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[bookmark: _Toc212648350]Abstract
This study investigates the physicochemical properties of soaps produced from three different oils Palm Oil, Groundnut Oil, and Vegetable Oil using traditional saponification techniques. The objective was to evaluate and compare the performance of each oil in terms of soap yield, pH, hardness, moisture content, and foaming ability. The results revealed significant variations influenced by the fatty acid composition of the oils. Palm Oil produced soap with medium hardness, low moisture content (12.5%), and a stable structure, making it the most suitable base for durable soap bars. Groundnut and Vegetable Oils yielded softer soaps with higher moisture retention (15.2% and 14.7%, respectively) and greater foam volume, but lacked structural integrity. Notably, all soap samples exhibited unusually low pH values (5.81–7.0), suggesting incomplete saponification or the formation of fatty acid bars rather than true soap salts. Overall, Palm Oil demonstrated superior performance, while Groundnut and Vegetable Oils may require blending with saturated fats to enhance soap quality. These findings provide practical insights for artisanal and commercial soap production, emphasizing the importance of oil selection in achieving desired product characteristics.
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CHAPTER ONE
[bookmark: _Toc212648352]INTRODUCTION
[bookmark: _Toc212648353]1.1 Background of the Study
The global soap market is vast and competitive, with consumer preferences shifting towards natural, eco-friendly, and high-quality products. Traditionally, animal fats (tallow and lard) were the primary raw materials for soap. However, growing concerns about sustainability, ethics, and the desire for plant-based products have led to a greater reliance on vegetable oils as the preferred feedstock (Siddique et al., 2022). The fatty acid composition of these oils directly influences the properties of the final soap, such as its hardness, lathering ability, cleansing power, and moisturizing effect. For example, coconut oil, rich in short-chain fatty acids like lauric acid, produces a hard bar with excellent lather, while olive oil, predominantly composed of oleic acid, yields a softer, more conditioning soap. Palm oil is highly valued for its palmitic and stearic acid content, which contributes to a hard, long-lasting bar (Gunstone, 2011; Manzoor et al., 2018).
This diversity in oil properties necessitates a detailed understanding of how each oil's unique chemical profile affects the saponification process and the final product. Furthermore, the efficiency of the reaction is influenced by key variables, including the concentration of the alkali (lye), reaction temperature, and mixing rate. Inadequate control over these parameters can lead to an inferior product of a soap that is too soft, harsh on the skin, or has poor cleansing properties. The optimization of these factors is therefore not just an academic exercise but a practical necessity for producing a consistent, high-quality product (Siddique et al., 2022).
The Role of Fatty Acids
The chemical makeup of the vegetable oil is the most critical factor influencing soap quality. Different fatty acids contribute distinct characteristics to the soap bar:
Saturated Fatty Acids (e.g., lauric, myristic, palmitic, and stearic acid) produce a hard, long-lasting bar with a stable lather. Coconut oil is particularly rich in lauric acid, which gives it excellent lathering properties (Ozokan and Bilginer, 2024). Palm oil is valued for its high content of palmitic and stearic acids, which contribute to a hard bar that doesn't dissolve quickly (Manzoor et al., 2018).
Unsaturated Fatty Acids (e.g., oleic and linoleic acid) produce a softer, more conditioning soap with a creamy lather. Olive oil, for example, is predominantly composed of oleic acid, making it ideal for mild, moisturizing soap (Bokulich and Mills, 2014).
This diversity in oil properties highlights the necessity of a detailed understanding of how each oil's unique chemical profile affects the saponification process and the final product. Recent studies have also explored the use of waste cooking oil as a sustainable feedstock for soap production, demonstrating its viability and environmental benefits (Octarya et al., 2025; Zahari et al., 2024).
The Importance of Process Parameters
Beyond the raw materials, the efficiency of the saponification reaction is influenced by key process variables. The concentration of the alkali (lye), reaction temperature, and mixing rate must be precisely controlled. An incorrect ratio of alkali to oil can result in an inferior product: too much alkali leaves residual lye, making the soap harsh and irritating to the skin, while too little leaves unsaponified oil, resulting in a greasy, soft bar with poor cleansing properties (Ozokan and Bilginer, 2024). The reaction temperature also affects the speed and efficiency of the process. Inadequate control over these parameters can lead to an inconsistent and low-quality product. Therefore, optimizing these factors is a practical necessity for producing a consistent, high-quality product that meets consumer expectations (Özkan et al., 2023).
Soap production, or saponification, is an ancient chemical process that has been practiced for millennia, dating back to 2800 B.C. in ancient Babylon. It involves the hydrolysis of triglycerides (fats and oils) in the presence of an alkali to produce soap and glycerol. The process has evolved from a basic necessity to a sophisticated industry, with a focus on optimizing production for quality, efficiency, and sustainability. This project aims to contribute to this field by providing a comprehensive optimization study of soap production from different vegetable oils. The focus is on comparing various oil feedstocks and identifying the most suitable process parameters to achieve optimal soap quality (Gunstone, 2011).
The history of soap production reflects humanity's growing focus on hygiene. Early civilizations like the Babylonians and Egyptians used rudimentary methods to create soap-like substances from animal fat and plant ash, primarily for cleaning textiles or for medicinal purposes (Warra, 2011). The practice became more widespread during the Roman Empire, and by the 7th century, soapmaking was an established craft in Italy, Spain, and France, with olive oil being a key ingredient (Ozokan and Bilginer, 2024).
