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ABSTRACT
Tomatoes (Solanum lycopersicum) are globally significant fruit-vegetables, widely consumed in both fresh and processed forms, and are recognized for their rich nutritional profile and abundance of health-promoting phytochemicals. Despite their ubiquitous dietary integration, a notable paucity of comprehensive local data exists regarding the precise phytochemical composition of commercially available tomato products. This knowledge gap is particularly critical as various processing methodologies can potentially alter or degrade these bioactive compounds, thereby influencing their functional efficacy and purported health benefits.
To address this critical knowledge deficit, this study was designed to conduct a comprehensive phytochemical analysis of Gino Tomato Paste. The primary objectives included the qualitative identification and quantitative determination of key phytochemicals, such as lycopene, vitamin C, beta-carotene, total carbohydrates, and total sugars.
Quantitative analysis of the Gino Tomato paste samples revealed a significant concentration of lycopene. Furthermore, the Vitamin C (ascorbic acid) content was found to be in considerable amounts, indicating commendable retention despite processing. While present, beta-carotene was observed at a lower concentration. Additionally, the total carbohydrate content was consistently low, and notably, total sugars were undetectable.
Overall, this study demonstrates that the commercially available Gino Tomato Paste is a significant source of health-promoting phytochemicals, particularly lycopene and vitamin C. The product's low carbohydrate and undetectable sugar content further position it as a healthy option for specific dietary needs. These findings collectively reinforce the nutritional value of processed tomato products and highlight their contribution to combating oxidative stress, reducing inflammation, and potentially mitigating the risk of various chronic diseases.
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CHAPTER ONE
INTRODUCTION
1.1 Background of the Study
Tomatoes (Solanum lycopersicum) constitute a pivotal component of global agricultural output and human dietary intake, lauded for their unparalleled culinary versatility and ubiquitous consumption across a myriad of cultural contexts. Beyond their indispensable role as a fundamental ingredient in diverse cuisines, their pervasive integration into dietary patterns globally underscores their profound economic significance and inherent nutritional value (Dumas et al., 2003). This fruit-vegetable is consumed extensively in its fresh form, and, perhaps more predominantly, as an array of processed products, including pastes, purees, juices, sauces, and ketchups, which collectively broaden its accessibility and dietary integration worldwide (Giovannucci, 1999).
While tomatoes inherently provide essential macronutrients, vitamins, minerals, and dietary fiber vital for fundamental human physiological processes, their unique nutritional distinction arises from their remarkable abundance of naturally occurring bioactive compounds, collectively known as phytochemicals (Dumas et al., 2003). These non-nutritive plant-derived constituents, unlike classical essential nutrients, are not strictly indispensable for immediate human survival. Nevertheless, compelling scientific evidence indicates their pivotal roles in the prevention of chronic diseases and the comprehensive promotion of human health upon consumption (Giovannucci, 1999). This characteristic elevates tomatoes beyond mere caloric or basic nutrient provision, positioning them as significant contributors to functional food matrices with considerable therapeutic potential.
Among the myriad phytochemicals elucidated in tomatoes, several classes are particularly prominent and synergistically contribute to their renowned health benefits. Lycopene, a potent tetraterpene carotenoid, is the principal pigment endowing the fruit with its characteristic red coloration and is extensively lauded for its exceptional antioxidant capacity, notably its superior ability to quench singlet oxygen species (Fraser and Bramley, 2004). Other significant carotenoids, such as beta-carotene, concurrently provide provitamin A activity, while vitamin C, a crucial hydrophilic antioxidant, complements the lipid-soluble carotenoids in mitigating oxidative stress (Martinez-Valverde et al., 2002). Furthermore, a diverse spectrum of flavonoids (e.g., quercetin, kaempferol) and various phenolic acids (e.g., caffeic and chlorogenic acids) are present, collectively imparting substantial anti-inflammatory, antimicrobial, and potential anticarcinogenic properties (Oboh and Rocha, 2007).
The escalating global awareness regarding the intricate nexus between dietary patterns and long-term health outcomes has propelled functional foods, including tomatoes and their derivative products, into the vanguard of nutritional science and public health discourse. Robust empirical evidence from numerous epidemiological and controlled intervention studies consistently substantiates the significant contribution of regular tomato consumption to the prevention and attenuation of various chronic non-communicable diseases (Raffo et al., 2006). This protective efficacy is primarily ascribed to the intricate interplay and synergistic actions of their rich phytochemical profiles, which collectively operate to neutralize free radicals, reduce systemic oxidative stress, modulate inflammatory pathways, and interfere with the initiation and progression of pathologies such as cardiovascular diseases, specific types of cancer, and chronic inflammatory conditions.
