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Abstract: Muskmelon (Cucumis melo) is a vegetable much appreciated by the Cameroonian population. The aim of this 

study was to investigate the effect of development stage on morphological and physicochemical characteristics of the fruit. 

These parameters were studied from the third to the seventh week after fruit set. The average weight, fruit size and proportions 

of the different fractions (peel, mesocarp and endocarp) were evaluated. Some physicochemical and antioxidant properties 

were also determined. Results showed that morphological parameters increased significantly (p<0.05) during the development 

of the fruit of Cucumis melo. From the third to the seventh week after fruit set, the average weight varied from 105 to 404 g. 

During the maturation of fruit, the weight of mesocarp was higher than that of endocarp. The studied physicochemical 

parameters, varied from a fruit fraction to another and also depended on the development stage. Results showed that the weight 

ratio of mesocarp (44-42%) decreased meanwhile that of endocarp (41-44%) increased down the growth. During the 

maturation of fruit, the proteins content of peels decreased from 1.7 to 0.4 mg / g, while that of mesocarp and endocarp 

increased from 0.14 to 0.48 mg / g and from 1.38 to 4.26, respectively. At stage 1 of development, the peels were two times 

richer in vitamin C (14.9 µg / g) than the other fruit fractions (4.17-8.38). However, from stage 2 to stage 5 (full maturation), 

the mesocarp and endocarp appeared by far richer. The minerals requirements can be satisfy by the mesocarp or endocarp of 

Cucumis melo fruit harvested at five week after fruit set (stage 3). However, antioxidant capacity, carbohydrates, proteins and 

vitamin C are high in the fruit at stage 4 or 5. 
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1. Introduction 

Melon (Cucumis melo), which belongs to the family of 

Cucurbitaceae, is a creeping and / or climbing herb with 

nodes from which emanate filamentous organs called tendrils 

[1, 2]. The fruit of Cucumis melo has been reported to be rich 

in antioxidants, especially vitamins (C and E) and flavonoids 

[3, 4]. Therefore, increasing the consumption of this fruit 

may reduce the risk of various free radical-induced diseases 

such as cancer, cardiovascular and cerebrovascular diseases 

[5, 6]. They are many varieties of C. melo [7], which fruits 

differ in morphological and biochemical characteristics. The 

concentration of sugars and aroma are the two most 

important factors in the qualities perceived by consumers [8]. 

Like pumpkins, Cucumis melo var. Tibish can provide 

proteins, sugars, vitamin C and minerals needed for human 

diets [9]. 

In the Far North of Cameroon, the Tibish variety represents 

an important income for farmers. This melon fruit is widely 

and regularly presented on the local markets of cities, unlike 

other fruits that are periodically sold. However, most local 

people are not aware of the nutritional qualities of this fruit, 

and therefore its level of consumption is still rather low. 

Also, the fresh vegetable parts of this melon fruit does not 

receive much consideration, because for many people, the 

major concern is to intake enough caloric foods. However, 

each serving portion of this vegetable, at different stages of 

maturity, has a specific proximate composition. Peels can, for 

example, be used as a source of dietary fiber [10]. The 
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mesocarp can be used as a source of carbohydrates, minerals 

and vitamins [3]. The endocarp, with its seeds, can be good 

source of lipids [11, 12]. The economic potential of melon 

Tibish would largely be untapped due to the poor market 

quality of the fruit and the consumers unawareness of its 

nutritional value.  

The main objective of this study was to add value to 

Cucumis melo var. Tibish by assessing changes (which 

occurred) in morphological and physicochemical features 

during the fruit development. 

2. Material and Methods 

2.1. Sampling and Morphometric Characterization  

The experimental work was carried out in a private 

orchard in the town of Maroua (Cameroon) during the 

raining season (june-september). Cucumis melo fruits of 

Tibish variety, were collected at various stages of fruit 

development. The first stage of development was three weeks 

after anthesis and the other stages (2, 3, 4 and 5) were 

determined at weekly intervals. The fifth stage was the last 

ripening stage where the skin of the fruit appeared yellow.  

