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Vitamin C, Sugar Content, Color Intensity and Some 
Physicochemical Properties of Watermelon and Orange 
Peels 

 ABSTRACT 
Objective: The peels produced as waste during the consumption and processing of fruits 
and vegetables cause both nutrient losses and environmental pollution. Due to their high 
nutritional content, raw material potential, and the aim of reducing environmental 
pollution, the use of certain fruit and vegetable peels in various forms and applications in 
the food industry is becoming increasingly widespread. This study investigates the usability 
of watermelon and orange peels in terms of their functionality by analyzing their vitamin C 
and sugar contents, color intensities, and some physicochemical properties. 
Methods: Glucose, fructose, and sucrose contents were determined by High-Performance 
Liquid Chromatography (HPLC), vitamin C content by titrimetric method, protein content 
by the Kjeldahl method, color intensities by a colorimeter, and other properties using 
standard methods. 
Results: In watermelon peel, the dry matter content was found to be 3.57±0.27%, total 
acidity 0.59±0.01%, pH 5.74±0.02, total ash 0.65±0.02%, protein 1.76±0.01%, glucose 
0.54±0.02%, fructose 1.26±0.06%, L* value 72.45±1.10, a* value -14.81±1.30, and b* value 
35.91±3.46. Vitamin C and sucrose were not detected in watermelon peel. In orange peel, 
the total dry matter (TDM) was 23.31±0.08%, total acidity 1.22±0.02%, pH 5.09±0.02, total 
ash 1.12±0.05%, vitamin C 122.33±2.52 mg/100g, protein 2.41±0.08%, glucose 2.18±0.12%, 
fructose 1.89±0.03%, and sucrose 0.28%. The color values were L* 68.92±0.47, a* 
19.23±4.09, and b* 63.85±1.8. 
Conclusion: Based on the findings of this study, orange peel, which is produced in large 
quantities as waste in the industry, contains more nutrients, exhibits better color intensity, 
and has a significantly higher vitamin C content compared to watermelon peel. Therefore, 
orange peel can be used as a natural antioxidant and color source in the food, 
pharmaceutical, and cosmetic industries. 
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INTRODUCTION 

As the global population increases, food consumption rises proportionally, leading to a 
parallel increase in agricultural waste. This situation contributes to the depletion of limited 
natural resources and environmental pollution.1 Food waste, while causing economic and 
environmental problems such as greenhouse gas emissions and inefficient use of water and 
soil, also represents valuable resources rich in food components and various bioactive 
compounds, including phenolic and antioxidant compounds.2 Transforming these resources 
into value-added products through various technologies across different industries is crucial 
for preventing environmental pollution, ensuring sustainability in food resources, and 
reducing food loss and waste.3 

Food losses occur during production, processing, retail sales, and as a result of improper 
storage conditions or overproduction/purchasing in restaurants or households. Parts such as 
peels, seeds, skins, stems, and leaves of agricultural products generate significant waste 
potential worldwide.   
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Similarly, losses occur during the preparation or 
processing of fruits and vegetables for consumption, 
contributing to environmental pollution through both 
household and industrial waste. However, fruits, 
vegetables, and their various parts (peels, stems, seeds) 
contain a wide range of nutrients, including vitamins, 
minerals, carbohydrates, dietary fiber, phenolic and 
antioxidant compounds, pectic substances, essential fatty 
acids, and beneficial pigments, making them important for 
human nutrition. 

In Turkey and globally, significant amounts of watermelon 
(Citrullus lanatus) and citrus fruits are produced and 
consumed. However, a large portion of their peels is 
discarded without being utilized. Approximately 30% of a 
watermelon’s total weight consists of its peel.4 
Watermelon rind is rich in bioactive components such as 
dietary fiber, various minerals, vitamins, phytochemicals, 
and phenolic compounds. Some studies have reported 
that compounds found in watermelon rind help protect 
the body against certain types of cancer. The phenolic 
compounds in watermelon rind are noted for lowering 
low-density lipoprotein (LDL) levels in the blood, while 
pectin cleanses intestinal walls and facilitates the 
synthesis of short-chain fatty acids in the intestines.5 

Orange peel, another significant waste product, is rich in 
bioactive compounds and pectic substances, making it a 
promising material for the development of functional 
foods. The peel accounts for approximately 15% of an 
orange's weight.6. When only the juice is extracted, the 
pulp and peel result in a significant amount of waste. 
Orange peel contains essential minerals like iron, calcium, 
magnesium, potassium, and copper, as well as important 
vitamins such as vitamin C.1 It has been reported to 
contain; 8.120±0.120 g/100g protein, 46.241±0.015 
g/100g   total carbohydrates in its dry matter. Research 
indicates that orange peel contains antioxidant such as 
flavonoids (2.685±0.062 g/100 g d.b) and vitamin C 
(0.105±0.003 g/100 g d.b).7  

