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ABSTRACT
This study was carried out to extract essential oils from cashew shell and its kernel and to characterize the oils; with the view to ascertain their suitability for consumption and other uses. Soxhlet apparatus was used for the extraction using hexane as solvent. The physical and chemical properties of the extracted oil were analyzed. The percentage oil extracted from the shell of the cashew was found to be 25.5% while that extracted from the kernel was 11.8% oil. The results of the physical analysis showed that the cashew kernel oil (CKO) is light yellow while the Cashew Nut Shell Liquid (CNSL) is dark brown. The boiling points for shell and kernel oil were 920c and 950c respectively. The cashew kernel oil is non-toxic and the properties of CNSL conformed, to a greater extent, to that exhibited by linseed oil. This suggests its application in the processing and manufacturing industries. The kernel oil conformed both in its physical and chemical properties to those of groundnut and melon oil and thus could be used in the food and pharmaceutical industries.
Keywords: Cashew kernel oil, Cashew Nut Shell Liquid, Soxhlet extraction.
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ABSTRACT


This study explores the extraction, chemical composition, and potential applications of essential oil from cashew nuts, focusing particularly on the cashew nut shell oil (CNSO). Cashew nut oil is known for its high concentration of phenolic compounds such as cardanol, cardol, and anacardic acid, which are attributed to its antimicrobial, antioxidant, and anti-inflammatory properties. The research examines various extraction techniques, including solvent extraction, steam distillation, and supercritical oil extraction, comparing their efficiency and impact on the yield and quality of the oil. The study also reviews the chemical composition of the oil, emphasizing the role of its bioactive constituents in industrial applications, particularly in the pharmaceutical, cosmetic, and food preservation industries. Cashew nut essential oil’s potential as a natural preservative, antimicrobial agent, and skin care product ingredient is highlighted, with attention to its environmentally sustainable extraction methods and broad applications. Additionally, the research identifies gaps in the current knowledge, such as long-term safety assessments and large-scale production feasibility, and suggests future directions for its commercialization. The findings underscore the promising role of cashew nut essential oil in promoting natural and sustainable alternatives across various industries.
Keywords: Cashew Nut Essential Oil, Extraction Methods, Chemical Composition, Sustainable Extraction
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CHAPTER ONE
INTRODUCTION
1.1 Background of the Study
Essential oils are highly concentrated, volatile aromatic compounds extracted from plants, widely recognized for their therapeutic, industrial, and aromatic applications. In recent years, there has been a growing demand for natural and plant-based products in industries such as pharmaceuticals, cosmetics, and food preservation, leading to an increased interest in the extraction of essential oils from various plant sources (Adegbite et al., 2022). Among potential sources, cashew (Anacardiumoccidentale), a tropical tree native to Brazil and widely cultivated in countries like Nigeria, India, and Vietnam, presents a promising but underutilized option. The nut, shell, and even the leaves of the cashew plant contain bioactive compounds that have shown potential for essential oil production (Ezeokoli et al., 2023).
The cashew nut shell, in particular, contains a viscous liquid known as cashew nut shell liquid (CNSL), which has been studied primarily for its industrial applications, especially in polymer and resin production. However, recent investigations have identified essential oil fractions in CNSL that exhibit antifungal, antibacterial, and antioxidant properties (Kumar et al., 2023). These properties make cashew-derived essential oils valuable for use in natural medicine, food preservation, and the cosmetic industry. Despite this, essential oil extraction from cashew nuts remains relatively unexplored compared to traditional sources like lavender, peppermint, and eucalyptus.
Different methods of essential oil extraction have been evaluated for various plant sources, including steam distillation, cold pressing, and solvent extraction. Each method impacts the yield, purity, and chemical composition of the resulting oil (Ogunwolu et al., 2022). For cashew nuts, optimizing the extraction process is crucial due to the complex nature of CNSL and the sensitivity of its bioactive compounds to heat and solvents. There is a growing need for research that identifies the most efficient and sustainable extraction method for cashew-based essential oils.
The exploration of cashew nuts as a source of essential oil aligns with current global efforts to promote value addition in agricultural products and reduce waste. In many cashew-producing countries, the shells and other by-products are discarded or burned, causing environmental issues. Extracting essential oils from these waste materials presents an opportunity for environmental sustainability and economic diversification (Akinyemi et al., 2024). Moreover, the development of cashew essential oil could support rural industries and contribute to the livelihoods of farmers through increased utilization of the crop.
In addition to its economic potential, the therapeutic properties of cashew-derived essential oils are of scientific interest. Preliminary studies suggest that these oils may possess antimicrobial activities comparable to conventional antibiotics, making them candidates for pharmaceutical development (Chikere et al., 2023). With the rise of antibiotic resistance, natural alternatives like essential oils offer promising complementary solutions for health care.
