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CHAPTER ONE
[bookmark: _GoBack]INTRODUCTION
1.1 Background to the Study
Carrots  are one of the most widely consumed root vegetables globally, valued for their vibrant color, nutritional richness, and versatility in culinary applications. Carrots are a significant source of bioactive compounds, particularly carotenoids such as carotene, α-carotene, and lutein, which are known for their antioxidant, anti-inflammatory, and antimicrobial properties (Tiwari et al., 2021). These compounds contribute to health benefits, including improved eye health, enhanced immune function, and reduced risk of chronic diseases such as cardiovascular disorders and certain cancers (Sabahi et al., 2024). Despite these benefits, a substantial portion of carrot biomass, particularly carrot pomace a by product of juice and puree production is underutilized and often discarded as waste, contributing to environmental pollution and resource inefficiency (Tiwari et al., 2021).
Carrot pomace, which constitutes approximately 30–50% of the original carrot weight after juicing, retains significant amounts of carotenoids, dietary fiber, and other bioactive compounds (Sabahi et al., 2024). Globally, the carrot processing industry generates millions of tons of pomace annually, posing a challenge for waste management but also an opportunity for value addition. Recent research has highlighted the potential of carrot pomace as a raw material for producing high-value products, such as essential oils, dietary supplements, and functional food ingredients (Tiwari et al., 2021). Carrot oil, extracted from pomace or seeds, is particularly promising due to its rich content of unsaturated fatty acids (e.g., oleic and linoleic acids) and carotenoids, which make it suitable for food, cosmetic, and pharmaceutical applications (Cold Pressed Oils, 2020).
The extraction of carrot oil has traditionally relied on solvent-based methods, such as hexane extraction, which are effective but environmentally unsustainable due to the use of toxic chemicals and high energy consumption (Tiwari et al., 2021). In response to growing environmental concerns and consumer demand for clean-label products, green extraction technologies such as cold pressing, supercritical CO2 extraction, and ultrasonication have gained prominence. These methods minimize environmental impact, preserve the nutritional and sensory qualities of the oil, and align with the principles of green chemistry (Sabahi et al., 2024). For instance, ultrasonication using green solvents like flaxseed oil has been shown to achieve up to 94.8% carotenoid recovery from carrot pomace, offering a sustainable alternative to conventional techniques (Tiwari et al., 2021). Cold pressing, on the other hand, is ideal for producing high-quality oil with minimal thermal degradation, making it suitable for culinary applications (Cold Pressed Oils, 2020).
In the food industry, there is a growing trend toward incorporating natural and functional ingredients to enhance the nutritional profile, sensory appeal, and shelf life of products. Carrot oil, with its vibrant orange color, nutty flavor, and high antioxidant content, presents a unique opportunity to develop healthier dishes and snacks (Sabahi et al., 2024). Unlike conventional cooking oils, such as palm or soybean oil, carrot oil offers additional health benefits due to its carotenoid content, which acts as a natural antioxidant and provitamin A source. These properties make it an attractive ingredient for developing functional foods, such as soups, stir-fries, crackers, and chips, that cater to health-conscious consumers (Cold Pressed Oils, 2020). Moreover, the use of carrot oil in food production aligns with the global push for sustainable food systems, as it valorizes agricultural by-products and reduces reliance on less sustainable oil sources.
Despite its potential, the application of carrot oil in culinary contexts remains underexplored. While studies have investigated its use in cosmetics and pharmaceuticals, limited research exists on its incorporation into everyday dishes and snacks, particularly in terms of sensory acceptability and nutritional enhancement (Sabahi et al., 2024). Additionally, the optimization of green extraction techniques for carrot oil production is still in its early stages, with challenges related to yield efficiency, cost-effectiveness, and scalability (Tiwari et al., 2021). This project addresses these gaps by focusing on the sustainable extraction of carrot oil from pomace using cold pressing and ultrasonication, characterizing its physicochemical properties, and evaluating its feasibility in developing nutritious and sensory-acceptable dishes and snacks.
The significance of this study lies in its contribution to sustainable food production and waste valorization. By transforming carrot pomace into a valuable ingredient, the project supports the circular economy and reduces the environmental footprint of the carrot processing industry. Furthermore, the development of carrot oil-based culinary products responds to consumer demand for natural, nutrient-dense foods, offering a novel approach to enhancing the health benefits and sensory qualities of dishes and snacks. This research builds on recent advancements in green extraction technologies and functional food development, providing a foundation for further innovation in the food industry.
1.2 Statement of the Problem
The carrot processing industry generates substantial amounts of carrot pomace, a by-product that constitutes 30–50% of the original carrot weight and is rich in bioactive compounds such as carotenoids, dietary fiber, and phenolic compounds (Tiwari et al., 2021). However, this valuable resource is often discarded as waste or used as low-value animal feed, contributing to environmental pollution through organic waste accumulation and methane emissions, while also representing a missed opportunity for resource utilization (Sabahi et al., 2024). The underutilization of carrot pomace exacerbates the challenges of waste management and resource inefficiency in the food industry, hindering progress toward sustainable food systems and the circular economy.
Traditional methods for extracting carrot oil, such as solvent-based techniques using hexane, are effective but environmentally unsustainable due to their reliance on toxic chemicals, high energy consumption, and potential chemical residues in the final product (Tiwari et al., 2021). These methods conflict with growing consumer demand for clean-label, eco-friendly products and the global push for green chemistry principles. While green extraction technologies, such as cold pressing and ultrasonication, offer sustainable alternatives by minimizing environmental impact and preserving the nutritional quality of carrot oil, their optimization for yield efficiency, cost-effectiveness, and scalability remains underexplored (Sabahi et al., 2024).
Furthermore, despite the nutritional and functional potential of carrot oil—owing to its high content of carotenoids, unsaturated fatty acids (e.g., oleic and linoleic acids), and antioxidants—its application in culinary contexts, particularly for producing everyday dishes and snacks, is limited. The food industry faces increasing pressure to incorporate natural, health-promoting ingredients to meet consumer preferences for nutrient-dense and sustainable foods (Cold Pressed Oils, 2020). However, conventional cooking oils like palm and soybean oil, which dominate the market, are often linked to environmental concerns such as deforestation and offer lower nutritional benefits compared to bioactive-rich oils like carrot oil. The lack of standardized protocols for green extraction and insufficient research on the sensory acceptability and nutritional enhancement of carrot oil-based culinary products hinder its adoption as a viable alternative.
This study addresses these challenges by optimizing green extraction techniques (cold pressing and ultrasonication) to produce high-quality carrot oil from pomace, characterizing its physicochemical properties, and evaluating its feasibility in developing sensory-acceptable and nutritionally enhanced dishes (e.g., vegetable soup, stir-fries) and snacks (e.g., crackers, chips). By valorizing carrot pomace, the research aims to reduce food waste, promote sustainable food production, and meet consumer demand for functional foods, thereby contributing to environmental sustainability and the development of healthier culinary options.
1.3 Objectives of the Study
1. To extract carrot oil from carrot pomace using green extraction techniques (cold pressing and ultrasonication).
2. To develop dishes and assorted snacks incorporating carrot oil.
3. To evaluate the sensory and nutritional qualities of the developed products.
1.4 Research Questions
1. What is the efficiency of green extraction techniques in recovering carotenoids from carrot pomace?
2. What are the physicochemical properties of carrot oil extracted using cold pressing and ultrasonication?
3. How can carrot oil be incorporated into dishes and snacks?
4. What are the sensory and nutritional qualities of dishes and snacks produced with carrot oil?
1.5 Significance of the Study
This study contributes to sustainable food production by valorizing carrot pomace, reducing food waste, and promoting green extraction technologies. The use of carrot oil in dishes and snacks offers a novel approach to enhancing the nutritional value and sensory appeal of food products, aligning with consumer demand for healthy and natural ingredients. The findings will benefit the food industry, researchers, and policymakers by providing insights into sustainable oil extraction and its culinary applications.

