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[bookmark: _Toc202868014]CHAPTER ONE 
[bookmark: _Toc202868015]1.0 	Background to Study on Vitamin C
Vitamin C, or ascorbic acid, is a vital water-soluble antioxidant that plays an essential role in numerous metabolic functions, including collagen formation, immune defense, iron absorption, and the protection of biomolecules against oxidative damage (Padayatty et al., 2003). It is considered one of the most important micronutrients for human health. Unlike many animals, humans lack the enzyme L-gulonolactone oxidase required for the endogenous synthesis of vitamin C. As a result, they must obtain it through dietary intake, particularly from fruits and vegetables (Naidu, 2003).
Among the various dietary sources, fruit juices, especially those derived from citrus fruits like oranges and pineapples, are widely regarded for their high vitamin C content and are commonly consumed as part of a healthy diet. These juices are not only appreciated for their pleasant taste and refreshing qualities but also for their contribution to meeting the recommended daily intake of essential vitamins (Lee & Kader, 2000). However, the vitamin C content of these juices is often assumed rather than verified, especially in developing countries, where limited technological resources hinder proper nutrient analysis and quality control.
Vitamin C is inherently unstable and susceptible to degradation through oxidation. Several intrinsic and extrinsic factors such as temperature, light exposure, air (oxygen), storage duration, pH, and the method of juice extraction and preservation significantly influence its stability (Munyaka et al., 2010). These factors can cause progressive loss of ascorbic acid, which reduces the nutritional value of the juice over time. The degradation process is further accelerated in poorly regulated storage conditions, which are common in regions with inadequate refrigeration, erratic power supply, and limited food preservation knowledge.
In the context of Nigeria and other tropical countries, fruit juice production is often done at the small-scale or cottage-industry level, where producers rely on traditional methods without proper packaging, cold storage, or preservation protocols. Many juice vendors operate under open-air conditions, exposing their products to sunlight and high ambient temperatures, two major contributors to vitamin C breakdown (Iqbal et al., 2006). Consumers, therefore, may be unknowingly drinking juices with minimal nutritional benefit, despite paying for products believed to be healthy.
Moreover, the shelf life of commercially and locally produced fruit juices is influenced by the type of fruit, method of juice extraction, use of preservatives, and storage conditions. For instance, pasteurization, a common method used to improve microbial safety and extend shelf life, can significantly affect the vitamin C content if not carefully controlled (Burdurlu et al., 2006). Natural enzymes present in fruits may also contribute to vitamin C degradation post-extraction.
Given these challenges, there is a pressing need to isolate and examine the factors affecting vitamin C retention in commonly consumed fruit juices such as pineapple and orange juice. Through controlled experimentation and simulated environmental conditions, this study aims to provide empirical data on the degradation of vitamin C under various factors. The research will not only offer scientific insight into the stability of vitamin C in fruit juices but also equip juice producers, vendors, and consumers with knowledge on best practices for juice preparation, storage, and consumption.
The findings from this study are particularly relevant to public health nutrition, food science, and the local juice production industry. They are expected to support initiatives aimed at reducing micronutrient deficiencies, improving dietary quality, and promoting better food safety standards.
[bookmark: _Toc202868016]1.1 	STATEMENT OF PROBLEM 
Vitamin C is widely recognized for its vital role in maintaining human health. Its deficiency has been linked to various ailments such as scurvy, poor wound healing, weakened immune function, and increased oxidative stress (Carr & Maggini, 2017). Although fruit juices, especially from citrus fruits like orange and pineapple, are assumed to be reliable sources of vitamin C, the actual concentration of this vitamin in juices at the point of consumption is often much lower than anticipated. This is primarily due to the vitamin's high sensitivity to environmental and processing factors.
In Nigeria and similar developing countries, a large portion of fruit juice production is carried out by small-scale, informal vendors who typically lack access to proper preservation and quality control technologies. Their production and storage practices often involve exposure to high temperatures, light, oxygen, and extended storage times, all of which accelerate the degradation of vitamin C. Despite the widespread consumption of these juices, there is limited awareness about how significantly their vitamin C content can decline under such conditions.
The problem is further compounded by the lack of regular quality assessments and public knowledge. Consumers often assume they are receiving full nutritional value from juices that, in reality, may be nutritionally depleted. The absence of standardized storage and processing guidelines contributes to nutrient loss, undermining public health benefits and defeating the primary purpose of juice consumption.
Therefore, the central problem addressed by this study is the lack of scientific data and public knowledge regarding the extent to which environmental and processing factors affect vitamin C content in pineapple and orange juices. This issue highlights the urgent need to identify, isolate, and analyze these factors to ensure the nutritional quality of fruit juices is maintained from production to consumption.
[bookmark: _Toc202868017]1.2 	JUSTIFICATIONS 
The consumption of fruit juices such as pineapple and orange is widespread, both in Nigeria and globally, due to their perceived health benefits and high vitamin C content. Vitamin C is an essential nutrient that supports numerous physiological functions, including antioxidant protection and immune system efficiency (Padayatty et al., 2003). However, ascorbic acid is chemically unstable and prone to degradation under various environmental and processing conditions, which often go unnoticed by both producers and consumers.
In developing countries, many small-scale juice producers and vendors operate without adequate knowledge or facilities to preserve the nutritional quality of their products. This results in significant nutrient losses, reducing the health benefits that consumers expect from these juices. The lack of empirical data on how factors such as temperature, light exposure, pH, oxygen availability, and storage duration affect vitamin C content in locally produced juices limits the development of effective preservation strategies.
This study is therefore justified as it addresses a critical gap in knowledge by isolating and determining the factors that influence vitamin C degradation in pineapple and orange juices. The findings will provide evidence-based recommendations for juice producers, vendors, and consumers to improve handling and storage practices, thereby maximizing the retention of vitamin C. Furthermore, this research contributes to public health by promoting better nutritional outcomes through improved juice quality, ultimately helping to reduce micronutrient deficiencies associated with vitamin C.
The study’s results are expected to inform policies and guidelines for fruit juice production and preservation, especially at the cottage and small-scale levels. It will also serve as a valuable resource for further scientific investigations into food preservation and nutrition in similar tropical settings.
[bookmark: _Toc202868018]1.3 	AIMS AND OBJECTIVES 
[bookmark: _Toc202868019]1.3.1. 	AIMS 
The primary aim of this study is to isolate and determine the factors affecting the vitamin C content in pineapple and orange juices, with the goal of understanding how various environmental and processing conditions influence vitamin C retention. 
[bookmark: _Toc202868020]1.3.2. 	OBJECTIVES 
1. To quantify the initial vitamin C content in freshly prepared pineapple and orange juices.
2. To investigate the effects of temperature variations on the stability of vitamin C in both juices.
3. To examine the impact of light exposure on the degradation rate of vitamin C in pineapple and orange juices.
4. To assess the influence of storage duration on the vitamin C content of the juices.
5. To evaluate how pH levels affect the stability and retention of vitamin C in the fruit juices.
6. To provide recommendations for best practices in the handling, processing, and storage of pineapple and orange juices to maximize vitamin C retention. 
[bookmark: _Toc202868021]1.4 	SCOPE OF THE STUDY 
This study focuses on the isolation and determination of factors affecting vitamin C content in two commonly consumed fruit juices: pineapple and orange juice. The research investigates how different environmental and processing variables, specifically temperature, light exposure, storage duration, and pH, impact the retention and degradation of vitamin C in these juices.
The study is limited to simulated experimental conditions that mimic realistic scenarios commonly encountered during juice preparation, handling, and storage, particularly within tropical regions such as Nigeria. It does not cover other fruit juices or additional vitamins and nutrients.
Additionally, the study concentrates on laboratory analysis of vitamin C content using standard chemical methods, with data generated through simulated experiments rather than direct sampling from commercial juice producers. The findings aim to provide practical recommendations for small-scale producers and consumers to enhance the nutritional quality of pineapple and orange juices.


