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A B S T R A C T   

Fresh vegetables have high water content and low acidity, so drying can extend shelf life, 
allowing the obtaining of alternative flours for the development of new products. The study aimed 
to investigate the influence of the melon harvest and off-season on the chemical composition of 
melon (Cantaloupe, Charentais e Honey Dew) flours and the potential application in products. 
The flours were evaluated for granulometry, morphology, centesimal composition, lipid and 
mineral content, total phenolic compound (TPC), antioxidant activity, and technological prop-
erties. Cakes containing melon flour were produced to replace wheat flour (0, 25, and 50 %) and 
evaluated for proximate composition, microbiology, and sensory parameters. Flours were clas-
sified as fine-grained (MESH >16), except Charentais off-season (medium - MESH 8–16, and fine- 
grained - MESH >16), and all presented a rough surface and minimal cell wall ruptures. The 
harvest homogeneously influenced the humidity, as all the off-season flours showed higher levels 
[17–22 %] (p < 0.05) due to weather conditions. For TPC, Cantaloupe melon flours from the 
harvest (CFH) [208 mg/100 g] and off-season [877 mg/100 g] stood out (p < 0.05), and the latter 
showed greater antioxidant potential [328 μmol TE/g]. Palmitic, linoleic, and linolenic acid stood 
out in all flours, and potassium for minerals (63–78 %) in the harvest and off-season. The harvest 
and off-season specifically influenced the flour of each variety in swelling power, water solubility, 
oil absorption, and emulsifying capacity. For cakes with CFH, no thermotolerant coliforms and 
Escherichia coli were detected, and the mesophilic count was <1.0 CFU/g. The ash, protein, lipid, 
and fiber contents increased proportionally to melon flour addition (p < 0.05). Sensory accep-
tance was high for cakes containing 25 and 50 % of CFH [82.78 % and 82.53 %], and most 
consumers would likely buy the products (4.04 and 3.99) (p < 0.05). The study contributed to 
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knowledge about the seasonality effect and demonstrated the potential use of melon flour in 
developing new products.   

1. Introduction 

Melons (Cucumis melo L., Cucurbitaceae) are cultivated in almost all tropical regions of the planet, thus generating a wide diversity 
of phenotypic characteristics, especially size, shape, skin color and texture, pulp color, sugar content, acidity, flavor, and aroma. Melon 
is among the most consumed fruits in the world, among those with a large amount of pulp [1]. Some studies have demonstrated 
consumer preference for orange-fleshed melons [2–4]. These melons are high in vitamin C and provitamin A, minerals, including 
potassium and magnesium, and antioxidant compounds, such as carotenoids and phenolics [5]. These compounds are associated with a 
lower risk of chronic diseases due to their anti-inflammatory, antihypertensive, antioxidant, anticancer, and antimicrobial properties 
[6]. 

On the other hand, it is known that the chemical composition of fruits can be affected by several internal and external factors, such 
as ripeness, type of soil, growing conditions, climatic conditions, plant variety, part of the plant consumed, effect pesticides, exposure 
to sunlight, seasonal conditions, time of year (harvest and off-harvest periods), processing, storage, extraction and analysis conditions, 
among others [7–9]. In this context, comprehensive investigations to evaluate the correlation of the nutritional value of melons with 
the time of year are necessary to expand knowledge, considering that studies on this subject are scarce and restricted. 

Studies evaluating different parts of melon, such as peels and seeds, to be used as ingredients in the food industry are found in the 
literature [10–12]; however, studies involving melon pulp are still scarce. Melon pulp’s pleasant aroma, color, and high sugar content 
make it a raw material of interest for the food industry [13]. However, fresh melon has a short shelf life due to rapid deterioration and 
can last from one to two weeks under ambient conditions or refrigeration, respectively [14]. This rapid deterioration occurs due to the 
high water content, low acidity, and inadequate storage temperature, which are conditions conducive to developing spoilage mi-
croorganisms [15]. Given this, an alternative would be to process the fruit into flour. In this sense, the drying technique is an inter-
esting strategy to promote the preservation and conservation of many foods, reducing water activity and inhibiting the development of 
microorganisms [16]. Furthermore, studies have reported that drying techniques with milder temperatures (50–60 ◦C) preserve more 
bioactive compounds such as carotenoids, vitamins, antioxidants, and polyphenols from fruits and vegetables [17–19]. 

In addition to extending shelf life, processing to obtain flour represents the insertion of a new ingredient that can improve the 
nutritional quality of food products consumed by the population. This has been an essential criterion for serving consumers seeking 
better alternatives and health benefits [20]. The use of alternative flours in food products, such as bakery products, has been inves-
tigated to promote the replacement of commonly used refined flours, such as wheat flour, increasing nutritional value and compen-
sating for the loss of nutrients from the processing refining [21–24]. 

Depending on the type of processing, the characteristics of these flours, and the degree of substitution, total or partial, can benefit 
products with better nutritional potential than those that use only conventional wheat flour [25,26]. In this sense, functional foods can 
be considered a favorable option for applying new ingredients in economic, technological, nutritional, and environmental aspects 
[27]. Baked products are known as high-calorie due to their high carbohydrate content. Therefore, one way to improve these products’ 
nutritional value and functional potential would be to incorporate flours from alternative sources, such as fruits, by partially replacing 
the wheat flour conventionally used in the formulations. In this way, it improves physical, chemical, and sensory properties [28]. 

Studies have revealed good sensory acceptance of bakery products made with fruit pulp flour (between 20 and 50 %) replacing 
wheat flour. In the study by Varastegani et al. [28], using papaya pulp flour (15, 30 and 50 %) replacing wheat flour in the production 
of cookies, greater global acceptance was found for products made with 50 % papaya flour, demonstrating an Index of Acceptance 
equal to 92 %. Martins et al. [29] observed in the sensory analysis of bread containing apple pulp flour that tasters preferred bread with 
23 % of this ingredient (90 %) compared to the control formulation. Given this, it is observed that, in general, bakery products made 
with fruit flour (from 10 %) replacing wheat flour have demonstrated good acceptance. 

Thus, bakery products widely consumed by the population, such as cakes, are attractive for developing new formulations, as they 
are easy to prepare, highly acceptable by all age groups, low cost, and allow the replacement of their ingredients [11]. The present 
study sought to investigate the influence of the harvest period on the chemical composition of flours obtained from the pulp melon 
varieties and the potential for application as ingredients aiming at the development of new bakery products containing different levels 
of melon pulp flour to replace wheat flour. 

2. Materials and methods 

2.1. Obtaining flours from the pulp of commercial melon varieties 

Approximately 4 kg per batch (three lots, four melons per batch) of salmon pulp melons (Cucumis melo L.) of the Cantaloupe, 
Charentais and Honey Dew varieties (90 days after flowering, soluble solids content of around 10 ◦Brix and fruity odor) were pur-
chased in the local market in Natal city (Rio Grande do Norte - RN/Brazil) to obtain the flours in the harvest (September to March) and 
off-season (April to August) periods. The melons were grown in Mossoró city (Rio Grande do Norte - RN/Brazil) in cambisol-type soil, 
using organic fertilizers once each harvest and high-frequency drip irrigation. 

