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Abstract
The seeds of  Balanite aegyptiaca were collected, washed and prepared by decorting. The seed oil was extracted using soxhlet apparatus with n-hexane as solvent. The percentage yield of oil extraction was (38.65 %). Physicochemical analysis of the seed oil was conducted using standard procedures and the following results were obtained; Density(0.89%), moisture content (1.09g/cm³), iodine value (43.1 g/100g), saponification value (140 mg /g) and peroxide value (38 meq/kg), acid value (16.83 mg KOH/g), free fatty acid value (8.4 %). This reveals that Balanite aegyptiaca seed oil could be a rich source of oil for domestic and industrial purposes if richly exploited.
Keywords: Balanite aegyptiaca, soxhlet, physicochemical, extracted, seed oil.
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CHAPTER ONE
1.0 Introduction
1.1 Background of the Research
Balanites aegyptiaca, commonly known as the Desert date, is a drought resistant tree native to arid and semi-arid regions of Africa and parts of middle east and South Asia. Belonging to the Zygophyllaceae family, this evergreen shrub or small tree thrives in harsh environments, from the Sahel to the Indian subcontinent (Chothani and Vaghasiya, 2011).  Its fruit, seeds, and oil have been used for centuries in traditional medicine, food, and cosmetic applications by communities in these regions. The seeds, in particular, are a rich source of oil, which has garnered increasing scientific interest due to its unique physicochemical properties and potential industrial applications (Chapagain et al., 2009).  The oil extracted from Balanites aegyptiaca seeds is a golden-yellow, viscous liquid with a mild, nutty aroma and liquid state at room temperature. It is valued for its high content of unsaturated fatty acids, sterols, and other bioactive compounds, making it a candidate for use in pharmaceuticals, cosmetics, and even biofuels (Mohamed et al., 2002). This chapter explores the physicochemical characteristics of Balanites aegyptiaca seed oil, providing a foundation for understanding its composition, behavior, and potential applications. By examining parameters such as acid value, saponification value, iodine value, and more, aim to highlight the oil’s versatility and its role in sustainable development, particularly in resource-scarce regions.
Recent studies have reported high oil yields from Balanites aegyptiaca seeds, with values ranging from approximately 39.58% to 87% depending on extraction methods and seed origin (Manji et al., 2019). Physicochemical parameters such as acid value, saponification value, iodine value, peroxide value, specific gravity, and viscosity have been extensively studied to determine the quality and potential uses of the oil. For instance, acid values reported in recent literature range from 1.25 to 4.44 mg KOH/g, indicating low levels of free fatty acids and suitability for consumption and industrial processing (Manji et al., 2019).  Saponification values, which reflect the oil’s suitability for soap and biodiesel production, have been found between 186.5 and 200.02 mg KOH/g (Elbadawi et al., 2017). Iodine values, indicative of the degree of unsaturation, range from 62.2 to 104.39 g I2/100g, suggesting a significant proportion of unsaturated fatty acids (Abdelaziz et al., 2016).  The oil also displays low moisture content (0.05–2.6%), contributing to its stability and extended shelf life. The growing interest In Balanites aegyptiaca seed oil is driven by its promising physicochemical profile and its potential as a sustainable resource for food and non-food applications. This research aims to provide a comprehensive physicochemical analysis of Balanites aegyptiaca seed oil, contributing valuable insights into its quality and industrial potential.
1.2 Importance of Physicochemical Analysis 
Physicochemical analysis is the cornerstone of understanding the quality, stability, and functionality of any natural oil. For Balanites aegyptiaca seed oil, these analyses reveal critical information about its chemical composition, physical properties, and suitability for various applications. Physicochemical properties, such as density, viscosity, refractive index, and chemical indices (e.g., acid, peroxide, and iodine values), provide insights into the oil’s purity, shelf life, and potential uses in industries ranging from food to cosmetics to energy (Okia et al., 2013). For communities in arid regions where Balanites aegyptiaca grows, the oil represents a sustainable resource that can support local economies (Yadav and Panghal, 2013). Understanding its physicochemical profile ensures that the oil meets industry standards whether for producing soaps, moisturizers, or edible products. Moreover, these analyses help identify any limitations, such as susceptibility to oxidation, that could affect its commercial viability (Elbadawi et al., 2017). 
1.3 Extraction Methods and Their Impact On Oil Quality 
The quality of Balanites aegyptiaca seed oil is heavily influenced by the method of extraction. Common techniques include mechanical pressing, solvent extraction, and traditional hand-pressing methods. Each method affects the oil’s yield, purity, and physicochemical properties differently.
· Mechanical Pressing: This method involves crushing the seeds to extract oil using a hydraulic or screw press. It is environmentally friendly and preserves the oil’s natural composition, but the yield is often lower compared to solvent extraction (Manji et al., 2019). The oil obtained is typically clearer and has lower levels of impurities (Okia et al., 2013).
· Solvent Extraction: Using organic solvents like hexane, this method maximizes oil yield but may introduce trace solvent residues, affecting the oil’s safety for food or cosmetic applications (Elbadawi et al., 2017). It also requires more energy and infrastructure, which may not be feasible in rural settings.
· Traditional Methods: In many African communities, seeds are manually crushed and boiled to extract oil. While this method is low-cost and accessible, it often results in lower yields and oils with higher moisture content or impurities, impacting shelf life (Abdelaziz et al., 2016). 
The choice of extraction method influences key physicochemical parameters, such as acid value (indicative of free fatty acids) and peroxide value (indicative of oxidative stability). For instance, solvent-extracted oils may show higher peroxide values due to prolonged exposure to heat and air during processing (Elbadawi et al., 2017). 
1.3.1 Physical Properties of Balanites aegyptiaca Seed Oil 
The physical properties of Balanites aegyptiaca seed oil provide insights into its behavior under different conditions and its suitability for specific applications. Key physical parameters include: 
a) Color and Appearance: The oil is typically golden-yellow to amber, with a clear, slightly viscous appearance. Its color can vary depending on the seed’s maturity, extraction method, and storage conditions (Okia et al., 2013).
b) Density: The density of Balanites aegyptiaca seed oil typically ranges from 0.91 to 0.93 g/cm³ at 25°C, making it lighter than water. This property is crucial for applications in cosmetics, where a lighter oil is preferred for non-greasy formulations (Manji et al., 2019).
c) Viscosity: The oil exhibits moderate viscosity, typically between 30–50 mPa·s at room temperature, which contributes to its smooth texture in skincare products (Elbadawi et al., 2017).
d) Refractive Index: The refractive index, usually around 1.465–1.470, indicates the oil’s purity and fatty acid composition. A higher refractive index suggests a higher degree of unsaturation, which aligns with the oil’s rich content of oleic and linoleic acids (Abdelaziz et al., 2016).
e) Melting Points: The oil has a low melting point (around 10–15°C), making it liquid at room temperature, and a smoke point of approximately 180–200°C, suitable for low-heat cooking or industrial applications (Okia et al., 2013).
1.3.2 Chemical Properties of Balanite aegyptiaca Seed Oil 
Several standardized chemical indices are used to assess the quality and potential applications of Balanites aegyptiaca seed oil: 
i. Acid Value: Typically ranging from 0.5 to 2.0 mg KOH/g, the acid value indicates the presence of free fatty acids, which can affect the oil’s rancidity and suitability for edible use. Lower values suggest fresher, higher-quality oil (Okia et al., 2013).
ii. Saponification Value: Ranging from 180–200 mg KOH/g, this value reflects the average molecular weight of the fatty acids. A high saponification value indicates a higher proportion of short- to medium-chain fatty acids, making the oil ideal for soap production (Elbadawi et al., 2017).
iii. Iodine Value: The iodine value measures the degree of unsaturation. The relatively high iodine value of Balanites aegyptiaca seed oil confirms its rich unsaturated fatty acid content, suitable for cosmetics but requiring antioxidants to prevent rancidity (Manji et al., 2019).
These parameters are critical for determining the oil’s shelf life, safety, and applicability in various industries. For example, a low acid value and peroxide value are essential for edible oils, while a high saponification value is desirable for soap and detergent production (Codex Alimentarius, 2021).