[bookmark: _Toc202868022]CHAPTER TWO
[bookmark: _Toc202868023]2.0 	OVERVIEW OF VITAMIN C 
Vitamin C, chemically known as ascorbic acid, is a vital micronutrient indispensable to human health and metabolism. It is a water-soluble vitamin that cannot be synthesized endogenously by humans due to the lack of the enzyme L-gulonolactone oxidase, which is essential in the biosynthetic pathway of ascorbic acid from glucose (Naidu, 2003). Consequently, humans must rely on dietary intake from various sources to meet their physiological needs.
[bookmark: _Toc202868024]2.0.1 	Biological Functions of Vitamin C
Vitamin C serves multiple biological functions that underscore its importance. Primarily, it acts as a potent antioxidant, protecting cells and tissues from oxidative damage induced by reactive oxygen species (ROS) and free radicals. This antioxidative capacity contributes to the prevention of chronic diseases including cardiovascular diseases, certain cancers, cataracts, and neurodegenerative disorders (Carr & Maggini, 2017). Additionally, vitamin C is a critical cofactor in enzymatic reactions such as collagen synthesis, which is essential for maintaining the structural integrity of skin, blood vessels, bones, cartilage, and connective tissue (Padayatty et al., 2003). Deficiency in vitamin C impairs collagen formation, leading to clinical manifestations such as scurvy, characterized by bleeding gums, impaired wound healing, and joint pain (Naidu, 2003).
Moreover, vitamin C enhances the absorption of non-heme iron by reducing ferric iron (Fe³⁺) to the more absorbable ferrous form (Fe²⁺), thereby playing a pivotal role in preventing iron deficiency anemia (Hallberg, Brune, & Rossander, 1989). It also participates in the biosynthesis of neurotransmitters such as norepinephrine and the metabolism of cholesterol to bile acids.
[bookmark: _Toc202868025]2.0.2 	Chemical Nature and Stability
Vitamin C is a six-carbon lactone with a molecular formula of C₆H₈O₆. Its chemical structure comprises an enediol group that facilitates its electron-donating ability, which accounts for its antioxidative function (Padayatty et al., 2003). The molecule exists primarily in two forms: ascorbic acid (the reduced form) and dehydroascorbic acid (the oxidized form), both of which are biologically active as the latter can be enzymatically reduced back to the former in vivo (Naidu, 2003).
Despite its critical physiological roles, vitamin C is chemically unstable. It is highly susceptible to degradation through oxidation, especially in the presence of heat, light, oxygen, metal ions, and alkaline pH. The oxidative degradation of vitamin C follows a multi-step reaction leading to the formation of biologically inactive compounds such as diketogulonic acid (Davey et al., 2000). This instability poses significant challenges in the food industry, particularly in the processing, storage, and preservation of vitamin C-rich products like fruit juices.
[bookmark: _Toc202868026]2.0.3 	Dietary Sources of Vitamin C
Fruits and vegetables are the primary dietary sources of vitamin C. Citrus fruits such as oranges, lemons, and limes are well-known for their high vitamin C content (Lee & Kader, 2000). Other rich sources include strawberries, kiwi fruit, guava, papaya, mango, pineapple, bell peppers, and leafy green vegetables (Naidu, 2003). The vitamin C content varies depending on the species, cultivar, maturity at harvest, and growing conditions.
Fruit juices, especially orange and pineapple juices, are popular vehicles for vitamin C intake because they are convenient and retain significant amounts of the vitamin if properly handled (Burdurlu, Koca, & Karadeniz, 2006). However, the vitamin content can vary widely depending on processing methods such as pasteurization, filtration, storage conditions, and packaging.
[bookmark: _Toc202868027]2.0.4 	Factors Affecting Vitamin C Stability in Juices
Vitamin C degradation in fruit juices is influenced by both intrinsic and extrinsic factors. Intrinsic factors include juice pH, presence of enzymes such as ascorbate oxidase, and metal ions (e.g., copper and iron), which can catalyze oxidation reactions (Burdurlu et al., 2006). The acidic nature of most fruit juices tends to stabilize vitamin C, but variations in pH can alter its stability significantly (Munyaka, Makule, & Oey, 2010).
Extrinsic factors encompass temperature, light exposure, oxygen availability, and storage duration. High temperatures, as experienced during pasteurization or improper storage, accelerate the oxidation of vitamin C and lead to rapid degradation (Lee & Kader, 2000). Similarly, exposure to light, particularly ultraviolet radiation, promotes the breakdown of ascorbic acid (Munyaka et al., 2010). Oxygen is a critical factor, as it facilitates the oxidation process, and juices stored in poorly sealed containers or exposed to air lose vitamin C more rapidly.
The storage period also plays a significant role; vitamin C content decreases progressively over time, with faster losses occurring under non-ideal storage conditions such as high temperature and light exposure. The combined effects of these factors can significantly reduce the nutritional quality of fruit juices before consumption (Burdurlu et al., 2006).
[bookmark: _Toc202868028]2.0.5 Importance of Vitamin C Preservation in Fruit Juices
Given the nutritional importance of vitamin C and its sensitivity to degradation, preserving its content during juice production and storage is essential. This has implications for consumer health, especially in regions where fruit juices are a significant source of micronutrients.
Small-scale juice producers and vendors in tropical countries often face challenges such as limited access to refrigeration and packaging technologies, increasing the risk of nutrient loss. Understanding the mechanisms and factors influencing vitamin C degradation can inform improved processing and storage techniques, such as optimizing pasteurization conditions, minimizing oxygen exposure, and using light-protective packaging.
Efforts to maintain vitamin C content in juices also contribute to reducing micronutrient deficiencies and improving overall dietary quality. This is particularly important for vulnerable populations, including children, pregnant women, and individuals with compromised immunity.
[bookmark: _Toc202868029]2.1 	Chemical Structure Of Vitamin C 
Vitamin C, scientifically known as ascorbic acid, is a vital water-soluble micronutrient with antioxidant properties and biochemical relevance in human health. It functions as a cofactor in enzymatic reactions, assists in collagen synthesis, enhances non-heme iron absorption, and combats oxidative stress by scavenging free radicals (Naidu, 2003). Understanding its chemical structure is foundational to appreciating its physiological functionality and its vulnerability to degradation in food matrices such as fruit juices.
[bookmark: _Toc202868030]2.1.1 	Molecular Composition and Structure
The molecular formula of ascorbic acid is C₆H₈O₆, and its molecular weight is approximately 176.12 g/mol. Structurally, vitamin C is a derivative of glucose and belongs to the class of compounds known as γ-lactones (Carr & Frei, 1999). It contains a five-membered lactone ring (furan ring) with adjacent hydroxyl groups at the 2- and 3-carbon positions. These hydroxyl groups form an enediol configuration, which imparts strong reducing properties to the molecule, enabling it to act as an electron donor in biological redox systems.