The raw materials were registered in the National Genetic Heritage Management System and associated traditional knowledge 
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(identification: A5A85DF). The pulp processing was based on Medeiros et al. [30]. After cleaning and sanitization, the pulps were 
separated from the peels and seeds to be cut (2 cm) and dried in a ventilated oven (TECNAL-TE-394/2-MP) at 55 ◦C/24 h. After this 
process, grinding was carried out in an industrial blender until the Cantaloupe, Charentais, and Honey Dew melon pulp flours were 
obtained during the harvest (CFH, CHFH, and HFH) and off-season (CFO, CHFO, and HFO) periods. They were evaluated for centesimal 
composition, stored at freezing temperature (− 18 ◦C/approximately twenty days), and protected with aluminum foil during the 
performance and completion of all analyses. 

2.2. Granulometry 

Granulometry was determined using a sieve shaker (PRODUTESTE, CIAL Paulínia, model T) at 10 vibrations/second for 20 min. 
About 65 g of each flour were used, and the separation was carried out on sieves arranged in decreasing order of opening (2000 μm, 
1000 μm, 500 μm, 250 μm, 125 μm, 63 μm and <63 μm). Subsequently, the weight of the material retained on each sieve was measured 
on an analytical balance to determine the classification according to Chen et al. [31]. 

2.3. Scanning electron microscopy (SEM) 

First, a small amount of each flour was inserted into carbon tape fixed to support (stubs) and then metalized with a thin layer of 
gold. The analyses were carried out in a high vacuum, voltage equivalent to 30 mA/min, with the images accelerated to a voltage of 15 
kV and captured at 250× magnification on the Hitachi Tabletop Microscope TM-3000 equipment. 

2.4. Centesimal composition 

Composition analyses followed the methodologies proposed by the Adolfo Lutz Institute [32] for moisture, ash, and proteins. Lipid 
determination was based on Hartman and Lago [33] with modifications, adding 17 mL of chloroform, 34 mL of methanol, 14 mL of 
distilled water, and 5 g of each flour separately, being shaken for 30 min in a shaker at 100 rpm. Then, 17 mL of sodium sulfate solution 
(1.5 % v/v) were added and stirred for another 2 min. The solution was filtered, and the residue was washed with 17 mL of chloroform, 
followed by new filtration and separation of the chloroform layer. Subsequently, nitrogen drying was carried out to concentrate the 
lipids. The total dietary fiber content in the flours was determined according to the Association of Official Analytical Chemistry (AOAC) 
[34]. The carbohydrate content was determined as proposed by Sniffen et al. [35], and the Atwater factor [32] was used to calculate 
the total caloric value. 

2.5. Mineral profile 

The minerals present in the flours were determined using the X-ray Fluorescence technique. First, the samples were prepared by 
sifting 50 g of each flour through a 150 MESH sieve, and then an amount of flour was added to the sample holder containing a plastic 
cuvette and film paper. Subsequently, they were evaluated using the EDX-720 equipment (Shimadzu), with a detection limit from Na 
(11) to U (92) (>0.001 %). 

2.6. Fatty acids 

The methodology proposed by Hartman and Lago [33] was used with modifications, with previous steps of extraction, saponifi-
cation, and esterification of the fatty acids. The chromatographic profiles were recorded on a gas chromatograph (Agilent 8860) 
coupled to a mass spectrometer (Agilent 5977B), autosampler (Agilent G4513A), and Agilent HP-5MS column (30 mm, 0.25 mm and 
0.25 μm). Quantification was performed by normalizing the peak areas using the Mass Spectra Database Library (NIST 2017) to 
identify the fatty acids obtained. The column temperature was 90 ◦C, and the injector and detector temperature were 230 ◦C. The 
elution gradient on the column was 90–150 ◦C (10 ◦C/min), 150–200 ◦C (2 ◦C/min), and 200–230 ◦C (10 ◦C/min) during the run. 39 
min. Helium was the carrier gas with a 1 mL/min flow. 

2.7. Determination of total phenolic compounds 

Methanolic extracts from different flours (5 mg/mL) were obtained according to Ribeiro et al. [36] using ultrasound for 15 min to 
determine total phenolic compounds. The methodology was based on Singleton et al. [37] with modifications, and the experiment was 
carried out in triplicate and protected from light. In a 96-well microplate, 75 μL of distilled water, 25 μL of each diluted extract, and 25 
μL of Folin-Ciocalteu (50 % v/v) were added, which reacted for 6 min 100 μL of sodium carbonate solution (7.5 % v/v) were added, 
followed by a 90-min pause to read the absorbances on a microplate reader (Biochrom Asys, UVM 340) at 765 nm. A calibration curve 
was constructed with different concentrations of gallic acid (Sigma-Aldrich®) (10–90 μg/mL). The result was expressed in milligrams 
of gallic acid equivalent per 100 g of melon flour (mg GAE/100 g). 

2.8. Determination of antioxidant activity 

The determination was based on Ribeiro et al. [38] with modifications. The dried extracts containing total phenolic compounds 
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were solubilized in methanol (10 mg/mL), and an ABTS solution (1 mL) was prepared (absorbance = 0.700 at 734 nm). Then, 260 μL of 
this radical solution were added to the microplate well, with 40 μL of each extract evaluated. The control containing the respective 
solvent (methanol) and the ABTS + radical was prepared. Subsequently, the absorbances were determined at 734 nm in a microplate 
reader (Biochrom Asys, UVM 340). The standard curve was prepared with Trolox (100–700 μmol/L). The results were expressed as 
grams of Trolox equivalent per gram of dry extract (μmol TE/g). 

2.9. Technological properties of flours 

Flour’s water absorption capacity (WAC) was determined using the methodology proposed by Jogihalli et al. [39] with modifi-
cations. About 0.5 g of each flour was added to Falcon tubes (previously weighed) containing 10 mL of distilled water. The deter-
mination was carried out according to Equation (1). 

WAC (g / g) :
sediment weight

initial weight of sample
(Equation 1) 

The oil absorption capacity (OAC) was determined based on the methodology described by Jogihalli et al. [39] with modifications. 
About 0.5 g of each flour was homogenized with 6 mL of soybean oil in previously weighed Falcon tubes. The OAC (g/g) was calculated 
according to Equation (2). 

OAC (g / g) :
sediment weight

sediment weight of sample
(Equation 2) 

The flour’s water solubility index (WSI) and swelling power (SP) were evaluated according to the methodology proposed by Zhang 
et al. [40]. Equation (3) was used to calculate WS (%), and Equation (4) was used for SP (g/g). 

