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ABSTRACT
The research was carried to evaluate the nutritional and mineral values of Indian Almond (Terminalia Catappa), Pawpaw (Carica Papaya) and Guava (Psidium Guajava) seeds. The research was carried out using several laboratory techniques and spectroscopic analysis (AAS). The seeds according to the results obtained from the research were found to contain good amount of nutrient, energy and minerals. Indian Almond, being the richest of the three in nutrient also contains the highest amount of oil (47.5 ± 0.10) among other nutrients. Pawpaw seeds was found to be the richest of the three samples in carbohydrate (15.4 ± 0.686) and Guava seeds on the other hand were found to be the richest  in fibre (57.0 ± 0.28) among other nutrients.
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CHAPTER ONE
[bookmark: _GoBack]1.0 INTRODUCTION
Africa is one of the largest producers of some of the most popular fruits on the planet like citrus, pineapples, bananas and many others (Iwuoha, 2013). Plants not only form the integral part of the world’s food chains, they are also a source of medicine, raw material, food, and so on for man and animals. Most of the plants parts such as fruits, seeds and vegetables, though very rich in amino acids, minerals and vitamins have limited use in human and livestock nutrition because of unknown levels of anti-nutrients they may contain (Ibanga and Ekpa, 2009). 
Normally, the tropical fruits such as guava, papaya, mango and pineapple are consumed in the fresh form. They are generally well-known for their nutritional values, which include Minerals and vitamins (Piombo et al, 2006). Besides this, these fruits are also processed into end products such as jams, jellies, juices, pickles, and food flavors. It is commonly acknowledged that the fruit processing sector usually generates a large amount of seeds as wastes. In the past, investigations were undertaken to explore their potential uses in food applications due to their high nutritional value (Okolie et al, 2012). For instance, papaya seeds have been used for decades in some medicinal applications. They are believed to remove intestinal parasites, detoxify liver, and a remedy for toxin induced kidney failures (Aravind et al, 2003). Utilization of the seeds concurrently helps to deal with waste disposal problem, which causes environmental pollution (Nyam et al, 2009). For this reason, many fruit seeds have been evaluated for specific industrial or food uses such as newer sources of oils (Mabaleha et al, 2007; Parry et al, 2008). Therefore, Nutritional analysis of these wasted seeds will help in exploring their nutritional value and thus control waste disposal problem.
1.1 Nutritional Analysis
The science of food and nutritional analysis has developed rapidly in recent years. Food scientist analyze foods to obtain information about their nutrient, composition, appearance, texture, flavor, shelf life, etc. Nevertheless, the term nutritional analysis is often is often thought only to be concerned with the determination of food composition and its nutritive value/quality (Jain and Gupta, 2015). Nutrients are at the base of the nutrition and can be grouped into six major categories: Carbohydrate, Protein, Lipid (fat), water, vitamins and minerals (Lennernas et al, 1997). 
Appropriate intake of food ensures sufficient supply of nutrient. It is therefore important to analyze the composition of some foods to establish a base necessary to know their nutritional contribution to our health.
Nutrition Analysis helps in the detailed and perfect determination of the component nutrients present in any food item. Food components have vast bio metabolic roles and could affect human health severely. If the consumer has a clear idea about the food component, he or she may choose or reject speciﬁc food items according to his or her health condition. As an example, khichdi is more beneﬁcial than plain rice or roti alone in case a person is looking for low-cost supplementary food for protein-energy malnutrition. The combined protein sourced from rice and dal makes khichdi more nutritional and wholesome. Nutritional Analysis and comparison of ‘Khichdi’ with various other food items helped scientists in concluding this revolutionary easy way which is now an instrumental supplementary therapeutic dish in India’s master plan of ﬁghting Protein Energy Malnutrition (Sigma Test and Research Centre, 2009).
· Nutritional Analysis detects the exact nutritional value of any given food item.
· It determines the percentage of macro and micronutrients present in that food item as well as the presence of inhibitors, toxic chemicals, or any other new component.
· It is also important in nutrition mapping where a variety of food items are regularly being tested and included in the standardized book of Nutritive Value of Foods.
· Presences of inhibitors, toxic chemicals in various foods are tested in nutritional analysis. Inhibitors like phytate, oxalate decrease the bioavailability of nutrients, and toxic chemicals like saponin, trypsin inhibitors, pathogens, etc. cause mild to severe ailments in the human body.
· Agricultural researchers regularly try to discover new Genetically Modiﬁed Foods which would be economical and easy to yield for farmers and nutritionally adequate or better for the consumers. Nutritional analysis of these food items also enrich the food variety of our nation (STRC, 2009).
1.2 Mineral Elements
The term mineral elements refers to trace elements in nutrition, they are those elements which normally form salts. Body has some minerals which occur in tissues but only 23 are known to be essential to human, seven of these are required in amount greater than 100mg per day (Ca, P, Na, Mg, K, Cl and S) and they are called major or macro minerals.
Mineral elements carry physical and chemical activities for the functioning of the cells and tissues, regulation of osmotic pressure, as building blocks of bones, in growth and in blood formation.
1.2.1 Functions of Mineral elements
a) Protein synthesis
b) In the regulation of a number of cell membranes
c) Heart functions
d) Blood clothing 
e) Muscle contraction
f) Red blood synthesis (Aremu et al., 2005)
1.3 Problem Statement
Fruit seeds are usually considered useless and are therefore thrown out as waste during processing or after human consumption. These therefore, causes waste disposal problems e.g. land pollution in our environment. These seeds may consist some nutritional and even medicinal values. 
1.4 Justification of Research
The research will help in exploring the nutritional values of seeds of some common fruits which could be cheap sources of protein and other body nutrients since they are readily available and cheap in order to help deal with some waste disposal problems, and also help in industrial and pharmaceutical applications. 
1.5 Aim and Objectives
The aim of this research is to evaluate the value of seeds of these selected fruits - Indian almond (Terminalia Catappa), Guava (Psidium Guajava) and Pawpaw (Carica Papaya) as sources of nutrient.


