstrated promising neuroprotective effects by raising brain levels of superoxide dismutase and catalase, which aid in neuron protection. Additionally, it suppressed butrylcholinesterase, an enzyme connected to the advancement of Alzheimer's disease. It suggests that extract from onion peels may aid to slow down neurodegeneration and enhance cognitive function (Hou et al, 2019).
iv.	Antidiabetic action 
Due to its high quercetin content and other bioactive components, onion peel extract has demonstrated encouraging antidiabetic efficacy. Onion peel ethanol extract has 6.04 g/100 g of quercetin (dry weight) and showed inhibitory activity against important enzymes that break down carbohydrates, including α-glucosidase and sucrase. Ethanol onion peel extract dramatically decreased intestinal sucrase activity in the upper and middle intestine and blood glucose levels in diabetic rats used in vivo experiments. This implies that its effects on reducing glucose are partly due to a delay in the absorption of carbohydrates. Additionally, ethanol and methanol-based extracts demonstrated greater α-amylase inhibition than pure quercetin, suggesting that several components work in concert. Additionally, α-glucosidase, protein tyrosine phosphatase 1B (PTP1B), and advanced glycation end products (AGEs) were all suppressed in a dose-dependent manner by aqueous and 70% ethanol extracts of red and yellow onion peels (Sun-Ho kim et al, 2011).
 2.2 PHYTOCHEMICALS 
Phytochemicals are naturally occurring chemical compounds found in plants that are not essential nutrients (like vitamins or minerals) but may provide health benefits ( Rafiq et al, 2016), they also contribute to the color , flavor, disease resistance and human health. They are broadly classified into several groups, based on their chemical structure and classes which includes alkaloids, flavonoids, phenolic compounds, glycosides, lignans, saponins,   anthraquinones, coumaris, glucosinolates, triterpenes, quinones, tannins , steroids, etc. Although numerous phytochemicals exist this study focused primarily of selected phytochemicals:
Alkaloids :   Alkaloids are basic (alkali-like), organic substance that include nitrogen and are present in certain plants , Using Dragendorff, Mayer, Hager and Wagner reagents, they provide positive results. They often have strong biological and physiological effects on humans and animals and are used in medicine like morphine (pain relief) and quinine (antimalarial)( El-Shazlyet al, 2014).
Examples  include; Nicotine, Caffeine, Atropine etc.


Nicotine Caffeine



 Atropine
Figure 1.1:  Examples of various Alkaloids 

Steroids: They are a class of organic compounds with a core structure of four carbon fused rings. They have 17 carbon atoms organized in four rings , in plants they occur as phytosterols which resemble human cholesterol. They aid in anti-inflammation, hormone regulation and cell membrane stability (Journal of Nutritional Science ( 9) 12-13, 2016).
 Examples include
Stigmasterol, Campesterol, Ergosterol


StigmasterolCampesterol

Ergosterol
Fig 1.2 Examples of Steriods 
Flavonoids:  They are group of polyphenolic plant compounds known for their antioxidant properties. They give color to flowers and fruits and help protect plants from stress. They have varieties of beneficial biochemical and antioxidant properties linked to a number of illness like cancer, Alzheimer’s disease atherosclerosis. Flavonoids are linked to a wide range of health- promoting effects and are essential components of pharmaceuticals and cosmetic applications                     ( Journal of Nutritional Science(1) 4-6, 2016).
 Examples include; Kaempferol, Catechin, Hesperidin etc.
















Kaempferol


Catechin
                                                                                Hesperidin
Fig 1.3       Examples of Flavonoids









Tannins: Tannins are a group of high-molecular weight water soluble polyphenolic compounds found in many plants. They are known for their ability to precipitate proteins which is why they feel astringent or dry in the mouth.
There are two types of tannins 
Hydrolyzable tannins: Can be broken down by hydrolysis e.g gallic acid 
Condensed tannins: More complex and harder to break down.
They have antioxidant, anti-inflammatory and anti-microbial activities  (Haslam,2015).
Examples includes Ellagitannin, Procyanidins, Catechol etc.
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Catechol
Fig 1.4    Examples of Tannins








Saponins :   Saponins are a class of amphipathic glycosides that is they have both water-loving (hydrophilic) sugar parts and fat-loving (lipophilic) sapogenin parts. When mixed with water, they form a soapy lather, hence the name “saponin” (from Latin sapo, meaning soap). It is used in medicine, vaccines (as adjuvants), cosmetics, and natural detergents (Sparg et al, 2004)
 Examples includes Aescin, Soya saponins and Ginsenosides.











