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ABSTRACT
The promixate and heavy metals analysis of three vegetables spinach, bitter leaf and fluted pumpkin leaves were investigated. The result obtained revealed the nutritional composition and heavy metals in these selected vegetables. From these research it is seen that spinach has the highest fibre and carbohydrate content which is 15.63% and 38.11% respectively. Since the heavy metals of the vegetables sample were less than the maximum limits recommended by the FAO/WHO, leafy vegetables form national source is safe for composition. Proximate analysis showed that the leafy vegetables posses useful nutritional contents required for healthy growths. 
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[bookmark: _Toc131386955]CHAPTER ONE
[bookmark: _Toc131386956]INTRODUCTION
[bookmark: _Toc131386957]1.1 Background of the Study
In most developing tropical nations of sub Saharan West Africa, wild plant sources play significant role in food supply and other livelihood support (Mohammed and Sharif, 2011). Leafy vegetables are essential diet components providing protein, vitamins, iron, calcium and other nutrients, which are usually in short supply among the populations of poor tropical sub Saharan West Africa, wild plant resources play significant role in food supply and other livelihood support (Mohammed and Sharif, 2011). Leafy vegetables are essential diet components providing nutrients, which are usually in short supply among the population of poor tropical nations (Thompson and Kelly, 1999). 
 Leafy vegetables, also called leafy greens, pot herbs, vegetable greens, or simply greens, are plant leaves eaten as a vegetable, sometimes accompanied by tender petioles and shoots. They contain many typical plant nutrients, but since they are photosynthetic tissues, their vitamin K levels are particularly notable.
These vegetables are of  these agronomic vegetables relied mostly on rainfed agriculture due to scanty irrigation facilities hence, leafy vegetables are essential to the survival of the teeming population. Leafy vegetables are crucial in traditional health care systems in rural West African communities. Vast majority of  people live in rural areas and depend on medicinal plants for health care delivery due to poverty and non-availability of modern health care facilities (Amri and Kisangau, 2012). 
     Heavy metals are elements with density greater than 5gcm-3 and are classified as potentially toxic (cadmium, lead, mercury, aluminum, arsenic etc) and essential (iron, manganese, copper, zinc) (Jalbani et al., 2007). Toxic elements can be very harmful even at low concentration when the metals intake is excessively elevated (Celik and Oehlenschlager, 2007). Heavy metals are dangerous because they tend to bio-accumulate, in other words, there will be increase in the concentration of the metals in biological organisms over time compared to its concentration in the environment. Compounds accumulate in living organisms any time that they are taken up and stored faster than they are metabolized or excreted (Pascoe et al., 2001). 
Heavy metals are natural component of the environment; however, human activities such as crude oil exploration, mining, industry and commercial agriculture have been linked to increased quantity of these elements in the environment (Yebpella et al., 2011). Studies of heavy metals in ecosystem indicated that many areas near urban complexes, metal ferrous mines and major road systems contain anomalously high concentrations of these elements. In particular, soil in such regions have been polluted from a range of sources with Pb, Cd, Hg, As and other heavy metals (Nriagu, 1989). 
[bookmark: _Toc131386958]1.2 Spinach
Spinach or spinacia oleracea which is also called as alayyahu in hausa is found commonly found in Nigeria and native to central and western Asia ( Huwale 1985). Spinach is a leafy green that is originated in persia, it belongs to the amaranth family related to beets and quinoa considered very healthy with nutrients and antioxidant (Adeniyi et al). Spinach contain nutrients which includes folate, vitamin C, niacin, riboflavin and potassium.
Spinach is a nutritious green leafy vegetable that may benefit skin, hair and bone, rich in multiple vitamins and minerals. It leaves are a common edible vegetable consumed either consumed either fresh or after storage by preservation techniques by canning, freezing and dehydration ( Wikipedia). Spinach leaves aids in weight loss and are in low calories. It's fibre content help in good digestion, regulates low blood sugar and prevents constipation. 
[bookmark: _Toc131386959]1.3 Bitter Leaf
Bitter leaf or vernonia amygdalina also known as shuwaka in hausa is commonly consumed in sub saharan Africa also regarded as traditional medicinal practice (Google). It is also a leafy green which has been used as a treatment for many ailments from malaria, typhoid, diabetes, tuberculosis, gallstone and kidney stone to the prevention of cancer and lowering hypertension. The leaf has also been proven to possess antibacterial and antifungal properties(Marton 1991).
Bitter leaf contain flavonoids which have powerful antioxidant effect, and can help with treating a variety of health issues such as a high fever. In particular bitter leaf was used historically for the treatment of the bacterial infection typhoid fever.