The main objectives are:
a) To determine the proximate composition in these seeds.
b) To determine their calorific value.
c) To determine some mineral contents of these seeds.








CHAPTER TWO
2.0 LITERATURE REVIEW
2.1 Indian Almond
Indian almond (Terminalia Catappa) species is known in English under names such as Bengal almond, Singapore almond, Malabar almond, Talisay almond, Tropical almond and in Hausa as Tuwon Biri. The plant has been commonly used among aquarists to promote the natural environment for better health of animals. The extracts of the plant were known to be able to reduce water pH and heavy metal toxicity (Chyau et al, 2006) besides being an excellent source of nutrient as well as an antibacterial alternative in ornamental fish culture (Chansue and Assawawongkasem, 2008).
A research conducted by Matos et al. (2009), on Indian almond (Terminalia Catappa) seed extracted oil, it was found that the seed oil is of unsaturated type and contains mainly the fatty acids oleic C18:1(31.48%) and linoleic C18:2 (28.93%). The oil can be classified in the oleic-linoleic acid group. The oil extracts exhibited good physicochemical properties and could be useful for industrial application. 
Another research conducted by Oduro et al. (2009), on two common varieties of Indian almond, the objective of the research was to investigate the medicinal potential of the two common varieties of Indian almond. The seeds of both varieties was found to have high amount of crude fat and protein and can therefore be incorporated into the feeds of certain animals. There was however, no significant differences between the two varieties based on the composition of fruits (pulp and nut). The pulps of both varieties were found to contain the following phytochemicals: Saponins, General Glycosides, Flavonoids and Anthraquinones, and the seeds were found to contain Alkaloids, Steroids and Terpenoids. The presence of these phytochemicals in a plant is a good indication of the medicinal value of the plant.  
2.2 Pawpaw
Pawpaw (Carica papaya) from the genus Carica has been distributed all over the tropical regions (Malacrida et al. 2011). Pawpaw usually possesses large amounts of seeds at the central cavity of the fruit, which is about 15% of the weight of the fruit. Pawpaw seeds are pungent and peppery making them to become unpalatable. However, the seeds seem to have some potent medicinal values than the fresh. For instance, they have antibacterial properties and are against E. coli, Salmonella, and Staphylococcus infections. They are also believed to remove intestinal parasites, detoxify liver, and a remedy for toxin induced kidney failures (Aravind et al. 2003).
According to a phytochemical analysis by (Masfufatun et al. 2009) on pawpaw seed, Pawpaw seed extract possessed high antimicrobial activities against V. cholerae and low antimicrobial activities against C. albicans. The phytochemical analysis of papaya seed extract demonstrated that this extract contained bioactive compounds such as alkaloids, flavonoids, saponins, tannins, etc. This results showed that pawpaw seed has a potential therapeutic effect.
Samaram et al. (2003) reported that pawpaw has a potential to produce about 30–34% oils depending on the variety, seed size, and shape. Pawpaw seeds being rich in oil would make them economically attractive for industrial exploitation similar to other conventional oilseed crops such as corn (3.1–5.7%) and soybean (18–20%). As reported by the Puangsri et al. (2005); the major fatty acids of the pawpaw seed oil were oleic (76.9%), followed by palmitic (13.4%), stearic (4.6%), and linoleic (3.2%) acids. These shows that pawpaw seeds can be a good source essential oil.
2.3 Guava
Guava (Psidium guajava), a member of the Myrtaceae family, is a crop widely grown in the tropical countries of the Asia and Africa. Quite a number of varieties of guava with differences in the color of the pulp, such as white, pink, red, etc., are grown in these countries (Castro-vargas et al. 2012). The seeds of guava constitute about 6 – 12% by weight of the whole fruit. Being round in shape and pale yellowish brown in color, the seeds are reported to contain about 16% oil (Prasad and Azeemoddin, 1994)
According to the fatty acid compositional analysis conducted by (Prasad and Azeemoddin, 1994). The total unsaturated and saturated fatty acids in guava seeds oil were 87.3 and 11.8%, respectively. The major fatty acids of guava seed were linoleic acid (76.4%) followed by oleic (10.8%), palmitic (6.6%), and stearic acids (4.6%). According to Prasad and Azeemoddin, it is more or less similar to the fatty acid composition of safflower oil and can become a potential substitute for it.
According to a research conducted by Anam et al. (2017) on Guava seed oil, the research was aimed to extract the guava seed oil for its quantitative determination and to evaluate chemical characteristics including fatty acid composition. Average oil content of guava seed was found to be 11.12g oil/100g seed. The iodine value, acid value, free fatty acid, peroxide value and saponification value were found to be 120.55g of I2/100g oil, 3.74g/100g oil, 1.86g/100g oil, 4.13 mEq/kg of oil and 190.74mg/100g of oil respectively. By gas chromatography – mass spectrometry, a total of eighteen fatty acids were identified from which twelve were saturated fatty acids and six were unsaturated fatty acids. The results indicated that guava seed oil is a good source of essential fatty acids.


