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Abstract
This study evaluated the effects of partially replacing wheat flour with watermelon peel powder (WPP) at 
substitution levels of 5%, 10%, 15%, and 20% on the quality characteristics of cupcakes. We conducted comprehensive 
analyses of chemical composition, physical properties, color parameters, staling behavior, and sensory attributes, 
comparing all results against a control sample. Our findings demonstrated that WPP incorporation significantly 
enhanced the nutritional profile, with dietary fiber content increasing proportionally from 2.73% in the control 
to 53.86% at the 20% substitution level. Similarly, ash content showed a gradual increase with higher WPP levels. 
The functional properties of WPP proved superior to wheat flour, particularly in water-holding capacity, though it 
exhibited lower oil-holding capacity. Physical characterization revealed that specific volume and weight increased 
with substitution levels, while color measurements indicated progressive darkening as WPP percentage increased. 
Sensory evaluation results established that cupcakes containing up to 10% WPP maintained acceptability scores 
comparable to the control across all attributes, while higher substitution levels led to significantly lower scores 
in texture, appearance, and overall acceptability. These results indicate that watermelon peel powder can be 
successfully incorporated into cupcake formulations at up to 10% substitution level, producing nutritionally 
enhanced, high-fiber bakery products without compromising sensory quality, thereby offering a sustainable 
approach to valorizing agricultural by-products.

Keywords: cupcake, watermelon peel, chemical composition, physical, color, sensory properties.

Resumo
Este estudo avaliou os efeitos da substituição parcial da farinha de trigo por farinha de casca de melancia (FCM) em 
níveis de substituição de 5%, 10%, 15% e 20% nas características de qualidade de cupcakes. Foram realizadas análises 
abrangentes da composição química, propriedades físicas, parâmetros de cor, comportamento de envelhecimento e 
atributos sensoriais, comparando todos os resultados com uma amostra controle. Os resultados demonstraram que 
a incorporação de FCM melhorou significativamente o perfil nutricional, com o teor de fibra alimentar aumentando 
proporcionalmente de 2,73% no controle para 53,86% no nível de substituição de 20%. Da mesma forma, o teor 
de cinzas apresentou um aumento gradual com níveis mais altos de FCM. As propriedades funcionais de fCM 
mostraram-se superiores às da farinha de trigo, particularmente na capacidade de retenção de água, embora 
tenha apresentado menor capacidade de retenção de óleo. A caracterização física revelou que o volume e o peso 
específicos aumentaram com os níveis de substituição, enquanto as medições de cor indicaram um escurecimento 
progressivo à medida que a porcentagem de FCM aumentou. Os resultados da avaliação sensorial estabeleceram 
que cupcakes contendo até 10% de FCM mantiveram pontuações de aceitabilidade comparáveis ​​ao controle em 
todos os atributos, enquanto níveis de substituição mais elevados levaram a pontuações significativamente mais 
baixas em textura, aparência e aceitabilidade geral. Esses resultados indicam que a farinha de casca de melancia 
pode ser incorporada com sucesso em formulações de cupcake com nível de substituição de até 10%, produzindo 
produtos de panificação enriquecidos nutricionalmente e com alto teor de fibra, sem comprometer a qualidade 
sensorial, oferecendo assim uma abordagem sustentável para valorizar subprodutos agrícolas.

Palavras-chave: cupcake, casca de melancia, composição química, física, cor, propriedades sensoriais.

Production and quality evaluation of high fiber functional 
cupcake using watermelon
Produção e avaliação da qualidade de cupcakes funcionais ricos em fibras utilizando 
melancia

M. G. E. Gadallaha, I. Ragabb,c* , W. E. Ahmeda,d , Ammar AL-Fargae  and R. M. Alhomaida 

aQassim University, College of Agriculture and Food, Department of Food Science and Human Nutrition, Buraidah, Saudi Arabia
bZagazig University, Faculty of Science, Department of Chemistry, Zagazig, Egypt
cQassim University, College of Science, Department of Chemistry, Buraidah, Saudi Arabia
dAl-zaaiem Al-azhari University, College of Agriculture, Department of Food Science and Technology, Khartoum, Sudan
eUniversity of Jeddah, Faculty of Science, Department of Biochemistry, Jeddah, Saudi Arabia

*e-mail: is.mohamed@qu.edu.sa; chem_islam82@yahoo.com
Received: August 4, 2025 – Accepted: February 20, 2026
Editor: Takako Matsumura Tundisi

https://orcid.org/0000-0002-5271-5441
https://orcid.org/0000-0003-2776-1347
https://orcid.org/0000-0001-8946-6242


Braz. J. Biol., ﻿, vol. 2026, e2995522/8

Gadallah, M.G.E. et al. 