Vitamin C primarily exists in its L-ascorbic acid configuration, which is the only biologically active form in humans. The D-isomer is not physiologically significant (Padayatty et al., 2003). In aqueous solution, L-ascorbic acid can undergo reversible oxidation to form dehydroascorbic acid (DHA). However, with prolonged exposure to oxygen, heat, or metal ions, DHA undergoes irreversible hydrolysis to 2,3-diketogulonic acid, which has no vitamin activity (Davey et al., 2000).
[bookmark: _Toc202868031]2.1.2 	Redox Behavior and Functional Groups
The antioxidant behavior of vitamin C is primarily due to its enediol moiety, which enables it to donate two electrons and two protons during oxidative reactions. The chemical reaction proceeds as follows:
L-ascorbic acid ⇌ dehydroascorbic acid → 2,3-diketogulonic acid
This redox capacity is crucial for maintaining cellular redox balance and protecting biomolecules such as lipids, proteins, and DNA from oxidative damage (Jacob & Sotoudeh, 2002). However, the same redox reactivity also makes the compound highly sensitive to environmental stressors such as heat, light, oxygen, and the presence of transition metal ions.
[bookmark: _Toc202868032]2.1.3 	Solubility and Ionization
Ascorbic acid is highly soluble in water, with a solubility exceeding 300 g/L at room temperature. It exhibits weak acidity due to the presence of hydroxyl groups and has two dissociation constants (pKa values): approximately 4.1 and 11.6 (Lee & Kader, 2000). This indicates that under the mildly acidic conditions typical of fruit juices (pH 3–4), the molecule remains largely protonated and more stable. However, pH also affects its degradation rate; oxidation accelerates at both high and low extremes of pH, especially under thermal influence.
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[bookmark: _Toc202868033]Fig. 2.1: Ascorbic Acid Oxidation Scheme.
2.1.4 	Stability Implications for Fruit Juices
Due to its molecular structure, ascorbic acid is prone to degradation in fruit juices during processing and storage. High temperature, prolonged exposure to light, oxygen, and catalytic metal ions such as Cu²⁺ and Fe²⁺ significantly reduce its stability (Davey et al., 2000). These degradation pathways result in the loss of nutritional value and reduction of antioxidant potential in juices like pineapple and orange, which are naturally rich in vitamin C.
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[bookmark: _Toc202868034]Fig. 2.2: Ascorbic Acid (Vitamin C)
[bookmark: _Toc202868035]2.2 	Properties of Vitamin C
Vitamin C, or ascorbic acid, is an organic compound with the molecular formula C₆H₈O₆ and a molecular weight of approximately 176.12 g/mol. Structurally, it is a six-carbon lactone derived from glucose, and its chemical identity is based on the enediol structure present at the second and third carbon atoms of the furan ring (Padayatty et al., 2003). This enediol moiety gives the molecule its strong reducing properties, allowing it to act as a potent antioxidant.
[bookmark: _Toc202868036]2.2.1 	Oxidation-Reduction Potential
Vitamin C acts as a primary electron donor, readily undergoing oxidation to form dehydroascorbic acid (DHA). Both ascorbic acid and DHA are biologically active; however, further oxidation of DHA results in diketogulonic acid, which is biologically inactive and irreversibly lost (Davey et al., 2000). This oxidation process is influenced by environmental conditions such as oxygen concentration, temperature, light, and the presence of metal ions like copper and iron, which can act as catalysts.
The reversible oxidation of ascorbic acid to dehydroascorbic acid and back again under controlled physiological conditions is one of the reasons why vitamin C is an effective antioxidant in vivo. It also participates in redox cycling with other antioxidants, such as vitamin E and glutathione, contributing to the body’s overall antioxidant defense network (Naidu, 2003).
[bookmark: _Toc202868037]2.2.2 	Solubility and pH Stability 
Ascorbic acid is highly soluble in water due to its polar structure. This hydrophilicity allows it to be easily transported through blood plasma and cellular fluids, enhancing its accessibility in biological systems (Lee & Kader, 2000). However, this same property contributes to its instability during food processing. Being water-soluble means it is more likely to leach out during washing, boiling, or juicing, especially if the fluid is exposed to heat or oxygen.
Vitamin C exhibits maximum stability in acidic environments. It is most stable at a pH below 3.0, but its rate of degradation increases significantly under neutral and alkaline conditions. This pH sensitivity has important implications in juice production and storage, as the natural acidity of citrus juices helps preserve vitamin C, while improper neutralization during processing can lead to rapid nutrient loss (Munyaka et al., 2010).
[bookmark: _Toc202868038]2.2.3 	Thermolability
One of the key chemical limitations of vitamin C is its thermolability, its tendency to break down when exposed to heat. Thermal processing methods such as pasteurization, sterilization, and boiling lead to varying degrees of vitamin C degradation, depending on temperature, duration, and pH (Burdurlu et al., 2006). For example, in fruit juice processing, high-temperature short-time (HTST) pasteurization is preferred over low-temperature long-time (LTLT) techniques, as the former retains more vitamin C due to the shorter exposure period.
Thermal degradation involves the breakdown of the ascorbic acid ring structure, leading to the formation of furfural compounds and eventually to the loss of both nutritional and sensory qualities in juices. Therefore, managing thermal exposure is crucial to preserving vitamin C content during fruit juice production.
[bookmark: _Toc202868039]2.2.4 	Light Sensitivity and Oxygen Reactivity
Vitamin C is highly photosensitive, especially in solution. Ultraviolet (UV) and visible light accelerate the oxidative degradation of ascorbic acid, particularly when combined with oxygen exposure (Davey et al., 2000). This is of great concern in fruit juice storage and packaging, where clear glass or plastic containers may permit light penetration and promote nutrient loss. Oxygen, especially in the presence of light and heat, catalyzes the conversion of ascorbic acid to dehydroascorbic acid and further to non-functional degradation products.
To mitigate these effects, oxygen-permeable packaging should be avoided, and juice should be stored in dark or opaque containers, preferably under refrigeration. Vacuum sealing and nitrogen flushing are also employed in commercial settings to prolong shelf life and nutrient stability.
[bookmark: _Toc202868040]2.2.5 	Chelation and Enzyme Sensitivity
Ascorbic acid has metal-chelating properties, enabling it to bind with metal ions, which can have both stabilizing and destabilizing effects. In the presence of iron or copper ions, it may actually catalyze its own degradation via redox cycling reactions. Additionally, enzymes such as ascorbate oxidase, naturally present in fruits, can accelerate the degradation of ascorbic acid post-extraction if not inactivated by heat treatment.
Understanding and controlling these chemical interactions is essential in maintaining vitamin C content in fresh and processed fruit juices. The combination of temperature, light, oxygen, and enzymatic activity determines the stability and bioavailability of vitamin C in food systems.
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Fig. 2.3: Properties Of Vitamin C
[bookmark: _Toc202868041]2.3 	Functions of Vitamin C 
