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ABSTRACT
The performance evaluation on mechanically expressed walnut oil was investigated at the Department of Agricultural and Bio-Environmental Engineering, Kwara State Polytechnic, Ilorin. The input variables used for the study were machine speed at four levels (30, 50, 70, and 90 rpm). The moisture content of 15% was made to be constant while the feed rate of 1kg was equally made constant. The pressing time varied between 0.17 to 0.37hr. The result revealed that the highest oil yield of 41% was obtained at machine speed of 30rpm and throughput capacity of 2.05kg/hr with pressing time of 20minute. The lowest oil yield of 12% was obtained at machine speed of 90rpm and throughput capacity of 0.71kg/hr. The machine performed satisfactorily but more work should be carried out on other factors to improve the oil recovery and efficiency of the machine and minimize the expression loss.
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CHAPTER ONE
				     INTRODUCTION
1.1	Background to the Study
African Walnut (Tetracarpedium Conophorum), also called Plukenetia conophora belongs to the family of Euphorbiaceae and is found in Cameroon and south-east and south-west Nigeria. The walnut (Tetracarpedium conophorum), for its edible nuts is a Significant crop grown in temperate climate across the world. (Srinivasan and viraraghavan, 2008). Tetracarpedium conophorum is a climbing shrub that grows 10-20 feets long. It is called as Ukpa in Southern Nigeria (Igbo) and Awusa or asala in Western Nigeria (Yoruba) it is also called quada in Northwestern Nigeria (Hausa). In Western Cameroon and the littoral, it is referred to as ngak or kaso (Tchiegang et al, 2007). Typically, they are planted beneath a native tree that can support the climber's weight when they are fully established on the tree's crown. If they are unable to be harvested by hand, they are allowed to fully mature which the pods naturally fall off, then they are picked, separated from the rotten pods, cleaned, and sold in the market (Dauda et al., 2020).Over the years, it has been established that Tetracarpedium conophonum like many other plants in Africa and Other parts of the world, was decorative, nutritional, medicinal, agricultural, and industrial uses. The main reason conophor plants are grown is for its nuts, which are typically fried and eaten as snacks (Enuriugha and Ayodele, 2003). Tetracarpedium conophorum contained in a pod which may have a single, double, or tripple shelled nut, depending on the species. The Plant may produce brown or black walnut shells. When the nut breaks out of its shell, it is white (milk coloured). When a nut is split into two portions, there is a thin layer between the two halves. The subglobose equal seed, which is roughly 2-5cm long contains wooly components that when cracked open, bind the nut to the shell. When drinking water right after consuming the nuts, a bitter flavour is typically detected. The existence of chemicals like alkaloids may be the cause of this (Ayodele, 2003)
Walnut shell which contains natural chemicals with anti-oxidant qualities, is a waste product of the walnut (Tetracarpedium conophonim) harvest. Flavonoids and other antioxidant chemicals have been identified in walnut shells (Akbari et al., 2012): Due to its popular popularity as a very nutrient dense food, production is increasing annually, Finding uses for the walnut shells which are waste is one issue that arises from this. This has a low utility value, pollutes the environment, and takes a long time for them to finish their natural cycles (Oliveira et al., 2008). As a result, new applications for walnut shell are required. Environmental issues like air pollution, soil erosion, and a decline in soil biological activity are brought on by burning agricultural leftovers (Copur et al, 2007). In addition to avoiding environmental issues, using agricultural wastes can provide farmers with a second source of income from their plantations (Ayrilmis et al., 2009).
Tetracarpedium conophorum can be sundried, boiled or roasted. The roasted seeds can be crushed like melon seeds and used to soups to thicken them. Due to its antibacterial properties, the plant is well known throughout Africa, Particularly in the western and eastern regions of Nigeria (Okerulu and Ani, 2001). A beverage made from a decoction of leaves and seeds is used to treat fever and stomachaches (Maluet al, 2009). According to Stevens and Domelam (2003), dried walnuts can be pulverized and made into flour that can be used as composite flour in baking or to make tea instead of milk. Masticatory, giddiness, syphilis, diarrhea, and as an antidote to snakebite are among the medicinal uses of Tetracarpedium conophomum's leaves, bank and fruit (Oduabemi and Akinsuline, 2008).
Oil extraction is the process of recovering oil from oil-bearing agricultural products through manual, mechanical or chemical extraction (Ketan et al., 2017) Extraction of oil from oil-bearing products could be done in two mayor way which are traditional and improved methods. The traditional method is usually a manual process and involves preliminary processing and hand pressing. The improved method consists of chemical extraction and mechanical expression. The chemical extraction method requires the use of organic solvents to recover the oil from the products. Mechanical method involves the application of pressure to already pre-treated oil-bearing product. It requires the use of devices like screw and hydraulic presses as a means of applying the pressure (Gunstone and Norris, 1983). Other mechanical devices include oil expeller and improved ghanis which are used for seeds and nuts because of the high pressure required to express the oil (UNIFEM, 1993).
Mechanical extraction process is more suitable method for both Small and large (commercial) capacity operations; this may be due to the fact that it is economical compared to other extraction methods (Orhevba et al., 2013). Oil expeller are power driven, and are able to process 8 to 300 kg of walnut per hour or even more depending upon the type of expeller used (Nnanna et al., 2018; Khangar and, Jaju, 2012). Mechanical oil expeller is to be used while determining the optimal operating conditions for extracting oil from African walnut seed and comparing the oil yield and quality to that of traditional Method.