CHAPTER THREE
3.0 MATERIALS AND METHODS
3.1 Sample collection
The Indian almond (Terminalia Cattappa) seeds were obtained free of charge at Tegina, Niger state from the Indian almond fruits. The fruits were kept in a dry place for 3 days to dry and then were crushed with a hammer to obtain the inner seeds.
The Guava (Psidium Guajava) seeds were obtained from the guava fruits bought from Zaria. The fruits were kept closed in the absence of air for 5 days to rot away. After 5 days the seeds were easily removed from the rotten guava fruits, washed and air-dried.
The Pawpaw (Carica Papaya) seeds were obtained free of charge from Gawon Nama fruit market in Sokoto. The seeds were then washed and air-dried. 
3.2 Materials and Reagents
Table 3.1: Shows the apparatus used for the analysis in this research, in addition to laboratory glass wares.
	APPARATUS
	TYPE/MODEL
	COMPANY

	Soxhlet apparatus
	Glass
	Pyrex glass, England

	Kjeldahl apparatus 
	Glass
	Pyrex glass, England

	Weighing balance
	PM 16 K
	Switzerland

	Drying oven
Hot plate
	DHG-9023
DB-1A
	Xi’an Toption, China
Wincom Company, China

	Furnace
	Muffle
	Carbolite Gero, UK

	Desiccator
	Glass
	Pyrex glass, England

	Lab Mortar and Pestle
	Ceramic
	CDK, Nigeria 

	Crucibles 
	Ceramic
	CDK, Nigeria







Table 3.2: Shows the reagents used for the analysis in this research.
	ITEM
	FORMULA
	PURITY
	MANUFACTURER

	Sulfuric acid
	H2SO4
	98%
	Fission, England

	Boric acid
	H3BO3
	99.9%
	Hopkins & Williams Ltd

	n-Hexane
	C6H14
	99%
	BDH, England

	Selenium Tables
	Se
	99.9%
	BDH, England

	Caustic Soda
	NaOH
	98%
	BDH, England

	Hydrochloric acid
	HCl
	98%
	Fission, England

	Nitric acid
	HNO3
	98%
	Fission, England



3.3 Preparation of samples
The collected samples were air-dried and pulverized using lab mortar and pestle.  These samples were then packed in separate leather bags.
3.4 Preparation of reagents
a) Exactly 1.25% sulfuric acid was prepared by adding 100cm3 distilled water into a 200ml volumetric flask. 1.25cm3 conc. sulfuric acid was measured using a measuring cylinder and was added to the volumetric flask. The volumetric flask was then closed and shaken thoroughly to ensure proper dilution. 
b) The 0.01M Hydrochloric acid solution was prepared by measuring 0.31cm3 of conc. Hydrochloric acid adding to 1000ml distilled water. 
c) A solution of 1.25% NaOH was prepared by weighing 1.25g of NaOH and added into a 200ml beaker followed by adding 100cm3 distilled water into the beaker. The mixture was stirred continuously to dissolve the NaOH.
d) The 40% NaOH solution was prepared by weighing 40g of NaOH and added into a 200ml beaker followed by adding 100cm3 of distilled water, then stirred continuously using a glass stirring rod until fully dissolved.
e) The 20% boric acid solution was prepared by measuring 20g of pure boric acid and poured into a 200ml volumetric acid followed by adding 100cm3 distilled water. The mixture was shaken thoroughly until the boric acid has fully dissolved.
3.5 Procedures
3.5.1 Moisture content
This was determined by drying in a hot air oven. 2g of the sample was added to a crucible and dried in a hot air oven at 105°C. The empty crucible was weighed prior to the drying and the weight was recorded. The time required to dry was 12 or 24hrs to a constant weight, Association of Official Analytical Chemists, (2000). The dried samples were cooled in a desiccator for 30 minutes and weighed. The percentage loss in weight indicates the moisture content, and was calculated using the equation below.

Where: 
w0 = Weight of the empty crucible in grams
w1 = Weight of the fresh sample and the crucible
w2 = Weight of the dried sample and the crucible
3.5.2 Ash content 
This was determined using the method described in AOAC, (2000). 2g of the sample was added to the crucible and the weight of the crucible was measured. The sample was burnt in a muffle furnace at 600°C until a whitish grey ash was obtained. The ash was removed, cooled in a desiccator and then weighed. The ash content was calculated using the equation below.