Vitamin C, or L-ascorbic acid, is one of the most essential water-soluble vitamins required for various physiological and biochemical functions in the human body. It acts as a cofactor, antioxidant, immune system enhancer, and enzyme modulator, among other roles. Unlike most animals, humans lack the enzyme L-gulonolactone oxidase, which is necessary for endogenous synthesis of vitamin C from glucose; therefore, it must be obtained exogenously through diet (Padayatty et al., 2003). Fruits such as oranges and pineapples serve as rich dietary sources of this nutrient.
[bookmark: _Toc202868042]2.3.1 	Antioxidant Defense
One of the most significant functions of vitamin C is its antioxidant activity. As a potent reducing agent, vitamin C donates electrons to neutralize reactive oxygen species (ROS) and free radicals, thereby protecting biomolecules, such as lipids, proteins, carbohydrates, and nucleic acids, from oxidative damage (Naidu, 2003). The redox cycle of vitamin C, wherein it is oxidized to dehydroascorbic acid (DHA) and subsequently regenerated, is central to its role in cellular antioxidant systems (Carr & Frei, 1999). It also helps regenerate other antioxidants, notably vitamin E (α-tocopherol), by reducing its oxidized form back to its active state (Jacob & Sotoudeh, 2002).
[bookmark: _Toc202868043]2.3.2 	Collagen Synthesis
Vitamin C is an essential cofactor for prolyl and lysyl hydroxylase, the enzymes responsible for hydroxylating proline and lysine residues in procollagen chains (Lee & Kader, 2000). This post-translational modification is crucial for the structural integrity, stability, and function of collagen, a protein that forms the basis of connective tissues including skin, blood vessels, tendons, cartilage, and bone. Vitamin C deficiency impairs collagen synthesis, leading to scurvy, characterized by hemorrhages, gum disease, and poor wound healing.
[bookmark: _Toc202868044]2.3.3 	Immune System Support
Vitamin C contributes significantly to immunological defense mechanisms. It promotes the production and function of leukocytes, enhances phagocytosis, and stimulates the production of interferons, all of which are crucial for combating microbial and viral infections (Wintergerst et al., 2006). Furthermore, vitamin C supports the epithelial barrier function, thereby reducing susceptibility to infections and speeding up recovery from illnesses such as the common cold and upper respiratory tract infections (Hemilä, 2017).
[bookmark: _Toc202868045]2.3.4. 	Iron Absorption Enhancement
Vitamin C enhances the absorption of non-heme iron, which is predominantly found in plant-based foods. It achieves this by reducing ferric iron (Fe³⁺) to the more soluble ferrous form (Fe²⁺) in the gastrointestinal tract, which can then be readily absorbed by intestinal cells (Cook & Monsen, 1977). This function is particularly important in preventing iron-deficiency anemia, especially in populations with limited access to animal protein sources.
[bookmark: _Toc202868046]2.3.5. 	Enzyme Cofactor Functions
Beyond collagen biosynthesis, vitamin C functions as a cofactor for several dioxygenase and monooxygenase enzymes, including:
1. Carnitine biosynthesis enzymes, which are essential for fatty acid transport into mitochondria for β-oxidation.
2. Neurotransmitter biosynthesis enzymes, such as dopamine β-hydroxylase, which converts dopamine to norepinephrine (Englard & Seifter, 1986).
3. These roles underscore its involvement in energy metabolism and neurotransmitter regulation, which are vital for both physical and cognitive functions.
[bookmark: _Toc202868047]2.3.6. 	Detoxification and Wound Healing
Vitamin C enhances detoxification in the liver by assisting cytochrome P450 enzymes, which play roles in drug metabolism and clearance of toxins. In wound healing, it contributes to tissue repair through collagen synthesis, immune modulation, and reduction of inflammation (Hunt, 2003). Its deficiency leads to fragile capillaries, delayed wound closure, and tissue degeneration.
[bookmark: _Toc202868048]2.3.7. 	Potential Anticarcinogenic and Cardioprotective Roles
Emerging studies suggest that vitamin C may play a role in cancer prevention and cardiovascular health, largely attributed to its antioxidant function and ability to protect endothelial cells from oxidative stress (Carr & Maggini, 2017). Some clinical trials have explored high-dose intravenous vitamin C in oncology, though these remain inconclusive and under investigation.
Vitamin C’s multifunctionality is unparalleled among vitamins. From its antioxidant defense and collagen synthesis to immune enhancement and iron metabolism, vitamin C remains essential for maintaining overall human health. These physiological functions underscore the importance of preserving vitamin C content during food processing and storage, particularly in juices derived from citrus fruits like oranges and pineapples.
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Fig. 2.4: Functions Of Vitamin C
[bookmark: _Toc202868049]2.4 	Method of Vitamin C Determination: Titration
The quantitative determination of vitamin C (ascorbic acid) in fruit juices is crucial for assessing the nutritional quality and stability of these products. Among the various analytical techniques available, redox titration using 2,6-dichlorophenolindophenol (DCPIP) is one of the most commonly employed methods due to its simplicity, cost-effectiveness, and reasonable accuracy for routine analysis (Arya et al., 2000). This titrimetric method is particularly useful in laboratory settings and food industries for determining the ascorbic acid content in citrus-based juices like orange and pineapple.
[bookmark: _Toc202868050]2.4.1 	Principle of the Method
The titration method is based on a redox reaction in which ascorbic acid reduces the blue dye DCPIP (2,6-dichlorophenolindophenol) to a colorless form. In this reaction, ascorbic acid is oxidized to dehydroascorbic acid, while DCPIP is reduced from its blue oxidized form to a colorless reduced state.
The reaction can be represented as follows:
C₆H₈O₆ (ascorbic acid) + DCPIP (blue) → C₆H₆O₆ (dehydroascorbic acid) + DCPIPH₂ (colorless)
The end-point of the titration is visually identified when a persistent pink coloration appears, indicating that all the ascorbic acid in the sample has been oxidized and excess DCPIP is present in the solution.
[bookmark: _Toc202868051]2.4.2 	Different Method of Vitamin C Determination
Beyond titration, a variety of analytical methods are available for determining the concentration of vitamin C in fruit juices. These methods differ in their sensitivity, specificity, equipment requirements, and cost-effectiveness. The choice of method often depends on the objective of the analysis (e.g., research vs. industrial quality control), the matrix of the sample, and the required accuracy.
1. Spectrophotometry
UV–Visible spectrophotometry is a widely used method for vitamin C determination due to its simplicity and ability to analyze multiple samples rapidly. This method typically involves the reaction of ascorbic acid with a chromogenic reagent (such as 2,6-dichlorophenolindophenol or Folin–Ciocalteu reagent) that results in a color change, which is then measured at a specific wavelength using a spectrophotometer (Arya et al., 2000). The absorbance is directly related to vitamin C concentration.
2. High-Performance Liquid Chromatography (HPLC)
HPLC is considered the gold standard for ascorbic acid analysis due to its high precision, specificity, and ability to separate ascorbic acid from dehydroascorbic acid and other interfering substances. It typically uses a reverse-phase C18 column with UV detection at 245–265 nm (Nielsen, 2010). Sample preparation often includes filtration and derivatization, especially for DHA. Although HPLC is more expensive and time-consuming, it is indispensable in clinical, pharmacological, and food research.

