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CHAPTER ONE
1.0 BACKGROUND TO THE STUDY
Vitamin C, scientifically known as ascorbic acid, is a water-soluble micronutrient that plays a crucial role in maintaining human health and physiological function. It is categorized as an essential vitamin because the human body lacks the enzyme L-gulonolactone oxidase, which is required for its biosynthesis. As a result, humans must obtain vitamin C through dietary intake (Padayatty et al., 2003).
Biochemically, vitamin C is involved in a wide array of metabolic reactions. It functions as a cofactor for several enzymes, particularly those involved in collagen synthesis, neurotransmitter production, and protein metabolism (Levine et al., 1995). Its antioxidant properties help neutralize harmful free radicals, thus protecting biomolecules like DNA, proteins, and lipids from oxidative damage (Carr & Maggini, 2017).
Historically, the significance of vitamin C came to light during the 18th century when sailors who were deprived of fresh fruits for long voyages developed scurvy, a disease marked by bleeding gums, bruising, fatigue, and eventual death. The British Navy later discovered that including citrus fruits like lemons and oranges in sailors’ diets effectively prevented scurvy, making it one of the first instances of successful nutritional disease prevention (WHO, 2001).
In modern times, vitamin C has been extensively studied for its role in supporting immune function, enhancing iron absorption, and accelerating wound healing. It is also thought to reduce the risk and severity of chronic illnesses such as cardiovascular disease, certain cancers, and age-related macular degeneration (NIH, 2022).
Despite its importance, vitamin C is relatively unstable and easily degraded by heat, light, and air, which can reduce its content in food during storage or cooking. As such, understanding its sources, function, and health benefits is crucial for ensuring adequate intake and preventing deficiency-related disorders (Padayatty et al., 2003).
1.1 STATEMENT OF THE PROBLEM
Despite the well-established health benefits of vitamin C, deficiency remains a public health concern, especially in developing countries and among vulnerable populations such as the elderly, smokers, and individuals with poor dietary habits (World Health Organization [WHO], 2001). Many people are unaware of the importance of this essential nutrient in preventing diseases such as scurvy, anemia, and immune dysfunction (National Institutes of Health [NIH], 2022). Moreover, improper food storage and cooking methods often lead to the degradation of vitamin C in fruits and vegetables, thereby reducing its availability in the diet (Padayatty et al., 2003).
Another concern is the increasing reliance on processed foods and the declining consumption of fresh fruits and vegetables, which has contributed to inadequate vitamin C intake in some populations (Carr & Maggini, 2017). Additionally, excessive supplementation of vitamin C without proper medical guidance has led to issues such as gastrointestinal discomfort and a potential risk of kidney stone formation in sensitive individuals (Levine et al., 1995).
Therefore, there is a pressing need to raise awareness about the sources, roles, and safe intake levels of vitamin C, while also promoting the consumption of vitamin C-rich foods. Educational interventions and nutrition policies must address these gaps to prevent both deficiency and misuse.
1.2 JUSTIFICATION OF THE STUDY
Vitamin C plays a central role in various biological processes, including collagen synthesis, immune system support, and antioxidant protection (Carr & Maggini, 2017). Given its critical contribution to human health and the inability of the human body to produce it endogenously, this study is necessary to emphasize the importance of adequate intake through diet or supplementation (Padayatty et al., 2003).
Despite widespread availability of vitamin C-rich foods, deficiency still occurs in certain groups due to poor dietary practices, low awareness, and food preparation methods that reduce vitamin C content (NIH, 2022). Additionally, increased oxidative stress in smokers and individuals with chronic illnesses raises the body’s requirement for vitamin C, further justifying the need for public education and nutritional interventions (WHO, 2001).
Furthermore, the popularity of vitamin C supplements and their often unregulated consumption makes it imperative to explore both the benefits and risks of excess intake. Studies have shown that while vitamin C is generally safe, high doses can lead to side effects such as gastrointestinal discomfort and potential formation of kidney stones (Levine et al., 1995). Therefore, this study aims to provide a balanced understanding of the optimal intake and health implications of vitamin C.
By conducting this study, individuals, healthcare providers, and policy makers can be better informed about strategies to prevent deficiency and promote health through nutrition, thereby reducing disease burden and enhancing quality of life.