About thirty fruits per stage were weighed to determine the 

average weight. Their sizes (length and diameter) were also 

measured using a caliper. The fruits were washed and 

thoroughly cleaned before peeling them with a stainless steel 

knife. The different physical parts (peels, mesocarp and 

endocarp) of the fruits were isolated and weighed to 

determine their weight ratio. The peels, mesocarp and 

endocarp of the fruits were chopped into pieces of about 1 

cm × cm and dried in an air-circulated oven at 50° C. Dried 

samples were then blended and passed through mesh of 0.25 

µm screen to obtain homogenized powders. The latter were 

stored under airless and moisture-free conditions pending 

analysis. 

2.2. Physicochemical Analysis 

The dry matter content of the different fractions of 

Cucumis melo fruit and the ash content of the dried sample 

were determined using the standard AOAC [13] method. 

Aliquots of the juice of fresh samples was taken [14] and 

their pH was measured using a calibrated pH meter (HI 8424 

Microcomputer Hanna instruments). The bulk density of 

peels, mesocarp and endocarp was determined by the volume 

(mL) occupied by the sample tapped in a measuring cylinder 

per gram of dried sample. 

The Ninhydrin colorimetric method [15] was used to 

determine the free amino acids content of the samples. One 

hundred milligrams (100 mg) of dried samples were placed 

in a beaker containing 10 mL of distilled water and stirred at 

4°C for 24 h and filtered. The total proteins content of the 

sample solution obtained was determined using an acetyl 

acetone/formaldehyde method [16]. Samples were first 

mineralized using Kjeldahl method [17]. The nitrogen 

content of the mineralisates was evaluated after reacting 

ammoniac (NH3) with acetyl acetone/formaldehyde. The 

absorbance of the resulting yellow complex (3, 5-diacetyl-1, 

4-dihydrolutidin) was colorimetrically measured at 412 nm. 

A conversion factor of 6.25 was used to determine the 

proteins content of the fruit fractions. 

Free sugars and carbohydrates content of peels, mesocarp 

and endocarp were colorimetrically determined by the 

orcinol method [18]. Free sugars were obtained after stirring 

dried samples with 80% (v/v) ethanol. As regards the 

evaluation of the total carbohydrates content, polysaccharides 

in samples were pre-hydrolyzed with 13 M H2SO4 (30 min, 

25°C), which was diluted to 2 M H2SO4 with distilled water, 

and further hydrolyzed at 100°C for 2 h in order to release 

corresponding monomers [19]. The crude lipids content of 

the samples was determined according to the standard AOAC 

[13] method. 

The crude fiber content of samples was determined 

according to the standard AOAC [13] method. Dried samples 

were hydrolyzed with 0.26 N H2SO4 (100°C, 30 min) and 

washed three times with distilled water. The acid 

hydrolyzates were further hydrolyzed with 0.23 N KOH and 

washed successively with distilled water, ethanol and 

acetone. The residue was dried and incinerated in a muffle 

furnace (550°C for 6 hour to remove the ash. The iodine 

method of Jarvis and Walker [20] was used to determine the 

starch content of the Cucumis melo fruit fractions. Samples 

were pretreated with 1 M KOH at room temperature followed 

by 1 N HCl at room temperature and finally treated in boiling 

water for 15 min. The slurry obtained was centrifuged (9000 

g) and the supernatant was used for analysis. 

2.3. Evaluation of Antioxidant and Hydration Capacities  

About 0.5 g of dried sample was put in a beaker containing 

10 mL of distilled water. This was stirred for 1 min and 

equilibrated for 1 h before filtering. The wet sample was 

weighed. The water absorption capacity was measured as the 

quantity of water absorbed at equilibrium per gram of dried 

sample. Swelling kinetics was performed after Kuniak & 

Marchessault [21]. Briefly, 0.5 f of dried sample was put in a 

10 ml measuring cylinder and the volume occupied was 

recorded. About 8 mL of distilled water was then added and 

mixed. The increase of the sample volume with time was 

recorded until equilibrium.  

Vitamin C was extracted by stirring 100 mg of samples in 

25 mL of 0.5% oxalic acid solution. The extract was clarified 

and brought to 50 mL with 0.5% oxalic acid solution and 

analyzed against a standard solution of vitamin C using the 

N-Bromosuccinimid titrimetric method [22]. 