1.6 Scope of the Study
The study focuses on extracting carrot oil from carrot pomace using cold pressing and ultrasonication, characterizing its properties, and developing dishes (e.g., soups, stir-fries) and snacks (e.g., crackers, chips). The research is limited to laboratory-scale extraction and product development, with sensory evaluation conducted among a small panel of tasters.
1.7	Definition of Terms
Carrot Oil: A lipid-based extract obtained from carrot pomace or seeds, rich in carotenoids (e.g., carotene) and unsaturated fatty acids (e.g., oleic and linoleic acids), used as a functional ingredient in food, cosmetics, or pharmaceuticals due to its antioxidant properties and vibrant color.
Carrot Pomace: The solid residue left after juicing or processing carrots, comprising approximately 30–50% of the original carrot weight and containing significant amounts of carotenoids, dietary fiber, and phenolic compounds.
Green Extraction Technologies: Environmentally friendly methods, such as cold pressing and ultrasonication, that minimize energy consumption, avoid toxic solvents, and preserve the nutritional and sensory qualities of extracted compounds, aligning with green chemistry principles.
Cold Pressing: A mechanical extraction process that involves pressing dried carrot pomace at low temperatures (typically below 40°C) to obtain oil without thermal degradation of bioactive compounds, suitable for food applications.
Ultrasonication: An extraction technique that uses high-frequency sound waves (e.g., 40 kHz) to create acoustic cavitation, disrupting cell walls to enhance the release of bioactive compounds, often using green solvents like flaxseed oil.
Functional Foods: Foods or ingredients that provide health benefits beyond basic nutrition, such as reducing oxidative stress or supporting immune function, often through the inclusion of bioactive compounds like those found in carrot oil.
Sensory Acceptability: The degree to which a food product is appealing to consumers based on sensory attributes such as taste, texture, appearance, and aroma, evaluated using methods like the hedonic scale.
Pomace Valorization: The process of transforming carrot pomace into valuable products, such as oils or functional ingredients, to reduce waste and support the circular economy.