1.2	Problem Statement of the Study
Traditional methods for extracting oil from African walnut seeds are not very effective, resulting in low-quality oil and wasted resources; and to improve production, we need to explore better options.
This study investigates the potential of mechanical oil expellers to enhance oil yields, quality and productivity. We will identify the flaws in traditional method, check if mechanical expeller work technically calculated economic benefits and provide actionable insights.
1.3	Aim and Objectives of the Study
The aim of the study is to carryout oil expression using walnut seed in order to obtain quality oil for end users. 
The Specific objectives are to:
i. Set up an existing  multi-oil expression machine
ii.         Evaluate the machine on walnut seed
1.4	Justification of the Study
The justification for this study is rooted in the need to address the limitations and challenges associated with the traditional methods of oil extraction from African walnut seeds. The traditional methods of oil extraction from African walnut seeds are labour intensive, time consuming, and often result in low oil yields. This study will evaluate the performance of a mechanical oil expeller which has the potential to increase oil yields, reduce labour costs, and promote sustainable agriculture.
1.5	Scope of the Study 
	The project work is limited to:
i. Africa Walnut seed 
ii. Processing factors (i.e moisture content, heating temperature, Duration of roasting) 
iii. Output parameter (i.e oil yield, extraction efficiency and extraction loss)
  



CHAPTER TWO
			         LITERATURE REVIEW 
2.1	Production of Walnut in Nigeria
Tetracarpidium conophorum, commonly known as African walnut belongs to the Euphorbiaceae family (GRIN, 2010).  It is a perennial climber found in moist forest zones of sub-sahara Africa (Oke, 1995).  The vine is mostly found between 4o 15’N and 8oN of the equator.  The wild fruit is grown in traditional farming systems of lowland humid region.   It is usually about 6 – 18cm long on attainment of productive phase (Junik and Paul, 2008).  It is usually cultivated by small subsistence farmers in the hot and humid zones of tropical Africa in compound gardens and backyards just for the family and local market consumption.  They are found both in primary and secondary forests.  In Nigeria conophol plants flowers between November and early January and fruits between January and September with peak production in July.  The immature fruits are usually green in colour but turn dark brown as they mature (Oluwole and Okusanya, 1993).   The fruit is a four winged ribbed capsule, containing sub globose seeds with a thin brown and yellow kernel. Each seed is about 2.5cm in diameter.  The fruit (7cm across) are light green to brown when ripe while the seeds are round dark brown at maturity.  Sometimes, not all the seeds developed in case the fruit has fewer wings (Kanu and Okorie, 2015). The fruit is a capsule 6 - 10cm long by 3 - 11cm wide, seeds 1 - 2.5m long with a thin shell resembling temperate walnut. The forest is where the vine naturally found, but farmers find it difficult to collect the fruit there because of the high rate of production in this ecosystem. This is why farmers choose to plant the vines in their agroforests where it is more safer. Walnut production is higher among small scale farmers (Babalola, 2016). According to Babalola (2016), women were mostly involved in the processing of the nuts, while men were in charge of the African walnut producing sector. Although it is impossible to determine how many walnuts are produced annually, it is crucial to emphasize that the sales of cooked walnut seed increases farmers income (Babalola, 2016).
About 81.7% of farmers in the Southwest region of Nigeria grow Tetracarpedium conophorum on their oil palm, cocoa, Kola, and Orange plantations (Babalola, 2016). Several writers have noted the relative abundance of African walnuts in West African cocoa environments (Sonwa, 2004; Bobo et al., 2006; Laird, 2007). According to the species found in cocoa agro-forests, this places it in a particular peasant choice category. It is grown primarily for its cooked nuts, which are mostly eaten as snacks (Oke, 1995; Victor, 2003; Edem, et al.,2019). The plant is grown beneath an indigenous tree that, when completely established on the tree's crown, can support the climber's considerable weight. The Nigerian forest area had a planting density of 5 stems/ha (Ndaeyo, 2007) and the primary and secondary forests had reported abundances of 0.03 and 0.06 respectively. According to Kemueze et al., (2009), many trees experience severe light problems and eventually die, making the forest environment a somewhat confined ecology. Once fully established, the climber assumes control of the host tree's crown (Babalola, 2016). Because of this, trees that don't yield very profitable fruits are typically used to support climbers. Even though the plant harms its hosts, this effect is minimal because the vine is crucial to cocoa plantations, which do not require light to thrive. Peasants maintain the vine and provide shade on the farm by using old, mature trees rather than Shrubs as hosts. This explains why plum trees and mangoes were selected as hosts. In addition to its potentialas food and medicine (Jiofack, 2003), this liana grows by spreading its branches and encircling trees or other hosts to eventually produce shade, which is advantageous for cocoa plantations (Jiofack et al., 2012 phone).When completely developed, the plants can reach maximum diameter of 17cm. The lack of planting materials is a major obstacle to better African walnut production. There aren't many plant nurseries and the planting materials cannot be easily purchased in the open market (Ouya, 2013).
2.2.	Nutritional Value and Nutritional Composition
Walnuts are high in protein, fat and carbohydrates but low in fiber and ash, according to several studies. The nuts have also been discovered to be excellent providers of ascorbic acid, manganese, copper, chloride, iron, folate, salt, potassium, and vitamins A, B1, B2, B6 and E (Kanu and Okonie, 2015). Vitamin C can be found in the immature fruits or their green hills. The nuts have approximately 600j of calories and 16.9% carbohydrates, making it a significant source of energy. For fruits and nuts, the protein level of Tetracarpedium Conophorum falls between 8.1439 3.2-43.1%. A plant diet is deemed a good source of protein if it contains more than 12% protein (Kanu and Okorie,2015). It is an excellent source of alpha-linolenic acid (ALA) and other polyunsaturated fatty acids. Omega-3 essential fatty acids, which have anti-inflammatory properties, are abundant in Tetra carpedium comophonum nuts. Regarding phytonutrients, walnuts include a wide range of flavonoid flavinoides, more than a dozen phenolic acids, particularly elligatannis and antitellimagrandins, as well as antioxidants and anti-inflammatory substances. Additionally, it has a very high content of Vitamin E, particularly gamma-tocophenol.