The Industrial Revolution fundamentally changed soapmaking, transforming it from a household chore into a large-scale, commercial industry. Recent years have seen a significant shift in consumer preferences towards natural, eco-friendly, and artisanal products. This trend has led to a greater reliance on vegetable oils as raw materials, driven by concerns over sustainability, animal welfare, and a desire for products with specific skin-benefiting properties (Siddique et al., 2022).
The choice of vegetable oil is the most critical factor in modern soapmaking. The fatty acid composition of the oil directly determines the characteristics of the final soap. This is because different fatty acids react with the alkali to produce soap molecules with unique properties. For instance:
Saturated Fatty Acids (e.g., lauric, myristic, and palmitic acid) contribute to the soap's hardness and stable lather. Coconut oil, rich in lauric acid, is a prime example, producing a hard bar with a quick, bubbly lather (Ozokan and Bilginer, 2024).
Unsaturated Fatty Acids (e.g., oleic and linoleic acid) contribute to the soap's moisturizing and conditioning properties. Olive oil, which is high in oleic acid, yields a gentler, more emollient bar that's softer in texture (Gunstone, 2011).
Beyond the oil type, the efficiency and quality of the saponification process are influenced by key variables. The alkali concentration, reaction temperature, and mixing rate must be carefully controlled to ensure complete saponification. An incorrect ratio of alkali to oil can lead to a soap that is either too harsh (due to excess alkali) or too soft and greasy (due to unsaponified oil). Therefore, a systematic approach is necessary to identify the optimal parameters for each oil. This project will address this gap by providing a framework for optimizing soap production from various vegetable oils, ensuring a consistent, high-quality product that aligns with modern consumer demands for natural and effective personal care items (Özkan and Bilginer, 2023).
[bookmark: _Toc212648354]1.2. Problem Statement
The lack of a standardized and optimized procedure for producing soap from various vegetable oils often results in inconsistent product quality, low yields, and wasted raw materials. While the basic principles of saponification are well-known, the specific conditions required to produce a superior soap from a given oil especially less common ones like neem oil are often determined through trial and error. This ad-hoc approach is inefficient and can lead to a final product that fails to meet consumer expectations or commercial standards. There is a need for a systematic investigation to determine the optimal process parameters for different vegetable oils, ensuring a final product with desirable characteristics like a balanced pH, good lather, and a firm texture.
[bookmark: _Toc212648355]1.3. Justification of the Study
This project is justified by its potential to address main challenges in both small-scale and commercial soap production. The systematic optimization of the saponification process from diverse vegetable oils holds significant value for several reasons:
Enhancing Product Quality and Consistency: The current reliance on trial-and-error methods often leads to inconsistent product quality, including variations in hardness, lather, and pH. By identifying the optimal conditions (oil type, alkali concentration, and temperature) for each vegetable oil, this study will provide a reliable, science-based framework for producing consistent, high-quality soap bars (Ozokan and Bilginer, 2024; Özkan and Bilginer, 2023). This is crucial for small-scale producers aiming to build a reputation for consistent, premium-grade products in a competitive market.
Promoting Sustainability and Circular Economy: As a result of growing environmental consciousness, consumers are increasingly seeking products that are eco-friendly and derived from sustainable sources (Siddique et al., 2022). By focusing on vegetable oils, this research aligns with global trends towards green chemistry. Furthermore, it opens the door to using underutilized or waste oil feedstocks, such as used cooking oil, which can be repurposed for soap production to reduce environmental pollution and promote a circular economy (Zahari et al., 2024; Octarya et al., 2025). This not only reduces waste but also creates a valuable product from a readily available resource.
Economic Viability and Cost Reduction: For small-scale manufacturers and entrepreneurs in developing regions, the high cost of imported soap-making ingredients can be a barrier. This project will investigate the properties of soaps made from various locally available vegetable oils, which are often more affordable. By blending different oils, manufacturers can achieve a balance of desired properties while minimizing production costs, as shown in studies on using blended vegetable oils for soapmaking (Blazingprojects, 2024). The research findings will provide practical, cost-effective solutions for producing high-quality soap at a reduced rate, thereby boosting local economies.
Contribution to Scientific Knowledge: While the fundamentals of saponification are well-established, there is a lack of comprehensive, comparative data on the optimization of the process for a wide range of vegetable oils, particularly those not commonly used in commercial soap production. This study will contribute to the scientific literature by systematically documenting the physical and chemical properties of soaps from different oil feedstocks and the effects of key process parameters. The findings will serve as a valuable reference for future research in natural product chemistry, chemical engineering, and sustainable manufacturing practices.
[bookmark: _Toc212648356]1.4. Aim and Objectives
The aim of this project is to optimize the soap production process from various vegetable oils to produce high-quality soap.
To achieve this aim, the following specific objectives will be pursued:
1. To prepare soap from different vegetable oils.
