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ABSTRACT
The purpose of this study is to compare the yield, physicochemical characteristics, and possible industrial uses of oil extracted and characterized from cashew nuts (Anacardium occidentale) and shea nuts (Vitellaria paradoxa). Using n-hexane as the solvent, the oils were extracted using the solvent extraction method. Standard analytical procedures were followed to determine parameters like oil yield, specific gravity, acid value, saponification value, free fatty acid, density, specific gravity, and FTIR. The findings showed that cashew and shea nuts both have sizable oil contents, suggesting that they are suitable as industrial and edible oil sources. The physicochemical characteristics found were within the permissible range for vegetable oils, indicating that they could be used in the manufacturing of biofuel, cosmetics, and food processing. Shea nut oil, on the other hand, demonstrated a higher saponification value, suggesting greater suitability for soap and cosmetic applications. This study concludes by showing that cashew and shea nut oils are both valuable natural resources with promising industrial and economic potential. To improve yield and quality for large-scale production, more research on refining methods and extraction condition optimization is advised.
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CHAPTER ONE
 INTRODUCTION
1.1 Background of the Study
In the global economy, plant-based oils are essential raw materials used in a variety of industries, including industrial manufacturing, food production, cosmetics, and pharmaceuticals. Oils extracted from tropical and subtropical plant seeds have become more and more significant as the need for sustainable and renewable resources grows. Shea nuts (Vitellaria paradoxa) and cashew nuts (Anacardium occidentale) are notable among these because of their high oil content and the advantageous qualities of their oils, which make them important from an industrial and economic standpoint.
The shea tree, which is native to the semi-arid savannah regions of sub-Saharan Africa, which include Senegal and Uganda, is used to harvest shea nuts. For many rural communities involved in its collection and processing, this tree is vital to their socioeconomic well-being and thrives in harsh climates (Maranz et al., 2004).
The nuts yield shea butter, a pale-yellow fat predominantly composed of stearic acid and oleic acid, which together constitute more than 80% of the fatty acid profile. Shea butter's distinct fatty acid composition gives it a stable shelf life, a melting point that is ideal for topical skin applications, and a semi-solid consistency at room temperature (Maranz et al., 2004; Wikipedia, 2025).
Shea butter extraction has historically been a time-consuming, multi-step process that includes roasting, grinding, boiling, and skimming to extract the fat from the nut paste. Millions of people in rural areas still rely on these artisanal methods for their livelihoods, although the yields and quality vary (Audu and Awulu, 2023).
The introduction of solvent extraction and mechanical pressing, on the other hand, by contemporary extraction technologies has improved oil recovery rates, decreased impurities, and raised product quality consistency (Maranz et al., 2004).
Originally from the tropical forests of northeastern Brazil, cashew nuts are now grown extensively throughout many tropical regions, including West Africa, Southeast Asia, and parts of India, because of their economic value and climate-adaptability (Abdulrahaman et al., 2023). The edible cashew kernel and the inedible cashew nut shell, which contains the valuable by-product cashew nut shell liquid (CNSL), are the two different products that the cashew tree produces.
The cashew kernel is a rich source of edible oil, with about 47% of its weight made up of oil. The lipid profile is predominantly made up of monounsaturated fatty acids (MUFAs), especially oleic acid, which is renowned for its positive effects on cardiovascular health and contributes significantly to the oil’s oxidative stability (Carvalho et al., 2018; Abdulrahaman et al., 2023).
By decreasing the oil's vulnerability to rancidity, its high oleic acid content prolongs its shelf life and qualifies it for use in cooking. Cashew kernel oil also contains essential phospholipids that are necessary for the creation of stable emulsions, which are very useful in pharmaceutical and cosmetic formulations like lotions, creams, and sophisticated drug delivery systems (Mdpi, 2023).
Cashew kernel oil has been investigated for a number of uses because of these advantageous biochemical characteristics:
• Culinary applications: The oil's mild flavor and nutritional profile make it a great option for cooking, making salad dressings, and using as a base to make margarine.
• Medicinal industry: Cashew oil can function as an emollient and carrier in topical medication formulations due to its bioactive constituents, which include phospholipids and antioxidants (Carvalho et al., 2018).
• Cosmetics: It is a common component of lotions, creams, and hair care products due to its moisturizing and skin-conditioning qualities.
The cashew nut shell makes up about 60% of the nut's weight and contains a special substance known as cashew nut shell liquid (CNSL), even though the cashew kernel is valued for consumption. According to Sekunowo and Uduh (2022), CNSL is a dark, viscous phenolic resin that is abundant in bioactive substances such as anacardic acid, cardol, and cardanol, each of which contributes distinct functional qualities.
Because of its antimicrobial, antioxidant, and polymerizable qualities, CNSL has significant industrial value despite being toxic and inedible. Because of these qualities, it is an essential raw material for the production of:
• Coatings and varnishes: Resins based on CNSL offer longevity and corrosion resistance.
• Pesticides: Compared to synthetic pesticides, its natural bioactive compounds provide more environmentally friendly options.
• Lubricants and friction materials: Because of its chemical makeup, CNSL can operate efficiently at high temperatures and pressures.
• Adhesives and polymers: The reactive phenolic compounds in CNSL are used as precursors in the production of adhesives and polymers (Sekunowo & Uduh, 2022).
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1.1.1 Local Economic Impact
Using effective and optimized oil extraction methods to add value to cashew and sheanut nuts offers a promising way to boost local economies and raise farmers' profits. Despite being widely used, traditional extraction techniques are often labor-intensive and produce relatively little oil, which reduces the potential revenue for producers (Adebayo et al., 2015). Smallholder farmers and processors can access larger markets, including global ones, by implementing enhanced extraction technologies that result in increased oil yields and higher-quality products.
Additionally, by reducing waste and promoting industrial diversification in rural areas, efficient use of by-products such as cashew nut shell liquid (CNSL) can promote sustainable resource management and job creation (Sekunowo and Uduh, 2022).
1.1.2 Global Market Demand for Sustainable Oils
Consumer preferences for natural, sustainable, and health-promoting products are driving a notable increase in demand for plant-based oils on a global scale. Because of their advantageous fatty acid profiles, bioactive compounds, and numerous uses, oils made from cashew and shea nuts fit in nicely with this trend (Mdpi, 2023). They are increasingly utilized in:
•	Food industries for cooking oils, margarine, and confectionery,
•	Cosmetics and personal care for their moisturizing and antioxidant properties,
•	Pharmaceuticals for topical formulations,
•	and industrial applications, including biofuels and biodegradable materials (Audu and Awulu, 2023; Carvalho et al., 2018).
Producers must guarantee superior oil extraction techniques that maintain oil stability and nutritional qualities in order to successfully compete in these markets.
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1.2 Statement of the Problem
Despite the increasing economic and industrial significance of plant-based oils, the quality and efficiency of oil extraction from locally accessible oilseeds, such as cashew nuts (Anacardium occidentale) and sheanuts (Vitellaria paradoxa), are still below ideal levels, particularly in areas where conventional extraction methods are still commonly employed. These traditional techniques, like manual pressing, boiling, roasting, and kneading, are time-consuming, labor-intensive, and frequently produce small amounts of oil. (Audu and Awulu, 2023; Maranz et al., 2004).
Furthermore, little research has been done to systematically compare the efficacy of contemporary techniques like solvent extraction and Soxhlet extraction in extracting oil from cashew and sheanut nuts under controlled conditions, despite the fact that these techniques have been demonstrated to increase oil yield and preserve bioactive components in a variety of oilseeds. Comprehensive information about the effects of various techniques on physicochemical parameters such as acid value, saponification value, iodine value, and oxidative stability that are crucial for assessing the oil's suitability for industrial, cosmetic, and nutritional applications is also lacking (Orhevba et al., 2016; Carvalho et al., 2018).
1.3 Significance of the Study
This study is significant as it explores the extraction and characterization of oils from shea butter and cashew nuts, which are abundant but underutilized natural resources in Nigeria and other tropical regions. By analyzing their physicochemical properties, such as acid value, iodine value, and saponification value, the research provides useful data on the quality and industrial suitability of these oils.
The findings will help determine their potential applications in areas such as cosmetics, soap making, food processing, and biodiesel production. Utilizing these locally available resources can reduce dependence on imported oils, promote value addition, and support local industries.
Moreover, the study encourages environmental sustainability through the productive use of agricultural by-products that are often discarded as waste. 
1.4 Aim and Objectives of the Study
1.4.1 Aim
This study's main aim is to use a variety of extraction techniques to examine and assess the oil extraction potential of two economically significant oil-bearing seeds: cashew nuts (Anacardium ocidentale) and sheanuts (Vitellaria paradoxa). 
1.4.2 Objectives of the Study
The following are the study's specific goals:
1. To characterize the physicochemical properties of the extracted oils. 
2. To analyse the chemical properties of the oil.
3. To determine the physical properties of the oil extracted.
4. To detect the functional group present in the oils.
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CHAPTER TWO
LITERATURE REVIEW
2.1 Overview of Sheanut and Cashew Nut Oils
Among the most valuable products made from tropical oilseeds are plant-based oils. Cashew nuts (Anacardium occidentale) and sheanuts (Vitellaria paradoxa) are two significant oil-producing crops with significant industrial, nutritional, and economic value in Africa and parts of Asia. Both the kernel oils and their byproducts (like Cashew Nut Shell Liquid, or CNSL) have distinct chemical makeups and are used in a wide range of sectors, such as manufacturing, food, cosmetics, and pharmaceuticals.
2.1.1 Composition and Uses of Shea Butter
The dried kernels of the sheanut tree (Vitellaria paradoxa), a native of West and Central Africa, are used to make shea butter. It is mostly made up of triglycerides, which are primarily made up of monounsaturated (oleic acid, approximately 35–45%) and saturated (stearic acid, approximately 40–50%) fatty acids (Maranz et al., 2004). Shea butter is highly prized in skin care and cosmetic formulations because of the fatty acids that give it its solid consistency at room temperature, long shelf life, and emollient qualities.
In addition to fats, shea butter has bioactive substances that have anti-inflammatory, antioxidant, and UV-protective properties, including phytosterols, phenolic compounds, and tocopherols (Vitamin E) (Lovett, 2004). As a result, it is now widely used in:
· Cosmetics and personal care products (e.g., moisturizers, lip balms, lotions)
· Food applications, particularly as a cocoa butter equivalent in confectionery
· Traditional medicine, where it is used for treating wounds, arthritis, and dermatitis
· Industrial lubricants and biofuels, due to its oxidative stability and lubricating properties