2.3	Industrial Properties of African Walnut
The potential of walnuts as significant sources of fats, minerals, proteins, and vitamins has been extensively documented (Okoye and Okobi, 1984; Themere, et al., 2012). In general, nuts have a higher nutritional value compared to meat (Ihemeje, et al., 2012). The nuts possess unique fatty acids that are valuable in industry due to their applications in protective coatings, dispersants, pharmaceuticals cosmetics, and various synthetic intermediates as stabilizers in plastic formulations (Hosamani and Sattigen, 2003). They have a composition of 15% monosaturated fats. The oil from these nuts also contains palmitic, Palmitoleic, arachidic, and eicosenic acids. Additionally, it is abundant in ascorbic acid, making it a potential chancer for the ascorbic acid levels in many food products.Walnuts are a nutrient-dense food, containing a mix of compounds including oxalates, phytates, and tannins, alongside protein fibre, carbohydrates and Vitamins (Savage et al., 2001). Walnut also serve as a rich source of essential minerals, such as calcium, magnesium, sodium, potassium and phosphores (James, 2009). The kernel of the walnut is particularly notable for its high oil content, typically ranging from 52% to 70%, with an average of approximately 60% (Prasad, 2003; Ozkan and Koyuncu, 2005), although this can vary depending on factors such as the cultivar, growing location, and irrigation Levels.
A study conducted by Isong et al., (2013) examined the physicochemical properties of African walnut oil. The results showed a remarkably high oil content of 57.50% (Table 1). With a moisture content of only1.59%, the oil demonstrated excellent potential for long term preservation. The specific gravity of the oil was found to be 0.9g /cm, indicating that it is less dense than water. The saponification value of the oil was reported to be 176.87 mg KOHg-1 (Osita, 2007) and 213mg KOHg-1 in neem seed oil (Akpan, 2000) but greater than 159.33mg KOHg-1 reported for Dementia tripata la fruit oil (Ikhuoria and Maliki, 2007). Since the oil's saponification value is within the range of oils already used for the same purpose, Isong et al., (2013) concluded that the oil is suitable for manufacturing soap. According to reports, the lodine content was 7.31gl 100g-1, suggesting that walnut oil is a good ingredient for making paint. Since low free fatty acid content in oils showed their sensitivity to rancidity, the result obtained for free fatty acid at 9.47% indicated that it is edible (Isong et al, 2013).
Isong et al., (2013) came to the general conclusion that walnut oil is comparable to other edible oils and compares favorably to current oils. Additionally, it can be utilized in the soap and paint industries as well as for home cookery. It was also noted that the potential for biofuels may be investigated and enhanced.
In a different study into the performance characteristics of alkyd resin modified with walnut seed oil, Momodu et al., (2011) reported that the alkyd resins made from walnut seed oil have coating qualities that are similar to those of commercial alkyd resin because their film air-dries in a matter of hours and exhibits chemical resistance in a variety of solvent media, including water, bring, and acid. According to the physico-chemical properties of the oil presented in Table 2, the oil has an iodine value of 153.05, classifying it as a dry oil which is a crucial pre requisite for the synthesis of alkyd resins. The average molecular weight of the fatty acids and triglycerides found in walnuts is indicated by the saponification value of 203.45.