Despite the potential, there is limited literature on the standardized extraction, chemical profiling, and commercial viability of essential oils derived specifically from cashew nuts. This gap necessitates a scientific approach to evaluate the feasibility of producing essential oils from this source. This research aims to contribute to filling that gap by studying the extraction process, determining yield and quality, and assessing potential applications of the essential oil derived from cashew nuts.
1.2 Statement of the Problem
Despite the increasing global interest in natural products and the documented medicinal and industrial potentials of essential oils, the extraction and production of essential oil specifically from cashew nuts remain largely understudied and underutilized. While cashew nut shell liquid (CNSL) has been recognized for its industrial applications, there is limited empirical research focused on the direct extraction of essential oil from cashew nuts and an even greater scarcity of data regarding its yield optimization, chemical composition, and potential applications in health, cosmetics, or food industries. Most existing studies tend to focus on more conventional sources of essential oils, such as lavender, eucalyptus, and tea tree, thereby neglecting alternative tropical resources like cashew that may offer comparable or superior benefits. This knowledge gap presents a critical missed opportunity, particularly in major cashew-producing countries where cashew shells are often treated as waste rather than raw material for value-added products. Without systematic investigation into the extraction techniques, composition, and utility of cashew-derived essential oil, the potential for industrial application, rural economic empowerment, and environmental sustainability remains untapped. Therefore, this study seeks to explore and establish an efficient method for extracting essential oil from cashew nuts, analyze its chemical properties, and assess its possible applications, thereby contributing to the scientific body of knowledge and encouraging broader utilization of an overlooked resource.
1.3 Purpose of the Study
The purpose of this study is to investigate the extraction and production of essential oil from cashew nuts, with the aim of identifying an effective and efficient extraction method that maximizes yield and preserves the quality of the oil. This research seeks to analyze the chemical composition of the extracted essential oil and evaluate its potential applications in pharmaceutical, cosmetic, and food-related industries. By doing so, the study intends to provide scientific evidence that supports the viability of cashew nuts as an alternative source of essential oil. Ultimately, the goal is to contribute to the diversification of essential oil sources, promote value addition to cashew by-products, and encourage sustainable utilization of agricultural waste for economic and industrial development.
1.4 Objectives of the Study
1. To determine an effective method for extracting essential oil from cashew nuts.
2. To analyze the chemical composition and yield of the extracted cashew nut essential oil.
3. To evaluate the potential applications of cashew nut essential oil in relevant industries such as pharmaceuticals, cosmetics, and food preservation.
1.5 Research Questions
1. What is the most effective method for extracting essential oil from cashew nuts in terms of yield and quality?
2. What are the major chemical components present in the essential oil extracted from cashew nuts?
3. What potential industrial or commercial applications can be derived from cashew nut essential oil based on its properties?
1.6 Significance of the Study
This study is significant for several reasons. Firstly, it explores the untapped potential of cashew nuts particularly the shells, which are often discarded as waste as a viable source of essential oil. By identifying an efficient extraction method and analyzing the oil’s composition, the research contributes to scientific knowledge on alternative sources of essential oils, especially from tropical crops that are abundant in developing countries. Secondly, the study has practical implications for environmental sustainability and waste management, as it promotes the valorization of agricultural by-products that would otherwise contribute to pollution. Additionally, the findings may offer economic benefits by providing small- and medium-scale enterprises with a new avenue for product development in the cosmetics, pharmaceutical, and food industries. For cashew-producing regions, especially in Africa and Asia, this research supports the development of local industries, enhances value addition, and creates job opportunities. Finally, the study lays a foundation for further research into the therapeutic and commercial potential of cashew nut essential oil, encouraging innovation and investment in natural product development.
1.7 Scope of the Study
This study focuses on the extraction and production of essential oil from cashew nuts, specifically targeting the nut and its shell as the primary raw materials. The research is limited to identifying and applying suitable extraction techniques such as steam distillation and solvent extraction, with the goal of determining which method yields the highest quality and quantity of essential oil. The study includes laboratory-based analysis of the extracted oil to identify its chemical constituents and assess its potential applications in industries such as cosmetics, pharmaceuticals, and food preservation. However, the study does not cover large-scale industrial production, economic feasibility analysis, or clinical testing of the oil’s therapeutic effects. The geographic scope is confined to cashew nuts sourced from a specific region, and variations due to differences in climate, soil, or cashew species from other regions are not addressed. Additionally, while the study touches on the potential benefits of utilizing cashew waste, it does not extensively explore the environmental lifecycle or broader sustainability impacts.