Rich in pectin, cellulose, hemicellulose, soluble sugars, 
carotenoids, flavonoids, and essential oils, orange peel is a 
valuable by-product with potential uses in the food, 
biotechnology, and energy industries.8 Its antioxidant 
properties reduce the risk of cancers caused by oxidative 
stress, and its dietary fiber positively affects the digestive 
system. Additionally, the vitamin C and potassium content 
in orange peel contribute to skin health. In recent years, 
studies on utilizing orange peel in various forms and 
shapes within the food industry have become increasingly 
common.9-11 

Vitamin C, also known as ascorbic acid, is a water-soluble 
essential vitamin that cannot be synthesized by the human 
body and is naturally found in various vegetables and 
fruits.12,13 Due to its high vitamin C content and high per 
capita consumption, citrus fruits are undoubtedly the 
most important source of vitamin C in human nutrition. 
Therefore, citrus fruits are a significant source of vitamin C 
in the human diet. As a primary antioxidant compound, 
the vitamin C concentration is one of the indicators of the 
nutritional quality of citrus fruits and their derivative 
products.14-16 Interestingly, vitamin C accounts for more 
than 65% of the antioxidant and free radical activity in 
many fruits and their beverages.17,18 On the other hand, it 
is known that vitamin C directly scavenges free radicals 
such as hydroxyl radicals, superoxide, singlet oxygen, and 
hydrogen peroxide, thereby reducing the damage caused 
by these radicals.19 One study noted that in most biological 
systems, vitamin C protects compounds both in 
intracellular and extracellular areas.20 Additionally, vitamin 
C lowers plasma cholesterol levels and increases the 
absorption of inorganic iron.21,22 

This study aims to determine the vitamin C content, 
glucose, fructose, and sucrose levels using HPLC as well as 
the color intensity and some physicochemical properties 
of watermelon and orange peels, which are considered 
food waste. 

METHODS 

Materials 
In this study, watermelon and orange fruits were procured 
from the local markets in Erzurum province. Watermelons 
(Citrullus lanatus) were washed with tap water, dried with 
paper towels, and peeled to separate the rind from the 
flesh (entirely red part). The white rind and green rind 
were separated using a knife. The white rinds were 
blended into smaller pieces and used in analyses and 
extractions.  Valencia oranges were used as the orange 
variety in the study. Both the flavedo and albedo layers of 
the orange peels were utilized. Oranges were washed with 
tap water, dried with paper towels, and peeled. The 
flavedo and albedo parts of the peels were blended 
together and used in analyses and extractions. 

Physicochemical Analyses 
The physicochemical properties of watermelon and 
orange peels, including total dry matter (TDM), total ash 
(total mineral content), titratable acidity (expressed as 
citric acid, g citric acid/100 mL), vitamin C content, and pH 
values, were determined according to Cemeroğlu (2013).23  
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The total nitrogen content of the peels was measured 
using the Kjeldahl method, and the protein content was 
calculated by multipliying the result by a factor of 6.25.24 

The color intensities of the watermelon and orange peels 
were determined using a three-dimensional Konica 
Minolta Colorimeter (Konica Minolta CR400, Korea). In the 
color scale representing values L*, a*,  b*, H0  and C*: 

• L* = 100 represents white, L* = 0 represents black 
• +a* indicates red, -a* indicates green. 
• +b* represents yellow, -b* represents blue 
• Hue angle (H0) indicates color tone 
• Chroma (C*) represents saturation. The blended 

peels were placed on a white surface for color 
measurements. 

Fructose, Glucose, and Sucrose Determination 
Two grams of blended peel were weighed and transferred 
into 50 mL volumetric flasks. A small amount of ultrapure 
water was added, and the mixture was stirred before the 
volume was brought up to 50 mL with ultrapure water. The 
mixture was shaken thoroughly and filtered through 0.45 
µm filters into vials, which were then analyzed using an 
HPLC system (Shimadzu LC-2050C-3D model).1 

HPLC Conditions: 

• Column: C-18 (4.6 mm × 150 mm) 
• Mobile Phase: Water/Acetonitrile (25/75 mixture) 
• Detector: HPLC-RID 
• Wavelength: 255 nm 
• Injection Volume: 20 μL 
• Flow Rate: 1 mL/min 

Statistical Analyses 
Statistical analyses were conducted using SPSS (IBM SPSS 
Statistics 25, 2020). The results were subjected to 
correlation and variance analyses. The significance of 
differences between groups was determined using 
Duncan's Multiple Comparison Test at a significance level 
of 0.05. Results are presented as mean values ± standard 
deviation. 
 