1.3.3 Chemical Composition and Fatty Acid 
The chemical composition of Balanites aegyptiaca seed oil is dominated by its fatty acid profile, which determines its nutritional and industrial value. Gas chromatography-mass spectrometry (GC-MS) studies reveal that the oil is rich in unsaturated fatty acids, typically comprising: 
· Oleic Acid: 30–40%, a monounsaturated fatty acid that contributes to the oil’s stability and skin-nourishing properties (Manji et al., 2019).
· Linoleic Acid: 25–35%, a polyunsaturated fatty acid essential for skin barrier function and anti-inflammatory effects (Abdelaziz et al., 2016).
· Stearic Acid: 10–15%, another saturated fatty acid that enhances the oil’s solidity at lower temperatures (Okia et al., 2013).
In addition to fatty acids, the oil contains minor components such as sterols (e.g., β-sitosterol), tocopherols (vitamin E), and phenolic compounds, which contribute to its antioxidant properties (Elbadawi et al., 2017). These bioactive compounds enhance the oil’s shelf life and therapeutic potential, making it a candidate for pharmaceutical and cosmetic formulations. The high unsaturation level, however, also means the oil is prone to oxidation, necessitating proper storage to maintain quality (Abdelaziz et al., 2016).
1.4 Statement of the Research Problem 
Despite the recognized potential of Balanites aegyptiaca seed oil, there remains a lack of comprehensive and up to date data on its physicochemical properties, particularly from seeds sourced in different regions and subjected to various extraction methods (Manji et al., 2019). This gap in knowledge limits the effective utilization and commercialization of the oil for food, cosmetic, and industrial applications (Yadav and Panghal, 2013). The need for standardized and detailed physicochemical analysis is therefore critical to unlock the full value chain of balanites aegyptiaca seed oil (Elbadawi et al., 2017).
1.5 Justification of the Research
The physicochemical characterization of Balanites aegyptiaca seed oil is essential for several reasons:
i. Nutritional Value: Understanding the oil’s fatty acid composition and quality parameters supports its use as an edible oil (Abdelaziz et al., 2016).
ii. Industrial Applications: Parameters such as saponification and iodine values are crucial for evaluating its suitability in soap, biodiesel, and lubricant production (Chapagain et al., 2009).
iii. Shelf Life and Stability: Low moisture and peroxide values indicate good storage stability, which is vital for commercial use (Elbadawi et al., 2017).
iv. Sustainable Resource: Promoting the use of Balanites aegyptiaca oil can enhance livelihoods in arid regions and support sustainable agricultural practices (Yadav and Panghal, 2013).
1.6 Aim and Objectives of the Research
The aim of this study is to conduct a detailed physicochemical analysis of Balanites aegyptiaca seed oil to assess its quality and suitability for various applications.
The Objectives are:
i. To extract oil from Balanites aegyptiaca seeds using standard methods.
ii. To determine key physicochemical parameters such as acid value, saponification value, iodine value, peroxide value, specific gravity, viscosity, and moisture content.
iii. To evaluate the potential applications of the oil based on its physicochemical profile (Yadav and Panghal, 2013).