2. Materials and Methods

2.1. Materials

The study utilized watermelon peels sourced from fresh 
watermelons purchased at the local market in Qassim, 
Saudi Arabia. Wheat flour with a 70% extraction rate was 
obtained from the Saudi Grains Organization (SAGO) in the 
Qassim Region. Other ingredients, including sugar, whole 
fresh eggs, milk, shortening, baking powder, vanilla, and 
packaging materials, were also procured from the local 
market in Qassim. The chemicals required for the chemical 
analyses were supplied by Arkan Development Company 
Limited, located in Qassim, Saudi Arabia.

2.2. Methods

2.2.1. Preparation of watermelon peel

After separating the peels from the fruits, they are 
thoroughly washed with water to remove any remaining 
fruit particles. The peels are then drained, cut into small 
pieces pieces (approximately 1 cm × 1 cm), and dried in an 
air-drying oven at 50 °C for 24 hours. Once dried, they are 
ground using a laboratory mill and sifted through a 0.5 mm 
sieve to obtain a fine powder. This powder is stored in sealed 
glass containers at room temperature until use and analysis, 
following the method described by Jeddou et al. (2016).

2.2.2. Preparation of cupcake samples

Cupcakes partially substituted with watermelon peel powder, 
along with a control sample, were prepared following the method 
described by Bennion and Bamford (1973). The ingredients 
were weighed according to the proportions listed in Table 1. 
Sugar and softened butter were mixed for 3 minutes—first at 
a slow speed for one minute, then at medium speed for two 
minutes. Eggs and vanilla were added and mixed for 2 minutes 
at medium speed. Milk, baking powder, and wheat flour were 
then incorporated, with part of the wheat flour being replaced 
by peel powder according to the specified ratios, and mixed 
for 4 minutes. Forty grams of the prepared cake mixture were 
placed into cupcake molds and baked in an electric oven at 
180 °C for 30 minutes. After baking, the cupcakes were removed 
from the oven, allowed to cool at room temperature for an hour, 
and then packed in plastic bags until analysis.

2.2.3. Determination of functional properties

The water holding capacity (WHC) and oil holding 
capacity (OHC) of wheat flour and watermelon peel powder 
used in the cupcake preparation were measured following 
the method outlined by Alkarkhi et al. (2010). The specific 
density of these ingredients was determined using a density 
bottle at 20 °C, as described by Kaur and Singh (2005). 
Additionally, the swelling index for both wheat flour and 
watermelon peel powder was estimated according to the 
procedure detailed by Robertson et al. (2000).

2.2.4. Chemical analysis of wheat flour, watermelon peel, 
and cupcakes

The moisture, fat, crude protein, ash, and dietary fiber 
contents of various cupcake samples, including those 

1. Introduction

Cake stands as one of the most popular bakery products 
globally, appreciated by diverse consumer groups for its 
convenience, variety, and affordability (Ahmed  et  al., 
2024; Yaseen, 2023). Concurrently, the significant issue 
of fruit and vegetable waste has prompted increased 
interest in repurposing these by-products within the food 
industry. Such waste streams are recognized as valuable 
sources of dietary fiber and beneficial phytochemicals 
(Lau et al., 2021). Notably, the dietary fiber derived from 
fruits and vegetables often contains a higher proportion 
of soluble fiber, which differs from the predominantly 
insoluble fiber, like cellulose and hemicellulose, found 
in grains (Herbafood, 2002; Redgwell and Fischer, 2005).

Driven by the pursuit of sustainability and enhanced 
nutrition, the development of fiber-enriched foods has 
become a key research focus (Grigelmo-Miguel and 
Martin-Belloso, 1999; Tudorica et al., 2002). Watermelon, 
a widely cultivated crop in warm climates, presents a 
notable opportunity in this context. Approximately 50% 
of the fruit’s mass, consisting of rind and peel, is often 
discarded as waste despite its potential value (USDA, 
2004). This underutilized resource is not merely a source 
of fiber; preliminary studies indicate that watermelon 
peel contains proteins, fats, carbohydrates, and essential 
minerals (Koocheki  et  al., 2007). More importantly, it 
is a repository of specific amino acids like citrulline 
and arginine, alongside antioxidant compounds such 
as carotenoids and phenols, which are associated with 
reduced risk of chronic diseases (Giovannucci, 1999; 
Rao, 2006).