RESULTS AND DISCUSSION 

The total dry matter (TDM), total ash (mineral content), 
titratable acidity, protein, vitamin C content, and pH 
values of watermelon and orange peels are presented in 
Table 1. The TDM and total ash content of fruit peels were 
found to be statistically significantly different (P<.01), with 
orange peels having higher TDM and ash content than 
watermelon peels. Previous studies reported TDM content 

in watermelon rinds as 6.21–7.40% and 11.86% in orange 
peels.25,26 The ash content of watermelon rinds has been 
reported as 7.9%, 10.2 g/100 g, and 13.2 g/100 g in various 
studies, whereas orange peels have shown ash content of 
5.34% and 3.17 g/100 g dry weight.7,26 Previous studies 
reported that from the spring season in plants total plant 
dry weight increased rapidly from they reported. 
Increasing temperature and light conditions in this 
increase has been effective. As a matter of fact, increasing 
temperature and light they stated that it affected plant dry 
weight.27 

The pH values and titration acidity of watermelon rind and 
orange peel were found to be statistically significantly 
different (P<.01). The pH values of watermelon rind and 
orange peel were 5.74±0.02 and 5.09±0.02, respectively; 
and the titration acidity values were 0.59±0.01% and 
1.22±0.02%, respectively. It was determined that the pH 
value of orange peel was lower than that of watermelon 
rind, while the titration acidity was higher (Table 1). 
Studies on orange peel reported a pH value of 5.67 and a 
titration acidity of 2.98 g/100g.7,28 In another study, the 
titration acidity of watermelon rind was reported to be 
0.360 g/100g.29 

Fruits are generally not considered a source of protein.30 It 
was determined that the protein content of fruit peels was 
statistically significantly different (P<.01), with orange peel 
containing a higher amount of protein (Table 1). In a study, 
the protein content of watermelon rind was found to be 
0.15% in its fresh form, 2.067% in freeze-dried form, and 
1.83% in hot air-dried form.31 Different studies also 
reported the protein content of orange peel as 6.08%, 6.77 
g/100g and 8.12 g/100g dry weight.7,32 Factors such as the 
natural environment or greenhouse effect, pesticide use, 
fertilization, and whether the fruit is grown in season or 
not can cause variations in nutrient content.33 
 
Ascorbic acid (vitamin C) is an important nutrient due to 
its vitamin activity and strong antioxidant properties. 
Antioxidants are substances that can prevent or partially 
delay oxidation. Thanks to these components, oxidation 
damage in the human body is minimized.34. Ascorbic acid 
is one of the components that prevent the formation of 
free radicals or inhibit the free radicals that are formed. 
For consumers, antioxidant capacity has become an 
element of quality.35,36 

In the study, it was determined that orange peel contains 
122.33±2.52 mg/100g of vitamin C, while no vitamin C was 
detected in watermelon rind (Table 1).  
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In a previous study, the ascorbic acid contents of orange, 
lemon, and grapefruit peels were examined, and the 
vitamin C content of orange peel was reported as 
433.11±16.03 ppm.37 The recommended daily intake 
(RDA) of ascorbic acid for healthy individuals to meet 
cellular requirements and reduce the risk of cardiovascular 
and neurodegenerative diseases, cancer, and stroke is 
100–120 mg/day.38 For example, it was found that one cup 
of orange juice (200 mL) provides 30% to 80% of the 
recommended daily amount of vitamin C.39 Some previous 
research suggests that liver damage may be caused by free 
radical metabolites.40 Vitamin C scavenges free radicals in 
a powerful way.41 It is thought that vitamin C in orange 
peel may play an important role in scavenging free 
radicals. As seen in our study, 100g of orange peel can 
meet the daily vitamin C requirement of a healthy 
individual. Therefore, orange peels can be used as a good 
source of vitamin C by adding them to various 
formulations in the food, pharmaceutical, and cosmetic 
industries. 