CHAPTER TWO
2.0 Literature Review
 Balanites aegyptiaca is a drought-tolerant tree or shrub of the Zygophyllaceae family, thriving in environments with annual rainfall as low as 200 mm (Sands, 2001). Its deep root system and resilience to harsh conditions make it a vital species in agroforestry systems, particularly in the Sahel and East Africa (Yadav and Panghal, 2013). Hall and Walker (1991) provide a comprehensive monograph on the species, describing its morphological traits, including spiny branches and small, edible fruits containing oil-rich seeds. Ndoye et al. (2004) emphasize its ecological role in preventing soil erosion and supporting biodiversity in arid ecosystems, underscoring its potential as a sustainable resource. The seeds, which account for 30–50% oil by weight, are often underutilized, as much of the fruit’s pulp is consumed or processed locally (Chapagain et al., 2009). Research on the tree’s ecology highlights its adaptability, but few studies explore the impact of large-scale seed harvesting on local ecosystems, a critical consideration for sustainable oil production (Ndoye et al., 2004).
The use of Balanites aegyptiaca seed oil dates back centuries, particularly In African communities. Burkill (1985) documents its role in ethno medicine, where the oil was applied to treat skin ailments, wounds, and as a laxative in regions like Sudan and Nigeria. In Chad and Senegal, the oil has been used as a cooking oil substitute during food shortages, though its bitter taste often requires processing (Abdel-Rahim et al., 1986). Chothani and Vaghasiya (2011) note its widespread use in soap-making due to its emollient properties, a practice still common in rural settings. Ethnobotanical studies highlight the cultural significance of the oil, but they also reveal limitations in traditional extraction methods, such as hand-pressing or boiling, which yield oils with high impurities (Burkill, 1985). These traditional practices have informed modern research, prompting investigations into improved extraction techniques to enhance oil quality for commercial use (Okia et al., 2013).
Early research on Balanites aegyptiaca seed oil focused on traditional extraction methods, which typically yielded 20–30% oil but resulted in higher moisture content and impurities (Abdel-Rahim et al., 1986). Mechanical pressing, explored by Mohamed et al. (2002), improved oil clarity and reduced impurities, with yields of 25–35%. Solvent extraction, using hexane, achieves higher yields (40–50%) but raises concerns about solvent residues in food-grade applications (Chapagain et al., 2009). More recent studies, such as Elbadawi et al. (2017), have investigated greener alternatives like cold pressing and supercritical CO2 extraction, which preserve bioactive compounds but are less cost-effective for small-scale producers. The choice of extraction method influences the oil’s quality and suitability for specific applications. For instance, solvent-extracted oils may have higher peroxide values due to prolonged exposure to heat, while cold-pressed oils retain more antioxidants (Elbadawi et al., 2017). The literature suggests a need for standardized extraction protocols to ensure consistency in oil quality across regions and applications (Okia et al., 2013).
2.1 Solvent Extraction Techniques 
Solvent extraction, particularly using hexane, is a widely studied method for obtaining Balanites aegyptiaca seed oil due to its high yield (40–50%) compared to mechanical pressing (25–35%) or traditional methods (20–30%) (Manji et al., 2019). The process involves soaking crushed seeds in a solvent to dissolve the oil, followed by evaporation to recover the oil, leaving behind residual solvent traces (Abdelaziz et al., 2016). Recent studies, such as Elbadawi et al. (2017), highlight that hexane-based extraction achieves yields up to 50%, making it ideal for industrial applications like biodiesel production. However, the presence of solvent residues can limit the oil’s suitability for food and cosmetic applications, necessitating rigorous purification steps (Osman et al., 2020). Advancements in solvent extraction have explored alternative solvents to address safety and environmental concerns. For instance, Ali et al. (2018) investigated ethanol as a greener solvent, achieving yields of 35–45% with reduced toxicity compared to hexane, though the process requires higher energy input. Supercritical CO2 extraction, a solvent-based method using carbon dioxide under high pressure, has gained attention for producing high-purity oil with yields of 40–47% and no harmful residues (Osman et al., 2020). However, its high cost and technical complexity limit its adoption in resource-constrained settings (Elbadawi et al., 2021). Studies also note that solvent extraction can affect physicochemical properties, with hexane-extracted oils showing higher peroxide values (up to 12 meq O2/kg) due to prolonged exposure to heat and air, compared to mechanically pressed oils (Elbadawi et al., 2017).Research gaps in solvent extraction include optimizing solvent types and recovery processes to minimize environmental impact and ensure food-grade safety. Recent work by Osman et al., (2020) suggests that combining solvent extraction with natural antioxidants could mitigate oxidative degradation, but further studies are needed to scale these approaches for commercial use. 
2.2 Physicochemical Properties 
The physicochemical properties of Balanites aegyptiaca seed oil have been extensively studied, with key findings. Early studies, such as Abdel-Rahim et al. (1986), established the oil’s high unsaturation, with oleic and linoleic acids dominating its fatty acid profile. Mohamed et al. (2002) provided detailed analyses of chemical indices, such as saponification and iodine values, highlighting the oil’s potential for soap and cosmetic applications. Okia et al. (2013) reported variations in properties like density and viscosity across different geographic regions, attributing differences to seed maturity and environmental factors. While these studies provide a robust foundation, discrepancies exist in reported values, likely due to variations in extraction methods and analytical techniques. For example, iodine values range from 90–110 g I2/100 g across studies, reflecting differences in unsaturation levels (Abdel-Rahim et al., 1986; Okia et al., 2013). Recent research has also focused on minor components, such as sterols and tocopherols, which enhance the oil’s antioxidant properties (Elbadawi et al., 2017). These findings underscore the need for standardized testing protocols to facilitate comparisons and ensure quality for industrial applications.
2.3 Industrial Application and commercial Potential 
The versatility of Balanites aegyptiaca seed oil extends beyond biodiesel to cosmetics, pharmaceuticals, food, and soap production. In cosmetics, its similarity to argan oil, due to its high unsaturated fatty acid content, makes it a promising ingredient for moisturizers and anti-inflammatory products (Chothani and Vaghasiya, 2011). In pharmaceuticals, studies by Mohamed et al. (2002) suggest potential in wound-healing formulations due to the presence of β-sitosterol and tocopherols. In the food industry, the oil’s nutritional profile is promising, but its bitter taste and potential toxicity require further investigation (Abdel-Rahim et al., 1986). Traditional soap-making applications, documented by Yadav and Panghal (2013), remain relevant, with potential for industrial scaling. Emerging research also explores nutraceutical applications, leveraging the oil’s antioxidant properties (Elbadawi et al., 2017).