While the incorporation of various fruit and 
vegetable by-products, including apple pomace 
and banana peels, into baked goods like bread and 
biscuits has been documented (Santos  et  al., 2025; 
Kumaraguruparaswami  et  al., 2025; Lau  et  al., 2021; 
Sudha  et  al., 2007) their application in cake systems, 
particularly cupcakes, is less explored. Cupcakes represent 
a unique food matrix with distinct sensory and textural 
expectations from consumers. The functional properties 
of watermelon peel powder (WPP) such as its high water-
holding capacity and unique phytochemical profile may 
interact with the cupcake matrix differently than in other 
bakery products (Ben Romdhane et al., 2024; Silva et al., 
2024). While the incorporation of various fruit and 
vegetable by products into baked goods like bread and 
biscuits has been documented, their application in cake 
systems, particularly cupcakes, remains underexplored. 
Cupcakes represent a unique food matrix with distinct 
sensory and textural expectations. This study provides 
a comprehensive analysis of the effects of WPP at 
multiple substitution levels (5%, 10%, 15%, and 20%) 
on the chemical, physical, and sensory properties of 
cupcakes. The novelty of this work lies in its systematic 
approach to determining the optimal substitution level 
(10%) that significantly enhances dietary fiber content 
while maintaining acceptable sensory quality, thereby 
offering new insights into the sustainable valorization 
of watermelon peel in a popular confectionery product.
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made with 100% wheat flour and those with 5%, 10%, 
15%, and 20% watermelon peel, were analyzed using the 
methods outlined in AOAC (2008). Total carbohydrates 
were calculated by difference.

2.2.5. Physical properties of cupcakes

The weight (g) of the cupcake samples was measured 
one hour after baking and cooling, and the average weight 
was recorded. The volume (cm3) of the various cupcake 
types was determined using the rapeseed displacement 
method as described by AACC (2000). Specific volume 
(cm3/g) and specific weight (g/cm3) were then calculated 
according to the same method (AACC, 2000).

2.2.6. Determination of cupcakes color

The color of the cupcake samples was measured using 
the Hunter Lab, following the method outlined in (Francis, 
1983). The X1, X2, Y, and Z values were converted to the 
color coordinates L, a, and b using the device’s formula.

2.2.7. Staling for cupcake samples

The samples, partially substituted with watermelon 
peel powder, were compared with the control sample 
immediately after leveling and cooling, as well as throughout 
a 9-day storage period at room temperature (approximately 
25±2 °C). This comparison utilized the alkaline water 
retention capacity (AWRC) method described in AACC (2000).

2.2.8. Sensory evaluation of cupcakes

The sensory evaluation of cupcakes partially substituted 
with watermelon peel powder was conducted immediately 
after production. A panel of sixty semi-trained panelists, 
comprising staff and postgraduate students from the 
Department of Food Science and Technology, College 
of Agriculture, Qassim University, participated in the 
assessment. The panel consisted of 30 males and 30 females, 
aged between 25 and 50 years, all familiar with the quality 
attributes of bakery products. The evaluation of quality 
characteristics was performed according to the method 
described by AACC (2000). Prior to the session, each panelist 
received comprehensive instructions on the evaluation 
procedure and the use of the scoring sheet. The evaluations 
were carried out in individual booths under controlled lighting 
conditions. All cupcake samples were coded with random 
three-digit numbers and presented in randomized order 
to prevent bias. The results were subsequently compared 
with a control sample prepared entirely from wheat flour.

2.2.9. Statistical analysis

All measurements were performed in triplicate (n=3) 
to ensure statistical reliability, with the sample size 
determined based on previous similar studies and pilot tests 
that showed consistent results with three replicates. The 
experimental design was a completely randomized design, 
and data were analyzed using one-way analysis of variance 
(ANOVA) followed by Duncan’s Multiple Range Test for mean 
separation at p ≤ 0.05. Statistical analysis was performed 
using SAS version 8.10 (SAS Institute, Cary, NC, USA). 
For sensory evaluation, sixty panelists (30 males and 30 

females, aged 25–50 years) were recruited from the staff and 
postgraduate students of the Department of Food Science 
and Technology, College of Agriculture, Qassim University. 
The study was approved by the Institutional Review Board 
of Qassim University. Inclusion criteria required panelists 
to be regular consumers of bakery products and free from 
any food allergies. Panelists received a 2-hour training 
session on the sensory attributes of cupcakes and the use 
of the scoring sheet. They were compensated with a small 
gift for their participation (SAS Institute, 2004).