Crucially, the phytochemical composition of tomatoes is not immutable and can be profoundly influenced by a confluence of factors, particularly during post-harvest handling and industrial processing. While thermal processing, for instance, is known to induce the degradation of certain heat-sensitive compounds like vitamin C, it simultaneously enhances the bioavailability of other critical compounds, notably lycopene, by dismantling cellular matrices and facilitating its release (Ubah and Iwe, 2014; Raffo et al., 2006). This complex interplay implies that the nutritional and health attributes of processed tomato products are not merely direct reflections of their fresh counterparts but are subject to distinct alterations and sometimes improvements based on specific processing techniques, storage conditions, and inherent variations in cultivar and ripeness at harvest.
In light of the widespread consumption of commercially available processed tomato products, particularly within regional markets such as Nigeria, it becomes imperative to undertake rigorous phytochemical analyses to precisely ascertain their bioactive compound profiles. A demonstrable paucity of comprehensive local data concerning the specific composition of these widely distributed products constitutes a critical knowledge gap, which consequently impedes the formulation of evidence-based dietary recommendations and effective quality assurance protocols. Therefore, a thorough and scientifically robust phytochemical investigation of selected commercial tomato products is unequivocally essential to validate their nutritional integrity, confirm their purported health-promoting potential, and provide transparent, accurate information to consumers, healthcare professionals, and public health authorities.
1.2 Statement of the Problem
Despite the ubiquitous consumption of tomato and its derivative products across both rural and urban demographics, a significant paucity of comprehensive local data exists regarding the precise phytochemical composition of commercially available formulations. This knowledge gap is particularly critical given that various processing methodologies, such as heat treatment and concentration, can potentially induce the degradation or alteration of these bioactive compounds, thereby diminishing their purported health-promoting attributes (Ubah and Iwe, 2014; Dumas et al., 2003). Such transformations, dependent on specific industrial parameters, make it challenging to ascertain the true nutritional quality and functional efficacy of these widely consumed food items in a given regional context, impeding accurate dietary recommendations and consumer information.
Consequently, the lack of empirical local data further impedes a thorough understanding of the specific health contributions of these products, affecting consumer choice, public health initiatives, and industry innovation (Afonbi and Agarry, 2010). There is, therefore, a compelling need to undertake rigorous analytical investigations to precisely characterize and compare the phytochemical profiles of diverse tomato products currently accessible in the market. Such research is fundamental to providing evidence-based insights, ensuring quality control, and maximizing the potential health benefits derived from these widely integrated dietary staples.



1.3 Ain and Objectives of the Project
The overarching aim of this study is to conduct a comprehensive phytochemical analysis of Gino tomato paste. Specifically, this research seeks to achieve the following objectives:
· To qualitatively identify and quantitatively determine the presence and concentration of key phytochemicals, including but not limited to lycopene, beta-carotene, vitamin C, flavonoids, and phenolic acids, within the selected tomato products.
· To conduct a comparative analysis of the levels of these identified phytochemicals across different brands and types of tomato products available in the local market.
· To infer and discuss the potential health benefits associated with the observed phytochemical profiles, thereby contributing to evidence-based dietary recommendations and informed consumer choices.


CHAPTER TWO
LITERATURE REVIEW
2.1 Overview of Tomato and its Products
Tomatoes (Solanum lycopersicum) hold a prominent and indeed indispensable position in global agriculture and culinary practices, consistently ranking among the most widely cultivated and consumed fruit-vegetables worldwide. Their exceptional adaptability allows for seamless integration into diverse dietary patterns, ranging from direct fresh consumption in salads and as convenient snacks to extensive utilization in processed forms that constitute the fundamental bedrock of countless cuisines across continents (Dumas et al., 2003). This pervasive adoption is profoundly attributed not only to their agreeable taste, culinary versatility, and economic accessibility but also, and critically, to their inherent foundational nutritional value, encompassing essential vitamins, minerals, and dietary fiber, complemented by a rich and diverse array of health-promoting bioactive compounds.
The industrial processing of tomatoes has catalyzed the creation of a diverse and economically significant portfolio of products that are now staples in kitchens and food manufacturing globally. This range includes, but is not limited to, highly concentrated forms such as tomato paste and puree, liquid formats like tomato juice and sauces, and condiments such as ketchup, in addition to various preparations of canned whole or diced tomatoes. These processed derivatives play a crucial role in providing year-round access to tomato-derived nutrients, overcoming seasonal limitations and offering unparalleled culinary convenience that supports modern dietary habits. The transformation of fresh tomatoes into these stable forms significantly extends their shelf life and broadens their market reach, making them a cornerstone of the global food supply chain.
Crucially, these industrially processed forms often retain, and in some well-documented instances, even enhance the bioavailability of certain key phytochemicals when compared directly to their raw counterparts (Raffo et al., 2006). For instance, the thermal processing involved in the production of tomato paste and sauces induces structural changes in the fruit's cellular matrix, notably breaking down the cell walls. This mechanical and thermal disruption facilitates the release of lycopene, a highly lipophilic carotenoid, from its chromoplasts, rendering it significantly more accessible for absorption by the human digestive system. This critical transformation underscores the profound importance of both fresh and appropriately processed forms in contributing synergistically to optimal dietary health and the bioavailability of specific health-promoting compounds.
