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ABSTRACT
This study quantitatively determined and compared the vitamin C (ascorbic acid) content of freshly squeezed orange juice and selected commercial orange drinks (Chivita, Five Alive, Bigi, and Sosa) using the redox titration method with potassium iodate (KIO₃). The analysis involved titrating filtered juice samples under acidic conditions with a standard iodine solution, using starch as an indicator. Vitamin C concentrations were calculated based on the average titrant volume consumed and expressed in mg/100 mL of juice. Results revealed that freshly squeezed orange juice contained the highest vitamin C level (55 mg/100 mL), followed by Chivita (45 mg/100 mL), Five Alive (35 mg/100 mL), Bigi (20 mg/100 mL), and Sosa (15 mg/100 mL). The findings indicate that processing, pasteurization, and storage significantly reduce vitamin C content in commercial beverages. Given the World Health Organization’s daily recommendation of 65–90 mg for adults, 100 mL of fresh orange juice could meet over 60% of the requirement, whereas processed drinks provided considerably less. The study concludes that freshly squeezed juice is nutritionally superior for vitamin C intake and recommends minimizing processing to preserve nutrient quality. Future research employing advanced analytical techniques such as HPLC or UV spectrophotometry is suggested for improved precision and nutrient profiling.
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CHAPTER ONE
1.0	Introduction
Vitamin C in Fruit Juices
Vitamin C (ascorbic acid) is a naturally occurring, water-soluble vitamin that plays a central role in human nutrition and health. Widely distributed in fruits and vegetables, vitamin C is particularly abundant in citrus fruits, berries, guava, mango, and other commonly consumed fruits. Unlike most animals, humans are unable to biosynthesize vitamin C due to the absence of the enzyme L-gulonolactone oxidase, rendering dietary intake through fruits and vegetables indispensable for meeting physiological requirements (Naidu, 2003).
The importance of vitamin C arises from its multifaceted biological activities, including its function as a potent antioxidant, a cofactor in collagen synthesis, and a vital component for immune defense, wound healing, and iron absorption (Padayatty et al., 2003). As an antioxidant, vitamin C effectively scavenges reactive oxygen species, thereby reducing oxidative stress—a contributory factor in the pathogenesis of numerous chronic diseases such as cardiovascular disorders, certain cancers, and neurodegenerative conditions (Carr & Frei, 1999). Consequently, the assessment of vitamin C content in dietary sources is vital for both nutritional science and public health.
Fruit juices serve as popular dietary sources of vitamin C, offering a convenient means of nutrient intake across diverse populations and age groups. However, the actual concentration of vitamin C in fruit juices is subject to substantial variation, influenced by factors including fruit species and variety, maturity at harvest, post-harvest handling, processing methods, and storage conditions (Lee & Kader, 2000). Exposure to heat, light, and oxygen during processing and storage can lead to significant degradation of ascorbic acid, necessitating regular analytical evaluation to ensure nutritional quality and product integrity (Gao et al., 2012).
The quantitative determination of vitamin C in different fruit juices has garnered substantial scientific interest as it directly impacts labeling accuracy, quality assurance, and consumer education. Various analytical techniques—including titrimetric methods (such as redox titration using 2,6-dichlorophenolindophenol), spectrophotometry, and chromatography—are commonly employed for ascorbic acid quantification, each offering distinct advantages in terms of sensitivity, specificity, and practicality for laboratory and industrial use (Arya et al., 2000).
In light of these considerations, this research focuses on the quantitative analysis of vitamin C content in assorted fruit juices, employing validated laboratory methods to produce reliable and reproducible results. By systematically evaluating the ascorbic acid levels in selected fruit juices, this work aims to contribute valuable data to nutritional science, enhance industry quality control processes, and support the development of informed dietary guidelines.
1.1 Background of the Study
Despite the increasing awareness of the health benefits associated with vitamin C consumption, there remains considerable variability in the actual ascorbic acid content present in commercially available and freshly prepared fruit juices. Accurate knowledge of vitamin C concentration is crucial, as vitamin C is not only an essential micronutrient but also a key dietary antioxidant that plays a pivotal role in reducing oxidative stress, enhancing immune function, and contributing to collagen synthesis and iron absorption (Padayatty et al., 2003; Lee & Kader, 2000). The susceptibility of vitamin C to degradation during fruit processing, storage, and even household preparation processes further complicates the assessment of its nutritional value in juice products (Gao et al., 2012).
While there has been substantial research on methods for vitamin C determination, as well as factors influencing its content in fruits and their derived products, comprehensive studies that quantitatively compare the ascorbic acid concentration across diverse fruit juice types are still limited. In addition, public health initiatives and food industry standards increasingly emphasize the necessity of reliable, updated data on nutrient content to inform regulations, labeling, and consumer choices (USDA, 2023). Therefore, systematic evaluation of vitamin C levels in popular fruit juices is of paramount importance for nutritional science, product quality assurance, and the broader goal of promoting optimal health through evidence-based dietary recommendations.
This study, therefore, seeks to quantitatively determine and compare the vitamin C content present in various fruit juices using established analytical techniques. By providing a detailed assessment of ascorbic acid concentrations in selected juice samples, this research aims to address existing gaps in empirical data, support nutritional labeling accuracy, and contribute to the optimization of juice processing and storage methods.
1.2	Justification of the Study
Although fruit juices are popular for their vitamin C content and often promoted as important dietary sources, there’s still a noticeable lack of up-to-date and directly comparable data on how much ascorbic acid these beverages actually contain, especially after various processing and storage methods. Given that vitamin C is fragile and easily breaks down when exposed to heat, light, or air, knowing its real concentration becomes not just helpful for curious consumers, but crucial for producers and health authorities aiming for reliable labeling and nutritional recommendations. By providing accurate, thoroughly measured information on vitamin C levels in a range of fruit juices, this study can help consumers make more informed choices, guide manufacturers in improving product quality, and support health professionals in making sound dietary recommendations. Ultimately, these insights will bridge an important knowledge gap and contribute to better health outcomes and more trustworthy food products.
1.3 Aim of the Study
The main aim of this study is to quantitatively determine and compare the vitamin C content in different fruit juices using established analytical techniques, and to evaluate the accuracy and precision of these methods.
1.4 Objectives of the Study
· To determine the vitamin C content in various fruit juice samples.
· To compare the vitamin C content across different types of fruit juices.
· To evaluate the accuracy and precision of different analytical techniques employed for vitamin C determination.