3. Results and Discussion

3.1. Functional characteristics of wheat flour and 
watermelon peel powder (WPP)

Water holding capacity (WHC) refers to the ability of 
a wet material to retain water when subjected to gravity 
or external pressure, such as centrifugation (Alfredo et al., 
2009). WHC is a crucial measure in assessing the quality of 
bakery products. The WHC of wheat flour and watermelon 
peel powder used in the partially substituted cupcakes was 
evaluated to determine the quality of the final product and 
its consumer acceptability. As shown in Table 2, all functional 
characteristics (WHC, specific density, and swelling index) 
of watermelon peel powder were superior to those of wheat 
flour, except for oil holding capacity, which was lower.

3.2. Chemical composition and color of wheat flour and WPP

The chemical composition of wheat flour and watermelon 
peel powder (WPP) was analyzed before and after converting 
the peels into flour powder. The results, presented in Table 3 
detail the protein, fat, ash, raw fiber, and total carbohydrate 
content on a dry weight basis, as well as moisture content. 
The findings indicate that WPP has higher levels of ash, 
fat, and fiber compared to wheat flour, while the other 
components are present in lower amounts. These results 
are consistent with previous studies, such as those by 
researchers Sudha et al. (2007) and El-Badry et al. (2014), 
which also found that WPP contains higher ash and fiber 
content than wheat flour. Conversely, wheat flour has a 
higher total carbohydrate content than WPP. Therefore, 
watermelon peel powder is a valuable source of fiber and 
minerals and can be beneficial for food enhancement.

Color is a crucial quality standard in food products, 
significantly influencing consumer acceptance. Changes 
in color due to dietary fiber can limit its applicability in 
food. Various factors, including the type of fruit and its 
ripeness, affect color. Specifically, during the drying process 
of watermelon peel powder (WPP), exposure to certain 
temperatures can cause non-enzymatic browning, leading 
to a darker product. The color of both raw materials and 
finished products directly impacts consumer acceptance, 
as it affects the composition and proportion of additives 
used, as well as production conditions.

The color analysis of wheat flour and WPP used in 
cupcake preparation, as shown in Table 3, revealed significant 
differences (p < 0.05) in all color values. The L value, 
indicating the degree of lightness to darkness, was lowest 
in the WPP sample compared to wheat flour. Conversely, 
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Table 1. Formulation of cupcakes with different levels of watermelon peel powder (WPP) substitution.

Ingredient Control (g) 5% WPP (g) 10% WPP (g) 15% WPP (g) 20% WPP (g)

Wheat flour 100 95 90 85 80

WPP 0 5 10 15 20

Shortening 50 50 50 50 50

Whole eggs 85 85 85 85 85

Sugar 60 60 60 60 60

Dry milk 3 3 3 3 3

Baking powder 4 4 4 4 4

Vanilla 0.6 0.6 0.6 0.6 0.6

Note: The control sample contains 100% wheat flour. For WPP-substituted samples, wheat flour is replaced by WPP at the indicated percentages 
(5%, 10%, 15%, 20%) of the total flour weight.

Table 3. Chemical composition and color of wheat flour and WPP (% on dry weight basis).

Components Wheat flour Watermelon peel

Chemical composition

Moisture 11.44ª ± 0.29 10.70ªᵇ ± 0.32

Ash 0.58 ͩ ± 0.07 12.87ᵇ ± 0.14

Fats 1.49 ͨ ± 0.28 2.34ᵇ ± 0.06

Protein 11.73ᵇ ± 0.30 10.91ᵇ ± 0.27

Fibers 0.99 ͨ ± 0.28 17.06ª ± 0.14

Carbohydrate 85.18ª ± 0.07 56.80 ͩ ± 0.48

Color

L 87.95ª ± 0.50 65.28ᵇ ± 0.24

a - 0.34 ͤ ± 0.14 0.89 ͩ ± 0.05

b 9.31 ͤ ± 0.05 19.27ª ± 0.16

Data are presented as mean ± SE, with (n = 3). Values within the same column that share the same letters are not significantly different (p ≤0.05). 
L: lightness; a: redness; b: yellowness.

the b and a values, representing red/green and yellow/
blue hues respectively, were higher in the WPP sample.