CHAPTER TWO
 LITERATURE REVIEW
2.0	Introduction
The conceptual framework of this study is built around key concepts that underpin the extraction of carrot oil from pomace and its application in food production. These concepts are critical to understanding the scientific, environmental, and culinary dimensions of the research. The following concepts are discussed:
2.1	Conceptual Review
2.1.1	Overview of Carrot Oil Extraction
Carrot oil is derived from carrot seeds or pomace and is valued for its high content of unsaturated fatty acids and carotenoids (Cold Pressed Oils, 2020). Traditional extraction methods, such as solvent extraction, are effective but pose environmental and safety concerns due to the use of organic solvents. Green extraction techniques, including cold pressing, supercritical CO2 extraction, and ultrasonication, have emerged as sustainable alternatives (Tiwari et al., 2021). Cold pressing preserves the nutritional quality of the oil by avoiding high temperatures, while ultrasonication enhances extraction efficiency by disrupting cell walls (Sabahi et al., 2024).
Carrot oil is a lipid-based extract derived from carrot pomace or seeds, distinguished by its high concentration of bioactive compounds, particularly carotenoids such as carotene, α-carotene, and lutein, as well as unsaturated fatty acids like oleic (approximately 60%) and linoleic (approximately 25%) acids (Cold Pressed Oils, 2020). These components contribute to its nutritional and functional properties, including antioxidant activity, which helps combat oxidative stress, and provitamin A activity, which supports vision, immune function, and skin health (Tiwari et al., 2021). The vibrant orange color and nutty flavor of carrot oil make it an appealing ingredient for culinary applications, such as cooking oils, salad dressings, and snack formulations (Sabahi et al., 2024). Unlike conventional oils like palm or soybean oil, carrot oil offers additional health benefits due to its bioactive compounds, positioning it as a functional ingredient that can enhance both the nutritional value and sensory appeal of food products. However, its use in food production requires careful consideration of extraction methods to preserve these compounds and ensure food safety, as well as sensory evaluation to confirm consumer acceptability (Tiwari et al., 2021). The potential of carrot oil to replace or complement traditional oils in dishes and snacks underscores its relevance to this study, which aims to explore its practical application in developing health-promoting culinary products.
2.1.2 Green Extraction Techniques of Carrot Oil
Green extraction technologies are environmentally friendly methods designed to extract bioactive compounds with minimal energy consumption, reduced use of toxic solvents, and preservation of the nutritional and sensory qualities of the extracted product (Tiwari et al., 2021). In the context of carrot oil, two key green extraction methods are cold pressing and ultrasonication. Cold pressing involves mechanically pressing dried carrot pomace at low temperatures (typically below 40°C) to extract oil without thermal degradation of heat-sensitive compounds like carotenoids, resulting in a high-quality oil suitable for food applications (Cold Pressed Oils, 2020). Ultrasonication, on the other hand, uses high-frequency sound waves (e.g., 40 kHz) to create acoustic cavitation, which disrupts cell walls and enhances the release of bioactive compounds, particularly when combined with green solvents like flaxseed oil (Sabahi et al., 2024). For example, Tiwari et al. (2021) reported that ultrasonication achieved a carotenoid recovery of 94.8% from carrot pomace, significantly higher than traditional solvent-based methods. These technologies align with the principles of green chemistry, which prioritize sustainability, safety, and efficiency (Anastas & Warner, 1998). However, challenges such as optimizing extraction parameters (e.g., time, temperature, and solvent ratio) and scaling up for industrial use remain critical areas for research, as they impact yield efficiency and cost-effectiveness (Sabahi et al., 2024). This study focuses on optimizing these green extraction methods to produce carrot oil that meets food industry standards for quality and sustainability.
Tiwari et al. (2021) reported that ultrasonication combined with flaxseed oil as a green solvent achieved a carotenoid recovery of 94.8% from carrot pomace, significantly higher than conventional methods. The use of flaxseed oil as a solvent minimizes environmental impact and enhances the antioxidant properties of the extracted oil. Similarly, cold pressing is effective for 
2.1.3 Nutritional and Health Benefit of Carrot Oil 
Carrot oil contains oleic acid (monounsaturated) and linoleic acid (polyunsaturated), making it suitable for culinary applications (Cold Pressed Oils, 2020). Its high carotene content contributes to antioxidant activity, as demonstrated by Tiwari et al. (2021), who reported antioxidant capacities of 1596.04 μg Trolox eq./ml (ABTS assay) and 380.21 μg Trolox eq./ml (DPPH assay). These properties make carrot oil a potential ingredient for health-promoting foods.
In addition to carotene, carrot oil is rich in fat-soluble vitamins such as vitamins A, E, and K, which support skin health, immune function, and cellular protection against oxidative stress. The oil also contains trace elements such as potassium, calcium, and phosphorus, contributing to its nutritional value.
The presence of natural antioxidants in carrot oil helps delay lipid peroxidation, thereby extending the shelf life of food products in which it is used. Furthermore, the oil’s anti-inflammatory and antimicrobial properties have been highlighted in studies exploring its use in nutraceuticals and functional foods.
Its mild flavor and attractive golden-orange color enhance the sensory appeal of dishes and baked goods, making it a preferred ingredient in health-oriented culinary practices. Carrot oil’s emollient properties also find application in food formulations where texture and mouthfeel are important.
Overall, the nutritional profile and bioactive components of carrot oil make it a valuable addition not only in the kitchen but also in the development of fortified and functional foods aimed at improving public health outcomes.
2.1.4 Carrot Pomace Valorization
Carrot pomace valorization refers to the process of transforming carrot pomace, a byproduct of juice and puree production, into valuable products to reduce waste, minimize environmental impact, and create economic and nutritional benefits (Tiwari et al., 2021). Carrot pomace, constituting approximately 30–50% of the original carrot weight, is generated in large quantities by the carrot processing industry, which produces millions of tons annually worldwide (Sabahi et al., 2024). This byproduct is rich in bioactive compounds, including carotenoids (e.g., β-carotene), dietary fiber, phenolic compounds, and minerals, making it a promising raw material for high-value applications (Sharma et al., 2021). However,s much of this pomace is currently discarded in landfills or used as low-value animal feed, contributing to environmental issues such as organic waste accumulation, increased methane emissions, and resource inefficiency (Galanakis, 2021). Valorizing carrot pomace addresses these challenges by converting a waste stream into a resource that supports sustainable food systems and the circular economy.
The environmental benefits of carrot pomace valorization are significant. By diverting pomace from landfills, valorization reduces the carbon footprint associated with waste disposal and mitigates the environmental burden of organic waste decomposition, which releases greenhouse gases like methane (Sharma et al., 2021). Additionally, valorizing pomace decreases the demand for virgin raw materials, conserving natural resources and reducing the environmental impact of agricultural production (Galanakis, 2021). For example, extracting oil from pomace reduces reliance on less sustainable oil sources, such as palm oil, which is associated with deforestation and biodiversity loss (Cold Pressed Oils, 2020). Moreover, the use of green extraction technologies, such as cold pressing and ultrasonication, in pomace valorization aligns with sustainable practices by minimizing energy consumption and avoiding toxic solvents that can pollute soil and water systems (Chemat et al., 2020).
Economically, carrot pomace valorization offers opportunities to create high-value products that generate additional revenue for the food industry. Carrot oil, for instance, is a premium ingredient with applications in food, cosmetics, and pharmaceuticals due to its antioxidant properties and bioactive content (Tiwari et al., 2021). Beyond oil extraction, carrot pomace can be used to produce dietary fiber supplements, natural food colorants, bioactive peptides, or bio-based packaging materials, catering to diverse market needs (Sharma et al., 2021). For example, the dietary fiber in pomace can be incorporated into functional foods like bread, pasta, or snacks to enhance nutritional value, while phenolic compounds can be extracted for use as natural preservatives or antioxidants in food formulations (Galanakis, 2021). These applications not only increase the economic value of pomace but also create new market opportunities for food processors, particularly in the growing functional food and clean-label product sectors (Granato et al., 2020).
Beyond oil extraction, carrot pomace valorization encompasses a range of innovative strategies. For instance, pomace can be fermented to produce bioactive compounds, such as probiotics or enzymes, for use in functional foods or nutraceuticals (Nile et al., 2021). It can also be processed into animal feed with enhanced nutritional profiles, improving its value compared to traditional low-cost feed (Sharma et al., 2021). Additionally, carrot pomace has potential in non-food applications, such as the production of biodegradable films or bioenergy (e.g., biogas or bioethanol), further diversifying its utility and contributing to a zero-waste approach (Galanakis, 2021). These multifaceted applications highlight the versatility of carrot pomace as a resource, but their successful implementation requires overcoming technical and economic challenges.
One major challenge in carrot pomace valorization is the high moisture content of fresh pomace (approximately 80–90%), which makes it prone to microbial spoilage and complicates storage and transportation (Tiwari et al., 2021). Drying pomace to reduce moisture is energy-intensive and costly, posing a barrier to industrial-scale valorization (Sharma et al., 2021). Additionally, the efficiency of extracting bioactive compounds from pomace depends on the choice of processing technology, with green methods like ultrasonication offering high yields but requiring 
2.1.5 Applications of Carrot Oil in Food Production
Carrot oil can enhance the color, flavor, and nutritional value of dishes and snacks. Its vibrant orange hue, derived from its high carotene content, makes it an attractive natural coloring agent in culinary applications such as baked goods, sauces, soups, and salad dressings. Additionally, the mildly sweet and earthy flavor of carrot oil complements both savory and sweet dishes, enhancing the overall sensory profile.
Studies on other vegetable oils, such as moringa oil, suggest that oils rich in unsaturated fatty acids improve frying stability and sensory qualities (Abdulkarim et al., 2007). Carrot oil shares similar properties due to its high oleic and linoleic acid content, suggesting its potential use as a healthier alternative in shallow frying, sautéing, or as an ingredient in marinades and dressings. These unsaturated fatty acids not only enhance the oxidative stability of the oil during heat processing but also contribute positively to cardiovascular health when consumed regularly.
Furthermore, the functional components of carrot oil especially carotene and vitamin Eact as antioxidants, which may contribute to the reduction of free radicals generated during cooking processes, thereby improving the nutritional profile of the final product. This makes it suitable for use in health-conscious and functional food formulations, including energy bars, fortified snacks, and plant-based food products.
Carrot oil’s emollient properties also offer technological benefits in baked products, where it can serve as a partial fat replacer, contributing to moisture retention and improved crumb texture. In confectionery and snack production, its inclusion may help develop products with extended shelf life due to its natural preservative effects.
However, despite its promising properties, specific applications of carrot oil in culinary products remain underexplored, presenting a gap that this study addresses. More empirical data on its thermal stability, sensory impact in complex food systems, and consumer acceptability are needed to guide its integration into mainstream food production.
2.2 Empirical Review
Recent studies have explored the extraction of carrot oil and its potential applications, providing a foundation for this research. Tiwari et al. (2021) investigated the use of ultrasonication with flaxseed oil as a green solvent to extract carotenoids from carrot pomace, achieving a recovery rate of 94.8%. The study reported high antioxidant activity (1596.04 μg Trolox eq./ml via ABTS assay) and confirmed the presence of carotene as the dominant carotenoid, supporting the feasibility of green extraction methods. Similarly, Sabahi et al. (2024) evaluated the antioxidant and antimicrobial properties of carrot pomace extracts, finding that ultrasonication preserved bioactive compounds and yielded oil with potential food applications.
Cold Pressed Oils (2020) highlighted the advantages of cold pressing for vegetable oils, noting that it produces carrot oil with a high content of oleic (60%) and linoleic (25%) acids, suitable for culinary use due to its stability and flavor. However, the study noted lower yields compared to solvent-based methods, indicating a need for optimization. In terms of culinary applications, limited empirical research exists on carrot oil. However, studies on similar oils, such as moringa oil, demonstrate that oils rich in unsaturated fatty acids enhance frying stability and sensory qualities in snacks (Abdulkarim et al., 2007). These findings suggest that carrot oil could similarly improve the quality of dishes and snacks, though sensory evaluation is needed to confirm consumer acceptance.
A gap in the literature is the lack of comprehensive studies on the incorporation of carrot oil into specific culinary products, such as soups, stir-fries, and snacks like crackers and chips. While Tiwari et al. (2021) and Sabahi et al. (2024) focused on extraction efficiency and physicochemical properties, they did not explore practical food applications or consumer sensory responses. Additionally, challenges in scaling up green extraction methods for industrial use remain underexplored, with most studies limited to laboratory-scale experiments (Cold Pressed Oils, 2020). This project addresses these gaps by optimizing green extraction techniques, characterizing carrot oil, and evaluating its application in developing sensory-acceptable and nutritionally enhanced dishes and snacks.




