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Chapter One
1.0 Back Ground To the Study on Vitamin C
Vitamin C, also known as ascorbic acid, is a water-soluble vitamin that plays an indispensable role in human health. Unlike most animals, humans cannot synthesize this nutrient due to the absence of the enzyme gluconolactone oxidase, making dietary intake essential (Li et al., 2023). It functions primarily as an antioxidant, scavenging reactive oxygen species, and as a cofactor for several enzymatic reactions including collagen biosynthesis and carnitine production. Because of its wide-ranging physiological functions, vitamin C has been the subject of extensive nutritional and biomedical research.
One of the most important attributes of vitamin C is its involvement in immune function. Research indicates that adequate intake supports white blood cell activity, enhances epithelial barrier function, and promotes faster recovery from infections (WHO, 2023). Additionally, vitamin C has been linked to reduced oxidative stress and improved cardiovascular outcomes, highlighting its relevance not only as a micronutrient but also as a preventive health compound (Akinmoladun et al., 2024).
Fruits and vegetables are the primary dietary sources of vitamin C, with citrus fruits such as oranges traditionally regarded as the gold standard. Pineapple, a tropical fruit widely consumed across Africa, Asia, and South America, is also a significant contributor of this vitamin (Das et al., 2023). The concentration of vitamin C in these fruits, however, is not fixed; it depends on factors such as fruit maturity, variety, soil composition, climate, and handling after harvest (Fayemi et al., 2022). This natural variability creates the need for scientific studies to quantify and compare vitamin C levels across fruit juices.
Another critical factor in the background of vitamin C research is its instability. Vitamin C is highly sensitive to environmental conditions such as heat, light, oxygen, and alkaline pH, leading to rapid degradation during processing and storage (Ahmed et al., 2022). For instance, pasteurization of juices may cause significant losses, while non-thermal preservation methods like high-pressure processing (HPP) or ultraviolet (UV) treatment tend to retain higher levels (López-Gálvez et al., 2023). The instability of vitamin C complicates efforts to provide accurate nutritional labeling and makes comparative analysis even more relevant. 
Beyond its nutritional value, vitamin C has socio-economic importance. In many developing regions, fruit juices such as pineapple and orange juice serve as affordable sources of micronutrients, especially for populations with limited access to diverse diets (WHO, 2023). Accurate determination of vitamin C content therefore has implications for public health planning, school feeding programs, and dietary interventions. It also aids juice manufacturers in optimizing processing methods to preserve vitamin C and deliver products with higher nutritional quality (Das et al., 2023).
Analytical chemistry plays a central role in vitamin C determination. Classical titration methods, particularly the 2,6-dichlorophenolindophenol (DCPIP) method, are widely used because of their low cost and simplicity, though they measure only reduced ascorbic acid (Fayemi et al., 2022). High-Performance Liquid Chromatography (HPLC), on the other hand, is considered the gold standard for quantifying both reduced and oxidized forms, but requires sophisticated equipment and trained personnel (Ahmed et al., 2022). Comparative studies using both methods offer more reliable insights into the actual vitamin C content of juices.
Finally, pineapple and orange juices provide a useful model for comparative analysis because they are both widely consumed and nutritionally relevant. Oranges are often marketed as the superior source of vitamin C, yet studies show that pineapple also contributes significant amounts depending on variety and processing (Akinmoladun et al., 2024). By quantitatively comparing vitamin C levels in these juices under controlled analytical conditions, this study seeks to address gaps in knowledge and provide evidence-based data that can support nutrition science, industry practices, and public health policies.
1.1 Statement of problems
Vitamin C is an essential micronutrient that plays a major role in immunity, tissue repair, and antioxidant defense, yet it is highly unstable and easily degraded by factors such as heat, light, and storage conditions (Adepoju et al., 2022). Pineapple and orange juices are widely consumed dietary sources of vitamin C, but their actual vitamin C content can vary depending on ripeness, processing, and preservation methods. This variability raises uncertainty about whether consumers are receiving adequate amounts of vitamin C from these juices.