3. Fluorometry
Fluorometric methods detect vitamin C based on its ability to quench or enhance fluorescence when interacting with specific fluorophores. These methods are highly sensitive and can detect trace amounts of ascorbic acid. However, the presence of fluorescent compounds in fruit juices can interfere with measurements, making this method less suitable for complex matrices without rigorous sample preparation (Robinson et al., 2006).
4. Titrimetry with Iodine
An alternative to DCPIP titration is iodimetric titration, in which iodine is used as the titrant. Ascorbic acid reduces iodine to iodide, and the endpoint is detected by the formation of a blue-black complex with starch. Although simple, this method is less specific and can be affected by other reducing agents in the sample (Verma & Bhatnagar, 2014).
5. Enzymatic Methods
These methods use specific enzymes such as ascorbate oxidase to selectively oxidize ascorbic acid, followed by a coupled colorimetric or fluorometric readout. They offer excellent specificity and are commonly employed in clinical diagnostic kits. However, they are more expensive and have a shorter shelf life for reagents.
[bookmark: _Toc202868052]2.4.3 	Advantages of Titration Method
1. Simplicity: Requires minimal equipment and training.
2. Low cost: Reagents are inexpensive and readily available.
3. Rapid analysis: Can be completed in a few minutes.
4. Good reproducibility when performed under controlled conditions.
5. Visual Endpoint Detection
[bookmark: _Toc202868053]2.4.4 	Disadvantages of Titration Method
1. Subjectivity of Endpoint Detection
2. Interference from Other Reducing Agents
3. Sensitivity to pH and Temperature
4. Limited Detection Range
5. Not Suitable for Differentiating Vitamin C Forms
[bookmark: _Toc202868054]2.4.5 	Limitations
1. Subjective endpoint detection: May vary depending on observer.
2. Potential interference: Pigments, turbidity, or presence of other reducing agents in fruit juices may lead to inaccurate results.
3. Sensitivity: Less sensitive compared to chromatographic techniques like HPLC (High-Performance Liquid Chromatography) (Nielsen, 2010).
The titrimetric determination of vitamin C using DCPIP is a classical, reliable, and effective method for evaluating ascorbic acid concentration in fruit juices. While it may lack the high sensitivity of modern analytical tools, it remains a fundamental technique in food science laboratories for routine assessments of vitamin C content in beverages like orange and pineapple juice.
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Fig. 2.5: Method Of Vitamin C Determination: Titration
[bookmark: _Toc202868055]2.5 	Factors Affecting Vitamin C Content In Pineapple Juice 
Pineapple (Ananas comosus) is a tropical fruit valued for its sweet flavor, high water content, and substantial nutritional value, particularly as a source of vitamin C. However, the ascorbic acid content in pineapple juice is highly unstable and prone to degradation under certain processing, environmental, and storage conditions. Understanding the various physicochemical and biological factors that influence vitamin C levels in pineapple juice is crucial for optimizing processing techniques and maintaining its nutritional quality (Lee & Kader, 2000). These factors include temperature, pH, light exposure, oxygen availability, metal ions, and storage duration.
[bookmark: _Toc202868056]2.5.1 	Temperature
Vitamin C is highly thermolabile, meaning it breaks down rapidly under elevated temperatures. Heating pineapple juice during pasteurization or cooking can lead to substantial losses of ascorbic acid due to its oxidative degradation (Davey et al., 2000). The extent of degradation increases with both temperature intensity and duration of heat exposure. According to Severini et al. (1997), a loss of up to 50–60% of vitamin C can occur during pasteurization at 90°C for just a few minutes. This degradation is catalyzed by oxygen and is irreversible, converting ascorbic acid into biologically inactive compounds such as 2,3-diketogulonic acid.
[bookmark: _Toc202868057]2.5.2 	pH Level
Pineapple juice naturally has a pH range between 3.2 and 4.0, making it acidic. Ascorbic acid is generally more stable under acidic conditions, and thus this pH range provides a relatively protective environment against degradation (Rojas-Graü et al., 2007). However, if pH is artificially altered, such as during fermentation or with improper pH control during processing, vitamin C becomes more vulnerable. In alkaline environments, the oxidation of ascorbic acid accelerates significantly due to increased deprotonation of the molecule, which makes it a better electron donor and thus more prone to oxidative damage (Yuan & Chen, 1998).
[bookmark: _Toc202868058]2.5.3 	Oxygen Exposure
Vitamin C is highly susceptible to oxidation in the presence of oxygen. During the juicing, packaging, and storage of pineapple juice, exposure to atmospheric oxygen can initiate auto-oxidation of ascorbic acid. This reaction is further accelerated in the presence of oxygen-permeable packaging materials or when containers are not vacuum-sealed. Oxygen not only oxidizes ascorbic acid to dehydroascorbic acid but also promotes chain reactions that degrade it irreversibly (Klimczak et al., 2007). Hence, controlling oxygen levels during processing and packaging is critical to preserving vitamin C.
[bookmark: _Toc202868059]2.5.4 	Light Exposure
Light, particularly ultraviolet (UV) and visible wavelengths, can catalyze photochemical degradation of vitamin C in pineapple juice. Transparent containers that allow light penetration accelerate this process, especially when the juice is stored near windows or under fluorescent lighting (Martinsen & Sundheim, 2000). Vitamin C loss due to photodegradation is often compounded by the presence of trace metals and flavonoids, which can act as photosensitizers and promote the formation of reactive oxygen species. This necessitates the use of opaque or UV-blocking packaging materials for juice preservation.
[bookmark: _Toc202868060]2.5.5 	Metal Ions
The presence of transition metals, particularly iron (Fe²⁺/Fe³⁺) and copper (Cu²⁺), significantly enhances the rate of vitamin C oxidation in pineapple juice. These metal ions act as catalysts in redox reactions, facilitating the conversion of ascorbic acid to dehydroascorbic acid and beyond (Nielsen, 2010). Metal contamination may occur during juicing or from processing equipment, emphasizing the need for stainless steel machinery and the use of chelating agents such as EDTA (ethylenediaminetetraacetic acid) to mitigate this effect.
[bookmark: _Toc202868061]2.5.6 	Storage Conditions and Duration
Storage temperature and duration play critical roles in vitamin C stability. Even under refrigeration (4–8°C), pineapple juice exhibits gradual degradation of ascorbic acid over time. According to Kefford et al. (1995), pineapple juice stored at room temperature for more than 48 hours can lose over 30% of its initial vitamin C content. Long-term storage, especially in suboptimal conditions (e.g., high temperature, light exposure, oxygen-permeable containers), leads to cumulative oxidative damage.
[bookmark: _Toc202868062]2.5.7 	Enzymatic Activity
Enzymes such as ascorbate oxidase, present naturally in fruits or introduced by microbial contamination, can degrade ascorbic acid enzymatically. These enzymes become more active during storage or fermentation, further accelerating the breakdown of vitamin C (Arya et al., 2000). Enzymatic degradation is particularly relevant in unpasteurized or freshly squeezed juices that have not undergone enzyme inactivation.
The vitamin C content in pineapple juice is highly sensitive to various physicochemical and environmental factors. Heat, oxygen, light, metal ions, and improper storage conditions are primary contributors to ascorbic acid degradation. Therefore, to retain optimal nutritional value, pineapple juice must be processed and stored under carefully controlled conditions, including low temperatures, minimal oxygen exposure, dark storage, and use of inert materials. These strategies are essential for maximizing vitamin C stability and ensuring the health benefits of the final product.
[bookmark: _Toc202868063]2.6 	Factors Affecting Vitamin C Content In Orange Juice
Orange juice, derived from Citrus sinensis, is widely recognized as one of the richest natural sources of vitamin C (ascorbic acid) in the human diet. However, despite its nutritional benefits, the vitamin C content in orange juice is inherently unstable and subject to rapid degradation under various physicochemical, environmental, and biochemical conditions. These changes can significantly diminish its nutritional value, particularly during juice processing, packaging, and storage (Lee & Kader, 2000). Understanding the factors influencing the retention or loss of vitamin C in orange juice is essential for maintaining quality and ensuring accurate nutritional labeling.
[bookmark: _Toc202868064]2.6.1 	Thermal Processing and Pasteurization
Heat treatment is routinely applied to orange juice during commercial processing to inactivate microbial contaminants and enzymes. However, vitamin C is highly heat-sensitive, and its concentration decreases with increased temperature and exposure time. Pasteurization at 90–95°C for 15–30 seconds may result in a 10–50% reduction in ascorbic acid, depending on the method used and the initial juice composition (Moshonas & Shaw, 1994). Extended heat exposure leads to irreversible degradation through oxidation, especially when oxygen is present.
[bookmark: _Toc202868065]2.6.2 	Storage Temperature and Duration
The rate of vitamin C degradation in orange juice during storage is temperature-dependent. Refrigerated storage (4–8°C) slows the degradation process, while storage at room temperature or above (25–30°C) can accelerate the oxidative breakdown of ascorbic acid (Favell, 1998). For instance, orange juice stored at 30°C for three months may lose up to 80% of its original vitamin C content. Degradation follows first-order kinetics, and long-term storage even at lower temperatures still results in gradual but cumulative vitamin C loss (Campos et al., 2009).
[bookmark: _Toc202868066]2.6.3 	Light Exposure
Exposure to light, particularly ultraviolet (UV) and blue light, can initiate photochemical reactions that oxidize ascorbic acid into dehydroascorbic acid and other byproducts. Transparent packaging materials (e.g., glass or clear plastic bottles) exacerbate this degradation when juices are stored under fluorescent lighting or sunlight (Martinsen & Sundheim, 2000). Light-sensitive degradation is more prominent when combined with high temperature or prolonged storage.
[bookmark: _Toc202868067]2.6.4 	Oxygen Availability and Packaging
Vitamin C is easily oxidized in the presence of oxygen, especially when combined with light and heat. Oxygen permeation through packaging materials, headspace air in bottles, or inadequate sealing can greatly reduce ascorbic acid levels. Packaging materials such as polyethylene terephthalate (PET) and glass differ in their oxygen permeability. PET bottles allow more oxygen diffusion than laminated or vacuum-sealed containers, leading to faster degradation (Buettner & Schaich, 1996).
To preserve vitamin C, commercial manufacturers often use oxygen-barrier packaging, nitrogen flushing, or vacuum sealing. These methods reduce oxygen exposure and prolong shelf life by minimizing oxidative stress on the juice.
[bookmark: _Toc202868068]2.6.5 	pH of the Juice
Orange juice has a natural pH range between 3.2 and 4.4, which provides a mildly acidic environment conducive to vitamin C stability. At this pH, ascorbic acid remains predominantly in its protonated form, reducing its reactivity and susceptibility to oxidation (Klimczak et al., 2007). However, pH shifts during fermentation or chemical contamination can enhance degradation. A more alkaline environment increases deprotonation of the hydroxyl groups, thus enhancing electron donation and oxidative degradation.
[bookmark: _Toc202868069]2.6.6 	Metal Ion Catalysis
Transition metal ions, such as Fe²⁺, Fe³⁺, and Cu²⁺, significantly catalyze the oxidation of vitamin C. These metals may originate from equipment surfaces, metallic containers, or residues from agricultural sprays. The Fenton-type reaction, involving metal ions and hydrogen peroxide, accelerates the formation of reactive oxygen species, which directly oxidize ascorbic acid (Nielsen, 2010). Chelating agents such as EDTA are sometimes added during processing to bind metal ions and mitigate their catalytic effect.
[bookmark: _Toc202868070]2.6.7 	Enzymatic Oxidation
In fresh-squeezed or unpasteurized orange juice, endogenous enzymes like ascorbate oxidase and polyphenol oxidase can contribute to enzymatic degradation of vitamin C. These enzymes are activated during cell disruption and remain active unless inactivated by pasteurization or acidification (Frank et al., 2004). The presence of microbes in poorly preserved juice may also produce enzymes that further degrade vitamin C during storage.
[bookmark: _Toc202868071]2.6.8 	Juice Concentration and Reconstitution
Concentrated orange juice, when reconstituted, may show different vitamin C levels depending on the quality of the concentrate and the water used. Some loss of vitamin C occurs during evaporation in juice concentration processes due to thermal effects. Furthermore, improper dilution ratios, recontamination, or exposure to light and air during reconstitution can reduce final ascorbic acid levels in the consumer product.
Vitamin C content in orange juice is highly sensitive to a combination of processing conditions, storage environment, and packaging technologies. To preserve ascorbic acid in orange juice, it is essential to minimize oxygen exposure, use UV-protective packaging, avoid prolonged heat treatment, and store under refrigerated, dark conditions. By addressing these factors, producers and consumers can retain the maximum nutritional and antioxidant benefits of orange juice.