2. To investigate the effect of oils on the saponification reaction.
3. To determine the optimal conditions (oil type, alkali concentration, and temperature) that yield soap with the best quality based on its physical and chemical properties.
4. To conduct a comparative analysis of the soaps produced from different oils to evaluate their hardness, lather quality, pH, and yield.
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[bookmark: _Toc212648359]2.1 Introduction
Soap, defined chemically as the sodium or potassium salt of a long-chain fatty acid, is a product of ancient origin yet remains central to modern sanitation and personal care. The production process, known as saponification, is a foundational reaction in industrial organic chemistry, representing the alkaline hydrolysis of triglycerides (fats or oils). This critical reaction, mediated by a strong alkali (typically sodium hydroxide, NaOH, for hard bar soap), cleaves the ester bonds linking the three fatty acid chains to the glycerol backbone. The result is a mixture of the amphiphilic soap molecule responsible for detergent action and glycerin (propane-1, 2, 3-triol), a valuable humectant by-product (Gunstone et al., 2017).
The primary feedstock for saponification in this study is vegetable oils. Unlike mineral oils, vegetable oils are complex mixtures of triglycerides, each possessing a unique profile of fatty acids that varies in chain length (e.g., C8 to C18) and degree of saturation. This compositional variability is the single most important factor determining the final characteristics of the soap. For instance, short-chain, saturated fatty acids (like those in coconut oil) yield soap with voluminous lather, while long-chain saturated acids (like those in palm oil) impart hardness and longevity (Norris, 2018). Achieving an optimal soap one that balances superior cleaning power (lather), structural integrity (hardness), and mildness (pH and moisturizing properties) requires the precise blending of different oils.
The necessity for optimization extends beyond product quality to encompass economic and environmental efficiency. The reaction's stoichiometry is governed by the oil's Saponification Value (SV); using insufficient alkali results in unreacted fat, while using excess alkali leaves dangerous lye in the final product. Furthermore, key process variables including alkali concentration, reaction temperature, and the oil blending ratio must be tightly controlled. Suboptimal conditions lead to lower reaction yields, increased energy consumption, and inconsistent product batches (Jumaa and Al-Hazza, 2019).
[bookmark: _Toc212648360]2.2 Theoretical Principles of Saponification
[bookmark: _Toc212648361]2.2.1 Saponification Chemistry
Saponification forms the chemical core of soap production, defined precisely as the alkaline hydrolysis of triglycerides. This process begins with a triglyceride molecule, which consists of three fatty acid chains esterified to a glycerol backbone. The reaction follows second-order kinetics, meaning the rate of reaction is directly proportional to the concentration of both the triglyceride and the hydroxyl ions (OH−) supplied by the strong alkali (Jumaa and Al-Hazza, 2019).
The reaction is fundamentally a nucleophilic attack: the hydroxyl ion acts as the nucleophile, attacking the electron-deficient carbonyl carbon atom of the ester bond in the triglyceride. This attack cleaves the ester linkage, releasing the fatty acid chain which is immediately neutralized by the alkali cation (Na+ or K+) to form the soap salt.
The overall stoichiometry is rigid, illustrating the precise molecular conversion:
Triglyceride + 3NaOH → 3Soap (Fatty Acid Salt) + Glycerin
In this process, one molecule of triglyceride, regardless of the specific fatty acid chains it contains, consumes three molecules of alkali (Sodium Hydroxide, NaOH, for hard bar soap, or Potassium Hydroxide, KOH, for soft liquid soap) to produce three molecules of soap and one molecule of the co-product, Glycerin (or glycerol). The saponification process is notably exothermic, meaning it releases heat into the reaction mixture. If this heat is not properly managed through controlled cooling or measured reactant addition, the elevated temperature can lead to an uncontrolled acceleration of the reaction, which may cause localized decomposition, overheating, and ultimately compromise the final soap's quality (Norris, 2018).
Consequently, the efficiency and speed of saponification are profoundly influenced by two process variables that are the focus of optimization: the reaction temperature, which increases the kinetic energy and collision frequency between reactants; and the concentration of reactants (the lye concentration), which governs the concentration of the crucial OH− ions. Precise control over these factors is paramount for producing a safe (free of excess lye), stable, and high-quality soap.
[bookmark: _Toc212648362]2.2.2 Analytical Values and Stoichiometry
The successful optimization of soap production is entirely dependent on accurate stoichiometric control, which prevents unsafe residual alkali or wasted, unreacted oil. This control is achieved by characterizing the oil feedstock using specific analytical values before the saponification reaction begins (Ozokan and Bilginer, 2024)
1. Saponification Value (SV)
The Saponification Value (SV) is the foundational metric for determining the alkali required to convert the triglycerides into soap. It represents the number of milligrams of Potassium Hydroxide (KOH) required to completely saponify one gram of a given oil.
i. Stoichiometric Significance: The SV provides the practical measure of the oil's average molecular weight. Because one mole of triglyceride always consumes three moles of alkali, oils composed of shorter-chain fatty acids (which have lower molecular weights) contain more triglyceride molecules per gram. Consequently, these oils (like coconut oil) have a higher SV and require more alkali mass per gram than long-chain oils (like olive oil) (Norris, 2018).
ii. Lye Calculation: Although SV is measured in mg of KOH, the value is converted to the required mass of NaOH (using their respective equivalent weights) to calculate the precise amount of lye needed for the reaction (Gunstone et al., 2017).


