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CHAPTER ONE


1.0 BACKGROUND OF STUDY 

Vitamin C, also known as ascorbic acid, is an essential micronutrient required for various physiological functions in the human body. It acts as a potent antioxidant, scavenging harmful free radicals and protecting cells from oxidative stress. Additionally, vitamin C plays a key role in the biosynthesis of collagen, absorption of iron, maintenance of cartilage and bones, and overall immune function. Since the human body cannot synthesize vitamin C endogenously, it must be obtained through dietary sources such as fresh fruits and vegetables. Apples, though not the richest source, contribute to dietary vitamin C intake and are widely consumed in the form of juices and processed beverages.

Apple juice is a popular drink among consumers of all age groups due to its pleasant taste, nutritional value, and availability. However, the vitamin C content in apple juice can vary considerably depending on the variety of apple, the method of juice extraction, pasteurization processes, and storage conditions. Vitamin C is known to be highly sensitive to light, heat, and oxygen, leading to its degradation over time, especially in processed and commercially packaged juices.

Accurate determination of vitamin C content in fruit juices is important for nutritional labeling, quality control, and research purposes. Various analytical techniques are employed for this purpose, including titrimetric methods, high-performance liquid chromatography (HPLC), and spectrophotometry. Among these, UV-VISIBLE spectrophotometry offers a simple, rapid, and cost-effective approach to detect and analyze the presence of vitamin C based on its characteristic absorption in the ultraviolet range, typically around 265–280 nm. This method relies on the principle that vitamin C absorbs UV light, and its concentration can be inferred from the absorbance using Beer-Lambert’s law.


1.1 PROBLEM STATEMENT 

In recent years, consumer awareness regarding nutritional content and product authenticity has increased significantly. Despite this, there remains a concern over the accuracy of nutritional claims, especially in processed fruit juices. While labels may indicate the presence of vitamin C, the actual content may be significantly reduced due to oxidation and degradation during processing and storage. Moreover, many commercial juices are fortified with synthetic vitamin C, which may not be clearly distinguished from the naturally occurring form without proper analysis.

There is a growing need to develop reliable, non-destructive, and accessible methods to assess the presence and quality of vitamin C in fruit juices like apple juice. The use of UV-VISIBLE spectrophotometry for qualitative analysis serves this purpose effectively by allowing detection based on absorbance characteristics without the need for complex sample preparation or expensive instrumentation.

This study aims to qualitatively determine the presence of vitamin C in commercially available and fresh apple juice samples using a UV-VISIBLE spectrophotometer. By doing so, it seeks to provide insights into the vitamin C stability in different juice types and offer a foundational analysis method that could potentially support future quantitative studies, quality assurance processes, and consumer information efforts. The findings may also contribute to understanding the extent of vitamin C degradation during juice processing and how such changes affect the nutritional value of the final product.



1.2 SIGNIFICANCE OF THE STUDY 
Significance of the Study

This study holds significant value in both scientific and practical contexts. The qualitative determination of vitamin C in apple juice using UV-VISIBLE spectrophotometry addresses an important aspect of food quality and nutrition, especially in the context of increasing consumer demand for transparency and accuracy in nutritional labeling. Given that vitamin C is a vital nutrient with antioxidant properties and numerous health benefits, understanding its presence in commonly consumed beverages like apple juice is essential for promoting public health and informed dietary choices.

From an analytical perspective, this research highlights the application of UV-VISIBLE spectrophotometry as a reliable and efficient technique for the detection of vitamin C. Compared to more complex and costly methods such as HPLC, this technique offers a simpler, quicker, and more cost-effective alternative that can be easily adopted in both academic and industrial laboratories. By demonstrating its effectiveness for qualitative analysis, the study encourages the broader use of spectrophotometry in routine food quality assessments.

Moreover, the study contributes to the field of food science and technology by providing insights into the potential degradation of vitamin C during the processing, packaging, and storage of apple juice. It underscores the importance of monitoring vitamin C levels to ensure the nutritional integrity of fruit juices, which is especially relevant for health-conscious consumers, nutritionists, and regulatory bodies.

On a broader scale, this research can inform manufacturers about the need to improve processing techniques to minimize nutrient loss, thereby enhancing product quality and consumer satisfaction. It also supports educational institutions and students by offering a practical example of how analytical techniques are applied in real-world food analysis.