[bookmark: _Toc131386960]1.4 Fluted Pumpkin Leaf
Fluted pumpkin leaf or Telifaira Occidentalis is commonly known as ugu in igbo. It is a minimally processed green leafy vegetable traditionally used for its antianaemic properties in the form of leaf juice without a heating or inactivation.
The protein in fluted pumpkin leaf also help in the improvement and maintenance of the body tissue which include the connective tissues, muscles and the nervous system (Samson and Isaac). In regards to blood related condition, ugu also prevents and treats anaemia. The folate nutrients present in it helps to increase the haemoglobin and red blood cells in the body, and also serves as an antidiabetic agent.
[bookmark: _Toc131386961]1.5 Justification
The presence of high content of heavy metals in vegetables may be very hazardous to humans. It is therefore very important to know the concentration of heavy metals in fresh vegetables since it is mostly consumed by human beings. In spite of the increasing use of plants as food and medicinal purposes, lesser work has been carried out on proximate and mineral composition of the plants. Plant needs to be explored to ascertain the best nutritive contents for the general benefits of the entire developing countries in the world. The determination of nutritive contents of less explored food would go a long way to supplement quality and quantifiable balanced food to Nigeria and Africa at large. Therefore, this study aims at determining the proximate and mineral composition of some leafy vegetables which may be used as a supplement for protein and other mineral nutrient for the body.  
[bookmark: _Toc131386962]1.6  Aim and Objectives
The aim of this research was to analyze the proximate analysis and determine the concentration of heavy metals in some leafy vegetables consumed in Sokoto  Metropolis.
Specifically, the aim was achieved through the following objectives;
1. Determining the presence of heavy metals (Zn, Pb, and Cu) in spinach, bitter leaf, and fluted pumpkin leaf samples. 
2. Proximate analysis (moisture content, ash content, crude lipid, crude fibre, crude protein, and carbohydrate content).   
[bookmark: _Hlk123281684][bookmark: _Toc131386963]
CHAPTER TWO
[bookmark: _Toc131386964]LITERATURE REVIEW
[bookmark: _Toc131386965]2.1 Spinach
Spinach originally came from persia(now Iran) where it is known as aspanakh. The green leafy vegetable made its way to china in the 7th century when the king of Nepal send it as a gift. It was eventually brought to Europe in the 11th century, when it was introduced to Spain by the Moors (Muslims). This vegetable plant cultivation began in Iran about 400Ad. The first savoyed leaf variety was introduced into north America in 1828 (Mark Hammond, 2005). Spinach is rich in iron, vitamin C and E, potassium and magnesium. As part of a nutritious doet, it can help support immune function and aid the digestive system
[bookmark: _Toc131386966]2.1.2 Scientific Classification of Spinach
Kingdom                Plantae   
Order                     Caryophyllales
Family                   Amaranthaceae
Genus                    Spinacia
Class.                    Magnoliopsida 