Beyond their evident culinary significance and nutritional contributions, tomato products are recognized as profoundly important economic commodities, providing substantial livelihoods for agricultural communities and contributing significantly to global food security. The continuous innovation driving advancements in processing technologies is specifically aimed at maximizing nutrient retention and further enhancing phytochemical bioavailability, reflecting a growing industry commitment to functional food production. This sustained effort ensures that these ubiquitous products not only serve as convenient, palatable food ingredients but also function as potent vehicles for delivering health-promoting compounds, thereby contributing significantly to public health objectives. Consequently, a comprehensive understanding of the precise phytochemical composition of this varied product portfolio remains absolutely crucial for both informed consumers and the dynamic food industry.
2.2 Nutritional and Medicinal Importance of Tomato
Tomatoes are distinguished by their impressive nutritional profile, offering a significant array of essential vitamins and minerals while being notably low in calories. They are an excellent source of Vitamin C, a powerful antioxidant crucial for immune function and skin health, as well as potassium, vital for maintaining fluid balance and blood pressure regulation (Martinez-Valverde et al., 2002). Furthermore, tomatoes provide folate, important for cell division and DNA synthesis, and Vitamin K, essential for blood clotting and bone health, underscoring their comprehensive contribution to daily dietary requirements.
The medicinal importance of tomatoes primarily stems from their rich concentration of bioactive compounds, particularly carotenoids like lycopene and beta-carotene, alongside flavonoids and various phenolic acids. Lycopene, in particular, has been extensively researched for its potent antioxidant capacity, which helps to neutralize harmful free radicals and mitigate oxidative stress, a key factor in the pathogenesis of numerous chronic diseases (Fraser and Bramley, 2004). This antioxidant activity is a cornerstone of the observed health benefits, extending beyond basic nutrition to significant prophylactic effects.
Cumulative epidemiological and clinical evidence strongly links regular tomato consumption to a reduced risk of several non-communicable diseases. Notably, studies have demonstrated an inverse correlation between high intake of lycopene-rich tomato products and the incidence of certain cancers, including prostate, lung, and gastric cancers (Giovannucci, 1999). Moreover, the synergistic action of various phytochemicals in tomatoes contributes to cardiovascular health by improving lipid profiles, reducing blood pressure, and enhancing endothelial function, thereby highlighting their critical role in preventive medicine and dietary interventions (Oboh and Rocha, 2007).
2.3 Concept of Phytochemicals
Phytochemicals are a vast and diverse group of naturally occurring chemical compounds synthesized by plants, primarily for their own defense mechanisms against pathogens, pests, and environmental stressors. Unlike essential nutrients such as vitamins and minerals, phytochemicals are not indispensable for immediate human survival. However, their consumption through plant-based foods is increasingly recognized as crucial for long-term health, as they confer protective and disease-preventing properties in the human body (Giovannucci, 1999). Their intricate structures and varied biological activities contribute significantly to the functional properties of fruits, vegetables, and herbs.
These compounds play multifaceted roles within plants, contributing to their distinctive colors, flavors, and aromas, as well as enhancing their resistance to various forms of stress. In humans, their beneficial effects are attributed to a wide range of mechanisms, including their potent antioxidant activity, which combats cellular damage caused by reactive oxygen species. Beyond antioxidation, phytochemicals exhibit anti-inflammatory properties, modulate immune responses, influence detoxification pathways, and can interfere with various stages of disease progression, particularly in chronic conditions like cancer and cardiovascular diseases (Martinez-Valverde et al., 2002).
The scientific understanding of phytochemicals has evolved considerably, moving beyond simply identifying their presence to elucidating their complex interactions and synergistic effects within the human body. It is often the combined action of multiple phytochemicals, rather than individual compounds in isolation, that yields the most profound health benefits (Oboh and Rocha, 2007). This holistic perspective underscores the importance of consuming a varied diet rich in whole plant foods, ensuring a broad spectrum of these protective compounds for optimal health and disease prevention.
2.4 Types and Classes of Phytochemicals
Phytochemicals constitute a vast and structurally diverse group of plant-derived compounds, broadly categorized based on their chemical structures and biosynthetic pathways. Major classifications include alkaloids, which are nitrogen-containing compounds often with potent pharmacological effects (e.g., solanine in Solanum species); flavonoids, a large group of polyphenols known for their antioxidant and anti-inflammatory properties; saponins, glycosides with a characteristic soap-like foaming ability often associated with cholesterol-lowering effects; tannins, astringent polyphenols with protein-binding capabilities; phenols, simple aromatic compounds with significant antioxidant capacity; terpenoids, a large class of compounds derived from isoprene units, including carotenoids; and glycosides, compounds where a sugar molecule is bonded to a non-sugar component, often influencing bioavailability and biological activity (Oboh and Rocha, 2007; Martinez-Valverde et al., 2002). Each of these distinct chemical classes contributes uniquely to the complex bioactivity observed in plant-based foods, playing varied roles in promoting human health.