 Aescin


Soya sobnnins Ginsenosides.
Fig 1.5   Examples of  Sabonins 










Phenols (Phenolic compounds )
Phenolic compounds are aromatic organic molecules (organic compounds that contain one or more aromatic rings that are stable with alternating double and single bonds), that have one or more hydroxyl(-OH) groups directly attached to a benzene ring. They are among the most abundant phytochemicals in plants .  And they play a biological role by protecting the cells from oxidative damage, they have anti-cancer and anti-inflammatory effects. Also they help plants resist disease and UV damage (Daglia M,2012).
 Examples includes caffeic acid, chlorogenic acid and resveratrol


















Caffeic acid

Chlorogenic acid


Resveratrol                 
Fig 1.6   Examples of Phenols







 TERPENES and   TERPENOIDS
Terpenes are large and diverse class of hydrocarbon compounds built from repeating isoprene (C5H8) units. They are the primary constituents of essential oils and are responsible for the aroma, flavor and pigment of many plants. They aid in antiviral, anti-inflammation and anti-cancer and are also used in the production of perfumes, cosmetic and traditional medicine (Thoppilet al,2011).
Terpernoids, also known as isoprenoids are oxygenated derivatives of terpenes. While terpernes are purely hydrocarbons, terpenoids contain additional functional groups such as alcohols, aldehydes or ketones. These modifications enhances their pharmacological effects, including antimicrobial, antioxidant and anticancer activities ( Mahatoet al ,1997)
 Examples includes of  terpernes  :  Pinene, Myrcene and Caryophyllene.















mycrene


Myrcene                                                                           Caryophyllene
Fig 1.7    Examples of Terpenes 










Examples of  Terpenoids  includes : Menthol , Artemisinin and Taxol


Menthol                             Artemisinin

Taxol
Fig 1.8   Examples of Terpenoid






2.2.1 Phytochemical composition of onion peel
Diverse phytochemicals were discovered when onion skin extracts were subjected to phytochemical analysis using a range of solvents (aqueous, ethanol, and methanol). Onion peel has higher levels of tannins, phytate, flavonoids, and saponins, according to an analysis of the bioactive compounds for three extraction media (Mona et al., 2018). Onion peels contain various chemical substituents like querecetin and kaempferol, and the papery skin contains tetrahydroxy anthocyanidin and tannins that help with color properties ( Siahet al, 2014). 
The ethanol extract also showed the presence of reducing sugar. Because of the protein's 5.97 content, phenol is easily soluble during the extraction procedure. 
High performance liquid chromatography was used to qualitatively and quantitatively assess the standard chemicals querecentin, kaempferol, rutin, hyperoisde, isoquercitroside, quercitroside, ferulic acid, and gallic acid (Sevinjet al., 2021). Onion peel has the greatest levels of quercetin. With an Inhibitory Concentration 50 value of 0.0987 mg/ml, red onion peel exhibits a strong potential value. These phytochemicals are well-known for their strong antioxidant properties, particularly flavonoids and phenolic acids. In addition to scavenging free radicals, flavonoids such as quercetin also alter cellular signaling pathways and enzyme function (Slimestadet al., 2007).
 Furthermore, by strengthening cellular antioxidant defense systems, phenolic substances like gallic acid and ferulic acid can prevent disorders linked to oxidative stress (Takuet al., 2011). Additionally, compared to traditional approaches, advanced extraction techniques such supercritical fluid extraction and ultrasound-assisted extraction have demonstrated enhanced recovery of bioactive components from onion peel, with larger yields of quercetin and total phenolics (Zhang et al., 2016). This emphasizes how crucial it is to utilize the functional advantages of onion peel in product development by optimizing extraction conditions.
2.3 Anti-Microbial Activity
Anti- Microbial activity is the ability of a substance such as natural extract, chemical compounds or drug to inhibit the growth of or kill micro-organisms.
With a zone of inhibition spanning 8–26 mm, onion peel extract was found to be efficient in delaying microbial development. Compared to the positive control antibiotics disc (vancomycin 30 ug, ceftazidime 30 ug, and diflucan 2 mg/ml), it showed a noticeably larger zone of inhibition. The antibacterial activity of red onion peel extract was highest against Staphylococcus aureus (MIC = 1.9 mg/ml), followed byStreptococcus pyogenes and Candida albicans (MIC = 7.8 mg/ml). The lowest antibacterial effect was observed against Pseudomonas  aeruginosa (MIC = 31.25 mg/ml) (Rafik Mounir et al., 2023). 
2.3.1 Common Bacterial and Fungi










