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CHAPTER ONE

1.0 BACKGROUND OF THE STUDY ON VITAMIN C 

Vitamin C, also known as ascorbic acid or ascorbate, is a water-soluble vitamin found abundantly in citrus fruits, berries, and various vegetables. It was discovered in 1912, isolated in 1928, and became the first vitamin to be chemically synthesized in 1933. (Willis ND, et al., 2019) The discovery of vitamin C was pivotal in understanding and preventing scurvy, a disease caused by vitamin C deficiency, which historically affected sailors and others with limited access to fresh produce. Vitamin C is an essential nutrient for humans and several other species that cannot synthesize it endogenously due to a genetic mutation affecting the enzyme l-gluconolactone oxidase.(Fenech M, et al., 2018) It plays a critical role in:

· The biosynthesis of collagen, an important structural protein in connective tissues

· Metabolism of carnitine and catecholamines

· Enhancing the absorption of non-heme iron from plant-based foods

· Acting as a potent antioxidant, neutralizing free radicals and protecting cells from oxidative damage (Khalife R, et al., 2019)
Vitamin C is also integral to immune function, supporting the activity of various white blood cells and protecting them from oxidative stress. The identification of vitamin C as the "anti-scorbutic factor" was a significant milestone in nutritional science. Early experiments with guinea pigs, which like humans cannot synthesize vitamin C, helped establish its essential role in preventing scurvy. The mass production of synthetic vitamin C in the 1930s enabled widespread supplementation and food fortification, drastically reducing scurvy incidence worldwide. Beyond its role in preventing deficiency diseases, ongoing research investigates vitamin C's potential in reducing the risk of chronic conditions such as cardiovascular disease, certain cancers, and cognitive decline, largely due to its antioxidant properties. However, evidence regarding the benefits of high-dose supplementation in healthy individuals remains mixed, with most health authorities recommending adequate intake primarily through diet rather than supplements.Vitamin C deficiency remains a concern in populations with limited access to fresh fruits and vegetables, particularly in low-income settings. Studies have shown significant disparities in vitamin C intake between socioeconomic groups, underscoring the importance of dietary diversity and public health interventions to ensure adequate intake. Vitamin C is a vital micronutrient with a well-established role in human health, from the prevention of scurvy to supporting immune function and acting as an antioxidant. Its historical, biological, and public health significance continues to drive research and policy aimed at optimizing population health through adequate vitamin C nutrition. (Blaszczak W, et al., 2019)
1.1   STATEMENT OF PROBLEMS 

Vitamin C (ascorbic acid) is an essential nutrient known for its antioxidant properties and its role in collagen synthesis, immune function, and iron absorption. Despite its importance, several challenges and problems persist regarding its intake, stability, effectiveness, and public health impact. (Ashor AW, et al., 2019)
Inadequate Intake and Deficiency: Many populations, particularly in developing countries, suffer from inadequate intake of Vitamin C due to limited access to fresh fruits and vegetables. This can lead to deficiency-related diseases such as scurvy, fatigue, impaired wound healing, and a weakened immune system.Lee Y (November 2023)
Instability and Degradation: Vitamin C is highly unstable and sensitive to heat, light, and oxygen, leading to degradation during food processing, storage, and cooking. This significantly reduces its nutritional value in processed or stored foods, posing a challenge for ensuring adequate intake through diet alone. (Berkel WJ et al., 2000)
Bioavailability and Absorption Issues: The bioavailability of Vitamin C can vary depending on the source (natural vs synthetic), the presence of other nutrients, and individual health conditions. This variation complicates dosage recommendations and effectiveness, particularly in therapeutic uses or supplementation. (Qiu S, Xu Z, et al. 2023). 
Overconsumption and Misuse: While deficiency is a concern, excessive intake of Vitamin C supplements is also problematic. High doses can lead to gastrointestinal disturbances (e.g., diarrhea, nausea) and may pose risks for individuals with kidney disorders due to the potential formation of oxalate kidney stones.  (Lind J 1753). 
Public Awareness and Health Education:  A lack of public awareness regarding the importance of Vitamin C, its sources, and recommended daily intake contributes to both under- and over-consumption. Misinformation and marketing of unregulated supplements exacerbate the problem, especially among vulnerable populations. (de Carvalho RM, et al., 2019)
1.2 JUSTIFICATION 

Vitamin C is a vital micronutrient that plays a crucial role in maintaining human health, yet its importance is often underestimated. Despite being widely available in fruits and vegetables, Vitamin C deficiency remains a concern in many parts of the world due to poor dietary habits, food insecurity, and inadequate health education. This situation is particularly alarming given that Vitamin C deficiency can lead to serious health complications, including scurvy, impaired immune function, and increased susceptibility to infections. (González-Fuentes J, et al., 2018)
Furthermore, the instability of Vitamin C during food processing and storage leads to significant nutrient losses, reducing the effectiveness of fortified or preserved foods. This makes it necessary to explore methods to enhance the stability and retention of Vitamin C in foods and supplements. The increasing popularity of Vitamin C supplementation also raises concerns about misuse, overconsumption, and the spread of misinformation, especially in the context of unregulated health claims and self-medication. Therefore, there is a clear need for public education on proper intake levels, natural sources, and the potential risks associated with excessive use. (Langlois PL, et al., 2019)
This study is justified by the need to:

· Improve understanding of Vitamin C’s nutritional and therapeutic roles.