Despite their popularity, there is limited comparative data on the vitamin C levels of pineapple and orange juices using standardized analytical methods. Inaccurate or inconsistent information may mislead consumers, nutritionists, and policymakers, thereby affecting dietary recommendations and public health outcomes (Mohanraj et al., 2023; Nwankwo et al., 2024). Addressing this gap is necessary to provide reliable, evidence-based guidance on fruit juice consumption.
1.2 Justifications
The justification for this study lies in the need to generate reliable, comparative data on the vitamin C content of pineapple and orange juices, which are among the most widely consumed tropical fruit juices. Although both are popularly regarded as rich sources of vitamin C, differences in cultivation, ripening stage, extraction method, and storage can significantly influence their nutrient levels (Adepoju et al., 2022). Without accurate data, consumers and nutritionists may overestimate or underestimate their actual dietary contributions.
Moreover, vitamin C deficiency, while less common globally, still persists in certain populations where access to diverse fruits and vegetables is limited. Conducting a comparative analysis of pineapple and orange juice will not only provide clarity for consumers but also support nutrition education and policy recommendations aimed at promoting healthier dietary habits (Nwankwo et al., 2024). The findings will also contribute to food science research by validating titrimetric methods for practical use in nutrient evaluation (Mohanraj et al., 2023).
1.3 Aims and objectives
Aim:
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 iodometric titration. This method provides an accurate and reliable way to assess the concentration of ascorbic acid in orange juice. 

Objectives:
i. To determine the concentration of vitamin C in freshly extracted pineapple juice.
ii. The Objective of the study is to compare vitamin C levels in fresh pineapple and orange juices.
iii. To determine the concentration of vitamin C in freshly extracted orange juice.
iv. To compare the vitamin C content of both juices under similar analytical conditions.
1.4	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
i. Inform consumers about the nutritional value of different pineapple and orange juice
ii. Provide data for researchers and policymakers to develop evidence-based recommendations for pineapple and orange juice consumption


v. 

Chapter Two:
Literature Review
2.0 Overview of Vitamin C
Vitamin C, also known as ascorbic acid, is one of the most essential water-soluble vitamins required for maintaining optimal health. It is widely recognized for its role in immunity, wound healing, and protection against oxidative stress. Unlike many animals, humans cannot synthesize vitamin C endogenously, making dietary intake from fruits and vegetables the primary source (Adepoju et al., 2022). This limitation emphasizes the importance of understanding the nutritional contributions of vitamin C-rich foods such as citrus fruits, pineapples, and other tropical produce.
Biochemically, vitamin C is a potent reducing agent that easily donates electrons, thereby neutralizing reactive oxygen species in the body. This antioxidant activity is fundamental in preventing cellular damage, premature aging, and the progression of chronic diseases such as cardiovascular disorders and certain cancers (Mohanraj et al., 2023). Its importance in scavenging free radicals has made it a focus of both nutritional and biomedical research in recent years.
Another major role of vitamin C is in collagen synthesis, which is critical for the development of connective tissues, blood vessels, skin, and bones. Collagen formation requires hydroxylation of proline and lysine, processes that depend directly on vitamin C as a cofactor. Without sufficient vitamin C, the collagen formed is defective, leading to poor wound healing and, in severe cases, scurvy (Nwankwo & Okechukwu, 2024). Although scurvy is rare today, subclinical deficiencies are still observed in certain populations.
In addition to tissue repair, vitamin C plays an important role in enhancing iron absorption, particularly non-heme iron from plant sources. This property is significant in regions where anemia and iron deficiency remain public health concerns. When consumed alongside iron-rich meals, vitamin C reduces ferric iron to its more absorbable ferrous form, thereby improving bioavailability (Zhang et al., 2022). Such synergistic effects explain why nutritionists often recommend pairing citrus or pineapple juice with meals.
Vitamin C has also been shown to modulate immune responses by supporting various cellular functions of both the innate and adaptive immune system. It enhances the proliferation of lymphocytes, supports phagocytic function, and increases resistance against infections (Patel & Singh, 2023). During infections, vitamin C levels in the blood decline rapidly, which suggests an increased need for this nutrient under stress conditions. This makes vitamin C-rich foods vital in both disease prevention and recovery.
