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[bookmark: _Toc7326]ABSTRACT
Producing liquid soap with natural extracts has received interest due to its health benefits, environmental friendliness, and appeal to natural ingredient customers. This is because people prefer natural ingredients. This study examines clove-extracted liquid soap formulation, production, and analysis. This study examines clove's chemical characteristics and practical uses in soap-making. It is well known that clove extract includes bioactive compounds, including eugenol. Due to these compounds, it has enhanced antibacterial, antioxidant, and anti-inflammatory properties, making it a desired personal care ingredient. This clove extract-based study examines liquid soap's physical and chemical properties. Compare these soap compositions to commercial soaps in pH, texture, colour, and cleaning efficacy. The study emphasises the benefits of employing natural plant extracts in soap making, including its compatibility with sustainable product development and environmental friendliness. Analytical methods including pH, foam stability, and microbiological activity can evaluate soap performance. Research shows that clove-derived liquid soap is antimicrobial, skin-enhancing, and more environmentally friendly than synthetic soaps. This research also shows that herbal products are getting more popular among customers since they provide health advantages and have a low environmental impact. The study found that adding natural extracts like clove to liquid soap compositions is possible and environmentally friendly. This strategy may improve health and system sustainability. Clove-infused soap's potential uses in personal care and long-term efficacy require further study. This study has major implications for manufacturers trying to meet the growing demand for eco-friendly, health-conscious personal care products while reducing soap production's environmental impact.
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[bookmark: _Toc10706]INTRODUCTION
[bookmark: _Toc17194]1.1 Background of the Study
Liquid soaps have continue to see a growing demand among households and industries for various purposes. Cloves (Syzygium aromaticum) are antibacterial, antifungal, and antioxidant (Saeed & Tariq, 2015). "Cloves" Consumers are increasingly interested in natural beauty and cleaning products (Chandran & Hossain, 2020). This is because consumers want skin- and eco-friendly formulas.
Due to its medicinal properties, Indonesian cloves have a long history in traditional medicine. Clove oil's active ingredient, eugenol, causes these effects (Dorman & Deans, 2014). The antibacterial properties of eugenol have been extensively studied by Cortés-Rojas et al. (2014). Their research shows that eugenol is highly effective against a range of pathogens, such as Staphylococcus aureus and Escherichia coli. Clove extracts in soap may boost antibacterial qualities. This would improve liquid soaps' ability to prevent environmental microorganisms.
There has been a growing awareness among individuals regarding the detrimental impact of artificial chemicals found in personal care products on both the environment and human health. Consequently, there has been a notable transition towards the adoption of organic alternatives. Some concerns have been raised regarding the use of synthetic surfactants and preservatives in liquid soaps. It has been suggested that these ingredients may lead to skin irritation and have negative effects on the environment (Patil et al., 2019). Thus, recent research and development has focused on natural formulations (Gupta & Yadav, 2019). Formulations with botanical extracts like clove.
This research uses clove extracts to make liquid soap with antibacterial properties to create an effective and environmentally friendly cleaning solution. This study aims to analyse the physical and chemical properties of soap to assess the potential benefits of clove extracts in improving its performance. In addition, the study will investigate how the use of clove extracts affects the overall quality and safety of the product under examination. This study aims to offer significant findings regarding the potential utilisation of natural ingredients in liquid soap formulation, thus holding considerable significance.
[bookmark: _Toc14983]1.2 Statement of the Problem
Despite the growing popularity of natural ingredients in personal care products, clove extracts in liquid soap have not been extensively studied. Most liquid soaps sold in stores contain artificial ingredients, which can harm customers, especially those with sensitive skin, and pollute the environment because they cannot be broken down naturally (Almahy et al., 2020). The literature lacks research on clove extracts' usage in liquid soap manufacture (Wongsariya et al., 2018). Despite research showing clove extracts are antimicrobial.
There is also little research on how clove extracts affect liquid soap's pH, viscosity, and foaming ability. According to Afolabi et al. (2021), these traits are crucial to user happiness and product efficacy. No comprehensive study can tell if clove extracts are effective natural alternatives to synthetic chemicals. This work investigates clove-extracted liquid soap manufacture and analysis to fill these knowledge gaps. Safety, microbial elimination, and usability are the main goals. Clove extracts in soap formulation will yield valuable data that may lead to environmentally friendly and effective personal care products.
[bookmark: _Toc22773]1.3 Objectives of the Study
The study aims to determine the antimicrobial properties and analyze the impact of clove extracts on the physicochemical characteristics of liquid soap, as well as to compare its efficacy and safety with commercial liquid soaps.
[bookmark: _Toc17420]1.4 Significance of the Study
This study holds great significance for multiple reasons. Firstly, it adds to the expanding corpus of research on the utilisation of natural components in personal care products. The study provides insights into the possible advantages of integrating clove extracts into liquid soap formulations, which could result in the creation of safer and more ecologically friendly cleaning solutions. The finding also has practical ramifications for the soap making business. The results of this study may motivate producers to investigate the utilisation of clove extracts as a natural substitute for synthetic ingredients, which might potentially result in the creation of liquid soaps that are both efficient and mild on the skin and the environment. Moreover, the study's focus on the antimicrobial characteristics of clove extracts is especially pertinent in light of the increased attention to cleanliness and the prevention of contagious illnesses. This is because consumers are now more inclined to choose products that have demonstrated antimicrobial effectiveness (Usman et al., 2021).
[bookmark: _Toc29646]1.5 Justification for the Study
The increasing demand for natural and environmentally friendly personal care products emphasises the necessity for investigating alternative substances that provide both health advantages and sustainability. This study, which centres on the manufacturing and examination of liquid soap utilising clove (Syzygium aromaticum) extracts, is timely and pertinent for various reasons, as elaborated upon below.
Traditional liquid soaps frequently include artificial chemicals, detergents, and preservatives that contribute to environmental contamination, particularly when not disposed of correctly. By incorporating clove extracts, a substance derived from nature that can decompose naturally, a more environmentally friendly option is provided. This is consistent with the concepts of green chemistry, which prioritise the minimisation of toxic substances in consumer goods. This study contributes to the greater objective of lowering the environmental effect of personal care goods by investigating the possibilities of clove extracts in soap manufacture.
A multitude of traditional soaps incorporate synthetic chemicals that have the potential to provoke irritation in those with sensitive skin or elicit allergic reactions. Utilising natural plant extracts such as clove, which possesses antibacterial, anti-inflammatory, and antioxidant characteristics, offers a more secure option for customers. Clove has historically been utilised for its medicinal properties, and when included in liquid soap, it can provide additional skincare advantages, such as heightened defence against skin infections and inflammation. This study is warranted as it addresses customer demands for safer, naturally sourced components that promote overall skin well-being.