[image: ]
Plate 2.1: Spinach
[bookmark: _Toc131386967]2.2 Bitter leaf
The herb known as bitter leaf is a shrub or small tree that can reach 23 feet in height when fully grown. It has a grey or brown colour bark with a rough texture and flaked. It is a perennial plant with height between 1m and 6m.The herb is an indigenous plant which grows in most parts of sub Saharan Africa. This plant contain complex active component that are pharmacologically useful(Hartwell 1998). Bitter leaf may be used as active anti-cancer, anti-bacterial, anti-malaria and anti-parasitic agent. For traditional medicinal purpose bitter leaf is often consumed by chewing the tender stem to release a bitter liquid (Nwosu et al).
[bookmark: _Toc131386968]2.2.1 SCIENTIFIC CLASSIFICATION OF BITTER LEAF
Kingdom                Plantae   
Order                     Asterales
Family                  Asteraceae
Genus                    Vernonia
Specie                   V.amygdalina
[image: ]
Plate 2.2 Bitter leaf



2.3 FLUTED PUMPKIN LEAF   
Fluted pumpkin has been documented for high level of iron and potassium in its leaf vegetable and seed, it is consumed for its blood enrichment against anaemia patients. It is a perennial plant with great economic importance in Nigeria. Fluted pumpkin leaf is a tropical vine grown in West Africa as a leaf vegetable and for its edible seeds(Wikipedia). Pumpkin leaves contain the amount of protein needed for hormone balancing, the plant contain high amount of Phosphorus making it useful for keeping off onset kidney disease like kidney stone. These leaves raw, contain 0.1g of fat and 0mg of cholesterol per serving. The leaf extract is used in management of cholesterolemia liver problems and impared immune system(Google)
[bookmark: _Toc131386969]2.3 Scientific Classification of Fluted Pumpkin Leaf   
Kingdom                Plantae   
Order                   Cucurbitales   
Family                 Cucurbitaceae
Genus                   Telfairia Hook 
Class                Telifairia Occidentalis Hook
[image: ]
Plate 2.3 Fluted pumpkin leaf
[bookmark: _Toc131386970]
2.4	Proximate analysis
Proximate Analysis of food is the determination of the major components of food, which include: moisture, crude ash (mineral), crude lipids (fat), crude protein, crude fiber, digestible carbohydrate (nitrogen-free extracts) and energy value (calorie). Protein, lipid and carbohydrate each contribute to the total energy content of an organism while moisture and ash only contribute to mass. In proximate analysis one can get the information about nutritional facts of food as well as energy value of food. It is important to remember that proximate analysis is not a nutrient analysis, rather it is a partitioning of both nutrients and non-nutrients into categories based on common chemical properties.
[bookmark: _Toc131386971]2.5	Carbohydrates