2.3.1	Medicinal value of African Walnut
The health benefits of walnuts are numerous. Weight loss is just one of the many applications for the seed. Numerous advantages of the plant include phytochemical examination of the preventing and delaying different types of cancer Oxalates, phytates, tannins, saponins, alkaloids, flavonoids and terpenoids are among the bioactive substances found in the nuts, leaves, and roots (Kalu, 2010; Ayodele, 2003; Onawymi, 2013; Ayoola et al., 2011; Onawumi et al., 2013). Compared to other nuts, which usually have a large amount of mono unsaturated fats, research has shown that the skin contains about90% Phenols, tannins, and flavonoids, which give it its slight bitterness.
Walnuts are special because they are the only nut that has a sizeable amount of alpha-linolenic acid and their fats are mostly polyunsaturated fatty acids (PUFAs). Additionally, it has a negligible amount of sodium free of cholesterol. Walnut seeds are utilized to treat fibroid in Nigeria (NNMDA, 2014). When consumed, the leaf juice reduces the duration of hiccups. In Nigeria, the seeds are used to boost male sperm counts, and the leaf juice is utilized to boost female fertility and control menstrual flow (Obayendo, 2013). The following section discusses the specific medical applications of walnuts:
2.3.2	Wound healing Activity
According to Studies, Tetracarpedium conophorum has antibacterial antioxidant, and immune stimulating qualities that are necessary for wound healing (Kanu and Okonie, 2015). The wound healed more quickly in wounds treated with 5% and 10% Tetracarpedium conophorumor with gentamicina within 8 days compared to rats given pure Ointments (Ezealisiji et al., 2014). There was no significant (P<0.05) difference in the wound contraction activity of the groups below the 16th day, however the percentage of wound contraction on day 4 for the 10% n-hexane group was significant when compared to standard groups. For the negative control, 50% n-hexane, 10% n-hexane, 5% methanol, 10% methanol, and gentamicina the percentage mean wound contractions on day 18 were 69.18,84.14,90.60,88.36, 96.50 and 98.09 respectively (Ezealisiji et al., 2014). Walnut are ingredients in many skin care and make up products, and walnut oil and extracts are used in several shampoos.
2.3.3	Antioxidant Activity
In research reported by Akomolage et al., (2015), the antiperoxide activity of the leaves of Tetracarpedium conophorum was discovered to reduce malondialdehyde (MDA) levels in reproductive organs and accessory glands of rats. Adult male rats were administered orally with the acgeous leaf extract from Tetracarpedium comophorum at 50,500 and 1000 mg/kg body weight for 21 days in a row while clomiphe citrate (1.04 mg/kg body weight), a fertility medication was used as standard. The study's findings revealed significant increases in relative organ weight, body weight, andmean total food and water consumption among the treated groups as noted by Kanu and Okorie (2015), the results imply that the extract from terracarpedium conophorum leaves possesses potent antioxidant properties, effectively reducing lipid peroxidation in reproductive organs and accessory glands. This suggests that the plant may have therapeutic potential in mitigating reproductive cellular damage and could be a valuable adjunct in the treatment and management of related disorders.

2.3.4	Disease prevention Activity
The body needs Omega 3 and omega 6 fatty acids which the body cannot produce on its own, for immune system function, blood coagulation, cell growth, and illness prevention. Walnut provides these fatty acids. The two essential omega-3 fatty acids that the body needs are docosa hexaenoic acid and licospentaennic acid, Alpha-linoleic acid, an omega-3 Precursor found in walnuts converts EPA and DHA. 18g of total fat, of which 13g are PUFA and 2.5g are found in about 289 of walnuts (NW, 2014).
2.3.5 Pregnancy protection and Sperm quality Improvement:
Walnut prevent sickness during pregnancy and enhances brain development in the infant. According to Howard school of Public Health Nutritionists, the ingestion of peanuts and tree nuts during pregnancy might lessen the risk of allergicillness development in offering (NW, 2014). Likewise, UCLA researchers reported that the Ingestion of roughly 75g of walnut could help increase sperm quality due to the linoleic acid and Omega-3 that it contains. These improve sperm vitality, morphology and motility.
2.3.6 	Anticancer Activity
Walnut has been shown to have anticancer properties. Walnut's anti-inflammatory and antioxidant qualities reduce the likelihood of chronic oxidative stress and inflammation respectively. Research has shown that eating walnuts lowers the Incidence of breast and prostate cancer (Pharmanews, 2016).
2.3.7	Activity for Weight Management
According to a study published in the journal of obesity, indicated that walnuts may help people lose weight and maintain it off for longer duration than following a low fat diet. An Ounce of walnuts has 49 of protein, 29 of fibre, which provide satiety and 2.5g of Omega-3 fats. Since Satiety is a key component of weight management plans, this aids in weight management programs (NWO, 2014).
2.3.8	Other Health Benefits
It has been reported that eating walnuts can help people with type 2 diabetes. Patients with Type 2 diabetes have demonstrated improved cardiovascular system responsiveness after eating walnut based meals. According to a number of blood vessel and ultrasound measurements, people with type 2 diabetes can benefit greatly from consuming just 1-2 ounces of walnut per day by lowering their low density lipoprotein (Pharmanews, 2016). Also, it has been noted that the anti-Inflammatory elements in African walnuts have a specific role in support of bone health. The antioxidant qualities and anti-inflammatory qualities reduces the risk of chronic oxidative stress and inflammation respectively. When these two risk factors are combined, they represent the biggest hazard to the development of cancer. The extracts from Tetracarpedium conophorum that are high in dietary Omega-3 fatty acids may help prevent illnesses like depression, and dementia, particularly Alzheimer's disease. In addition to this, walnuts anti-inflammatory ingredients have been shown to help health in a unique way. Studies have demonstrated that eating a lot of walnuts lowers blood levels of N-telepeptides of type I collage (NT), which are reliable markers of bone
turnover (pharmanew, 2016). Consuming walnuts causes the blood level to drop, which is a sign of stable bones and less mineral loss from them.