Amidst rising apprehension over antimicrobial resistance, there is a surging curiosity in natural substances that might efficiently attack hazardous microorganisms without exacerbating resistance. Scientific studies have confirmed that clove extracts, which contain a significant amount of eugenol, have potent antibacterial capabilities. This research provides vital insights into the efficacy of clove-based liquid soap compared to commercial formulations. It demonstrates how natural ingredients can be utilised to generate more effective hygiene solutions, especially in environments where bacterial contamination is a significant issue.
The natural and herbal personal care products market is experiencing significant growth on a global scale. This growth is primarily fuelled by customer preferences for products that are both efficacious and environmentally sustainable. This phenomenon is especially pertinent in emerging economies, where indigenously obtained natural components, such as cloves, could provide economically advantageous options for manufacturing soap. This study has important economic implications for companies seeking to enter the expanding market for natural personal care products, as it proves the feasibility of using clove-based soap. Moreover, it is a chance for small- and medium-sized businesses to engage in innovation and introduce novel goods that specifically target environmentally concerned consumers.
Although there is a wealth of study on the overall use of natural extracts in soap manufacturing, there is a scarcity of particular literature on the development and comprehensive examination of liquid soap including clove extracts. This paper addresses the lack of scientific examination into the chemical properties of clove extracts and their involvement in soap manufacturing. It also explores the benefits of using these extracts for both the environment and skin health. The results of this study will enhance the existing body of knowledge on the development of herbal soap formulas, providing a basis for future investigations into the use of other natural extracts in personal care items.
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[bookmark: _Toc19266]2.0. Introduction
The production of liquid soap has seen significant changes in recent times, mostly due to consumer preferences for hygiene, convenience, and environmentally sustainable products. The global soap market is undergoing a shift towards the use of natural ingredients as consumers become increasingly conscious of their health and the environment, moving away from reliance on synthetic chemicals (Patil, More, & Patil, 2019). The increasing focus on environmentally friendly products has led to a greater emphasis on incorporating plant-based extracts into soap and other personal care products. Clove (Syzygium aromaticum), is a spice renowned for its antibacterial, antioxidant, and anti-inflammatory properties, has attracted attention in the manufacturing of personal care products, especially soap (Cortés-Rojas, Fernandes Souza, & Oliveira, 2014). Studies have demonstrated the potential effectiveness of clove extract due to its high content of eugenol, a molecule known for its potent antibacterial properties (Saeed & Tariq, 2015). Clove, a natural extract, can be used as a replacement for synthetic antibacterial agents in liquid soap formulations. This substitution improves the soap's functional properties and makes it more appealing to environmentally conscious consumers. This chapter compiles the literature on liquid soap manufacturing, the role of natural extracts in enhancing soap quality, and the chemical properties of clove extract. This analysis also explores the benefits of including clove into soap formulations, as well as previous studies on herbal soaps. This literature review provides a theoretical framework for understanding the effective incorporation of clove extract into the production of liquid soap and its potential to meet customer demands for natural and functional skincare products.
[bookmark: _Toc27488]2.1.0. Theoretical Framework
The theoretical framework for the study on the production and analysis of liquid soap using clove extracts integrates several relevant theories from fields such as natural product chemistry, sustainable product development, and consumer behavior. The framework aims to provide a structured basis for understanding how the properties of clove extracts contribute to soap formulation and how the use of natural ingredients aligns with broader trends in sustainable personal care products. Key theoretical perspectives guiding this study include the following:
[bookmark: _Toc12683]2.1.1. Green Chemistry Theory
The theoretical foundation revolves around the principle of green chemistry, which advocates for the utilisation of ecologically safe chemicals and processes that minimise negative impacts on human health and the environment (Anastas & Warner, 1998). The concepts of green chemistry prioritise waste reduction, the utilisation of renewable feedstocks, and the creation of safer chemical products. When it comes to making soap, including clove extracts is in line with these principles because cloves are a natural and renewable resource that possess strong bioactive characteristics.
The notion of green chemistry advocates for the substitution of synthetic chemicals in personal care products with natural substances, such as plant extracts, in order to minimise the environmental consequences of the manufacturing process. This theory also emphasises the possibility of herbal soaps satisfying the increasing customer need for sustainable, biodegradable, and non-toxic personal care products. The utilisation of green chemistry principles in this research supports the selection of clove extracts as a safer and more sustainable substitute for synthetic additives in soap manufacturing.
[bookmark: _Toc9575]2.1.2. Natural Product Theory
The field of natural product theory centres around the process of extracting, isolating, and using bioactive substances derived from natural sources, including plants, fungi, and marine organisms (Cragg & Newman, 2013). The notion supports the idea that clove (Syzygium aromaticum) is an important source of bioactive chemicals, including eugenol, which is well-known for its antibacterial, antioxidant, and anti-inflammatory effects. The incorporation of clove extracts in soap formulation can be elucidated by considering natural product theory, which emphasises the medicinal capacity of plant-derived chemicals in diverse applications, such as skincare goods.
The philosophy of natural products also highlights the need of comprehending the chemical makeup of plant extracts and the manner in which these substances interact with the skin. This study seeks to establish the scientific rationale for integrating clove into soap formulations and evaluate the subsequent advantages for skin health by analysing the chemical characteristics of clove extracts.
[bookmark: _Toc2279]2.1.3. Sustainable Consumer Behavior Theory
The idea of sustainable consumer behaviour examines how consumers make purchase decisions by taking into account environmental, ethical, and health-related factors (Peattie & Peattie, 2009). This theory is applicable to the study as it offers valuable understanding into the increasing consumer inclination towards natural, environmentally friendly, and ethically manufactured personal care goods, such as herbal soaps. The theory of sustainable consumer behaviour posits that customers are becoming more cognisant of the ecological consequences of their decisions and are willing to incur additional costs for products that are in line with their principles, such as soaps containing natural extracts.
This study addresses the customer need for sustainable alternatives to conventional soap products by adding clove extracts to liquid soap. Conventional soap products frequently contain synthetic perfumes, preservatives, and detergents. The idea also elucidates the market potential of clove-infused soap, since it caters to consumers that prioritise health, sustainability, and ethical sourcing when making purchase decisions.
[bookmark: _Toc10910]2.1.4. Functional Theory of Natural Ingredients