Methanolic extracts of sample were analyzed for their total 

phenolic content, total antioxidant capacity and DPPH 

radical-scavenging activity. The total phenolic content was 

measured by the Folin-Ciocalteu method as reported by 

Singleton et al. [23]. Results were expressed in term of 

milligram of gallic acid equivalent (GAE) per gram of 

sample. The total antioxidant capacity was evaluated by the 

ferric reducing antioxidant potential (FRAP) of the fruit 

fractions according to their ability to reduce Fe (III)-2, 4, 6-

Tri(2-pyridyl)-s-triazine (TPTZ) complex to Fe (II)-TPTZ at 
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593 nm [24]. The free radical scavenging activity (FRSA) of 

the samples were determined by using DPPH (2, 2-diphenyl-

1-picrylhydrazyl) free radical as performed by Sun et al. 

[25]. Results of FRAP and FRSA were expressed in term of 

micromole equivalent Trolox per gram of sample. 

2.4. Statistical Analysis 

All analyses were performed in three independent runs and 

results were given as the means ± standard deviations. All the 

data obtained were statistically appraised by one-way 

ANOVA and means of various treatments were considered to 

be significantly different at p-value of 0.05 by Keuls-

Newman test. Correlation between total phenolic compounds, 

antioxidant activities and vitamin C content of C. melo fruit 

fractions was studied by Pearson correlations (p<0.05). 

3. Results and Discussion 

3.1. Influence of Developing Stage on the Growth 

Parameters of Melon (Cucumis melo var. tibish) Fruit 

3.1.1. Fruits Size 

Equatorial and polar diameters of Cucumis melo (var. 

tibish) fruit significantly (p<0.05) increased during growth 

(Table 1). The polar diameter gradually increased from 8.87 

to 10.89 cm from the third to the sixth week after fruit set, 

followed by a significant increase (p<0.05) at the seventh 

week (13.83 cm). Ahmed [26] has reported a much higher 

increase in the polar diameter of Galia melon (up to 35 - 37 

cm). This difference may be attributed to climatic and soil or 

varietal variations. Throughout the growth, the equatorial 

diameter (from 5.87 to 8.18 cm) was lower than the polar 

diameter fruit. However, unlike the polar diameter, equatorial 

diameter slightly varied during fruit maturation. This increase 

in fruit size may be related to the classic form of the 

evolution of biological variables during growth [27]. Similar 

findings were reported by Ahmed [26] on Cucumis melo of 

the Galia cultivar. Variations observed at the seventh week 

after fruit set suggested that at this stage the optimum 

maturity was reached. 

3.1.2. Mean Weight 

Table 1 shows that the weight of fruits varied significantly 

(p<0.05) from the third (105 g) to the seventh week (404 g) 

after fruit set. The weight increase may be due to 

accumulation of plant reserves in the fruit. Villanueva et al. 

[28] have made similar observations with Piel de Sapo 

(955−2371 g) and Rochet (1039−2199 g) melon varieties. 

However, the average weights of the latter were higher, 

compared to that of the Tibish melon variety, probably due to 

difference in cultivars and growing location. 

3.1.3. Weight Proportion and Bulk Density 

The weight of peels represented only about 12% of the 

fruit total weight while those of the endocarp (39−46%) and 

the mesocarp (42−49%) were greater. During the growth of 

the fruit, the weight proportion of melon peels does not 

evolve linearly. That of mesocarp decreased with the 

maturation stage of fruit whereas that of the endocarp 

increased (Table 1). These differences observed, depending 

on the maturation stage would be due to accumulation of 

reserve nutrients and water in those portions of the fruit. 

The bulk density of the fruit fractions varied from 0.22 to 

0.52 g / mL (Table 1). These values decrease during the fruit 

maturation. However, a greater decrease occurred in 

mesocarp and endocarp, which appeared to be denser than 

the peels. The low density of the peels may be due to their 

high fiber content. Further, the increase in the crude lipids 

content of these fractions was in line with the decrease of 

their density. 

Table 1. Effect of the maturity stage on the size, mass characteristics, pH and dry matter content of Cucumus melo fruit fractions (peel, mesocarp and 

endocarp). Bulk density is given in g of dry powder per mL. 