Where:
w0 = Weight of the empty crucible in grams
w1 = Weight of the sample and the crucible in grams
w2 = Weight of the ash sample and the crucible in grams
3.5.3 Crude protein
The Kjeldahl method according to AOAC, (2000), was the used for determination of crude protein. The procedures are: 
a) Digestion: In this method, 0.5g of the sample was added into a Kjeldahl digestion flask, one Kjeldahl catalyst tablet (Selenium) was added and 10cm3 of Conc. Sulphuric acid were added to the flask. The flask was placed in an inclined position in a fume chamber and heated gently for 1 hour. Boiling of the content in the flask continued briskly until the solution become clear (in approx. 15 mins). The digest was allowed to cool at the end of the digestion period. The digest was dilute to 50cm3 with water.
b) Distillation: Exactly 10cm3 of the diluted solution was transferred into a steam distillation apparatus and 10cm3 of 40% sodium hydroxide solution was added. The condenser was connected to a conical flask containing 20cm3 of 20% boric acid through a delivery tube dipped down below the surface of boric acid solution. The distillation process was allowed to continue for 6 minutes, until the mixture is passed completely into the boric acid solution. Then the distillate was collected and the apparatus were washed.  
c) Titration: The distillate was titrated against 0.01M HCl with continuous stirring until the color changed from green to pinkish. And the volume of the acid used was recorded. 
The percentage of crude protein was obtained by multiply the nitrogen content by 6.25. The nitrogen content was calculated using the equation below.

%Crude protein = %Nitrogen X 6.25
Where:
0.01 is the normality of the acid
50 is the volume distilled water used for dilution.
a = The Volume (ml) of the digested sample 
b = The volume (ml) of blank.
14 = atomic mass of Nitrogen (It’s constant) 
Where 6.25 is the conversion factor
3.5.4 Crude Fat
This was determined using soxhlet extraction method as described in AOAC, (2000). 5g of the sample was put into porous thimble and plugged with a layer of cotton wool. The thimble was placed into the extraction chamber. A round bottom flask was weighed which serves as receiving flask and 150cm3 n-hexane was poured into the flask. The soxhlet apparatus was started and was allowed to reflux for 6 hours. The thimble was then removed and the n-hexane was collected at the top and drained into a container for reuse. Then the round bottom flask was removed free of n-hexane and dried at 100°C for 30 minutes in a hot air oven. It was then removed and allowed to cool in a desiccator and weighed. The fat content was calculated as follows.
Where:
W1 = Weight of empty flask
W2 = Weight of the flask + Oil 
5 is the weight of the sample
3.5.5 Crude Fibre
Crude fibre was determined using the method described in AOAC, (2000). The defatted samples (i.e. residues from extraction) were air-dried and transferred to a 600ml beaker. 200ml of 1.25% sulfuric acid were added to the beaker. The beaker was placed on a pre-adjusted hot plate and boiled for 30 minutes rotating the conical flask periodically to ensure proper boiling. After 30 minutes, the mixture was filtered in a Buchner funnel and the insoluble matter was washed with hot water until it was free of the acid together with the conical flask. The residue was washed back into the original flask by the means of a wash bottle containing 200ml of 1.25% sodium hydroxide solution, it was again boiled briskly for 30 minutes with similar precaution. After 30 minutes, it was filtered and washed with hot water until it was free from the sodium hydroxide. The residue was transferred into a crucible and dried at 100°C in a hot air oven to a constant weight. The weight of the oven dried residue was measured. Incineration to ash was done at 600°C in a furnace for 2 hours then removed, cooled in a desiccator and weighed. The crude fibre content was calculated using the formula below.

3.5.6 Carbohydrate
Carbohydrate content of the sample was determined by difference rather than analyzed directly using AOAC, (2000). It was calculated using the formula below.
%Carbohydrate = 100 – (%Crude Fat + %Ash + %Protein + %Crude Fibre + %Water)
3.5.7 Calorific Value
The sample calorific value was estimated in (Kcal) by multiplying the percentage crude protein, crude fat and carbohydrate by the recommended factors (2.44, 8.37, 3.57 respectively) in vegetable analysis (Asibey-Berko and Taiye, 1999).
3.6 Mineral Analysis
3.6.1 Digestion of Samples
The samples to be analyzed were digested with concentrated nitric acid (HNO3). Two grams (2g) of each of the samples were weighed and added into a 100ml beaker. 20cm3 of the conc. HNO3 was measured using a measuring cylinder and added into the beaker. The beaker was heated on a hot plate until frothing stops and solution became clear, then removed and was allowed to cool. The solutions were then filtered into a clean 50ml volumetric flask and distilled water was added to reach the 50ml mark. The solutions were used for mineral analysis using Atomic Absorption Spectrometry (AAS).