2. Acid Value (AV)
The Acid Value (AV) is crucial for quality control and adjusting the final alkali calculation. It measures the amount of free fatty acids (FFAs) present in the oil, expressed as the number of milligrams of KOH needed to neutralize these FFAs in one gram of oil.
i. Quality Indicator: A high AV signifies poor quality, rancid, or improperly refined oil, where some triglycerides have already undergone hydrolysis.
ii. Stoichiometric Adjustment: Unlike triglycerides, FFAs only require one mole of alkali for neutralization, and their reaction does not produce glycerin. Therefore, the total alkali requirement must be increased to account for the FFAs (AV) in addition to the alkali required for the remaining triglycerides (SV). This adjustment is critical to avoid having unreacted free fatty acids in the final soap, which would compromise its stability and cleaning properties (Verma et al., 2020).
By utilizing both the SV and the AV, the amount of alkali can be precisely calculated, fulfilling the stoichiometric demands for a safe, high-yield, and high-quality product (Gunstone et al., 2017).
[bookmark: _Toc212648363]2.3 Influence of Fatty Acid Composition of Soap Quality
The final properties of a soap product including its hardness, solubility, cleaning effectiveness, and sensory feel are determined almost entirely by the fatty acid profile of the precursor oil feedstock. Soap formulators must understand the characteristics imparted by different fatty acid classes to create a balanced product. Fatty acids are classified based on their carbon chain length and the degree of saturation (the number of double bonds) (Verma et al., 2020).
[bookmark: _Toc212648364]2.3.1 Chain Length and Saturation Effects
The structure of the fatty acid directly influences the physical properties of the resulting soap salt:
Short-Chain (C8 to C12) and Saturated Fatty Acids
Examples: Lauric Acid (C12) and Myristic Acid (C14), which are highly prevalent in Coconut Oil and Palm Kernel Oil.
Properties: These shorter chains result in soap salts that are highly soluble in water. This high solubility generates excellent, voluminous, and quick-forming lather (often described as "bubbly") even in hard water. They contribute significantly to the hardness of the final bar.
Drawback: Due to their aggressive solubility and effective oil-stripping properties, soaps high in these acids can be drying to the skin because they readily wash away the skin's natural lipid barrier (Zahran, 2024).
Long-Chain (C16 to C18) and Saturated Fatty Acids
Examples: Palmitic Acid (C16) and Stearic Acid (C18), commonly found in Palm Oil and animal fats (tallow).
Properties: The longer, fully saturated chains produce soap salts with high melting points and lower solubility than their short-chain counterparts. This results in hard, dense, and long-lasting soap bars that resist dissolving quickly when wet. They contribute a stable, creamy, and conditioning lather that provides good moisturizing properties.
Role in Blends: These acids are essential for providing the structural integrity and longevity of a soap bar.
Unsaturated Fatty Acids
Examples: Oleic Acid (C18:1) (monounsaturated, high in Olive Oil) and Linoleic Acid (C18:2) (polyunsaturated, high in Vegetable Oil and Sunflower Oil). .
Properties: The presence of double bonds introduces "kinks" in the fatty acid chains, which prevents efficient packing in the solid state. Consequently, soaps high in unsaturated acids produce softer soap bars with lower melting points and a higher susceptibility to rancidity (oxidation).
Benefit: Despite being soft, these soaps are highly valued for being conditioning and moisturizing because they are milder and leave a desirable, protective film on the skin. They are often deliberately included in blends to improve skin feel, provided they are balanced with sufficient long-chain saturated acids to ensure adequate hardness (Verma et al., 2020).
[image: ]
Chain Length and Saturation Effects
[bookmark: _Toc212648365]2.4 Critical Process Variables in Optimization
The transition from a liquid oil feedstock to a solid, marketable soap bar requires precise control over several operating variables. The final quality, yield, and safety of the soap are highly sensitive to these parameters, making them the primary focus of optimization studies.
[bookmark: _Toc212648366]Alkali Concentration (Lye Concentration)
The concentration of the lye solution (Sodium Hydroxide (NaOH) or Potassium Hydroxide (KOH) dissolved in water) is crucial as it dictates the concentration of the OH− nucleophile responsible for initiating the saponification reaction (Jumaa and Al-Hazza, 2019)
i. Impact on Kinetics and Safety: Using low alkali concentrations increases the required reaction time and can result in incomplete saponification, leaving unsaponified fat. Conversely, excessively high concentrations can accelerate the reaction too quickly, leading to what is known as "false trace" or "flash saponification," which results in uneven mixing, localized decomposition, and a brittle, crumbly final product.
ii. Superfatting and Mildness: A critical strategy employed in premium soap making is superfatting, where a deliberate excess of oil (or deficit of NaOH) is used relative to the calculated stoichiometric amount. This ensures that all the free alkali is consumed, guaranteeing a final product with no residual lye, thus improving the soap's mildness and skin conditioning properties by leaving a small amount of unsaponified oil (Jumaa and Al-Hazza, 2019).
Reaction Temperature
Temperature is a kinetic variable that profoundly influences the rate and homogeneity of the exothermic saponification reaction.
i. Effect on Reaction Rate: According to chemical kinetics, higher temperatures increase the kinetic energy of the reactants, which in turn increases collision frequency and energy, thereby increasing the rate of saponification and reducing the required production time.
ii. Product Homogeneity: Temperature also affects the viscosity of the oil phase. Heating the oil lowers its viscosity, facilitating better mixing and improving the rate of mass transfer between the oil and the aqueous lye phase. However, excessive heat (above the boiling point of water or certain oils) can cause localized scorching, promote undesirable side reactions, and lead to a heterogeneous product that separates or "seizes" prematurely (Norris, 2018). Optimization involves finding the specific temperature that maximizes reaction speed without sacrificing product quality.
Curing Time
The curing time is the final, essential period of air-drying that occurs after the soap has been molded. It is a critical factor for achieving a structurally sound and safe product.
i. Completing the Reaction: Curing allows the saponification reaction, which may be incomplete upon molding, to run to full completion. This ensures that any trace amounts of free alkali are consumed, stabilizing the final pH to a safe and mild level (typically 9-10).
ii. Structural Integrity: During curing, excess moisture evaporates from the soap bar. This moisture loss is directly proportional to the hardness of the finished soap, improving its structural integrity, resistance to dissolving quickly in water, and ultimately, its shelf life and longevity. Proper curing minimizes shrinkage and warping and is therefore essential for meeting commercial standards (Verma et al., 2020).
[bookmark: _Toc212648367]2.5 Soap Quality Assessment Parameters
To objectively assess the success of the saponification optimization and validate the final product's quality, several standardized physicochemical metrics must be measured. These parameters directly correlate the soap's chemical composition with its functional performance and safety.
Total Fatty Matter (TFM)
Total Fatty Matter (TFM) is arguably the most critical parameter defining the soap's cleaning efficiency and commercial quality. It represents the total content of fatty materials, which includes the actual saponified soap salt, along with any free fatty acids or unsaponified neutral oil.
Significance: High TFM values indicate superior detergent quality because it quantifies the active ingredient available for lathering and cleansing. TFM is determined by separating the fatty matter through acid hydrolysis and extracting it with a solvent (IS: 2888-2004 Standard). Commercial standards typically require minimum TFM percentages to ensure adequate consumer value.