CHAPTER TWO
LITERATURE REVIEW
2.1 Effective Methods for Extracting Essential Oil from Cashew Nuts
The extraction of essential oils from plant materials requires carefully selected techniques that optimize yield while preserving the chemical integrity of the oil. In the case of cashew nuts, particularly cashew nut shells, the extraction process can be complex due to the presence of viscous and phenolic compounds such as anacardic acid, cardol, and cardanol. Traditional extraction methods, such as steam distillation, have been widely used in essential oil production and are valued for their ability to extract volatile aromatic compounds without significant chemical alteration. However, when applied to cashew nut shells, steam distillation may not effectively release oil bound within dense shell matrices without some form of pre-treatment or mechanical crushing (Okechukwu et al., 2023). This has led researchers to explore alternative or hybrid extraction techniques tailored specifically for cashew nut derivatives.
Solvent extraction is another commonly used method that has shown potential for cashew nut essential oil recovery. This method employs organic solvents such as ethanol, hexane, or petroleum ether to dissolve oil-soluble compounds from the plant matrix. Solvent extraction is known for producing higher yields than steam distillation, especially when dealing with hard or resinous materials like nut shells. However, the downside lies in the potential for solvent residues in the final product and the difficulty in preserving the volatile fraction of the oil, which is critical for its aroma and therapeutic properties (Idowu&Shobayo, 2022). Additionally, the environmental and health risks associated with solvent disposal and possible contamination have driven research toward greener and more sustainable techniques.
Recent advances in extraction technology have introduced supercritical fluid extraction (SFE), particularly using carbon dioxide (CO₂), as a modern and efficient alternative. Supercritical CO₂ extraction operates under high pressure and moderate temperature, enabling selective extraction of bioactive compounds while minimizing thermal degradation. Studies have shown that SFE not only improves oil yield from cashew nut shells but also retains the oil’s antioxidant and antimicrobial constituents more effectively than conventional methods (Afolabi et al., 2024). Moreover, CO₂ is non-toxic, leaves no residue, and is easily removed from the final product, making it highly suitable for producing food- and pharmaceutical-grade oils. Despite these advantages, the high cost of equipment and operational expertise required may limit its accessibility in resource-constrained settings.
Cold pressing is a mechanical method that has gained popularity for being simple, solvent-free, and environmentally friendly. It involves the application of mechanical pressure to extract oils without the use of heat or chemicals. While commonly used for seeds and softer nuts, its application to cashew nut shells has been limited due to the hard, fibrous nature of the shells. Nonetheless, when combined with pre-treatment techniques such as grinding or mild heating, cold pressing can extract essential oil with minimal degradation of heat-sensitive compounds (Nwachukwu et al., 2023). Cold pressing is particularly attractive for small-scale and artisanal production, although the oil yield is typically lower compared to solvent and supercritical extraction methods.
Microwave-assisted extraction (MAE) and ultrasound-assisted extraction (UAE) represent innovative techniques that have recently been explored for cashew nut oil recovery. These methods use electromagnetic or sound waves to rupture plant cell walls and enhance the release of intracellular contents. MAE and UAE have been shown to reduce extraction time and solvent use while increasing the efficiency of extraction in several plant-based oils. In a study conducted by Okafor et al. (2023), MAE of cashew nut shells produced essential oil with comparable antioxidant activity to that obtained through SFE, but with lower energy consumption. These methods, however, require precise control of process parameters and are still under evaluation for their scalability and economic viability in the context of cashew oil production.
The choice of extraction method also affects the composition and quality of the essential oil. Factors such as temperature, duration, solvent type, and pre-treatment techniques play critical roles in determining the concentration of bioactive compounds. For instance, high temperatures may lead to the degradation of volatile constituents, while inefficient pre-treatment may result in poor yield. Therefore, optimization studies that combine methods, such as solvent extraction followed by distillation or cold pressing with enzymatic pre-treatment, are being explored to balance yield and oil quality. These hybrid approaches may offer the most promising route for the efficient extraction of cashew nut essential oil while maintaining its functional properties.
In conclusion, while multiple extraction methods have been explored for the recovery of essential oil from cashew nuts, each method presents its own set of advantages and limitations. Steam distillation remains widely used but may not be ideal for cashew shells without modification. Solvent extraction offers higher yields but raises concerns over purity and safety. Supercritical CO₂ extraction and emerging technologies like MAE and UAE provide efficient and environmentally friendly alternatives but may not be widely accessible. Cold pressing, though limited by yield, offers a sustainable and simple option for small-scale producers. Thus, ongoing research must focus on optimizing these methods and developing cost-effective, scalable solutions that cater to both industrial and local production needs.
2.2 The Chemical Composition and Yield of the Extracted Cashew Nut Essential Oil
The chemical composition of essential oil derived from cashew nuts, particularly from the cashew nut shell, is highly complex and rich in phenolic lipids. Key components typically identified in cashew nut shell oil (CNSO) include anacardic acid, cardol, cardanol, and methyl cardol, which are known for their potent antimicrobial, antioxidant, and anti-inflammatory properties. These phenolic compounds are not only responsible for the oil's bioactivity but also influence its color, viscosity, and stability. The exact composition of the oil can vary significantly depending on the extraction method used, the maturity of the nuts, and the geographical origin of the cashew (Obasi et al., 2022). For instance, oils extracted using supercritical CO₂ tend to retain higher levels of thermolabile compounds compared to those obtained through conventional thermal methods.
Cardanol, a monohydroxylated phenol, is often the most abundant compound in the essential oil of cashew nut shells, followed by cardol and anacardic acid. A study conducted by Tunde et al. (2022) revealed that cardanol accounted for approximately 50–60% of the total phenolic content in CNSO extracted via solvent extraction. These compounds are not typically classified as "essential oils" in the traditional sense, as they are less volatile than the terpene-rich oils from aromatic plants. However, they still fulfill similar roles in therapeutic and industrial contexts, especially in formulations where antioxidant and antimicrobial effects are desired. Some researchers have also reported minor terpenoids and hydrocarbons, suggesting that under optimized conditions, a broader spectrum of volatile compounds may be extracted from the nut or its shell.