The diverse biochemical structures within these phytochemical classes dictate their specific mechanisms of action and health benefits. For instance, the antioxidant capacity of flavonoids and phenolic acids is largely attributed to their ability to donate electrons and stabilize free radicals, thereby mitigating oxidative stress (Fraser and Bramley, 2004). In contrast, alkaloids often exert their effects through interactions with cellular receptors and enzymes, while saponins may modulate cholesterol metabolism and immune responses. Understanding these classifications is fundamental to elucidating the specific health-promoting attributes of various plant foods and designing targeted dietary interventions for disease prevention and management.
2.5 Common Phytochemicals in Tomatoes
Tomatoes are particularly renowned for their rich and diverse phytochemical profile, which is largely responsible for their recognized health benefits. Prominently featured among these is lycopene, a tetraterpene carotenoid and the primary pigment responsible for the characteristic red color of ripe tomatoes. Lycopene is extensively studied for its exceptionally potent antioxidant activity, which surpasses that of other carotenoids like beta-carotene in certain contexts, making it a critical compound for protecting cells from oxidative damage (Giovannucci, 1999). Additionally, tomatoes contain significant amounts of other carotenoids, such as beta-carotene, which acts as a precursor to Vitamin A and also possesses antioxidant capabilities.
Beyond carotenoids, tomatoes are a valuable source of a wide array of other health-benefiting phytochemicals. Flavonoids, including quercetin and kaempferol, are present and contribute to the anti-inflammatory and potential anticarcinogenic effects observed in tomato consumption (Ubah and Iwe, 2014). Phenolic acids, such as caffeic and chlorogenic acids, are also abundant, offering additional antimicrobial properties and enhancing the overall antioxidant capacity of tomato products. Furthermore, the presence of saponins and tannins contributes to the complex matrix of bioactive compounds, imparting synergistic effects that bolster the antimicrobial and anti-inflammatory attributes of tomato-based products, thereby enhancing their overall functional food status (Afonbi and Agarry, 2010).
2.6 Health Benefits of Tomato Phytochemicals
The rich ensemble of phytochemicals inherently present in tomatoes confers a broad and profound spectrum of health benefits, primarily driven by their robust antioxidant and potent anti-inflammatory properties. The synergistic action of pivotal compounds, including lycopene, vitamin C, various flavonoids, and a diverse array of phenolic acids, enables them to collectively and effectively neutralize detrimental free radicals and reactive oxygen species (ROS) at the cellular and subcellular levels (Raffo et al., 2006). This fundamental protective mechanism is critical in mitigating oxidative stress, a pathological state implicated in cellular damage and the initiation and progression of numerous chronic diseases. Consequently, the regular consumption of tomatoes stands as a significant dietary contributor to overall systemic health maintenance and robust disease prevention.
Beyond their direct radical-scavenging capabilities, tomato phytochemicals play a vital and multifaceted role in modulating various complex physiological processes critical for human well-being. Their anti-inflammatory properties are particularly significant in managing and preventing chronic inflammatory conditions, which are increasingly recognized as fundamental precursors to more severe pathologies such as metabolic syndrome, neurodegenerative disorders, and certain autoimmune diseases. Furthermore, consistent consumption of lycopene-rich tomato products has been unequivocally linked to improved cardiovascular health, primarily through mechanisms involving the reduction of low-density lipoprotein (LDL) cholesterol oxidation, enhancement of endothelial function, and promotion of healthy blood pressure regulation (Giovannucci, 1999).
The diverse phytochemicals within tomatoes also exhibit considerable anti-cancer potential, acting through multiple pathways to impede oncogenesis. These mechanisms include the inhibition of abnormal cell proliferation, induction of programmed cell death (apoptosis) in malignant cells, interference with tumor angiogenesis (the formation of new blood vessels that feed tumors), and modulation of carcinogen-metabolizing enzymes (Oboh and Rocha, 2007). Moreover, the compounds contribute to broader systemic resilience by simultaneously supporting robust immune system function, enhancing the body's natural defense mechanisms against various infections and pathogens. Emerging research also suggests roles in modulating gut microbiota, which can further influence metabolic health and immune responses, thereby extending the vast spectrum of health benefits attributable to regular tomato consumption.
2.7 Previous Studies on Tomato Product Analysis
Numerous scientific investigations have extensively explored the phytochemical composition of fresh tomatoes and their processed derivatives, aiming not only to quantify but also to thoroughly characterize the beneficial compounds present. These foundational studies have consistently illuminated the intrinsic factors governing phytochemical biosynthesis in tomatoes, demonstrating that the ultimate phytochemical content can vary significantly based on genetic predispositions inherent to the specific tomato cultivar (e.g., heirloom vs. commercial varieties), its ripeness stage at harvest, the geographical origin of cultivation, and a range of specific agricultural practices employed (Dumas et al., 2003). Understanding these inherent variabilities is crucial for accurately assessing the potential health impact attributed to different tomato sources and for optimizing cultivation strategies.