Table 1: Bacterial Pathogens and Their Diseases 

	Bacteria
	Diseased Caused 

	Streptococcus pyogenes
	Sore throat, scarlet fever, rheumatic fever

	Escherichia coli
	Urinary tract infections , food poisoning 

	Salmonella enterica 
	Typhoid fever, foodborne gastroenteritis

	Pseudomonas aeruginosa
	Wound infections, pneumonia( especially in immunocompromised patients)

	Mycobacterium tuberculosis
	Tuberculosis


	Staphylococcus aureus
	Skin infections, abscesses, food poisoning. 




Fungal Pathogens and the Diseases they cause
	Fungus 
	Diseases Caused

	Candida albicans 
	Candidiasis ( thrush, yeast infections)

	Aspergillus fumigates
	Aspergillosis( lung infection )

	Cryptococcus neoformans
	Cryptococcis ( lung infections)

	Trichophyton rubrum
	Athlete’s foot, ringworm

	Histoplasma capsulatum 
	Histoplasmosis( respiratory infection from inhaled spores)











2.3.2 Antibacterial and Antifungal Activity:
i.   Antibacterial activity refers to the ability of a substance to inhibit or kill bacteria. Bacteria         are prokaryotic microorganisms with relatively simple cell structure.
ii. Antifungal activity targets fungi, which are eukaryotic organisms with more complex cell      walls made primarily of chitin.
      





















Table 2: Antimicrobial Activity of Onion Peel Extract
	Micro-organism
	Type
	Zone of Inhibition(mm)

	Escherichia coli

	Bacteria
	9mm

	Staphylococcus aureus
	Bacteria 
	13mm

	Streptococcus  spp
	Bacteria
	11mm

	Candida albicans
	Fungus
	7mm



Zone of inhibition refers to the clear area around a disc where bacteria/fungi didn’t grow. Sensitivity Interpretation: 0-1mm= Low,11-14mm= Moderate,15mm and above = High ( Shobana and Naik, 2021).











2.3.3 Agar well-diffusion assay
Agar well diffusion is a laboratory technique used to evaluate the antimicrobial activity of a substance (like plants extracts). In this method, small holes are created in an agar plate that has been inoculated with a microorganism, and the test substance is introduced into the holes. After incubation, the zone of inhibition around the wells are measured to determine antimicrobial activity, (Perez et al, 2013).
 In the article entitled antimicrobial activity and phytochemical analysis of some medicinal plants, with a few minor modifications, the agar well diffusion assay was conducted using the methodology of Parekh and Chanda (2007). After correcting the culture to the McFarland 0.5 turbidity standard, sterile swabs were used to transfer the bacterial strains onto nutrient agar plates, which produced 1.5 × 108 CFU/ml. Wells (8 mm in diameter) were made in agar plates using a sterile cork-borer. based on an initial investigation using extracts of all cultivars in volumes of 10 μL, 15 μL, 20 μL, 25 μL, and 30 μL. 25 μL was chosen as the test concentration for the investigations since the extract concentration volumes of 25 μL and 30 μL demonstrated the best and nearly same inhibition against the bacteria (data not shown). Using a micropipette, 25 μL of each extract was added to a separate well. It was then allowed to properly diffuse for 30 minutes before being incubated for 24 hours at 37 °C. In millimeters, the zone of inhibition (ZOI) was measured. As negative and positive controls, respectively, absolute methanol and amoxicillin (20 μL concentration) were employed.
2.4. Mineral Content Evaluation 
The quantitative examination of vital minerals found in a plant extractto ascertain its nutritional value, is known as mineral content evaluation. Minerals such as potassium, magnesium, Copper, sodium, phosphorus, iodine, and zinc are present in significant amounts in dried onion peel powder (Benitez et al., 2011). It was discovered that onion peel contained 1.5 mg/g of magnesium, 15.9 mg/g of potassium, and 16.5 mg/g of Copper. The minerals are being detected by using Atomic Absorption Spectroscopy or Flame Photometry. These minerals have crucial physiological functions, including:
Fe: Red blood cell production and oxygen delivery;
 K: Nerve function and fluid balance;
 Cu: Support the brain health and protect against oxidative stress.
 Zn: Immune system and antioxidant defense;
Mg: Energy metabolism and muscle function
 Na: Electrolyte regulation (Sharma et al, 2017).
The table below shows key elements and their physiological functions