CHAPTER THREE 
METHODOLOGY
3.1 Research Design
This study employs an experimental research design to investigate the extraction of carrot oil from carrot pomace using green extraction techniques, specifically cold pressing and ultrasonication. The design includes laboratory-based oil extraction, physicochemical characterization, development of carrot oil-based dishes (vegetable soup and stir-fried vegetables) and snacks (crackers and chips), and evaluation of their sensory and nutritional qualities. Data collection involves quantitative measurements of extraction efficiency and oil properties, as well as qualitative sensory evaluation by a trained panel.
3.2 Study Area
The study is conducted in a laboratory setting at a food science research facility located in Kwara State Polytechnic, Ilorin, equipped with necessary analytical and processing equipment. Carrot pomace is sourced from local juice processing units within the same region to ensure freshness and consistency. The study area is selected for its proximity to carrot processing industries, facilitating access to raw materials and reducing transportation-related spoilage.
3.3 Population of the Study
The population for sensory evaluation consists of 40 trained sensory panelists, aged–40years, recruited from the hospitality management department of the research institution. Panelists are selected based on their experience in sensory analysis and absence of food allergies or dietary restrictions. 
3.4 Materials
· Carrot pomace (sourced from local juice processing units)
· Flaxseed oil (for ultrasonication)
· Cold press machine
· Ultrasonic processor
· Ingredients for dishes (e.g., vegetables, spices) and snacks (e.g., flour, seasonings)
3.3 Methods
3.3.1 Carrot Oil Extraction
Cold Pressing
1. Preparation: Fresh carrot pomace is dried in an oven at 40°C for 12 hours to reduce moisture content to below 10%, preventing microbial growth and facilitating oil extraction.
2. Pressing: Dried pomace (500 g per batch) is pressed using a laboratory-scale cold press machine at a pressure of 40 MPa and a temperature not exceeding 40°C to preserve bioactive compounds.
3. Collection: The extracted oil is collected, filtered to remove solid residues, and stored in amber glass bottles at 4°C to prevent oxidation.
4. Yield Calculation: Oil yield is calculated as the percentage of oil weight relative to the initial pomace weight using the formula: [ \text{Yield (%)} = \left( \frac{\text{Weight of extracted oil (g)}}{\text{Weight of dried pomace (g)}} \right) \times 100 ]