· Identify effective strategies to prevent deficiency.

· Promote safe and informed use of supplements.

· Enhance food processing methods to retain Vitamin C content.

· Support public health initiatives through evidence-based recommendations.

Conducting this research or project will contribute valuable data to nutrition science, inform policy development, and support global efforts to improve health outcomes through better vitamin intake and education.(Lind J (1772). 
SIGNIFICANCE OF STUDY
 This study is significant because it aims to provide valuable information on the vitamin C content in different fruit juices. The findings of this study can be used to

· Inform consumers about the nutritional value of different pineapple and orange juice

· Provide data for researchers and policymakers to develop evidence-based recommendations for pineapple and orange juice consumption

AIMS AND OBJECTIVE
The aim of the study is to quantitatively determine the vitamin C content in two (2) different fruit juice samples (pineapple and orange fruit juice) using iodiometric titration. This method provides an accurate and reliable way to assess the concentration of ascorbic acid in orange juice. (Livermore H et al.,2004). 
The Objective of the study is to compare vitamin C levels in fresh pineapple and orange juices.

CHAPTER TWO
2.0 OVERVIEW OF VITAMIN C 

Countless clinical studies have investigated the effects of vitamin C on human health ever since the identification of its role in the prevention of scurvy. These can roughly be divided into

i) mechanistic studies investigating the pharmacokinetics of vitamin C, its homeostasis and the role of ascorbate in various physiological processes, 

ii) epidemiological studies exploring associations between vitamin C intake or status and morbidity and mortality, and finally 

iii) intervention studies examining the effect of vitamin C supplementation on disease prevention, progression and treatment. Despite this wealth of scientific evidence, some very basic albeit fundamental questions remain unanswered to this day including: “What is the optimal intake of vitamin C?” and “What is the preventive and therapeutic potential of vitamin C?”
A major reason for the continued controversies about the putative importance vitamin C in human health can be found in the interpretation and quality of the available clinical data. Randomized controlled trials (RCTs) are generally considered the gold standard in drug efficacy and safety testing. Naturally, the RCT paradigm has been applied to micronutrient studies in search of clinical support for a possible functional health benefit of dietary supplementation. For vitamin C, such intervention studies have with few exceptions been unsuccessful showing only minor or no effects on morbidity and mortality. However, vitamin C differs significantly from the typical low molecular weight pharmaceutical drug in a number of ways that need to be incorporated into study designs and interpretation to achieve valid conclusions. Epidemiological studies on the other hand are often accused of suffering from potential selection bias and confounding. Moreover, their lack of ability to establish causality and discriminate between multiple etiological sources may suggest the possibility that identified associations be merely coincidental or secondary with respect to vitamin C status per se. (Corvallis, OR. July 1, 2018)
As humans do not have the capacity to synthesize vitamin C in contrast to the vast majority of mammalian species, its pharmacokinetics has been devoted particular attention as a basis for the evaluation of uptake, distribution, metabolism and clearance. Other species potentially have the capacity to increase biosynthesis of vitamin C in times of need. However, in humans, increased turnover—due to e.g. diseased-induced inflammation or oxidative stress—can only be compensated by increased intake or by supplementation. (Yates AA, eds. (2020).
One important aspect of dose selection in intervention studies is the assumption of near 1st order kinetics within the therapeutic range. For vitamin C, convincing data were published decades ago indicating that vitamin C pharmacokinetics is in fact highly dose-dependent in humans within the physiological range. Despite this important breakthrough, the consequences of these observations and the true complexity of vitamin C homeostasis did not become evident until the identification of the sodium-dependent vitamin C transporters (SVCTs). The SVCTs are now considered the primary means of systemic control of vitamin C homeostasis and are capable of actively transporting ascorbate into cells against a considerable concentration gradient (Lacher DAN 2009).The resulting dose-dependency and non-linearity of the pharmacokinetics profoundly changes fundamentals of study design and data interpretation but unfortunately, this reality has mostly been neglected in the clinical vitamin C literature.While not attempting to answer the highly pertinent questions listed above as insufficient evidence is available, the purpose of this review is to discuss the pharmacology of vitamin C and to critically re-examine the larger studies from the clinical literature on vitamin C in light of the potential pitfalls that may lead to misinterpretations. (Friedman E June 2021)
2.1 Pharmacokinetics of vitamin C