Furthermore, prior research has delved deeply into the extrinsic factors influencing phytochemical accumulation and stability, particularly the environmental conditions experienced by the plant and the post-harvest handling of the fresh produce. Agricultural practices such as fertilization regimes, irrigation methods, and the intensity and duration of light exposure during growth have been shown to modulate the biosynthesis and accumulation of specific carotenoids and phenolic compounds within the tomato fruit (Dumas et al., 2003). Similarly, post-harvest factors, including storage temperature, humidity, and the time elapsed before processing, can significantly impact the initial phytochemical load available in the raw material, thereby directly affecting the final profile of any subsequent processed product.
Crucially, prior research has also highlighted the profound and multifaceted impact of industrial processing methods on both the concentration and the bioavailability of phytochemicals in derived tomato products. While processes such as heating and pasteurization, commonly employed in producing tomato paste and sauces, can lead to some thermal degradation of highly heat-sensitive compounds like Vitamin C, they concurrently induce beneficial structural changes that significantly enhance the bioavailability of other key phytochemicals, particularly lycopene (Fraser and Bramley, 2004). This enhancement is primarily achieved by rupturing rigid plant cell walls and liberating lycopene from its chromoplasts, making it more accessible for absorption in the human gut. This implies that processed tomato products, despite alterations in certain constituents, can be equally, if not more, effective sources of specific beneficial compounds like bioavailable lycopene compared to their raw counterparts (Raffo et al., 2006).
Moreover, systematic investigations have revealed considerable variations in the final phytochemical content observed across different brands and diverse types of commercially available tomato products (e.g., paste, juice, ketchup). These discrepancies underscore the significant influence exerted by specific manufacturing processes, including heating duration and temperature profiles, concentration techniques, and the use of various additives (Ubah and Iwe, 2014). Furthermore, post-processing factors such as packaging materials, storage conditions (e.g., exposure to light and oxygen, temperature fluctuations), and product shelf life can also critically affect the stability and degradation kinetics of sensitive phytochemicals, ultimately determining the final phytochemical profile and, consequently, the potential health benefits delivered to the consumer (Ubah and Iwe, 2014). This continuous variability necessitates targeted analysis of commercial products.


CHAPTER THREE
MATERIALS AND METHODS
3.1 Materials
3.1.1 Sample Collection
The selection and collection of samples for this phytochemical analysis were executed with meticulous precision to ensure the representativeness and integrity of the study's findings. Gino tomato paste, a widely recognized and commercially available tomato product, was specifically chosen for this investigation due to its pervasive market presence and high consumption rates within the study's target region. Samples were systematically obtained from various retail outlets at Kulende Market, Ilorin, Kwara State, Nigeria, to encompass potential variations in distribution channels and storage environments prior to purchase. 
One sachets of Gino tomato paste were purchased, ensuring that all selected units originated from the identical production batch and shared the same manufacturing date. Each sachet underwent a rigorous visual inspection at the point of purchase to confirm its pristine condition, including the integrity of the seal, absence of any physical damage such as bloating or leakage, and verification that the product's expiration date was well in advance of the planned analysis period.
Immediately following procurement, the samples were carefully transferred into pre-cleaned, sterile, food-grade, air-tight plastic containers, each meticulously labeled with comprehensive details for traceability, including a unique sample code, the precise date of purchase, the manufacturer's batch number, and the specific retail outlet from which it was acquired. For transportation to the analytical laboratory, the sealed and labeled samples were carefully placed within an insulated storage box to maintain a consistent temperature environment and minimize any potential exposure to elevated temperatures or direct sunlight. 
Upon arrival at the laboratory, all samples were promptly transferred to a refrigerator and stored at a controlled temperature of 4∘C. This cold storage regimen was strictly adhered to, and all subsequent analyses were initiated and completed within 72 hours of sample collection to preserve the inherent phytochemical properties. Prior to analysis, each sample was thoroughly homogenized using a laboratory blender to ensure a uniform consistency and representative distribution of all constituents, followed by accurate weighing for subsequent phytochemical extraction and screening procedures.
3.1.2 Apparatus
· Apparatus Used
· Test tubes (15 ml)
· Centrifuge
· Vortex mixer
· Spectrophotometer
· Pipettes
· Water bath
· Weighing balance
· Measuring cylinders
· Volumetric flasks
· Beakers
3.1.3 Reagents
Reagents for Beta Carotene Determination
· Hexane and Acetone: These are non-polar solvents used to extract carotenoids like beta carotene from tomato paste.
Purpose: Quantify beta carotene, a key antioxidant and precursor to vitamin A.
Reagents for Vitamin C (Ascorbic Acid) Determination
· 4% Trichloroacetic Acid (TCA): Precipitates proteins and helps in extracting vitamin C.
· Dichlorophenolindophenol (DCPIP): A redox dye that reacts with ascorbic acid, changing color.
· Ascorbic Acid Standard: Used to calibrate your spectrophotometer for accurate quantification.
Purpose: Measure the antioxidant capacity and nutritional value of the tomato paste.