1.3 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
1.4 AIMS AND OBJECTIVES
AIM
The primary aim of this study is to examine the biological significance, dietary sources, health benefits, and potential risks of vitamin C (ascorbic acid) in human nutrition and health management (Padayatty et al., 2003).
OBJECTIVES
1. To highlight the physiological functions of vitamin C in the human body, including its roles in collagen synthesis, antioxidant activity, and immune defense (Carr & Maggini, 2017).
2. To identify the natural dietary sources of vitamin C and evaluate the impact of food preparation and storage on its nutritional value (WHO, 2001).
3. To assess the health consequences of vitamin C deficiency, particularly in vulnerable populations such as the elderly, smokers, and those with poor diets (NIH, 2022).
4. To analyze the recommended daily intake levels of vitamin C for different age and risk groups, including guidelines for supplementation (NIH, 2022).
5. To investigate the risks associated with excessive vitamin C intake, including gastrointestinal disturbances and the potential for kidney stone development (Levine et al., 1995).
6. To provide evidence-based recommendations for public health awareness and dietary practices aimed at promoting adequate vitamin C intake.










CHAPTER TWO
2.0 OVERVIEW OF VITAMIN C
Vitamin C, also known as ascorbic acid, is a vital water-soluble vitamin that plays multiple roles in human health. It functions primarily as a cofactor for enzymatic reactions, an antioxidant, and an immune system enhancer (Padayatty et al., 2003). Unlike many animals, humans are unable to synthesize vitamin C due to the absence of the enzyme L-gulonolactone oxidase, making dietary intake essential for survival (Levine et al., 1995).
One of its most important roles is in the biosynthesis of collagen, a structural protein necessary for the maintenance of skin, cartilage, tendons, and blood vessels (Carr & Maggini, 2017). Additionally, vitamin C enhances the absorption of non-heme iron from plant-based foods, thus playing a preventive role in iron-deficiency anemia (NIH, 2022).
Its antioxidant activity helps protect the body against oxidative damage caused by free radicals, which are associated with chronic diseases such as cardiovascular disease, cancer, and aging-related disorders (Padayatty et al., 2003). Vitamin C also contributes to immune defense by supporting various cellular functions of both the innate and adaptive immune systems (Carr & Maggini, 2017).
Vitamin C is naturally present in many fruits and vegetables, including citrus fruits, strawberries, bell peppers, spinach, and broccoli. However, factors such as heat, prolonged storage, and cooking can degrade the vitamin’s content in food (WHO, 2001).
Due to its instability and the growing reliance on processed food, deficiencies can still occur, especially in individuals with poor dietary habits or increased physiological needs such as smokers, pregnant women, and those with chronic illnesses (NIH, 2022). On the other hand, while supplementation is commonly practiced, excessive doses may lead to adverse effects, such as gastrointestinal upset and the risk of kidney stones in predisposed individuals (Levine et al., 1995).
Therefore, maintaining an adequate level of vitamin C through balanced nutrition is essential for supporting the body’s structural integrity, immune function, and long-term health 
2.1 CHEMICAL STRUCTURE OF VITAMIN C
Vitamin C, also known chemically as L-ascorbic acid, is a six-carbon lactone with a structure similar to that of glucose. It has the molecular formula C₆H₈O₆ and a molecular weight of approximately 176.12 g/mol (Levine et al., 1995). Structurally, it consists of a five-membered lactone ring with two enolic hydroxyl groups attached, which are responsible for its antioxidant properties.
The active form of vitamin C in the human body is the L-isomer of ascorbic acid. It is highly water-soluble and exists primarily in two interconvertible forms: ascorbic acid (reduced form) and dehydroascorbic acid (oxidized form). This redox pair allows vitamin C to readily donate and accept electrons, making it a potent biological antioxidant (Padayatty et al., 2003).
The enediol group present on the second and third carbon atoms of the molecule is particularly reactive and contributes to the electron-donating ability of the compound. This feature enables vitamin C to neutralize reactive oxygen species (ROS) and regenerate other antioxidants, such as vitamin E, back to their functional form (Carr & Maggini, 2017).
Below is a simplified representation of its chemical structure:
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(Note: A more accurate structure can be shown using molecular modeling or chemistry drawing tools in scientific documentation.)