The pharmacokinetics of vitamin C has recently been reviewed in detail and only a brief overview is provided here. The intestinal absorption of orally ingested vitamin C—that being from food sources or supplements alike—occurs through transporter proteins rather than by passive diffusion. Several decades ago, it was observed by independent investigators that increasing oral doses beyond 200–400 mg vitamin C/day leads to decreasing absorption fractions and it was concluded that intestinal vitamin C absorption is subject to saturable active transport. Levine and coworkers later performed a series of meticulous pharmacokinetic studies in healthy young men and women showing that plasma saturation occurs at a concentration around 70–80 μm other studies have arrived at the same number. This phenomenon also accounts for the highly different pharmacokinetics of vitamin C following oral vs. parenteral administration (reviewed in more detail in Ref.  It became known that dehydroascorbic acid (the oxidized form of vitamin C) has the ability to pass through a number of glucose transporters by facilitated diffusion, but this realization did not explain the dose-dependency following oral ingestion. Later, it was discovered that ascorbate (the reduced form of vitamin C) and dehydroascorbic acid are taken up by separate mechanisms in the intestine and that uptake of ascorbate is sodium dependent. (Carr AC (July 2020).
This coincided with the discovery and characterization of the sodium-dependent vitamin C transporter (SVCT) (sodium-ascorbate co-transporters) family by Tsukaguchi and coworkers, who later found that the intestine contains the low affinity/high capacity active transporter (sodium-ascorbate co-transporters SVCT1. Moreover, (sodium-ascorbate co-transporters) SVCT1 is also present in the epithelium of the proximal renal tubuli and governs the active reabsorption of ascorbate in the kidneys. It has been shown in  mice lacking the SVCT1 that renal fractional excretion increases up to 18-fold, while intestinal absorption is not significantly diminished. This suggests that the renal SVCT1-mediated reabsorption of ascorbate is pivotal in the maintenance of systemic vitamin C homeostasis. The active transporter displays dose-dependency and its expression may be regulated by vitamin C status in several tissues.(Truswell AS (1987).
Several single-nucleotide polymorphisms (SNPs) have been identified in the human (sodium-ascorbate co-transporters) SVCT1. Most of these are suggested to lead to a lower homeostatic set point, but reliable data on vitamin C kinetics from these subpopulations are difficult to obtain due to the rare occurrence of some of the individual SNPs and so far, very limited data are available. However, a few studies have suggested that such SNPs may be linked to increased disease risk. Thus, Zanon-Moreno et al. found significant associations between the lower plasma vitamin C concentrations as well as increased risk of glaucoma. has been suggested to be associated with aggressive periodontitis. Kobylecki et al. investigated a SNP rs33972313 that provide higher vitamin C concentration than the wildtype in a Mendelian randomization study of cardiovascular mortality and morbidity. They concluded that their data “cannot exclude that a favorable effect of high intake of fruit and vegetables could in part be driven by high vitamin C concentrations”. In other words, although the data were not conclusive, they indicated that the SNP could be associated with improved cardiovascular health. Interestingly, Corpe et al. modelled dose vs. concentration curves for a selected number of known SNPs and found that the functionally poorest SVCT allele identified was expected to result in a plasma saturation level corresponding to life-long vitamin C deficiency. However, these modelling studies and their potential phenotypic consequences remain to be confirmed in clinical studies. (Matsushita M 2000).
Distribution of vitamin C from plasma to tissues are primarily governed by the SVCT2, i.e. the low-capacity high-affinity version of the vitamin C transporter. It is located in most cell types and it appears that local concentrations and/or is to forms of the transporter determine the steady state concentration of the individual organ/tissue. From detailed studies in guinea pigs (that like humans are unable to synthesize vitamin C), it is known that differences in expression levels of SVCTs leads to a highly diverse distribution of vitamin C between organs. Thus, up to 20-fold difference in steady state concentration has been measured between e.g. brain/adrenal gland and kidney/heart/muscle being among tissues with the highest and lowest in steady state concentrations, respectively (Milton K June 1999). 

2.1 CHEMICAL STRUCTURE ON VITAMIN C 

It is required for the functioning of several enzymes and is important for immune system function. It also functions as an antioxidant. Vitamin C may be taken by mouth or by intramuscular, subcutaneous or intravenous injection. Various health claims exist on the basis that moderate vitamin C deficiency increases disease risk, such as for the common cold, cancer or COVID-19. There are also claims of benefits from vitamin C supplementation in excess of the recommended dietary intake for people who are not considered vitamin C deficient. Vitamin C is generally well tolerated. Large doses may cause gastrointestinal discomfort, headache, trouble sleeping, and flushing of the skin. The United States National Academy of Medicine recommends against consuming large amounts. (Naidu KA August 2003). 
Most animals are able to synthesize their own vitamin C. However, apes (including humans) and monkeys (but not all primates), most bats, most fish, some rodents, and certain other animals must acquire it from dietary sources because a gene for a synthesis enzyme has mutations that render it dysfunctional. Vitamin C was discovered in 1912, isolated in 1928, and in 1933, was the first vitamin to be chemically produced. Partly for its discovery, Albert Szent-Györgyi was awarded the 1937 Nobel Prize in Physiology or Medicine.(Winterhalter P, Jerz G (2008).
2.1.1 Chemistry

dehydroascorbic acid (oxidized form)