Beyond immunity, vitamin C has been implicated in reducing the risk of chronic illnesses such as type 2 diabetes, hypertension, and cardiovascular diseases. Studies suggest that individuals with higher plasma vitamin C levels tend to have better cardiometabolic profiles, possibly due to its antioxidant role and its ability to improve endothelial function (Mohanraj et al., 2023). Regular intake of vitamin C-rich juices, such as those from orange and pineapple, therefore contributes not only to daily micronutrient requirements but also to long-term health protection.
From a dietary perspective, vitamin C requirements are usually met through the consumption of fruits and vegetables, with citrus fruits and pineapples ranking among the top contributors. Freshly squeezed juices, in particular, are popular because they deliver vitamin C in a palatable and readily bioavailable form. However, the actual vitamin C content can vary significantly depending on fruit variety, maturity at harvest, and processing techniques (Adepoju et al., 2022). Understanding these variations is crucial in determining the true nutritional value of fruit juices.
Finally, the instability of vitamin C makes it a nutrient of concern in both research and food industries. Because it degrades rapidly under exposure to light, heat, and oxygen, its concentration in fruit juices can decline during storage and processing. This instability creates challenges in accurately estimating daily intake, particularly in populations that rely heavily on juice products for vitamin C (Nwankwo & Okechukwu, 2024). Consequently, comparative studies of different fruit juices are necessary to identify the most reliable natural sources of this vital nutrient.
2.1 Chemical structure of vitamin C
Vitamin C, chemically known as ascorbic acid, is an organic compound with the molecular formula C₆H₈O₆. Structurally, it is a six-carbon lactone derived from glucose, containing both hydroxyl groups and an enediol structure that accounts for its strong reducing (antioxidant) properties (Adepoju et al., 2022). The molecule is water-soluble, which allows it to be readily absorbed in the human gastrointestinal tract and transported through the bloodstream to various tissues.
The central structural feature of vitamin C is the presence of a γ-lactone ring with an enediol group at the C-2 and C-3 positions. These hydroxyl groups are highly reactive and readily donate electrons, enabling the compound to act as a reducing agent. This redox activity explains why vitamin C plays an important role in neutralizing free radicals and regenerating other antioxidants such as vitamin E (Mohanraj et al., 2023).
Another critical aspect of the structure is its stereochemistry. Naturally occurring vitamin C is the L-enantiomer of ascorbic acid, specifically L-ascorbic acid, which is biologically active. The D-isomer exists but has no significant biological activity in humans. The configuration of L-ascorbic acid is essential for its ability to act as a cofactor in enzymatic hydroxylation reactions, such as those involved in collagen biosynthesis (Nwankwo & Okechukwu, 2024).
The molecule is relatively unstable under certain environmental conditions. Exposure to heat, light, and oxygen can cause structural oxidation of the enediol group, converting ascorbic acid into dehydroascorbic acid. While dehydroascorbic acid retains some biological activity, it is less stable and can further degrade into diketogulonic acid, which has no vitamin C function (Zhang et al., 2022). This instability explains why vitamin C levels decrease in juices during processing and storage.
Vitamin C’s solubility in water but not in fat also influences its physiological role. Because it is not stored extensively in fat-rich tissues, humans require continuous dietary intake to maintain sufficient levels. Its small molecular size and polar hydroxyl groups allow for efficient diffusion into most body fluids, but they also contribute to its rapid excretion via urine when consumed in excess (Patel & Singh, 2023).
In addition to its antioxidant role, the chemical structure of vitamin C allows it to interact with transition metals such as iron and copper. By reducing ferric (Fe³⁺) to ferrous (Fe²⁺) iron, it enhances intestinal absorption of dietary iron, an important function particularly in populations with high anemia prevalence (Mohanraj et al., 2023). This property is directly tied to its enediol functional group, highlighting how structure underpins biological function.