Carbohydrates are defined as poly hydroxyl aldehyde or ketones or compounds that produce them on hydrolysis (Egbuna, 2000). They are compounds of carbon, hydrogen, and oxygen in the ratio of 1:2:1 with (CH2O) n as the empirical formula. Carbohydrates are present in foods in form of sugars, starches and fibre. Vegetables are important sources of both digestible and indigestible carbohydrates. The digestible carbohydrates are present largely in the form of sugars and starches. The indigestible carbohydrates are in the form of fibre. Carbohydrates are eventually metabolized by the body into blood glucose. All cells of the body utilize glucose as the primary energy source; particularly in the brain Glucose is the obligatory energy substrate of the adult brain. Nevertheless, under particular circumstances the brain has the capacity to use other blood-derived energy substrates, such as ketone bodies during development and starvation (Nehlig, 2004) or lactate during periods of intense physical activity (VanHall et al., 2009).Excess carbohydrates are converted into triglycerides for storage in adipose or fat cells, leading to weight gain. Incomplete carbohydrate metabolism leads to accumulations of sugar in the blood a condition known as hyperglycemia, a manifestation of diabetes. Starch also known as complex carbohydrate or polysaccharide, is present in foods such as cereals, whole grains, rice, pasta, potatoes, peas, corn and legumes. Sugar is found naturally in many foods. They have simpler chemical structure to starch. Low sugar vegetables include tender green leafy vegetables, spinach, lettuce etc. Foods containing natural sugars are generally very nutritious, providing many vitamins, minerals, phytochemicals (natural plant chemicals) and antioxidants. These foods also tend to be good sources of fiber, such as that found in fruits, vegetables and whole grains. However, foods high in added sugars are often referred to as sources of "empty calories," meaning they add calories to the diet but provide little benefit in terms of vitamins, minerals or fiber. Most plant foods are good sources of fibre (Kendall, 2000)
[bookmark: _Toc131386972]2.6	Dietary Fibres
Dietary fibre also referred to as roughage comprises all substances and compounds that pass through the intestine undigested. Fibre is found only in foods of plant origin. They are divided into two general categories which are soluble fibre which are compounds that dissolve in water and insoluble fibre which are those that bind to water. Soluble fibre absorbs water to become gelatinous substances and is fermented by bacteria in the digestive track. Insoluble fibre has a bulking action and is not fermented. Vegetables including green leaves are significant sources of both soluble and insoluble dietary fibre (Kendall, 2000).Soluble fibre promotes healthy cholesterol and blood sugar levels. Dietary fiber increases the weight and size of stool and softens it. In the presence of adequate amount of fluid insoluble fibre makes stool larger, softer and easier to pass thereby decreasing the chance of constipation (John, 2000). High-fiber diet may lower the risk of specific disorders, such as hemorrhoids, irritable bowel syndrome and the development of small pouches in the colon. While most food sources contain varying amount of both soluble and insoluble fibre, some foods are especially rich in one type. Soluble fibre can slow the absorption of sugar, which for people with diabetes can help improve blood sugar levels. High-fiber foods generally require more chewing time, which gives the body time to register when the body is no longer hungry, cutting down overeating (John, 2000). 