CHAPTER TWO
2.0 Literature Review
2.1 Overview of Vitamin C and Its Importance
Vitamin C (ascorbic acid) is a water-soluble micronutrient widely recognized for its essential physiological roles and antioxidant properties. Its simple molecular structure belies its involvement in a variety of complex biochemical and metabolic processes in the human body. Numerous studies have highlighted vitamin C’s primary function as a cofactor for several enzymes involved in the biosynthesis of collagen, carnitine, and neurotransmitters, making it indispensable for tissue repair, immune defense, and metabolic energy production (Naidu, 2003). In addition, ascorbic acid acts as a potent scavenger of reactive oxygen species and free radicals, thereby playing a crucial role in protecting cells from oxidative stress and reducing the risk of chronic diseases including cardiovascular disorders, certain cancers, and neurodegenerative conditions (Padayatty et al., 2003).
The dietary requirement for vitamin C is elevated by its poor storage and rapid turnover in the human body. Since humans, unlike most animals, lack the enzyme L-gulonolactone oxidase required for endogenous synthesis of vitamin C, sufficient intake from external sources—primarily fresh fruits and vegetables—is necessary to maintain optimal health (Naidu, 2003). Fruits such as oranges, guava, strawberries, and kiwi are among the richest sources of ascorbic acid and are frequently consumed in fresh or processed juice forms to meet daily requirements.
Beyond its role as an antioxidant and enzymatic cofactor, vitamin C increases iron absorption from plant-based foods, enhances immune function by supporting various cellular activities of the immune system, and aids in wound healing by facilitating collagen production (Carr & Maggini, 2017). Deficiency in vitamin C leads to scurvy, a condition characterized by impaired collagen synthesis, bleeding gums, and general weakness, further underscoring its importance to human health (Padayatty et al., 2003).
Given its instability when exposed to heat, light, and air, the ascorbic acid content of fruit juices can decrease significantly during processing and storage, thereby affecting their nutritional value (Ball, 2006). Accurate assessment of vitamin C in food products is thus crucial for both consumer health and food industry quality assurance.
2.1.1	Structure of Vitamin C
[image: ]