Vitamin C is most stable in dry, cool, and acidic environments but is highly sensitive to heat, light, and oxygen, which can cause it to degrade, especially during cooking or prolonged storage (WHO, 2001).
Understanding the chemical structure of vitamin C is essential in appreciating its biochemical activity, stability issues, and its role as a coenzyme in numerous physiological processes.
2.2 PROPERTIES OF VITAMIN C
Vitamin C (ascorbic acid) possesses several chemical and physical properties that contribute to its biological activity and nutritional significance. These properties influence its stability, absorption, functionality, and application in health and disease prevention.
A. PHYSICAL PROPERTIES
· Appearance: Vitamin C is a white to slightly yellow crystalline powder with a sharp, acidic taste (WHO, 2001).
· Solubility: It is highly water-soluble, allowing for easy absorption in the gastrointestinal tract and rapid distribution in bodily fluids (Padayatty et al., 2003).
· Melting Point: It decomposes at high temperatures, typically around 190–192°C, without boiling (Levine et al., 1995).
· Stability: Vitamin C is unstable when exposed to heat, light, air (oxygen), and alkaline conditions. This makes food processing and storage critical in preserving its content (NIH, 2022).
B. CHEMICAL PROPERTIES
· Acidic Nature: It is a weak organic acid with Pak values around 4.1 and 11.8, contributing to its sour taste and ability to act as a buffering agent (Levine et al., 1995).
· Redox Activity: Vitamin C is a strong reducing agent. It readily donates electrons to neutralize free radicals and reactive oxygen species, making it a potent antioxidant (Carr & Maggini, 2017).
· Oxidation: When oxidized, ascorbic acid is converted to dehydroascorbic acid, which can be biologically active and later reduced back to ascorbic acid in the body (Padayatty et al., 2003).
· Chelating Ability: Vitamin C enhances the absorption of non-heme iron by reducing ferric ions (Fe³⁺) to the more absorbable ferrous form (Fe²⁺) (NIH, 2022).
C. BIOLOGICAL PROPERTIES
· Bioavailability: Vitamin C is rapidly absorbed in the small intestine, with plasma levels regulated by active transport mechanisms. Excess amounts are excreted through urine, limiting the risk of toxicity (Padayatty et al., 2003).
· Non-Toxic in Normal Doses: While generally safe, very high intakes (above 2000 mg/day) may lead to mild gastrointestinal disturbances and, in some cases, increase the risk of kidney stones (Levine et al., 1999)
2.3 FUNCTIONS OF VITAMIN C
Vitamin C (ascorbic acid) plays several essential physiological and biochemical roles in the human body. As a multifunctional nutrient, its benefits span across metabolic processes, structural support, and immune regulation. The following are the key functions of vitamin C:
1. Antioxidant Activity
Vitamin C is a powerful antioxidant that helps protect cells and tissues from oxidative damage caused by free radicals and reactive oxygen species. By donating electrons, it stabilizes harmful radicals, thereby reducing the risk of cellular injury and chronic diseases such as cancer, atherosclerosis, and neurodegenerative conditions (Padayatty et al., 2003).
2. Collagen Synthesis
Vitamin C serves as a cofactor for prolyl and lysyl hydroxylase, enzymes involved in the post-translational modification of collagen. Collagen is a critical structural protein in skin, blood vessels, tendons, ligaments, and bones. Adequate vitamin C is therefore essential for wound healing, skin integrity, and vascular strength (Carr & Maggini, 2017).
3. Immune System Support
Vitamin C contributes to immune defense by supporting various cellular functions. It stimulates the production and activity of white blood cells (e.g., neutrophils, lymphocytes), enhances epithelial barrier function, and reduces inflammation. Supplementation has been shown to reduce the severity and duration of common colds in some populations (Carr & Maggini, 2017).
4. Iron Absorption
Vitamin C enhances the absorption of non-heme iron from plant-based foods by converting ferric (Fe³⁺) to the more soluble ferrous (Fe²⁺) form. This function is especially important for preventing iron-deficiency anemia, particularly in individuals with limited access to animal-based iron sources (NIH, 2022).