CHAPTER FOUR
4.0 RESULT AND DISCUSSION
4.1 Results
Table 3.1 and 3.2 show the results of the various proximate analysis and some mineral analysis carried out on the selected fruit seeds respectively.
Table 4.1: Proximate compositions of Indian Almond, Pawpaw and Guava seeds
	Parameters
	Conc. Indian Almond
	Conc. Pawpaw
	Conc. Guava

	Moisture
	9.8 ± 0.24
	3.30 ± 0.24
	6.83 ± 1.16

	Ash 
	3.83 ± 0.24
	5.17 ± 0.47
	3.67 ± 0.24

	Crude Protein
	26.13 ± 0.87
	24.40 ± 1.764
	11.17 ± 1.085

	Crude Fat
	47.5 ± 0.10
	25.2 ± 0.28
	13.5 ± 0.10

	Crude Fibre
Carbohydrate
	4.67 ± 0.19
8 ± 1.06
	23.5 ± 0.47
15.4 ± 0.686
	57.0 ± 0.28
8.7 ± 0.90

	Calorific Value (kcal/100g) 
	490.2 ± 2.244
	332.88 ± 3.391
	171.785 ± 1.845


Values expressed as mean ± Standard deviation
Table 4.2: Mineral compositions of Indian Almond, Pawpaw and Guava seeds
	Parameters
	Conc. Indian Almond mg/100g
	Conc. Pawpaw mg/100g
	Conc. Guava mg/100g

	Calcium
	36.1 ± 1.105
	63.95 ± 11.59
	0.05 ± 0.016

	Magnesium 
	26.4 ± 1.639
	0.53 ± 0.024
	0.13 ± 0.027

	Potassium 
	5.0 ± 0.860
	46.83 ± 0.321
	0.20 ± 0.014

	Zinc 
Iron
	0.90 ± 0.064
37.5 ± 1.936
	2.88 ± 0.442
1.47 ± 0.042
	20.31 ± 3.974
13.8 ± 0.283


Values expressed as mean ± Standard deviation


4.2 Discussions 
4.2.1 Proximate compositions
Moisture content: The moisture content is an indication of the amount of water in the sample, which varies from small percentage in dry samples to large percentage in fresh ones. From the above result, the moisture content of Indian Almond, Pawpaw and Guava seeds were found to be 10.33 ± 0.26, 3.30 ± 0.26 and 6.83 ± 0.08 respectively. This shows that Indian Almond Seeds has the highest water content among the three samples, followed by Guava Seeds and then Pawpaw seeds, which has a very small percentage of water. The lower moisture content of a sample is an indication that they have good storage property with minimum fungal and bacterial attack (Hassan et al., 2005).
Ash Content: The ash content of a sample gives the highlight of the inorganic minerals present in the sample. Thus, ash content is an index of the total mineral content of the sample. Among the three samples, Pawpaw seeds were found to have the highest ash content with 5.17 ± 0.47 total ash, which is almost similar to that of raw groundnut which was found to contain 4.55% total ash (Bhanu and Sadagopan, 2013). Pawpaw seeds are hence expected to contain the highest mineral content than Indian and Guava seeds, which has 3.83 ± 0.24 and 3.67 ± 0.24 total ash respectively.
Crude Protein: The Crude protein content gives the amount of amino acids in foods. It is essential in bodybuilding. The result above indicates that both samples contain a certain amount of protein, but Indian Almond seeds with 26.13 ± 0.87 crude protein contain the highest percentage. This makes it the highest source of amino acids of the three analyzed samples.
Crude Fat: This indicates the amount of fat and oils in foods. Indian Almond is found to have a very high amount of oil of 47.5 ± 0.10. Although nuts and kernels are known to have sufficient amount of oils e.g Pea nut 56%, which is one of the major sources of edible oils in Nigeria, Walnuts, Palm Kernels, among others. Papaya also contain sufficient amount of oil, 25.2 ± 0.28 which is comparable to that of Linseed, 22%, These indicates that Indian Almond and Papaya seeds can serve as good sources of edible oils or as source of energy. Consumption of dietary fat and oils are the principal sources of energy but should not exceed the recommended dose of not more than 30 calories, so as to avoid obesity and other related diseases (Levin, 1998 and Hassan et al., 2005).
Crude Fibre: According to Eromosele and Eromosele (1993), fibre helps in the maintenance of human health and has been known to reduce cholesterol level in the body. High fibre foods expands the inside wall of the colon, causing the passage of waste, thus making it an effective anti-constipation. Fibre also reduces the risk of various cancer, bowel diseases and improves general health and well-being of individuals. Table 3.1 revealed that Guava seeds have the highest fibre among the three analyzed samples with 57.0 ± 0.28 crude fibre. The other two samples being Indian Almond which contains 4.67 ± 0.19 crude and Pawpaw seeds which also contain a considerable amount of fibre, 23.5 ± 0.47. But since fibres are not digested by the body, taking too much fibre too quickly can promote intestinal gas, abdominal bloating and cramping (National Institute of Health, 2021).
Carbohydrate Content: The main function of carbohydrate and fat is to provide the body energy. The value (15.4 ± 0.686) obtained from Pawpaw seeds is relatively low but the highest of the three samples suggesting that Pawpaw seeds can still be considered as a potential of carbohydrate for energy.   
Calorific Value: The calorific value of food indicates the total amount of energy a human body could generate during its metabolism. All the analyzed samples are found to have good calorific value (/100g), Indian Almond seeds being the highest, has the calorific value of (490.2 ± 2.244), Pawpaw and Guava seeds were found to have the calorific value of 332.88 ± 3.391 and 171.785 ± 1.845 respectively. This clearly shows that these seeds are good sources of energy.
3.2.2: Mineral Composition
Calcium Content: Calcium is a mineral most often associated with healthy bones and teeth, although it also plays an important role in blood clotting, regulating heart rhythms among other things. Indian almond seeds found to contain considerable amount of (26.4 ± 1.639), Pawpaw and Guava seeds contain very small amount, thus, if available in the body will enhance the performance of calcium in the formation of blood, intracellular and extracellular fluids within and outside the cells of the tissues (Malan and Stump, 2004). Moreover other sources of dietary calcium and magnesium should be added in a food in order to meet the daily recommendation allowance which is ca. 400-500mg/day (Faruk et al., 2002).  
Magnesium Content: Magnesium is important for many processes in the body, including regulating muscle and nerve function, blood sugar levels, and blood pressure and making protein, bone and DNA (NIH, 2021). Nuts like Peanuts and Almonds are known to have high amount of magnesium. Indian Almond seeds were found to have a magnesium content of (26.4 ± 1.639), which is almost the amount of magnesium in Pea nut. Guava and Pawpaw seeds contains only minute amounts. 
Potassium Content: Potassium has been found to be an important mineral to cellular function in the body. This is also needed in our diet. Pawpaw seeds were found to be the richest in potassium (46.83 ± 0.321) as shown in the table.
Iron Content: Iron deficiency according to World Health Organization (W.H.O) affect about 3.7 billion people out of 2 billion people are anaemic (Meng et al., 2005). This means, the body needs iron rich foods to supply sufficient amount of Iron to the body. Iron has been shown in the table to be available at high amount (20.31 ± 3.974) in Guava seeds compared to (1.47 ± 0.042) and (13.8 ± 0.283) found in Pawpaw and Guava seeds respectively. 
Zinc Content: Zinc plays important role in gene expression, regulation of cellular growths and participate as a co-factor of enzymes responsible for carbohydrate, protein and nucleic acid metabolism (Camera and Amaro, 2003). Zinc has shown to be available at high amount (20.31 ± 3.974) in Guava seeds. And less than 5% was found in Indian Almond and Pawpaw seeds.  