Characteristics 
Stage of maturity 

S 1 S 2 S 3 S 4 S 5 

Average weight ** (g) 105.44 ± 11.65d 189.59 ± 16.29c 285.38 ± 17.67b 391.74 ± 25.42a 404.44 ± 15.02a 

Polar diameter ** (Cm) 8.87 ± 0.20c 9.03 ± 0.19c 10.30 ± 0.24b 10.89 ± 0.17b 13.83 ± 0.21a 

Equatorial diameter ** (Cm) 5.87 ± 0.12d 7.04 ± 0.18c 7.32 ± 0.20bc 7.66 ± 0.16b 8.18 ± 0.22a 

Massic ratio * (%) 

Pe 12.62 ± 0.59a 12.24 ± 0.41a 11.61 ± 0.33b 11.51 ± 0.41b 12.60 ± 0.38a 

Me 44.16 ± 0.43c 47.83 ± 0.38b 48.72 ± 0.29a 43.54 ± 0.35c 42.04 ± 0.42d 

En 41.40 ± 0.34b 39.45 ± 0.39c 38.80 ± 0.28c 45.73 ± 0.45a 44.27 ± 0.49a 

Bulk density * (g/mL) 

Pe 0.44 ± 0.03a 0.33 ± 0.04b 0.33 ± 0.05b 0.38 ± 0.03a 0.37 ± 0.04ab 

Me 0.51 ± 0.05a 0.47 ± 0.06ab 0.45 ± 0.04ab 0.44 ± 0.03b 0.29 ± 0.03c 

En 0.52 ± 0.04a 0.44 ± 0.05b 0.45 ± 0.05b 0.45 ± 0.06b 0.29 ± 0.04c 

Dry matter content * (%) 

Pe 8.36 ± 0.06c 8.18 ± 0.18c 8.37 ± 0.14c 9.94 ± 0.20b 11.49 ± 0.10a 

Me 6.30 ± 0.12a 5.53 ± 0.06d 5.78 ± 0.09c 5.78 ± 0.04c 6.01 ± 0.05b 

En 8.70 ± 0.07b 6.89 ± 0.13d 9.77 ± 0.12a 6.96 ± 0.13d 7.88 ± 0.15c 

pH * 

Pe 5.29 ± 0.09a 5.05 ± 0.06b 5.20 ± 0.08ab 4.67 ± 0.07c 4.65 ± 0.02c 

Me 4.86 ± 0.05b 4.93 ± 0.03b 5.03 ± 0.03a 4.86 ± 0.05b 4.88 ± 0.02b 

En 4.27 ± 0.03b 5.01 ± 0.03b 5.26 ± 0.04a 4.99 ± 0.03b 4.95 ± 0.05b 

*Mean values from triplicate or **thirty measurements ± standard deviation 

Values in the same line followed by different superscripts are significantly different (p<0.05). The stages are determinate three (S1), four (S2), five (S3), six 

(S4) and seven (S5) weeks after fruit development. Pe = Peel; Me = Mecocarp; En = Endocarp 
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3.2. Effect of the Maturity Stage on the Physicochemical 

Parameters of Peels, Mesocarp and Endocarp from 

Melon (Cucumis melo) of Tibish Variety 

3.2.1. Dry Matter Content and pH of the Physical Parts of 

Melon Fruit 

The results of dry matter and pH analysis are shown in 

Table 1. The dry matter content of melon peels (8.18 to 

11.49%) increased throughout fruit maturation. However, 

those of the endocarp and mesocarp decreased (stage 2 

and stage 4) and increased (stage 3) during the fruit 

development. The most abundant fraction (mesocarp) of 

the fruit had low dry matter content (Table 1). Tibish 

melon peels exhibited the highest dry matter content. 

These variations in the dry matter content have also been 

observed by Bernadac et al. [29] with Cucumis melo L. 

var. maestro.  