Reagents for Total Carbohydrates Determination (Phenol-Sulfuric Acid Method)
· 2.5 N HCl: Hydrolyzes polysaccharides into simple sugars.
· 5% Phenol & 96% Sulfuric Acid: React with sugars to form a colored complex.
· Sodium Carbonate: May be used to neutralize or buffer.
· Glucose Standard: For calibration.
Purpose: Assess energy content and sugar profile.
4. Reagents for Lycopene and Total Carotenoids Determination
· 12% Ethanolic KOH: Saponifies lipids, aiding carotenoid extraction.
· Petroleum Ether: Non-polar solvent for carotenoid extraction.
· Anhydrous Sodium Sulfate: Removes water from organic extracts.
· Calcium Carbonate: Neutralizes acids and stabilizes pigments.
Purpose: Quantify lycopene and other carotenoids—important for antioxidant and health benefits.
3.2 Method
The following standard procedures were used to qualitatively determine the presence of various phytochemicals in Gino tomato paste.
3.2.1 Phytochemical Screening
3.2.1.1 Determination of Vitamin C (Ascorbic acid) 
0.1g of the sample was taken into a 15ml test tube. This was extracted with 1ml of 4% trichloroacetic acid (TCA). This was stirred with vortex mixer and allowed to stay for 15 minutes. The component was centrifuged at 2000 rpm for 5 minutes. 500 microliter of Vitamin C color reagent (Dichlorophenolindophenol) was added to 250 microliter of the supernatant. The orange color that developed was measured at 700 nm. Blank was prepared the same way as sample but TCA used in place of sample supernatant. The standard was prepared by using ascorbic acid at various concentration. The vitamin C content in each sample was calculated from the standard curve prepared using the standard. 3.2.2 Test for Alkaloids
3.2.1.2 Determination of Beta Carotene 
ß-carotene was determined according to the methods outlined by Owusu et al. (2015) with slight modification. 0.1g of the samples were weighed into test tubes. 10ml of a mixture of hexane: acetone [6:4 (v/v)] was used for the extraction. The mixture was mixed and allowed to extract for 10minutes after which it was centrifuge for 3minutes at 2000rpm. Thereafter, the absorbance was measured spectrophotometrically at 505, 453 and 663 nm respectively. The solvent of extraction was used as the blank. The ß-carotene content in the sample was calculated as follow: ß-carotene (mg/100) = 0.216 A663 – 0.304 A505 + 0.452 A453. The values obtained were expressed as mg/100 g DW (dry weight) sample.
3.2.1.3 Determination of Total Carbohydrates
Method: Phenol Sulfuric acid Method
Principle: In hot acidic medium, glucose is dehydrated to hydroxymethyl furfural. This forms a green colored product with the phenol and has absorption maximum at 490 nm.
Reagents
2.5 N HCl; Phenol 5% (w/v); Sulfuric acid 96% reagent grade; Sodium carbonate;
Standard glucose stock: 100mg in 100 ml of distilled water.
Working standard: 10 ml of stock diluted to 100 ml with distilled water (10%v/v) of the stock
Procedure:
1. Weigh 0.1 g of sample into 15 ml test tube
2. Heat the sample to boil by adding 5 ml of 2.5N HCl for 3 hrs
3. Cool to room temperature
4. Neutralize the sample solution with sodium carbonate until effervescence ceases
5. Make up the volume to 100 ml and centrifuge
6. Pipette out 0.2, 0.4....1 ml of the working standard into a series of test tube (5 test tubes)
7. Set a blank with 1 ml of water
8. Add 1 ml of phenol solution across the tubes
9. Add 5 ml of 96% sulfuric acid and shake well
10. Incubate at room temperature for 30 min
11. Read absorbance at 490 nm
12. Plot a standard graph of absorbance against concentration of glucose using values obtained from standard solutions
13. Calculate the amount of Total Carbohydrates present in the sample using the standard graph. 
Calculation Absorbance corresponding to 0.1 ml of the test = x mg of glucose 100 ml of the sample solution contains = x/0.1 * 100 mg of glucose = % of Total Carbohydrates present Reference: Bindhumol (2013). Studies on ex-polysaccharide production by probiotic lactic acid bacteria.
3.2.1.4 Determination of Lycopene 
Reagents
Petroleum Ether; Anhydrous Sodium sulfate; Calcium carbonate; Ethanolic potassium hydroxide (12%)
Procedure
1. Extract the sample (0.1g) of sample to 0.5ml of 12% ethanolic potassium hydroxide
2. Heat in water bath@ 60°C for 30 min and allowed to cool
3. Add 3.0ml of Petroleum Ether and shake well to mix
4. Collect the pet ether layer and note the volume collected
5. Add few grains (pellets) of anhydrous sodium sulfate to the layer collected
6. Read the absorbance of Carotenoids at 450 nm and Lycopene at 503 nm
Calculation: Total Carotenoid= A450 x vol of pet ether layer x 100 x 4/weight of sample (g)
Lycopene= 3.12 * A503 * vol of pet ether layer * 100/weight of sample (g) Total Carotenoid/Lycopene is expressed as mg/g of sample. 