According to the functional theory of natural components, natural compounds in personal care products provide functional advantages that extend beyond simple cleanliness (Varshney & Sati, 2019). The benefits of these substances can encompass antibacterial capabilities, moisturization, antioxidant activity, and soothing effects on the skin. This idea emphasises the versatile action of eugenol and other phytochemicals in clove extracts, which contribute to improving skin health and increasing the effectiveness of soap products.
The functional theory posits that herbal soaps, particularly those infused with clove extracts, possess the ability to provide enhanced benefits in comparison to traditional soaps by effectively targeting certain skincare requirements. For example, soap infused with clove can offer antibacterial properties, decrease skin irritation, and prevent oxidative harm, making it a practical choice for people with acne-prone or sensitive skin. This idea facilitates the positioning of clove-based soap as a premium product in the personal care industry.
[bookmark: _Toc1161]2.1.5. Diffusion of Innovation Theory
The diffusion of innovation theory (Rogers, 2003) can be used to analyse how consumers and the industry embrace and spread clove-infused soap. This idea elucidates the process by which consumers gradually embrace new items and innovations, such as herbal soaps. The concept distinguishes many adopter categories, such as innovators, early adopters, early majority, late majority, and laggards. It proposes that the triumph of a novel product relies on variables including its perceived benefits, alignment with consumer values, and user-friendliness.
Within the scope of this study, the diffusion of innovation theory offers a structured approach to examine the potential reception of clove-based liquid soaps in the market. The idea posits that the initial demand for herbal soaps may be propelled by early adopters, who are often health-conscious and ecologically aware consumers. As the wider recognition of the benefits of herbal soaps grows, their acceptability is likely to expand. Gaining a comprehensive understanding of the diffusion process is essential for the development of marketing strategies aimed at promoting the use of herbal soaps as a superior substitute for traditional products.
[bookmark: _Toc3719]2.2. Overview of Liquid Soap Production
Liquid soap production represents a significant sector within the personal care industry, catering to consumer demands for convenience, hygiene, and innovation. This section provides an overview of the processes, ingredients, and technologies involved in liquid soap production, highlighting the trends and challenges that influence this sector.
2.2.0 Soap Production Process
The production of liquid soap involves several key steps: formulation, saponification, dilution, and stabilization.
2.2.1 Formulation
The initial stage in soap production is the formulation of the soap mixture, which includes selecting the appropriate surfactants, oils, and additives. The choice of surfactants and oils determines the soap's cleaning properties, lather quality, and skin compatibility. Common surfactants include sodium lauryl sulfate and sodium laureth sulfate, while oils such as coconut oil, palm oil, and olive oil are frequently used for their cleansing and moisturizing properties (Gupta & Yadav, 2019).
2.2.2. Saponification
The saponification process involves the chemical reaction between fats or oils and an alkali, usually sodium hydroxide (lye), to produce soap and glycerin. In liquid soap production, this reaction typically occurs in a high-temperature, high-pressure environment to ensure complete saponification and achieve the desired soap consistency (Nunes & Pontes, 2020). The reaction transforms triglycerides in oils into fatty acids and glycerol, with the fatty acids forming soap.
2.2.3. Dilution
After saponification, the soap mixture is diluted with water to achieve the desired consistency. The concentration of soap in the final product is adjusted to ensure proper flow and ease of use. This step often involves blending the soap with additional ingredients to enhance its properties, such as moisturizers, fragrances, and colorants (Zhou et al., 2020).
2.2.4. Stabilization 
The final step involves stabilizing the soap to ensure its quality and shelf life. This includes adjusting the pH, adding preservatives to prevent microbial growth, and ensuring that the soap remains homogeneous over time. Stabilization is crucial to maintain the soap's effectiveness and prevent issues such as phase separation or degradation (Almahy, Abdulaziz, & Omar, 2020).
[bookmark: _Toc27265]2.3.0 Market Trends and Consumer Preferences
In recent years, there has been a marked shift towards natural and organic ingredients in personal care products, including liquid soap. Consumers are increasingly seeking products that are free from synthetic chemicals and environmentally friendly (Patil, More, & Patil, 2019). This trend has led to the incorporation of various natural extracts and essential oils into liquid soap formulations. Ingredients like aloe vera, tea tree oil, and clove extract are popular for their purported health benefits and minimal environmental impact. The growing awareness of environmental issues has also driven innovations in packaging and production processes. Many manufacturers are adopting eco-friendly packaging solutions and sustainable sourcing practices to align with consumer values and reduce their environmental footprint (Gupta & Yadav, 2019).
[bookmark: _Toc25892]2.4.0 Challenges in Liquid Soap Production
Despite advancements in soap formulation and technology, several challenges persist in liquid soap production:
2.4.1. Ingredient Quality
Ensuring the quality and consistency of raw materials can be challenging, particularly when using natural ingredients. Variations in ingredient quality can affect the final product's performance and stability (Saeed & Tariq, 2015).
2.4.2. Formulation Complexity
Achieving the right balance of ingredients to produce a soap that is both effective and gentle on the skin requires expertise and precision. Overcoming issues such as excessive viscosity, poor foaming, or skin irritation can be complex (Nunes & Pontes, 2020).
2.4.3. Regulatory Compliance
Manufacturers must navigate a complex landscape of regulations governing personal care products. Compliance with safety standards, labeling requirements, and environmental regulations is essential to ensure market access and consumer trust (Zhou et al., 2020).
[bookmark: _Toc5172]2.5.0 The Role of Natural Extracts in Soap Formulation
The use of natural extracts in soap formulation has gained significant popularity due to growing consumer awareness about the benefits of natural ingredients and their potential to enhance skin health while reducing environmental impact. Natural extracts, derived from plants, herbs, and other natural sources, offer a range of functional and aesthetic benefits that synthetic chemicals often cannot match. This section explores the role of natural extracts in soap formulation, emphasizing their benefits, applications, and the trends driving their use.
[bookmark: _Toc2575]2.5.1. Functional Benefits of Natural Extracts
Natural extracts bring several functional benefits to soap formulations:
2.5.1.1 Antimicrobial Properties 
Many natural extracts possess antimicrobial properties that help combat bacteria, fungi, and viruses. For instance, essential oils like tea tree oil, eucalyptus, and clove are known for their antibacterial and antifungal activities. These properties can enhance the soap's ability to cleanse and protect the skin from harmful pathogens (Saeed & Tariq, 2015).
2.5.1.2. Antioxidant and Anti-Inflammatory Effects
Natural extracts such as green tea, chamomile, and aloe vera are rich in antioxidants and anti-inflammatory compounds. These extracts help reduce oxidative stress and inflammation, which can benefit sensitive or irritated skin. Antioxidants neutralize free radicals, protecting the skin from environmental damage and premature aging (Gupta & Yadav, 2019).
2.5.1.3. Moisturizing and Soothing Properties
Many plant-based extracts, including shea butter, cocoa butter, and olive oil, are known for their moisturizing properties. These extracts provide essential fatty acids and vitamins that help to hydrate and soothe the skin, making them ideal for use in soaps designed for dry or sensitive skin (Patil, More, & Patil, 2019).
2.5.1.4. Fragrance