The pH of the various fruit fractions varied from 4.27 to 

5.29. Parveen et al. [30] have also noted similar variations 

in pH (5.38 to 5.58) with Ravi melon variety. However, 

Beaulieu et al. [31] have reported a slightly higher pH 

value (6.79) with Cantaloupe variety. According to 

Bianchi et al. [32], the pH of melon significant varies 

from 5.2 to 6.5 depending on the cultivar used. The pH of 

the melon peels of tibish decreased while that of the 

endocarp increased with the fruit maturation. By contrast, 

with the mesocarp, a pH peak was observed at the fifth 

week (stage 3) after fruit set. These variations could be 

due to the synthesis (or degradation) of organic acids 

during the fruit maturation. Ozawa et al. [33] have shown 

that pectins from mature berries can be free from the cell 

wall and bind to polyphenols, thereby causing a decrease 

in acidity and increase in pH. 

3.2.2. Ash Content 

The ash content of peels ranged from 13.53 to 18.95 mg 

/ g (fresh weight). Much lower values were observed for 

the mesocarp (3.62 to 5.47 mg / g) and endocarp (5.76 to 

11.74 mg / g) (Figure 1). During the fruit maturation, it 

was noted that the ash content of melon peels significantly 

(p<0.05) decreased (from 18 to 13 mg / g) at the fifth and 

sixth week and then increased at the seventh week after 

fruit set. The ash content of mesocarp decreased 

throughout the fruit development. By contrast, the ash 

content of endocarp increased from the first to the fifth 

week before a smoothly decrease at the end of maturation. 

Villanueva et al. [28] have shown that the ash content 

increases at the end of the development of melon fruit. 

These differences in ash content of the tibish melon 

fractions at various maturation stages may be explained by 

migration of different inorganic ions to the most active 

parts of the growing plant.  

 

 

 

Figure 1. Variation of the ash content during maturity stage of Cucumus 

melo fruit fractions (peel, mesocarp and endocarp). The stages are 

determinate three (S1), four (S2), five (S3), six (S4) and seven (S5) weeks 

after fruit development. 
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3.2.3. Free Sugars, Total Carbohydrates and Starch 

Content of Melon 

Figure 2 shows that the soluble sugars content of melon 

fruit portions (peels, mesocarp and endocarp) varied 

significantly (p<0.05) during the development and also from 

fraction to fraction (0.6−2.5% fresh weight). In the early 

stage of the fruit development, mesocarp and endocarp were 

richer in soluble sugars than peels. By contrast, at full 

maturation stage, the soluble sugar content of peels increased 

while that of the other two portions decreased. Although 

slightly higher soluble sugar content (5−11%) has been 

reported for Cantaloupe melon [31], we also noted 

significant decrease (p<0.05) during tibish melon fruit 

ripening. Changes in the level of soluble sugars may be 

attributed to the metabolism of carbohydrates in the plant. In 

the early stage of maturation, green leaves synthesize sugars 

through photosynthesis. These sugars are distributed to all 

parts of the plant for the nutrient requirements. The decrease 

in soluble sugars content in the mesocarp and endocarp may 

be explained by their incorporation in storage 

polysaccharides such as starch or in fiber components such as 

cellulose during the fruit development [34, 35].  

 

 

 

Figure 2. Changes in the free sugars, total carbohydrates and starch content 

during development of muskmelon (Cucumus melo, var tibish) fruit fractions 

(peel, mesocarp and endocarp). The stages are determinate three (S1), four 

(S2), five (S3), six (S4) and seven (S5) weeks after fruit development. 

Significant changes (p<0.05) in the total carbohydrates 

content were observed during the tibish melon fruit 

development (Figure 2). The level of carbohydrates content 

of peels increased from 3.75 to 5.23% (fresh weight) during 

maturation. In contrast, the total carbohydrates content 

decreased in the mesocarp and endocarp during the fruit 

development. Carbohydrates were more abundant in peels 

than in endocarp and mesocarp. Abundance of carbohydrates 

in peels may be attributed to an increase of the synthesis of 

cell wall polysaccharides (cellulose, pectins, and 

hemicelluloses). Nuñez-Palenius et al. [36] have shown that 

the total carbohydrates content increases during the 

development of Cantaloupe melon fruit. 