WSI (%) :
dry supernatant weight
initial weight of sample

x 100 (Equation 3)  

SP (g / g) :
wet sediment weight − initial weight of sample

initial weight of sample
(Equation 4) 

The emulsifying capacity (EC) and emulsion stability (ES) were evaluated according to the methodology described by Rivera- 
González [41] with modifications. About 0.5 g of each flour, 4 mL of distilled water, and 4 mL of soybean oil were added to graduated 
Falcon tubes. The EC (%) was determined according to Equation (5). For ES, the tubes were left to rest for 24 h, and then the 
determination was carried out according to Equation (6). 

Table 1 
Proximate composition and mineral profile of flours from the pulps of different melon varieties (Cantaloupe, Charentais, and Honey Dew) obtained in 
the harvest and off-season periods.   

CFH CHFH HFH CFO CHFO HFO 

Centesimal Composition 
Moisture (%) 15.70 (1.32)aA 14.00 (0.96)bA 18.80 (0.61)cA 17.20 (0.89)aB 17.60 (1.04)aB 22.10 (0.71)bB 

Ash (%) 6.16 (0.44)aA 5.76 (0.18)bA 6.02 (0.31)a,bA 6.43 (0.47)aA 5.25 (0.25)bB 6.17 (0.19)aA 

Protein (%) 10.30 (0.58)aA 9.00 (0.87)bA 9.73 (0.87)a,bA 7.13 (0.46)aB 10.80 (0.86)bB 10.70 (1.06)bA 

Lipid (%) 3.86 (0.16)aA 3.72 (0.10)aA 3.29 (0.39)aA 5.40 (0.11)aB 3.71 (0.11)bA 4.97 (0.08)cB 

Total dietary fiber (%) 7.73 (0.48)aA 5.16 (0.45)bA 7.01 (0.37)aA 10.60 (0.85)aA 11.90 (0.42)Ab 7.05 (0.07)bA 

Carboidrates disponible (%) 56.25 62.36 55.15 53.24 50.74 49.01 
Caloric value (Kcal/100 g) 301 319 289 290 280 284 
Mineral Elements 
Potassium (%) 69.92 78.56 63.02 78.16 78.71 63.82 
Calcium (%) 7.64 ND 13.29 ND ND 13.04 
Sulfur (%) 0.89 0.66 0.92 0.88 0.76 0.76 
Phosphorus (%) 1.00 1.36 0.74 1.31 1.37 0.96 
Iron (%) 0.25 ND 0.41 0.33 ND 0.36 
Copper (%) ND 0.18 0.25 ND ND ND 
Bromine (%) ND ND 0.26 0.18 ND 0.17 
Zinc (%) ND 0.22 ND ND ND ND 

CFH, CHFH, and HFH: Flours from Cantaloupe, Charentais, and Honey Dew melon pulps obtained during harvest. CFO, CHFO, and HFO: Flours from 
Cantaloupe melon pulp, Charentais, and Honey Dew obtained in the off-season. 
*Means and SD, n = 9 for each flour (except for fiber, n = 3, available carbohydrates and caloric value). 
*The same lowercase letters in different columns do not differ significantly according to Tukey’s post-test (p > 0.05) for flours from the same harvest 
or off-season period. 
*Equal capital letters in different columns do not differ significantly according to the Student T-test (p > 0.05) for flours of the same variety compared 
between harvest and off-season. 
ND: not detected. 
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EC (%) :
Volume of the emulsified layer

Total volume
x 100 (Equation 5)  

ES :
EC after 24 h

EC initial
x 100 (Equation 6)  

2.10. Preparation of cake containing melon pulp flour 

To prepare the cakes, flour from the pulp of the Cantaloupe melon obtained during the harvest period (CFH) was selected as an 
ingredient due to the results obtained in the analyses carried out in the present study, and due to the greater availability, easy 
acquisition, and low cost throughout the year. The formulations were prepared according to Ribeiro et al. [38] with modifications. In 
this way, cake formulations were produced with different percentages of melon pulp flour (0 %, 25 %, and 50 %) in partial replacement 
of wheat flour (Table 1 and Fig. 1 – S1). After preparation, the cake batters were placed in rectangular non-stick cake pans (internal 
length: 35 cm and internal width: 25 cm) previously greased with butter and flour. They were then placed in a preheated oven to bake 
(180 ◦C) for approximately 40 min. The cakes were cut using a 2 cm square mold, weighing approximately 15 g (Fig. 2 – S2). 

2.11. Microbiological evaluation and centesimal composition 

The cakes were evaluated for safety by undergoing investigation for coliforms at 45 ◦C/g [42], mesophiles [42], and Escherichia coli 
[43]. Coliform and E. coli cultures were incubated in Levine Eosin Methylene Blue (L-EMB) agar and mesophylls in Standard Counting 
agar (PCA) for 24 h at 35 ◦C. The proximate composition analysis followed the methods previously described [32,35], except for the 
determination of fibers present in the ingredients, which was estimated based on the Brazilian Food Composition Table [44]. 
Furthermore, the fiber content presented in flour was determined as previously described by the enzymatic gravimetric method [34]. 

2.12. Sensory analysis of cakes 

The study protocol was accepted by the Ethics Committee of the Hospital Universitário Onofre Lopes (HUOL) of UFRN (CAAE: 
64999417.1.0000.5292). At the beginning of the Analysis, each taster received the Free and Informed Consent Form. One hundred 
thirty untrained panelists were recruited from the Nutrition Department of the Federal University of Rio Grande do Norte through a 
questionnaire (Recruitment Questionnaire – S1) aiming to exclude the participation of evaluators with intolerance or allergy to in-
gredients present in the cake (melon, dairy, wheat, and egg), headache, symptoms as nasal congestion, and aversion to melon. Among 
the panelists recruited, 69 % were female, and 31 % were male, with an average age of 23 years. The evaluation carried out in in-
dividual cabins included global acceptance using a 9-point Hedonic Scale (1 - Disliked extremely to 9 – Like extremely), evaluation of 
purchase intention on a 5-point scale (1 – Certainly, I wouldn’t buy it and 5 – Certainly, I would buy), and the Just About Right (JAR) 
test (Sensory Questionnaire – S2). All tasters received three cakes containing 0, 25, and 30 % melon flour, duly coded with three 
random digits in a monadic sequential manner, accompanied by a disposable cup containing mineral water (100 mL) and a cracker 
type water and salt. From the data obtained, the acceptance index (AI) was calculated (Equation (7)), as proposed by Teixeira et al. 
[45]. 

AI(%)=
average grade × 100

highest grade
(Equation 7) 

The cakes were evaluated using the JAR scale [46] regarding the attributes of color, sweet smell, sweet taste, and moisture with a 
variation of 1–5 points (1 = much less intense than I like, 2 = less intense than I like, 3 = ideal the way I like it, 4 = more intense than I 
like, and 5 = much more intense than I like). The data obtained was investigated using the penalty test, aiming to correlate the tasters’ 
assessment on the JAR scale with the respective global acceptance evaluation for each cake evaluated. 