[bookmark: _Toc202868072]CHAPTER THREE
[bookmark: _Toc202868073]MATERIALS AND METHODS
[bookmark: _Toc202868074]3.1 	Materials 
 The following materials and equipment were used for this experiment:
[bookmark: _Toc202868075]3.1.1 	Glassware:
1. 50 ml burette
1. 25 ml pipette
1. 250 ml Erlenmeyer flask
1. Beakers (100 ml and 250 ml)
1. Funnel
1. Volumetric flask (100 ml)
1. Dropper
[bookmark: _Toc202868076]3.1.2 	Equipment:
1. Retort stand with burette clamp
1. Analytical balance (±0.01 g accuracy)
1. Stirring rod
1. White tile (for endpoint detection)
3.1.3 	Reagents and Chemicals
1.  Pineapple juice samples (freshly prepared)
1. Orange juice (freshly prepared and commercially available
1. Standard iodine solution 
1. Starch indicator solution (0.05%)
1. Distilled water
1. Potassium iodide (KI)
[bookmark: _Toc202868077]3.2.0 	Preparation of Solutions 
[bookmark: _Toc202868078]3.2.1 	Sample Preparation
Packaged commercial orange juice was purchased from local supermarket, while the fresh pineapple and orange fruit was purchased from local market at Oja-oba Market, Kwara State of Nigeria and brought to chemistry department of Kwara State Polytechnic, Ilorin.
The samples were prepared as follows: 
For fresh fruit juice: Peel and cut 50g of sample (pineapple fruit) into small pieces and blended with a fruit blender together with 25ml of distilled water. After blending, strain the pulp through a cheesecloth. Washing it with 25ml of distilled water.
Cut 50g of the second sample (orange fruit) into two (2), Juice it into a beaker.
The samples were numbered as follows: 
Sample 1 is fresh pineapple fruit
Sample 2 is the fresh orange fruit
[bookmark: _Toc202868079]3.2.2 	Standard Iodine Preparation
The iodine solution was prepared from potassium iodide (KI), potassium iodate (KIO3), and sulfuric acid (H2SO4) and then standardized by using a standard ascorbic acid with starch solution as indicator. This method also determines the vitamin c concentration in a solution by a redox titration using iodine. As the iodine is added during the titration, the ascorbic acid is oxidized to dehydroascorbic acid, while the iodine is reduced to iodide ions as shown below:

                                          IO3–   + 8I–   + 6H+   ⇌   3I3–   +   3H2O
                                         C6H8O6   +   I3– ⟶ C6H6O6   +   3I–   +   2H+ 

[bookmark: _Toc202868080]3.2.3 	0.5% Starch Solution
Weigh 0.25g of soluble starch and add to 50mL of near boiling water in a 100mL conical flask. Stir to dissolve allowed the solution to cool to room temperature before use. 
Note: This is especially important if the starch solution is to be used in a kinetics experiment where temperature is a fact.
[bookmark: _Toc202868081]3.2.4 	Iodine Solution
The solution was prepared by weighing (0.05mol) 2.00 g potassium iodide (KI) into a 100mL beaker. Weigh 1.3g of iodine of iodine (I) and add it into the same beaker. Add a few Ml of distilled water and swirl for a few minutes until iodine is dissolved. Transfer iodine solution to a 1L volumetric flask, making sure to rinse all traces of solution into the volumetric flask using distilled water.
[bookmark: _Toc202868082]3.3 	Experimental Procedure
[bookmark: _Toc202868083] 3.3.1 	Titration 
1. Rinse the burette with the standard iodine solution and fill it with the same solution, ensuring no air bubbles remain in the burette tip.
2. Rinse the pipette and use it to transfer 25ml of filtered sample into a 250 ml Erlenmeyer flask, add 50ml of distilled water to make up 75mL.
3. Add 10 ml of 0.1 M sulfuric acid to the Erlenmeyer flask to maintain the acidic conditions necessary for the titration.
4. Add 3 drops of starch indicator solution to the flask. The solution will remain colorless at this stage.
5. Titrate the sample with the standard iodine solution.
6. Swirl the flask continuously during titration to ensure proper mixing.
7. Near the endpoint, the solution will begin to turn blue due to the interaction between iodine and starch.
8. Continue adding iodine dropwise until a stable blue-black color appears, indicating the endpoint of the titration.
9. Record the final burette reading and calculate the volume of iodine solution used.
10. Repeat the titration at least three times with further aliquotes sample to obtain concordant results.
[bookmark: _Toc202868084]3.3.2 	Calculations
1. Calculate the average volume of iodine solution used for the titration
1. Calculate the moles of iodine reacting
1. Using the equation of the titration, determines the number of moles of ascorbic acid reacting
             C6H8O6   +   I2 ⟶ 2I- + dehydroascorbic acid +2H+
1. Calculate the concentration of ascorbic acid in the solution and obtained from the fruit juice and concentration of ascorbic acid in the commercial juice.
     