2.4	Socio-Economic Importance of walnut in Nigeria.
In Nigeria, the walnut has not yet reached its full potential for industrial use. Neither the manufacturer nor the marketers sold the product directly, claims Babalola (2012). To purchase the available raw nuts, the local merchant travels between villages and markets (Babalola, 2012). The village merchants transfer the goods to the wholesalers in the cities and towns for subsequent distribution to the retailers because the bulk of walnuts is consumed in the city. When there is less of the product on the market, both producer and the marketers are able to get a high selling price. Despite it's limited industrial use at the moment, Onwuala (2013) stated that if the value chain for the commodities production, handling, processing, and marketing is appropriately established tiger nuts and walnuts can bring in over $100 billion for Nigeria each year and directly employ over 5000 people.
The African walnut has a good chance of expanding its export market. Onwualu (2013) claims that there is a large market for walnuts because in 2012 alone, the United States imported $5.6 million worth of shelled and dried walnuts. Small scale farmers at the local level, who made up the producers, must be supported with the required inputs to encourage full scale production and potential exploration in order to improve walnut productivity and the growth of its value chain in Nigeria. The socio-economic benefits that African walnut provide to farmers and other stakeholders, despite their current poor productivity can be viewed as a chance to preserve the native trees that they grow under (Babalola, 2012). According to a survey conducted in Yaounde Cameroon, wholesalers and retailers surveyed said they wished the supply of African walnuts was robust and ready throughout the sub-region. Depending on the season, a 15kg bucket of raw, unshelled nuts might cost anywhere from 7,000 to 12,000 FCFA (U.S $10-18), Small quantities of 8-10 boiled seeds are sold for 100 CFA (15 U.S cents) around harvest time, but when supply declines the same 100CFA will receive 4-5 seeds. It is clear that as market demand rises, so does the appeal of African walnut. Families living conditions, purchasing power and efforts to combat rural poverty are all enhanced by the earnings.
2.5	Oil Content of Oil Seeds.
An essential part of food plants is oil. It is present in plant cells together with other substances including protein and a broad range of carbohydrates (cellulose, hemiceluloses, and starch) (Akinoso et al., 2009). Vegetable oil bearing materials can range in oil content from3 to 70% of the seed, nut, kernel, or fruit's total weight. The distinction between oilseeds and non-oil seeds is based on the fact that different seeds have varying amounts of oil. Oilseeds are defined as seeds with a content of more than 17% (Bachman, 2004). The main reason oilseed crops are farmed is for their oil. Because they produce readily available, nutrient dense food for both humans and animal, they area crucial part of contemporary agriculture (Akinoso, 2006). In terms of nutrition, oils derived from oilseeds offer the calories, vitamins, and vital fatty acids that humans need in a form that is easy to digest and at a relatively low prices (O'Brien, 2008).
2.6	Oil Bearing Seeds
Oil-bearing seeds and nuts are found in the roots, stems, fruits and leaves of some tropical and sub-tropical plants. They are mostly grown as annual crops and constitute the major source of vegetable oil for domestic uses. Some of the most common oil seeds and nuts cultivated in the tropics, subtropics and temperate regions include: groundnut, coconut, sunflower, sesame, castor, oil palm and palm etc.
2.6.1 	Sesame (Sesamumindicum L.)
Sesame (Sesamumindicum L.) from Pedaliaceae, is an important oil seed crop being cultivated in the tropics and the temperate zone of the world (Bibani and Pakniyat, 2008). It is one of the oldest oil crops and is widely cultivated in Asia and Africa (Ati et al., 2007). It is called "sesame" internationally, while it is called "benni seed" in West Africa; "simsim" in East Africa, and "Till" in India. Within Nigeria it is called different names in different localities. It is called "andi" in the Northern states. The Igalas, Idomas and Tivs of Benue state call it "Igogo", "Ocha" and "Ishawa" respectively. The Ibos call it "Isasa" and Yorubas call it "Ekuru" or "Eeku" in parts of Ogun, Ondo and Oyo states and Ilorin in Kwara state (Aboye, 2011).
Sesame is an annual plant grown in tropical and sub-tropical regions. It is probably the most ancient oil seed known and used by mankind. It is stated that sesame was its origin from in Africa and spread through West Asia, India, China and Japan (Kafiriti and Deckers, 2001). Sesame is grown as an inter-crop system or pure stand. Upon maturity, the crop produces fruits which erect capsules. Each capsule has about 70 seeds. Under good management, seed yield can be as high as 800 kg/ha. A yield of 200 kg/ha is considered for profitable commercial production. (Kafiriti and Deckers, 2001). Sesame seeds contains about 45 to 55% edible oil, 19 to 25% protein and 5% water (TPI, 1971; Kafritti and Deckers, 2001). The oil is used in industries for manufacture of margarine, cooking fats, soaps, paints, lubricants, illuminants and insecticides, as well as for medicinal drugs (Kafritti and Deckers, 2001). Sesame oil can be extracted using the traditional and modern method extraction of which are hot water floatation, Bridge press, Ram press, oil expeller and the ghani process, and laboratory method of extraction.
2.6.2 	Melon seed oil
Melon seed is a member of the cucurbitaceae family. It is generally a grayish white hard shell with a oblite inner kernel, which is soft and oval in shape. Melon seeds are a good source of vitamin B3, B2, folate, zinc, Magnesium, potassium, manganese, calcium, iron, and copper as well as other minerals and nutrients (Ravi et al. 2014). They make a great plant-based protein source. Melon seeds include 4.5% moisture, 25.0% crude protein, 2.4% ash +25.0% crude fat, 23.3% crude fiber, and 19.8% carbohydrates. Sterols, tocopherol, and phospholipids were among the lipid components that were identified through analysis (Wang,et al., 2018). Oleic acid made up 24.8 - 26.6% of the fatty acids in the seeds, and linoleic acid made up 51.1-58.5% (Mladenovic, et al., 2005). Other than these, the two primary triglycerides in the seeds were oleoyldilinolein (OLL), which made up 31-34%, and trilinoein (TL), which made up 31.3-32.2% (Mlitovanovic, et al., 2005).Melon seed oil can be extracted using both traditional method and chemical method. The traditional method involves the paste of my melon seed being de-hulled and weighed, the seed was roasted in open fire and winnowed to remove lighter coats. Then the seed was graned using a mortar and pestle into a smooth paste. The paste would be knead and hand-pressed to extract the oil. Boiling water was added in a little quantity, following each pressing operation. This process was repeated several times over a period of an hour to obtain the maximum oil yield. The oil obtained was boiled for 45mins to remove excess moisture and then cooled at room temperature, after cooling the oil was filtered using muslin cloth and packaged in an air tight container (Okolosi, et al; 2017).The chemical method (soxhlet extraction) involves the grinding of the dehulled and weighed melon seed using mortar and pestle and defatted using a soxhlet apparatus. The extraction can be carried out using petroleum as the solvent and the process continued for 6 hours. The oil obtained was boiled for 45 minutes in order to enhance the evaporation of leftover solvent and then cooled at room temperature, after cooling the oil will be filtered using muslin cloth and packaged in an air-tight container (Okolosi, et al; 2017).