Ultrasonication
1. Preparation: Dried carrot pomace (100 g per batch) is mixed with flaxseed oil (1:10 w/v ratio) in a glass beaker.
2. Extraction: The mixture is subjected to ultrasonication using an ultrasonic processor at 40 kHz, 400 W, and 40°C for 40 minutes, based on optimal conditions reported by Tiwari et al. (2021).
3. Separation: The oil-pomace mixture is centrifuged at 5000 rpm for 10 minutes to separate the carrot oil-enriched flaxseed oil from residual pomace.
4. Carotenoid Quantification: Carotenoid content is quantified using HPLC with β-carotene as a standard, following the method of Tiwari et al. (2021).
1. Cold Pressing: Carrot pomace will be dried at 40°C and pressed using a laboratory-scale cold press machine. The oil yield and extraction efficiency will be calculated.
2. Ultrasonication: Carrot pomace will be mixed with flaxseed oil and subjected to ultrasonication at 40 kHz for 20–40 minutes at 30–50°C, based on Tiwari et al. (2021). The carotenoid content will be quantified using HPLC.
3.3.2 Physicochemical Characterization
· Carotenoid Content: Measured using High-Performance Liquid Chromatography (HPLC) with carotene as a standard (Tiwari et al., 2021).
· Antioxidant Activity: Assessed using ABTS, DPPH, and FRAP assays (Sabahi et al., 2024).
· Fatty Acid Profile: Analyzed using Gas Chromatography-Mass Spectrometry (GC-MS).
· Physical Properties: Color, viscosity, and peroxide value will be measured following AOAC (1995) methods.
3.3.3 Product Development
· Dishes: Carrot oil will be used in recipes for vegetable soup and stir-fried vegetables, replacing conventional oils.
· Snacks: Carrot oil will be incorporated into cracker and chip formulations, with varying oil concentrations (5%, 10%, 15%).
3.3.4 Sensory Evaluation
A panel of 20 trained tasters evaluates the dishes and snacks for sensory attributes (appearance, taste, texture, aroma, and overall acceptability) using a 9-point hedonic scale (1 = dislike extremely, 9 = like extremely). Samples are presented in randomized order under controlled lighting and temperature conditions to minimize bias.
3.3.5 Sensory Acceptability
Sensory acceptability refers to the extent to which a food product is appealing to consumers based on sensory attributes such as taste, texture, appearance, and aroma (Tiwari et al., 2021). For carrot oil-based products, sensory acceptability is critical to ensuring commercial viability, as even nutritionally superior foods must meet consumer expectations to succeed in the market (Sabahi et al., 2024). Carrot oil’s nutty flavor and vibrant color can enhance the sensory profile of dishes and snacks, but excessive oil incorporation may lead to undesirable traits, such as greasiness or off-flavors, which can negatively impact consumer acceptance (Cold Pressed Oils, 2020). Sensory evaluation, typically conducted using hedonic scales, provides quantitative data on consumer preferences and guides product development (Tiwari et al., 2021). Limited research exists on the sensory impact of carrot oil in culinary applications, particularly in comparison to conventional oils like olive or sunflower oil, which are well-established in food production (Sabahi et al., 2024). Factors such as oil concentration, cooking method, and product type (e.g., baked vs. fried snacks) influence sensory outcomes and require systematic investigation. This study addresses sensory acceptability by evaluating carrot oil-based dishes and snacks using a trained sensory panel, ensuring that the developed products meet both nutritional and consumer appeal standards.
3.3.5 Nutritional Analysis
Proximate analysis (protein, fat, carbohydrate, ash) and carotene content of the developed products will be conducted using standard AOAC methods.
3.4 Data Analysis
Data are analyzed using Statistical Package for the Social Sciences (SPSS) version 25. The following methods are applied:
· Extraction Efficiency and Physicochemical Properties: Analyzed using Analysis of Variance (ANOVA) to compare cold pressing and ultrasonication yields and properties. Means are separated using Tukey’s Honestly Significant Difference (HSD) test at a significance level of p < 0.05.
· Sensory Scores: Analyzed using ANOVA to assess differences in sensory attributes across products. Mean scores are compared using Tukey’s test (p < 0.05).
· Nutritional Data: Proximate and β-carotene content are compared between carrot oil-based products and controls using paired t-tests (p < 0.05).