2.1.2 Composition and Uses of Cashew Kernel Oil
Cashew nut oil is extracted from the kernel, the edible part of the cashew nut after removal from the shell. The oil content of the kernel ranges between 40–50%, depending on the variety and moisture content (Adebayo and Adeoye, 2015). Cashew kernel oil is rich in oleic acid (~60–65%), linoleic acid (~15–20%), and palmitic acid, giving it a favorable nutritional and oxidative profile similar to that of olive oil (Carvalho et al., 2018).
Its light color, mild aroma, and high oxidative stability make it suitable for:
· Cooking and frying, especially in health-conscious markets
· Cosmetic applications, as an ingredient in skin creams and hair oils
· Pharmaceutical formulations, due to its bioactive lipid profile and emulsifying properties
· Nutraceuticals, particularly for heart health and cholesterol management
In addition to its triglyceride content, cashew kernel oil also contains phospholipids and sterols, which contribute to its emulsifying ability and health benefits (Mdpi, 2023).
2.1.3 Overview of Cashew Nut Shell Liquid (CNSL)
The cashew nut shell, often discarded in other nut-processing industries, contains a highly valuable by-product known as Cashew Nut Shell Liquid (CNSL). CNSL is a dark brown, viscous liquid comprising approximately 25–30% of the weight of the shell and is obtained either by solvent extraction, hot oil bath, or pyrolysis.
The main components of CNSL are:
· Anacardic acids (60–70%)
· Cardol (10–20%)
· Cardanol (10–15%)
· 2-methylcardol and other phenolic compounds
These phenolic lipids give CNSL unique chemical reactivity, particularly in the formation of resins, polymers, and surfactants. Due to their unsaturation and long hydrocarbon chains, CNSL compounds are widely used in:
· Industrial coatings and paints
· Brake linings and friction materials
· Adhesives, varnishes, and epoxy resins
· Bio-based pesticides and antimicrobial agents
 CNSL is a dark viscous liquid composed mainly of anacardic acids and cardanol, used in polymers and coatings (Wikipedia, 2025).
CNSL has also gained interest in green chemistry for its role as a renewable raw material that can substitute petroleum-based chemicals in the manufacture of thermosetting plastics and high-performance materials (Sekunowo andUduh, 2022).
2.1.4 Comparison of Shea Butter, Cashew Kernel Oil, and CNSL
	Oil type
	Primary source
	Major fatty acids
	Applications