Table 3: Minerals and their Physiological Role
	Mineral
	Physiological Role

	Cu

	Brain health, Protection from oxidative stress

	Fe
	Hemoglobin formation, oxygen transport

	K
	Electrolyte balance, nerve  impulses

	Na
	Fluid balance, muscle function

	Mg
	Enzyme activation, muscle function

	Zn
	Immune system, wound healing.



	












CHAPTER THREE
MATERIALS AND METODS
3.1       Materials:
1 Equipment/Apparatus
The equipment and apparatus used in running of this analysis includes:
Electrical weighing scale, Test tube, Rotary Evaporator, Filter paper, Conical flask, Separator funnel, Incubator, Petri Dishes, Spectrophotometer, Muffle Furnace.
2. Reagents and Solvents: 
The reagents and solvents used in carrying out this research includes:
 90% Ethanol, Distilled Water, Mercuric Chloride, 5gm Potassium iodide, Picric Acid, Lead Acetate, NaOH, HCl, Acetic anhydride, Ferric Chloride, H2SO4, HNO3, H2O2, Mueller-Hinton, Nutrient Agar, 0.85% NaCl, HClO4.
3.2      Methods 
1. Extraction: Cold Maceration Method.
73.82g of each sample was macerated for 72 hours, 600ml of ethanol to obtain ehanol extract , then filtered. The filtrate was put in a rotatory evaporator at 500C till it was dried up.
3.21 Qualitative Phytochemical Screening:
Qualitative phytochemical screening is the process of detecting the presence or absence of various bioactive compounds ( such as alkaloids, flavonoids, tannins, spaonins.) in a plant extract using specific chemical test.
i. Test for Alkaloids:
 Mayers test:  Few mL of the filtrate was mixed with 1-2 drops of mayer’s reagent , resulting to give a chemical reaction of white ppt, serving as an indicator of the presence of alkaloids.
Wagners Test : Few mL of the filtrate was mixed with 1-2 drops of wagners reagent, resulting to give a chemical reaction of reddish ppt, serving as an indicator of the presence of alkaloids.
Picric Acid: Few mL of the extract was mixed with 3-4 drops of 2% picric acid, resulting to give an orange color which indicates the presence of alkaloids.
ii. Test for Flavonoids:
Alkaline Reagent Test: 1mL of plant extract mixed with 2mL of 2% NaOH and few drops of conc. HCl, resulting to give a chemical reaction of an intense yellow color, which indicates the presence of flavonoids.
Lead Acetate Test: 1mL of extract mixed with few drops of 10% lead acetate, resulting to give a chemical reaction of a yellow ppt . This indicates that flavonoids are present.
Ferric Chloride Test: plant extract mixed with few drops of 10% ferric chloride, resulting to give a turbid green ppt. This indicates that flavonoids are present. 
iii. Test for Phenolic Compounds:
Iodine Test: 1mL of the extract mixed with few drops of dil. Iodine soln, resulting to give a transient red color. This indicates that phenolic compound is present. 