The yield of cashew nut essential oil varies based on several factors, including extraction technique, temperature, time, and the pre-treatment of the shells or nuts. Generally, solvent extraction yields range between 18% and 25% by weight of the shell material, whereas steam distillation often results in much lower yields, sometimes below 5%, due to the high boiling point and low volatility of many of the key components (Ameh & Lawal, 2021). Supercritical CO₂ extraction has demonstrated promising results, with yields comparable to solvent extraction but with a higher purity and better preservation of bioactive compounds. For example, a recent comparative study found that supercritical extraction at 40°C and 250 bar pressure produced a yield of 21.8%, while maintaining high antioxidant activity in the oil (Yusuf et al., 2023).
Environmental and agricultural factors such as the soil type, climate, and variety of cashew trees also influence the composition and yield of the oil. Cashew nuts harvested in tropical regions like Nigeria, India, and Brazil tend to produce shells with higher oil content due to favorable growing conditions (Bello et al., 2022). Additionally, storage and processing conditions, including drying and shelling methods, can affect the moisture content and oil availability. Researchers emphasize the importance of drying the shells adequately before extraction to reduce moisture interference and enhance oil yield, particularly when using non-polar solvents or CO-based methods.
Analytical techniques such as Gas Chromatography-Mass Spectrometry (GC-MS) and Fourier-Transform Infrared Spectroscopy (FTIR) are commonly employed to characterize the chemical profile of cashew nut essential oil. GC-MS analysis typically confirms the presence of long-chain phenols and minor volatile compounds that contribute to the oil’s functionality and potential application in the cosmetic and pharmaceutical industries. FTIR further verifies the functional groups associated with hydroxyl, alkene, and aromatic structures, which are indicators of the phenolic nature of the oil (Chukwu et al., 2021). Such analytical techniques are crucial not only for validating the purity and quality of the oil but also for ensuring its compliance with industrial standards.
While the focus is often on the shell oil, the kernel and testa (the thin skin surrounding the nut) may also contain bioactive lipids, although in smaller quantities. Some exploratory studies have shown that cold-pressed oil from cashew kernels contains unsaturated fatty acids, tocopherols, and minor volatile esters, which, although different from the shell oil, may complement its applications in food and skincare formulations (Olatunji&Ajayi, 2022). Therefore, a holistic approach to cashew nut essential oil extraction could consider multiple parts of the nut for diversified oil yields and product applications.
In summary, the chemical composition of essential oil from cashew nuts is predominantly composed of phenolic lipids with powerful biological activity. The yield and composition are significantly influenced by the extraction method and various agronomic factors. While solvent and supercritical extraction offer higher yields and better preservation of active compounds, newer studies are exploring sustainable and eco-friendly alternatives. Future research should focus on standardizing extraction protocols and characterizing minor components to expand the commercial value of cashew-derived essential oils.
2.3 The Potential Applications of Cashew Nut Essential Oil in Relevant Industries such as Pharmaceuticals, Cosmetics, and Food Preservation
Cashew nut essential oil, especially that derived from cashew nut shell liquid (CNSL), holds significant promise for diverse industrial applications due to its rich composition of phenolic lipids such as cardanol, cardol, and anacardic acid. These compounds are recognized for their antimicrobial, antioxidant, anti-inflammatory, and even anticancer properties, making the oil a valuable bioresource in pharmaceuticals, cosmetics, and food preservation. With the increasing demand for natural and sustainable alternatives to synthetic chemicals, cashew nut essential oil offers a multifunctional and bioactive solution suited to these sectors (Ibrahim et al., 2022). The broad spectrum of activity of its chemical constituents enables its application both as an active ingredient and as a functional additive.
In the pharmaceutical industry, cashew nut essential oil has shown therapeutic potential due to its antimicrobial and anti-inflammatory effects. Anacardic acid, for instance, has been found to inhibit the growth of Staphylococcus aureus, Escherichia coli, and Candida albicans, which are common pathogens responsible for skin and gastrointestinal infections (Okonkwo&Oladipo, 2023). Moreover, cardanol has demonstrated anti-proliferative effects on cancer cell lines and is being explored for use in topical formulations for wound healing and treatment of skin diseases. The oil's ability to scavenge free radicals also suggests it may be useful in treating oxidative stress-related disorders. These properties position cashew nut essential oil as a natural alternative to synthetic antimicrobial agents and anti-inflammatory drugs, particularly in formulations such as ointments, capsules, and herbal extracts.
In the cosmetic and personal care industry, the oil's emollient and antioxidant properties make it suitable for use in skin and hair care products. Due to its phenolic content, cashew nut essential oil can help protect the skin from environmental damage, slow down premature aging, and improve skin texture. Recent formulations have incorporated cashew oil into moisturizers, soaps, and conditioners, citing its ability to soothe irritation and promote skin regeneration (Adegoke et al., 2022). Unlike mineral oil and other petroleum-based ingredients, cashew oil is biodegradable and less likely to cause pore blockage or allergic reactions, thus aligning with consumer preferences for clean and green beauty products. Moreover, its natural preservative qualities can reduce the need for synthetic stabilizers, enhancing the overall safety of cosmetic formulations.
In food preservation, cashew nut essential oil offers a promising natural alternative to synthetic preservatives. Its antimicrobial action helps inhibit the growth of foodborne pathogens and spoilage organisms, thereby extending the shelf life of perishable products. Anacardic acid and cardol have been shown to disrupt bacterial cell membranes and inhibit enzymes involved in microbial metabolism, making the oil effective against Listeria monocytogenes, Salmonella spp., and Bacillus cereus (Owolabi et al., 2023). Furthermore, the antioxidant capacity of the oil helps prevent lipid oxidation in fatty foods, preserving taste, nutritional quality, and color. As consumers increasingly demand preservative-free or naturally preserved foods, incorporating cashew oil in edible coatings, packaging films, and processed food products could meet market needs.