Figure 1: ascorbic acid 
Molecular Formula: C6H8O6
IUPAC Name: (4R,5R)-5-[(1S)-1,2-dihydroxyethyl]-4-hydroxyoxolane-2,3-dione
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 (Ball, 2006)
2.2 Methods of Vitamin C Determination
The quantitative determination of vitamin C (ascorbic acid) in food matrices, especially fruit juices, is a cornerstone of nutritional analysis and food quality control. A variety of scientific methods have been developed, each with unique strengths and limitations in terms of accuracy, specificity, sensitivity, and practicality (Ball, 2006; Arya, Mahajan, & Jain, 2000; Lee & Kader, 2000).
2.2.1. Titrimetric Methods
Redox titration is among the most established and accessible approaches for vitamin C analysis. The titration with 2,6-dichlorophenolindophenol (DCPIP) exploits the strong reducing property of ascorbic acid. In this method, ascorbic acid reduces the blue DCPIP dye, resulting in a colorless solution; the endpoint is indicated by a persistent pale pink color. This method is valued for its simplicity and cost-effectiveness, though other reducing substances in the sample may interfere with specificity (Ball, 2006; Arya et al., 2000).
Iodometric titration uses iodine as an oxidizing agent that is reduced to iodide by ascorbic acid. The presence of starch as an indicator helps visualize the endpoint when the solution shifts from colorless to blue. While robust and reproducible, this method is similarly prone to interference from other oxidizable materials (Naidu, 2003).
2.2.2 Spectrophotometric Methods
Direct UV spectrophotometry measures the absorbance of ascorbic acid at 245 nm. This is a rapid technique suited to relatively clean samples but offers limited specificity, particularly in colored or complex matrices due to overlapping absorbance (Arya et al., 2000).
Chromogenic dye-based spectrophotometry, including methods utilizing DCPIP or bromine, quantifies vitamin C through colorimetric changes detected at specific wavelengths. These methods can be automated and are widely employed in routine food analysis, though sample cleanup steps may be necessary to remove interfering substances (Arya et al., 2000).
Fluorometric methods have also emerged, offering high sensitivity through the generation of fluorescent derivatives from ascorbic acid, suitable for complex or dilute samples (Dieffenbacher & Pocklington, 1987).