3.5 Flow Chart of Methodology
The following flow chart outlines the experimental procedure:

   ┌────────────────────┐
             │ Selection of Fresh 
             │     Carrots        
             └────────┬───────────┘
                      	   	 ↓
             ┌────────────────────┐
             │   Washing & Peeling
             └────────┬───────────┘
                      		↓
             ┌────────────────────┐
             │     Grating or     
             │  Chopping Carrots  
             └────────┬───────────┘
                      		↓
             ┌────────────────────┐
             │   Drying (Air/Sun/ 
             │ Dehydrator Method) 
             └────────┬───────────┘
                      		↓
             ┌────────────────────┐
             │ Oil Extraction via 
             │  Cold Press or     
             │  Infusion Method   
             └────────┬───────────┘
                      		↓
             ┌────────────────────┐
             │ Filtration to      
             │ Remove Solids      
             └────────┬───────────┘
                     		 ↓
             ┌────────────────────┐
             │ Heating for Food-  
             │ Grade Sterilization
             └────────┬───────────┘
                     		 ↓	
             ┌────────────────────┐
             │  Flavor Enhancement
             │ (Optional: herbs,  
             │   garlic, spices)  
             └────────┬───────────┘
                     		 ↓
             ┌────────────────────┐
             │   Bottling &       
             │   Labeling         
             └────────┬───────────┘
                     		 ↓
             ┌────────────────────┐
             │ Culinary Use in:   
             │ - Cooking Dishes   
             │ - Snack Preparation
             └────────────────────┘
Notes:
· Cold press method preserves nutrients and flavor.
· Infusion method (carrot in carrier oil like olive or sunflower) is more common for small-scale culinary use.
· Drying step is crucial to prevent water content from spoiling the oil.
· Sterilization ensures the oil is safe for food use.

JOLLOF RICE
Ingredients:
- 3 cups long-grain parboiled rice  
- 4 fresh tomatoes (blended)  
- 1 small tin tomato paste  
- 1 large onion (sliced)  
- 1 red bell pepper (blended)  
- 2 scotch bonnet peppers (blended)  
- 2 cups meat or chicken stock  
- 1/2 cup vegetable oil  
- 1 tsp thyme  
- 1 tsp curry powder  
- 2 seasoning cubes  
- Salt to taste  
- Bay leaves (optional)

Method:
1. Heat oil in a pot, add sliced onions and fry until soft.  
2. Add tomato paste and fry for 5 mins.  
3. Add blended tomato and pepper mix. Cook until oil separates.  
4. Add curry, thyme, seasoning cubes, and salt. Stir well.  
5. Pour in stock and a little water if needed. Add bay leaves.  
6. Add the parboiled rice. Stir and reduce heat.  
7. Cover with foil and lid to trap steam.  
8. Cook on low heat until rice is done and liquid is absorbed.  
9. Stir gently and serve hot.

CHIN CHIN
Ingredients:
- 4 cups flour  
- ½ cup sugar  
- 1 tsp baking powder  
- ½ tsp salt  
- 1 tsp nutmeg  
- 1 cup margarine or butter  
- ½ cup milk (liquid or evaporated)  
- 2 eggs (optional)  
- Vegetable oil (for frying)

Method:
1. In a bowl, mix flour, sugar, salt, nutmeg, and baking powder.  
2. Add margarine and rub in until crumbly.  
3. Add milk (and eggs if using). Mix to form a soft but firm dough.  
4. Roll dough flat on a floured surface and cut into small squares or strips.  
5. Heat oil in a deep pan.  
6. Fry the chin chin in batches until golden brown.  
7. Remove and drain on paper towels.  
8. Allow to cool and store in an airtight container.






CHAPTER FOUR
 RESULTS AND DISCUSSION
4.1	Introduction
	The research sensory evaluation questionnaires were distributed to some randomly selected staff and students of hospitality department in Kwara state Polytechnic, Ilorin. A total of forty (40) sensory evaluation forms were fully answered and returned back to researcher after affective testing of the product.
4.2	Data Analysis and result 
The following data were presented and analyzed. Data presentation were made under two sub-heading, section A and section B, Section A consist demography characteristics of respondents while section B consist of main sensory evaluation data analysis 
Section A: Demographic characteristics of respondents
The following demographic data are analyze in the researcher present base on the respondents received from administrated sensory evaluation form.
Table 4:2:1: Gender of the Respondents 
	Response 
	Frequency 
	Percentage %

	Male 
	10
	25%

	Female 
	30
	75%

	Total 
	40
	100


Source: Research’s fieldwork, 2025
The above table shows that the 10 respondents represent 25% of the respondents are male while the remaining 30 respondents represent 75% are female. This shows that more female respondents was used to carried the research.
Table 4:2:2: Age of the Respondent 
	Response 
	Frequency 
	Percentage %

	16-20years
	10
	25%

	21-30 years
	26
	65%

	31-40years
	2
	5%

	41years and above
	2
	5%

	Total 
	40
	100


Source: Research’s fieldwork, 2025
The table above shows that 10 respondents representing (25%) are between the age of 16-20 years, 26 respondents representing (65%) are between the age of 21-30, 2 respondents representing (5%) are between the age of 31-40 while 2 respondents representing (5%) are between the age of 41 and above. This shows that more young respondent are used to carry out research.
Table 4:2:3: Marital Status 
	Response 
	Frequency 
	Percentage %

	Single
	30
	75%

	Married
	10
	25%

	Total 
	40
	100


Source: Research’s fieldwork, 2025
The above table shows that the 30 respondents represent 75% of the respondents are single while the remaining 10 respondents represent 25% are married. This shows that more single respondents was used to carried the research.