2.13. Statistical analysis 

Considering the normal distribution of the data obtained, evaluated by the Shapiro-Wilk test, Analysis of Variance (ANOVA) and 
Tukey’s post-test were used (p < 0.05) for data on the proximate composition of the flours, total phenolic compounds, lipid profile, and 
technological properties, compared separately in the harvest and off-season periods, and cake formulations developed. For compar-
isons between harvest and off-harvest periods of the same type of flour, the data were evaluated by T student test using GraphPad Prism 
software, version 5.0 (GraphPad Software, San Diego, CA, USA). 

For sensory evaluation, the Shapiro-Wilk test was used to analyze data distribution. The non-parametric Kruskal-Wallis test with 
Dunn’s post-test for Multiple Comparisons and Bonferroni correction (p < 0.05) was used to investigate the global acceptance data. 
Principal component analysis was used to create the internal preference map. Penalty analysis was performed to analyze the data 
obtained for the JAR Scale using the XLStat software (Addinsoft, Paris, France). 
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3. Results 

3.1. Granulometry 

According to the results obtained, most flours analyzed (CFH, CHFH, HFH, CFO, and HFO) presented higher retention percentages 
between MESH 18 and 120 (Table 2–S2), which according to the classification [31] are fine-grained flours (MESH >16). On the other 
hand, CHFO was the only one that presented a bimodal granule size distribution due to the highest percentages of flour retention being 
between MESH 10 and 60 (Table 2–S2), classifying it as medium-grained flour (MESH 8–16) and thin (MESH >16). 

3.2. Scanning electron microscopy 

All flours presented large and small granules (Fig. 3 – S3), with a rough surface and minimal ruptures of the cell walls. Furthermore, 
all micrographs showed porous particles with small holes on the surface. 

3.3. Centesimal composition and mineral profile 

Among the harvest flours, HFH had the highest moisture content (Table 1), followed by CFH and CHFH (p < 0.05). HFO (p < 0.05) 
showed higher moisture content for the off-season. Comparing the moisture levels found in flours from the same melon variety 
evaluated in the harvest and off-season periods, a significant difference was observed (p < 0.05), achieving an increase equal to 9 %, 
25 %, and 17 %, respectively, for CFO, CHFO, and HFO. Regarding ash content, CFH stood out [6.16 (0.44)], especially concerning 
CHFH [5.76 (0.18)] (p < 0.05). In the off-season, the highest ash content was found in CFO and HFO than in CHFO (p < 0.05). 
Furthermore, only Charentais melon presented a significant reduction (p = 0.0001) in the off-season than harvest. 

For protein content, CFH also stood out [10.30 (0.58)] mainly about CHFH [9.00 (0.87)] (p < 0.05). CFO presented the lowest 
content among the flours evaluated (p < 0.05) for the off-season. The comparison between harvest and off-season flours showed a 
significant reduction (31 %) in CFO and an increase (20 %) in CHFO. For lipid content, there was no significant difference between the 
flours evaluated during the harvest period (p > 0.05), and CFO had the highest lipid content in the off-season [5.40 (0.11)] (p < 0.05). 
Comparing harvest and off-season, there was a significant increase in CFO (40 %) and HFO (51 %), respectively. 

When determining fiber, a significant difference was observed between CHFH and the others evaluated for the harvest, presenting 
the lowest fiber content [5.16 (0.45)] (p < 0.05). On the other hand, among the flours considered for the off-season, HFO had the 
lowest fiber content [7.05 (0.07)] (p < 0.05). In comparing harvest and off-season for flours from the same melon variety, a significant 
increase (130 %) was only found for CHFO about CHFH (p > 0.05). Regarding available carbohydrates and caloric value, it was found 

Fig. 1. Total phenolic compounds and antioxidant activity of phenolic extracts from and off-season. ANOVA and Tukey post-test, *p < 0.05, **p <
0.01, ***p < 0.001. CFH, CHFH, and HFH: Flours from Cantaloupe, Charentais, and Honey Dew melon pulps obtained during harvest. CFO, CHFO, 
and HFO: Flours from Cantaloupe melon pulp, Charentais, and Honey Dew obtained in the off-season, respectively. 
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that CHFH had higher content and calories (319 Kcal/100 g). 
For the minerals profile, it was observed that potassium was the predominant mineral in all flours evaluated in the harvest 

(63.02–78.56 %) and off-season (63.82–78.71 %) periods. Calcium was the second principal mineral, but only in Honey melon flour 
was detected in the harvest (13.29 %) and off-season (13.04 %) periods. Sulfur and phosphorus, despite reduced levels, were detected 
in all flours from the harvest and off-season, unlike other minerals such as iron, copper, bromine, and zinc. 

Fig. 2. Results obtained for water absorption capacity, swelling power, and water solubility of the different flours obtained from the pulp of 
different melon varieties (Cantaloupe, Charentais, and Honey Dew) in the harvest and off-season periods. ANOVA and Tukey post-test, *p < 0.05, 
**p < 0.01, ***p < 0.001. CFH, CHFH, and HFH: Flours from Cantaloupe, Charentais, and Honey Dew melon pulps obtained during harvest. CFO, 
CHFO, and HFO: Flours from Cantaloupe melon pulp, Charentais, and Honey Dew obtained in the off-season, respectively. 
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3.4. Fatty acid 

The results (Table 3–S3) showed higher percentages of palmitic acid (29.40–41.60 %), linolenic acid (20.60–29.30 %), and linoleic 
acid (11.20–22.0 %) in all flours, both in the harvest period and in the off-season. Regarding comparing flours obtained in the harvest 
and off-harvest periods, it is clear that palmitoleic acid differed statistically in all flours off-harvest, observing that CFO [9.27 (0.45)] 
(p = 0.0362) and CHFO [11.60 (0.33)] (p = 0.0032) presented the highest contents. As for palmitic acid, there was a difference 
observed for Cantaloupe (p = 0.0207) and Honey Dew (p = 0.0007) flours with higher levels in the harvest [36.70 (3.27) and 35.90 

Fig. 3. Results obtained for oil absorption capacity, emulsifying capacity, and emulsifying stability of the different flours obtained from the pulp of 
different melon varieties (Cantaloupe, Charentais, and Honey Dew) in the harvest and off-season periods. ANOVA and Tukey post-test, *p < 0.05 
and ***p < 0.001. CFH, CHFH, and HFH: Flours from Cantaloupe, Charentais, and Honey Dew melon pulps obtained during harvest. CFO, CHFO, 
and HFO: Flours from Cantaloupe melon pulp, Charentais, and Honey Dew obtained in the off-season., respectively. 
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(0.03), respectively], and there was a difference between Charentais flours (p = 0.0001) with higher content in the off-season [41.60 
(0.89)]. Regarding linoleic acid, higher levels were noted in the off-season for Cantaloupe [21.10 (0.49)] (p = 0.0008) and Honey Dew 
[22.00 (0.67)] (p = 0.0110) flours and for Charentais flours (p = 0.0004) with higher content in the harvest [16.30 (0.79)]. And the 
same pattern was observed for the linolenic acid showed higher levels in the off-season for Cantaloupe [25.20 (0.19)] (p = 0.0107) and 
Honey Dew [29.30 (1.08)] (p = 0.0038) flours, and during the harvest for Charentais flours [25.60 (0.62)] (p = 0.0003). 