From a biochemical standpoint, the chemical versatility of vitamin C arises from the delicate balance between its reduced (ascorbic acid) and oxidized (dehydroascorbic acid) states. Both forms can exist in equilibrium, which enables vitamin C to continuously cycle between active and partially active forms depending on physiological demand. This redox cycling is a defining feature of its structure and a major reason for its wide-ranging physiological impact (Zhang et al., 2022).
In summary, the chemical structure of vitamin C characterized by its lactone ring, enediol group, stereospecific L-configuration, and water solubility explains both its critical biological roles and its fragility in food systems. These structural properties make vitamin C a powerful antioxidant and enzymatic cofactor, but also one of the most vulnerable vitamins to degradation, especially in fruit juices.


2.2 Properties of vitamin C
Vitamin C, or ascorbic acid, possesses distinct physical properties that contribute to its nutritional and biochemical significance. It is a white crystalline solid that is odorless but has a strong acidic taste due to its enediol group. The vitamin is highly soluble in water, which makes it easily absorbed in the human gastrointestinal tract and widely distributed in body fluids and tissues (Adepoju et al., 2022). Its solubility in water also means it is excreted readily in urine, emphasizing the need for regular dietary intake.
One of the most important chemical properties of vitamin C is its ability to act as a strong reducing agent. The molecule readily donates electrons from its hydroxyl groups, especially the enediol group at the second and third carbon atoms of the lactone ring. This electron-donating ability underpins its antioxidant activity, allowing it to neutralize reactive oxygen species and protect biological molecules such as lipids, proteins, and DNA from oxidative damage (Mohanraj et al., 2023).
Vitamin C also exhibits redox versatility, as it exists in two interconvertible forms: the reduced form (ascorbic acid) and the oxidized form (dehydroascorbic acid). Both forms retain some biological activity and can cycle back and forth in the body depending on oxidative stress levels. However, prolonged exposure to heat, light, or oxygen leads to irreversible degradation into diketogulonic acid, which has no vitamin activity (Patel & Singh, 2023). This property explains why vitamin C is often lost during food processing and storage.
Another notable property is its sensitivity to environmental conditions. Vitamin C is thermolabile, meaning it is destroyed by high temperatures, making cooking methods such as boiling and frying particularly detrimental to its retention. It is also photosensitive and oxidizes rapidly when exposed to air and light. These characteristics make vitamin C one of the most unstable essential vitamins, requiring careful handling in both laboratory analysis and food preservation (Nwankwo & Okechukwu, 2024).
From a nutritional standpoint, vitamin C is classified as a water-soluble vitamin, and unlike fat-soluble vitamins, it is not stored in large amounts in the human body. Excess intake is excreted through urine, reducing the risk of toxicity but increasing the risk of deficiency if intake is inadequate. This property makes daily consumption of vitamin C-rich foods, such as pineapple and orange juice, necessary to meet recommended dietary allowances (Zhang et al., 2022).
Vitamin C also possesses chelation properties that enhance its role in mineral metabolism. Its chemical structure allows it to form complexes with certain metal ions, particularly iron and copper. This chelating ability improves the bioavailability of non-heme iron by reducing ferric ions (Fe³⁺) to ferrous ions (Fe²⁺), thereby enhancing intestinal absorption (Mohanraj et al., 2023). Such a property is of great nutritional significance in populations prone to iron-deficiency anemia.
Another important property of vitamin C is its synergistic interaction with other nutrients. For instance, it regenerates oxidized vitamin E, restoring its antioxidant capacity. This interplay between antioxidants makes vitamin C central to the body’s defense against oxidative stress. Moreover, its property as a cofactor in enzymatic reactions particularly those involving hydroxylation makes it indispensable in collagen synthesis and hormone production (Patel & Singh, 2023).
Finally, the biological half-life of vitamin C is relatively short, typically ranging from 10 to 20 days, depending on individual metabolic activity and dietary intake. This short half-life reflects its high metabolic turnover and further justifies the need for continuous dietary supply. Taken together, the physical, chemical, nutritional, and biochemical properties of vitamin C explain its essential role in human health, as well as the challenges in preserving its stability in fruit juices such as pineapple and orange (Adepoju et al., 2022).