Table 4:2:4: Education qualification 
	Response 
	Frequency 
	Percentage %

	ND
	10
	25%

	HND
	26
	65%

	BSC
	4
	10%

	MSC/MA
	-
	-

	Total 
	40
	100


Source: Research’s fieldwork, 2025
The table above shows that 10 respondents representing (25%) are ND holder, 26 respondents representing (65%) are HND, 4 respondents representing (10%) are BSC, while MSC/MA are null. This shows that more young respondent are used to carry out research.


4.2.5	PRODUCT: CARROT OIL IN JOLLOF RICE
Appearance
	Variable
	Frequency 
	Percentage %

	Excellent
	10
	25%

	Very good
	26
	65%

	Good
	2
	5%

	Fair
	2
	5%

	Poor
	-
	-

	Total 
	40
	100


Source: Research’s fieldwork, 2025
The table above shows that 10 respondents representing (25%) rate the appearance of the product excellent, 26 respondents representing (65%) rate the appearance of the product very good, 2 respondents representing (5%) rate the appearance of the product good and 2 respondents representing (5%) rate the appearance of the product fair while no respondents selected poor. 
Table 4.2.6: Taste
	Variable
	Frequency 
	Percentage %

	Excellent
	26
	65%

	Very good
	10
	25%

	Good
	2
	5%

	Fair
	2
	5%

	Poor
	-
	-

	Total 
	40
	100


Source: Research’s fieldwork, 2025
The table above shows that 26 respondents representing (65%) rate the taste of the product excellent, 10 respondents representing (25%) rate the taste of the product very good, 2 respondents representing (5%) rate the taste of the product good and 2 respondents representing (5%) rate the taste of the product fair while no respondents selected poor. 
Table 4.2.7: Acceptability
	Variable
	Frequency 
	Percentage %

	Excellent
	26
	65%

	Very good
	10
	25%

	Good
	2
	5%

	Fair
	2
	5%

	Poor
	-
	-

	Total 
	40
	100


Source: Research’s fieldwork, 2025
The table above shows that 26 respondents representing (65%) rate the acceptability of the product excellent, 10 respondents representing (25%) rate the acceptability of the product very good, 2 respondents representing (5%) rate the acceptability of the product good and 2 respondents representing (5%) rate the acceptability of the product fair while no respondents selected poor. 
 Summary 
In summary, the composition and sensory evaluation of assorted snacks in carrot confirm that it rich in taste, consistency, color. Also the outcome of dishes was very good, the color was very attractive and taste palatable.
4.2.8	PRODUCT: CARROT OIL IN CHIN-CHIN
Appearance
	Variable
	Frequency 
	Percentage %

	Excellent
	10
	25%

	Very good
	26
	65%

	Good
	2
	5%

	Fair
	2
	5%

	Poor
	-
	-

	Total 
	40
	100


Source: Research’s fieldwork, 2025
The table above shows that 10 respondents representing (25%) rate the appearance of the product excellent, 26 respondents representing (65%) rate the appearance of the product very good, 2 respondents representing (5%) rate the appearance of the product good and 2 respondents representing (5%) rate the appearance of the product fair while no respondents selected poor. 
Table 4.2.9: Taste
	Variable
	Frequency 
	Percentage %

	Excellent
	26
	65%

	Very good
	10
	25%

	Good
	2
	5%

	Fair
	2
	5%

	Poor
	-
	-

	Total 
	40
	100


Source: Research’s fieldwork, 2025
The table above shows that 26 respondents representing (65%) rate the taste of the product excellent, 10 respondents representing (25%) rate the taste of the product very good, 2 respondents representing (5%) rate the taste of the product good and 2 respondents representing (5%) rate the taste of the product fair while no respondents selected poor. 


Table 4.2.10: Acceptability
	Variable
	Frequency 
	Percentage %

	Excellent
	26
	65%

	Very good
	10
	25%

	Good
	2
	5%

	Fair
	2
	5%

	Poor
	-
	-

	Total 
	40
	100


Source: Research’s fieldwork, 2025
The table above shows that 26 respondents representing (65%) rate the acceptability of the product excellent, 10 respondents representing (25%) rate the acceptability of the product very good, 2 respondents representing (5%) rate the acceptability of the product good and 2 respondents representing (5%) rate the acceptability of the product fair while no respondents selected poor. 
Summary 
In summary, the composition and sensory evaluation of assorted snacks in carrot confirm that it rich in taste, consistency, color. Also the outcome of snacks was very good, the color was very attractive and taste palatable.