2.6.3 	Sunflower
Sunflower is an annual crop that grows well in many regions of the world. The largest producers of sunflower seeds are ex-USSR, Argentina, France, Spain, China, India and USA. While in tropical Africa, the major producers are Zimbabwe, Sudan, Tanzania, Angola and Malawi (Ravagnan, 2001). After pollination, the sunflower plant produces fruit consisting of a seed (kernel) and an adhering pericarp (chull). The average seed yield of traditional open-pollinated cultwars on small scale farms is about 500kg/ha. Well managed crops of improved varieties have yield of 1.5tons/ha with an oil yield of 700kg/ha (Ravagnan, 2001). Sunflower seeds are collected mostly for oil purposes, coming in fourth place globally (7.7% of 185.9 million tons of oil in the year 2012) after oilseed rape (12.9%) and oilseed palm (28.8%), despite being used as a snack, salad garnish and in certain baked items ( Guoet al; 2017).The antioxidant, antibacterial, anti-hypertensive, anti-inflammatory wound healing, and cardiovascular advantages of the sunflower seed and sprout may be found in flavonoids, vitamins, polyunsaturated fatty acids, and phenolic compounds (Guo et al; 2017). Sunflower seed has an oil content of 35-42%, is naturally rich in linoleic acid (57-70%), and has modest levels of oleic acid (20-25%) (Kromhout et al; 2016). According to undertaken research, sunflower oil has antioxidant qualities and may lower LDL and total cholesterol (Bester et al; 2010).
2.6.4 	Castor (Ricinus Communis L.)
Castor is grown as an annual crop in tropical and Mediterranean climate zones. The major producers of castor seed and oils are India, Brazil, China, USA, and Thailand with small contribution from African countries such as Ethiopia, Tanzania, South Africa, Kenya, Nigeria etc. (Gobin et al., 2001). At maturity, castor plant produce fruits which are globular with at least 3-lobed capsules. Each capsule usually contains three shiny seeds. The seed consists of brittle testa, a copious endosperm and a small embryo with papery cotyledons. The primary products of castor seed are oil and seed cake. The seed contains about 40 to 55% oil and 14 to 21% protein (CPRI, 1971). The oil constitutes about 90% ricinoleic acid of the entire fatty acid. The oil cakes (pomace) contain the toxic substances ricin and allergen (Gobin et al, 2001). The oil is used as a purgative in medicine and as an illuminant. In industries, castor oil is used for making soaps, plastics, resins, dyes, paints and lubricants. The pomace is widely used as organic fertilizer (Gobin et al, 2001).
2.7 	Factors Affecting Oil Expression
In order to increase the production of walnut oil in Nigeria since adequate information on walnut oil processing is lacking, a study on the effect of processing factors on the yield and quality of walnut oil is required to provide some of the required information on coconut oil production (Tunde-Akintunde et al., 2001).
A number of factors i.e. particle size, heating temperature and time, moisture content, applied pressure and duration of and time, have to be studied in order to achieve efficient pressing which have to be studied in order to achieve efficient expression of oil. This is because these processing factors are observed to be crop specific since they have different effects on different oilseeds. Size reduction which increases the area of oil bearing cells exposed to heat treatment, is necessary. Tunde-Akintunde et al., (2001) stated that the inability to get oil from whole and half walnut indicates that the cell wall need to be broken before oil can be removed from the otherwise impervious cells. However size reduction should not be excessive as stated by Tunde-Akintunde et al. (2001) as it reduces the quantity of oil expressed. Heat treatment is also essential since it reduces viscosity of oil in the oil capillaries, coagulate the protein to increase voids which allow for easier expression. It also brings the moisture content to the optimum for expression.
2.8 	Review of Previous Studies on Oil-bearing Seeds
Many scholars have worked on different oil seeds, among which are: 
Fashina and Ajibola (1989) observed that an increase in the application of pressure from 10 to 20MPa increased oil yield while a further increase to 25MPa decreased or leveled off the oil yield for soya bean. This is because an increase in pressure or its duration increased the shearing of the oil cells which allow for expression of oil. Too high pressure or too long pressing duration however eventually seals off the capillaries thus leveling off or decreasing oil yield. Therefore optimum pressure and pressing time for each oilseed has to be identified so as to achieve maximum oil yield.
Tunde-Akintunde et al., (2001) worked on the effect of processing factors on yield and quality of mechanically expressed soybean oil. The result revealed that the oil yield increased as the moisture content was varied from 7.3 to 10.2%, pressure from 28 to 41MPa, heating temperature from 70 up to 80°C and heating time from 15 up to 30minutes. However at higher values of heating temperature and time (i.e 90°C and 45minutes) there was a decrease in oil yield. The highest oil yield of 10.4% was obtained when samples at 10.2% moisture content were heated for 45minutes at a temperature of 80°C and pressed for 41MPa for 15minutes.
Akerele and Ejiko (2015) studied the design and construction of groundnut oil expeller has an average extraction efficiency and capacity of 72.94% and 61.4kg/hr respectively. The machine comes with a production cost of ₦197,000.
Adeeko and Ajibola (1990) made research on the processing factors affecting yield and quality of mechanically expressed Groundnut oil. The research result revealed that increasing the temperature did not improve the oil yield after 25minutes of heating, oil yield increased with pressures up to 20MPa beyond which the yield either levelled off or decreased. The rate of oil expression was increased by an increase in temperature, time of heating, and particle size. An increase in the heating temperature and time increased the fatty acid, peroxide value, and the colour intensity of the oil expressed.
Adeeko and Ajibola (1990) stated that prepressing conditions such as particle size, heating temperature, heating time and moisture content are known to affect the yield and quality of oil during expression. Efficient mechanical expression, therefore, involves a careful establishment of optimum processing conditions for different seed's because the best preparation is somewhat different for each oil-bearing seed.
Adebija (2012) worked on the modification and performance evaluation of a palm kernel seed oil press to a castor seed oil screw press. The result obtained showed that shaft /screw speed and feeding rate had significant effect on the oil output of the machine shaft speed, feeding rate and the temperature of seed at production have significant effect on the output of meal all at 5% significance level. The highest oil extraction efficiency and output were obtained at a screw speed of 140rpm and feeding rate of 50kg/hr, giving an efficiency and output temperature was not high on the oil output due to the fact that friction within the cylindrical chamber developed heat that enhanced the process. The study showed that the higher the speed of the screw beyond 140rpm, the lower the oil output. This was evident in the result obtained at screw speeds 150rpm and 160rpm, the oil output went low while the meal output increased. The resultant drop in oil output due to increase in shaft speed beyond 140rpm brought about a drop in efficiency of the machine from 64% to 59% respectively. The machine operated at this high shaft/screw speed i.e 150 rpm and 160rpm resulted in the increase in meal output of the system. The meal output increased from 30% to 40%. 