Ultimately, this study serves as a foundational step toward more comprehensive research, including quantitative analysis and comparison between fresh and processed juice samples. The findings may also guide policy-making in food labeling standards and help bridge the gap between laboratory science and public nutrition.


1.3 OBJECTIVES OF THE STUDY 

The objectives of the study are:

· To determine the amount of vitamin C content in different apple fruit juices using UV-Visible spectrometry 
· To compare the vitamin c content in different fruit juices.
· To evaluate the accuracy and precision of different analytical techniques.




























CHAPTER TWO:  LITERATURE REVIEWS.

2.0 Concept of Vitamin C 

Vitamin C, also known as ascorbic acid, is a vital water-soluble vitamin essential for various physiological functions. Unlike some animals, humans cannot synthesize vitamin C endogenously, necessitating its intake through diet.

As a source of vitamin C, the apple does contain this essential nutrient, though in moderate amounts compared to some other fruits. One medium apple (about 200g) provides approximately 8–10% of the recommended daily intake of vitamin C.
Apple juice is a mixture of sugars (primarily fructose, glucose, and sucrose), oligosaccharides, and polysacharides (e.g., starch) together with malic, quinic, and citromalic acids, tannins (i.e., polyphenols), amides and other nitrogenous compounds, soluble pectin, vitamin C, minerals, and a diverse range of esters that give the juice a typical apple-like aroma (e.g., ethyl- and methyl-iso-valerate).

 2.1.  Chemical Structure and Components

Vitamin C is a six-carbon compound resembling glucose, with the molecular formula C₆H₈O₆. Its structure comprises:

Carbon (C)
Hydrogen (H)
Oxygen (O)

The molecule features a lactone ring with multiple hydroxyl (–OH) groups, contributing to its high polarity and water solubility. The enediol structure within the molecule is responsible for its potent antioxidant properties, allowing it to donate electrons readily.
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Chemical structure of vitamin C


2.2   QUANTITATIVE ANALYSIS OF VITAMIN C 

Methods of determining vitamin C.
Methods which can be applied to determine vitamin C in fruits or vitamin supplement can be summarised into five methods such as direct titration with iodine solution, titration with dichlorolindophenol solution, using capillary electrophoresis with UV-VIS and diode array detection in high performance liquid chromatography HPLC], using ion-pair reversed phase in HPLC and UV-diode detection and enzymatic method.

I. Direct titration.

Determination vitamin C concentration involves iodine and iodate solution in a redox titration method. When iodine solution is a titrant, vitamin C is oxidised to form dehydroascorbic acid while the iodine is reduced to iodide ions. When all vitamin C has finished, the excess iodine solution will react will starch solution to form blue-black colour as endpoint of titration (ascorbic acid + i2→2i‐ + dehydroascorbic acid). This method is a straight forward compared to the alternative method using iodate as the titrant Potassium iodate stable compared to iodine and it does not have to be standardized as it is a primary standard. The iodine solution needs to be standardised with pure vitamin C or potassium thiosulphate because an iodine is unstable. 
In the alternative method, iodate solution (IO3-) is added into acidic solution containing iodide ions (I) where an oxidation-reduction reaction occur. The iodate ions are reduced to form iodine (IO3- + 6H+ +5e→½I2+3H20 ) while the iodide ions are oxidised to form iodine ( 2I- I2→2e). The overall reaction between iodate and iodide is 2IO3 +10 I +12 H →6I2 +6 H20. The endpoint of sample was blue-black starch-iodine complex when excess iodine reacts with the starch as indicator in the solution. 

Suntornsuk et al.(2002) determined vitamin C in fresh and freeze dried herbal juices using direct titration method with iodine solution in acidic potassium iodide. The iodine solution was standardised used primary standard arsenic trioxide. Guava and emblic myrobolan have higher vitamin C content compared to sweet pepper, passion fruit, 1lemon and G.schomburgkiana. The limit of detection (LOD) and limit of quantitation (LOQ) was 2.2 and 7.26 mg. After 4 weeks, vitamin C content has found to be reduced from 469 to 338 ppm or 27.9 % for freeze-dried guava and from 1798 to 1727 ppm or 3.9 % for freeze-dried emblic myrobolan. The vitamin C content in fresh juice is greater than in freeze-dried sample while the stability of vitamin C in the freeze-dried sample is greater than in freeze-dried juice after 4-week storage.
The method which Kabasakalis et al.,(2000) used is another titration method where vitamin C in commercial fruit juices was titrated against aqueous sodium dichlorophenolindophenol with starch as indicator. The sodium dichlorophenolindophenol solution was standardised with sodium thiosulphate will concentration of 0.01 N in a matrix of potassium iodide (50%) and HCI (1N) using starch as indicator. The amount of vitamin C determined in the samples were between 24 to 430 ppm of juice. 