	Shea butters
	Shea kernels (vitellaria paradoxa)
	Stearic, Oleic
	Foods,Cosmetics, Biofuels

	Cashew Kernel Oil
	Cashew nut kernel
	Oleic, Linoleic
	Edible oil, skincare, emulsifiers

	CNSL
	Cashew nut shell
	Anacardic acid, Cardol, Cardanol
	Industrial coatings, resins, pesticides
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2.2 Physicochemical Properties of Oils
Oils' physicochemical characteristics are important markers of their nutritional value, quality, stability, and suitability for a range of uses, from industrial processes to edible applications. These characteristics affect the oil's performance in goods like cosmetics, medications, and biofuels as well as its sensory qualities, shelf life, and health advantages.
Key physicochemical parameters that are frequently assessed in plant oils, such as oil yield, acid value, saponification value and viscosity, are explained in detail in this section.
2.2.1. Oil Yield
Oil yield refers to the quantity of oil extracted from a given amount of raw material, usually expressed as a percentage (%) of the seed or kernel weight. It is a primary measure of extraction efficiency and economic feasibility.
· High oil yield is desirable for maximizing profitability.
· Oil yield depends on factors such as seed type, moisture content, extraction method, and processing conditions.
For instance, sheanuts typically contain 40–50% oil, while cashew kernels range between 40–52% (Adebayo & Adeoye, 2015).
2.2.2. Acid Value (AV)
The acid value measures the amount of free fatty acids (FFA) in the oil, expressed as milligrams of potassium hydroxide (mg KOH) required to neutralize the free acids in one gram of oil. It indicates the extent of hydrolytic rancidity or oil degradation.
· Low acid values reflect freshness and good quality oil.
· High acid values suggest hydrolysis of triglycerides due to enzymatic activity or poor storage conditions, leading to off-flavors and reduced shelf life.
 Cashew kernel oil had acid values of 12.57 mgKOH/g, indicating moderate free fatty acid content (ResearchGate, 2023).
Regulatory standards typically require edible oils to have an acid value below a certain limit (e.g., <4 mg KOH/g for refined oils).