3.5. Total phenolic compounds and antioxidant activity 

During the harvest period (Fig. 1A), CFH showed higher levels of total phenolic compounds [208.1 (13.12) mg GAE/100 g] (p <
0.05) than other flours, with the same behavior observed for CFO [877 (54) mg GAE/100 g] (p < 0.05) in the off-season (Fig. 1B). 
Regarding the comparison between the harvest and off-season periods, the results demonstrated a significant difference (p < 0.05) 
between all flours, with the highest levels obtained in the off-season. For the ability to sequester the ABTS+ from extracts of flour 
obtained in the harvest period (Fig. 1C), CFH and CHFH demonstrated greater antioxidant potential (289 and 299 μmol TE/g, 
respectively) than HFH (p < 0.05). A similar behavior was observed in the off-season (Fig. 1D). CFO had greater antioxidant potential 
(328 μmol TE/g), differing only from CHFO (p = 0.0386). The results demonstrated no significant difference (p > 0.05) comparing the 
harvest and off-harvest periods of flours from the same melon variety. 

3.6. Technological properties of flours 

Regarding water absorption capacity, the results showed that CHFH had the highest capacity among flours (p < 0.05) during the 
harvest period (Fig. 2A), and CFO had the lowest among flours during the off-season (p < 0.05) (Fig. 2B). Besides, no significant 
difference was observed between the harvest and off-season periods (p > 0.05). For swelling power (Fig. 2C and D), the results 
indicated that CHFH presented the lowest value among the flours of the harvest (p < 0.05). Furthermore, it was observed that there 
was a significant difference between harvest and off-season periods for CFH (p = 0.0205) and HFH (p = 0.0326), being higher in the 
harvest. 

For water solubility (Fig. 2E and F), CHFH stood out concerning other flours during the harvest period (p < 0.05), just as in the off- 
season, there was a difference between CFO and CHFO (p < 0.05), presenting higher values for Charentais melon flours both in the 
harvest and in the off-season. Only CFH e CFO differed statistically (p = 0.0048), with water solubility higher in the off-season. 

Regarding oil absorption capacity (Fig. 3A and B), CFH and CHFH differed statistically (p < 0.05), and in the off-season, CHFO 
presented the lowest value than the others (p < 0.0001). Comparing harvest and off-season, CHFH and CHFO differed (p = 0.0409), 
with the highest value in the harvest. For emulsifying capacity (Fig. 3C and D), CHFO presented the highest index (60.24 %) than HFO 
(p = 0.0298) (Fig. 3D). The results for season flours ranged from 48.6 to 53.7 %, and for off-season flours from 42.20 to 66.7 %, with 
only Honey Dew flours showing a significant difference (p = 0.0002) between the evaluated periods. 

The data obtained for emulsion stability (Fig. 3E and F) indicated that, during the harvest, there was a variation of 88.6–100 %, and 
for the off-season, all presented values equal 100 %. It was found that CFH had the lowest percentage compared to the others during the 
harvest period. As a result, a difference (p = 0.0013) was only observed between Cantaloupe melon flours obtained during the harvest 
and off-season periods. 

3.7. Microbiological analysis of cakes 

Firstly, it is worth highlighting that the flour chosen as the ingredient for making the cakes was Cantaloupe melon pulp flour 
obtained during the harvest period. Therefore, the results of the microbiological analyses of the cakes were favorable. No thermo-
tolerant coliforms and Escherichia coli were detected, and the mesophilic count was low (<1.0 CFU/g). 

Table 2 
Proximate composition of the evaluated cakes.   

A B C 

Moisture (%) 27.90 (0.16)a 24.10 (0.23)b 23.20 (0.18)c 

Ash (%) 1.48 (0.04)a 1.90 (0.13)b 2.37 (0.08)c 

Protein (%) 7.68 (0.12)a 8.17 (0.35)a 8.86 (0.19)b 

Lipid (%) 12.50 (0.15)a 13.90 (0.25)b 14.00 (0.28)b 

Fiber (%) 0.69 1.00 1.32 
Carboidrates disponible (%) 49.75 50.93 50.25 
Caloric value (Kcal/100 g) 342 361 362 

A, B, and C: 0, 25, and 50 % CFH replacing wheat flour, respectively. 
Mean and SD, n = 3 (except for fiber, available carbohydrates, and caloric value). 
The same lowercase letters on the line do not differ significantly according to Tukey’s post-test (p > 0.05). 
*Brazilian Food Composition Table - TBCA (2023) for evaluation of ingredients except for CFH. 
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3.8. Centesimal composition of cakes 

It was found that the moisture content of the cakes evaluated reduced as the percentage of addition of Cantaloupe melon pulp flour 
increased (p < 0.05) (Table 2). On the other hand, an increase in ash was directly proportional to the addition of CFH (p < 0.05), 
reaching 28 % (cake containing 25 % CFH–B) and 60 % (cake containing 50 % CFH–C) than cake containing 0 % CFH (A). Regarding 
protein content (Table 2), there was a significant difference between the cake containing 50 % CFH replacing wheat flour (C) and the 
others evaluated (p < 0.05), representing an increase of 15 %. An increase was observed for lipids, equivalent to 12 % in cakes 
containing CFH (p < 0.05). Concerning fiber content, the highest percentage was found for cake C (1.32 %) and B (1.00 %), and it was 
higher than A (0,69 %). Besides, cake B (25 % CFH) presented the highest carbohydrate content (50.93 %). About caloric value, the 
highest results were evident for cakes B (361 Kcal/100 g) and C (362 Kcal/100 g). 

3.9. Sensory analysis of cakes 

It is noted that cakes B (25 % CFH) and C (50 % CFH) (Table 3) stood out in the acceptance index (AI) than cake A (0 % CFH). On the 
other hand, based on the medians obtained, there was no significant difference (p > 0.05) for the acceptance of the different cakes 
evaluated, even B and C presenting higher median values than cake A, which may be an effect of interquartile distance values. 

In the preference map (Fig. 4), the cakes are distributed in different quadrants, which exposes the difference between consumer 
preferences. Furthermore, given the distribution of tasters represented in these quadrants, the cakes were accepted similarly, with a 
slight reduction in preference for cake A (0 % CFH), corroborating the data obtained for the acceptance index. 

The results obtained for the evaluation of purchase intention (Table 4–SS4) showed that cake B (25 % CFH) had the highest 
percentage for the “I would certainly buy” option (36 %), followed by cake C (50 % CFH) (29 %). Furthermore, these cakes also 
obtained higher percentages in the “would probably buy” category, meaning a favorable aspect in incorporating melon flour to replace 
wheat flour. The average purchase intention was higher for B (25 % CFH) and C (50 % CFH) than for A (0 % CFH) (Table 4). Based on 
the medians obtained (Table 4), it is possible to infer that the cakes containing melon flour stood out concerning cake A (0 % CFH) (p <
0.05). 