iv. Test for Tannins :
Braymers Test: 1mL of the filtrate mixed with 3mL of distilled water and 3 drops of ferric chloride, resulting to give a blue-green color. This indicates that tannins are present.
NaOH Test: 0.4mLof filtrate mixed with 4mL of 10% NaOH  shacken well, which a foam was formed in the process. This indicates that tannins is present. 
v. Test for Saponis:
Foam Test : 0.5g of plant extract mixed with 2mL of distilled water , vigorously shaken well resulting to persistent foam for 10mins. 
vi. Test for phytosterols:
Salkowskis Test: Plant filtrate mixed with 2-3 drops of conc H2SO4, Shaken well which gives a red color, This indicates the presence of sterols. 
Hesse’s Test: 5mL of filtered extract mixed with 2mL of chloroform and 2mL of conc H2SO4.   Which results gives a pink ring / red color , it indicates the presence of sterols in the plant extract.
3.2,3: Anti-Microbial Analysis
Preparation of Extract Concentrations
The onion peel extract was prepared at different concentrations using dimethyl sulfoxide (DMSO) as the solvent. Stock solutions were made at concentrations of 1 mg/mL, 20 mg/mL, 56 mg/mL, 74 mg/mL, 8 mg/mL, and 65 mg/mL. These concentrations were used for antimicrobial analysis. The test microorganisms included Staphylococcus aureus, Escherichia coli, Streptococcus pyogenes, and Candida albicans, which were locally isolated from Godfrey Okoye University Teaching Hospital, Enugu State Nigeria.
Antimicrobial activity was determined using the agar well diffusion method. Nutrient agar was prepared by suspending 5.6g of nutrient agar in 200 mL of distilled water, sterilized by autoclaving at 121°C for 15 minutes, and poured into sterile Petri dishes to solidify. Wells (6 mm in diameter) were made in the agar using a sterile cork borer. After inoculation with the test microorganisms, 1 mL of each extract concentration was introduced into the wells. Plates were incubated at 25–27°C for 24 hours. Zones of inhibition were measured in millimeters (mm) using a meter rule. Absence of inhibition was recorded as resistance (R).











CHAPTER FOUR
RESULTS
4.1   Qualitative phytochemical evaluation of onion peel extract.
              The sample, onion peel extract was screened qualitatively for the presence of some phytochemicals.














Table 4.1: Qualitative Screening result of onion peel extract.
	S/N
	Phytochemical
	Inference

	1
	Alkaloids
	++

	2
	Flavonoids
	++

	3
	Phenolic
	++

	4
	Tannins
	++

	5
	Saponins
	++

	6
	Phytosterols
	+

	7
	Terpenoids
	-



KEY: + = Slightly Present,  ++ = Moderately Present ,  +++ = Highly Present,   = Absent
Sample: Ethanol extract of onion peel.











4.2   Anti-Microbial Activity 
       Table 4.2: Zone of Inhibition (mm) of Onion Peel Extract Against Tested Organisms
	Sample
	Microorganisms
	Zone of inhibition 
	Activity Interpretation

	Onion Peel Extract
	Escherichia coli
	0.00mm
	R

	
	Staphylococcus
	0.00mm
	R

	
	Streptococcus 
	0.00mm
	R

	
	Candida albicans
	7.00mm
	R



KEY: S (Sensitive): Zone of inhibition. I(Intermediate): Zone of inhibition, R(Resistance): Zone of Inhibition 









4.3.  Mineral Content Evaluation of Onion Peel Extract.
Table 4.3: Mineral Content of Onion Peel Extract Determined by AAS
	Mineral
	Concentration (mg/g/ SD

	Copper (Cu)
	0.278 

	Potassium (K)
	10.067  0.286

	Iron (Fe)
	0.354  0.008

	Sodium (Na)
	11.038  0.000

	Magnesium (Mg)
	5.111  0.047

	Zinc (Zn)
	0.893  0.069


Values are means of triplicate determinations  standard deviation










Table 4.3: Mineral content evaluation result of onion peel extract.
			Descriptive Statistics

	
	N
	Range
	Minimum
	Maximum
	Mean
	Std. Deviation
	Variance

	
	Statistic
	Statistic
	Statistic
	Statistic
	Statistic
	Std. Error
	Statistic
	Statistic