The starch content of the different parts of the Tibish melon 

fruit (peels, mesocarp and endocarp) also varied significantly 

(p<0.05) during the fruit development (Figure 2). In the peels, 

much higher starch content was observed at the early stage and 

at full maturation (from 0.54 to 1.25%). The starch content of 

mesocarp increased from the third to fourth week after fruit 

set. It then decreased until the fifth week and increased again at 

the seventh week after fruit set. For endocarp, the starch 

content regularly increased from the early stage to full 

maturation of the fruit. This increase would be well related to 

the growth of the seeds (which are rich in starch) during the 

development C. melo fruit. The peels contained higher 

amounts of starch than the other portions of the fruit. The 

increase in starch content at the last stage of the fruit 

development could be due to the accumulation of 

carbohydrates in the storage tissues. De Souza et al. [37] have 

shown abundance of synthesized starchy polysaccharides in 

storage tissues of the fruit of Cucumis genus during maturation 

and their partial use during this process. 

3.2.4. Free Amino Acid, Crude Proteins and Total Lipids 

Content 

The crude lipids content of Tibish melon fruit varied from 
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4.04 to 17.59 mg / g (Table 2) and depended on the portion 

and the stage of development. The peels had the highest 

lipids content and mesocarp the lowest. Unlike mesocarp, we 

observed that the lipids content of peel and endocarp 

increased during the fruit maturation. Similar results have 

been reported by Azhari et al. [12] for the Seinat melon 

endocarp seeds exhibiting a high fat content of 31.13%. 

Table 2. The influence of the maturity stage on the water absorption capacity (WAC), lipids and fibers content of Cucumus melo fruit fractions (peel, mesocarp 

and endocarp). 

Characteristics 
Stage of maturity 

S 1 S 2 S 3 S 4 S 5 

Lipids (mg/g) * 

Pe 9.99 ± 0.11e 12.59 ± 0.24d 13.71 ± 0.21c 15.97 ± 0.21b 17.59 ± 0.41a 

Me 5.43 ± 0.25a 5.71 ± 0.20a 4.64 ± 0.21c 4.27 ± 0.21c 5.02 ± 0.12b 

En 5.65 ± 0.23c 6.80 ± 0.26d 9.10 ± 0.31c 11.52 ± 0.43b 15.10 ± 0.23a 

Fibers (%) * 

Pe 4.62 ± 0.16b 3.76 ± 0.09d 4.86 ± 0.09b 4.69 ± 0.16b 5.83 ± 0.19a 

Me 2.39 ± 0.11a 1.56 ± 0.05b 1.40 ± 0.08c 1.44 ± 0.09bc 1.59 ± 0.08b 

En 1.86 ± 0.14ab 1.39 ± 0.09c 1.54 ± 0.11c 1.70 ± 0.11b 1.99 ± 0.05a 

WAC (mL/g) ** 

Pe 5.44 ± 0.15b 4.43 ± 0.31c 6.09 ± 0.34a 5.05 ± 0.30b 5.32 ± 0.22b 

Me 6.83 ± 0.10a 3.88 ± 0.07b 3.86 ± 0.23b 2.64 ± 0.29c 2.48 ± 0.05c 

En 4.04 ± 0.20a 2.31 ± 0.06c 2.40 ± 0.18bc 2.30 ± 0.08c 2.54 ± 0.06b 

Mean values from triplicate measurements ± standard deviation. Values in the same line followed by different superscripts are significantly different (p<0.05). 

The stages are determinate three (S1), four (S2), five (S3), six (S4) and seven (S5) weeks after fruit development. Pe = Peel; Me = Mecocarp; En = Endocarp 

*Values are given on the fresh weight or ** dry weight basis 

 

 

Figure 3. Influence of the growing stage on the free amino acids and total 

proteins content of muskmelon (Cucumus melo, var tibish) fruit fractions 

(peel, mesocarp and endocarp). The stages are determinate three (S1), four 

(S2), five (S3), six (S4) and seven (S5) weeks after fruit development. 

During the development of Tibish melon fruit, variation 

occurred in the free amino acid content (Figure 3). At the 

early stages of development, the amino acid content of 

peels decreased, but this increased at full maturation stage. 

With the mesocarp, however, the free amino acid content 

decreased throughout maturation. The evolution trend of 

the amino acid content of the endocarp showed a peak at 

the third stage of the fruit development.  