3.3. Chemical composition of cupcake containing WPP

Table  4 reveals that watermelon peels have higher 
fiber, moisture, and ash content, but lower protein, fat, and 
carbohydrate levels compared to wheat flour. Additionally, 
the chemical composition analysis of cupcakes partially 
substituted with watermelon peel powder indicates 
a gradual decrease in fat, protein, and carbohydrate 
percentages as the proportion of WPP increases.

3.4. Physical properties of cupcake containing WPP

Table 5 presents the physical characteristics (weight, 
volume, specific volume, and specific weight) of cupcakes 
partially substituted with watermelon peel powder 
(WPP) at levels of 5%, 10%, 15%, and 20%. The weights of 
all samples were measured one hour after baking. The 
results indicate that as the percentage of WPP increased, 
the weight of the cupcakes also increased, reaching 35.60 g 
at 20% substitution. This increase is attributed to the high 
water-holding capacity of WPP, which enhances water 
retention in the cupcake matrix, leading to greater weight.

Table 2. Functional characteristics of wheat flour and WPP.

Swelling index Specific density OHC WHO
Materials

(cm3 / g) (g / cm3) (g / g) (g / g)

6.83ª±0.66 0.64ª±0.05 1.79 ͨ ±0.03 3.15ᵇ±0.34 Wheat flour

7.08ª±0.33 0.65ª±0.04 1.68 ͨ ±0.06 6.54ª±0.56 WPP

Data are presented as mean ± SE, with (n = 3). Values within the same column that share the same letters are not significantly different (p ≤0.05).
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The volume (cm3) and specific volume (cm3/g) of 
the cupcakes showed that the control sample had the 
highest values, while the 5% WPP sample had the lowest. 
However, as the substitution level increased, both volume 
and specific volume gradually increased, consistent with 
findings by Singh et al. (1995).

Figure 1 illustrates the specific weight values of the 
cupcake mixtures with WPP substitutions of 5%, 10%, 15%, 
and 20%. The 5% WPP sample exhibited lower density and 
swelling index, contributing to its lower weight. Conversely, 
as the WPP percentage increased, the specific weight of 
the mixtures also increased, with the 20% WPP mixture 
reaching a specific weight of (1.02).

3.5. Color parameters of cupcake with different levels of WPP

Table 6 presents the color analysis of cupcake samples 
with varying levels of watermelon peel powder (WPP) 
substitution (5%, 10%, 15%, and 20%). The lightness (L) values, 
indicating the degree of white to brown, showed significant 
differences (p < 0.05) between the WPP-substituted samples 
and the control. For redness (a), values ranged from 0.64 in 
the control sample to 3.09 in the 20% WPP sample. Notably, 
there were no significant differences (p < 0.05) between 
the 5% and 10% WPP samples (2.08 and 2.26, respectively), 
nor between the 15% and 20% WPP samples (2.88 and 3.09, 
respectively). The progressive darkening of cupcakes with 
increasing WPP levels, as indicated by decreasing L* values, 

Table 4. Chemical composition of cupcake containing WPP (% on dry weight basis).

Carbohydrates Fibers Protein Fats Ash Moisture Samples

63.90ª±0.22 2.73 ͩ ±0.29 10.60ª±0.20 21.20ª±0.07 1.55ᵇ±0.05 9.84 ͨ ±0.33 Control

51.95ᵇ±0.63 19.93 ͨ±0.56 10.40ªᵇ±0.06 16.13 ͨ ±0.07 1.57ªᵇ±0.02 15.83 ͨ ±0.05 WPP (5%)

49.10ᵇ±1.41 22.33 ͨ±1.38 10.30ªᵇ±0.04 16.67 ͩ ±0.06 1.58ªᵇ±0.01 16.17 ͨ ±0.16 WPP (10%)

42.26 ͨ ±0.77 28.60ᵇ±0.83 10.20ᵇ±0.04 17.31 ͨ ±0.11 1.61ªᵇ±0.01 17.41ᵇ±0.17 WPP (15%)

18.70 ͩ ±3.58 53.86ª±3.64 8.00 ͨ ±0.07 17.76ᵇ ±0.14 1.66ª±0.01 18.89ª±0.07 WPP (20%)

Data are presented as mean ± SE, with (n = 3). Values within the same column that share the same letters are not significantly different (p ≤0.05).