CHAPTER THREE
3.0 Materials and Methods 
3.1 Materials 
Table 3.1.1 List of Equipment Used
	S/N         APPARATUS                     TYPE/MODEL                       MANUFACTURER 


1.         Beakers                               Glass/Pyrex  glass                        England 
2.       Weighing Balance                 Matter/Gallen kamp                     UK
3.       Conical Flask                       Glass/Pyrex glass                          England
4.       Measuring cylinder              Glass/Pyrex glass                          England    
5.       Crucible                                Ceramics 
6.       Water bath                            Gallen kamp
7.       Burette                                  Glass/Pyrex  glass                         UK
8.       Pipette                                   Glass/Pyrex  glass                        UK
9.       Retort Stand                          Metal/Pyrex                                  UK 
10.       Soxhlet extractor                  Glass/Pyrex   glass                        England                                                                          
	


Table 3.1.2 List of Chemicals and Solvents Used
	S/N         Chemicals                            Formula              %Purity             Manufacturer 


1.       Potassium hydroxide           KOH                    99.9                   May and Baker
2.       Sodium  thiosulfate            Na2S203                  98                     BDH chemical Ltd 
3.       Starch                                (C6H1005)n               97                    BDH chemical Ltd
4.       Phenolphthalein indicator   C20H1404                98                     BDH chemical Ltd           
5.       Methanol                            CH30H                  99.85                 BDH chemical Ltd 
6.      Chloroform                           CHCl3                   80                     BDH chemical Ltd   
7.       Ethanol                                CH3CH20H           99.5                  BDH chemical Ltd 
8.      Hydrochloric acid.                HCl                       38                     BDH chemical Ltd 
9.      N-hexane                               C6H14                     99                    BDH chemical Ltd 
10.       Wijs regent 
	