2.3 Functions of vitamin C
Vitamin C, also known as ascorbic acid, plays an indispensable role in maintaining human health due to its diverse biological functions. It is a water-soluble antioxidant that protects cells from oxidative damage caused by free radicals, which are unstable molecules generated during normal metabolism and exposure to environmental stressors (Carr & Lykkesfeldt, 2021). By neutralizing these reactive oxygen species, vitamin C helps prevent cellular injury that could otherwise contribute to aging, inflammation, and chronic diseases.
One of the most notable functions of vitamin C is its involvement in collagen synthesis. Collagen is a structural protein found in connective tissues such as skin, cartilage, tendons, and blood vessels. Vitamin C acts as a cofactor for the enzyme’s prolyl and lysyl hydroxylase, which are essential for stabilizing and cross-linking collagen fibers (Mandl et al., 2023). Without adequate vitamin C, collagen synthesis becomes defective, leading to impaired wound healing, fragile blood vessels, and in severe cases, scurvy. 
Beyond collagen formation, vitamin C enhances immune function. It supports the proliferation and differentiation of lymphocytes, increases the production of interferons, and improves the phagocytic activity of neutrophils (Wang et al., 2022). This immune-boosting property explains why vitamin C intake is commonly associated with reduced severity and duration of respiratory infections, including the common cold.
Vitamin C also facilitates the absorption of non-heme iron from plant-based foods. Non-heme iron, which is less bioavailable compared to heme iron from animal sources, forms insoluble complexes in the gastrointestinal tract. Vitamin C reduces ferric iron (Fe³⁺) to its more absorbable ferrous form (Fe²⁺), thereby improving overall iron uptake and helping to prevent iron-deficiency anemia, particularly in populations reliant on plant-based diets (Sahni et al., 2022).
Another important role of vitamin C is its contribution to neurotransmitter synthesis. It is involved in the hydroxylation of dopamine to norepinephrine, a key process for regulating mood, cognition, and the body’s response to stress (Zhang et al., 2022). Insufficient vitamin C levels may therefore impair neurological function and have been linked to increased risks of mood disorders and cognitive decline.
Vitamin C is also protective against several chronic diseases. Studies have shown that adequate intake lowers the risk of cardiovascular disease by improving endothelial function, reducing blood pressure, and preventing low-density lipoprotein (LDL) oxidation (Harrison & May, 2022). Additionally, its antioxidant properties have been associated with reduced risks of certain cancers by limiting DNA damage and promoting apoptosis in abnormal cells.
In addition to these health benefits, vitamin C plays a role in detoxification and regeneration processes. It enhances the recycling of other antioxidants, such as vitamin E and glutathione, thereby maintaining the overall redox balance within cells (Figueroa-Méndez & Rivas-Arancibia, 2023). This synergistic effect makes vitamin C a central molecule in antioxidant defense networks.
Finally, vitamin C supports skin health and slows down photoaging. By protecting against ultraviolet (UV)-induced oxidative stress and promoting collagen production, it improves skin elasticity and reduces the appearance of wrinkles (Pullar et al., 2022). These functions make vitamin C a common ingredient in dermatological products and nutritional supplements targeting skin care.
2.4 Methods of Vitamin C determination: Titration
Titration remains one of the most widely used methods for determining vitamin C content in fruit juices due to its simplicity, accuracy, and cost-effectiveness. The most common technique involves redox titration using 2,6-dichlorophenolindophenol (DCPIP), a dye that changes color upon reduction by ascorbic acid (Adepoju et al., 2022).
The procedure generally follows these steps:
i. Preparation of standard ascorbic acid solution – A known concentration of ascorbic acid is prepared for calibration.
ii. Preparation of juice sample – Fresh juice is filtered to remove pulp and diluted appropriately.
iii. Titration with DCPIP – The juice sample is titrated against a standard solution of DCPIP until a persistent pink endpoint is observed.
iv. Calculation of vitamin C concentration – The volume of DCPIP used is related to the ascorbic acid content through stoichiometric relationships.
