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                                                            ABSTRACT 
This study qualitatively determined the vitamin C (ascorbic acid) content in various orange juice samples using redox titration with iodine as the oxidizing agent. Given the importance of vitamin C in human health—particularly its roles in immune support, antioxidant protection, and collagen synthesis—the study aimed to assess differences in vitamin C levels among freshly prepared and commercially available orange juices. The redox titration method involved the reaction of ascorbic acid with iodine in an acidic medium, using starch as an endpoint indicator. Five orange juice samples, including fresh and branded commercial juices, were analyzed. Results revealed significant variation in vitamin C content, with fresh orange juice containing the highest amount (56.04 mg/100 mL), while Sosa orange drink had the lowest (26.68 mg/100 mL). The findings underscore the impact of processing, storage, and formulation on vitamin C levels in commercial juices. This study provides valuable insight for consumers, manufacturers, and policymakers on the nutritional quality of different orange juices.










                                                     CHAPTER ONE
                                                    INTRODUCTION 
1.1  BACKGROUND OF THE STUDY
        Vitamin C is an essential nutrient that plays a vital role in maintaining human health. It is a powerful antioxidant that helps protect cells from damage, supports immune function, and is involved in the synthesis of collagen. Fruit juices are a rich source of vitamin C, and their consumption has been associated with several health benefits. 
          However, the vitamin C content in orange juice can be vary significantly depending on factors such as the type of orange, ripeness, storage conditions and processing methods. Additionally, vitamin C is a labile compound that can degrade rapidly during storage processing and handling which can further reduce it’s content in orange juice.
       Therefore, it is essential to determine the vitamin C content in different orange juices to provide accurate nutritional informations to consumers, guide manufacturers in labeling and marketing their products, and inform policymakers in developing evidence-based recommendations for orange juice consumption. 
1.2 SIGNIFICANCE OF STUDY
 This study is significant because it aims to provide valuable information on the vitamin C content in different orange juices. The findings of this study can be used to
· Inform consumers about the nutritional value of different orange juice
· Provide data for researchers and policymakers to develop evidence-based recommendations for orange juice consumption
1.3 OBJECTIVES OF THE STUDY
     The objectives of this study are:
· To determine the vitamin C content in different orange juices
· To compare the vitamin C content in different types of orange juices

1.4 AIM OF THE STUDY
     The aim of this study is to conduct a qualitative determination of vitamin C in different orange juices and to evaluate the factors that influence it’s content 