pH Value
The pH value is essential for assessing the safety and mildness of the soap. It measures the residual alkalinity, which is primarily influenced by any unreacted lye (NaOH or KOH) left in the product.
Significance: While soap is inherently alkaline (due to the fatty acid salt), excessive alkalinity is harmful. A safe pH for skin contact is typically maintained between 9 and 10. pH values above 10 can strip the skin's natural acid mantle, leading to irritation, dryness, and potential dermatitis. pH measurement is therefore a direct indicator of proper superfatting and complete saponification during the production process. .
Foam Stability and Lathering Ability
Foaming and lathering ability reflect the soap's performance and user experience. These parameters are intrinsically linked to the soap's fatty acid profile, particularly the concentration of short-chain fatty acids like lauric acid (C12).
i. Measurement: This is measured by quantifying the initial volume of foam produced upon agitation of a standard soap solution (lathering ability) and the time taken for that foam to collapse by a certain percentage (foam stability).
ii. Significance: Good lathering indicates effective emulsification and dirt suspension, while foam stability shows the resilience of the soap's micelles, demonstrating sustained cleaning power (Verma et al., 2020).
Hardness and Moisture Content
Hardness and moisture content are fundamental physical parameters that determine the soap's longevity and structural integrity.
i. Relationship: These two parameters are inversely related: a lower final moisture content results in a harder, denser soap bar. This occurs during the crucial curing period as water evaporates.
ii. Significance: Hardness is often measured using a penetrometer or estimated based on moisture loss. A hard bar is desirable because it resists dissolving quickly when exposed to water during use, maximizing the soap's shelf life and consumer value. High moisture content (>15%) leads to rapid dissolution, microbial growth, and cracking.
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CHAPTER THREE
[bookmark: _Toc212648369]MATERIALS AND METHODOLOGY
[bookmark: _Toc212648370]3.1 Materials
Table 3.1: Reagents/Chemicals
	S/N
	Reagents
	Chemical fromular
	Purity (%)
	Manufacturer