5. Neurotransmitter Synthesis
Vitamin C is involved in the biosynthesis of neurotransmitters, including norepinephrine and dopamine, through its role as a cofactor for specific enzymatic reactions. These neurotransmitters are critical for mood regulation, brain function, and the stress response (Levine et al., 1995).
6. Regeneration of Other Antioxidants
Vitamin C plays a role in the regeneration of vitamin E and other antioxidants back to their active forms after they have neutralized free radicals, thereby extending the overall antioxidant defense in the body (Padayatty et al., 2003).
7. Wound Healing and Tissue Repair
Through its role in collagen formation and immune response, vitamin C accelerates tissue repair and wound healing. Deficiency can lead to delayed wound closure and increased susceptibility to infections (WHO, 2
2.4 METHOD OF VITAMIN C DETERMINATION: TITRATION METHOD PRINCIPLE
The UV-Visible spectrophotometric method relies on the fact that ascorbic acid (vitamin C) has a strong absorbance in the ultraviolet (UV) region of the electromagnetic spectrum, particularly at around 245–265 nm.
When UV light passes through a solution containing vitamin C, it absorbs light at a specific wavelength due to the presence of a conjugated double-bond system in its molecular structure. The intensity of absorption is directly related to the concentration of ascorbic acid in the sample according to Beer-Lambert’s Law:
A = ε × c × l
Where:
· A = absorbance (measured by the spectrophotometer)
· ε = molar absorptivity constant (L·mol⁻¹·cm⁻¹)
· c = concentration of the solution (mol/L)
· l = path length of the cuvette (usually 1 cm)
A standard calibration curve is prepared using known concentrations of pure vitamin C. The sample juice is then analyzed, and its absorbance compared to the curve to determine the actual concentration.
PROCEDURE 
1. Prepare standard vitamin C solutions (e.g., 1 ppm to 10 ppm) using ascorbic acid dissolved in 0.1% oxalic acid or metaphosphoric acid to prevent oxidation.
2. Measure the absorbance of each standard at 265 nm using a UV-Vis spectrophotometer.
3. Plot a calibration curve (absorbance vs. concentration).
4. Filter or centrifuge the fruit juice sample to remove pulp and turbidity.
5. Dilute appropriately and measure its absorbance at the same wavelength.
6. Use the standard curve to calculate the concentration of vitamin C in the juice sample.
MERITS
 High Sensitivity
· Can detect even small concentrations (low ppm level) of vitamin C accurately.
 Rapid Analysis
· Once standards and sample are prepared, results are obtained quickly.
Non-destructive Method
· Sample is not chemically altered during testing (unless acidified), allowing further analysis.
 Minimal Reagent Use
· Compared to titration methods, it uses fewer chemicals.
 Reproducible and Accurate
· When properly calibrated, the method gives highly reproducible and precise results.
 Suitable for Automation	
· Can be integrated into automated lab setups with software analysis.
DEMERITS
High Cost of Equipment
· UV-Vis spectrophotometers are expensive and may not be readily available in all labs.
Interference from Other Compounds
· Natural pigments, flavonoids, or phenolic compounds in juice may absorb at similar UV wavelengths, leading to overestimation.
Sample Must Be Clear
· Cloudy, colored, or unfiltered juice may interfere with UV light transmission and must be clarified.
Requires Calibration Curve
· Each set of analysis must include a standard curve to ensure accuracy.
Light-Sensitive
· Ascorbic acid degrades with exposure to light, so handling must minimize light exposure.
Requires Trained Personnel
· Operation and interpretation

CALCULATION
		[image: ]
Where:
· V1V_1V1​ = volume of DCPIP used for the sample
· C1C_1C1​ = concentration of standard ascorbic acid
· V2V_2V2​ = volume of sample used
The exact calculation depends on your titration data and standard values.
Applications
This titration method is widely used in:
· Food quality control (e.g., juice and beverage industry)
· Pharmaceutical analysis
· Nutritional studies (e.g., comp

2.5 FACTORS AFFECTING VITAMIN C CONTENT IN PINEAPPLE JUICE	
The vitamin C content in pineapple juice is influenced by a variety of chemical, physical, and environmental factors. Understanding these factors is essential for maximizing the nutritional value of juice during processing, storage, and consumption.