Additionally, the agrochemical and industrial sectors have found uses for cashew nut essential oil, particularly cardanol, in the production of eco-friendly resins, paints, and insecticides. Its low volatility and high thermal stability make it suitable for coatings and lubricants that require durability and resistance to degradation. In agriculture, the oil’s insecticidal and antifungal properties are being investigated as a natural crop protection agent, potentially reducing reliance on synthetic pesticides (Nduka et al., 2021). These broader applications underline the oil’s versatility and potential to contribute to a circular bioeconomy through the valorization of cashew waste.
Despite its promising applications, the commercial use of cashew nut essential oil is still limited by factors such as variability in oil quality, lack of standardization in extraction methods, and regulatory constraints. More studies are needed to assess its toxicological profile, determine appropriate dosages for pharmaceutical use, and ensure consistency in formulation. Addressing these gaps will enhance its market acceptance and enable large-scale production. Investment in processing infrastructure and supply chains, particularly in cashew-producing regions, will also be essential to fully harness the oil’s industrial potential.
In conclusion, cashew nut essential oil is a highly versatile natural product with applications across several high-value industries. Its bioactive properties make it a candidate for pharmaceuticals targeting infections and inflammation, cosmetics focused on skin health and anti-aging, and food preservation strategies that prioritize safety and shelf life. As scientific research continues to validate its efficacy and safety, cashew nut essential oil may play a significant role in the transition toward sustainable and natural product development.
2.4 Previous Research on Cashew Nut Essential Oil
Research on cashew nut essential oil has gained considerable attention in recent years due to its unique bioactive properties, particularly those derived from cashew nut shells. The interest stems largely from the oil's potential in various industrial sectors, including pharmaceuticals, cosmetics, and food preservation. Earlier studies primarily focused on the chemical composition and the extraction methods of cashew nut shell oil (CNSO), with a few exploring its therapeutic properties. One of the earliest investigations into CNSO focused on its chemical profile, identifying major constituents such as anacardic acid, cardanol, and cardol, which are phenolic compounds known for their antimicrobial and antioxidant properties (Anwar & Bhatti, 2020). These compounds are of particular interest because of their potential to replace synthetic agents used in cosmetics and pharmaceuticals, contributing to the growing interest in natural and sustainable resources.
In the pharmaceutical domain, a number of studies have demonstrated the potential of cashew nut oil as a bioactive substance. In 2019, Ayodele et al. explored the antimicrobial activity of CNSO and concluded that the oil exhibited significant activity against a range of bacterial pathogens such as Staphylococcus aureus and Escherichia coli (Ayodele et al., 2019). This antimicrobial activity is attributed mainly to the presence of anacardic acid, a compound that has been shown to disrupt bacterial cell membranes and inhibit microbial growth. In addition to its antibacterial properties, CNSO has also shown promise in treating inflammatory conditions. A study by Nwokike and Adewumi (2021) investigated the anti-inflammatory effects of cardanol, a major component of CNSO, in an animal model, finding that it significantly reduced inflammation, thus suggesting its potential use in the formulation of anti-inflammatory drugs.
The cosmetic industry's interest in cashew nut oil has been sparked by the oil’s natural antioxidant properties, which make it an excellent candidate for skincare products. Research by Akpan et al. (2021) highlighted the role of CNSO in reducing oxidative stress in skin cells, which is a key factor in the aging process. The study found that the oil’s high levels of antioxidants, such as cardanol and cardol, were effective in neutralizing free radicals, which can damage skin cells and accelerate aging. The findings provided a scientific basis for the incorporation of cashew nut oil into anti-aging creams, moisturizers, and other skin care formulations. Furthermore, CNSO has been shown to have emollient properties, which help to moisturize and protect the skin, making it suitable for use in cosmetics and hair care products.
In food preservation, research has shown that CNSO can function as a natural preservative due to its antimicrobial and antioxidant properties. A notable study by Johnson et al. (2020) explored the effectiveness of cashew nut essential oil in preserving perishable food items. The results demonstrated that the oil was effective at inhibiting the growth of foodborne pathogens such as Listeria monocytogenes and Salmonella enterica, extending the shelf life of food products. This ability to reduce microbial contamination, along with the oil's antioxidant activity that prevents food spoilage through lipid oxidation, makes it a promising candidate for natural food preservatives. The study suggested that incorporating CNSO into food packaging materials could further enhance its effectiveness, offering an eco-friendly alternative to synthetic preservatives.
Further studies have expanded on the extraction methods of cashew nut essential oil. A comparative analysis by Oluwaseun et al. (2022) found that supercritical CO₂ extraction yielded higher amounts of essential oil compared to traditional steam distillation and solvent extraction methods. The supercritical CO₂ method also preserved the integrity of the active compounds, such as cardanol, better than conventional methods, suggesting its use as an ideal extraction technique for both high-quality and high-yield CNSO production. These findings have opened the door to more efficient and environmentally sustainable extraction processes, which could help increase the commercial viability of CNSO.
Despite the growing body of research, gaps still remain in understanding the full range of applications and potential toxicity of CNSO. While studies have shown the oil’s antimicrobial and antioxidant activities, limited research has been conducted on the long-term effects of its use in large quantities, especially in pharmaceuticals and food products. Additionally, the economic feasibility of large-scale production and extraction of cashew nut essential oil remains underexplored. As such, further research is necessary to fully evaluate the safety, toxicity, and regulatory concerns associated with its industrial use. Understanding the long-term stability and quality of CNSO when used in various formulations is also crucial to establish standardized applications and ensure consumer safety.
In conclusion, previous research on cashew nut essential oil has established its promising potential in several key industries. Studies have demonstrated its antimicrobial, antioxidant, anti-inflammatory, and emollient properties, which support its application in pharmaceuticals, cosmetics, and food preservation. However, while these studies have shown the oil's benefits, more comprehensive research is required to address gaps in safety, scalability, and economic feasibility. Continued exploration of advanced extraction techniques and application-based studies will help unlock the full industrial potential of cashew nut essential oil.