	1
	Sodium hydroxide pellets 
	(NaOH)
	98 %
	LOBA CHEM PVT LTD

	2
	Sodium chloride
	NaCl
	96 %
	Griffin and George

	3
	Phenolphthalein indicator
	C20H14O4
	95 %
	BDH

	4
	Distilled water
	H2O
	---------------
	---------------

	5
	Ethanol
	CH3CH2OH
	98 %
	LOBA CHEM PVT LTD


AR= Analytical Reagent AG= Analytical Grade
Table 3.2: Equipment
	S/N
	Equipment
	Model
	Manufacturer

	1
	Digital weighing balance
	8068 series
	China

	2
	Measuring cylinders
	Pyrex
	England

	3
	Beakers
	Pyrex
	England

	4
	Hot plate
	---------------
	---------------

	5
	Thermometer
	Sisedo Multi-thermometer
	

	6
	Stirring rod
	---------------
	---------------

	7
	Soap molds
	---------------
	---------------

	8
	pH meter
	Suart
	

	9
	Safety equipment (gloves, goggles, apron)
	---------------
	---------------




Feedstock for soap production
The following materials will be required for the practical soap production experiment: 
1. Vegetable Oils (Feedstock)
1. Palm oil (Elaeis guineensis)
1. Groundnut oil (Arachis hypogaea) 
[bookmark: _Toc212648371]METHODS
[bookmark: _Toc212648372]3.2.1 Preparation of 30% NaOH
30g NaOH pellets was dissolved in 50 cm3 distilled water and it was then transferred to 100cm3 volumetric flask and was made up to the mark with distilled water. The solution was stirred carefully and allowed to cool to around 35-Caution: NaOH is highly caustic and should be handled with care using safety gear.
[bookmark: _Toc212648373]3.2.2 Oil Pre-treatment 
Each vegetable oil was filtered to remove impurities. The oils were heated to about 60°C to remove moisture and ensure clarity.
[bookmark: _Toc212648374]3.2.3 Saponification Process (Cold/Hot Process Method)
The oil was weighed (e.g., 100g) and poured into a beaker, the NaOH solution was slowly added to the oil while stirring continuously, the stirring continued for 30-45 minutes until a thick paste was formed (known as trace stage). A small quantity of salt (NaCl) was added to help precipitate the soap, the mixture was poured into soap molds and left for 24 48 hours to harden (Zahran, 2024).
[bookmark: _Toc212648375]3.2.4 Curing and Drying
The soaps were removed from molds and cured in a well-ventilated area for 2-4 days improve hardness and quality.
[bookmark: _Toc212648376]3.3 Optimization Strategy
The optimization involves comparing soaps made from different oils based on:
The optimization involves comparing soaps made from different oils based on:
1. Foaming ability: Foaming ability, often referred to as lathering ability or foamability, is a measure of how well and how quickly a soap or surfactant solution can generate a stable, voluminous foam when agitated in water. It is a critical aesthetic and functional characteristic of soap, strongly influencing user perception of its quality and effectiveness.
1. Hardness: Soap Hardness is a measure of the soap bar's physical resistance to wear, dissolution, and deformation. It is a crucial quality parameter that determines a soap bar's durability and longevity during use and storage.Cleansing ability
1. pH Value: The pH Value of soap is a measurement of its acidity or alkalinity, determined by the concentration of hydrogen ions (H +) in its solution. It is one of the most crucial parameters for determining a soap's safety, mildness, and quality for skin contact
1. Moisture content: The weight of the empty crucible will be recorded at the start of the experiment. Two grams (2g) of the sample will be weighed into the crucible and the weight of the crucible containing the sample would be recorded. The crucible will then be placed in an oven at temperature of 1050 C for 6 hours, after which the crucible containing the dry sample will be weighed again. This procedure will be repeated until a constant weight is obtained (Eke and Umoren, 2016). The moisture content will be determined using the equation 1   .
Moisture content %   × 100 ………………… (1)
Where W0 = Weight of empty Crucible
W1 = weight of the sample + weight of the crucible
W2 = weight of dry sample + weight of the crucible
W1=weight of the dried sample in (g)
W2=weight of sample after ash in (g)
[bookmark: _Toc212648377]