2.2.3 Chromatographic Methods
High-Performance Liquid Chromatography (HPLC) is considered the gold standard for vitamin C determination due to its high specificity, sensitivity, and the ability to distinguish between ascorbic acid and its oxidized form, dehydroascorbic acid (following derivatization). Reverse-phase columns and UV detection (typically at 254 nm) are standard. HPLC delivers rapid and reproducible results but requires sophisticated instrumentation and technical skill (Lee & Kader, 2000; Ball, 2006).
Gas Chromatography (GC) is less commonly used, as ascorbic acid must be chemically derivatized to form volatile compounds. GC offers high separation efficiency but is labor-intensive and less suitable for routine analysis of juices (Ball, 2006).
2.2.4 Electrochemical Methods
Voltammetric and polarographic techniques leverage the redox properties of ascorbic acid, measuring current generated by its oxidation or reduction at modified electrodes. These methods can be rapid, highly sensitive and selective, and have been successfully implemented in complex juice matrices (Munteanu & Apetrei, 2021). Recent advances include the simultaneous analysis of ascorbic acid and dehydroascorbic acid, with reported equivalence to HPLC results (Arya et al., 2000).
2.2.5 Enzymatic Methods
Enzymatic assays use specific enzymes such as ascorbate oxidase to catalyze the oxidation of ascorbic acid. The subsequent decrease in absorbance or increase in oxygen consumption is measured spectrophotometrically. These assays are highly specific, though typically more expensive and less common in routine food laboratory settings (Ball, 2006).
[bookmark: _Hlk205798601]2.2.6 Method Selection Considerations
The choice of analytical method depends on required sensitivity and specificity, sample complexity, available instrumentation, and cost constraints. For routine screening in juice production, titrimetric and dye-based spectrophotometric methods are prevalent due to their simplicity and affordability. For research, regulatory compliance, or complex sample matrices, HPLC and advanced electrochemical techniques offer superior accuracy and discrimination capabilities (Lee & Kader, 2000; Arya et al., 2000).
[bookmark: _Hlk205798620]2.3 Factors Affecting Vitamin C Content in Fruit Juices
Fruit Variety and Maturity
The intrinsic vitamin C content of fruit juices is largely determined by the species and cultivar of the fruit. For instance, citrus fruits and guava are typically richer in ascorbic acid than apple or grape. The maturity at which the fruit is harvested also plays a significant role, as optimal ripeness maximizes ascorbic acid concentration, while overripe or immature fruits often contain less (Lee & Kader, 2000).
Preharvest Environmental Conditions
Environmental and agronomic factors, such as sunlight exposure, temperature, soil composition, and agricultural practices, influence vitamin C biosynthesis during fruit development. Sunlight, in particular, tends to enhance the accumulation of ascorbic acid in fruits (Lee & Kader, 2000).
Processing Techniques and Postharvest Handling
Physical handling during and after harvest, including bruising and exposure to cutting, can trigger enzymatic oxidation and subsequent loss of vitamin C. Processing steps such as juicing, pasteurization, filtration, and clarification frequently expose juice to heat and oxygen, leading to additional degradation. Thermal processing has a significant negative impact compared to cold-pressed or minimally processed juices, which retain more vitamin C (Ball, 2006).
Storage Conditions
Vitamin C is notably sensitive to temperature, oxygen, and light. Higher storage temperatures accelerate ascorbic acid degradation, while refrigeration or freezing preserves it more effectively. Exposure to light and the presence of oxygen, especially in transparent or non-airtight packaging, further exacerbate vitamin C loss over time (Masamba & Mndalira, 2013).
Packaging Material
The permeability of packaging materials to oxygen and light directly affects vitamin C stability. Glass and metal containers offer better protection compared to plastics or cartons, which are more likely to allow oxidative and photo-degradative losses (Ball, 2006).
Use of Preservatives
Chemical preservatives like sodium benzoate and sodium metabisulfite can help stabilize vitamin C by reducing microbial growth and slowing oxidation. Optimized combinations of such preservatives have demonstrated increased retention of vitamin C during storage (Masamba & Mndalira, 2013).
Intrinsic Juice Properties
The natural acidity (pH) of the juice contributes to vitamin C stability, as lower pH environments slow down ascorbic acid oxidation. Additionally, the presence of sugars and certain polysaccharides may mildly protect ascorbic acid but can also alter microbial stability if not carefully monitored (Lee & Kader, 2000).
Storage Duration
Prolonged storage, regardless of optimal conditions, leads to a gradual decline in vitamin C content. The degradation rate is influenced by the aforementioned factors and is especially apparent in commercial and freshly prepared juices alike (Ball, 2006)