CHAPTER THREE
			     MATERIALS AND METHOD  
3.1 	Materials  
The materials used for the study are discussed below.  
3.1.1 	Electronic oven: The electronic oven (plate 3.1) with the model number (B0V-30V) was used to determine the moisture content of the walnut seeds.  
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Plate 3.1. Electrical Laboratory Oven
3.1.2 	Digital weighing scale:  The digital weighing scale (plate 3.2) is an electronic and computerize device that was used to determine the mass of the sample to be processed.  
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Plate 3.2 Digital Weighing Balance
3.1.3 	Stop watch: The stop watch (plate 3.3) was used to monitor the roasting time and the duration of pressing.  
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Plate 3.3: Stop watch
3.1.4 	Temperature monitoring and control system: The temperature monitoring and control system is a computerize equipment that was used to detect the roasting temperature of the expeller.  
3.1.5 	Seed roaster: This is in form of conical shape. It is welded to the base hopper of the expeller. It is used in roasting the seeds before expression of oil from the walnut seeds.  
[image: C:\Users\USER\Desktop\MACHINE.jpg]3.1.6 	Oil expeller: The oil expeller (plate 3.4) was used in the expression of walnut oil from the walnut seeds,it consist of the following component parts : worm shaft,male and female cone, barrel, hopper, cake outlet, oil outlet, toaster, gear box, electric motor, thermocouple and pressure transducer, pulley (plate 3.4).  