3.10. JAR 

Cakes B (25 % CFH) and C (50 % CFH) presented higher percentages for the ideal in color, sweet smell, and moisture compared to 
cake A (0 % CFH) (Tables 5, 6, and 7– S5, S6, and S7, and Fig. 4 A, B, and C – S4). For cake A (0 % CFH), the penalty assessment (Fig. 4 A 
– S4) showed that the attributes of sweet taste and sweet smell present in lower intensity caused the highest effect on the mean drop. 
For cake B (25 % CFH) (Fig. 4 B – S4), it can be seen that for a sweet flavor that was more intense and less humid than ideal, those 
presented the highest percentages of considerations from the tasters, with the more intense sweet flavor having the most significant 
impact on the acceptance of this attribute, due to the more substantial effect on the mean drop. The penalty evaluation data for cake C 
(50 % CFH) (Fig. 4C – S4) indicated that the darker color most affected the acceptance average, as it had a more significant effect on the 
mean drop, followed by a more intense sweet flavor and more intense moisture. 

4. Discussion 

The study of physical parameters is critical since the particle size of the flour directly influences several aspects of the bakery 
product quality, such as the water absorption index, texture, sensory quality, and the product visual aspect [47]. The results revealed 
that grinding managed to produce smaller granules (<63 μm), with results similar to those obtained by Oliveira et al. [48] for 
Cantaloupe melon pulp flour. It is worth noting that, in bakery products, the use of medium-grain flour provides more firmness to the 
final product, while fine-grain flour provides more softness [49]. 

A limitation of the study was the non-use of a mill to grind the flour. However, it is known that flours with different granule sizes 
have different nutritional compositions and levels of bioactive activity. Therefore, using all fractions is essential to obtain the 
maximum nutrients and bioactive compounds from flour [50]. It is worth noting that the differences observed between flours may be 
related to the characteristics of each melon variety, the preparation of the raw material before crushing (cut size and drying tem-
perature and time), and the crushing process [51]. 

In all micrographs, it was possible to notice the presence of small holes on the material’s surfaces, possibly formed by the removal of 
water during the drying process [52]. This occurs when drying temperatures reach 50 ◦C, generating the beginning of the collapse of 
cell membranes, and consequently, intracellular water is transported to the intercellular environment [53]. Furthermore, it suggests 

Table 3 
Acceptance Index obtained for the cakes evaluated according to the global acceptance analysis using a nine-point Hedonic Scale.   

A B C 

Median (interquartile distance) 7.00 (2.00)a 8.00 (1,00)a 8.00 (2.00)a 

AI (%) 78.63 82.78 82.53 

A, B, and C: 0, 25, and 50 % CFH replacing wheat flour, respectively. AI = acceptance index. 
The same lowercase letters on the same line do not differ significantly according to Dunn’s post-test (p > 0.05). 
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that the temperature used in the drying process was sufficient to remove water, not causing greater damage to the cellular matrix [54], 
reducing the loss of heat-sensitive nutrients and bioactive components of the fruit [55]. Foods of plant origin exposed to drying 
processes can appear hygroscopic, porous, and amorphous [53], facilitating incorporation into a food matrix. 

The harvest and off-season periods can directly influence the nutritional quality of melons due to their relationship with climatic 
factors. The melon harvest period from September to March is characterized by high temperatures, high light, and low relative hu-
midity, favorable conditions for healthy development [56]. On the other hand, the effect of harvest and off-season periods can be 
dubious. Therefore, productivity, sensory, and nutritional characteristics may be less beneficial in the off-season. However, other 
aspects may be favored, such as the content of bioactive compounds [57]. 

The evaluation of moisture evidenced that Honey Dew melon flours (HFH and HFO) present high humidity, which can be justified 
by intrinsic factors that constitute the genotype and endogenous hormones of this variety, such as having pulp more juiciness [58]. A 
homogeneous behavior was also observed concerning the comparison between harvest and off-season, as in the off-season, all flours 
presented significantly high moisture contents, which can be justified by the climatic condition in the vegetable growing environment 
(microclimate), which influences plants physiological reactions, and the energy exchange activities between the plant and the envi-
ronment. Soil moisture and local temperature can affect plants’ ability to use water and their flooding mechanisms [59]. Furthermore, 
during the off-season, greater concentrations of rainfall are observed in the melon-growing region, increasing soil moisture, which will 
be absorbed by the vegetable [60]. 

Concerning ash content, CFO stood out, especially concerning CHFO (p < 0.05). The lower ash content presented by CHFO may 
indicate a lower mineral content than the other melons evaluated. It is important to highlight that different growing conditions in-
fluence the concentration of minerals in the melon, thus affecting the ash content [60]. Given the other results, it can be inferred that 
the harvest and off-season periods had a specific influence on the ash, protein, lipid, and fiber contents, not being characterized as a 
homogeneous behavior observed for the moisture content. Therefore, these levels may have been influenced by different cultivation 
conditions; salt stress that affects the plant’s nutrition system, causing reduced water and nutrient absorption [60,61]; changes at the 
nutritional level resulting in ionic imbalance generated by the dispute between sodium ions and nutrients, reducing the absorption of 
minerals [61]; types and frequent use of fertilizers in combination with irrigation, which can promote root growth by substantially 
increasing protein content and improving fruit quality [62]; by the varieties and genotypes of melons considering the repetitions of 
observed behavior [58]; soil type and pH, and climatic conditions (temperature and humidity) [63]. 

Regarding available carbohydrates and caloric value, it was found that CHFH had higher content and calories, which can be 
justified by the influence of lower values of moisture, ash, and proteins since the same was determined by difference. Furthermore, the 
carbohydrate content is influenced by favorable cultivation conditions due to the increase in photosynthesis, and thus, an increase in 

Fig. 4. Internal preference map of the tasters who participated in the sensory evaluation of the cakes. A: Standard formulation without the presence 
of Cantaloupe melon pulp flour. B: Formulation with 25 % Cantaloupe melon pulp flour replacing wheat flour. C: Formulation with 50 % Cantaloupe 
melon pulp flour replacing wheat flour. 

Table 4 
Results obtained for the purchase intention of tasters about the cakes evaluated.   

A B C 

Average purchase intention (standard deviation) 3.66 (0.96) 4.04 (0.91) 3.99 (0.86) 
Median (interquartile distance) 4.00 (1.00)a 4.00 (2.00)b 4.00 (1.00)b 

A, B, and C: 0, 25, and 50 % CFH replacing wheat flour, respectively. 
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carbohydrate metabolism occurs [5,60]. Therefore, the results highlight the nutritional potential of these flours during the harvest 
period, mainly CFH and HFH, in terms of ash and protein content, reflecting lower values for total carbohydrates and caloric value. 