Table 6. Color parameters of cupcake with different levels of WPP.

b a L Samples

25.91ª±0.09 0.64 ͩ ±0.20 65.97ª±0.41 Control

25.28ᵇ±0.21 2.08ᵇ±0.24 62.09ᵇ±1.02 WPP (5%)

24.58 ͨ ±0.17 2.26ᵇ±0.12 60.48ᵇ±1.47 WPP (10%)

23.83 ͩ ±0.04 2.88ª±0.17 57.74 ͨ ±0.49 WPP (15%)

22.97 ͤ ±0.07 3.09ª±0.09 54.28 ͩ ±0.20 WPP (20%)

Data are presented as mean ± SE, with (n = 3). Values within the same column that share the same letters are not significantly different (p ≤0.05). 
L: lightness; a: redness; b: yellowness.

Table 5. Physical properties of cupcake samples containing different ratios of WPP.

Specific volume Volume Weight
Samples

(cm3/g) (cm3) (g)

1.27ª±0.03 45.00ª±1.14 35.40ª±0.24 Control

1.22ª±0.02 43.60ª±0.92 35.40ª±0.24 WPP (5%)

1.24ª±0.04 44.00ª±1.41 35.40ª±0.24 WPP (10%)

1.24ª±0.03 44.00ª±1.34 35.40ª±0.24 WPP (15%)

1.27ª±0.04 46.00ª±1.09 35.60ª±0.24 WPP (20%)

Data are presented as mean ± SE, with (n = 3). Values within the same column that share the same letters are not significantly different (p ≤0.05).
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can be attributed to non-enzymatic browning reactions 
(Maillard reaction and caramelization) and the oxidation of 
phenolic compounds during drying and baking. The increase 
in a* (redness) and b* (yellowness) values is likely due to the 
presence of natural pigments in the watermelon peel, such as 
carotenoids and chlorophyll, which may undergo degradation 
and interaction with other components during processing.

3.6. Staling for partially replaced cupcake with WPP

The study examined the effect of storage at room 
temperature for 1, 3, 6, and 9 days on the staling of cupcakes 
partially substituted with watermelon peel powder (WPP) 
at levels of 5%, 10%, 15%, and 20%. Table 7 shows that the 
staling ratio of cupcakes with WPP ranged from 182.00% 
to 148.33%. The 5% WPP cupcakes had the lowest staling 
percentage after one day of storage, likely due to the presence 
of ingredients that delay staling by moisturizing fats, sugar, 
and milk. Conversely, the highest staling percentage was 
observed in the 20% WPP cupcakes after nine days of storage. 
The staling of cupcakes is influenced by the redistribution 
of water and the recrystallization of starch. The higher 
water-holding capacity of WPP may reduce the mobility of 

water in the cupcake matrix, thereby slowing down starch 
retrogradation and reducing firmness over time. However, at 
higher substitution levels, the increased fiber content might 
disrupt the gluten network and starch structure, leading to 
a denser crumb and potentially accelerating staling. The 
observed decrease in staling percentage with increasing WPP 
levels up to 20% suggests that the water-binding capacity of 
WPP plays a significant role in retarding staling, consistent 
with the findings of Al-Sayed and Ahmed (2013).

3.7. Sensory evaluation of cupcake containing WPP

The sensory evaluation of cupcakes substituted with 
watermelon peel powder (WPP) at levels of 5%, 10%, 
15%, and 20% was conducted. Table  8 shows that the 
cupcakes with 5% WPP substitution achieved the highest 
appearance score of 14.70, matching the control sample. 
In terms of cup and shell color, the 20% WPP sample 
had the lowest values. A gradual decline in all sensory 
characteristics was observed as the WPP substitution 
percentage increased.

The sensory evaluation results indicate no significant 
differences between the 5% WPP-substituted cupcakes 

Figure 1. Specific weight of cupcake samples with different levels of watermelon peel powder (WPP) substitution. Error bars represent 
standard errors (n=3).

Table 7. Staling for cupcake samples partially replaced by WPP.