CHAPTER FIVE
5.0 CONCLUSION AND RECOMMENDATIONS
5.1 Conclusion
From the above research carried out on these seeds, Indian Almond (Terminalia Catappa), Pawpaw (Carica Papaya) and Guava (Psidium Guajava) seeds, using various laboratory techniques and spectroscopic analysis, the research concluded that these seeds have high nutritive and mineral values. Indian Almond seeds which contain high oil content can be a good source of edible oil. Pawpaw and Guava seeds can be a good sources of energy not only in the body, but also as sources of power like biodiesel.
5.2 Recommendations
· It is recommended that further research should be carried out on the Physico-chemical and Phyto-chemical analysis of these seeds, in order to evaluate their pharmaceutical values.
· These seeds might contain some anti-nutritrients. Further research should be carried out on their anti-nutritional values.
· Many other seeds are being discarded as waste products e.g Jackal berry seeds. Researches should be carried out on these seeds as they might also contain some nutritional and mineral values.
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Appendix A.
Nutritional Parameters
Moisture content for Indian Almond Seeds (Terminalia Catappa)
	Readings
	1st 
	2nd
	3rd

	Weight of crucible (W0)
	10.75g 
	10.75g
	10.75g

	Weight of crucible + Sample (W1)
	12.75g
	12.75g
	12.75g

	Weight of crucible + Sample after drying (W2)
	12.56g
	12.55g
	12.55g










Readings
24ood sciences and Nutrition, 47:666-667ity International race Element.Med.Bio., 18:333-338.or of enzymes responsible %Moisture standard deviation for Indian Almond Seeds = 9.8 ± 0.24
Ash content for Indian Almond Seeds (Terminalia Catappa)
	Readings
	1st 
	2nd
	3rd

	Weight of crucible (W0)
	10.75g
	10.75g
	10.75g

	Weight of crucible + Sample (W1)
	12.75g
	12.75g
	12.75g

	Weight of crucible + Sample after ashing (W2)
	10.83g
	10.83g
	10.82g










%Ash standard deviation for Indian Almond Seeds = 3.83 ± 0.24
Crude protein content for Indian Almond Seeds (Terminalia Catappa)
	Readings 
	Titre Value

	1st
	28.6ml

	2nd
	30.0ml

	3rd 
	31.0ml




%Crude protein = %Nitrogen X 6.25

%Crude protein = 4 X 6.25 = 25.00%

%Crude protein = 4.2 X 6.25 = 26.25%

%Crude protein = 4.34 X 6.25 = 27.13%



%Crude protein standard deviation for Indian Almond Seeds = 26.13 ± 0.87
Crude fat content for Indian Almond Seeds (Terminalia Catappa)
	Readings
	1st 
	2nd
	3rd