The sugars present in fruits and vegetables are almost 
entirely composed of glucose and fructose, along with 
small amounts of sucrose and the hexose mannose. The 
proportions of these sugars vary depending on the type 
and variety of the fruit or vegetable. Fruit peels generally 
have a lower sugar composition than the fleshy parts of 
the fruit.23 The amounts of glucose, fructose, and sucrose 
in watermelon and orange peels are provided in Table 2. 
In the study, a statistically significant difference (P<.01) 
was found between the fructose, glucose, and sucrose 
content of watermelon and orange peels (Table 2). In one 
study, the amount of fructose in orange peel was reported 
as 1.72 g/L, and glucose was 6.26 g/L.42 In another study, 
where watermelon rind juice was used, the fructose 

content ranged from 1.14-4.97 mg/mL, glucose content 
from 1.18-4.90 mg/mL, and sucrose content from 1.12-
4.96 mg/mL.43 
 
Color is an important quality parameter in food products. 
The color of fruits and vegetables can be influenced by 
chemical, biochemical, microbial, and physical changes 
that occur during growth, ripening, post-harvest storage, 
and processing.44 In color analysis, L* represents lightness 
(0 = black/dark, 100 = white/light), +a* indicates red, -a* 
indicates green, +b* indicates yellow, and -b* indicates 
blue color intensities.45 The C* value (chroma) indicates 
color intensity, and the Hº (Hue angle) specifies the color 
tone. Additionally, measured color values, including H0 
(hue) and chroma represented by C*, were determined. 
Chroma is a dimensionless value that shows the saturation 
of color. In dull colors, the chroma value is lower, while in 
vivid colors, the chroma value is higher.46 

The color intensities of watermelon and orange peels are 
shown in Table 3. A significant statistical difference (P<.01) 
was observed between the L*, a*, b*, C*, and H° values of 
the fruit peels. Orange peel was found to be darker (L* 
value) and more yellow (+b* value) compared to 
watermelon peel (Table 3). In one study, the L* value of 
orange peels was found to be 60.73±0.78, a* value -
27.34±0.10, b* value 59.03±0.17, C* value 65.05a±0.19, 
and h value 65.04±0.12.51 The results of our study are 
similar to previously conducted studies. In another study, 
watermelon peels were subjected to quick freezing, and 
the resulting color values were reported as L* 77.22±0.2, 
a* -0.38±0.2, b* 19.8±0.2, C* 45.05±0.12, and H° 
48.69±0.2.37 They reported that the quick freezing 
process led to an increase in the L* values, meaning a 
higher lightness of color. 

Table 1. Physicochemical Properties and Vitamin C Content of Watermelon and Orange Peels 

Fruit Peel Total Dry Matter (%) Total Ash (%) pH Titratable Acidity (%) Protein (%) Vitamin C (mg/100 g) 

Watermelon Peel 3.57±0.27b 0.65±0.02b 5.74±0.02a 0.59±0.01b 1.76±0.01b ND 

Orange Peel 23.31±0.08a 1.12±0.05a 5.09±0.02b 1.22±0.02a 2.41±0.08a 122.33±2.52 

Significance ** ** ** ** ** ** 
**: Statistically highly significant (P<.01), ND: Not detected 
a, b: Means in the same column with different letters are significantly different. 

Table 2. Glucose, Fructose, and Sucrose Contents of Watermelon and Orange Peels 

Fruit Peel Glucose (%) Fructose (%) Sucrose (%) 

Watermelon Peel 0.54±0.02b 1.26±0.06b ND 

Orange Peel 2.18±0.12a 1.89±0.03a 0.28 

Significance ** ** ** 
**: Statistically highly significant (P<.01), ND: Not detected 
a, b: Means in the same column with different letters are significantly different. 
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Table 3. Color Intensity of Watermelon and Orange Peels 
Fruit Peel L* (Lightness) a* (Red/Green) b* (Yellow/Blue) C* (Chroma) H° (Hue) 

Watermelon Peel 72.45±1.10a -14.81±1.30a +35.91±3.46b 38.84±3.70b 112.42±0.17a 

Orange Peel 68.92±0.47b -19.23±4.09b +63.85±1.80a 66.75±2.40a 73.29±3.27b 

Significance ** ** ** ** ** 
**: Statistically highly significant (P<.01) 
a, b: Means in the same column with different letters are significantly different 

CONCLUSION 
 
Natural and synthetic vitamin C and antioxidants are used 
in many products in the food, pharmaceutical, and 
cosmetic industries. In recent years, scientific research has 
focused on natural sources of antioxidants due to the 
potential harms of synthetic additives and antioxidants to 
human health. This study investigated the potential of 
watermelon and orange peels, which are significant 
industrial and processing by-products, as sources of 
natural vitamin C, antioxidants, and certain nutrients. The 
results of the study show that watermelon peel does not 
contain vitamin C and sucrose, while orange peel has a 
higher dry matter content than watermelon peel. Orange 
peel also contains more mineral substances, acidity, 
protein, glucose, and fructose, has better color intensity, 
and contains a high amount of vitamin C. Therefore, it can 
be concluded that orange peel can be used as a source of 
natural antioxidants and color in the food, pharmaceutical, 
and cosmetic industries. 
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