3.2 METHODS
3.2.1 Preparation of Reagents 
i.	0.1M Potassium Hydroxide
Weigh  g) of potassium hydroxide (KOH) using an analytical balance, dissolve the KOH in approximately (50 ml) of distilled water in a beaker with gentle stirring using a glass rod. This dissolution is highly exothermic, allow the solution to cool to room temperature. Transfer the solution quantitatively to a (250 ml) volumetric flask and Rinse the beaker with distilled water and transfer to the volumetric flask make up to the mark with distilled water.
ii.	0.025M Na₂S₂O₄ Solution
Weigh (1.55g) of sodium thiosulphate crystal dissolve the crystal in approximately (100 ml) of distilled water in a beaker. Upon dissolution, the mixture was transferred quantitatively into (250 cm³) volumetric flask and the solution was made up to mark with distilled water. Add approximately (20 ml) of glacial acetic acid to a (100 ml) volumetric flask.
iii.	Chloroform Acetic Acid mixture (1:2 v/v)
Carefully add (33.3 ml) of chloroform using a graduated cylinder, add the remaining glacial acetic acid (46.7 ml) to reach a total of (66.7 ml) acetic acid. Mix gently and make up to the mark.
iv. Iodine solution (0.5% )
Weigh (1.0 g) of potassium iodide and dissolve in (20 ml) of distilled water in a beaker, add (0.5g) of iodine crystals to the KI solution and stir until completely dissolved.
Note: KI helps solubilize iodine by forming the I₃⁻ complex.
Transfer the solution quantitatively to a (100 ml) volumetric flask, rinse the beaker and add washings to the flask. Make up to the mark with distilled water and mix thoroughly
v. Ethanol Solution (5% )
Add approximately (50 ml) of distilled water to a (100 ml) volumetric  flask, carefully add (5.0 ml) of ethanol using a graduated pipette. Swirl gently to mix, make up to the mark with distilled water and mix thoroughly.
vi. HCl Solution (5% )
Add approximately (50ml) of distilled water to slowly add (13.5ml) of concentrated HCl to the water while stirring allow the solution to cool to room temperature. Transfer the solution quantitatively to a (100 ml) volumetric flask, rinse the beaker and make up to the mark with distilled water and mix thoroughly.
3.2.2 Sample Collection 
The Desert date seed fruits used in this work were obtained from central market in Wamakko local government area Sokoto state of Nigeria. It was then brought to CASRAS UDUS. After collection they were sundried and shells cracked using metal hammer to obtain its seed. The dried seeds were crushed into cake using mortar and pestle in order to weaken the cell walls to release fat for extraction.
3.2.3 Oil extraction 
The oil was extracted using soxhlet extraction, which consists of round bottle, thimble, siphon tube, water flow condenser and heating mantle thermostat.
Procedure: A total (160g) of crushed sample of desert date seed was divided into two portions, then each portion was placed into a thimble. The thimble was inserted into siphon tube chamber. Into a pre weighed flask (400ml) of n-hexane was added, then the set up was assembled, in which the siphon tube chamber was inserted into pre weighed flask, the pre weighed flask was heated from about (50) minutes per cycle using heating mantle thermostat at 60oC temperature with constant flowing of water into the water file condenser which prevents any loss of the reagents as vapor during the reaction. After the extraction the set up was dismantled, and the thimble containing the sample was removed and the set up was assemble to recover the solvent without the thimble been inside the set up for (1) hour under moderate temperature of 400C.
3.2.4 Determination of physical parameters 
(a) Color
The color of the extracted seed oil was observed visually
 (b) Percentage Yield of the Oil
After complete evaporation of the residual solvent, the empty beaker was placed on an analytical balance and calibrated to zero. The extracted oil was then carefully transferred into the pre-weighed beaker. To ensure accurate measurements, all environmental precautions were observed: laboratory fans were turned off and air currents were minimized to prevent interference during weighing. The percentage yield of extracted oil was calculated using the following equation:
Percentage yield of oil = () × 100……………… (1)
Where:
W₀ = mass of powdered sample (g)
W₁ = mass of extracted oil (g)
(c) PH Value 
The pH was determined using the HANNA brand Electronic pH meter instruments H18033. 100 ml of the oil sample was taken into a (200 ml) beaker, after soaking and gently stirring the electrode in The sample, the pH value was read directly on The screen of the device.
(d) Refractive Index
 Abbe’s refractometer was used in the determination of refractive index. This instrument measures the index of refraction by measuring the critical angle of total reflection. In this case, a few drops of the sample were transferred into the glass slide of the refractometer. Water at 30˚C was circulated round the glass slide to keep its temperature uniform. Through the eyepiece of the refractometer, the dark portion viewed was adjusted to be in line with the
Intersection of the cross. At no parallax error, the pointer on the scale pointed to the refractive index.
The refractometer was calibrated using distilled water where the refractive index of water at that temperature was obtained (Warra et al., 2011).
(e) Density 
Approximately (25.0 ml) of oil was measured using a pre-weighed graduated measuring cylinder. The combined mass of the cylinder and oil was recorded using an analytical balance. The mass of the oil alone was determined by subtracting the mass of the empty cylinder from the combined mass. The density of the oil was calculated using the equation.
Ρ = (………………….. (2)
Where:
Ρ = density of oil (g/ml)
M₁ = mass of measuring cylinder + oil (g)
M₀ = mass of empty measuring cylinder (g)
V₀ = volume of oil (ml)
(f) Viscosity 
The viscosity of the oil Sample was determined using a model 2020 viscosity machine. The Sample was poured into a (20 cm³) container and then inserted into the viscometer. The measurement of the sample was taken at room temperature of 35°C using a spindle rotating at (80) revolution per minute. The viscosity of the sample was calculated using the equation.
V = RD × ()…………….. (3)
Where RD = viscosity reading, S = spindle used, R = revolution/secs, T = time in secs.
3.2.5 Determination of Chemical Parameters
(a) Acid Value 
Into a dried (250 ml) conical flask was placed (2.0 g) of the oil sample followed by (25.0 ml) of absolute ethanol and (3) drops of phenolphthalein indicator. The mixture was heated in a shaking water bath for (5) minutes. While hot, it was titrated against (0.1 M) KOH until pink color appeared. Vigorous shaking was done when approaching the end point to ensure thorough mixing. The volume of (0.1 M) KOH consumed by an acid was recorded. The acid value is calculated using the following equation.
A.V = (……………… (4)
Where:
A.V = Acid value (mg KOH/g oil)
V = Volume of KOH solution used (ml)
M = Molarity of KOH solution (mol/L)
M = Mass of oil sample (g)
56.1 = Molecular weight of KOH (g/mol)
(b) Iodine Value 
Accurately weigh approximately (2.0g) of the oil sample into a (250 ml) conical flask .Add (10 ml) of chloroform to dissolve the sample completely.
Iodination Reaction: Add (30 ml) of standardized Hanus iodine solution , Shake the mixture thoroughly and allow it to stand in a dark environment for exactly (30) minutes at room temperature (20-25°C)
 After the reaction period, add (10 ml) of 15% potassium iodide solution to the sample and shake vigorously for (30) seconds. Add (100 ml) of freshly distilled water and mix thoroughly. Immediately titrate the liberated iodine against (0.1 M) standardized sodium thiosulfate solution until the solution changes from brown to pale yellow then add (2-3) drops of starch indicator solution, which will produce a blue coloration, Continue titration drop wise until the blue color completely disappears and record the endpoint volume. The Iodine Value (I.V.) is calculated using the following equation:








(c) Saponification Value 
Approximately (2.0) g of oil sample was accurately weighed into a (250 ml) conical flask.10 ml of ethanol-ether mixture (2:1, v/v) was added, followed by (25.0 ml) of (0.5 N) ethanolic potassium hydroxide solution. The flask was fitted with a reflux condenser and refluxed in a boiling water bath for (30) minutes with gentle swirling to ensure complete saponification.
After the reflux period, the solution was allowed to cool slightly while still warm. Three to four drops of phenolphthalein indicator were added to the warm solution, which was then titrated against standardized (0.5 M) hydrochloric acid until the pink color disappeared (endpoint). A blank determination was carried out simultaneously following the identical procedure but without the oil sample. The saponification value is calculated using the equation

Where:
B = volume of HCl used for blank titration (ml)
R = volume of HCl used for sample titration (ml)
M = molarity of the HCl solution (mol/L)
M = mass of oil sample (g)
56.1 = molecular weight of KOH (g/mol)
The saponification value is expressed as mg KOH per gram of oil
(d) Ester Content 
The ester value (EV) represents the amount of ester bonds present in the oil and is calculated from the relationship between saponification value and acid value:
EV = SV – AV ………………. (7)
Where:
EV = Ester value (mg KOH/g oil
SV = Saponification value (mg KOH/g oil)
AV = Acid value (mg KOH/g)
This parameter indicates the degree of esterification and is particularly important in assessing oil quality and potential for biodiesel production
(e) Peroxide Value
Into a (250 ml) Erlenmeyer flask, (2.0 g) of oil sample was accurately weighed. Subsequently, (20 ml) of solvent mixture (glacial acetic acid:chloroform, 3:2 by volume) was added, followed by (1 ml) of saturated potassium iodide solution. The mixture was gently swirled and allowed to stand in darkness for exactly (1) minute to ensure complete reaction.
After the reaction period, (20 ml) of distilled water was rapidly added to the flask, followed by immediate vigorous shaking. The liberated iodine was titrated with standardized (0.1 M) sodium thiosulfate solution until the yellow color almost disappeared. At this point, (1-2 ml) of freshly prepared starch indicator solution was added, producing a blue-black color. Titration was continued drop wise until the blue color completely disappeared. A blank determination was performed simultaneously using the same procedure without the oil sample. The peroxide value was calculated using the following equation 
P.V. = (S-B)×M×100)/m……………….. (8) 
Where
P.V. = Peroxide value (milliequivalents of O₂/kg oil)
S = volume of Na₂S₂O₃ used for sample (ml)
B = volume of Na₂S₂O₃ used for blank (ml)
M = Molarity of Na₂S₂O₃ solution (mol/L)
M = mass of oil sample (g)
The peroxide value indicates the degree of oxidative rancidity and is expressed as milliequivalents of active oxygen per kilogram of oil.

(f) Free fatty Acid (%FFA)
About (2g) of the oil sample was placed in a (250ml) conical flask and warmed (2.5ml) of methanol was added with thorough stirring, followed by two (2) drops of phenolphthalein Indicator and a drop of (0.14M) potassium hydroxide solution. The content containing the oil Sample was then titrated against (0.14M) potassium hydroxide solution while shaking vigorously until a permanent light pink color, which persisted for (1min), was observed. The end point was recorded. The FFA value was calculated using the equation.