2.2.3. Saponification Value (SV)
The saponification value is defined as the amount of potassium hydroxide (mg KOH) needed to completely saponify one gram of oil or fat. It reflects the average molecular weight (chain length) of the fatty acids present in the oil.
· Higher saponification values indicate shorter chain fatty acids.
· This property is important for applications in soap making and detergent production, as it affects the amount of alkali required for saponification.
For example, cashew kernel oil has been reported to have a saponification value of approximately 131 mg KOH/g (ResearchGate, 2023), suggesting a predominance of medium to long-chain fatty acids suitable for cosmetic and soap industries.
2.2.4. Viscosity
Viscosity measures an oil’s resistance to flow and is influenced by temperature, molecular weight, and fatty acid composition. It affects processing parameters like pumping, mixing, and spreading behavior in cosmetic and industrial formulations.
· Lower viscosity oils are preferred for cooking and cosmetic serums.
· Higher viscosity oils (like shea butter) are used for creams and balms due to their emollient properties.
Viscosity is typically measured using viscometers at standardized temperatures.
Other Important Parameters
· Specific Gravity: Helps in identifying oil quality and adulteration.
· Fourier transmission infrared (FTIR): is an analytical technique used to identify the chemical bonds and functional groups present in a sample by measuring infrared absorption at different wavelengths.
· Density: It’s a simple yet powerful property used to determine purity, composition, and quality of materials. 
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2.3 Factors Affecting Oil Quality
A number of processing variables, such as temperature, extraction time, and the kind of extraction technique used, affect the quality of oils extracted from cashew and sheanuts. These elements have an impact on the oils' physicochemical stability, nutritional qualities, and shelf life in addition to yield. Understanding their influence is crucial to optimizing extraction processes that maximize oil recovery while preserving quality.
2.3.1. Temperature
Temperature plays a critical role in oil extraction. Increasing the extraction temperature generally enhances oil yield by reducing oil viscosity and facilitating cell wall rupture. However, elevated temperatures can adversely impact oil quality through oxidative degradation and thermal breakdown of sensitive compounds. Higher temperatures can also lead to the loss of bioactive compounds such as tocopherols, phenolics, and unsaturated fatty acids, which contribute to the antioxidant capacity and health benefits of the oil (Carvalho et al., 2018).
2.3.2 Extraction Duration
The length of time the extraction process is carried out impacts both yield and oil quality.
· Prolonged extraction times can lead to higher oil recovery as more oil is allowed to diffuse from the seed matrix.
· However, extended durations may expose the oil to oxygen, heat, and light for longer periods, accelerating oxidative rancidity and hydrolysis, which increase the acid value and peroxide value (Adebayo and Adeoye, 2015).
Optimizing extraction time is therefore essential to avoid degradation while achieving efficient oil recovery.

CHAPTER THREE
METHOD AND METHODOLOGY
3.1 Materials and Apparatus
3.1.1 List of Equipment/ Apparatus used
Table 3.1 List of Apparatus used
Apparatus				Model					Manufacturer	
Soxhlet Extractor			Glass				Pyrex glass, England
Rotary Evaporator			Glass				Buchi ,Switzerland
Hot Air Oven				Metal				Memmert , Germany
Motorized grinder			Metal				Pyrexglass, England
Weighing Balance			Metal				Gallenkamp England
Muffle Furnace			Metal				Nabertherm , Germany
Titration Setup			Metal				Metrohm AG, Switzerland
Viscometer				Metal				Brookfield ,USA
Refractometer			Metal				ATAGO Co., Ltd. Japan
FTIR Spectrophotometer						Shimadzu ,USA
Glassware (beakers, pipettes, burettes)				Pyrex ,USA
Desiccator				Glass				Thermo Fisher, USA
Measuring cylinder			Glass				Pyrex, UK






3.1.2 Reagents
Table 3.2 List of Reagents used	
Reagent			        Formula 	%Purity	          Manufacturer	
Raw shea nuts								Local market
Raw cashew nuts								Local market
n-Hexane		           	C6H14     	99%                         	Aldrich, Germany
Distilled water			H2O					Central Lab Udus
Hydrogen Chloride			HCI		38%			BDH Chem Ltd Egn
Methanol				CH3OH	99.8%			BDH chem Ltd Egn
Phenolphthalein Indicator 		C20H14O6	 1%             		BDH chem Ltd Egn
Potassium lodide			KI		99%			BDH Chm Ltd Egn
Potassium Hydroxide 		KOH		85%			BDH chem Ltd Egn

3.2 Sample Preparation
1. Collection: Shea nuts and cashew nuts were bought from Gbugbu international market, Kwara State
2. Cleaning: The nuts were cleaned to remove dirt, stones, and other foreign matter.
3. Drying: The cleaned nuts were sun-dried or oven-dried at 60°C until constant weight was achieved to reduce moisture content. (Memmert GmbH, 2021)
4. Shelling: The dried nuts were manually  shelled to remove the kernels using hammer.
5. Grinding: The kernels were ground into fine paste or powder using a mechanical grinder to increase surface area for oil extraction.