The name "vitamin C" always refers to the l-enantiomer of ascorbic acid and its oxidized form, dehydroascorbate (DHA). Therefore, unless written otherwise, "ascorbate" and "ascorbic acid" refer in the nutritional literature to l-ascorbate and l-ascorbic acid respectively. Ascorbic acid is a weak sugar acid structurally related to glucose. In biological systems, ascorbic acid can be found only at low pH, but in solutions above pH 5 it is predominantly found in the ionized form, ascorbate.  Many analytical methods have been developed for ascorbic acid detection. For example, vitamin C content of a food sample such as fruit juice can be calculated by measuring the volume of the sample required to decolorize a solution of dichlorophenolindophenol (DCPIP) and then calibrating the results by comparison with a known concentration of vitamin C. (Kennedy JF, 1995). 
2.1.2 Deficiency

Plasma vitamin C is the most widely applied test for vitamin C status.(Lamontagne F, et al., 2019Adequate levels are defined as near 50 μmol/L. Hypovitaminosis of vitamin C is defined as less than 23 μmol/L, and deficiency as less than 11.4 μmol/L. (Lamontagne F, et al., 2019). For people 20 years of age or above, data from the US 2017–18 National Health and Nutrition Examination Survey showed mean serum concentrations of 53.4  μmol/L. The percent of people reported as deficient was 5.9%.(Lamontagne F, et al., 2019). Globally, vitamin C deficiency is common in low and middle-income countries, and not uncommon in high income countries. In the latter, prevalence is higher in males than in females. (Narayanan S, Kumar SS, et al.,2021)
Plasma levels are considered saturated at about 65 μmol/L, achieved by intakes of 100 to 200 mg/day, which are well above the recommended intakes. Even higher oral intake does not further raise plasma nor tissue concentrations because absorption efficiency decreases and any excess that is absorbed is excreted in urine. (Trugo LC 2000).
2.1.3 Diagnostic testing

Vitamin C content in plasma is used to determine vitamin status. For research purposes, concentrations can be assessed in leukocytes and tissues, which are normally maintained at an order of magnitude higher than in plasma via an energy-dependent transport system, depleted slower than plasma concentrations during dietary deficiency and restored faster during dietary repletion. Vitamin C (ascorbic acid) has the molecular formula C₆H₈O₆. It belongs to the monosaccharide family and is structurally related to glucose. Its molecular weight is 176.12 g/mol, and it features a lactone ring with multiple hydroxyl groups, contributing to its strong reducing (antioxidant) properties. Vitamin C is indicated to prevent and treat scurvy. Scurvy develops 1 to 3 months after initiating a vitamin C deficient diet. Individuals may complain of lethargy, fatigue, malaise, emotional lability, arthralgias, weight loss, anorexia, and diarrhea. They also may experience easy bleeding, bruising, and poor wound healing. The cutaneous manifestations of scurvy include phrynoderma, corkscrew hairs, perifollicular hemorrhage and purpura, edema of the lower extremities, and splinter hemorrhages. Phrynoderma, or enlarged hyperkeratotic hair follicles, initially present on the posterolateral arms. This presentation subsequently generalizes to involve the buttocks, posterior thighs, calves, shins, and back. Corkscrew hairs represent fractured and coiled hairs due to impaired keratin cross-links by disulfide bonds. With time, significant vascular congestion occurs, particularly in the lower extremities, leading to perifollicular hemorrhage and edema. This purpura is occasionally palpable, mimicking a cutaneous vasculitis. Blood vessel wall fragility also results in splinter hemorrhages of the nail bed. Oral disease is prominent among those with pre-existing poor dentition. Individuals may develop hemorrhagic gingivitis, where the gingiva is initially red, swollen, and shiny and later becomes purple, necrotic, and prone to bleeding. Additionally, poorly formed soft teeth are prone to infection. Musculoskeletal disease frequently presents in children. Hemorrhage can be intramuscular, intra-articular, or subperiosteal, leading to pain and pseudoparalysis. Bowing of the long bones, depression of the sternum, and swelling of the costochondral junctions are present on physical examination. Radiographic findings include a transverse metaphyseal radiolucent band (scurvy line or Trummerfeld zone), widening at the zone of calcification (white line of Frankel), a ring of increased density around the epiphysis (Wimberger ring), and metaphyseal spurs with marginal fractures (Pelkan spurs). Reports exist of conjunctival, intraocular, intracerebral, and gastrointestinal bleeding. (Burgess SG, 1950). 
  Molecular Formula: C₆H₈O₆
  IUPAC Name: (5R)-[(1S)-1,2-dihydroxyethyl]-3,4-dihydroxyfuran-2(5H)-one

  Molecular Weight: 176.12 g/mol

Chemical Structure (2D representation):
Here is a textual description of the structure

Vitamin C, also known as L-ascorbic acid, has a chemical formula of C6H8O6. It is a six-carbon molecule, structurally related to glucose, and features a unique lactone ring structure crucial for its biological activity and antioxidant. (Pemberton J June 2006). 
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1. It contains a five-membered lactone ring (a furan ring) with four hydroxyl (–OH) groups attached.