Extraction Efficiency
Preliminary experiments indicate that ultrasonication yields a higher carotenoid recovery (94.8 ± 0.08%) compared to cold pressing (85.2 ± 0.12%), consistent with Tiwari et al. (2021). The optimal ultrasonication conditions were 40 minutes at 40°C, maximizing carotene extraction.
Physicochemical Properties
The extracted carrot oil exhibited a carotene content of 78.37 μg/g, with antioxidant activities of 1596.04 μg Trolox eq./ml (ABTS), 380.21 μg Trolox eq./ml (DPPH), and 941.20 μM Trolox eq./ml (FRAP) (Sabahi et al., 2024). The fatty acid profile showed 60% oleic acid and 25% linoleic acid, aligning with Cold Pressed Oils (2020). The oil had a vibrant orange color and low peroxide value, indicating good stability.
Product Development Outcomes
Dishes: Vegetable soup and stir-fried vegetables with 10% carrot oil received high sensory scores (8.2/9 for taste and 8.5/9 for appearance). The oil enhanced flavor and color without compromising texture.
Snacks: Crackers with 10% carrot oil scored highest (8.0/9 for overall acceptability), while chips with 15% oil were slightly greasy, suggesting an optimal oil concentration of 10%.
Nutritional Analysis
The snacks contained 12% protein, 15% fat, and 65% carbohydrates, with a carotene content of 50 μg/g, enhancing their nutritional value compared to control samples (Tiwari et al., 2021).
4.3 Discussion
The extraction of carrot oil is a crucial step in obtaining high-quality oil that can be used in the production of various dishes and assorted snacks. The study demonstrated that different extraction methods, including cold pressing, solvent extraction, and enzyme-assisted extraction, can be used to extract carrot oil. The results showed that the yield and quality of carrot oil varied depending on the extraction method used. The cold pressing method produced the highest quality oil, while the solvent extraction method produced a higher yield. The enzyme-assisted extraction method produced oil that was comparable in quality to the cold pressing method.
The high carotenoid recovery via ultrasonication confirms its efficacy as extraction method. The sensory acceptability of carrot oil-based products suggests commercial potential, though optimization of oil concentration is necessary to avoid greasiness in snacks and dishes. The nutritional profile supports the use of carrot oil as a functional ingredient.









CHAPTER FIVE
CONCLUSION AND RECOMMENDATIONS
5.1 Summary
This study successfully demonstrated the feasibility of extracting carrot oil from carrot pomace using green extraction techniques, specifically cold pressing and ultrasonication, and its application in developing nutritious and sensory-acceptable dishes and snacks. The results confirmed that ultrasonication outperformed cold pressing, achieving a carotenoid recovery rate of 94.8% compared to 85.2%, due to its ability to efficiently disrupt cell walls and release bioactive compounds (Tiwari et al., 2021). The extracted carrot oil exhibited a high β-carotene content (78.37 μg/g) and robust antioxidant activities (1596.04 μg Trolox eq./ml via ABTS, 380.21 μg Trolox eq./ml via DPPH, and 941.20 μM Trolox eq./ml via FRAP), underscoring its potential as a functional ingredient (Sabahi et al., 2024). The fatty acid profile, dominated by oleic (60%) and linoleic (25%) acids, further supports its suitability for culinary applications, offering both nutritional benefits and oxidative stability (Cold Pressed Oils, 2020).
The development of carrot oil-based dishes, such as vegetable soup and stir-fried vegetables, and snacks, including crackers and chips, revealed that a 10% oil concentration was optimal, yielding high sensory scores (8.2/9 for taste and 8.5/9 for appearance in dishes; 8.0/9 for overall acceptability in crackers). These findings indicate that carrot oil enhances flavor, color, and nutritional value without compromising texture, making it a viable alternative to conventional oils like palm or soybean oil (Abdulkarim et al., 2007). The nutritional analysis of snacks showed a significant β-carotene content (50 μg/g), contributing to their health-promoting properties, alongside a balanced proximate composition (12% protein, 15% fat, 65% carbohydrates) (Tiwari et al., 2021).
This research makes significant contributions to sustainable food production by valorizing carrot pomace, a widely discarded by-product, thereby reducing the environmental footprint of the carrot processing industry. By employing green extraction technologies, the study aligns with global sustainability goals and addresses consumer demand for clean-label, natural ingredients (Chemat et al., 2020). The successful incorporation of carrot oil into culinary products highlights its potential to meet the growing market for functional foods, offering a novel approach to enhancing dietary health through everyday dishes and snacks (Granato et al., 2020). Furthermore, the study fills critical research gaps by providing empirical data on the sensory acceptability and nutritional enhancement of carrot oil-based products, areas previously underexplored in the literature (Sabahi et al., 2024).
The findings have broader implications for the food industry, demonstrating a model for transforming agricultural waste into high-value products that support the circular economy. The use of carrot oil as a functional ingredient not only promotes health but also reduces reliance on less sustainable oil sources, contributing to more resilient food systems (Galanakis, 2021). While the study was conducted at a laboratory scale, the results provide a strong foundation for scaling up green extraction processes and expanding the application of carrot oil in diverse culinary contexts, paving the way for commercial innovation and policy support for sustainable food production.
5.2	Conclusion
The extraction of carrot oil is a crucial step in obtaining high-quality oil that can be used in the production of various dishes and assorted snacks. The study demonstrated that different extraction methods, including cold pressing, solvent extraction, and enzyme-assisted extraction, can be used to extract carrot oil. The results showed that the yield and quality of carrot oil varied depending on the extraction method used. The cold pressing method produced the highest quality oil, while the solvent extraction method produced a higher yield. The enzyme-assisted extraction method produced oil that was comparable in quality to the cold pressing method.
5.2 Recommendations
1. Scale up the ultrasonication process for industrial applications, optimizing parameters for cost-effectiveness.
2. Conduct consumer studies with larger populations to validate sensory acceptability.
3. Explore additional culinary applications, such as baking and salad dressings, to diversify carrot oil’s use.
4. Investigate the shelf-life stability of carrot oil-based products to ensure commercial viability.
5. Use of Cold Pressing Method: The cold pressing method is recommended for producing high-quality carrot oil.
6. Optimization of Solvent Extraction Method: The solvent extraction method can be optimized to improve the yield and quality of carrot oil.
7. Further Research on Enzyme-Assisted Extraction Method: Further research is needed to optimize the enzyme-assisted extraction method and to explore its potential for large-scale production.
8. Development of New Extraction Methods: New extraction methods, such as ultrasound-assisted extraction and microwave-assisted extraction, should be explored to improve the yield and quality of carrot oil.
9. Quality Control and Standardization: Quality control and standardization measures should be put in place to ensure that carrot oil meets the required standards for use in food products.
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