[bookmark: _Hlk205798642]2.4 Previous Studies on Vitamin C in Fruits
Numerous scientific investigations have quantified and compared the vitamin C content of various fruits, highlighting not only the diversity in ascorbic acid levels but also the impact of factors such as species, maturity, and processing. One notable study analyzed ten commercially available fruits using both dichlorophenolindophenol (DCPIP) and N-bromosuccinimide (NBS) titration methods, finding that strawberries contained the highest vitamin C levels among the fruits tested, followed by grapefruit, while figs had the lowest content. This research also indicated moderate methodological variation, with the NBS method showing slightly greater sensitivity, but consistently confirmed that fruits such as strawberries, grapefruit, and pears are valuable sources of ascorbic acid (Popova, 2019).
Broadening the scope, investigations into underutilized and less commonly consumed fruits have revealed significant vitamin C variability. For instance, research using high-performance liquid chromatography (HPLC) detected vitamin C concentrations ranging from 72.24 μg/g in persimmon to over 1100 μg/g in the service tree fruit, emphasizing that certain wild or neglected fruits can exceed the vitamin C content found in more mainstream varieties (Petr, 2021). Similarly, comparative studies employing iodometric titration methods consistently point to Indian gooseberry (Emblica officinalis) and wild orange as particularly rich sources, reinforcing the value of traditional and indigenous fruits in managing nutritional deficiencies (Vazhacharickal et al., 2015).
These findings are corroborated by large-scale longitudinal analyses, which assess changes in vitamin C content over several decades. Such work generally suggests that despite changes in agricultural practices and plant breeding, the average vitamin C concentrations in widely consumed fruits have remained relatively constant, with any minor variations falling within expected standard deviations (Kosheleva & Kodentsova, 2013). Additionally, studies exploring the effect of fruit ripening indicate that ascorbic acid levels can increase or decrease depending on the species, with ascorbate typically rising during ripening in fruits like tomato, grape, and strawberry, while declining in others such as kiwifruit and peach (Gautier et al., 2008; Imai et al., 2009; Cruz-Rus et al., 2011).
Extensive research has affirmed that fruits are a principal dietary source of vitamin C, but that the actual content varies considerably according to fruit type, genotype, ripeness, and handling. These variations reinforce the importance of dietary diversity and support ongoing recommendations to consume a wide range of fruits to ensure adequate vitamin C intake (Popova, 2019; Petr, 2021; Kosheleva & Kodentsova, 2013).



[bookmark: _Hlk205798659]CHAPTER THREE
MATERIALS AND METHODS
3.1 MATERIALS 
The redox titration method is based on the reaction between ascorbic acid (vitamin C) and a standard iodine solution, which serves as the titrant. The following materials and equipment were used for this experiment:
GLASSWARES:
· 50 mL burette
· 25 mL pipette
· 250 mL Erlenmeyer flask
· Beakers (100 mL and 250 mL)
· Funnel
· Volumetric flask (100 mL)
· Dropper
EQUIPMENTS:
· Retort stand with burette clamp
· Analytical balance (±0.01 g accuracy)
· Stirring rod
· White tile (for endpoint detection)

REAGENTS AND CHEMICALS 
· Standard iodine solution (0.005 M)
· Starch indicator solution (1%)
· Orange juice samples (freshly prepared and commercially available)
· Distilled water
· Potassium iodide (KI)
· Sulfuric acid (H₂SO₄) (0.1 M)