CHAPTER FOUR
4.0 Results and Discussions 
4.1 Results 
Table 3. Results on Physical Properties of Balanite Aegyptiaca Seed Oil 
	S/N         Analysis                                       Results 


1.    Colour                                            Pale yellow 
1.    Odour                                             Mild
1.    State at room temperature              Liquid 
1.    Percentage yield (%)                     38.56
1.    Moisture Content (%)                    1.09
1.    Density  (g/cm3)                             0.89
1.    Viscosity    (cP)                              52 at 400C
1.    Refractive index                             1.34

	


Table 4. Results on Chemical properties of Balanite Aegyptiaca Seed Oil 
	S/N         Analysis                                                      Results 


1.    Saponification Value (mgKOH/g)               140
1.    Iodine Value (mgI2/100g)                             43.1
1.    Peroxide Value (meqH202)                           38        
1.    Acid Value (mgKOH/g)                               16.83
1.    Free fatty acid Value                                     8.4
1.    Ester Content                                                123
1.    pH Value                                                      5.50
	


4.2 DISCUSSION
4.2.1 Percentage yield
The percentage yield of Balanite aegyptiaca is 38.65%. This is comparable to those of various seed oils by other works. Idourain, Kohlhepp, Weber, Warid and Martinez (2000) reported a yield of 34.5-45.5% for C. pepo seeds and Martin (2009) reported a yield of 50% for melons, squashes and pumpkins. Food and Agriculture Organization of the United Nations (FAO) (2012) reported for sun flower (45.6%) and peanut (47.5%) but less than that for melon (C.Lanatus) 59% by cherry (2013), and higher than cotton seed (18-28%), soya been (11-25%), rubber (21-25%) (Kirschenbauer, 2000; Norris, 2001) A breviflorus seed oil (22.9%) (Umerie, Onuagha and Nwobi 2009). It also had a specific density of (0.89 g/cm3 indicating that it is less dense than water.
The result of the refractive Index 1.34, is slightly lower than the value of 1.46 obtained for B. sapida (Akintayo, Adebayo and Arogundade, 2002) and 1.45 obtained for C. lanatus (Oluba et al, 2008). This shows that the oil is not as thick as most drying oils whose refractive index were between 1.48 and 1.49 (cherry, 1998).
4.2.2 Moisture Content 
Moisture content indicates the water present in the oil, which affects shelf life, microbial stability, and suitability for applications. Low moisture is critical for preventing rancidity and microbial growth, especially for edible oils or long-storage products like cosmetics or Elkhalifa et al. (2021) found moisture content ranging from 0.1-0.5% in crude Balanites aegyptiaca oil, noting that values above 0.5% could promote hydrolysis and reduce shelf life. Value of 0.89% exceeds this range, indicating potential for oxidation unless refined.
4.2.3 Viscosity 
Viscosity measures the oil’s flow resistance, influencing its use in food processing, cosmetics (e.g., lotions), or industrial applications (e.g., lubricants, biodiesel). Lower viscosity indicates shorter fatty acid chains or higher unsaturation, while higher viscosity suggests longer chains or impurities. Mahmud et al. (2017) found viscosities of 40-46 cP at 40°C for Balanites aegyptiaca oil from Sudanese samples, noting that higher viscosity correlates with longer storage or oxidation. 52 cP exceeds this range, suggesting possible oxidative thickening or regional differences in fatty acid profiles.
4.2.4 Saponification value
High saponification values indicate high proportion of lower fatty acid. The saponification value of Balanite aegyptiaca seed oil is (140 mg KOH/g). This high value indicates that the oil could be used in the manufacture of soap (Kirschenbauer, 2001). However, the saponification value was much lower than 242 mg KOH/g in B. aegyptiaca reported by Fokou, Achu and Tchouanguep (2009). Nevertheless, the saponification value of the oil (140 mg KOH/g) is comparable to 192.0 mg KOH/g in Balanite aegyptiaca as presented by Chinyere, Akugwo, Chineye and Ugbogu (2009).
4.2.5. Iodine value
Balanite aegyptiaca seed oil can be classified as a non-drying oil as a result its iodine value (43.1g / 100g) which indicates that the oil contains high level of unsaturated fatty acid and is responsible for the liquid state of the oil at room temperature. The iodine value obtained in this work (43.1 g / 100 g) agrees with 41.05 g / 100 g in Balanite aegyptiaca reported by Chinyere et al, (2009). Higher values were found in peanut oil (86.0g / 100g) and soya bean oil (124.0g / 100g) (Aremu, Olonisakin, Bako and Madu, 2006).
4.2.6 Acid value and free fatty acid value
The acid value and free fatty acid value obtained from Balanite aegyptiaca seed oil were 16.83 mg KOH/g and 8.4 % respectively. The acid value of Balanite aegyptiaca (16.83 mg KOH/g) was relatively lower than 22.3 mg KOH/g reported by Fokou et al (2009). High acid values can result from high amounts of free fatty acid due to the method adopted in the seed processing. Duration of storage and drying of the seeds can increase the acid index. According to Aremu et al (2006), acid index can also be increased as a result of increase in temperature.
4.2.7 Peroxide value
Peroxide value depends on a number of factors such as state of oxidation (quantity of oxygen consumed), method of extraction and type of fatty acid present in the oil. Balanite aegyptiaca seed oil has a peroxide value of 38 meq/kg. This value is higher than the values recorded for Citrullu slanatus (8.34 meq/kg) and L. siceraria (4.83 meq/kg) as reported by Chniyere et al, (2009).