The peels exhibited the highest proteins content at the 

first stage of maturation (Figure 3), which decreased at the 

second and third stages before increasing slightly at the 

fourth stage. The proteins content of the endocarp was 

high (1.7 - 4.2 mg / g) and significantly (p<0.05) 

increased during the fruit maturation. Compared to peels 

and endocarp, mesocarp had the lowest proteins content 

which increased at the full maturation stage. Rowan et al. 

[38] observed an increase in the proteins content of the 

melon fruit during maturation. Changes in the proteins 

content during the fruit development would be linked to 

various metabolic activities that occur during the plant 

growth [39, 40]. 

3.2.5. Fiber Content and Hydration Properties 

The results of the fiber content of the different portions 

of Tibish melon fruit are shown in Table 2. The fiber 

content of peels decreased from 4.62 to 3.75% (fresh 

weight) between the third and the fourth week and then 

increased up to 5.83% at the seventh week after fruit set. 

Both the mesocarp and endocarp had low fiber content. 

The fiber content of mesocarp decreased throughout the 

fruit maturation, while that of the endocarp decreased at 

the early stage and increased at the full stage of 

maturation. 

The water absorption capacity (WAC) of peels, 

mesocarp and endocarp varied significantly (p<0.05) 

during the fruit maturation (Table 2). Peels exhibited the 

highest values of WAC, going up and down with a peak 

(6.09 g / mL) at the fifth week after fruit set. As for the 
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mesocarp and endocarp, their WAC decreased throughout 

the fruit maturation. The strong ability of the peels to 

absorb water may be explained by their high content in 

fiber components such as pectins which are endowed with 

great tendency to retain water [34]. In the cell wall, 

pectins are indeed involved in cellular thickening and cell 

growth [41]. Also, Koubala et al. [42] have suggested a 

positive correlation between the WAC and soluble fiber 

content of mango peels. 

The swelling kinetics of peels, mesocarp and endocarp 

from Tibish melon fruit also varied with the fruit 

maturation stage (Figure 4). A rapid increase of swelling 

volume occurred from the first to the tenth (or twentieth) 

second, depending on the maturation stage or on the part 

of the fruit. For the endocarp and mesocarp, the swelling 

speed slowly increased and reached a constant value at 

about 40, 60 or 80 seconds. For the peels, the constant 

value was reached later, after 120 seconds. In the whole, 

the peels exhibited the highest swelling ability and 

endocarp the lowest.  

 

 

 

Figure 4. Effect of the growing stage on the swelling kinetics of muskmelon 

(Cucumus melo, var tibish) fruit fractions (peel, mesocarp and endocarp). 

The stages are determinate three (S1), four (S2), five (S3), six (S4) and seven 

(S5) weeks after fruit development. 

3.3. Evolution of Antioxydant Potential of Peels, Mesocarp 

and Endocarp from Tibish Melon Fruit During Growth 

3.3.1. Total Phenolic Content 

The total phenolic content of peels, mesocarp and 

endocarp varied significantly (p<0.05) during Tibish melon 

fruit development (Figure 5). This variation was more 

marked in the peels where more than 75% of decrease of 

phenolics occurred (12 to 1 mg GAE / g) from the third to the 

fifth week after fruit set. This rapid decrease could be due to 

the various changes in colour (from green to yellow) along 

the maturation process. Leja et al. [43] have observed 

significant changes in the total phenolic content, from 0.18 to 

2.45 mg/g, with white, yellow, orange red and purple carrot 

roots. The total phenolic content of mesocarp and endocarp 

was rather low (1−3 mg GAE / g) throughout fruit 

development. Hajar et al. [44] have also reported a total 

phenolic content of 2.85 mg GAE / g for Cantaloupe melon 

fruit seeds. At the early stage of the fruit maturation, the 

peels were five to six times richer in phenolic compounds 

than the mesocarp and endocarp. 