                                                     CHAPTER TWO 
                                               LITERATURE REVIEW 
2.0 OVERVIEW OF VITAMIN C
Vitamin C, also known as ascorbic acid, is a water-soluble vitamin that plays a crucial role in maintaining human health. It is an essential nutrient, meaning the body cannot produce it on its own, so it must be obtained through diet. Vitamin C is well-known for its powerful antioxidant properties, which help protect cells from damage caused by harmful molecules known as free radicals (Demir & Yılmaz, 2023). This vitamin is also vital for the proper functioning of the immune system, supporting the body’s ability to fight infections and illnesses. It is involved in the synthesis of collagen, a protein necessary for the health of skin, blood vessels, bones, and connective tissues (Medicine et al., 2000).
In addition to its role in collagen production, vitamin C is essential for the absorption of iron from plant-based sources, which helps prevent iron deficiency anemia. It also plays a role in the metabolism of cholesterol, converting it into bile acids, which can help regulate blood lipid levels (Barrita & Del Socorro Santiago Snchez, 2013). Furthermore, vitamin C supports the functioning of various enzymes in the body, contributing to the overall maintenance of health. It is also involved in the repair and maintenance of tissues and has been linked to improved wound healing, as it aids in the formation of scar tissue (“Ascorbic Acid - Biochemistry and Functions,” 2023b).
Humans cannot synthesize vitamin C, which is why dietary intake is necessary for maintaining optimal health. The most common sources of vitamin C are fruits and vegetables, with citrus fruits like oranges, lemons, and grapefruits being particularly rich in this nutrient. Other good sources include strawberries, kiwi, bell peppers, broccoli, and spinach. Due to its wide availability in fruits and vegetables, vitamin C deficiency is rare in developed countries, but it can still occur in individuals with poor dietary habits or those who have limited access to fresh produce (Barrita & Del Socorro Santiago Snchez, 2013).
2.1 PROPERTIES OF VITAMIN C 
2.1.1 Physical properties 
          Vitamin C is a white crystalline powder. It’s molecular weight is 176 with a melting point of 190-192⁰c (with decomposition) and shows a density of approximately 1.65 g/cm³.Vitamin C is highly soluble in water, making it easily absorbed by the body.
2.1.2 Chemical Properties
      Ascorbic acid is sensitive to air and light and is kept in a closed container, protected from light. The most important chemical property of ascorbic acid is the reversible oxidation to semidehydro-L-ascorbic acid and oxidation further to dehydro-L- ascorbic acid. This property is basis for its physiological activity. Degradation reaction of L- ascorbic acid in aqueous solution depends on a number of factors such as pH, temperature, presence of oxygen or metals. In general, Ascorbic acid is not stable in aqueous medium at room temperature due to oxidation to dehydroascorbic acid. The stability of ascorbic acid and dehydroascorbic acid can be improved by lowering the pH below 2.
     Above this pH alkali-catalyzed degradation by cleavage at C-1 OR C-2 results in a number of compounds mainly mono-, di-, and tri carboxylic acid· The oxidative degradation of ascorbic acid and dehydroascorbic acid in parentral nutrition mixture is catalyzed by trace elements particularly, copper stabilized ascorbic acid preparations have been reported in hydroalcoholic vehicle and aqua culture feed. It is noted that, in addition to redox and acid- base properties ascorbic acid can exist as a free radical  (Zufi et al., 2023).
2.1.3 Biological Properties
An important biological function of ascorbic acid is likely to be its reaction with destructive free radical particularly those derived from oxygen. Ascorbate ion can also enhance oxidative damage to macromolecules, in vitro, especially in the presence of Fe2+ or Cu2+ ions. 
      Ascorbic acid plays an essential role in the activities of several enzymes. It is vital for the growth and maintenance of healthy bones, teeth, gums, ligaments and blood vessels. It is important for the manufacture of neurotransmitters and adrenal hormones ascorbic acid is required for the utilization of folic acid and the absorption of iron. It is also necessary for normal immune responses to infection and the wound healing (Zufi et al., 2023).
2.2        FUNCTIONS OF VITAMIN C 
Vitamins have several important functions in human body including:
· Antioxidant activity: Vitamin C helps protect cells from damage caused by free radicals.
· Immune function: Vitamin C supports immune function by enhancing the production of white blood cells.
· Collagen synthesis: Vitamin C is involved in synthesis of collagen, a protein that gives structure to the skin, bones and connective tissue. 
· Aid in the absorption of iron
· Heal wounds and form scar tissue 
· Repair and maintain cartilage, bones and teeth 
2.3 CHEMICAL COMPOSITION OF VITAMIN C 
       Vitamin C or Ascorbic acid is an organic compound with formula C6H8O6, originally called hexuronic acid. It is a white solid, but impure samples can appear yellowish. It dissolves freely in water to give mildly acidic solutions. It is a mild reducing agent, chemical name: L-ascorbic Acid, CAS no: 50-81-7.