1. Heat and Temperature
Vitamin C is highly thermolabile, meaning it degrades rapidly when exposed to heat. Prolonged heating during pasteurization, boiling, or cooking significantly reduces its concentration in pineapple juice. Studies have shown that heat exposure breaks down the ascorbic acid molecule, converting it into inactive compounds (Levine et al., 1995; Odumosu & Oluwaniyi, 2014).
2. Exposure to Air (Oxygen)
Vitamin C is easily oxidized in the presence of oxygen, especially when juice is not properly sealed. The oxidation of ascorbic acid to dehydroascorbic acid, followed by irreversible hydrolysis, results in a loss of vitamin C activity (Nair & Nair, 2016). This process is accelerated during juicing, shaking, or improper storage.
3. Light Exposure
Ultraviolet (UV) light and direct sunlight accelerate the degradation of vitamin C. When pineapple juice is stored in transparent containers or exposed to light for long periods, the ascorbic acid content decreases significantly due to photo oxidation (WHO, 2001).
4. pH Levels and Acidity
Vitamin C is more stable in acidic environments. Pineapple juice naturally has a low pH (acidic), which helps protect vitamin C to some extent. However, if the pH is altered or if alkaline substances are added, degradation of ascorbic acid increases (Padayatty et al., 2003).
5. Storage Conditions and Duration
Long storage periods, especially at room temperature, result in a gradual loss of vitamin C. The nutrient is better preserved when the juice is refrigerated and consumed shortly after extraction (NIH, 2022). Even under refrigeration, prolonged storage can still lead to a decline in vitamin C content over time.
6. Processing Methods
Mechanical processes such as blending, filtration, or centrifugation introduce oxygen and heat, contributing to vitamin C degradation. Commercially processed juices often undergo heat treatment and may contain lower levels of ascorbic acid compared to fresh-squeezed juices (Odumosu & Oluwaniyi, 2014).
2.6 FACTORS AFFECTING VITAMIN C CONTENT IN ORANGE JUICE
Vitamin C (ascorbic acid) is naturally abundant in orange juice, but its content can be significantly affected by processing, storage, and environmental factors. These factors influence the stability of vitamin C, which is essential to preserve its nutritional and health-promoting value.
1. Heat and Thermal Processing
Vitamin C is highly sensitive to heat. During industrial processes such as pasteurization or boiling, a significant amount of vitamin C is lost due to thermal degradation. Research has shown that heating orange juice at high temperatures leads to the breakdown of ascorbic acid, especially during extended exposure (Padayatty et al., 2003; Odumosu & Oluwaniyi, 2014).
2. Oxygen Exposure
Vitamin C is readily oxidized in the presence of air. Exposure to oxygen during juice extraction, packaging, or storage results in the conversion of ascorbic acid to dehydroascorbic acid, which further degrades and loses biological activity. The more the juice is exposed to air, the faster the loss of vitamin C (Nair & Nair, 2016; NIH, 2022).
3. Light (Photo degradation)
Light, especially UV and fluorescent light, accelerates the oxidation of vitamin C in orange juice. Storing juice in clear bottles or under direct sunlight significantly increases the rate of vitamin C degradation (WHO, 2001). Opaque or amber-colored containers help protect against light-induced losses.
4. Storage Time and Temperature
Vitamin C degrades over time, even when the juice is refrigerated. However, lower storage temperatures slow the rate of degradation. Studies indicate that storing orange juice at room temperature leads to faster loss compared to cold storage (4°C) (Odumosu & Oluwaniyi, 2014). Vitamin C levels may drop by up to 50% over several days, depending on conditions.
5. pH and Acidity
Vitamin C is relatively stable in acidic environments. Orange juice, being naturally acidic (pH ~3.5–4.0), provides a somewhat protective environment. However, any increase in pH (less acidity)—through dilution or contamination—can accelerate vitamin C breakdown (Levine et al., 1995).
6. Method of Extraction
The method used to extract juice also affects vitamin C content. Mechanical juicing, blending, and squeezing introduce air and frictional heat, both of which can lead to vitamin C loss during the process (Carr & Maggini, 2017). Manual squeezing typically retains more vitamin C than aggressive mechanical methods.










CHAPTER THREE 
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 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

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 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.
1.3.2 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.
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 FOUR
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 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
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].
4.2 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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