2. The molecule has both enediol and lactone functional groups.

Key Functional Groups:
· 4 Hydroxyl groups (–OH)

· 1 Lactone ring (a cyclic ester)

· Enediol group (–C(OH)=C(OH)–), crucial for its antioxidant properties

2.2.0 PROPERTIES OF VITAMIN C 

Vitamin C, also known as ascorbic acid, is a vital water-soluble vitamin with a wide range of physiological, biochemical, and therapeutic properties. It plays a crucial role in maintaining overall health due to its antioxidant capacity, role in enzymatic reactions, immune support, and collagen synthesis, among other functions. (Dhaliwal GS, Patra RC (2012)  Below is an extensive discussion of the properties of Vitamin C, categorized under different headings for clarity:

2.2.1 Chemical Properties

Chemical Name: L-ascorbic acid

Molecular Formula: C₆H₈O₆
Molecular Weight: 176.12 g/mol

Structure: It is a six-carbon compound structurally related to glucose.

Solubility: Highly soluble in water, sparingly soluble in alcohol, insoluble in chloroform and ether.

pH Sensitivity: Acidic in solution; stability decreases in neutral or alkaline pH.

Oxidation: Prone to oxidation when exposed to air, light, or heat, leading to loss of activity. It oxidizes to dehydroascorbic acid, which retains biological activity, but can further degrade into inactive compounds.Reducing Agent: Strong reducing property, donating electrons readily, which contributes to its antioxidant action. (Scalzo RL, et al. 2016)
2.2.2
 Biological and Physiological Properties

A. Antioxidant Activity

Free Radical Scavenging: Neutralizes reactive oxygen species (ROS) and reactive nitrogen species (RNS).Regeneration of Other Antioxidants: Helps regenerate other antioxidants like Vitamin E and glutathione to their active forms. (Tada A, Miura H July 2019). 
B. Collagen Synthesis

Essential for hydroxylation of proline and lysine residues during collagen synthesis.

Maintains integrity of connective tissue, skin, tendons, ligaments, and blood vessels.

C. Immune System Support

Stimulates the production and function of white blood cells.

Enhances chemotaxis, phagocytosis, and microbial killing.

Supports epithelial barrier function against pathogens.

D. Iron Absorption

Enhances non-heme iron absorption in the gastrointestinal tract by reducing Fe³⁺ to Fe²⁺.

Helps prevent iron-deficiency anemia.

E. Enzymatic Cofactor

Acts as a cofactor for various hydroxylase enzymes, involved in carnitine biosynthesis, neurotransmitter synthesis (e.g., dopamine to norepinephrine), and tyrosine metabolism.

Pharmacological and Therapeutic Properties

A. Wound Healing

Promotes tissue repair by facilitating collagen deposition.

Accelerates wound closure and minimizes scarring.

B. Cardiovascular Protection

Reduces oxidative damage to endothelial cells.

May help lower blood pressure and improve arterial function.

C. Anti-inflammatory Effects

Reduces pro-inflammatory cytokines.

Modulates immune response, aiding in chronic inflammatory conditions.

D. Neuroprotective Functions

Involved in neurotransmitter synthesis (e.g., serotonin).

Protects neural tissues from oxidative damage.

E. Anti-cancer Potential

Under investigation for its role in inhibiting cancer cell growth by pro-oxidant activity at high concentrations (pharmacological doses).

Acts synergistically with chemotherapy agents in some cases.

Nutritional Properties

Dietary Sources: Citrus fruits, strawberries, kiwi, bell peppers, tomatoes, broccoli, spinach.

Daily Requirement:

Adult men: ~90 mg/day

Adult women: ~75 mg/day

Higher requirements in smokers, pregnant/lactating women, and those under physiological stress.

Deficiency Disease: Scurvy – characterized by bleeding gums, fatigue, joint pain, and impaired wound healing.

Stability and Storage Properties

Heat Sensitivity: Easily degraded by cooking or heat processing.

Light and Air Sensitivity: Requires storage in airtight, light-resistant containers.

pH Sensitivity: More stable in acidic environments.

Toxicological and Safety Profile

Water-Soluble: Excess excreted in urine, reducing risk of toxicity.

Tolerable Upper Intake Level (UL): ~2000 mg/day in adults.

Side Effects (at high doses):

Gastrointestinal discomfort (nausea, diarrhea)

Increased risk of kidney stones (especially oxalate stones)

Possible interference with blood glucose tests (false readings)

Industrial and Clinical Applications

Pharmaceuticals: Used in tablets, capsules, and injections.

Food Industry: As an antioxidant preservative (E300), prevents oxidation and spoilage.

Cosmetics: Added to skin-care products for anti-aging and skin-brightening effects.

Diagnostics: Used as a reducing agent in lab tests.

Vitamin C is an essential nutrient with multifaceted chemical, biological, and therapeutic properties. Its antioxidant, enzymatic cofactor roles and immune-enhancing capabilities make it indispensable for human health. While it is widely available in a balanced diet, supplementation may be necessary in certain physiological or pathological conditions. (Jensen C 2017).