2. High performance liquid chromatography [HPLC].

Versari ct al. (2004) determincd vitamin C in commercial fruit juices using capillary clectrophoresis with UV-VIS and diode array detection in high- performance liquid chro matography (HPLC). The sample analysed were twenty- six samples in three types of apricot commercial juices (5 organic, 5 inorganic and 16 conventional). The limit of detection (LOD) was 1.6 and 1.l mg/L for L- AA and D-IAA. The best separation system to detect L-AA and p-IAA is by capillary electrophoresis using capillary zone mode and micelle electrokinetic capillary chromatography. Both condition of analysis were tested, the best separation was obtaincd at 30°C using 50 mM tricine at pH 8.8 as running buffer. The maximum absorbances for both samples were 265 nm, but a shift in the absorbance to shorter wavelength was reported to occur with pH is lower to acidic condition. 

3. Enzymatic methods.

Shekhovtsova et al., (2006) applied enzymatic method used to determine vitamin C in juice sample, milk and sour-milk products for babies' nutrition from the signal of indicator reaction. The indicator reaction used were o- dianisdini (OD) and 3,3'5,5'-tetramethylbenzidine (TMB). Another method to determine vitamin C was using the pH-transistors. The pH- transistor as the indicator reaction o-phenylencdiamine-ascorbic acid (AsA)- second substrate of horseradish (HRP), where vitamin C acts as a second substance of the enzyme. 
The optimum pH value of indicator in the presence of vitamin C was found to lie in the pH range of 4.5-6.5 and the solution was buffered with potassium phthalate solution. The longest induction period appears in the presence of vitamin C at pH 4.5 which is close to PKasa 4.25. The indicator reaction at pH 4.5 and application of the induction period duration as a analytical signal which provide sufficiently sensitive determination of vitamin C in real sample or foods in particulars.

2.3. Biological Functions of Vitamin C

Vitamin C plays several critical roles in the human body:

I. Antioxidant Activity:  Neutralizes free radicals, protecting cells from oxidative stress.

II. Collagen Synthesis: Essential for the hydroxylation of proline and lysine residues, facilitating collagen formation, which is vital for skin, blood vessels, and connective tissues.

III. Immune Support: Enhances the function of various immune cells, bolstering the body's defense mechanisms.

IV. Iron Absorption: Improves non-heme iron absorption by reducing it to a more soluble ferrous form.

V. Neurotransmitter Production: Involved in the biosynthesis of neurotransmitters like norepinephrine.


2.4. Vitamin C in Apple Juice

2.4.1 Natural Content

While apples contain vitamin C, the juicing process can significantly reduce its concentration. Factors influencing vitamin C content in apple juice include:

Apple Variety: Different varieties have varying vitamin C levels.

Processing Methods: Pasteurization and exposure to oxygen can degrade vitamin C.

Storage Conditions: Prolonged storage and exposure to light can further diminish vitamin C content.

On average, a 1-cup (240 ml) serving of unsweetened apple juice provides approximately 2–4 mg of vitamin C, which is about 3–5% of the recommended daily intake for adults .

2.4.2 Fortified Apple Juice

To compensate for the loss during processing, manufacturers often fortify apple juice with additional vitamin C (ascorbic acid). Fortified apple juice can contain up to 88.9 mg per 100g, significantly increasing its vitamin C content .

2.4.3. Health Considerations

While fortified apple juice can be a source of vitamin C, it's essential to consider:

Sugar Content: Apple juice is high in natural sugars and lacks dietary fiber, which can lead to rapid spikes in blood sugar levels.

Lack of Fiber: Unlike whole apples, juice lacks fiber, which is crucial for digestive health and moderating blood sugar responses.

Caloric Intake: Regular consumption can contribute to increased caloric intake without providing satiety.

Therefore, while apple juice can contribute to vitamin C intake, it's advisable to consume it in moderation and prioritize whole fruits and vegetables for nutrient intake.