3.3 Oil Extraction Methods
Soxhlet Extraction (Solvent Extraction)
3.3.1 Extraction Methods
The extraction of oil from plant-based sources such as shea nuts and cashew nuts can be achieved using a variety of mechanical and chemical techniques, each with distinct advantages, limitations, and implications for oil yield, quality, and industrial suitability. The choice of method not only affects the physicochemical characteristics of the final product but also determines the efficiency, cost-effectiveness, and scalability of the production process.
This section explores the four major oil extraction methods relevant to this study: mechanical pressing, solvent extraction, microwave-assisted extraction (MAE), and Soxhlet extraction.
3.3.2. Soxhlet Extraction
Soxhlet extraction is a classical laboratory method used for quantitative oil recovery. In this setup, the ground sample is placed in a thimble, and a solvent is repeatedly vaporized, condensed, and siphoned over the sample to dissolve the oil, which collects in a boiling flask.
While Soxhlet extraction offers accurate and complete oil recovery under controlled conditions, it is time-consuming and not scalable for industrial use.
Advantages:
i. Highly efficient and reproducible
ii. Ideal for analytical purposes and small-scale comparisons
iii. Can extract even tightly bound lipids
Disadvantages:
i. Long extraction time (6–8 hours or more)
ii. Solvent-intensive
iii. Unsuitable for large-scale operations
Procedure:
· Approximately 10g and 5g of ground sample shea nut and  cashew nut was placed in a thimble respectively.
· The thimble was inserted into the Soxhlet extractor. (Heidolph, 2021)
· 130ml and 70ml of n-hexane was used as the solvent for both sample respectively.
· The extraction was carried out for 6–8 hours until the solvent in the siphon tube appeared clear.
· The solvent-oil mixture was collected and the solvent was evaporated using a rotary evaporator.
· The extracted oil was weighed and stored in airtight containers for analysis.
3.4 Characterization of Extracted Oil
The physicochemical properties of the oils extracted were analyzed using the following standard methods (AOAC, AOCS):
3.4.1 Oil Yield (%)
The percentage yield method provides a simple and reliable means of determining the efficiency of oil extraction from shea nut and cashew nut samples. By accurately weighing the dried sample before extraction and the oil obtained after solvent removal, the yield gives a direct measure of how much oil can be recovered relative to the sample mass. This method is essential in evaluating the suitability of the extraction process, solvent efficiency, and the oil-bearing potential of the nuts. A higher percentage yield indicates a more efficient extraction process and a richer oil content in the sample. Overall, the method ensures reproducibility, accuracy, and comparability between different extraction conditions or raw materials
Oil Yield (%) = Weight of oil extracted	x 100
          						Weight of sample
3.4.2 Specific Gravity: Measured using a specific gravity bottle by comparing the
density of oil to that of water. (AOAC, 2016)
Specific Gravity (SG) = Mass of oil
						Mass of equal volume of water
3.4.3 Acid Value (AV) 
2g of oil were accurately weight into 250cm3 conical flask and 30cm3 ethanol was added into the oil, the mixture was then heated for some minutes to obtain homogenous mixture between oil and ethanol, than few drops of Phenolphthalein indicator were added into the mixture, followed by titration process, the flask is constantly shaken until a pink coloured is appeared. The acid value was computed using the equation below (AOAC, 2018).
AV (mg KOH/g) = V x N x 56.1
							        W
Where:
· V = volume of KOH used (mL)
· N = normality of KOH
· W = weight of oil sample (g)