Plate 3.4: Oil Expeller machine with instrumentation
3.1.7 	Tachometer: This is a device that was used in measuring the speed of an expeller machine (plate 3.5).
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Plate 3.5: Tachometer

3.2 	Methods
	The method adopted for the study is as presented below:

3.2.1 	Experimental Materials
The walnut seeds used for the study was purchased from a produce merchant in Ile-Ife in Osun State, Nigeria. Plate 3.6a and 3.6b present the walnut plant and seed.
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Plate 3.6a: Walnut Plant		      Plate 3.6b: Walnut Seed


3.2.2 	Sample Preparation
The walnut seed was shelled, cleaned sorted for the good ones for the study. The initial moisture content of the sample was obtained by oven-drying for 6 hours at 105°C as recommended by Young et al (1982) for oil seeds and used by Ajibola et al., (1990) for rubber seed and Tunde Akintunde et al., (2001) for soybean. The samples was divided into three equal parts and conditioned by adding a calculated quantity of water required to obtain the desired moisture contents selected. The added moisture was allowed to equilibrate by placing the conditioned seeds in a refrigerator for minimum of 5hrs after which the moisture content was obtained using a moisture analyzer. Calculated quantity of water was obtained from equation 3.1 as expressed by Akintoso (2016).

Q = 							3.1
where: 		A = 	Initial Mass of the sample, kg
a = 	Initial moisture content of the sample, % wet basis (wb)
b =	Final (desired) moisture content of sample, % wb
Q = 	Mass of water to be added, kg.
3.2.3	Experimental Design and Layout
The factors considered were the speed of machine at 4 levels (30, 50, 70 and 90rpm), roasting temperature at 3 levels (90oC, 100oC, 110 oC), the roasting time was also at 3 levels (15, 20 and 25 minutes), the pressing varied between 17 to 37 minutes, the moisture content of 15% was made constant and the feederate of 1kg was equally made constant. 

3.2.4 	Experimental procedure
	The oil expeller was allow to run for 1 hour to enable the machine to attain the required or selected temperature.
	1kg of the sample prepared was transferred into the expeller hopper. The sample was roasted at 3 levels (90, 100, 110oC) of roasting temperature for 15 minutes and expressed at 3 levels (15, 20, 25min) of roasting time, the duration of the expression was obtained by the time the last drop of oil was noticed at the oil outlet. 
3.2.5 	Output Parameters: The output parameters considered for this study are:
(i) 	Oil yield: The oil yield was obtained as the ratio of weight of oil expressed to the total weight of sample before expression. Adeeko and Ajibola (1989) expressed it mathematically as stated in equation 3.2

								3.2
where; 	OY 	= 	oil yield (%)
WUS	= 	Original weight of sample before expression (g);
WOE	=	weight of oil expressed (g)
(ii) 	Throughput capacity (Cosm): The throughput capacity is the quantity of roasted seed introduce into the hopper of the oil expeller per unit time as expressed in equation 3.3.
	                                                                                  3.3




Where;
Cosm is the capacity of the oil seed machine (kg/hr)
Mos is the mass of the roasted oil seed (kg)
T is the time taken to express the oil from the seed (h)

CHAPTER FOUR
			       RESULTS AND DISCUSSIONS 
4.1	Results 
	The summary of the result obtained from the study is as presented in table 4.1
[bookmark: _GoBack]Table 4: The result of input and output parameters of the oil expeller.
	S/N
	Weight of sample (kg)
	Speed (rpm)
	Pressing Time (h)
	Oil yield (%)
	Capacity (kg/hr)

	1.
	1kg
	30
	0.37
	28
	0.76

	2.
	1kg
	50
	0.27
	24
	0.89

	3.
	1kg
	70
	0.18
	16
	0.89

	4.
	1kg
	90
	0.17
	12
	0.71

	5.
	1kg
	30
	0.33
	27
	0.82

	6.
	1kg
	50
	0.27
	31
	1.15

	7.
	1kg
	70
	0.20
	20
	1.00

	8.
	1kg
	90
	0.17
	15
	0.88

	9.
	1kg
	30
	0.20
	41
	2.05

	10.
	1kg
	50
	0.19
	38
	2.00

	11.
	1kg
	70
	0.22
	33
	1.50

	12.
	1kg
	90
	0.00
	0
	0.00



4.2	Discussions 
4.2.1	Discussion on oil yield
Table 4.1 present the results of the experiment conducted on walnut using multi-oil expression machine. The oil yield ranged between 0 to 41%. The highest oil yield of 41% was obtained at machine speed of 30 rpm, and throughput capacity of 2.05kg/hr with pressing time of 20 minutes. The lowest oil yield of 12% was obtained at machine speed of 90rpm and throughput capacity of 0.71kg/hr. This is an indication that the oil expeller should be operated at low speed for higher oil recovery.
4.2.2	Discussion on Throughput Capacity
	The throughput capacity from table 4.1 shows that the mean value obtained from the study ranged between 0 to 2.05kg. The highest throughput of 2.05kg/hr obtained at machine speed of 30rpm and pressing time of 20 minutes.  


CHAPTER FIVE 
		       CONCLUSIONS AND RECOMMENDATIONS
5.1	Conclusions
	The following conclusion were drawn from the study:
i. from the study, the highest oil yield was recorded to be 41% 
ii. the highest capacity was obtained to be 2.05kg/hr
5.2	Recommendations
	The following suggestions were hereby recommended for further research:
i. More input variables need to be investigated (such as roasting temperature, roasting time, applied pressure etc) 
ii. The varieties of the walnut need to be evaluated to know which can give higher oil yield 
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