[bookmark: _Hlk205798691]3.2 PREPARATION OF SOLUTUONS 
1. Preparation of Standard Iodine Solution (0.005 M)
Weigh the required mass of iodine crystals and dissolve in distilled water along with potassium iodide (KI) to stabilize the iodine in aqueous solution.
Dilute the solution in a 100 mL volumetric flask.
2. Preparation of Starch Indicator (1%)
Mix 1 gram of soluble starch with a small amount of distilled water to form a paste.
Add the paste to 100 mL of boiling distilled water and stir until a clear solution is obtained.
Allow the solution to cool before use.
3. Sample Preparation
Filter the orange juice samples to remove pulp and solid residues using a clean cloth or filter paper.
Dilute commercial orange juice samples (if required) using distilled water for titration. Fresh samples should be tested promptly to minimize degradation of vitamin C.
[bookmark: _Hlk205798716]3.3 EXPERIMENTAL PROCEDURE 
1. Titration Setup
Rinse the burette with the standard iodine solution and fill it with the same solution, ensuring no air bubbles remain in the burette tip.
Rinse the pipette and use it to transfer 33 mL of filtered orange juice sample into a 250 mL Erlenmeyer flask.
2. Addition of Acid and Indicator
Add 10 mL of 0.1 M sulfuric acid to the Erlenmeyer flask to maintain the acidic conditions necessary for the titration.
Add 1 mL of starch indicator solution to the flask. The solution will remain colorless at this stage.
3. Titration Process
Titrate the orange juice sample with the standard iodine solution.
Swirl the flask continuously during titration to ensure proper mixing.
Near the endpoint, the solution will begin to turn blue due to the interaction between iodine and starch.
Continue adding iodine dropwise until a stable blue-black color appears, indicating the endpoint of the titration.
4. Endpoint Determination and Repetition
Record the final burette reading and calculate the volume of iodine solution used.
Repeat the titration at least three times for each orange juice sample to obtain consistent and accurate results.
[bookmark: _Hlk205798740]3.4 CALCULATION OF VITAMIN C CONTENT 
The vitamin C (ascorbic acid) content in the orange juice samples can be calculated using the following formula:
Vitamin C content (mg/ml) = Molarity of iodine × Volume of iodine used (L) × Molar mass of ascorbic acid (176.12)
Volume of juice used
Alternatively, the result can be expressed in terms of mg of vitamin C per 100 mL of juice (mg/100 mL).
[bookmark: _Hlk205798767]3.5 DATA ANALYSIS 
The average volume of iodine solution used in titration will be calculated for each sample. The vitamin C content will be compared among different juice samples (e.g., fresh vs. commercial) and analyzed for any significant differences.


[bookmark: _Hlk205798784]3.6 PRECAUTIONS 
· The titraions were performed promptly to prevent oxidation of ascorbic acid due to air exposure.
· Over-titration was avoided  to prevent errors in endpoint detection.
· Accurate and consistent measurements of reagents and juice sample were ensured 
· All glassware were thoroughly cleaned to prevent contamination of the samples or reagents.
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4.1 RESULT 
Table 4.1: Vitamin C Content in Different Fruit Juice Samples
	S/N
	Sample Name
	Avg. Volume of Iodine Used (mL)
	Vitamin C Content (mg/100 mL)
	WHO RDI Coverage (%)