     Ascorbic acid exists as two enantiomers (mirror-image isomers), commonly denoted “l” (for “levo”) and “d” (for “dextro”). The l isomer is the one most often encountered: it occurs naturally in many foods, and is one form (”vitamer”) of vitamin C, an essential nutrient for humans and many animals. Deficiency of vitamin C causes scurvy, formerly a major disease of sailors in long sea voyages.[2] It is used as a food additive and a dietary supplement for its antioxidant properties. The “d” form (erythorbic acid) can be made by chemical synthesis, but has no significant biological role (Ehrenkater.,2025).
2.4 QUALITATIVE ANALYSIS OF VITAMIN C
· Spectrophotometric method 
     UV spectrophotometry is mostly used to determine ascorbic acid as it can absorb UV rays and it’s a simple method. This method can be used for vitamin C tablets, fresh or packaged fruit juices, solid fruits and vegetables to determine the content of total vitamin C, a well -established method is the 2, 4-dinitrophenyl  hydrazine (2, 4-DNPH) method. There is a coupling reaction between 2,4 DNPH and ascorbic acid. This ascorbic acid content in different fruits and vegetables can be determined by using this method. In this method the total amount of vitamin C includes both Ascorbic acid and Dehydroascorbic acid. In this method, bromine water in the presence of acetic acid oxidizes the ascorbic acid into dehydroascorbic. Then a known amount of 2, 4 DNPH is added which gives a coupling reaction. Solutions are kept for 3 hours. After 3 hours 85% H2SO4 is added which gives a colored solution. The absorbance of these solutions is measured using UV spectrophotometer and the ascorbic acid content is then determined (Swati et al.,2023).
· Dye titration or Dichlorophenolindophenol method 
         This method (AOAC method 2012) makes use of the reducing power of the vitamin and employs 2,6-dichlorophenolindophenol (DCIP) as the redox indicator for the determination of ascorbic acid. This principal of this method is a titration of ascorbic acid with Dichlorophenolindophenol 
      Ascorbic acid reacts with DCPIP, changing the color from blue to colorless. The food samples are extracted using metaphosphoric acid (MPA) and the pH adjusted to 1.2. The extract is then titrated against 2,6-dichlorophenol indophenol. In this titration which is a redox reaction, ascorbic acid in the extract is oxidized to Dehydroascorbic acid (DHAA) and the dye is reduced to a colorless compound. The end point of this titration is a pink color due to the excess unreduced dye in acid solution. In case of intensely colored extracts repeated ether extraction is carried out to facilitate easy detection of end point (Swati et al., 2023).
· Iodometric method 
       Vitamin C (C6H8O6) can also be determined by iodometric titration. There are several oxidizing agents such as potassium iodate, potassium permanganate and potassium dichromate which have higher reduction potential values than iodine. Higher the reduction potential value, stronger is the oxidizing agent. Thus potassium iodate, potassium permanganate and potassium dichromate are stronger oxidizing agents than iodine (I2). 
In this titration, potassium iodate is added to solution of ascorbic acid which contains a strong acid like sulphuric acid and potassium iodide (KI). The potassium iodate on reacting with KI, liberates I2. The iodine produced reacts with ascorbic acid leading to the formation of dehydroascorbic acid (C6H6O6) and iodide ions (I-) (Swati et al., 2023).
· High performance liquid chromatography (HPLC) method
        The high performance liquid chromatography (HPLC) technique deserve and increasing interest mainly due to it’s rapidity, selectivity, specificity properties and simple sample preparation procedure. The sample preparation and sample extraction are important steps to minimize degradation of L-AA. Metaphosphoric acid (MPA) is the most common reagent used as it can function both as an extractant and stabilizer. 
It inhibits ascorbate oxidase, metals catalysis, and precipitates proteins. MPA can be used with other organic acids and modifiers like acetic acid, methanol etc and stabilizers like ethylenediamine acetic acid (EDTA) and monosodium glutamate (MSG). L-AA has higher stability in MPA than oxalic acid and trichloroacetic acid. The analysis of liquid samples is done by directly injecting the sample in HPLC after dilution with initial mobile phase (Swati et al., 2023).
2.5 COMPARISON OF QUANTITATIVE ANALYSIS METHODS
        Each of the quantitative analysis methods has its own advantages and disadvantages. Titration is a simple and inexpensive method, but it can be time-consuming and requires a high degree of skill. Spectrophotometry is a rapid and sensitive method, but it can be affected by the presence of other compounds in the food sample. HPLC is a highly sensitive and specific method, but it requires specialized equipment and expertise. Dye titration is a simple, rapid and inexpensive method, it is essential to consider the limitations and potential interference to ensure accurate results.
2.6 FACTORS AFFECTING VITAMIN C DETERMINATION 
        Several factors can affect the determination of vitamin C in food samples, including:
· Sample preparation: The method of sample preparation can affect the extraction of vitamin C from the food sample.
· Storage conditions: Vitamin C is a labile compound that can degrade rapidly during storage, especially in the presence of oxygen, heat, and light.
· pH: Vitamin C is more stable at acidic pH values than at alkaline pH values.
· Presence of other compounds: The presence of other compounds in the food sample, such as flavonoids and phenolic acids, can affect the determination of vitamin C



