3.4.4 Saponification Value (SV) 
 25cm3 of ethanolic potassium hydroxide was added to 2g of the oil. The mixture heated under reflux for about 30 mins and then will be titrated against hydrochloric acid using Phenolphthalein indicator. The whole procedure will be carried out without the sample and the saponification value will be calculated using the equation below ((AOAC, 2018).
SV (mg KOH/g) = (B – S) x N x 56.1
                            					       W
Where:
· B = volume of HCl for blank (mL)
· S = volume of HCl for sample (mL)
· N = normality of KOH
3.4.5 Density : This is a key physical property used to characterize materials like shea nuts and cashew nuts, especially in agricultural processing, storage, grading, and quality control. (AOAC, 2017)
Density = Mas of oil
						   Volume of oil
3.4.6 Viscosity : Viscosity was measured at 40°C using viscometer. The time taken for a fixed volume of oil to flow through the capillary tube was recorded, and the kinematic viscosity was calculated in centistokes mPa.s. The results were compared against diesel fuel standards to assess suitability. (AOAC, 2018)
3.4.7 Free Fatty Acid: Neutralize the free acids in a weighed oil sample with standardized KOH (in ethanol) using phenolphthalein endpoint. Convert acid value to %FFA (as oleic acid) using a conversion factor formula below:
%FFA ( Oleic) = AV x 0.503
3.4.8 FTIR Spectroscopy : FTIR spectra were recorded over a range of 4000 to 650 cm⁻¹. The sample was placed directly on the ATR crystal. Key functional groups were identified by analyzing characteristic absorption bands, particularly the ester carbonyl (C=O) stretch near 1740 cm⁻¹ and the alkoxy (O–CH₃) stretch near 1150 cm⁻¹.
The FTIR Analysis was with Agilent Cary 630 FTIR spectrometer with a base system of high emission of Infrared radiation. The base system is used in conjunction with a 5 bounce diamond ATR sampling accessories of internal reflection element (IRE) crystal and detector DTGS. The analysis was in the transmittance mode and the signal was collected within the range 4000 - 650 cm* wavenumber. The generation of the sample spectra was achieved through MicroLab software. (AOAC, 2018).












CHAPTER FOUR
RESULTS AND DISCUSSIONS
In this chapter, the experimental data obtained from the extraction and characterization of cashew nut oil and shea nut oil are presented, analyzed, and discussed. The parameters reported include: yield, viscosity, specific gravity, density, moisture content, acid value, saponification value and FTIR spectra interpretation
4.1 Percentage Yield 
Table 4.1: Percentage yield of cashew nut and shea nut extracted oil 
	Sample
	Mass of dry basis (g)
	Mass of oil extracted (g)
	% Yield

	Cashew nut
	5
	2.95
	59

	Shea nut
	10
	5.82
	58.2


4.1.1 Physicochemical Properties
Table 4.2: Physicochemical Properties of Shea Nut and Cashew Nut Oils
	Parameter
	Shea Nut Oil
	Cashew Nut Oil
	 Interpretation

	Viscosity (cSt at 60°C)
	128
	71.1
	Higher viscosity in shea due to higher stearic content; 
cashew more fluid due to unsaturation.

	Density (g/cm³ at  60°C)
	0.760
	0.715
	Density inversely related to temperature; higher density indicates more compact molecular packing.

	Specific Gravity
	0.750
	0.70
	Correlates closely with density; within edible oil range 0.90–0.95.

	Acid Value (mg KOH/g)
	4.208
	5.049
	Indicates level of hydrolysis and free fatty acids; lower = better quality.

	Saponification Value (mg KOH/g)
	192.14
	186.153
	Reflects average molecular weight of triglycerides; higher SV = shorter FA chains.

	Free fatty acid (%FFA)
	2.117
	2.540
	Moderate FFA values (around 1–3%) suggest slight hydrolysis due to storage conditions or handling but are still acceptable for most industrial and food applications.



Table 4.3: Shea peak interpretation
	Wave number (cm-1)
	Functional Group
	Interpretation

	3430- 3440
	O-H stretching vibration
	Broad weak band attributed to hydroxyl groups or trace moisture content in the oil.

	2920- 2850
	Asymmetric and symmetric
C-H stretching vibrations
	Strong peaks representing aliphatic -CH2 and –CH3 groups of long hydrocarbon chains in fatty acids.

	1743 
	C=0 stretching vibration
 (ester carbonyl)
	Strong, sharp band characteristic of the ester linkage (C=0) in triglycerides, confirming the presence of glycerol esters of fatty acids.

	1651 - 1655
	C=C stretching vibration (alkene)
	Indicates the presence of unsaturated fatty acids such as oleic and linoleic acids.

	1462 - 1377
	C-H bending vibration
	Corresponds to bending of CH2/CH3 groups in aliphatic chains.

	1238 – 1160
	C-0 stretching vibration
	Arises from C-O stretching in ester linkages (C-O-C) of triglycerides.

	722 - 710
	CH2, rocking vibration
	Represents long-chain methylene sequences typical of fatty acid structures.



Table 4.4: Cashew nut oil Peak interpretation
	Wave number (cm-1)
	Functional Group
	Interpretation

	2920 and 2850
	C-H stretching
	Asymmetric and symmetric stretching vibrations of aliphatic –CH2 and - CH3 groups, typical of long hydrocarbon chains in fatty acids.

	1460
	CH2 bending
	Bending vibration of methylene groups along the fatty acid chains.

	1370
	CH3 bending
	Symmetric bending of terminal methyl groups.

	1230 - 1160
	C-O stretching
	Stretching vibrations of the ester linkage (C-O-C) in triglycerides.

	1090 - 1040
	C-O stretching
	Further confirmation of ester functional groups and secondary alcohols.

	722 
	(CH2)n rocking

	Rocking vibration of long-chain methylene groups, typical in saturated and unsaturated fatty acids.