CHAPTER THREE: MATERIALS AND METHODS 
3.1 MATERIALS 
UV-Vis spectroscopy is a rapid and sensitive method based on the absorbance of ascorbic acid at a specific wavelength. The absorbance data are used to quantify the vitamin C content by comparing the sample readings to a standard calibration curve. The following materials and equipment were used in the experiment:
GLASSWARES AND LABORATORY TOOLS 
· 10 mL and 25 mL pipettes
· 100 mL and 250 mL volumetric flasks
· Beakers (50 mL, 100 mL)
· Quartz cuvettes (UV-Vis compatible)
· Analytical balance (±0.01 g accuracy)
· Stirring rod
EQUIPMENTS:
· UV-Visible Spectrophotometer (wavelength range: 200–800 nm)
· Retort stand and pipette filler
REAGENTS AND CHEMICALS:
· Ascorbic acid (vitamin C) standard
· Distilled water
· Apple juice samples (fresh and commercially available)
· Metaphosphoric acid (to prevent oxidation of ascorbic acid)
· Acetic acid (for stabilization)
3.2 PREPARATION OF SOLUTUONS 
3.2.1 Preparation of Standard Ascorbic Acid Solution
1. 100mg of an accurate amount of pure ascorbic acid was weighed and dissolved it in distilled water in a 100 mL volumetric flask.
2. It was diluted to the mark with distilled water to obtain a stock solution of known concentration (100mg/L).
3. A series of standard solutions was prepared by diluting the stock solution to concentrations such as 10, 20, 40, 60, 80, and 100 mg/L.

3.2.2 Preparation of Apple Juice Samples
1. Apple juice samples was filtered to remove pulp and other solid particles using filter paper or a centrifuge.
2. A metaphosphoric acid (3% solution) was added to the juice samples to prevent oxidation and stabilize ascorbic acid. This also helps remove interfering compounds such as proteins and metal ions.
3. The juice samples was diluted  with distilled water to ensure their absorbance falls within the range of the calibration curve.
3.3 EXPERIMENTAL PROCEDURE 
3.3.1 Calibration Curve Preparation
1. UV-Vis spectrophotometer was turned on and was allowed to warm up for 10–15 minutes.
2. The spectrophotometer was set to the appropriate wavelength (usually 265–275 nm, the absorption maximum for ascorbic acid).
3. A clean quartz cuvette was used, measurements and records of the absorbance of the standard ascorbic acid solutions at the selected wavelength was taken.
4. A plot of calibration curve of absorbance versus concentration (mg/L) to establish the relationship between absorbance and ascorbic acid concentration.
3.3.2 Measurement of Apple Juice Samples
1. An aliquot of the prepared apple juice sample was placed in a clean quartz cuvette.
2. Measurements and records of the absorbance of the sample at the same wavelength used for the standards was taken.
3. The measurements was repeated at least three times to ensure accuracy and precision.
4. The calibration curve was used to determine the concentration of vitamin C in the apple juice samples.
3.4 DATA ANALYSIS 
The concentration of vitamin C in each apple juice sample will be calculated using the equation derived from the calibration curve (Beer-Lambert law):
Vitamin C content =  A sample - b
                               M
Where:
Csample: concentration of vitamin C in the apple juice sample (mg/L)
Asamples: absorbance of the apple juice sample
b : intercept of the calibration curve
M : slope of the calibration curve

The final concentration of vitamin C may be expressed as mg of vitamin C per 100 mL of juice (mg/100 mL) for ease of comparison.
3.5 PRECAUTIONS 
· Use quartz cuvettes to ensure accurate UV-Vis measurements, as glass or plastic may absorb UV light.
· Handle ascorbic acid and juice samples carefully to avoid degradation due to exposure to air, light, or heat.
· Ensure that the spectrophotometer is properly calibrated and warmed up before starting measurements.
· Prepare fresh juice samples and standards to prevent ascorbic acid degradation.
· Rinse cuvettes thoroughly between measurements to avoid cross-contamination.

