	Weight of empty flask (W1)
	73.14g
	73.14g
	73.14g

	Weight of flask + oil (W2)
	75.52g
	75.52g
	75.51g










%Crude fat standard deviation for Indian Almond Seeds = 47.5 ± 0.10
Crude fibre content for Indian Almond Seeds (Terminalia Catappa)
	Readings
	1st 
	2nd
	3rd

	Weight of oven dried sample
	0.69g
	0.69g
	0.70g

	Weight after incineration
	0.47g
	0.45g
	0.46










%Crude fibre standard deviation for Indian Almond Seeds = 4.67 ± 0.19
Carbohydrate content for Indian Almond Seeds (Terminalia Catappa)
%Carbohydrate = 100 – (%Moisture + %Ash + %Protein + %Crude Fat %Crude Fibre)
1st Reading:  

2nd Reading:  

3rd Reading:  




%Carbohydrate standard deviation for Indian Almond Seeds = 8 ± 1.06
Calorific Value for Indian Almond Seeds (Terminalia Catappa)
Calorific Value = 
1st Reading: 493.327
2nd Reading: 
3rd Reading: 



Calorific Value standard deviation for Indian Almond Seeds = 490.2 ± 2.244
Moisture content for Pawpaw Seeds (Carica Papaya)
	Readings
	1st 
	2nd
	3rd

	Weight of crucible (W0)
	14.41g
	14.41g
	14.41g

	Weight of crucible + Sample (W1)
	16.41g
	16.41g
	16.41g

	Weight of crucible + Sample after drying (W2)
	16.34g
	16.35g
	16.34g










%Moisture standard deviation for Pawpaw Seeds = 3.30 ± 0.24
Ash content for Pawpaw Seeds (Carica Papaya)
	Readings
	1st 
	2nd
	3rd

	Weight of crucible (W0)
	14.41g
	14.41g
	14.41g

	Weight of crucible + Sample (W1)
	16.41g
	16.41g
	16.41g

	Weight of crucible + Sample after ashing (W2)
	14.52g
	14.50g
	14.52g










%Ash standard deviation for Pawpaw Seeds = 5.17 ± 0.47
Crude protein content for Pawpaw Seeds (Carica Papaya)
	Readings 
	Titre Value

	1st
	30.7ml

	2nd
	33.5ml

	3rd 
	29.7ml




%Crude protein = %Nitrogen X 6.25

%Crude protein = 4.29 X 6.25 = 26.8

%Crude protein = 4.70 X 6.25 = 29.4

%Crude protein = 4.16 X 6.25 = 26.0



%Crude protein standard deviation for Pawpaw Seeds = 24.40 ± 1.764
Crude fat content for Pawpaw Seeds (Carica Pappaya)
	Readings
	1st 
	2nd
	3rd

	Weight of empty flask (W1)
	73.14g
	73.14g
	73.14g

	Weight of flask + oil (W2)
	74.41g
	74.41g
	74.38g










%Crude fat standard deviation for Pawpaw Seeds = 25.2 ± 0.28
Crude fibre content for Pawpaw Seeds (Carica Papaya)
	Readings
	1st 
	2nd
	3rd

	Weight of oven dried sample
	2.11g
	2.09g
	2.11g

	Weight after incineration
	0.92g
	0.95
	0.92g










%Crude fibre standard deviation for Pawpaw Seeds = 23.5 ± 0.47
Carbohydrate content for Pawpaw Seeds (Carica Papaya)
%Carbohydrate = 100 – (%Moisture + %Ash + %Protein + %Crude Fat %Crude Fibre)
1st Reading: 

2nd Reading: 

3rd Reading: 




%Carbohydrate standard deviation for Pawpaw Seeds = 15.4 ± 0.686
Calorific Value for Pawpaw Seeds (Carica Papaya)
Calorific Value = 
1st Reading: 
2nd Reading: 
3rd Reading: 



Calorific Value standard deviation for Pawpaw Seeds = 332.88 ± 3.391
Moisture content for Guava Seeds (Psidium Guajava)
	Readings
	1st 
	2nd
	3rd

	Weight of crucible (W0)
	8.36g
	8.36g
	8.36g

	Weight of crucible + Sample (W1)
	10.36g
	10.36g
	10.36g

	Weight of crucible + Sample after drying (W2)
	10.23g
	10.25g
	10.25g










%Moisture standard deviation for Guava Seeds = 6.83 ± 1.16
Ash content for Guava Seeds (Psidium Guajava)
	Readings
	1st 
	2nd
	3rd

	Weight of crucible (W0)
	8.36g
	8.36g
	8.36g

	Weight of crucible + Sample (W1)
	10.36g
	10.36g
	10.36g

	Weight of crucible + Sample after ashing (W2)
	8.43g
	8.43g
	8.44g










%Ash standard deviation for Guava Seeds = 3.67 ± 0.24
Crude protein content for Guava Seeds (Psidium Guajava)
	Readings 
	Titre Value

	1st
	12ml

	2nd
	14.5ml

	3rd 
	11.8ml




%Crude protein = %Nitrogen X 6.25

%Crude protein = 1.68 X 6.25 = 10.5

%Crude protein = 2.03 X 6.25 = 12.7

%Crude protein = 1.65 X 6.25 = 10.37



%Crude protein standard deviation for Guava Seeds = 11.17 ± 1.085
Crude fat content for Guava Seeds (Psidium Guajava)
	Readings
	1st 
	2nd
	3rd