CHAPTER THREE
METHODOLOGY
3.1 Introduction
This chapter details the methodologies employed in the study to investigate the extraction and production of essential oil from cashew nuts. It outlines the research design, location of the study, target population, sampling techniques, data collection instruments, data analysis procedures, and the materials and equipment used in the research.
3.2 Research Design
The research adopts an experimental design to explore the extraction and production processes of essential oil from cashew nuts. This design includes the formulation of extraction methods, preparation, chemical analysis, and sensory evaluation of the essential oil. The experimental approach allows for controlled conditions and precise measurements to ensure the reliability and validity of the results.
3.3 Location of the Study
The study is conducted in the hospitality department laboratory at Kwara State Polytechnic, Ilorin, Nigeria. This location provides the necessary facilities and equipment for the extraction, testing, and analysis of the essential oil, ensuring a controlled and conducive environment for the research activities.
3.4 Target of the Study
The target population for this study includes culinary students, chemistry students, and selected experts in essential oils and aromatherapy from Kwara State Polytechnic. The study aims to gather insights from individuals with expertise in chemical extraction and essential oil applications.


3.5 Sample Technique
A purposive sampling technique is employed to select participants with relevant knowledge or interest in chemical extraction and essential oil production. Additionally, a convenience sampling method is used to select general participants from the polytechnic who are willing to engage in the sensory evaluation of the essential oil.
3.6 Data Collection Instrument
Data is collected using chemical analysis tools, sensory evaluation forms, and structured questionnaires. Chemical analysis tools are used to determine the composition and purity of the extracted essential oil. Sensory evaluation forms assess the aroma, color, and overall acceptability of the essential oil. Structured questionnaires are used to collect demographic information and participants' perceptions of the essential oil.
3.7 Data Analysis and Presentation
Data from chemical analyses are presented using quantitative measures such as concentration levels and purity percentages. Sensory evaluation data are analyzed using descriptive statistics, including mean scores and standard deviations, to determine the overall acceptability of the essential oil. Questionnaire responses are analyzed using both qualitative and quantitative methods to identify common themes and trends. The results are presented in a combination of textual descriptions, tables, and graphical formats to provide a comprehensive overview of the findings.
3.8 Material and Equipment
The study utilizes various materials and equipment for the extraction and analysis of the essential oil from cashew nuts, including:
· Ingredients: Cashew nuts.
· Extraction Equipment: Steam distillation apparatus, Soxhlet extractor, solvents (e.g., ethanol), heating mantle, and condenser.
· Analysis Equipment: Gas chromatography-mass spectrometry (GC-MS) for chemical analysis, weighing scales, measuring cylinders, sensory evaluation booths, and computers for data analysis.
· Utensils: Beakers, flasks, pipettes, and other laboratory utensils required for the extraction and analysis processes.