[bookmark: _GoBack]                                                        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)
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.
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.
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).
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.
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.









                                            CHAPTER FOUR
RESULTS AND DISCUSSION 
4.0 Redox titration of fruit juices (like orange juice) is done to determine vitamin C (ascorbic acid) concentration using an oxidizing agent like iodine or potassium iodate (KIO₃) and a starch indicator.
In a redox titration involving ascorbic acid (vitamin C) and iodine, the stoichiometry is typically a 1:1 molar ratio because ascorbic acid is oxidized to dehydroascorbic acid, while iodine is reduced to iodide (I⁻).
Standard Redox Reaction:
C6H8O6 + I2                         C6H6O6 + 2I- + 2H+

Redox Titration Value (Calculation):
· For a standard ascorbic acid solution:
1. Molar mass of ascorbic acid = 176.12 g/mol
2. Titrating 100 mg (0.100 g) of ascorbic acid:
Calculate the number of moles of ascorbic acid:
Moles = Mass/ Molar mass
 = 0.100g/176.12
= 0.000568 mol
0.000567 mol IS THE AMOUNT OF IODINE NEEDED TO OXIDATE 0.100g OF ASCORBIC ACID 
3. Volume of iodine solution (0.01 M) required:
[Volume (L)] = Moles of iodine/Concentration of iodine
   = 0.000568/0.01
   = 0.0568 L
= 56.8ml
Titrating 100 mg of standard ascorbic acid with 0.01 M iodine, the titration endpoint typically requires 56.8 mL of iodine solution.
Here’s a generalized titration setup and guide:
Common Redox Titration Method:
Titrant: Potassium iodate (KIO₃) or iodine solution.
Indicator: Starch (which turns blue-black when free iodine is present).
Endpoint: Disappearance of the blue-black color.
Titration Values (Average Results)
	SAMPLE
	VOLUME OF TITRANT (VOLUME OF IODINE USED) (ml)
	VITAMIN C CONTENT (mg/100ml)