[bookmark: _Toc131386973]2.7	Protein Content
Proteins are large molecules that play vital roles in the organization and function of living organisms. They are polymers of amino acids, twenty of which occur naturally, only nine in adult and ten in infant (Nasiruddin et al., 2012). Every cell and tissue in the body contains protein. Different proteins work as enzymes, hormones, neurotransmitters, antibodies and specialized proteins such as hemoglobins and others. Proteins are constantly repairing body tissues to keep it healthy. There are two types of amino acids essential and non- essential. The eight essential amino acids cannot be made in sufficient amounts in the body and most therefore be supplied in the food. The twelve non-essential amino acids can be made from other amino acids in the diet Foods containing animal protein such as meat, milk and eggs, contain ample amounts of all essential amino acids. These foods however can be combined in a diet that supplies the required amounts (Nwosu et al., 2016) Crude protein content of green leafy vegetables ranges from 1.5% to 1.7 %. (WHO, 2012 ).
[bookmark: _Toc131386974] 2.8	Lipids
Biological lipids are a chemically diverse group of compounds, the common and defining feature of which is their insolubility in water (David and Michael, 2008). Lipids may be regarded as organic substances relatively insoluble in water, soluble in organic solvents (alcohol ether etc), actually or potentially related to fatty acids and utilized by the living cells .Green leafy vegetables are known to be poor sources of fat. Fat represents the lowest among the proximate components. Oguntona (2017) reported that the ether extract scarcely exceeds 1.0% in fresh leafy vegetables. The values from dry samples range from 1.0- 3.0%. However, dark green leafy vegetables contain omega 3 fatty acids. Omega 3 fatty acids are called essential fatty acids because the body cannot manufacture them from other nutrients. It must be obtained from the diet. Omega 3 fatty acids come in three varieties namely Alpha Linoleic Acid(ALA), Decosol-Hexanoic Acid (DHA) and Eicoso-Pentonoic Acid (EPA).They give important health benefits to the body. Dietary lipids have two major nutritive functions which include supply triacylglycerol that constitute about 90% of dietary lipids and provide essential fatty acids and fat soluble vitamins (A, D, E, and K) (David and Michael, 2008).
[bookmark: _Toc131386975]2.9	Ash Content
The ash content is a measure of the total amount of mineral present within a food whereas the mineral content is a measure of the specific inorganic components present within a food. The percentage of ash and each of the constituents of ash of any given species of plants are known to vary widely. They vary with the variety and with the age of the plant and the environmental condition under which it was grown (Weeden, 2000).Such variations are of considerable significance to animals and man since these creatures depends on plants for most of their mineral matter. Ash is one of the components of biological material consisting of mainly inorganic constituent which include Na, K and Ca (Weeden, 2000).
[bookmark: _Toc131386976]2.10	Moisture Contents
Vegetables naturally have high levels of water. This is the reason why they are generally fat free and low in calories. Both weight and health are controlled with diets rich in vegetables. Fresh green leafy vegetables are high in moisture. The level in individual sample depends on several factors such as age, agronomic practices prevailing during cultivation and freshness (Ogbadoyi, 2006). The moisture content of the dried vegetables also varies. Generally, vegetables are traditionally sun- dried. Therefore moisture content which is the supplement in a given sample or food is determined as percentage loss in weight which results from drying a known weight of the sample to a constant weight (Ogbadoyi, 2006).
[bookmark: _Toc131386977] 2.11	Lead (Pb)
Lead is a naturally occurring bluish-gray metal found in small amounts in the earth’s crust (ATSDR, 2018). It is a ubiquitous element that is found in rocks, soil, plant, animals and human beings however, it naturally occurs in a quite low level (Miller and Britigan, 1997). Much of it comes from human activities including burning fossil fuels, mining, and manufacturing. It is used in the production of batteries, explosives, in house hold products such as petrol, cigarettes, paint, smelters, pipes and toys (ATSDR, 2016)	
[bookmark: _Toc131386978]2.12  Copper (Cu) 
Copper is an essential element to the human life and for all known living organisms including humans and other animals at low levels of intake, but in high dose it can cause anemia, liver and kidney damage, stomach and intestinal irritation (Habtamu et al., 2015). It is a common component of fungicides and algaecides and released to environment from sewage, plumbing supplies (pipes, tubes) so ;leads to their presence in soil ground water and farm animals (ASTDR, 2016).
[bookmark: _Toc131386979]2.13	Zinc (Zn) 
Zinc is an integral component of a large variety of proteins and enzymes and it participates in a wide variety of metabolic process including carbohydrate, lipid, protein and nucleic acid synthesis or degradation. At the molecular level, zinc plays an important role in DNA replication and transcription and thus in protein synthesis (Sala et al., 2002).
Zinc is an essential element needed by our body in small amount. Without enough zinc in the diet there could be loss of appetite decrease immune function, slow round healing and skin sores. Fish products are the best source of zinc. Consequently, zinc deficiency may coexist in population that consumes diets with insufficient amounts of animal– based foods (Habtamu et al., 2015).
[bookmark: _Toc131386980]
CHAPTER THREE
[bookmark: _Toc131386981]MATERIALS AND METHODS
[bookmark: _Toc131386982]3.1 Materials 
[bookmark: _Toc131388329]Table 3.1.1 List of apparatus 
	Apparatus 
	Type/model 
	Manufacturer 