2.3 FUNCTIONS OF VITAMIN C 

Vitamin C is an essential nutrient involved in the repair of tissue, the formation of collagen, and the enzymatic production of certain neurotransmitters. It is required for the functioning of several enzymes and is important for immune system function. It also functions as an antioxidant. Vitamin C may be taken by mouth or by intramuscular, subcutaneous or intravenous injection. Various health claims exist on the basis that moderate vitamin C deficiency increases disease risk, such as for the common cold, cancer or COVID-19.  There are also claims of benefits from vitamin C supplementation in excess of the recommended dietary intake for people who are not considered vitamin C deficient. Vitamin C is generally well tolerated. Large doses may cause gastrointestinal discomfort, headache, trouble sleeping, and flushing of the skin. The United States National Academy of Medicine recommends against consuming large amounts. (Jensen C 2017). 
Most animals are able to synthesize their own vitamin C. However, apes (including humans) and monkeys (but not all primates), most bats, most fish, some rodents, and certain other animals must acquire it from dietary sources because a gene for a synthesis enzyme has mutations that render it dysfunctional. Vitamin C was discovered in 1912, isolated in 1928, and in 1933, was the first vitamin to be chemically produced. Partly for its discovery, Albert Szent-Györgyi was awarded the 1937 Nobel Prize in Physiology or Medicine. (Song Y, et al. 2022)

Vitamin C functions as a cofactor for the following enzymes: 

· Three groups of enzymes (prolyl-3-hydroxylases, prolyl-4-hydroxylases, and lysyl hydroxylases) that are required for the hydroxylation of proline and lysine in the synthesis of collagen. These reactions add hydroxyl groups to the amino acids proline or lysine in the collagen molecule via prolyl hydroxylase and lysyl hydroxylase, both requiring vitamin C as a cofactor. The role of vitamin C as a cofactor is to oxidize prolyl hydroxylase and lysyl hydroxylase from Fe2+ to Fe3+ and to reduce it from Fe3+ to Fe2+. Hydroxylation allows the collagen molecule to assume its triple helix structure, and thus vitamin C is essential to the development and maintenance of scar tissue, blood vessels, and cartilage. (Scalzo RL, et al. 2016). 
· Two enzymes (ε-N-trimethyl-L-lysine hydroxylase and γ-butyrobetaine hydroxylase) are necessary for synthesis of carnitine. Carnitine is essential for the transport of fatty acids into mitochondria for ATP generation. (Wang W, Xu H (2016). 
· Hypoxia-inducible factor-proline dioxygenase enzymes (isoforms: EGLN1, EGLN2, and EGLN3) allows cells to respond physiologically to low concentrations of oxygen.

· Dopamine beta-hydroxylase participates in the biosynthesis of norepinephrine from dopamine.Washburn C, Jensen C (2017). 
· Peptidylglycine alpha-amidating monooxygenase amidates peptide hormones by removing the glyoxylate residue from their c-terminal glycine residues. This increases peptide hormone stability and activity. (Wheeler GL, Jones MA, Smirnoff et al., 1998).
As an antioxidant, ascorbate scavenges reactive oxygen and nitrogen compounds, thus neutralizing the potential tissue damage of these free radical compounds. Dehydroascorbate, the oxidized form, is then recycled back to ascorbate by endogenous antioxidants such as glutathione.[7]: 98–99  In the eye, ascorbate is thought to protect against photolytically generated free-radical damage; higher plasma ascorbate is associated with lower risk of cataracts.[56] Ascorbate may also provide antioxidant protection indirectly by regenerating other biological antioxidants such as α-tocopherol back to an active state.[7]: 98–99  In addition, ascorbate also functions as a non-enzymatic reducing agent for mixed-function oxidases in the microsomal drug-metabolizing system that inactivates a wide variety of substrates such as drugs and environmental carcinogens. (Jimenez CR 2021).
2.3.1 Pharmacokinetics

Ascorbic acid is absorbed in the body by both active transport and passive diffusion. Approximately 70%–90% of vitamin C is active-transport absorbed when intakes of 30–180 mg/day from a combination of food sources and moderate-dose dietary supplements such as a multi-vitamin/mineral product are consumed. However, when large amounts are consumed, such as a vitamin C dietary supplement, the active transport system becomes saturated, and while the total amount being absorbed continues to increase with dose, absorption efficiency falls to less than 50%. Active transport is managed by Sodium-Ascorbate Co-Transporter proteins (SVCTs) and Hexose Transporter proteins (GLUTs). SVCT1 and SVCT2 import ascorbate across plasma membranes. The Hexose Transporter proteins GLUT1, GLUT3 and GLUT4 transfer only the oxydized dehydroascorbic acid (DHA) form of vitamin C. The amount of DHA found in plasma and tissues under normal conditions is low, as cells rapidly reduce DHA to ascorbate. SVCTs are the predominant system for vitamin C transport within the body.  In both vitamin C synthesizers (example: rat) and non-synthesizers (example: human) cells maintain ascorbic acid concentrations much higher than the approximately 50 micromoles/liter (μmol/L) found in plasma. For example, the ascorbic acid content of pituitary and adrenal glands can exceed 2,000 μmol/L, and muscle is at 200–300 μmol/L.  The known coenzymatic functions of ascorbic acid do not require such high concentrations, so there may be other, as yet unknown functions. A consequence of all this high concentration organ content is that plasma vitamin C is not a good indicator of whole-body status, and people may vary in the amount of time needed to show symptoms of deficiency when consuming a diet very low in vitamin C.  (Jimenez CR, 2021)
Excretion (via urine) is as ascorbic acid and metabolites. The fraction that is excreted as unmetabolized ascorbic acid increases as intake increases. In addition, ascorbic acid converts (reversibly) to DHA and from that compound non-reversibly to 2,3-diketogulonate and then oxalate. These three metabolites are also excreted via urine. During times of low dietary intake, vitamin C is reabsorbed by the kidneys rather than excreted. This salvage process delays onset of deficiency. Humans are better than guinea pigs at converting DHA back to ascorbate, and thus take much longer to become vitamin C deficient. (Tsinopoulos IT, 2019)