4.2 DISCUSSION
Percentage Yield
Cashew nut oil yields by solvent extraction were reported as 59%. Meanwhile, shea nut extraction yield is 58.2% base on the soxhlet extraction method used.
Physicochemical Properties of Shea Nut and Cashew Nut Oils
Shea Nut Oil: 
Vitellaria paradoxa's shea nut oil displayed physicochemical traits common to vegetable oils based on triglycerides. Because of its high stearic acid content, the viscosity values of about 128 cSt indicate moderate flow resistance, while the density ranged from 0.76 g/mL. Low levels of free fatty acids and good storage stability are indicated by the acid value (4.2075 mg KOH/g).  The preponderance of C16-C18 fatty acids is confirmed by its saponification value (≈192 mg KOH/g). These findings suggest that shea nut oil has a high level of oxidative stability, which qualifies it for use in soap, confections, and cosmetics. Its superior shelf life and semi-solid nature at room temperature are explained by its higher proportion of saturated fatty acids. Bariwere et al., 2017
Cashew Nut Oil:
Anacardium occidentale cashew nut oil showed somewhat higher density values (0.715 g/mL) and more variable quality based on kernel condition and extraction. The acid values is 5.049 mg KOH/g, indicated a moderate degree of hydrolytic degradation and the requirement for refinement prior to edible use. The fatty acid profile is dominated by oleic, linoleic, and palmitic acids, according to saponification values (186.153 mg KOH/g). The comparatively high oleic acid content of cashew oil offers potential industrial and nutritional value as a specialty edible or cosmetic oil. Govindaraju et al., 2015.
Shea Nut Oil Peak 
The strong absorption at 1743 cm⁻¹ is the key indicator of ester carbonyl (C=O) stretching in triglycerides, confirming that the extracted material is a true oil/fat and not a free fatty acid mixture, The broad O–H peak near 3430 cm⁻¹ suggests slight residual moisture or free hydroxyl groups, common in natural oils that have not been fully refined or dried. The C–H stretching bands at 2920 cm⁻¹ and 2850 cm⁻¹ confirm the presence of long aliphatic hydrocarbon chains characteristic of saturated and unsaturated fatty acids. 
The peak near 1650 cm⁻¹ corresponds to the C=C stretching vibration of unsaturated components such as oleic and linoleic acids, indicating that the oil contains both saturated and unsaturated fatty acids. Bands observed between 1462 cm⁻¹ and 1377 cm⁻¹ are due to bending of CH₂ and CH₃ groups, while the C–O–C stretching peaks between 1238 cm⁻¹ and 1160 cm⁻¹ further confirm the ester linkages of triglycerides.
The band around 722 cm⁻¹ corresponds to CH₂ rocking vibrations, signifying the presence of long methylene chains, typical of natural fats and oils.
 Cashew Nut Oil Peak 
The strong band near 1740 cm⁻¹ confirms the presence of ester carbonyl (C=O) groups, a hallmark of triglycerides. The bands around 2920 and 2850 cm⁻¹ indicate long aliphatic chains, consistent with fatty acids.
Absence of a broad O–H stretch (~3400 cm⁻¹) suggests there’s little to no free fatty acid or moisture  indicating a relatively pure oil sample.
No distinct peak near 3005 cm⁻¹ means the degree of unsaturation (C=C–H stretching in alkenes) is relatively low or moderate  matching cashew nut oil, which contains both saturated and unsaturated fatty acids.
Comparative Discussion
Both oils are within the typical range for vegetable oils. Because shea nut oil has shorter fatty acid chain lengths and better oxidative stability, it typically shows lower acid values and higher saponification values. Richer in unsaturated fatty acids, cashew nut oil is more fluid and prone to hydrolysis, but it has nutritional value. Because of its high stability and consistency, shea oil is better suited for the production of soap and cosmetics, according to the physicochemical differences, whereas cashew oil shows promise for use in edible and nutraceutical applications following proper refining. FUNAAB, 2019.