	Oven 
	SM9053
	Sugrifriend Medical England 

	Muffle furnace
	AAF
	Carbolite Gero LTD UK

	Khedahl flask
	Glass 
	Tecator Germany 

	Soxhlet extractor
	500ml/Ex 10/23
	Pyrex, England 

	AAS
	Alpha 4
	Germany 


[bookmark: _Toc131388330]Table 3.1.2 List of Chemicals/Reagents used
	Chemical/reagents
	% Purity 
	Grade 
	Manufacturer 

	Sodium hydroxide (NaOH)
	96%
	
	BDH Chemicals

	Sulphuric acid (H2SO4)
	98%
	AR
	Kemel 

	Hydrochloric acid (HCl)
	35%
	AR
	Loba chemicals 

	N-Hexane
	97%
	AR
	JHD

	Boric acid 
	99%
	
	Lab tech. chemicals

	Nitric acid (HNO3)
	95%
	AR
	Loba chemicals

	Selenium digestion tablet
	
	LR
	Mayer and Baker




[bookmark: _Toc131386983]3.2 Methods
[bookmark: _Toc131386984]3.2.1 SAMPLE COLLECTION AND IDENTIFICATION
Fresh  samples of spinach, bitter leaf and fluted pumpkin leaf  were purchase from Kasuwan Dan Kure okoto. The collected Samples were identified at botany unit in Usmanu Danfodiyo University, Sokoto. 
[bookmark: _Toc131386985]3.2.2	Preparation of Sample
The samples were shade dried and  were grounded using mortar and pestle to obtain the powder which was used for the analysis. 
[bookmark: _Toc131386986]3.2.3	Proximate Analysis
The method of Association of Official Analytical Chemistry (AOAC) 1990 was used for general proximate analysis of the fish sample.
[bookmark: _Toc131386987]3.2.4	Determination of  Moisture Content.
Principle:
This was based on heating the sample to eliminate all water content in the samples. This is achieved by placing the samples in an oven at 1050C for 24 hours. 
Procedure:
2g each of the samples with crucible were weighed as W1, the weight of the empty crucible is W0. The crucible with the sample was placed in an oven at 105°C for 24hours and reweighed as W2. The percentage moisture content was calculated using the equation below.
Moisture content (%) = W1-W2/W1-W0 ×100 ……………………………………………….(i).
        Weight of empty crucible ----------- W0 
Weight of fresh samples + crucible --------- W1
Weight of dried samples + crucible ----------- W2
[bookmark: _Toc131386988]3.2.5	Determination of Total Ash Content
Principle:
The principle was based on the combustion of all organic matter in the samples leaving behind inorganic matter in form of ash.
Procedure:
2g each of the grinded samples were weighed and placed in a dried clean and empty crucible of weight W0, the crucible with the samples were weighed as W1. The crucibles with the samples were then placed in a murfle furnace at 600°C for about 2hours. The percentage of the ash was calculated using the equation below.
Ash content % = W1-W2/W1-W0 ×100…………………………………………………….(ii).
Weight of empty crucibles ----------- W0   
Weight of crucibles  + dry samples ------- W1
Weight of crucibles + Ash --------- W2           
[bookmark: _Toc131386989]3.2.6	Determination of crude lipid
Principle:
This is the continuous extraction of fat content from the sample using n-hexane in a soxhlet extractor so that non-polar component of the sample will be easily extracted into organic solvent.