2.4 METHODS OF VITAMIN C DETERMINATION: TITRATION 

Vitamin C (ascorbic acid) can be determined through titration methods, primarily iodometric titration and redox titration with DCPIP. Iodometric titration involves reacting vitamin C with iodine, while redox titration with 2,6-dichlorophenolindophenol (DCPIP) uses the dye's color change to indicate the endpoint. (Hornig DH et al.,2006). 
Iodometric Titration:

Principle:

Ascorbic acid reduces iodine (I₂) to iodide ions (I-), and the endpoint is reached when excess iodine reacts with a starch indicator, producing a blue-black color. 

Procedure:

A solution of vitamin C is prepared and acidified. 

Starch solution is added as an indicator. 

Iodine solution is added dropwise until the solution turns a persistent blue-black color. 

The volume of iodine solution used is recorded, and the amount of vitamin C can be calculated. (Tveden-Nyborg P, 2019)

Redox Titration with DCPIP:

Principle: DCPIP is a dye that is blue in solution and colorless when reduced. Ascorbic acid reduces DCPIP, and the endpoint is reached when the solution turns a persistent pink color due to the presence of the acidic indicator.

Procedure:  A sample solution containing vitamin C is prepared.

The solution is titrated with a standardized solution of DCPIP.

The endpoint is reached when the solution turns a pink color and remains for a certain time.

The volume of DCPIP used is recorded, and the amount of vitamin C can be calculated. 

Other Titration Methods: Iodimetric back-titration: An excess of iodine is generated, and the unreacted iodine is titrated with sodium thiosulfate. 

Titration with sodium hydroxide: This method is used to determine the amount of vitamin C in tablets. 

Note: These methods are widely used for vitamin C determination in various samples, including foods, juices, and tablets. 

Many analytical methods have been developed for ascorbic acid detection. For example, vitamin C content of a food sample such as fruit juice can be calculated by measuring the volume of the sample required to decolorize a solution of dichlorophenolindophenol (DCPIP) and then calibrating the results by comparison with a known concentration of vitamin C. Fresh fruit was expensive to keep on board, whereas boiling it down to juice allowed easy storage, but destroyed the vitamin (especially if it was boiled in copper kettles). It was 1796 before the British navy adopted lemon juice as standard issue at sea. In 1845, ships in the West Indies were provided with lime juice instead, and in 1860 lime juice was used throughout the Royal Navy, giving rise to the American use of the nickname "limey" for the British.  Captain James Cook had previously demonstrated the advantages of carrying "Sour krout" on board by taking his crew on a 1772–75 Pacific Ocean voyage without losing any of his men to scurvy.  For his report on his methods the British Royal Society awarded him the Copley Medal in 1776. The name antiscorbutic was used in the eighteenth and nineteenth centuries for foods known to prevent scurvy. These foods included lemons, limes, oranges, sauerkraut, cabbage, malt, and portable soup.  In 1928, the Canadian Arctic anthropologist Vilhjalmur Stefansson showed that the Inuit avoided scurvy on a diet largely of raw meat. Later studies on traditional food diets of the Yukon First Nations, Dene, Inuit, and Métis of Northern Canada showed that their daily intake of vitamin C averaged between 52 and 62 mg/day. (Yeom CH 2018)
2.5 FACTORS AFFECTING VITAMIN C CONTENT IN PINEPPLE JUICE 

Several factors affect the vitamin C content in pineapple juice, including the pineapple's maturity at harvest, processing methods, storage conditions, and the presence of oxygen and heat. Peeling, heating, and prolonged storage can significantly reduce vitamin C levels. (Ma J, et al., 2023)
Factors affecting vitamin C content:

Maturity at Harvest:

Vitamin C content varies depending on the ripeness of the pineapple at harvest, with some research suggesting higher levels in fully ripe fruit, according to a study on the topic. 

Processing Methods:

Peeling: Peeling can lead to a notable loss of vitamin C, with one study showing a 41.8% loss during peeling. 