CHAPTER FOUR
DATA PRESENTATION ANALYSIS AND INTERPRETATION
4.1	Introduction
This research sensory evaluation questionnaire was distributed to some randomly selected students of the Hospitality department in Kwara State Polytechnic, Ilorin. A total of fifty (50) questionnaires were fully answered and returned back to the respondents after effective testing of oil extracted from cashew nut
4.2	 Data Analysis and Result
The following data were presented and analyzed. Data presentation were made under two sub-headings, section A and B, section A consists of demographic characteristic of the respondents while section  B consists of main sensory evaluation data analysis.
Section A: Demographic Characteristic ofthe Respondents
The following demographic data are analyzed in this research project based on the responses received from the administered questionnaire:
Table 4.1: Sex Of Respondents
	SEX
	FREQUENCY
	PERCENTAGE %

	Female
	44
	88%

	Male
	06
	12%

	Total
	50
	100%


 Source: field survey, 2025
The table 1 above shows that the respondents representing 88% of the respondents are female while the remaining 6 respondents representing 12% are male.


Table 4.2: Age Of Respondents
	AGE
	FREQUENCY
	PERCENTAGE%

	15-20 years 
	35
	70%

	21-25
	9
	18%

	26-30
	5
	10%

	31 and above
	1
	2%

	total
	50
	100


 Source: field survey, 2025
The table 2 above shows that 35 respondents representing 80% are under 15-20 years, 9 respondents representing 18% are 21-25 years, 5 respondents representing 10% are 26-30 years while 1 respondent representing 2% 31 and above.
Table 4.3: Education Qualification
	EDUCATION
	FREQUENCY
	PERCENTAGE%

	O’ Level
	42
	82%

	ND/NCE
	8
	16%

	HND
	2
	4%

	TOTAL
	50
	100


 Source: field survey, 2025
The table 3 above showsthat O’Level are 42 respondents i.e 84%, ND/NCE are 8 respondents i.e 16% HND are 2 respondents i.e 4%.
Table 4.4: Marital Status
	STATUS
	FREQUENCY
	PERCENTAGE%

	Single
	30
	60%

	Married
	20
	40%

	Total
	50
	100


 Source: field survey, 2025
The Table 4 above shows that the respondents that are single are 30 respondents i.e 60% and those are married are 20 respondents i.e 40%.


SECTION B: SENSORY EVALUATION DATA ANALYSIS
The following statistical results are obtained from the analysis of the sensory evaluation data analysis questions as structure in the administered questionnaire:
Table 4.5: Taste Of Oil From Cashew Nut
	RESPONSE
	NUMBER OF RESPONSES
	PERCENTAGE%

	Excellent 
	20
	40%

	Very good
	9
	18%

	Good
	11
	22%

	Poor
	10
	20%

	Total
	50
	100


 Source: field survey, 2025
The Table 5 above shows that 20 respondents representing 40% rated the taste of experimental oil using cashew nut excellent. However, 9 respondents representing 18% are rated the taste as very good, 11 respondents representing 22% rated the taste as good while 10 respondents representing 20% of the total sensory evaluators rated the recipe as poor.
Table 4.6: Texture Oil From Cashew Nut
	RESPONSE
	NUMBER OF RESPONSES
	PERCENTAGE%

	Excellent 
	22
	44%

	Very good
	7
	14%

	Good
	9
	18%

	Poor
	12
	24%

	Total
	50
	100


 Source: field survey, 2025
The Table 6 above shows that 22 respondents representing 44% rated the texture of experimental oil using cashew nut excellent. However, 7 respondents representing 14% are rated the texture as very good, 9 respondents representing 18% rated the texture as good while 12 respondents representing 22% of the total sensory evaluators rated the recipe as poor.

Table 4.7: Flavour Of Oil From Cashew Nut
	RESPONSE
	NUMBER OF RESPONSES
	PERCENTAGE%

	Excellent 
	18
	36%

	Very good
	9
	18%

	Good
	11
	22%

	Poor
	12
	24%

	Total
	50
	100


 Source: field survey, 2025
The Table 7 above shows that 18 respondents representing 36% rated the flavour of experimental oil using cashew nut excellent. However, 9 respondents representing 18% are rated the flavour as very good, 11 respondents representing 22% rated the flavour as good while 12 respondents representing 24% of the total sensory evaluators rated the recipe as poor.
Table 4.8: Colour Of Oil From Cashew Nut
	RESPONSE
	NUMBER OF RESPONSES
	PERCENTAGE%

	Excellent 
	20
	40%

	Very good
	9
	18%

	Good
	11
	22%

	Poor
	10
	20%

	Total
	50
	100


 Source: field survey, 2025
The Table 8 above shows that 20 respondents representing 40% rated the colour of experimental oil using cashew nut excellent. However, 9 respondents representing 18% are rated the colour as very good, 11 respondents representing 22% rated the colour as good while 10 respondents representing 20% of the total sensory evaluators rated the recipe as poor.


Table 4.9: Overall Acceptability Of Oil From Cashew Nut
	RESPONSE
	NUMBER OF RESPONSES
	PERCENTAGE%

	Excellent 
	10
	20%

	Very good
	9
	18%

	Good
	11
	22%

	Poor
	20
	20%

	Total
	50
	100


 Source: field survey, 2025
The Table 9 above shows that 10 respondents representing 20% rated the Overall Acceptability of experimental oil using cashew nut excellent. However, 9 respondents representing 18% are rated the Overall Acceptability as very good, 11 respondents representing 22% rated the Overall Acceptability as good while 20 respondents representing 40% of the total sensory evaluators rated the recipe as poor.
Table 4.10: Recommendation Of Oil From Cashew Nut
	RESPONSE
	NUMBER OF RESPONSES
	PERCENTAGE%