[bookmark: _Toc202868085]3.3.3      Precautions
1. All glassware were thoroughly washed to avoid sample contamination
2.  Proper care is advised due to the fact that iodine can stain cloth.
3. The sample should be prepared immediately before the titration due to the fact that ascorbic acid is susceptible to oxidation by atmospheric oxygen
4. Ensuring accurate measurement of reagents and samples to avoid error
5. Avoidance of over titration by ensuring the identification of the endpoint through color changes.
                             


[bookmark: _Toc202868086]CHAPTER FOUR
[bookmark: _Toc202868087]RESULTS AND CONCLUSION
[bookmark: _Toc202868088]4.0 	Results
     In a redox titration involving ascorbic acid titration and iodine, the stoichiometry is typically a    1:1 molar ratio.
         C6H8O6 +   I2 ⟶ 2I- + dehydroascorbic acid +2H+
Molar mass of Ascorbic acid = 176.12g/mol
Moles of iodine = concentration of iodine solution x volume of iodine solution used.
Moles of ascorbic acid = moles of iodine (since the reaction is 1:1)
Concentration of ascorbic acid (mol/L) = moles of ascorbic/ volume of solution in litre (L)
Mass (g) of ascorbic acid = moles of ascorbic acid ×molar mass of ascorbic acid.
Concentration (mg/100mL) = mass of ascorbic acid in mg/volume of sample in mL×100 

Table 1: Titration value table
 Pineapple
	
	1st titration(ml)
	2nd titration(ml)
	3rd titration(ml)

	Final Reading
	10.80
	8.20
	8.20

	Initial Reading
	0.00
	0.00
	0.00

	Volume used
	10.80
	8.20
	8.20


      
Average titer = 2nd + 3rd /2
                         8.20+8.20/2 =8.20ml
Moles of iodine = 0.005molL×0.0082L
                          = 0.000041mol.
Concentration of ascorbic acid = 0.000041mol/0.1L
                                                  = 0.00041mol/L
Mass (g) of ascorbic acid = 0.000041 mol x 176.12g/mol
                                          = 0.007221g
                                          = 7.221mg
Concentration (mg/100mL) = 7.221mg /75mL x 100mL
                                             = 9.628mg/100mL

Table 2: Titration value table
Orange
	
	1st titration(mL)
	2nd titration(mL)
	3rd titration(mL)

	Final Reading
	28.00
	26.10
	25.90

	Initial Reading
	0.00
	0.00
	0.00

	Volume used
	28.00
	26.10
	25.90



Average titre = 2nd + 3rd /2
                         26.10+25.90 =26.00ml
Moles of iodine = 0.005molL×0.0260L
                          =0.00013mol.
Concentration of ascorbic acid = 0.00013mol x 0.1L
                                                   = 0.00013mol/L
Mass (g) of ascorbic acid = 0.00013mol x 176.12g/mol
                                          = 0.0228956g
                                          = 22.896mg
Concentration (mg/100mL) = 22.896mg/75mL x 100mL
                                             = 30.528mg/100Ml.
[bookmark: _Toc202868089]4.1 	Discussion
Different methods can be used to determine the vitamin C content in juices. Iodometry titration was used in this research because it is less expensive, highly precise and accurate. Based on the result, the ascorbic acid in orange is higher than that of pineapple (30.528mg/100mL and 9.628mg/100mL respectively) which means that the concentration of ascorbic acid in pineapple is lesser than that of orange in correlation to those earlier reported by [C.C. Nweze, M.G. Abdulganiyu and O.G. Erhabor 2015].
Orange and pineapple fruits contain enough vitamin C which is an antioxidant vitamin essential for human health. Generally, vitamins are essential, but in small amounts, for the regulation of normal metabolism and as an antioxidant.
According to the World Health Organization (WHO) guidelines, the recommended daily intake of vitamin C is 65-90 mg for adults. The vitamin C content in fresh orange juice could provide about 60% of this requirement per 100 ml serving. Fresh pineapple juice can provide a significant percentage of your daily vitamin C needs. A 100 ml serving of fresh pineapple juice contains approximately 9.2 to 93.8 mg of vitamin C. A 2021 study from MDPI indicates that a 200 ml portion of pineapple juice can provide around 50% or more of the daily recommended vitamin C intake. According to Healthline, one cup (250 g) of pineapple juice provides about 100% of the Daily Value (DV) for vitamin C.
According to Ejimofor et al., vitamin contents of fruits are influenced by a number of factors and prominent among them include varietal differences and pre-harvest environmental conditions.
Vitamin C is highly sensitive to oxygen, light intensity to which the plants are exposed just previous to harvest, Heat ( Higher temperatures can accelerate vitamin C degradation), processing as well as storage all plays a significant role in the determination of vitamin c content in both pineapple and orange juice(fresh) [ Seung K. Lee, Adel A. Kader 2000].


[bookmark: _Toc202868090]CHAPTER FIVE
[bookmark: _Toc202868091]5.0 	CONCLUSION
The titration results indicate that fresh orange juice contains the highest vitamin C concentration compared to fresh pineapple juice. To retain vitamin C content, consumers may store juices in the refrigerator and glass containers intended for food applications to minimize vitamin C degradation. Future studies could explore other methods, such as UV spectrophotometry or HPLC, to cross-check the accuracy of vitamin C measurements and examine the impact of long-term storage on vitamin C stability.
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