	ORANGE JUICE (FRESH)
	10.5
	56.04mg/100ml   

	FIVE ALIVE ORANGE DRINK
	8.0
	42.69mg/100ml

	BIGI ORANGE DRINK
	6.5
	34.69mg/100ml

	CHIVITA ORANGE DRINK 
	9.0
	48.03mg/100ml

	SOSA ORANGE DRINK 
	5.0
	26.68mg/100ml



 33ml OF THE SAMPLE WAS USED

                                CALCULATING THE VITAMIN C CONTENT
4.1 CALCULATIONS
To calculate the Vitamin C content: Molarity of iodine × Volume of iodine used (L) × Molar mass of ascorbic acid ÷ 33 × 100
Calculation:
Molarity of iodine used (KIO3)= 0.01 
Volume of Iodine used
1. Orange juice = 10.5
= 0.01 × 10.5 × 176.12 / 33 × 100
= 18.4926/33 × 100
= 0.5604 × 100 
            = 56.04mg/100ml   
     2.  Five Alive orange drink= 8.0
          =0.01 × 8.0 × 176.12 / 33 × 100
           = 14.0896 / 33 × 100
           = 0.4269 × 100
           = 42.69mg/100ml
      3. Bigi Orange drink = 6.5
          = 0.01 × 6.5 × 176.12 / 33 × 100
         = 11.4478 / 33 × 100
         = 0.3469 × 100
         = 34.69mg/100ml
     4. Chivita Orange drink = 9.0
          = 0.01× 9.0 × 176.12 / 33 × 100
          = 15.8508 / 33 × 100
          = 0.4803×100
          = 48.03mg/100ml
       5. Sosa Orange drink = 5.0
           = 0.01 × 5.0 × 176.12 / 33 × 100
           = 8.806 / 33 × 100
           = 0.2668
           = 26.68mg/100ml

4.2 DISCUSSION ON EACH SAMPLES
1. Highest content: Sample 1 (56.04mg/100ml) has the highest Vitamin C content, making it an excellent source.
2. Good sources: Samples 2 (42.69mg/100ml) and 4 (48.03mg/100ml) have relatively high Vitamin C content, indicating they are good sources.
3. Moderate content* Sample 3 (34.69mg/100ml) has moderate Vitamin C content, contributing to overall nutrition.
4. Lower content: Sample 5 (26.68mg/100ml) has lower Vitamin C content, but still provides some nutritional value.
4.3 COMPARISON WITH STANDARD VALUES 
      The vitamin C content in each option is compared to standard values:
· Orange juice: 56.04mg/100ml: Slightly above the average vitamin C content found in freshly squeezed orange juice (around 55mg/100ml).
· Five Alive orange drink: 42.69mg/100ml: Lower than the average, but still within the range of processed orange juices (around 40-50mg/100ml).
· Bigi orange drink: 34.69mg/100ml: Relatively low, comparable to some carbonated orange drinks (around 30-40mg/100ml).
· Chivita orange drink: 48.03mg/100ml: Moderate, within the range of some orange juices that have retained some vitamin C content during processing (around 45-55mg/100ml).
· Sosa orange drink: 26.68mg/100ml: The lowest, comparable to some processed drinks that have lost significant vitamin C content during processing (around 20-30mg/100ml).
4.4 FACTORS AFFECTING VITAMIN C CONTENT
Processing methods: Pasteurization, exposure to air, and addition of preservatives can reduce vitamin C content
· Storage conditions: Temperature, light exposure, and storage duration impact vitamin C retention.
· Type and ripeness: Freshness and ripeness of fruits or vegetables used for juice production affect vitamin C content.
· Brand and production: Different brands and production methods may result in varying vitamin C levels.
4.5 SOURCES OF ERROR AND LIMITATIONS
· Sampling methods: Limited sample size or selection bias may affect results
· Titration technique: Errors in titration procedure or calculation may impact accuracy
· Equipment and instrumentation: Precision and calibration of equipment used for titration and measurement.
· Environmental factors: Temperature, humidity, and light exposure during analysis may influence results.
· Comparison with standard values: Variations in standard values used for comparison may affect conclusions drawn.
4.6 OBSERVATIONS:
      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.
4.7 DIFFERENCES:
1. Range of values: The Results span a range of approximately 30 mg/100ml, indicating significant differences in Vitamin C content.
2. Significance of differences: The differences in Vitamin C content may be significant in terms of nutritional value and potential health benefits.
3. Implications for food selection: The samples may influence food selection decisions, with foods having higher Vitamin C content being preferred for their potential health benefits.

4.8 CONCLUSION 
Qualitative Determination of  Different Orange Juices
        The analysis reveals variations in Vitamin C content among different orange juices, impacting their nutritional value and quality. This highlights the importance of Vitamin C as a key nutrient and quality indicator in orange juice.
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