Ninth day Sixth day Third day First day Samples

142.67ª±8.68 159.00ªᵇ±4.72 163.67ª±18.55 180.33ª±5.48 Control

166.33ª±8.41 180.67ª±10.47 181.67ª±3.52 182.00ª±2.08 WPP (5%)

151.33ª±8.35 168.00ªᵇ±4.93 169.00ª±6.24 180.00ª±2.64 WPP (10%)

150.67ª±3.84 158.67ªᵇ±5.78 158.67ª±4.80 174.66ª±1.45 WPP (15%)

148.33ª±6.00 150.33ᵇ±8.41 150.67ª±6.88 172.33ª±7.21 WPP (20%)

Data are presented as mean ± SE, with (n = 3). Values within the same column that share the same letters are not significantly different (p ≤0.05).
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and the control sample for most attributes, suggesting 
that the nutritional and sensory qualities were maintained 
at this level. However, at higher substitution levels (10%, 
15%, and 20%), there were progressive and statistically 
significant reductions in sensory scores for appearance, 
texture, taste, and overall acceptability. This indicates 
that while a 5% substitution is acceptable, higher levels 
lead to a decline in sensory quality (Ben Romdhane et al., 
2024; El-Badry et al., 2014).

The significant decrease in overall acceptability at 
20% substitution is likely due to multiple factors. The 
increased fiber content notably alters the texture, making 
the cupcakes denser and harder, as corroborated by the 
texture analysis data. Furthermore, the darker color (lower 
L* values) and stronger vegetal notes from the peel powder 
become more pronounced, negatively influencing consumer 
perception (Gül and Özkan, 2025) (Figure 2).

The observed increase in hardness and reduction in 
volume at higher WPP levels can be attributed to the 
dilution of gluten and disruption of the starch-protein 
matrix by insoluble fibers, which limit gas retention and 
lead to a denser crumb structure. The higher water-holding 
capacity of WPP may also compete with starch for water, 
affecting gelatinization and staling behavior

4. Conclusion

This study demonstrates that watermelon peel 
powder (WPP) can be successfully incorporated into 
cupcakes to enhance dietary fiber content. The optimal 
substitution level was found to be 10%, which provided a 
substantial increase in fiber (22.33%) without significantly 
compromising sensory acceptability. The functional 
properties of WPP, particularly its high water-holding 
capacity, contributed to improved moisture retention 
and reduced staling. These findings offer a practical 
approach for the food industry to develop healthier, 
high-fiber bakery products while valorizing agricultural 
by-products, contributing to sustainable food production. 
Future research should focus on optimizing the particle 
size and processing conditions of WPP to allow for higher 
substitution levels and investigate the long-term storage 
stability of WPP-enriched cupcakes.

Data Availability Statement

The article contains the information that was utilized 
to support the study’s conclusions.

Figure 2. Appearance of cupcake samples containing different percentages of watermelon peel powder (WPP): (A) Control, (B) 5% WPP, 
(C) 10% WPP, (D) 15% WPP, (E) 20% WPP.

Table 8. Sensory evaluation of cupcake samples partially replaced by WPP.

Overall 
Acceptability 

(100)

Odor 
(-20)

Taste 
(-20)

Textures 
(15)

Crumb 
Color (15)

Crust Color 
(15)

Appearance 
(15)

Samples

98.60ª±0.70 19.60ª±0.30 19.60ª±0.16 14.90ª±0.10 14.90ª±0.10 14.90ª±0.10 14.70ª±0.15 Control cake

96.25ªᵇ±1.19 19.25ªᵇ ±0.29 19.05ª±0.26 14.45ª±0.26 14.20ªᵇ±0.29 14.60ªᵇ±0.26 14.70ª±0.21 WPP (5%)

92.40ᵇ±1.82 18.05ªᵇ±0.62 18.10ª±0.60 14.00ª±0.32 13.75ªᵇ±0.47 14.30ªᵇ±0.30 14.20ªᵇ±0.29 WPP (10%)

88.15±2.49 17.60ᵇ ͨ ±0.63 18.10ª±0.49 12.60ᵇ±0.61 12.95ᵇ ͨ ±0.59 13.70ᵇ ͨ ±0.47 13.60ªᵇ±0.54 WPP (15%)

84.00±3.00 17.10±0.80 16.10ᵇ±0.92 12.25ᵇ±0.56 12.20 ͨ ±0.53 13.15 ͨ ±0.42 13.20ᵇ±0.59 WPP (20%)

Data are presented as mean ± SE, with (n = 3). Values within the same column that share the same letters are not significantly different (p ≤0.05).
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