Procedure:
This is the continuous extraction of fat content from the samples with solvent like ethanol using solvent extraction method.
Procedure:
A clean and round bottom flask was weighed W1, 2g each of the dried samples were placed on a thimble and finally placed on a soxhlet extractor. A sufficient quantity of ethanol was added into the soxhlet extractor. The extraction goes on for three(3) hours, the apparatus was disconnected and the flask was  dried for 10 minutes and then weighed W3. The difference in weight was used to calculate percentage crude lipid.
Crude lipid percentage% = W3-W2/W1×100…………………………………………….(iii)
Weight of samples         ----------- W1
Weight of empty flask -------------- W2
Weight of flask + oil     ------------- W3
[bookmark: _Toc131386990]3.2.7	Determination of Crude Fibre.
Principle:
This is based on the sequential hot digestion with acid and base solution of the defatted samples, followed by thorough washing with boiling water and finally drying off. These ensure the removal of all material.
Procedure:
The residue of the decantation obtained from the crude lipid extraction was placed in a conical flask; 200ml of distilled water and 20ml of H2SO4 was added and fixed on a water bath heater and heated for 30 minutes and then filtered. 200ml of distilled water and 10% of NaOH was added to the content, the residues was heated again and filtered. The residues were transferred into crucibles and taken into the oven and are allowed to dry. The weight of the dried ash obtain were weighed and the percentage fibre was calculated. 
W3-W2/W1 × 100 ……………………………………………………………………………(iv)
Weight of samples --------- W1
Weight of crucibles + ash -------- W2
Weight of crucibles + dry residues------- W3
[bookmark: _Toc131386991]3.2.8	Determination of Crude Protein
Principle:
This process involves oxidation of organic matter with strong acid and also to determine the amount of nitrogen and percentage crude protein was estimated using a conversion factor of 6.25.
Procedure:
The micro Kjeldahl was used and it involved three stages:
Digestion:
2.0g of each sample were weighed and transferred into a clean dried 500ml micro kjeldhal flask and some quantity of salanium tablet was added followed by 10ml of freshly prepared concentrated tetraoxosulphate(iv) acid (Conc H2SO4). The content was heated contentiously in a fume cupboard until it became cleared. This reduce all the nitrogen to ammonium sulphate.
Organic matter + conc. H2SO4------------ (NH4SO4) + CO2 + SO2 +H2O…………………(v)
NH4SO4 + 2NaOH -------- Na2SO4 + 2H2O + 2NH3………………………………………..(vi)
The mixture was allowed to cooled down and slowly made up to 50cm³ by volume with distilled water and shake vigorously. 

Distillation:
10ml of the aliquot was pipetted into a Kjeldahl flask and make the volume up to 50ml with distilled water.20ml of 40% NaOH was added to extract the ammonia out of the sample which will be evaporated into 20ml boric acid indicator that was used as the receiver of nitrogen extracted. The ammonia was liberated into the boric acid until the volume is made up to 40mls in the conical flask. The color changes from pink to green.
Titration:
The collected samples with ammonia were then titrated against 0.1N HCl to end point which give the actual amount of protein in the sample. The color changes from green back to pink at the end point and the initial and final burette reading were taken.
 Nitrogen % = Tv x molarity of acid × 0.014 × 50 x 100………………(vii)
                         Weight of samples × volume of aliquot 
Crude protein % = %Nitrogen x conversion factor  (6.25)
Where Tv = titre value
[bookmark: _Toc131386992]3.2.9 	Carbohydrate by Difference
Total carbohydrate is determined by adding the total percentages of crude protein, crude lipid, moisture content and ash from and subtracting the total from 100%
Carbohydrate % = 100% - (% crude protein + %crude lipid + % fibre + %ash + %moisture).
Procedure for Digestion
The digestion procedures, 2g each of the dried samples were weighed using weighing balance, 50ml of Conc. HCl was added. The tubes were then heated at 200°C until the solution became translucent and a brownish smoke stopped being released, which indicated the complete digestion of the organic matter. The tubes were allowed to cool at room temperature. Then, the digested samples were quantitatively transferred into prewashed sample bottles; the samples were ready for Atomic Absorption Spectrophotometer (AAS) analysis (Van et al., 2009).
Heavy Metals Analysis:
Determination of the heavy metals content was determined by using Atomic Absorption Spectroscopic method (Rutkowski and Gregorczyk, 2007). The concentration of various metals was determined by the method of Atomic Absorption Spectroscopy.
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CHAPTER FOUR
[bookmark: _Toc131386994]4.0 RESULTS AND DISCUSSION
[bookmark: _Toc131386995]4.1 Results
The table 4.1 below shows results for proximate analysis of Spinach, Bitter leaf and fluted pumpkin leaf. 
[bookmark: _Toc131388331]Table 4.1: Results for proximate analysis
	Nutrients 
	Spinach 
	Bitter leaf
	Fluted pumpkin leaf