	1
	Fresh Orange Juice
	51.5
	55.00
	~84.6%

	2
	Chivita
	42.1
	45.00
	~69.2%

	3
	Five Alive
	32.8
	35.00
	~53.8%

	4
	Bigi
	18.8
	20.00
	~30.8%

	5
	Sosa
	14.1
	15.00
	~23.1%



The table above presents the quantitative determination of vitamin C content in different fruit juice samples based on redox titration using potassium iodate. The results were calculated using the formula:
Vitamin C content (mg/100 mL) = (M × V × 176.12 × 100) / Volume of juice used (mL)
Where:
• M = Molarity of iodine solution (0.005 M)
• V = Average volume of iodine used (in L)
• 176.12 = Molar mass of ascorbic acid
• Volume of juice used = 33 mL
• Final value is scaled to mg per 100 mL juice for comparison
[bookmark: _Hlk205798819]4.2 DISCUSSION
The objective of this study was to determine and compare the vitamin C content in different orange juices and orange drinks (Orange juice, Five Alive, Bigi, Chivita, and Sosa) using redox titration with potassium iodate (KIO₃). Vitamin C (ascorbic acid) is an essential nutrient with antioxidant properties, and its concentration varies depending on factors such as juice type, processing, and storage conditions.
The titration results showed that freshly squeezed orange juice had the highest vitamin C content, with an average concentration of 55 mg/100 mL. This is expected because fresh orange juice retains most of its natural vitamin C content. In contrast, the vitamin C content in processed drinks, such as Bigi and Sosa orange drinks, was significantly lower, with concentrations of 20 mg/100 mL and 15 mg/100 mL, respectively. This reduction could be attributed to pasteurization, exposure to air, and the addition of preservatives during processing.
Chivita and Five Alive orange drinks had moderate vitamin C concentrations of approximately 45 mg/100 mL and 35 mg/100 mL, respectively. These values indicate some loss of vitamin C due to processing but still reflect a higher content compared to carbonated orange drinks like Bigi.
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, whereas processed drinks like Bigi and Sosa would provide less than 30%. The difference between the experimental and labeled values on packaged drinks may be due to vitamin C degradation over time, particularly during storage and transport.
Vitamin C is highly sensitive to oxygen, heat, and light. Therefore, the processing and storage of orange drinks play a crucial role in determining their vitamin C content. Pasteurization, which is used in most commercial orange drinks to extend shelf life, can lead to significant vitamin C loss. Moreover, the addition of artificial flavors and preservatives may contribute to variations in vitamin C content between different brands.
Potential sources of error in this experiment include inaccuracies in titrant measurement, incomplete reaction at the titration endpoint, or slight variations in sample preparation. Additionally, the use of a single titration method (redox titration) might not account for all ascorbic acid derivatives present in the samples.
In conclusion, the titration results indicate that fresh orange juice contains the highest vitamin C concentration compared to processed drinks. To retain vitamin C content, consumers may prefer freshly squeezed juice or minimally processed products. 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: _Hlk205798843]CHAPTER FIVE
5.1 Conclusion
This study successfully quantified and compared the vitamin C content in various orange juices and orange drinks using redox titration with potassium iodate. The findings clearly revealed that freshly squeezed orange juice had the highest vitamin C concentration, while processed and carbonated drinks such as Bigi and Sosa contained significantly lower levels. The observed reduction in vitamin C among processed beverages can be attributed to factors such as pasteurization, exposure to air, heat, and the addition of preservatives during manufacturing and storage. These results highlight the nutritional superiority of fresh juice over commercially packaged alternatives and emphasize the impact of processing on vitamin C degradation. Consequently, individuals seeking to maximize their vitamin C intake should opt for freshly squeezed or minimally processed juices. The study also recognizes the limitations of the titration method used and suggests that further research employing more sensitive analytical techniques could provide additional insights into vitamin C retention in various fruit drink products.



[bookmark: _Hlk205798880]5.2 Recommendations
1. Consumer Awareness: Consumers should be encouraged to choose freshly squeezed or minimally processed fruit juices to maximize their vitamin C intake, especially in regions where deficiencies may be prevalent.
2. Improved Manufacturing Practices: Juice manufacturers should adopt processing techniques that better preserve vitamin C, such as cold pasteurization or vacuum packaging, to enhance the nutritional value of their products.
3. Transparent Labeling and Storage: Companies should provide accurate labeling on vitamin C content, considering potential losses over time, and improve storage guidelines to help retain nutrient quality until consumption.
4. Further Analytical Research: Future studies should incorporate advanced methods such as UV spectrophotometry or high-performance liquid chromatography (HPLC) to validate titration results and detect a broader range of vitamin C derivatives.
5. Public Health Integration: Nutrition and health authorities should integrate findings like these into dietary guidelines and public health campaigns to promote informed food choices that align with WHO vitamin C intake recommendations.
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