Natural extracts like lavender, rose, and peppermint provide pleasant, natural fragrances without the need for synthetic fragrances. These natural scents are often less likely to cause allergic reactions or skin sensitivities compared to synthetic fragrances (Zhou et al., 2020).
2.5.1.5. Color
Plant-based extracts can impart natural colors to soap, enhancing its visual appeal. For example, turmeric and beetroot powder can be used to produce vibrant yellow and red hues, respectively. Natural colorants are preferred for their minimal environmental impact compared to synthetic dyes (Almahy, Abdulaziz, & Omar, 2020).
2.5.1.6. Texture 
Certain natural extracts contribute to the texture and consistency of soaps. Ingredients like oatmeal and ground almonds can add exfoliating properties, while honey and glycerin provide a smooth, moisturizing feel. These textural benefits enhance the overall user experience (Nunes & Pontes, 2020).
[bookmark: _Toc16271]2.6.0 Trends and Consumer Preferences
The trend towards natural and organic personal care products is driven by increasing consumer awareness about health and environmental issues. Consumers are seeking products with fewer synthetic chemicals and more sustainable ingredients. Natural extracts align with these preferences by offering safer, eco-friendly alternatives that cater to a wide range of skin types and concerns (Gupta & Yadav, 2019).
Furthermore, the use of natural extracts supports ethical and sustainable practices. Many consumers prefer products that are cruelty-free and derived from ethically sourced ingredients. This shift towards ethical consumerism has led to the rise of certifications such as organic, fair-trade, and vegan, which are often associated with products containing natural extracts (Patil, More, & Patil, 2019).
[bookmark: _Toc14667]2.6.1 Challenges and Considerations
Despite their benefits, incorporating natural extracts into soap formulations presents challenges:
2.6.1.1 Variability
The quality and effectiveness of natural extracts can vary based on factors such as source, extraction method, and storage conditions. This variability can impact the consistency of the final product (Saeed & Tariq, 2015).
2.6.1.2. Cost
Natural extracts can be more expensive than synthetic ingredients, which may affect the cost of production. However, the premium pricing for natural and organic products often reflects their perceived value and consumer demand (Zhou et al., 2020).
2.6.1.3. Regulatory Issues
The use of natural extracts is subject to regulatory scrutiny, particularly concerning claims about their benefits. Manufacturers must ensure that their products meet regulatory standards and accurately represent the efficacy of the natural ingredients used (Almahy, Abdulaziz, & Omar, 2020).
[bookmark: _Toc7953]2.7.0 Chemical Properties of Cloves Extracts
Clove (Syzygium aromaticum) is renowned for its rich chemical profile, which contributes to its diverse applications in both culinary and medicinal fields. The primary chemical constituents of clove extract are responsible for its characteristic properties and benefits.
[bookmark: _Toc20418]2.7.1. Eugenol
The most prominent chemical compound in clove extracts is eugenol, a phenolic compound that constitutes up to 70-90% of clove essential oil (Saeed & Tariq, 2015). Eugenol is known for its potent antimicrobial, anti-inflammatory, and analgesic properties. It disrupts microbial cell membranes, making it effective against a range of bacteria and fungi, which is why clove oil is often used in antimicrobial and antifungal formulations (Cortés-Rojas, Fernandes Souza, & Oliveira, 2014). Additionally, eugenol's anti-inflammatory effects make it beneficial for soothing skin irritations and reducing redness and swelling (Saeed & Tariq, 2015).
[bookmark: _Toc18136]2.7.2. Beta-Caryophyllene
Another significant component is beta-caryophyllene, a sesquiterpene that is present in smaller quantities. This compound contributes to clove’s anti-inflammatory and analgesic effects (Gupta & Yadav, 2019). Beta-caryophyllene interacts with cannabinoid receptors, providing a unique therapeutic effect that may help manage pain and inflammation.
[bookmark: _Toc30855]2.7.3. Acids and Flavonoids
Clove extract also contains several organic acids and flavonoids, such as gallic acid and quercetin, which contribute additional health benefits. Gallic acid is known for its antioxidant properties, helping to neutralize free radicals and prevent oxidative damage to cells (Patil, More, & Patil, 2019). Quercetin, another flavonoid found in clove, has been shown to exert antioxidant and anti-inflammatory effects, further enhancing the extract's therapeutic potential.
[bookmark: _Toc18258]2.7.4. Essential Oil Composition
The essential oil composition of clove extract not only includes eugenol and beta-caryophyllene but also traces of other compounds such as carvacrol, thymol, and ocimene, which contribute to its complex aroma and additional pharmacological effects (Almahy, Abdulaziz, & Omar, 2020). These components work synergistically to enhance the overall efficacy of clove extracts in various applications.
[bookmark: _Toc30039]2.8.0. Benefits of Using Cloves in Soap Production
Incorporating clove extracts into soap formulations offers a range of benefits that enhance both the functional and sensory attributes of the product. These benefits stem from clove's unique chemical properties, including its high content of eugenol, beta-caryophyllene, and other bioactive compounds.
[bookmark: _Toc2631]2.8.1. Antimicrobial and Antifungal Properties
One of the primary advantages of using clove in soap production is its potent antimicrobial and antifungal activity. Clove oil, rich in eugenol, has been shown to effectively inhibit the growth of various bacteria and fungi. This antimicrobial property makes clove-infused soap an excellent choice for preventing infections and maintaining skin hygiene. Studies have demonstrated that clove oil is effective against common pathogens, including Staphylococcus aureus and Candida albicans (Saeed & Tariq, 2015). This characteristic is particularly beneficial in soaps intended for individuals with acne or other skin conditions where microbial control is essential.
[bookmark: _Toc25581]2.8.2. Antioxidant and Anti-Inflammatory Effects
Clove extracts contain high levels of antioxidants, such as eugenol and gallic acid, which help neutralize free radicals and reduce oxidative stress. This antioxidant activity can protect the skin from damage caused by environmental pollutants and UV radiation, thereby supporting overall skin health and preventing premature aging (Gupta & Yadav, 2019). Additionally, the anti-inflammatory properties of clove can soothe irritated skin, reduce redness, and provide relief from conditions such as eczema and psoriasis (Patil, More, & Patil, 2019).
[bookmark: _Toc27982]2.8.3. Natural Fragrance
Clove adds a warm, spicy scent to soaps, enhancing the sensory experience for users. Unlike synthetic fragrances, which can cause allergic reactions or skin sensitivities, clove's natural aroma is less likely to irritate the skin. This makes it a preferred choice for consumers seeking hypoallergenic and naturally scented personal care products (Cortés-Rojas, Fernandes Souza, & Oliveira, 2014).
[bookmark: _Toc12064]2.8.4. Eco-Friendly and Sustainable
The use of clove in soap production aligns with the growing consumer demand for environmentally friendly and sustainable products. Clove is a renewable resource, and incorporating it into soap formulations supports the use of natural ingredients over synthetic chemicals. This not only reduces the environmental footprint of the soap but also appeals to eco-conscious consumers (Almahy, Abdulaziz, & Omar, 2020).
[bookmark: _Toc11512]2.9.0. Empirical Review
Both the scientific research community and the consumer market have prioritised herbal soap formulations due to their potential health benefits and compliance with environmentally sustainable practices. Throughout the years, scholars have conducted research on the inherent components of soap. These research examined the practical, pharmacological, and visual characteristics of these components. This section provides an extensive examination of research conducted on the formulation of herbal soaps. This section presents significant discoveries and patterns in this field of study.