3.4 Physicochemical Analysis of Soap Samples
pH Test: 
To determine the pH of soap, dissolve approximately 1 gram of the soap sample in 100 milliliters of distilled water, stir thoroughly to form a uniform solution, and then measure the pH using a calibrated digital pH meter or pH indicator paper (Akinyeye and Oloruntoba, 2015).
Lathering Test:
About 1.0g of the each sample was added to a test tubes containing 10ml of distilled water. The mixture was shaken vigorously so as to generate foams. After shaken for about 2mins the test tube was allowed to stand for about 10mins the height of the foam in the solution was observed and recorded (Ogunniyi, 2006).
[bookmark: _Toc212648378]

CHAPTER FOUR
[bookmark: _Toc212648379]RESULTS AND DISCUSSION
[bookmark: _Toc212648380]4.1 Results
The experimental results for the soap samples produced using Palm Oil, Groundnut Oil, and Vegetable Oil are presented below, summarizing the key physical and chemical properties.
[bookmark: _Toc212648381]Table 4.1.1: Physical Observations of Soap Production
	Oil Type
	Soap Texture
	Color
	Initial Hardness

	Palm Oil
	Smooth
	Yellow
	Medium

	Groundnut Oil
	Soft
	Beige
	Low

	Vegetable Oil
	Creamy
	Pale
	Low



[bookmark: _Toc212648382]Table 4.1.2: Soap yield 
	[bookmark: _Toc212648383]Oil type
	[bookmark: _Toc212648384]Initial mass of Oil (g)
	[bookmark: _Toc212648385]Final mass of Soap (g)
	[bookmark: _Toc212648386]% yield

	[bookmark: _Toc212648387]Palm oil
	[bookmark: _Toc212648388]100
	[bookmark: _Toc212648389]81.44
	[bookmark: _Toc212648390]81.44%

	[bookmark: _Toc212648391]Groundnut oil
	[bookmark: _Toc212648392]100
	[bookmark: _Toc212648393]89.81
	[bookmark: _Toc212648394]89.81%

	[bookmark: _Toc212648395]Vegetable oil
	[bookmark: _Toc212648396]100
	[bookmark: _Toc212648397]89.6
	[bookmark: _Toc212648398]89.6%



[bookmark: _Toc212648399]Table 4.1.2: pH Value (The pH analysis was performed to assess alkalinity and potential skin compatibility)
	Oil Type
	pH Value

	Palm Oil
	5.81

	Groundnut Oil
	7.0

	Vegetable Oil
	6.6



[bookmark: _Toc212648400]Table 4.1.3: Foaming Ability
	Oil Type
	Foam Volume (cm3)

	Palm Oil
	2

	Groundnut Oil
	3.5

	Vegetable Oil
	3.5



[bookmark: _Toc212648401]Table 4.1.4: Moisture Content and Hardness
	Oil Type
	Moisture Content (%)
	Hardness Rating (1–5)

	Palm Oil
	12.5
	3

	Groundnut Oil
	15.2
	2

	Vegetable Oil (Vegetable Oil)
	14.7
	2



[bookmark: _Toc212648402]Table 4.1.5: Saponification Value (SV)
	Oil Type
	Saponification Value (mg KOH/g)