CHAPTER FOUR
RESULTS AND DISCUSSION
4.1 Results 
Table 4.1: Phytochemical Composition of Gino Tomato Paste 
	Phytochemical
	Composition (mg/100)

	Lycopene
	3572.4±31.2

	Vitamin C
	71.1311±0.4918

	Carbohydrate
	1.817±0.0028

	Beta-carotene
	0.13824±0.01608


4.2 Discussion of Findings
The discussion section interprets the results presented in Table 1 within the context of existing scientific literature and the established nutritional and health benefits of tomato phytochemicals.
The quantitative analysis revealed a significant concentration of lycopene in the Gino Tomato paste samples, with measured values 3572.4 mg/100. These high levels are particularly noteworthy as lycopene is the principal carotenoid responsible for the characteristic red pigmentation of tomatoes and is widely recognized for its potent antioxidant properties (Fraser and Bramley, 2004). The observed substantial concentrations indicate a rich antioxidant potential of the processed tomato product, which is a crucial factor in its contribution to human health.
The elevated lycopene content in this commercially available tomato paste aligns strongly with findings from previous studies on processed tomato products. For instance, Zakaria et al. (1979) similarly reported considerable lycopene concentrations in various processed tomato formulations, often noting that the heat treatment involved in processing can enhance the bioavailability of lycopene by breaking down cell walls and facilitating its release (Raffo et al., 2006). This observed high concentration underscores the value of processed tomato products as an accessible dietary source of this critical antioxidant, potentially contributing to the mitigation of oxidative stress and the prevention of chronic diseases.
The analysis revealed the Vitamin C (ascorbic acid) content in the Gino tomato paste samples to be 71.1311 mg/100g. Ascorbic acid is a crucial water-soluble vitamin and a potent antioxidant, playing a pivotal role in numerous physiological processes, including immune system modulation, collagen biosynthesis, and the enhancement of non-heme iron absorption (Martinez-Valverde et al., 2002). Despite its known thermolability and susceptibility to degradation during processing, the observed concentrations are indicative of a commendable retention of this essential nutrient, suggesting that the processing methods employed for this commercial product effectively preserve a significant proportion of its initial Vitamin C content.
The determination of ascorbic acid was performed using a well-established method involving trichloroacetic acid (TCA) extraction followed by colorimetric quantification at 700 nm, a technique recognized for its reliability in food matrices (AOAC, 2016). The consistently high values obtained, comparable to levels reported in some fresh tomato varieties and other processed products, underscore the continued nutritional value of this tomato paste as a viable dietary source of Vitamin C (George et al., 2004). This retention is particularly significant given the importance of Vitamin C in mitigating oxidative stress, a benefit that complements the antioxidant capacity derived from carotenoids in the product.
The beta-carotene content in the analyzed tomato paste samples was recorded within a relatively lower value of 1.817 mg/100g, when compared to the dominant lycopene concentrations. Despite these comparatively modest levels, beta-carotene remains a critical carotenoid, primarily recognized for its provitamin A activity, where it serves as a precursor for the synthesis of Vitamin A in the human body (Fraser and Bramley, 2004). Vitamin A is essential for maintaining vision, immune function, and cellular differentiation, thereby contributing to the overall nutritional efficacy of the tomato product (Owusu et al., 2015).
The subtle variations observed in beta-carotene concentrations between the two samples (0.01608 mg/100g) could be attributed to inherent differences in the raw material (e.g., cultivar, ripeness at harvest), or more likely, to slight disparities in specific processing parameters and subsequent storage conditions (Dumas et al., 2003). Factors such as heat intensity, oxygen exposure, and light during manufacturing and storage can influence the isomerization and degradation of carotenoids. Nevertheless, even at these lower concentrations, the presence of beta-carotene in commercially processed tomato paste signifies its continued contribution as a source of essential micronutrients, reinforcing the product's holistic health benefits.
The quantitative assessment of total carbohydrate content in the Gino Tomato paste samples, performed using the established phenol-sulfuric acid method, yielded consistent values of 1.817 mg/100g. This spectrophotometric assay, widely employed for the determination of total soluble carbohydrates, provides a reliable measure of the overall carbohydrate profile (AOAC, 2016). The observed low concentrations indicate that the investigated tomato product contributes a comparatively modest amount to the overall macronutrient intake, particularly regarding its energy yield.
This low carbohydrate content signifies that the tomato paste is a low-calorie food option, making it particularly suitable for inclusion in calorie-controlled diets and for individuals managing their weight. While fresh tomatoes contain more complex carbohydrates and fibers, the processing into paste typically involves concentration, and depending on the specific method, certain carbohydrate components might be altered or removed (Ubah and Iwe, 2014). The consistent and minimal carbohydrate levels observed in these samples align with the general nutritional profile expected of concentrated tomato products, positioning it as a healthful ingredient without significant caloric burden from carbohydrates.