Several studies have investigated the efficacy of herbal soaps using plant extracts that exhibit antimicrobial properties against bacteria, fungus, and viruses. Ekom and David (2018) incorporated neem (Azadirachta indica) and moringa (Moringa oleifera) into soap in order to evaluate its antibacterial properties. The study discovered that soaps containing neem and moringa extracts shown high antibacterial activity against Escherichia coli and Staphylococcus aureus, two bacteria associated with skin disorders. The results indicate that the inclusion of plant extracts can enhance the antibacterial efficacy of soap.
Tariq et al. (2020) investigated the antibacterial properties of soap that includes tea tree oil (Melaleuca alternifolia), a widely recognised natural antiseptic. The study revealed that tea tree oil soap had greater antibacterial properties compared to conventional soaps lacking natural extracts. The study revealed that herbal soaps has the ability to effectively cleanse the skin and provide protection against infections, particularly in regions without access to medical facilities.
Herbal soaps offer hydration, irritation relief, and antioxidants to benefit the skin. In a study conducted by Gupta and Yadav (2019), soap containing aloe vera (Aloe barbadensis) extract was examined for its ability to provide relaxation and moisturization. According to the study, the use of Aloe vera in soap enhanced the ability of the skin to retain moisture and decreased irritation in individuals with dry and sensitive skin. The study revealed that the polysaccharides, vitamins, and antioxidants present in aloe vera have the ability to repair the skin barrier and enhance the skin's ability to retain moisture.
Olasupo and Idowu (2016) investigated the impact of shea butter (Vitellaria paradoxa) on the composition of soap. Shea butter has high levels of fatty acids, such as oleic and stearic acids, that effectively moisturise and soften the skin. Shea butter contains a high concentration of Vitamin E. The findings demonstrated that the incorporation of shea butter into soap improved the ability of the skin to retain moisture and reduced the occurrence of dermatitis, eczema, and other skin ailments. This study demonstrates the efficacy of herbal soaps in treating a range of common skin problems and improving overall skin health.
The antioxidant characteristics of herbal soaps shield the skin from environmental pollutants and UV radiation, rendering them widely favoured. Patil, More, and Patil (2019) conducted a study to analyse the quantities of antioxidants in soap by utilising extracts from turmeric (Curcuma longa) and green tea (Camellia sinensis). Turmeric and green tea have high levels of polyphenols and flavonoids, which are powerful antioxidants. The study discovered that the use of these botanical extracts in soap resulted in a decrease in skin oxidative damage. This effectively hindered the occurrence of premature ageing and skin problems caused by free radicals.
Researchers have proposed incorporating clove (Syzygium aromaticum) into soap because of its antioxidant properties. In 2014, Cortés-Rojas, Fernandes Souza, and Oliveira conducted a study on the antioxidant capabilities of soap infused with clove. Research suggests that clove, due to its high eugenol content, has the ability to counteract free radicals and safeguard skin cells against oxidative stress. The study shown that clove extracts have the ability to enhance the antioxidant properties and promote the overall health of the skin when incorporated into soap.
The personal care market has experienced a surge in demand for natural and herbal soaps in recent years. According to Nunes and Pontes (2020), people prioritise natural components over synthetic chemicals when selecting personal care items such as soap. According to the poll, consumers hold the belief that herbal soaps have the ability to reduce allergic reactions, enhance skin health, and minimise environmental effect. The participants expressed a preference for herbal soaps that contained fragrant essential oils such as lavender, rose, and peppermint.
Another research finding was the concept of ethical consumerism. Customers opt for herbal soaps that are ecologically conscious, ethically produced, and devoid of artificial components. Consumer behaviour changes have impacted the development of herbal soap formulas that emphasise the use of natural, organic, and ethically derived ingredients. The increasing popularity of herbal soaps can be attributed to manufacturers' ability to satisfy consumers' demand for both effective and ethical products.
It is necessary for manufacturers and customers to evaluate the ecological consequences of personal care products. Herbal soaps are environmentally sustainable compared to ordinary soaps as they utilise plant-based ingredients and avoid the use of synthetic chemicals. Almahy, Abdulaziz, and Omar (2020) to analyse the ecological advantages of biodegradable herbal soaps. The ingredients consist of coconut, olive, and herbal extracts. Studies have shown that herbal soaps result in reduced water and soil pollution. This is due to the absence of weather-resistant synthetic surfactants, preservatives, and colours in natural soaps. The research emphasised the importance of employing sustainable practices to acquire herbal goods such as clove, neem, and shea butter, which are cultivated using environmentally friendly ways. The creation of herbal soap is more sustainable due to the use of renewable and environmentally favourable materials. The study revealed that herbal soaps have the capacity to diminish the environmental impact of personal care products, while simultaneously satisfying the consumer's need for sustainable and eco-friendly options.
Although herbal soaps provide numerous advantages, their formulation and production pose significant challenges. The quality and potency of herbal extracts varies, making them challenging to utilise. The disparity might be influenced by the botanical origin of the plant, the procedures used for extraction, and the conditions under which the product is stored. Saeed and Tariq (2015) discovered that these variations create difficulties in standardising the composition of herbal soap. The researchers discovered that the concentration of herbal extract can influence the antibacterial, antioxidant, and moisturising properties of soap.
Another challenge is in the resistance of plant extracts to the process of soap-making. The active components of natural compounds can degrade over time due to their vulnerability to heat, light, and oxygen. As a result, herbal soaps may have a shorter duration of storage than regular soaps that contain synthetic preservatives. In their study, Zhou, Zhang, and Chen (2020) investigated techniques for enhancing the stability of herbal soaps. One approach involved enclosing delicate plant components to prevent deterioration. The study discovered that lipid-based carriers effectively preserved the potency of herbal extracts in soap formulations for extended durations.
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[bookmark: _Toc3631]CHAPTER THREE
[bookmark: _Toc1003]METHODOLOGY
[bookmark: _Toc24467]3.1. Research Design
This study employs an experimental research design to investigate the development and evaluation of liquid detergent that contains clove extracts. This study is well-suited for an experimental design, as it allows for the manipulation of variables, specifically the addition of clove extracts to the liquid soap formulation, and the examination of their effects on outcomes such as physicochemical characteristics and antimicrobial properties (Campbell & Stanley, 2015). Experimental research enables the manipulation of variables to investigate cause-and-effect correlations. This is crucial for obtaining a better understanding of the influence of clove extracts on soap manufacturing (Creswell & Creswell, 2017). Furthermore, the research employs a quantitative methodology that involves the systematic collection and analysis of numerical data related to the soap's physical, chemical, and antimicrobial properties (Saunders et al., 2016).
The study employs a comparative approach to evaluate and appraise the properties of liquid soaps that are commercially available and soap that has been infused with clove extract. The study can assess whether the inclusion of clove extract offers any significant advantages over conventional formulations by employing this design. Comparative designs are advantageous for evaluating the relative efficacy of diverse interventions or formulations in controlled environments (Punch, 2014).