The predominant minerals in the flours identified in this study (K, Ca, and P) were similar to those obtained by Mahwish et al. [64] 
when evaluating the mineral profile of Black King melon pulp flour by Atomic Absorption Spectrometry. Mallek-Ayadi et al. [65] 
observed that potassium was the most abundant mineral in Maazoun melon pulp, followed by calcium. Furthermore, Maietti et al. 
[66], when analyzing the minerals in the dry pulp of Giusto and Baggio melons in two different harvests, using Atomic Absorption 
Spectrometry, showed that potassium was the most abundant in both varieties. The authors also highlighted that the potassium content 
was higher for both melon varieties in the second harvest (less rainy and with lower average temperatures). Therefore, these results 
may be related to climatic variations that impact the plant’s physiological response. Potassium is the most abundant mineral in melon, 
regardless of the variety. The concentration of antioxidants, such as ascorbic acid and beta-carotene, is directly associated with po-
tassium concentration. Therefore, this parameter depends on melon cultivation’s environmental and agricultural conditions [66]. 

Regarding proteins, Brazilian legislation establishes a minimum limit of 8.00 % for the content in whole wheat flour [67]. 
Therefore, the average values found for most melon pulp flours evaluated follow the legislation. Finally, good cultivation conditions 
influence carbohydrate content due to increased photosynthesis and carbohydrate metabolism [5,60]. Refined (white) and whole 
wheat flours have 75.53 % and 70.02 % carbohydrates [44], respectively, thus demonstrating higher values than the present study, 
indicating an interesting aspect for the flours analyzed. Regarding caloric value, wheat flour has 360 Kcal [68], and whole wheat flour 
has 339 Kcal [69], with caloric values higher than those found for all melon pulp flours analyzed. Given this, it can be seen that the 
melon flour examined has a chemical composition (fibers from 5.16 to 11.90 % and proteins from 7.13 to 10.80 %) that is outstanding 
about wheat flour commonly used in various food formulations. 

Different fatty acids were found between harvest and off-season flours for the lipid profile. These differences may be related to the 
intrinsic factors that constitute the genotype and endogenous hormones of each melon, to climatic conditions, which can cause lipid 
oxidation, to post-harvest conditions such as inadequate transportation, storage, and handling, causing damage, and thus may cause 
lipid oxidation affecting the metabolic activity of the fruit [60,70,71]. According to studies published in the literature, it is clear that 
linoleic and linolenic acids are those with the highest levels in the different types of melon evaluated, corresponding to the findings of 
the present study [72–74]. 

It is known that phenolics can protect cellular components against free radicals generated by stress through their antioxidant, anti- 
inflammatory, hypolipidemic, antibacterial, and free radical scavenging properties [65]. Therefore, they promote the sequestration of 
free radicals, harmful products of aerobic metabolism that cause oxidative stress in the body, reducing the risk of developing diseases 
[75]. In plants, stress conditions such as temperature changes, exposure to ultraviolet radiation, and pest attacks can induce defense 
mechanisms, influencing the phenolic content [76]. The results showed a homogeneous influence of seasonality, with the off-season 
being the period of the plant’s greatest production of these molecules. The observed variations can be explained by differences in 
gender, species, cultivar, irrigation frequency, state of maturity, type of fertilizers used in planting, soil [77], and climatic conditions, 
such as temperature that is lower during this period because phenolic compounds are sensitive to heat [57]. 

On the other hand, when evaluating antioxidant activity, the results did not indicate a homogeneous influence such as that found 
for the content of total phenolic compounds. This may be related to the types of bioactives produced by the vegetable during the 
harvest and off-season periods, which were not evaluated and are considered a limitation of the present study. However, the prom-
inence of Cantaloupe melon flour both in the harvest and in the off-season may be associated with the preservation method, storage 
temperature, antioxidant enzyme activities, and accumulation of antioxidants in the fruit [78]. It is worth noting that, in the literature, 
no studies were found related to determining antioxidant activity by ABTS using Trolox in melon pulp flour and similar drying 
methodology. The results observed in the present study were close to those found for other fruits considered to have a high antioxidant 
content, such as strawberries, as [79] found an antioxidant activity of 279.89 (18.98) μmol Trolox/g. 

Technological properties are known as intrinsic physical-chemical aspects of a given flour, commonly associated with the inter-
action with water and oil, and may indicate the technical impact of a given ingredient applied to a food product. The success of using 
fruit flour in food products consists of technological properties [80]. No published studies related to the investigation of technological 
properties in melon pulp flour, nor comparisons related to seasonality, were found in the literature. 

Water absorption and swelling power are relevant for many products due to the water that interferes with texture and juiciness. 
Furthermore, high water absorption prevents water loss during cooking, reducing product dryness [81]. The presence of hydrophilic 
groups in flour that bind to water indicates the ability of this flour to absorb water [82]. The values found in the present study for water 
absorption may be directly related to the dietary fiber content of the flours and the type of fiber. Therefore, flours with low levels of 
soluble fiber have low water absorption capacity due to less chemical interaction with hydrophilic groups [83]. In addition to the 
chemical structure and reactions between molecules, the hydration properties of dietary fibers also depend on other factors, such as 
drying temperature, fiber porosity, and particle size [84]. And this may have influenced the differences between the flours in the 
present study. 

Swelling power is the first phase of the solubilization of polysaccharides with water that disperses in the product structure and 
generates the dispersion of macromolecules, which can promote solubilization [84]. The results obtained for swelling power were 
higher than those of Resende et al. [84] when evaluating buriti pulp flour, getting 5.86 g/g. These results may be related to the melon 
harvest period, as it is the time of year that presents the most suitable climatic conditions for the healthy development of the melon 
tree, providing balanced absorption of water and nutrients [85]. 

The water solubility index defines the amount of water-soluble matter in a product [84]. The results may be related to the presence 
of sugars in flour [86]; therefore, it is worth highlighting that CHFH presented a higher water solubility index and a higher total 
carbohydrate content. It may also be related to the drying temperature used to obtain the flour, as low drying temperatures (40–70 ◦C) 
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cause high solubility values [86]. The low water solubility index is undesirable because it limits its application in various food products 
[81]. Santos et al. [86] evaluated the water solubility of red pitaya peel flours and found 30.14 %, below those found in the present 
study (35.4–49.3 %), thus demonstrating a more significant advantage of using melon pulp flours as ingredients in the formulation of 
food products. 

The interaction between protein parts of the sample and oil molecules is the main characteristic for determining the oil absorption 
capacity. High oil absorption rates indicate flour’s ability to be used in food products, such as emulsified preparations [87]. Oil ab-
sorption capacity is used in cooked foods to increase the fat retention rate during cooking, preserve flavor, improve palatability, in-
crease technological yield, and extend the product’s shelf life [84]. Xu et al. [88] reported that the high protein content can improve 
emulsifying properties, considering that emulsification begins by binding the protein to the oil droplets, considering the surfactant 
property that proteins present. CFH and CHFO had higher emulsifying capacity indexes (59.5 and 60.24 %, respectively) and higher 
protein contents among the other flours analyzed. Santana et al. [87] reported that banana flour presented emulsion stability of 40.12 
%, thus demonstrating that melon pulp flours stood out in this parameter (88.6–100 %). 