CHAPTER FIVE
SUMMARY, CONCLUSION AND RECOMMENDATIONS
5.1 Summary
The purpose of this study was to extract and characterize the oil from cashew and shea nuts in order to ascertain their physicochemical characteristics and evaluate their potential use in both domestic and industrial settings.
In order to assess the oil yield, the extraction was carried out using solvent extraction method (n-hexane). Free fatty acid (FFA), acid value, saponification value, density, specific gravity and FTIR were among the parameters that were examined in the extracted oils. These characteristics functioned as markers of the oils' quality, stability, and possible applications.
The findings verified that cashew and shea nut oils are both good sources of natural oil by showing that they both contain sizable amounts of extractable lipids.
Both oils are of good quality and can be used in the production of food, cosmetics, and biodiesel, according to the free fatty acid values that were found to be within acceptable industrial limits. The acid and saponification values were comparable to those reported in previous studies (Ejeh & Aderemi, 2014), showing consistency with standard edible oil characteristics.
5.2 Conclusion
Shea and cashew nuts are valuable oil-bearing seeds with substantial industrial and economic potential, according to the research's findings. Both oils satisfy the physicochemical standards for high-quality vegetable oils, according to the extraction and characterization results. Cashew nut oil demonstrated greater unsaturation, making it more suitable for edible and biodiesel applications. Shea nut oil was found to contain higher saponification, which are characteristics of saturated fatty acids and suitable for the soap and cosmetic industries.
Both oils' low acid and free fatty acid values show that they are safe for industrial or human consumption, comparatively stable, and less likely to rancidify.
The study comes to the conclusion that shea and cashew nut oils can both be used as good alternatives to traditional vegetable oils, and that their commercial use could help nut-producing areas reduce waste, add value, and boost local economies.
5.3 Recommendations
The following suggestions are offered in light of the study's findings and conclusions:
1. Industrial Application: Industries involved in cosmetics, food, and biodiesel production should consider incorporating shea nut and cashew nut oils as alternative raw materials due to their favorable quality parameters.
2. Better extraction techniques: To increase yield and purity while reducing solvent residues, future studies should investigate the application of sophisticated extraction techniques like enzymatic or supercritical CO₂ extraction.
3. Quality Improvement: To lower free fatty acid levels and increase oxidative stability, especially for cashew nut oil, the oils should be refined and stabilized as soon as possible after extraction.
4. Economic Development: To generate revenue and empower rural communities, government and agricultural organizations should support small and medium-sized oil extraction businesses in shea and cashew-producing areas.
5. More Research: To increase both oils' commercial uses and guarantee adherence to global standards, more research should examine their fatty acid composition, antioxidant qualities, and storage stability.
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APPENDICES
APPENDIX A 
Calculations For Cashew Nut Oil
Oil yield
%Yield =      Weight of extracted oil 
		Weight of sample 
% Yield = 2.95	x 100
	       5
% Yield = 59%
Density
Ρ = m
       V
Density= mass (g) 
	Volume (cm3)
Where: m= mass of 2mL of oil  (1.43g), V= Volume (2mL)
Density= 1.43
	     2
Density = 0.715g/ml
Specific gravity
Specific gravity = Mass of substance
		Mass of equal volume of water
Mass of 2mL oil = 1.43g
Mass of 2mL water  = 2.03g
Specific gravity = 1.43
		      2.03
Specific gravity = 0.7
Acid value
Acid Value (mg KOH/g) = M × N × 56.1​
			             w
Where:
 M = Molarity of KOH used in titration (in mL) 
N = Normality of the KOH solution (mol/L)
W = Weight of the oil/fat sample (in grams)
56.1 = Molecular weight of KOH (g/mol).
M= 0.1,  W= 1g, N= 1.80
Acid value = 56.1 x 0.1 x 1.80
			1
Acid value = 10.098


Saponification value
SV = 56.1 x 0.5 x (V2- V1) 
		w	
Where: 
V1 = volume of hydrochloric acid in Blank titration,
 V2 = volume of hydrochloric acid with sample,
 0.5 = concentration of HCl.
V2 = 19.5cm3, V1= 6.2cm3, M= 0.5, Weight of oil 56.1 is the molecular weight of KOH, W=2g.
Saponification value = 56.1 x 0.5 x ( 19.5 – 6.2)
					2
Saponification value = 186.533









APPENDIX B 
Calculation For Shear Nut Oil
Oil yield
Percentage Yield = Weight of extracted oil 
			Weight of sample 
 Percentage  = 5.82	x 100
	      	     10
Percentage  Yield = 58.2%
Density
Ρ = m
       V
Density= mass (g) 
	Volume (cm3)
Where: m= mass of 2mL of oil  (1.52g), V= Volume (2mL)
Density= 1.52
	     2
Density = 0.76g/ml
Specific gravity
Specific gravity = Mass of substance
		Mass of equal volume of water
Mass of 2mL oil = 1.52g
Mass of 2mL water  = 2.03g
Specific gravity = 1.52
		      2.03
Specific gravity = 0.75
Acid value
Acid Value (mg KOH/g) = M × N × 56.1​
			             w
Where: 
 M = Molarity of KOH used in titration (in mL) 
 N = Normality of the KOH solution (mol/L), 
W = Weight of the oil/fat sample (in grams),  
56.1 = Molecular weight of KOH (g/mol).
M= 0.1,  W= 1g, N= 1.50
Acid value = 56.1 x 0.1 x 1.50
			1
Acid value = 8.42



Saponification value
SV = 56.1 x 0.5 x (V2- V1) 
		w	
Where: 
V1 = volume of hydrochloric acid in Blank titration, 
V2 = volume of hydrochloric acid with sample, 
0.5 = concentration of HCl.
V2 = 19.5cm3, V1= 6.2cm3, M= 0.5, 
Weight of oil 56.1 is the molecular weight of KOH, W=2g.
Saponification value = 56.1 x 0.5 x ( 19.5 – 5.8)
					2
Saponification value = 192.143
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