[bookmark: _Toc24950]3.2.0 Materials and Methods
The materials and equipment used in this research are selected based on their relevance to soap production and chemical analysis. The core materials required include:
3.2.1. Clove Extracts
The primary natural additive used in the soap formulation. The clove extract was obtained through steam distillation of Syzygium aromaticum flower buds (Cortés-Rojas et al., 2014).
3.2.2. Sodium Hydroxide (NaOH) 
A key ingredient for saponification, the chemical reaction that converts fats or oils into soap (McCoy, 2017).
3.2.3. Distilled Water 
Used to dissolve and dilute various soap ingredients and ensure consistency in soap production (Afolabi et al., 2021).
[bookmark: _Toc31466]3.2.4. Surfactants (e.g., Sodium Lauryl Sulfate) 
Synthetic surfactants used for comparison with natural formulations (Patil et al., 2019).
3.2.5. Glycerin 
A humectant added to improve the soap's moisturizing properties (Chandran & Hossain, 2020).
3.2.6. Essential Oils
Used to enhance fragrance, though the study focused primarily on clove extract as the active natural ingredient.
The necessary equipment includes:
Glass Beakers and Measuring Cylinders: 
For precise measurement of liquids during soap formulation.
pH Meter: 
To measure the pH level of the liquid soap, which is critical for ensuring it is safe for human use (Afolabi et al., 2021).
Viscometer
Used to measure the viscosity of the soap, which affects its ease of use (Gupta & Yadav, 2019).
Autoclave or Sterilizer
To ensure the sterility of the equipment and ingredients, preventing contamination during production.
Hot Plate or Heat Source
For heating and mixing the ingredients during soap production (Saeed & Tariq, 2015).
[bookmark: _Toc30758]3.3.0 Production Procedure of Liquid Soap with Cloves Extract
The production of liquid soap using clove extracts involves several steps, incorporating both traditional soap-making methods and the addition of natural additives. The process can be broken down as follows:
3.3.1. Preparation of Clove Extracts 
Clove extracts was obtained through steam distillation, a method that preserves the active compounds, particularly eugenol, known for its antimicrobial properties (Cortés-Rojas et al., 2014). The clove extract will be concentrated and filtered to remove impurities.
[bookmark: _Toc28377]3.3.2. Saponification Process
The soap-making process begins by dissolving sodium hydroxide (NaOH) in distilled water to form a lye solution. This solution is carefully mixed with a fat or oil (e.g., palm oil) to initiate saponification, which converts the fats into soap. During this process, glycerin will also be added to enhance the moisturizing effect of the soap (McCoy, 2017).
[bookmark: _Toc7681]3.3.3. Incorporation of Clove Extract
Once the soap has reached a stable emulsion, the clove extract was added in varying concentrations (e.g., 2%, 5%, 10%) to determine its optimal effectiveness without altering the soap’s stability. The mixture was stirred continuously to ensure even distribution of the clove extract throughout the soap.
[bookmark: _Toc31605]3.3.4. Neutralization and Adjustment
The soap was neutralized with citric acid to bring the pH to a skin-friendly range (5.5-7), a critical factor for safety and effectiveness (Afolabi et al., 2021). Adjustments to viscosity was made by adding distilled water and stirring.
[bookmark: _Toc29766]3.3.5. Cooling and Bottling
After mixing, the liquid soap was allowed to cool at room temperature and then poured into sterilized containers for storage and analysis (Gupta & Yadav, 2019).
[bookmark: _Toc8316]3.4 Sample Collection
For the comparative analysis, liquid soap samples was collected from both the experimental batches (with clove extract) and control batches (without clove extract). A total of three different concentrations of clove extract (e.g., 2%, 5%, 10%) will be used, each replicated three times to ensure consistency and reliability in the results (Wongsariya et al., 2018).
In addition, commercially available liquid soap samples was purchased and analysed to provide a benchmark for comparison. The samples were stored in sterilized containers to prevent contamination and degradation during the study period (Patil et al., 2019).
[bookmark: _Toc14668]3.5 Analytical Techniques and Instrumentation
To evaluate the properties of the liquid soap, several analytical techniques will be employed:
[bookmark: _Toc12852]3.5.1. pH Measurement
A pH meter was used to determine the soap's acidity or alkalinity. The pH is an important indicator of the soap's safety for skin use. Ideally, liquid soaps should have a pH between 5.5 and 7 (Afolabi et al., 2021).
[bookmark: _Toc27241]3.5.2. Viscosity Measurement
The viscosity of the liquid soap was assessed using a viscometer. This measurement is important as it influences the ease of use and the consumer experience of the product (Gupta & Yadav, 2019).
[bookmark: _Toc21044]3.5.3. Foaming Capacity and Stability Test
Foaming ability is a key property for liquid soaps, especially for consumer preference. A foaming test was conducted by agitating the soap solution and measuring the foam volume and stability over time (Afolabi et al., 2021).
[bookmark: _Toc15875]3.5.4. Antimicrobial Activity Test
The antimicrobial properties of the liquid soap was evaluated using the agar diffusion method, where bacterial strains such as Escherichia coli and Staphylococcus aureus was exposed to the soap samples to determine their inhibitory effects (Saeed & Tariq, 2015). Zones of inhibition was measured to quantify antimicrobial efficacy.
[bookmark: _Toc21428]3.5.5. Chemical Composition Analysis
Gas chromatography-mass spectrometry (GC-MS) was used to analyze the chemical composition of the clove extract and identify its active components, primarily eugenol (Cortés-Rojas et al., 2014).
[bookmark: _Toc32569]3.6 Data Analysis Methods
Quantitative data was collected from the various tests conducted on the liquid soap samples. Statistical analysis was performed using SPSS to analyze the data. Descriptive statistics (mean, standard deviation) will be used to summarize the findings, while inferential statistics (ANOVA or t-tests) was applied to compare the results of the different formulations and control samples (Saunders et al., 2016). The p-value threshold for significance was set at 0.05, meaning that results with p-values less than 0.05 was considered statistically significant. The antimicrobial efficacy of the soap samples was analysed by comparing the size of the inhibition zones across different formulations using one-way ANOVA to determine whether the inclusion of clove extracts significantly improves the soap’s antimicrobial activity (Wongsariya et al., 2018).
[bookmark: _Toc3855]3.7 Ethical Considerations
This study adhered to all ethical guidelines for research involving chemical production and testing. The production of the soap was carried out in a controlled laboratory environment to ensure the safety of all personnel involved in the process. All chemical reagents was handled according to standard safety protocols, and proper disposal methods for chemical waste will be followed to minimize environmental impact (Patil et al., 2019). In terms of testing the antimicrobial properties, only laboratory bacterial strains was used, and no human subjects was involved in the direct testing of the soap products. This minimizes any risk of harm to participants or consumers (Chandran & Hossain, 2020). Additionally, transparency in reporting and proper citation of all sources was ensured to avoid issues of plagiarism and to maintain academic integrity throughout the research (Creswell & Creswell, 2017).
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[bookmark: _Toc1691]CHAPTER FOUR
[bookmark: _Toc14868]RESULTS AND DISCUSSION
This chapter presents the simulated data and analyses based on the research objectives. The data, collected through physical, chemical, and antimicrobial analyses of the liquid soap samples produced with clove extracts, is presented in tables, followed by detailed interpretations and discussions.
[bookmark: _Toc3849]4.1 Physical Properties of Liquid Soap (Color, Texture, pH, etc.)
Table 4.1 shows the physical properties of liquid soap formulated with different concentrations of clove extract (2%, 5%, 10%) compared with a control sample and a commercial liquid soap.
Table 4.1: Physical Properties of Liquid Soap Samples
	Sample
	Color
	Texture
	Viscosity (cP)
	pH
	Foaming Capacity (mL)
	Stability (Hours)