Intriguingly, the total sugar content, measured at 0% Brix in both analyzed samples, represents a highly distinctive characteristic of this commercial tomato paste. The Brix value typically reflects the total soluble solids, predominantly sugars, within a solution (AOAC, 2016). A reading of zero suggests that free sugars are either virtually absent or have been completely transformed or consumed during the processing or storage phases of the product. This could potentially be attributed to extensive fermentation processes during manufacturing, or the inherent raw material possessing a very low initial sugar concentration, which is then further diminished during concentration. As noted in prior research by Owusu et al. (2015), certain processing conditions can indeed lead to significant alterations in the sugar profile of tomato products.
The complete absence of detectable sugars holds profound nutritional and health implications. For consumers managing specific dietary conditions such as diabetes, those adhering to ketogenic or low-carbohydrate diets, or individuals actively reducing their sugar intake for general health, this characteristic makes the Gino Tomato paste an exceptionally suitable food choice. This finding underscores the potential for certain processed tomato products to cater to specialized dietary requirements, distinguishing them within the market and contributing positively to public health efforts aimed at reducing excessive sugar consumption.





CHAPTER FIVE
CONCLUSION AND RECOMMENDATIONS
5.1 Conclusion
This study meticulously investigated the phytochemical composition of a commercially available tomato paste (Gino Tomato Paste), providing quantitative insights into its levels of key bioactive compounds including lycopene, vitamin C, beta-carotene, total carbohydrates, and total sugars. The findings unequivocally demonstrate that this processed tomato product is a significant source of health-promoting phytochemicals, particularly yielding substantial concentrations of lycopene and retaining considerable amounts of vitamin C. These results underscore the enduring nutritional value of processed tomato products, challenging the notion that processing invariably diminishes all beneficial constituents.
Furthermore, the negligible total carbohydrate content and, notably, the absence of detectable sugars position this particular tomato paste as a low-calorie and sugar-free option, which is highly advantageous for specific dietary requirements and public health initiatives aimed at sugar reduction. Overall, the comprehensive phytochemical profile confirmed in this analysis reinforces the scientific consensus that tomatoes, regardless of their form—fresh or appropriately processed—contribute significantly to dietary quality. Their rich array of antioxidants and other bioactive compounds provides tangible benefits in combating oxidative stress, reducing inflammation, and potentially mitigating the risk of various chronic diseases, thereby solidifying their role as valuable functional foods.
5.2 Recommendations
Based on the findings of this phytochemical analysis and the broader understanding of tomato's health benefits, the following recommendations are proposed to enhance public health, inform manufacturing practices, and guide future research endeavors:
The substantial levels of lycopene and retained vitamin C observed in this study highlight the robust nutritional value of processed tomato paste. Therefore, public health campaigns and dietary guidelines should actively encourage the inclusion of both fresh and processed tomato products in regular diets. Emphasis should be placed on the convenience, versatility, and sustained phytochemical benefits offered by processed forms like paste, especially considering their enhanced lycopene bioavailability due to thermal processing (Raffo et al., 2006). Educational initiatives should inform consumers that processed tomato products are not merely substitutes but often complementary sources of essential bioactive compounds.
Given that processing can differentially affect various phytochemicals (e.g., enhancing lycopene bioavailability while potentially reducing heat-sensitive vitamin C), manufacturers are strongly advised to invest in and adopt optimized processing technologies. This entails meticulous control of parameters such as temperature, duration, and atmospheric conditions during heating, concentration, and packaging to minimize the degradation of labile compounds while maximizing the extraction and stability of beneficial ones. Research into innovative mild processing techniques, rapid cooling, and oxygen exclusion technologies could lead to products with even superior and more consistent phytochemical integrity, ensuring sustained nutritional quality (Ubah and Iwe, 2014).
While this study provides valuable data on one specific commercial tomato paste, there remains a critical need for broader and more systematic research. Future studies should quantitatively investigate the phytochemical profiles across a wider range of commercially available tomato products from diverse brands, including different processing methods (e.g., sun-dried, fire-roasted, different sterilization techniques) and packaging types. Comprehensive research should also focus on elucidating the long-term stability of phytochemicals in these products under various storage conditions and exploring the impact of raw material variations (cultivar, ripeness) on the final processed product's composition. Such detailed investigations will enable more precise recommendations for industry and consumers alike.
Effective nutrition education programs are paramount to translating scientific findings into practical health benefits for the population. These programs should strategically emphasize the specific health advantages conferred by tomato phytochemicals, such as their roles in antioxidant defense, anti-inflammatory processes, and cardiovascular health (Giovannucci, 1999). Information dissemination should transcend traditional channels, utilizing digital platforms and community engagement to reach diverse demographics. By empowering consumers with accurate knowledge regarding the rich phytochemical content and associated benefits of both fresh and processed tomatoes, greater consumption can be encouraged, thereby fostering improved dietary habits and contributing to long-term public health outcomes.
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