From the present study, the investigated melon flours have a prominent chemical composition concerning wheat flour commonly 
used in various food formulations. It was demonstrated that among the flours evaluated, the best ingredients for the favorable 
development of bakery products were CFH and HFH, presenting higher ash and protein contents. On the other hand, CFH also showed 
higher fiber content and lower moisture content (15.7 %), which is close to that established [89], which provides specific moisture 
requirements maximum for flours of 15.0 %. 

The cakes were made using flour from Cantaloupe melon pulp, in partial replacement of wheat flour (0, 25, and 50 %) commonly 
used in bakery products, aiming to improve the nutritional value of this product widely sold on the market and consumed by the 
population. The products were previously investigated for microbiological safety, confirming correct hygienic-sanitary control during 
the preparation and conservation of food, following Good Practices for Food Handling [90], which guaranteed the safety of using CFH. 

About the proximate composition of the cakes, it can be inferred that using 25 and 50 % melon flour replacing wheat flour promotes 
effects such as reducing moisture. This effect was also observed by Martins et al. [29] when evaluating the proximate composition of 
bread developed with apple pulp flour, presenting 49.71, 47.18 and 45.93 % moisture, respectively, for control bread, and added 17 % 
and 23 % of apple flour. This decrease in moisture may be due to the Cantaloupe melon pulp flour having a lower water absorption 
capacity than wheat flour (56 %). 

On the other hand, for ash, it should be noted that replacing wheat flour with melon pulp flour promotes an increase in the 
nutritional potential of the product. Studies have also observed this increase in baked products with other fruit flour. Varastegani et al. 
[28] found 2.62 %, 3.30 %, and 3.84 % ash values, respectively, for biscuit formulations containing 15, 30 and 50 % papaya pulp flour. 
The same pattern of increase in protein content was also noticed, and some studies with bakery products made with fruit flours 
demonstrated a positive effect [91]. According to Normative Instruction No. 75 of October 8, 2020 [92], food classified as a source of 
protein must contain at least 5 g per 60 g/portion of cake. Therefore, the cake made with 50 % melon flour was classified as a source of 
protein, presenting 5.32 g/portion. 

For lipid content, it was possible to observe that the presence of melon flour may have increased the percentage of lipids in the 
product. Compared to other bakery products, coconut cake has 11.3 % lipids [68], and carrot cake has 17.26 % lipids [93]. 

Regarding fiber content, it was found that there was also an increase directly proportional to the addition of CFH. The daily fiber 
recommendation for a healthy adult is 25 g [92]. Therefore, a 100 g portion of cake (equivalent to a medium slice) with 50 % 
replacement of wheat flour with melon pulp flour contributes 5.28 % of the daily fiber recommendation. It is worth noting that, to 
evaluate the fiber content present in cakes with melon flour, the fibers present in this flour were determined using the enzymatic 
method, which is considered the gold standard for this determination. On the other hand, this determination cannot be carried out on 
cakes due to laboratory limitations. Therefore, this data was associated with the fiber content present in the other ingredients of the 
cake [44] to estimate the content present in cakes B (25 % CFH) and C (50 % CFH). 

For carbohydrates, it was noted that adding melon flour contributed to the slight increase in content. Finally, it was evident that 
melon flour contributed to the rise in caloric value, which may be related to the highest carbohydrate, protein, and lipid content among 
other cakes. A 100 g portion of coconut cake has 333 kcal [68], and carrot cake has 345 kcal in a 100 g portion [93], which are caloric 
values close to those obtained for cakes with melon flour. Furthermore, including Cantaloupe melon pulp flour in the cakes proposed in 
the present study adds more excellent nutritional value, in addition to bioactive compounds such as carotenoids and phenolic 
compounds. 

Sensory analysis data revealed good acceptance of cakes containing melon pulp flour replacing wheat flour (25 and 50 %), similar 
to other studies, such as Varastegani et al. [28], using papaya pulp flour to replace wheat flour in the production of biscuits (15, 30 and 
50 %), which achieved greater global acceptance for products made with 50 % papaya flour, demonstrating an acceptance rate of 92 %. 
Therefore, it is observed that bakery products made from 15 % fruit flour instead of wheat flour are well accepted. Many positive 
evaluations were observed regarding the tasters’ comments for cake B (25 % CFH), such as soft texture, adequate sweet flavor, and 
looks like carrot cake. For cake C (50 % CFH), there were also some positive comments, such as smooth texture and good cake moisture, 
but some negative comments, such as too sweet, intense melon taste, and more intense color, which may displease the tasters. 

For purchase intention, from the results obtained, it was noticed that the partial replacement of wheat flour with Cantaloupe melon 
pulp flour had a positive evaluation by the tasters. Therefore, developing new products containing this ingredient is a very favorable 
aspect. Considering that in the present study, cakes B (25 % CFH) and C (50 % CFH), depending on their chemical composition, have 
better nutritional characteristics and obtained similar evaluations by tasters regarding purchase intention, it is feasible to infer that 
consumers would likely buy products with melon pulp flour. Furthermore, it is worth noting that 50 % melon flour was used in cake C 
and was also accepted as B. The literature shows that many studies typically use a maximum of 30 % fruit flour to develop food 
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products. 
The attributes most penalized in the three cakes were sweet flavor and moisture, varying from less intense and less moist than ideal, 

respectively, for the cake without melon flour to more intense and more humid than ideal, for the cake with 50 % melon flour. 
Therefore, it can be seen that these penalties were observed as the concentrations of melon pulp flour increased in the cakes. That is, 
the incorporation of melon flour directly contributed to the cake’s greater sweet flavor and moisture. However, more was needed to 
reduce acceptance of suboptimal products or reduce purchase intention. For the three cakes, the statistical analysis showed that most 
consumers would likely buy the products, demonstrating that consumers would be willing to purchase and get used to the penalized 
sensory aspects. 

5. Conclusions 

The present study contributed to expanding knowledge related to the influence of seasonality on the physical and chemical pa-
rameters of flours obtained from varieties of salmon pulp melons. The homogeneous effect of the off-season on the increase in moisture 
content and total phenolic compounds is evident. The Cantaloupe melon pulp flour as an ingredient in the composition of cakes, 
replacing wheat flour, improved chemical parameters, adding minerals, fibers, and bioactive compounds to the final product. In 
addition to presenting high potential in the production of cakes, considering the technological parameters and excellent acceptance 
and intention to purchase cakes with this flour instead of wheat flour. Thus, this demonstrates an excellent alternative to be used as an 
ingredient in the food industry to promote the development of new bakery products. 
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