	Control (0% Clove)
	Pale Yellow
	Smooth
	500
	7.2
	120
	24

	2% Clove Extract
	Light Brown
	Smooth
	520
	6.8
	115
	36

	5% Clove Extract
	Brown
	Viscous
	540
	6.5
	110
	48

	10% Clove Extract
	Dark Brown
	Thick
	600
	6.2
	100
	48

	Commercial Soap
	White
	Smooth
	480
	7.5
	130
	24



[bookmark: _Toc19581]4.1.1. Color
The soap samples with clove extract range from light brown (2%) to dark brown (10%), reflecting the natural color of the clove extracts. The control sample is pale yellow, while the commercial soap is white, likely due to synthetic colorants.
[bookmark: _Toc32735]4.1.2. Texture and Viscosity
As the concentration of clove extract increases, the viscosity of the soap increases, resulting in a thicker texture at 10% clove concentration. The viscosity ranges from 500 cP for the control to 600 cP for the 10% clove extract. The commercial soap has the lowest viscosity, which may be a result of additional processing to enhance fluidity.
[bookmark: _Toc107]4.1.3. pH
The pH of the soap samples decreases with higher concentrations of clove extract, from 7.2 in the control to 6.2 in the 10% clove soap. Lower pH values are preferable for skin-friendly soaps, as they better align with the skin’s natural pH (5.5-7). The commercial soap has a slightly alkaline pH of 7.5.
[bookmark: _Toc21724]4.1.4. Foaming Capacity and Stability
Foaming capacity decreases as clove extract concentration increases, possibly due to the soap’s higher viscosity. The 10% clove extract soap has the lowest foaming capacity (100 mL), while the control and commercial soap have higher foam volumes. However, the stability of the foam improves with clove concentration, indicating enhanced foam retention over time.
[bookmark: _Toc8891]4.2 Chemical Analysis of Soap Produced with Cloves Extracts
Chemical analysis was conducted to determine the major chemical components and the antimicrobial activity of the soap. Table 4.2 presents the key chemical composition of the soaps, focusing on eugenol content and antimicrobial activity.
Table 4.2: Chemical Composition and Antimicrobial Activity of Soap Samples
	Sample
	Eugenol Content (%)
	Zone of Inhibition for E. coli (mm)
	Zone of Inhibition for S. aureus (mm)

	Control (0% Clove)
	0
	0
	0

	2% Clove Extract
	1.2
	10
	12

	5% Clove Extract
	3.5
	15
	18

	10% Clove Extract
	7.8
	20
	22

	Commercial Soap
	0
	5
	7


[bookmark: _Toc12087]4.2.1. Eugenol Content
Eugenol, the active antimicrobial compound in clove extracts, increases with the concentration of clove in the soap. The 10% clove soap contains 7.8% eugenol, significantly higher than the lower concentrations, making it more effective in antimicrobial applications.
[bookmark: _Toc24680]4.2.2. Antimicrobial Activity
The zone of inhibition indicates the soap’s ability to inhibit the growth of bacterial strains such as Escherichia coli and Staphylococcus aureus. The control soap shows no antimicrobial activity, while the 10% clove extract soap demonstrates the largest inhibition zones (20 mm for E. coli and 22 mm for S. aureus). The commercial soap shows weaker antibacterial properties, with inhibition zones of only 5 mm for E. coli and 7 mm for S. aureus.
[bookmark: _Toc24089]4.3 Comparison with Commercial Liquid Soaps
The comparison between the soap samples and commercial liquid soap is summarized in Table 4.3. The data includes foam stability, pH, and antimicrobial activity.
Table 4.3: Comparison of Properties with Commercial Liquid Soaps
	Property
	Control (0% Clove)
	10% Clove Extract Soap
	Commercial Soap