	Weight of empty flask (W1)
	73.14g
	73.14g
	73.14g

	Weight of flask + oil (W2)
	73.82g
	73.81g
	73.82g










%Crude fat standard deviation for Guava Seeds = 13.5 ± 0.10
Crude fibre content for Guava Seeds (Psidium Guajava)
	Readings
	1st 
	2nd
	3rd

	Weight of oven dried sample
	3.70g
	3.71g
	3.70g

	Weight after incineration
	0.84
	0.85
	0.87










%Crude fibre standard deviation for Guava Seeds = 57 ± 0.28
Carbohydrate content for Guava Seeds (Psidium Guajava)
%Carbohydrate = 100 – (%Moisture + %Ash + %Protein + %Crude Fat %Crude Fibre)
1st Reading: 

2nd Reading: 

3rd Reading: 




%Carbohydrate standard deviation for Guava Seeds = 8.7 ± 0.90
Calorific Value for Guava Seeds (Psidium Guajava)
Calorific Value = 
1st Reading: 
2nd Reading: 
3rd Reading: 



Calorific Value standard deviation for Guava Seeds = 171.785 ± 1.845


APPENDIX B
Mineral parameters
Calcium Content for Pawpaw seeds (Carica Papaya)
	Readings
	Value

	1st
	47.95

	2nd
	68.84

	3rd
	75.05





Calcium Content standard deviation for Pawpaw Seeds = 63.95 ± 11.59
Magnesium Content for Pawpaw seeds (Carica Papaya)
	Readings
	Value

	1st
	0.50

	2nd
	0.56

	3rd
	0.53





Magnesium Content standard deviation for Pawpaw Seeds = 0.53 ± 0.024
Potassium Content for Pawpaw seeds (Carica Papaya)
	Readings
	Value

	1st
	46.92

	2nd
	46.40

	3rd
	47.17





Potassium Content standard deviation for Pawpaw Seeds = 46.83 ± 0.321
Zinc Content for Pawpaw seeds (Carica Papaya)
	Readings
	Value

	1st
	2.50

	2nd
	2.64

	3rd
	3.5





Zinc Content standard deviation for Pawpaw Seeds = 2.88 ± 0.442
Iron Content for Pawpaw seeds (Carica Papaya)
	Readings
	Value

	1st
	1.50

	2nd
	1.50

	3rd
	1.41





Iron Content standard deviation for Pawpaw Seeds = 1.47 ± 0.042
Calcium Content for Indian Almond seeds (Terminalia Catappa)
	Readings
	Value

	1st
	37.5

	2nd
	36.0

	3rd
	34.8





Calcium Content standard deviation for Indian Almond Seeds = 36.1 ± 1.105
Magnesium Content for Indian Almond seeds (Terminalia Catappa)
	Readings
	Value

	1st
	25.5

	2nd
	25.0

	3rd
	28.7





Magnesium Content standard deviation for Indian Almond Seeds = 26.4 ± 1.639
Potassium Content for Indian Almond seeds (Terminalia Catappa)
	Readings
	Value

	1st
	6.1

	2nd
	4.9

	3rd
	4.0





Potassium Content standard deviation for Indian Almond Seeds = 5.0 ± 0.860
Zinc Content for Indian Almond seeds (Terminalia Catappa)
	Readings
	Value

	1st
	0.86

	2nd
	0.99

	3rd
	0.85





Zinc Content standard deviation for Indian Almond Seeds = 0.90 ± 0.064
Iron Content for Indian Almond seeds (Terminalia Catappa)
	Readings
	Value

	1st
	35.0

	2nd
	39.5

	3rd
	38.0





Iron Content standard deviation for Indian Almond Seeds = 37.5 ± 1.936
Calcium Content for Guava seeds (Psidium Guajava)
	Readings
	Value

	1st
	0.04

	2nd
	0.06

	3rd
	0.05





Calcium Content standard deviation for Guava Seeds = 0.05 ± 0.016
Magnesium Content for Guava seeds (Psidium Guajava)
	Readings
	Value

	1st
	0.16

	2nd
	0.07

	3rd
	0.16





Magnesium Content standard deviation for Indian Almond Seeds = 0.13 ± 0.027
Potassium Content for Guava seeds (Psidium Guajava)
	Readings
	Value

	1st
	0.19

	2nd
	0.19

	3rd
	0.22





Potassium Content standard deviation for Guava Seeds = 0.20 ± 0.014
Zinc Content for Guava seeds (Psidium Guajava)
	Readings
	Value

	1st
	25.93

	2nd
	17.5

	3rd
	17.5





Zinc Content standard deviation for Indian Almond Seeds = 20.31 ± 3.974
Iron Content for Guava seeds (Psidium Guajava)
	Readings
	Value

	1st
	14.0

	2nd
	13.4

	3rd
	14.0





Iron Content standard deviation for Guava Seeds = 13.8 ± 0.283