3.3.2. Ferric Reducing Antioxidant Potential (FRAP) 

Figure 5 illustrates the total antioxidant capacity as FRAP 

of the different Tibish melon fruit samples. The FRAP of 

peels, mesocarp and endocarp varied during the fruit 

development. Whatever the stage of development, the FRAP 

was higher with peels (3.50−7.08 micromole equivalent 

Trolox / g fresh weight). While the FRAP of the peels 

increased with the different stages of development, that of the 

mesocarp decreased. Zozio et al. [45] have also shown that 

the antioxidant activity of jujube fruit decreased in the course 

of ripening. With the endocarp, which exhibited the lowest 

FRAP, no significant variation was found throughout the fruit 

development. The evolution of the total antioxidant capacity 

was not found to be correlated with the total phenolic content 

of each fraction of the fruit. This suggested that 
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macromolecules with antioxidant activity might not only be 

phenolic compounds. Tibish melon would possess other 

antioxidant compounds such as vitamin C, methionine and 

carotenoids [46]. 

 

 

Figure 5. Changes in vitamin C content, phenols composition, total antioxidant potential (FRAP) and DPPH radical-scavenging during development of 

Cucumus melo fruit fractions (peel, mesocarp and endocarp). The stages are determinate three (S1), four (S2), five (S3), six (S4) and seven (S5) weeks after 

fruit development. 

3.3.3. Vitamin C Content 

Figure 5 presents the results of the vitamin C content. The 

vitamin C content of Tibish melon fruit depended on the part 

of the fruit and the development stage (2−15 µg equivalent 

ascorbic acid / g fresh weight). At the early stage of 

maturation, the peels exhibited the highest vitamin C content. 

However, from stage 2 to stage 5 (full maturation), the 

endocarp and mesocarp appeared richer in vitamin C than 

peels. The vitamin C content of mesocarp and endocarp 

evolved in zigzag shape during the fruit development (Figure 

5). The vitamin C content of the Tibish melon mesocarp is 

lower than that of Ravi Muskmelon (33 mg / g) reported by 

Parveen et al. [30]. The recommended dietary intake of 

vitamin C is 60−90 mg / day for children [47]. According to 

Lester et al. [3], muskmelon fruit is one of the most ten fruits 

consumed in United States and one serving size of it 

represents 131% of recommended daily dietary allowance in 

vitamin C. Likewise, Tibish melon fruit may be 

recommended as a source of vitamin C for human diet. The 

decrease of the vitamin C content may be a result of ascorbic 

acid oxidation in the presence of transition metals such as 

iron [48]. Generally, the decrease in vitamin C content of 

fruit is related to the degradation of the fruit tissues at full 

maturation [49]. 

3.3.4. DPPH Radical-Scavenging Activity 

The antioxidant activity, as DPPH-radical scavenging 

activity, of peels, mesocarp and endocarp of Tibish melon 
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fruit significantly (p<0.05) varied during the fruit 

development (Figure 5). In peels, it increased with the 

maturation process (0.64−1.07 µmol Trolox equivalent / g 

fresh weight). Whatever the stage of development, the 

mesocarp and endocarp exhibited low DPPH-radical 

scavenging activity (0.11−0.71 µmol Trolox equivalent / g) 

which went up and down with peaks at the early stage of the 

fruit maturation, mid maturation and at full maturation stage. 

These variations may be related to the synthesis or 

degradation of vitamin C, carotenoids and phenolic 

compounds such as flavonols and anthocyanins. Leja et al. 

[43] have found correlation between the anthocyanins 

content of carrot root and its antiradical activity 

4. Conclusion 

This present work reports on some changes in 

morphological and physicochemical parameters of the tibish 

melon fruit during development. From the third to the 

seventh week after fruit set, the chemical and 

physicochemical parameters were found to vary significantly 

(p<0.05) during the fruit development. The morphological 

characteristics of the fruit of Cucumis melo reached 

maximum values at full maturation stage (stage 5), 

corresponding to the seventh week after fruit set. At this last 

stage, the polar and equatorial diameter of tibish melon fruit 

were approximately 13.83 cm and 8.07 cm, respectively. The 

physicochemical and antioxidant properties of tibish melon 

fruit peels, mesocarp and endocarp appeared to be 

significantly different and not to evolve in the same way 

during the fruit development. The mesocarp exhibited higher 

antioxidant and radical-scavenging capacities than the 

endocarp. Depending on the nutrient requirements, peels, 

mesocarp or endocarp at a particular stage of Cucumis melo 

fruit development will be required. A mass consumption of 

Tibish muskmelon fruit in the far north region of Cameroon 

will well-balance diets contributing to the prevention of 

malnutrition disorders. 
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