	Palm Oil
	196

	Groundnut Oil
	188

	Vegetable Oil
	192













[bookmark: _Toc212648403]4.2 Discussion
The experimental results reveal notable differences in the physicochemical properties of soaps produced from Palm Oil, Groundnut Oil, and Vegetable Oil. Main parameters such as pH, yield, hardness, moisture content, and foaming ability were analyzed to assess the performance and suitability of each oil for soap production.
[bookmark: _Toc212648404]4.2.1 pH
Unusually Low pH Values
Soaps are typically alkaline, with pH values ranging from 8.5 to 10.5, which ensures effective cleansing and microbial inhibition (Singh et al., 2023). However, the soaps produced in this study exhibited pH values between 5.81 and 7.0, indicating neutral to mildly acidic characteristics. This deviation suggests:
i. Incomplete saponification: The alkali (NaOH) may have been insufficient or the reaction time inadequate, resulting in residual free fatty acids rather than complete conversion to soap salts (Adepoju and Olatunji, 2022).
ii. Product composition: The final product may resemble a fatty acid bar rather than true soap, which could be gentler on skin but lacks the cleansing efficiency of traditional soap.
Such low pH values may compromise the soap’s antimicrobial properties and shelf stability, although they may be beneficial for sensitive skin applications.
Sub-100% Yield
Theoretical soap yields often exceed 100% due to the addition of alkali and water during saponification. However, the observed yields (81.44%–89.81%) were lower, likely due to:
i. Water loss during curing: Extended drying periods lead to significant evaporation of water, reducing final mass (Uduma et al., 2025).
ii. Loss of unreacted oil or incomplete phase separation: Inefficient mixing or emulsion formation may have led to loss of material during processing.
Despite lower yields, the curing process enhances hardness and longevity, which are desirable traits in commercial soap.
[bookmark: _Toc212648405]4.2.2 Comparative Performance of Oils
The performance differences among the oils are largely attributed to their fatty acid profiles, particularly the ratio of saturated to unsaturated fats.
Hardness and Moisture Content
i. Palm Oil: Exhibited medium hardness and the lowest moisture content (12.5%), indicating a well-structured soap matrix. Its high saturated fat content promotes crystal formation and water release, resulting in a durable bar (Singh et al., 2023).
ii. Groundnut and Vegetable Oils: Produced softer soaps with higher moisture retention (15.2% and 14.7%, respectively). Their high unsaturated fat content impedes solidification, leading to less durable bars that may dissolve quickly during use.
These findings align with previous studies showing that saturated fats yield harder soaps, while unsaturated fats contribute to softer, more emollient products (Adepoju & Olatunji, 2022).
Foaming Ability
Foaming is influenced by fatty acid chain length and solubility:
i. Groundnut and Vegetable Oils: Produced the highest foam volumes (3.5 cm³), likely due to high oleic acid content, which enhances bubble formation.
ii. Palm Oil: Generated denser, more stable lather with lower volume (2.0 cm³), consistent with its saturated fat profile.
While high foam volume may appeal to consumers, it does not necessarily correlate with cleansing efficiency or durability.
[bookmark: _Toc212648406]4.2.3 Overall Suitability of Oils
Based on the results, the oils can be ranked in terms of soap-making suitability:
1. Palm Oil: Most suitable due to balanced fatty acid composition, structural integrity, and low moisture retention. It produces durable, general-purpose soap with acceptable foaming.
2. Groundnut and Vegetable Oils: Less suitable as sole bases due to poor hardness and high moisture. They may be used in blends with saturated fats to improve performance.
These findings support the use of Palm Oil as a primary feedstock in commercial soap production, while Groundnut and Vegetable Oils may serve as secondary ingredients to enhance lather or skin feel.










[bookmark: _Toc212648407]CHAPTER FIVE
[bookmark: _Toc212648408]CONCLUSION AND RECOMMENDATIONS
[bookmark: _Toc212648409]5.1 Conclusion
This study explored the physicochemical properties of soaps derived from Palm Oil, Groundnut Oil, and Vegetable Oil, focusing on the main performance indicators such as pH, yield, hardness, moisture content, and foaming ability. The findings revealed that the fatty acid composition of each oil significantly influenced the quality and characteristics of the resulting soap. The most notable anomaly was the unusually low pH values (ranging from 5.81 to 7.0), which deviated from the expected alkaline range typical of fully saponified soaps. This suggests incomplete saponification or the formation of fatty acid bars rather than true soap salts, likely due to insufficient alkali or shortened reaction time. While such products may be gentler on the skin, they fall short of standard soap performance criteria. Yields were also below theoretical expectations, ranging from 81.44% to 89.81%. This was primarily attributed to extensive water loss during curing which is a common and desirable trait in high-quality soap bars that enhances hardness and longevity. Palm Oil emerged as the most suitable base oil, producing soap with medium hardness, low moisture content, and stable structure. Its balanced saturated fat profile contributed to superior crystallization and durability. In contrast, Groundnut and Vegetable Oils, rich in unsaturated fats, yielded softer soaps with higher moisture retention and lower structural integrity. Although these oils produced more voluminous foam, their poor hardness and rapid wear make them unsuitable as sole bases for commercial soap production. Palm Oil offers the best balance of cleansing efficiency, durability, and structural quality, while Groundnut and Vegetable Oils may be better suited as secondary ingredients in blended formulations to enhance lather and skin feel.


[bookmark: _Toc212648410]5.2 Recommendations
Based on the results and observations from this study, the following recommendations are proposed:
For Soap Makers
1. Use coconut oil as a primary ingredient for soaps requiring high lather and durability.
1. Blend groundnut and Vegetable oils with harder oils like coconut or palm to improve foam, hardness, and shelf life.
1. Incorporate olive oil for formulations targeting sensitive skin or luxury markets due to its mildness and moisturizing properties.
For Industrial Application
1. Adopt standardized curing and drying protocols to ensure consistent moisture content and hardness across batches.
1. Implement routine quality control testing for pH, foam stability, and hardness to maintain product reliability and consumer satisfaction.
1. Consider cost-benefit analysis when selecting oils, balancing performance with availability and price.
For Future Research
1. Investigate the impact of additives such as essential oils, herbal extracts, and exfoliants on soap performance and skin compatibility.
1. Explore biodegradability and environmental impact of soaps made from different oil blends.
1. Conduct long-term stability studies to assess shelf life, microbial resistance, and packaging effects.


For Public Health and Sustainability
1. Promote the use of locally sourced vegetable oils to support agricultural sustainability and reduce production costs.
1. Educate communities on safe soap-making practices, especially regarding the handling of caustic reagents like sodium hydroxide.
1. Encourage the development of eco-friendly soap alternatives to reduce reliance on synthetic detergents and minimize environmental pollution.
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