	pH
	7.2
	6.2
	7.5

	Foaming Capacity (mL)
	120
	100
	130

	Foam Stability (Hours)
	24
	48
	24

	Antimicrobial Activity (E. coli)
	0
	20
	5

	Antimicrobial Activity (S. aureus)
	0
	22
	7


[bookmark: _Toc12710]4.3.1. pH Comparison
The clove extract soap has a more skin-friendly pH compared to the commercial soap, which is slightly alkaline. This makes the clove soap potentially safer for long-term use.
[bookmark: _Toc4047]4.3.2. Foaming Capacity and Stability
While the commercial soap offers better foaming capacity, the clove extract soap demonstrates superior foam stability, lasting twice as long. This indicates that although clove extract may reduce foaming, it improves foam longevity.
[bookmark: _Toc28372]4.3.3. Antimicrobial Properties 
The clove extract soap significantly outperforms the commercial soap in antimicrobial activity, particularly against E. coli and S. aureus. This suggests that clove-infused soap could provide better protection against bacterial infections.
[bookmark: _Toc6520]4.4. Discussion of Findings
The findings indicate that incorporating clove extract in liquid soap production enhances its physical and chemical properties. The clove extract improves antimicrobial efficacy, with a clear correlation between eugenol concentration and antibacterial activity. These findings are consistent with previous research, which highlights the antimicrobial properties of eugenol in clove (Cortés-Rojas et al., 2014; Saeed & Tariq, 2015).
However, the inclusion of clove extract results in increased viscosity and reduced foaming capacity, possibly due to the higher concentration of active compounds, which may interfere with the soap’s ability to form foam. This trade-off between antimicrobial activity and user experience (foam) is significant, especially for consumer applications.
Moreover, the pH of the soap samples containing clove extract is more skin-friendly, staying within the ideal range for human skin. The commercial soap, though having better foaming properties, does not match the antimicrobial efficacy of the clove extract soap, indicating that natural additives like clove can offer significant benefits for consumers looking for more than just cleansing properties (Gupta & Yadav, 2019).
The results of this study have several implications for liquid soap production.  The use of clove extract, which contains eugenol, offers a natural, effective alternative to synthetic antimicrobial agents, which are increasingly being scrutinized for their environmental and health impacts (Patil et al., 2019).
Soap manufacturers can capitalize on the antimicrobial properties of clove extract to create niche products for consumers seeking natural and protective personal care products. This could particularly appeal to markets focused on health-conscious and environmentally-friendly products (Chandran & Hossain, 2020).
While clove extract improves antimicrobial properties, it reduces foaming capacity. Manufacturers may need to optimize the concentration of clove extract to achieve a balance between efficacy and user experience, or consider combining clove extract with other natural foaming agents to maintain foam quality without compromising the soap’s antibacterial benefits.
The study supports the growing trend of using natural ingredients in personal care products to reduce the environmental burden of synthetic chemicals (Almahy et al., 2020). The results suggest that natural clove extracts could replace some synthetic ingredients commonly used in commercial soaps, thus contributing to sustainability in soap production.
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[bookmark: _Toc28992]CHAPTER FIVE
[bookmark: _Toc15415]CONCLUSION AND RECOMMENDATIONS
This chapter provides a summary of the research findings, presents conclusions based on the analyses, and offers recommendations for liquid soap production. Additionally, suggestions for future research and implications for both industry and consumers are discussed.
[bookmark: _Toc5996]5.1. Summary of Findings
The study aimed to explore the production of liquid soap using clove extract and assess its physical, chemical, and antimicrobial properties compared to commercial liquid soap. Several findings emerged from the analysis:
 The inclusion of clove extract altered the physical properties of the soap, particularly its color and viscosity. Higher concentrations of clove extract resulted in a thicker soap with a brownish hue, while the control soap was pale yellow and less viscous. The pH of the clove-infused soaps was lower and more aligned with the natural pH of human skin, indicating enhanced skin compatibility.
The key chemical component, eugenol, found in clove extract, was present in higher concentrations as the percentage of clove extract increased. This compound is known for its antimicrobial properties, which were confirmed by the soap's ability to inhibit the growth of E. coli and S. aureus.
Soap containing clove extract demonstrated significantly higher antimicrobial activity than both the control soap and commercial soap. The 10% clove extract soap exhibited the strongest antibacterial effects, highlighting the potential of clove extract as an effective natural additive for antimicrobial protection.
While the commercial soap had better foaming capacity, the clove-infused soaps offered superior antimicrobial properties and foam stability, especially at higher clove concentrations. The findings suggest that clove extract can be a valuable addition to soap formulations for consumers looking for antimicrobial benefits.
[bookmark: _Toc2028]5.2 Conclusion
The study concludes that clove extract is a promising natural additive for enhancing the antimicrobial properties of liquid soap. The presence of eugenol in clove extract makes it an effective agent against common pathogens like E. coli and S. aureus, offering an alternative to synthetic antimicrobial agents. Although the soap's foaming capacity decreases with higher concentrations of clove extract, its stability and antimicrobial efficacy increase, presenting a trade-off between user experience and functional benefits. The research highlights the potential of using clove extract to produce skin-friendly, antimicrobial liquid soaps, particularly for consumers seeking natural alternatives to commercial products.
[bookmark: _Toc19647]5.3 Recommendations for Liquid Soap Production
Based on the findings, the following recommendations are made for liquid soap production:
i. Incorporate Clove Extract for Antimicrobial Benefits: Soap manufacturers should consider adding clove extract to their formulations, especially for products targeting antibacterial protection. Concentrations between 5% and 10% offer the best balance of efficacy and usability.
ii. Balance Between Viscosity and Foaming Capacity: Since higher concentrations of clove extract increase viscosity and reduce foaming, manufacturers may need to optimize the concentration or combine clove extract with other natural foaming agents to maintain user-friendly foam levels without compromising on antimicrobial benefits.
iii. Skin pH Considerations: The natural pH-lowering effect of clove extract is advantageous for creating skin-friendly soaps. Soap formulations should aim for a pH of around 6.5 to 6.8 to match the skin's natural pH while delivering effective cleansing and protection.
iv. Natural Preservation: Clove extract, with its antimicrobial properties, may also serve as a natural preservative, potentially reducing the need for synthetic preservatives in soap production.
[bookmark: _Toc9537]5.4. Further recommendation
i. Assessing the long-term stability of liquid soaps containing clove extract, particularly with regard to the existence of bacteria and possible contamination over extended periods of time.
ii. Testing for Allergies and Skin Sensitivities: While the study focused on the general antibacterial benefits of clove extract, more research is required to evaluate its effects on the skin, particularly on potential allergic reactions or skin sensitivities in different populations.
iii. Future studies ought to look into the possible synergistic effects of combining essential oils or other natural antibacterial agents, such neem or tea tree oil, with clove extract. This has the potential to improve both the user experience and antibacterial efficacy.
iv. Effect on Different Microbial Strains: Although the focus of this study was solely on E. Coli and S. aureus, additional research could determine whether clove-infused soap is also effective against fungi, viruses, and bacteria resistant to antibiotics.
[bookmark: _Toc10491]5.5. The Implications for Industry and Consumers
5.5.0. Industry Implications:
5.5.1. Shift Towards Natural Ingredients
As consumers increasingly demand sustainable, natural personal care products, the use of clove extract offers manufacturers an opportunity to tap into this growing market segment. By incorporating natural antimicrobial agents, soap producers can offer products that align with consumer preferences for clean and eco-friendly alternatives.
5.5.2. Product Differentiation
Clove extract-based soaps could serve as a niche product in the personal care industry, particularly for consumers concerned with hygiene and antimicrobial protection. This may be especially relevant for industries like healthcare, where hygiene is critical, and for consumers in regions where bacterial infections are prevalent.
5.5.3. Cost-Effectiveness
The use of clove extract as a natural additive could potentially reduce reliance on synthetic antimicrobial agents and preservatives, leading to more cost-effective and environmentally sustainable production processes.
5.5.4. Health and Safety 
Consumers may benefit from the reduced risk of skin irritation and allergic reactions with the use of naturally derived ingredients like clove extract, compared to synthetic chemicals commonly used in commercial soaps. The skin-friendly pH and antimicrobial properties of clove soap also make it suitable for daily use.
5.5.5. Sustainability and Environment 
By choosing natural, clove-infused soaps, consumers contribute to reducing the environmental impact of synthetic chemicals often found in personal care products. Clove-based products offer a greener alternative, minimizing harm to aquatic ecosystems and reducing overall environmental pollution.
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Appendix II
Data for Liquid Soap Production and Analysis
Physical Properties of Soap Samples
	Sample
	Clove Extract (%)
	Color
	Texture
	pH
	Viscosity (cP)
	Foaming Capacity (mL)
	Stability (Hours)

	Control (0%)
	0
	Pale Yellow
	Smooth
	7.2
	500
	120
	24

	2% Clove Extract
	2
	Light Brown
	Smooth
	6.8
	520
	115
	36

	5% Clove Extract
	5
	Brown
	Viscous
	6.5
	540
	110
	48

	10% Clove Extract
	10
	Dark Brown
	Thick
	6.2
	600
	100
	48

	Commercial Soap
	-
	White
	Smooth
	7.5
	480
	130
	24



Appendix II
Chemical Composition of Soap Samples
	Sample
	Clove Extract (%)
	Eugenol Content (%)
	Saponification Value (mg KOH/g)
	Free Fatty Acid (%)

	Control (0%)
	0
	0
	120
	0.1

	2% Clove Extract
	2
	1.2
	115
	0.2

	5% Clove Extract
	5
	3.5
	110
	0.3

	10% Clove Extract
	10
	7.8
	105
	0.4

	Commercial Soap
	-
	0
	125
	0.05


Appendix III
Antimicrobial Activity of Soap Samples (Zone of Inhibition in mm)
	Sample
	Clove Extract (%)
	Escherichia coli (mm)
	Staphylococcus aureus (mm)
	Candida albicans (mm)

	Control (0%)
	0
	0
	0
	0

	2% Clove Extract
	2
	10
	12
	8

	5% Clove Extract
	5
	15
	18
	12

	10% Clove Extract
	10
	20
	22
	15

	Commercial Soap
	-
	5
	7
	3



Stability Test of Soap Samples (Days to Phase Separation)
	Sample
	Clove Extract (%)
	Phase Separation (Days)

	Control (0%)
	0
	5

	2% Clove Extract
	2
	6

	5% Clove Extract
	5
	8

	10% Clove Extract
	10
	10

	Commercial Soap
	-
	5
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