This method is advantageous because it is:
i. Relatively inexpensive,
ii. Easy to perform in both laboratory and educational settings, and
iii. Provides rapid results.
However, the accuracy of titration can be influenced by juice clarity, presence of interfering substances, and the instability of vitamin C under prolonged exposure to light and air (Mohanraj et al., 2023).
2.5 Factors affecting Vitamin C content in pineapple juice
The vitamin C content in pineapple juice is not fixed; it varies based on several factors that influence the stability and concentration of ascorbic acid. Key factors include:
i. Ripeness of the fruit – Vitamin C levels generally peak during the mid-ripening stage and decline as the fruit becomes overripe due to enzymatic degradation (Okolie et al., 2024).
ii. Processing methods – Heat treatments such as pasteurization reduce vitamin C levels significantly, as the compound is heat-labile. Freshly squeezed juice retains more vitamin C compared to canned or processed forms (Eze et al., 2023).
iii. Storage conditions – Exposure to oxygen, light, and high temperatures accelerates the degradation of vitamin C. Pineapple juice stored in transparent containers at room temperature shows greater losses compared to refrigerated, opaque packaging (Nwankwo & Okechukwu, 2024).
iv. pH and acidity – Pineapple juice is naturally acidic, which can provide some protection against vitamin C degradation. However, fluctuations in pH during processing can destabilize the compound.
v. Varietal differences – Different pineapple cultivars have distinct vitamin C profiles, with some tropical varieties retaining higher concentrations than hybrid or export-oriented types (Akinyemi et al., 2023).
Together, these factors underscore the importance of handling, processing, and storage in preserving the nutritional quality of pineapple juice.
2.6 Factors affecting Vitamin C content in orange juice
Like pineapple, orange juice also exhibits variability in vitamin C content depending on both natural and external influences. Important factors include:
i. Maturity of the fruit: Vitamin C concentration increases during fruit development but declines once oranges are overripe or stored for prolonged periods (Martínez-Ballesta et al., 2022).
ii. Processing techniques: Freshly squeezed orange juice typically contains higher vitamin C levels than reconstituted or pasteurized products. Industrial processing involving heat and oxygen exposure reduces ascorbic acid content (Rodríguez et al., 2023).
iii. Packaging and storage: Transparent bottles allow light exposure, which accelerates vitamin C breakdown. Carton or dark-colored packaging combined with refrigeration helps preserve ascorbic acid (Adepoju et al., 2022).
iv. Varietal differences: Sweet oranges (Citrus sinensis) often have higher vitamin C content compared to blood oranges or mandarins, though this may vary by region and cultivation practices (Singh et al., 2024).
v. Additives and preservatives: Some commercial orange juices contain added stabilizers or antioxidants that slow down vitamin C degradation, while freshly squeezed versions are more vulnerable to loss if not consumed quickly.
Overall, the vitamin C content in orange juice is highly dependent on harvesting time, processing, and storage, which determine whether consumers receive the full nutritional benefit.


Chapter Three
Materials And Methods
3.1 Materials 
 The following materials and equipment were used for this experiment:
3.1.1 Glassware’s:
· 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 Equipment’s:
· 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 
i. Rinse the burette with the standard iodine solution and fill it with the same solution, ensuring no air bubbles remain in the burette tip.
ii. 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.
iii. Add 10 ml of 0.1 M sulfuric acid to the Erlenmeyer flask to maintain the acidic conditions necessary for the titration.
iv. Add 3 drops of starch indicator solution to the flask. The solution will remain colorless at this stage.
v. Titrate the sample with the standard iodine solution.
vi. Swirl the flask continuously during titration to ensure proper mixing.
vii. Near the endpoint, the solution will begin to turn blue due to the interaction between iodine and starch.
viii. Continue adding iodine dropwise until a stable blue-black color appears, indicating the endpoint of the titration.
ix. Record the final burette reading and calculate the volume of iodine solution used.
x. 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.
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 Four
Results And Conclusion
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

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].
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.
[bookmark: _Hlk200969106]
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