CHAPTER FOUR: RESULTS AND DISCUSSION 

RESULTS 
1. Apple Juice: Shows a strong absorption peak at 265 nm, indicating relatively high vitamin C content.
[image: ]
2. Bigi Apple: A moderate absorption peak, reflecting lower vitamin C compared to natural apple juice.
[image: ]
3. Nutri Milk Apple Drink: Displays the weakest peak, possibly due to dilution with milk or reduced vitamin C.
[image: ]

4. Chivita Apple Drink: Moderate absorption, likely reflecting processed juice content.
[image: ]
2. Calibration Curve:
[image: ]
A linear relationship between vitamin C concentration (mg/L) and absorbance at 265 nm.
Vitamin C Content =Asample - b ÷ M
Asample = Absorbance of the sample
b = intercept of the standard calibratioa Curve of Vitamin C
M= intercepto Slope of the Calibration Curve Vitamin C
From the Calibration curve,
b= 0
M= (Y2 -Y1)  ÷ (X2 - X1) = (0.8 - 0.2) ÷ (40 - 10) = 0.02
Therefore the slope of the calibration curve = 0.02 and the intercept = 0

Calculation for Vitamin C Content for the different apple juices.
1. Freshly squeezed Apple juice
Vitamin C Content = Asample - b ÷ M
Asample = 0.8, b = 0, M = 0.02.
Vitamin C Content = 0.8 - 0 ÷ 0.02

= 40mg per 100ml

2. Bigi Apple juice

Asample = 0.7,  b = 0, M = 0.02

Vitamin C content = 0.7 - 0 ÷ 0.02

= 35 mg per 100ml

3. Nutri Milk Apple Drink 

Asample = 0.40

Vitanic C Content = 0.40 - 0 ÷ 0.02

= 20mg per 100ml

4. Chivita Apple Drink

Asample = 0.70

Vitamin C Content = 0.75 - 0 ÷ 0.02

= 37.5 mg per 100ml

Vitamin C (ascorbic acid) is known to strongly absorb in the UV region, particularly around 265 nm, due to its conjugated system and hydroxyl groups. This absorption peak is typically used to quantify its presence in various samples using UV-Vis spectroscopy.

a. Apple Juice
Shows a strong absorption peak near 265 nm with the highest absorbance among all tested samples (~0.8 AU). This suggests a high natural content of vitamin C, as expected from freshly extracted or minimally processed juice. Natural apple juice retains much of its ascorbic acid content unless degraded by oxidation or heat.

b. Bigi Apple
Shows a moderate absorption at 265 nm (~0.6 AU). Which indicates the presence of vitamin C, but likely at lower levels than natural juice. Bigi Apple is a commercial soft drink that may contain added vitamin C or apple flavoring, but processing and dilution may reduce natural vitamin C concentration.

c. Nutri Milk Apple Drink
Show the weakest peak at 265 nm (~0.3 AU). Which suggests minimal vitamin C content, possibly due to dilution from milk, degradation during processing, or the use of artificial flavoring without added vitamin C. The milk matrix can also interfere with UV absorption, further reducing the observed signal.

d. Chivita Apple Drink
Shows a moderate to strong absorption (~0.7 AU). Which suuggests substantial vitamin C content, possibly due to fortification or better preservation of the juice base. Chivita is known for using actual fruit content, which may explain the relatively higher vitamin C level.

The UV-Vis spectra clearly differentiate the vitamin C content across apple-based drinks. Apple juice and Chivita show high natural or fortified levels of vitamin C. Bigi Apple has moderate content, while Nutri Milk Apple Drink shows the lowest. The calibration curve validates the use of absorbance at 265 nm as a reliable analytical method for vitamin C estimation in beverages.






















CONCLUSION 

The UV-VIS spectroscopy analysis of the apple juice samples revealed significant differences in vitamin C content. Freshly Squeezed Apple Juice exhibited the highest absorbance at 265 nm, indicating the highest concentration of vitamin C. Chivita Apple Drink showed a moderate level, while Bigi Apple Juice had a lower amount. Nutri Milk Apple Drink had the lowest absorbance, suggesting minimal vitamin C presence. These results highlight the impact of processing and storage on nutrient retention, with natural, unprocessed juice retaining the most vitamin C.


























RECOMMENDATION 

Based on the findings from the UV-VIS spectroscopy analysis, the following recommendations are made:

1. For Consumers: Choose freshly squeezed apple juice when possible to maximize vitamin C intake, as it retains significantly more nutrients than processed alternatives.

2. For Manufacturers: Consider minimizing processing steps or incorporating natural vitamin C fortification in apple drinks to improve their nutritional value.

3. For Further Research: Repeat the experiment with a larger sample size and include storage time analysis to evaluate how vitamin C content degrades over time in different juice types.

4. For Quality Control: UV-VIS spectroscopy should be regularly used by producers to monitor vitamin C levels in commercial beverages to ensure consistency and nutritional labeling accuracy.
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