	Potassium
	3
	.99
	9.57
	10.56
	10.0670
	.28579
	.49500
	.245

	Iron
	3
	.03
	.34
	.37
	.3537
	.00837
	.01450
	.000

	Zinc
	3
	.24
	.77
	1.01
	.8930
	.06870
	.11900
	.014

	Copper
	3
	.05
	.25
	.30
	.2780
	.01443
	.02500
	.001

	Sodium
	3
	.00
	11.04
	11.04
	11.0380
	.00000
	.00000
	.000

	magnesium
	3
	.16
	4.95
	5.11
	5.0290
	.04734
	.08200
	.007

	Valid N (listwise)
	3
	
	
	
	
	
	
	



Cu: Copper, Mg: Magnesium, Na: Sodium, K: Potassium, Fe: Iron, Zn: Zinc.
Sample: Onion Peel Extract.
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Figure 4.1	Mineral Concentration of Onion Peel Extract (AAS Result)







CHAPTER FIVE
DISCUSSION, CONCLUSION AND RECOMMENDATION
5.1 DISCUSSION 
The findings of this study revealed that onion peel, a commonly discarded agricultural by-product, is a rich source of bioactive compounds and essential minerals.
Phytochemical screening showed the presence of secondary metabolites such as flavonoids, alkaloids, tannins, phenols, saponins, and phytosterols. These compounds are known to possess important medicinal properties including antibacterial, anti-inflammatory, and antioxidant activities. Notably, flavonoids such as quercetin are well-recognized for their ability to scavenge free radicals and reduce oxidative stress, which supports the potential use of onion peel in natural health product formulations. The mineral analysis demonstrated that sodium (Na), potassium (K), and magnesium (Mg) were present in relatively high concentrations, while Copper (Cu), zinc (Zn), and iron (Fe) occurred in moderate amounts. These minerals are vital for various physiological functions such as electrolyte balance, nerve signaling, immune function, enzyme activation, oxygen transport, and bone health. Their presence increases the nutritional value of onion peel, suggesting its potential as a supplementary food source or nutraceutical ingredient.
The antimicrobial assay indicated that onion peel extract did not exhibit significant inhibitory activity against the tested microorganisms (Escherichia coli, Staphylococcus aureus, Streptococcus spp., and Candida albicans). The bacteria showed complete resistance, while Candida albicans displayed only a weak inhibition zone (7 mm), which still fell within the resistant range. This implies that under the conditions tested, onion peel extract may not serve as an effective antimicrobial agent.
Overall, the results demonstrate the nutritional and phytochemical potential of onion peel, even though its antimicrobial effect was not significant. The findings highlight the importance of re-evaluating agricultural waste products such as onion peels for their hidden value. Their high mineral and bioactive compound content suggest potential applications in food, nutraceutical, and pharmaceutical industries, while also contributing to sustainable waste management.
5.2 CONCLUSION 
According to the current study, onion peels contain a variety of bioactive phytochemicals with established medicinal qualities which are  flavonoids, alkaloids, tannins, and saponins. Significant amounts of vital components such as Copper, potassium, magnesium, sodium, zinc, and iron were also found by mineral content analysis, demonstrating the food's nutritional value. Certain harmful bacteria, including Candida albicans, Staphylococcus aureus, and Escherichia coli, weren’t inhibited by the onion peel extract's antimicrobial properties. The potential of onion peel as a natural source of antibacterial compounds is not supported by these findings.
Onion peel, which is typically thought of as agricultural waste, may be used for value-added purposes because it contains both nutritional and therapeutic ingredients. It shows promise in fields like herbal medicine, and nutraceuticals. To sum up, onion peel extract has a lot of promise for use in industry and medicine, supporting environmental sustainability and human health.




5.3 RECOMMENDATION 
Future studies should consider using stronger concentrations or improved extraction methods to see if the antimicrobial effects of onion peel can be enhanced. Since the peel is rich in minerals and beneficial plant compounds, it’s worth exploring how it could be used in natural health products or as a nutritional supplement. This could help reduce waste from onion processing and turn what is often thrown away into something valuable. With more research, onion peel might one day be used in food, medicine, or skincare products, offering a natural and affordable alternative to synthetic additives. This approach not only promotes sustainability by reducing agricultural waste but also adds economic value to a commonly discarded material. Unlocking the full potential of onion peel could lead to innovative, eco-friendly solutions in health, nutrition, and industry.
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