CHAPTER FIVE
5.0 Summary Conclusion and Recommendation 
5.1 Summary 
The extraction and physicochemical analysis of Balanite aegyptiaca seed oil reveal important qualities about its potential applications. The oil was extracted with a percentage yield of 38.56%, indicating a good oil content in the seeds, which is economically favorable for industrial and domestic use. Key physicochemical parameters measured include an acid value (AV) of 16.83, indicating moderate free fatty acid content, and a saponification value (SV) of 140, reflecting the average molecular weight of the fatty acids present. The peroxide value (PV) of 38 suggests some degree of oxidation, which is an important factor for assessing oil stability and shelf life. The iodine value (IV) of 43.1 points to the degree of unsaturation in the oil, which influences nutritional and industrial properties. Lastly, the low moisture content of 1.09 g/cm³ supports longer shelf life and reduced risk of microbial growth. Overall, these physicochemical characteristics demonstrate that Balanite aegyptiaca seed oil possesses qualities favorable for uses in food, cosmetic, pharmaceutical, or biofuel industries, provided that oxidation is controlled. The oil’s moderate acid and peroxide values suggest the need for careful processing and storage to maintain quality. Given the good yield and balanced properties, Balanite aegyptiaca oil could be a valuable, less exploited resource for multiple applications.
5.2 Conclusion 
The results obtained from preliminary physicochemical analysis carried out in this work revealed that desert date seed oil is an economically viable oil source because it’s oil content was found to be high Also, the oil parameters showed that the oil was composed of moderately long chain fatty acid with a degree of unsaturation,making it a good feedstock for domestic and industrial purposes.
 5.3 Recommendation 
Based on the research findings, the following recommendations can be made regarding the extraction and physicochemical analysis of Balanite aegyptiaca seed oil;
i. Employ Soxhlet extraction method for efficient oil extraction, as it yields a high percentage of oil content and is commonly used in studies.
ii. Analyze key physicochemical parameters such as acid value, iodine value, saponification value, and moisture content to assess oil quality and potential applications.
iii. Consider solvent extraction using food-grade solvents like ethanol for safer and effective oil extraction, minimizing toxic residues.
iv. Utilize mechanical pressing followed by centrifugation and filtration to obtain crude oil and remove impurities as an alternative extraction approach.
v. Assess physicochemical properties including density, refractive index, viscosity, and peroxide value to evaluate the oil’s suitability for biodiesel, food, or medicinal uses.
vi. Investigate fatty acid composition to understand nutritional and industrial potential, particularly the levels of unsaturated fatty acids.
vii. Explore newer extraction techniques such as ultrasound-assisted and pressurized liquid extraction for enhanced efficiency and preservation of oil quality.
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Appendices
Appendix A
Percentage Yield of the produced
Percentage Yield of oil = 
Where 
Wo = percentage powdered sample in gram (g)
W1= percentage oil after extraction in gram (g)
Data:
Wo =160
W1= 63.694

                                      =38.56%
Appendix B
Density 
Where 
M1= mass of measuring cylinder + oil (g)
Mo= mass of empty measuring cylinder (g)
Vo= Volume of oil (ml)
Data:
M1= 28.84g
Mo= 26.94g
28.84-26.95=2.39g

M=mass
V=Volume 

D=1.09g/ml
Appendix C
ACID VALUE 
From the table 1 below 
	
	         1st titre
	         2nd titre
	         3rd titre

	Final reading (ml)
	          6.40
	          5.90
	         5.70

	Initial reading (ml)
	          0.00
	          0.00
	         0.00

	Volume of acid used (ml)
	          6.40
	          5.90
	         5.70




                                             =5.70ml
Acid Value of KOH of the sample can be calculated using the equation (Kyari, 2008)
…………………… (1)
Where 
V = volume of KOH used
M = molarity of KOH 
 m = mass of sample (Kyari, 2008)
Data: 
V= 6.00ml
M= 0.1M
m= 2g

                     =16.83mgKOH/g




Appendix D
Saponification Value
From table 2 below
	
	          1st titre
	             2nd titre
	            blank

	Final reading (ml)
	           12.00
	              12.80
	            11.20

	Initial reading (ml)
	            0.00
	               0.00
	             0.00

	Total Volume of acid used (ml)
	            12.00
	              12.80
	             22.40


                


Where:
B = volume of HCl used for blank titration (ml)
R = volume of HCl used for sample titration (ml)
M = molarity of the HCl solution (mol/L)
M = mass of oil sample (g)
56.1 = molecular weight of KOH (g/mol)
The saponification value is expressed as mg KOH per gram of oil
Data :
B=22.40ml
R=12.40ml
M=0.5mol/L
MW=56.1g/mol

Appendix E
Peroxide Value
From the table below 
	
	          1st titre
	          2nd titre
	          blank

	Final reading (ml)
	            16.00
	            15.40
	          11.90

	Initial reading (ml)
	             0.00
	            0.00
	          0.00

	Volume of acid used(ml)
	            16.00
	             15.40
	          11.90


                                

The peroxide value was calculated using the following equation 

Where
P.V. = Peroxide value (milliequivalents of O₂/kg oil)
S = volume of Na₂S₂O₃ used for sample (ml)
B = volume of Na₂S₂O₃ used for blank (ml)
M = Molarity of Na₂S₂O₃ solution (mol/L)
M = mass of oil sample (g)
Data :
S=15.70ml
B=11.90ml
M=0.02mol/L
m=2g

                                         