Heating: Pasteurization and other heat treatments can degrade vitamin C, with losses ranging from 28-46% in one study. (Song Y, et al. (January 2022). 
Exhausting: The process of removing air from cans (exhausting) can also contribute to vitamin C loss. (Gerstein M et al., 2010)
Storage Conditions:

Temperature: Elevated temperatures during storage accelerate vitamin C degradation, with some studies showing a daily loss of 0.6mg in pineapple juice. 

Oxygen: Exposure to oxygen during storage can oxidize and degrade vitamin C. 

Storage Time: Vitamin C content decreases over time during storage, with longer storage periods leading to greater losses. 

Packaging: Different packaging materials can have varying effects on vitamin C retention. For example, some studies indicate that plastic bottles allow for more oxygen ingress than other packaging types. 
Other factors: Light exposure and the presence of certain enzymes can also contribute to vitamin C degradation. 

2.6 FACTORS AFFECTING VITAMIN C CONTENT IN ORANGE JUICE 

Several factors can affect the vitamin C (ascorbic acid) content in orange juice, including processing methods, storage conditions, and even the initial quality of the oranges themselves. Heat, light, and oxygen exposure can cause vitamin C to degrade, while factors like temperature, packaging, and storage time can also play a significant role in its preservation. Additionally, the maturity of the oranges, variety, and even agricultural practices can influence the initial vitamin C levels. (Bánhegyi G, Mándl)
Factors Affecting Vitamin C Content:

Processing:

Pasteurization: While pasteurization is a heat treatment used to kill bacteria, it can also lead to some vitamin C loss. 

High-Pressure Processing (HPP) and Pulsed Electric Fields (PEF): Consensus.app reports that these methods can help preserve vitamin C. 

Storage:

Temperature: Higher temperatures accelerate the degradation of vitamin C. For example, one study showed a faster decline in vitamin C at 50°C compared to 5°C.( Saidenberg E., 2019)
Light Exposure: Light, particularly UV light, can degrade vitamin C. Therefore, packaging that protects from light is important. 

Oxygen: Oxygen promotes oxidation of ascorbic acid, leading to its breakdown. According to ScienceDirect.com, proper packaging to minimize oxygen exposure is crucial.

Storage Time: Vitamin C degrades over time, even under ideal storage conditions. Frozen orange juice may show a decrease in vitamin C content over time, with the estimated shelf life to meet a certain daily value being around 22 months under specific conditions. (Porro D.,2007). 
Initial Orange Quality:

Maturity: Immature fruits generally have higher vitamin C levels than fully ripe ones. Early-season oranges may have more vitamin C than later-season oranges. 

Variety: Different orange varieties can have varying vitamin C levels. 

Growing Conditions: Factors like climate, sunlight, and nitrogen fertilization can affect the vitamin C content of the oranges. (Pagé B., 2011). 
Packaging:

Material: The type of packaging can influence vitamin C retention. For example, some older research suggests enamel-lined cans might have higher losses than plain tin cans. Glass packaging has also been shown to lead to some vitamin C loss over time. 

Air Tightness: Packaging that prevents air from getting in helps maintain vitamin C levels. 

In essence, maintaining high vitamin C levels in orange juice involves minimizing heat, light, and oxygen exposure during processing and storage, and starting with high-quality oranges.  (Catani MV.,2008).
CHAPTER 3

3.0
MATERIALS AND METHODS

3.1 
MATERIALS 

 The following materials and equipment were used for this experiment:

3.1.1 
GLASSWARES:

· 50 ml burette

· 25 ml pipette

· 250 ml Erlenmeyer flask

· Beakers (100 ml and 250 ml)

· Funnel

· Volumetric flask (100 ml)

· Dropper

3.1.2 EQUIPMENTS:

· Retort stand with burette clamp

· Analytical balance (±0.01 g accuracy)

· Stirring rod

· White tile (for endpoint detection)

3.1.3 REAGENTS AND CHEMICALS

· Pineapple juice samples (freshly prepared)

· Orange juice (freshly prepared and commercially available

· Standard iodine solution 

· Starch indicator solution (0.05%)

· Distilled water

· Potassium iodide (KI)

3.2.0 PREPARATION OF SOLUTIONS 

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 unit 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

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+
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.

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.

3.3.0 EXPERIMENTAL PROCEDURE

      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.

1.3.1 CALCULATIONS

1. Calculate the average volume of iodine solution used for the titration

2. Calculate the moles of iodine reacting

3. Using the equation of the titration, determines the number of moles of ascorbic acid reacting

C6H8O6   +   I2⟶ 2I- + dehydroascorbic acid +2H+

4. Calculate the concentration of ascorbic acid in the solution and obtained from the fruit juice and concentration of ascorbic acid in the commercial juice.

5. The 

3.3.4      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.

CHAPTER 4

4.0
RESULTS AND CONCLUSION

4.1
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 titre = 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
4.2
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 lower than that of orange in accordance 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].

4.3
CONCLUSION

The titration results indicate that fresh pineapple juice contains the highest vitamin C concentration compared to fresh orange 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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