	 Moisture  %
	5.97
	6.26
	6.45

	Lipid %
	13.93
	9.99
	15.73

	Ash %
	14.60
	8.50
	7.43

	Crude Fibre %
	15.63
	12.88
	12.35

	Crude Protein%
	6.49
	4.26
	3.50

	Carbohydrate %
	38.11
	36.50
	37.75



[bookmark: _Toc131388332]Table 4.1.1:  Results for Heavy Metals
	Heavy metals
	Spinach 
	Bitter leaf
	Fluted pumpkin leaf 
	WHO Standard 

	Cupper (Cu)
	0.14(ppm)
	0.07(ppm)
	0.18(ppm)
	10.0

	Lead (Pb) 
	0.08(ppm)s
	0.07(ppm)
	0.10(ppm)
	2.0

	Zinc (Zn)
	0.14(ppm)
	0.17(ppm)
	0.21(ppm)
	0.6




[bookmark: _Toc131386996]4.2 Discussion
The result for the proximate Analysis in table 4.1 reveals that the moisture content of the leaves was calculated to be (5.97%, 6.26%, and 6.45%) for the fresh leaves , the crude protein was determined to be (15.63%, 12.88% and 12.35%), the crude fibre was calculated to be (6.49%, 4.26% and 3.50%) for the fresh leaves. The carbohydrate content of these leaves was determine to be (38.11%, 36.50% and 37.75%),  the Lipid and Ash content of these leaves was determine to be (13.93%, 9.99% and 15.73%) and (14.60%, 8.50% and 7.43%) respectively.
From the above result it clearly shows that the leaves have minimum concentration Ash content which proves that the leaves may contain vital minerals that are very important to health. The higher content of Carbohydrate makes the leaves to be good source of energy. The Crude protein content in the Samples were also in high concentration. The leaves  also have considerable amount of lipid which is also another form of energy.
And finally the fibre and moisture content were found in a low amount and as such these leaves does have much minenerals in them.
Zinc is an essential element in plants and human diet. Too little Zinc can cause problems, however too much Zinc is harmful to Human health (Nausea and vomiting, abdominal cramps and diarrhea) (Benchasri, 2012). From the above result obtained in table 4.1.1 the concentration of zinc for spinach, bitter leaf and fluted pumpkin leaf is (0.14,0.17 and 0.21) respectively and the permissible limit of zinc is (40) prescribed by (FAO/WHO) so it is below the level recommended by international organization. Lead  in vegetables is a tonic metal of primary concern, present at low concentration in most foods. Pb is known to induce reduced cognitive development and intellectual performance in children and increased blood pressure and cardiovascular disease in adults. The concentration of lead for the vegetables  in the table 4.1.1 above is (0.8, 0.7, and 0.10) and the permissible limit of lead is 2.2 micrograms by (FAO/WHO). Copper is the cofactor to many enzymes and a key role of copper in human health is also due to its development in absorption, utilization and transport of Fe in the body, and also prevention from the Fe deficiency (David and Micheal, 2008). From the above result obtained in table 4.1.1 the concentration of copper is (0.13, 0.7 and 0.18) and the permissible limit of copper is (30) prescribed by (FAO/WHO) so it is blow the level recommended by international organization.
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CHAPTER FIVE
[bookmark: _Toc131386998]CONCLUSION AND RECOMMENDATIONS
[bookmark: _Toc131386999]5.1 Conclusion
The proximate Analysis shows that spinach, bitter leaf and fluted pumpkin leaf are highly valued specie of plants distributed among many states, they also have an impressive range of medicinal and nutritional value.
The concentration of heavy metals in spinach, bitter leaf, and fluted pumpkin leaf consumed in sokoto metropolis which is obtained from kasuwan Dan kure market were analyzed and compared with standard  as set by FAO/WHO(2007).
[bookmark: _Toc131387000]5.2 Recommendations
The proximate composition of these vegetables as seen in this research work has a high profile of important nutrients and as such I recommended that the vegetables should be planted in residential compounds like schools, houses etc, for easily collection and utilization.
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