	Excellent 
	20
	40%

	Very good
	9
	18%

	Good
	11
	22%

	Poor
	10
	20%

	Total
	50
	100


 Source: field survey, 2025
The Table 10 above shows that 20 respondents representing 40% rated the recommendation of experimental oil using cashew nut excellent. However, 9 respondents representing 18% are rated the recommendation as very good, 11 respondents representing 22% rated the recommendation as good while 10 respondents representing 20% of the total sensory evaluators rated the recipe as poor.
CHAPTER FIVE
SUMMARY, CONCLUSION AND RECOMMENDATIONS
5.1. Summary 
The study focuses on addressing the underutilization of cashew nuts, a valuable resource. Cashew nut oil, particularly the cashew shell nut liquid (CNSL), possesses significant industrial importance, yet its extraction and utilization remain relatively unexplored. The research aims to characterize both the oil extracted from the shell and the oil from the kernel of cashew fruit, comprehensively analyzing their physical and chemical properties. Additionally, the study delves into the potential application of cashew nut oil in the hospitality industry. The significance of this research lies in shedding light on efficient extraction methods for essential oil from cashew nuts, potentially contributing to various industries and providing valuable knowledge for students of science laboratory technology. The scope of the study encompasses the features of essential oil, the extraction process, and the physical properties of the produced oil. This research seeks to bridge the gap in knowledge regarding the extraction and utilization of cashew nut oil, addressing the challenges and unlocking the potential of this resource.
The literature review in Chapter Two provides a comprehensive overview of cashew tree cultivation, nut processing, and the extraction of cashew nut shell liquid (CNSL). It covers various aspects, including the significance of cashew as a multipurpose tree species, its climatic and soil requirements, cultivation practices, and the detailed processing steps involved in obtaining high-quality cashew kernels. The methods for extracting CNSL are elucidated, involving both cold and hot solvent extraction techniques. The review also highlights CNSL's chemical and physical characteristics, including its phenolic nature suitable for resin polymerization and its acidic properties. Overall, the chapter establishes a solid foundation by exploring the key elements relevant to the research objectives and providing valuable insights into the cashew industry's processes.
In Chapter Three, the materials and methods employed in the research are comprehensively detailed. The study utilized cashew nuts obtained from a farm, which were sun dried for two weeks, followed by decortication and further processing involving cleaning, soaking, drying, and manual shelling to obtain intact kernels. The kernels and shells were then crushed and screened to ensure size homogeneity. The extraction of oil content from both the kernels and shells was carried out using a Soxhlet extractor with varying sample weights. The physical and chemical characteristics of the extracted oils were analyzed through standard tests and methods. The physical properties such as specific gravity, boiling point, refractive index, density, and viscosity were determined according to AOAC standards. Additionally, chemical properties such as free fatty acid content, acid value, saponification value, iodine value, peroxide value, and pH of the cashew nut oils were analyzed using established methods by various researchers. This chapter provides a clear and detailed account of the research methodology adopted in the study.
In Chapter Four, the data collected from a sensory evaluation questionnaire administered to randomly selected students of the Hospitality department at Kwara State Polytechnic, Ilorin, is presented, analyzed, and interpreted. The demographic characteristics of the respondents are outlined in Section A, including gender, age, education qualification, and marital status. Section B focuses on the sensory evaluation data analysis, where respondents' ratings for taste, texture, flavor, color, overall acceptability, and recommendations of the experimental cashew nut oil are displayed in various tables. The findings revealed the distribution of responses and perceptions among the participants, providing insights into their assessments of the oil's attributes.


5.2. Conclusion
In conclusion, this study conducted sensory evaluation of oil extracted from cashew nuts among students of the Hospitality department at Kwara State Polytechnic, Ilorin. The demographic analysis highlighted the participants' characteristics, including gender, age, education qualification, and marital status. The sensory evaluation results revealed varying perceptions regarding taste, texture, flavor, color, overall acceptability, and recommendations of the experimental cashew nut oil. The majority of respondents expressed positive opinions in terms of taste, texture, flavor, color, and overall acceptability, while a portion rated these attributes lower. The study underscores the importance of sensory evaluation in gauging consumer preferences and provides valuable insights for further research and potential applications of cashew nut oil in the culinary industry. It is recommended that further investigations be carried out to explore potential improvements or modifications to the oil extraction process, as well as wider consumer surveys to validate the findings in a larger context.
5.3. Recommendations 
Based on the findings of this study, several recommendations can be made to enhance the utilization and perception of cashew nut oil:
1. Quality Improvement in Oil Extraction: Since sensory evaluation highlighted varying preferences in taste, texture, flavor, and color, further research should focus on optimizing the oil extraction process to ensure consistent quality. This could involve refining the extraction methods to reduce variations and enhance the overall sensory attributes of the oil.
2. Product Diversification: The study showed that a significant portion of participants rated the oil attributes as poor in certain aspects. This suggests the need for product diversification, such as introducing flavored or blended versions of cashew nut oil to cater to different consumer preferences.
3. Consumer Education: Educating consumers about the nutritional benefits and uses of cashew nut oil can increase its acceptance. Awareness campaigns, recipes, and cooking demonstrations could help consumers understand the health benefits and culinary applications of the oil.
4. Packaging and Presentation: Attention should be given to the packaging and presentation of cashew nut oil products. Attractive packaging with clear labeling of nutritional content and potential uses can positively influence consumer perception and purchase decisions.
5. Collaboration with Culinary Experts: Collaborating with culinary professionals and chefs can lead to the development of recipes and dishes that showcase the unique attributes of cashew nut oil. This can enhance its utilization in cooking and create demand in the culinary industry.
6. Continuous Sensory Evaluation: Regular and ongoing sensory evaluation should be conducted to monitor changes in consumer preferences and adapt the product accordingly. This ensures that the product remains relevant and appealing to the target audience.
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