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ABSTRACT- Some physical properties and chemical compositions of two cultivars
(Semsouri and Shahabadi) of cantaloupe studied during four different stages of maturity
from fruit set to completely ripe. The physical properties investigated were the geometric
mean diameter (GMD), specific gravity (SG), mean firmness (MF), rind, seed (%) and
flesh (%). The chemical compositions were Brix, Titrable Acidity (TA), moisture content,
pH, and ash. The results showed that the GMD, flesh (%), Brix, and pH values of both
cultivars increased in the full-ripe stage of maturity whereas there was concurrent
decrease in SG, rind (%), seed (%), moisture content, TA, and ash values obtained in the
same period. There were also significant differences (using GLM-multivariate analysis)
in all measured variables apart from ash, seed (%), rind (%), and flesh (%) between the
two cultivars. Overall, the linear relationships were obtained between sugar content and
GMD, SG, and MF respectively, correlation coefficients being higher than 0.87.

Keywords: Fruit quality, Muskmelon, Firmness, Ripeness, Brix analysis, Sugar content,
Physical properties.

INTRODUCTION

Cantaloupe (Cucumis melo L.) is a climacteric fruit (Rowan et al, 1969) and its
texture, flavor and sweetness effect its quality. Fruit quality requires a balance of
sugar and acidity as well as its aroma. The fruit’s sugar content and its firmness
which is affected by changes in physical and mechanical properties and composition
have received considerable attention (7 and 13). The firmness of cantaloupe flesh is
one of the most important quality factors that influence consumer satisfaction.
According to USDA’s (U.S Department of Agriculture, 2007) Nutrient Database, the
overall composition of cantaloupe (per 100g of fruit) was reported as follows: water
89.78 g, minerals 0.36g, proteins 0.88g, total lipid 0.28g carbohydrate 8.36g, total
dietary fiber 0.8g, ash 0.71g. Commercial cultivars of cantaloupe fruit should be
characterized by high fruit quality attributes as many consumers are not fully
satisfied with the current standard of most horticultural products. Therefore, quality
criteria play a major role in major cantaloupe breeding programs (12).
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Physical or chemical characteristics are important factors affecting the
optimum maturity of fruit flesh. Previous studies have focused on the relationship
between total soluble solids (TSS) and total sugars, titratable acids (TA) and total
organic acids (3 and 10). However, cantaloupe quality cannot be assessed by only
those parameters. Different factors have an impact on the taste quality including
ripeness, cultivar, irrigation, and fertilization (9 and 15). Moreover, optimum quality
is also dependent on harvesting at the suitable stage of fruit maturity which affects
the shelf life of fruit after harvest (18). One sign of fruit immaturity could be its
firmness. At optimum maturity, some cultivars of cantaloupe have flesh which is too
soft (21).

Changes in sugar content occur during fruit growth based on the
carbohydrates present in the fruit and alteration of fruit metabolism, and dilution
happens when fruit volume increases. Carbohydrate supply is influenced by these
factors, thus the sugar content is positively correlated to the size of the fruit (8).

Discovering the relationship between fruit texture and biochemical
composition could result in improving the quality control and process design in the
food manufactures. Many studies have already addressed either the changes in
cantaloupe texture or changes in carbohydrate composition during fruit ripening,
though few researches have correlated the two (20).

The aim of this research was to expand knowledge on compositional
variability in cantaloupe and to study the relationship between sugar content and
firmness and the specific gravity and size of cantaloupe fruit. Two cultivars with
different textural characteristics were studied in order to investigate whether the
differences in sugar content between two cantaloupe cultivars were due to
differences in their texture over different stages of ripening.

MATERIALS AND METHODS

Plant material

The experiment was carried out in the Agricultural and Natural Resources Research
Center, Isfahan, Iran, during 2007. Two of the most commonly produced cultivars of
cantaloupe (Cucumis melo L.) i.e. "Semsouri" and "Shahabadi" were selected for this
study. Plants were grown in a farm at the end of April and picked at four stages of
maturity over the period from fruit set to completely ripe. The four stages were at 12
(1), 24 (2), 36 (3) and 48(4) days after fruit set. Fruits were selected according to
color, size and lack of blemishes in order to obtain homogeneous samples. Samples
comprised of 4 fruits in order to limit individual sample variability.

Chemicals

The chemicals and reagents used in this study were obtained from Merck (Germany)
and were of analytical grade.

Experimental methods

The physical properties of each sample were determined by the following methods:
major diameter (a, mm), minor diameter (b, mm) and height (h, mm) of each fruit
were measured by a caliper with 0.1 mm accuracy. Geometric Mean Diameter
(GMD, mm) was calculated by means of the following equation 1 (11):

GMD = (abh)" (1)
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Specific gravity (SG) was measured by liquid displacement method. Toluene (C7Hg)
was used, rather than water because water is absorbed by the fruits. Firmness was
measured using a Magness-Taylor penetrometer with an 8.0 mm diameter probe tip
Barreiroa et al.(3). It was calculated as the maximum force expressed as Newton, N)
necessary to compress the cantaloupe 5 mm at constant speed of 20 mm/min. It
should be noted that the samples were not peeled off. The impact of firmness force
was measured at four reciprocal positions on all individual fruits Norton et al. (15):
the stem end (F1), the blossom end (F2), a point rotated by 90° angle from the stem-
bottom axis (F3) and opposite side of F3 (F4). The average of firmness (MF) was
determined as given below (equation 2):

MF= Sum (F1, F2, F3 and F4)/4 )

The percentage of rind, seed and flesh were calculated by measuring their
weight divided by the total weight of each sample. The sugar content was
quantitatively measured using a Brix meter (a CETI - Belalum digital-refractometer,
Belgium) with a reference temperature of 20°C. The actual Brix indices were
corrected to fit the ambient temperature at 15°C. The resolution and precision of the
refractometer were 0.1% and ~0.2% respectively. The TA values were obtained
according to the AOAC (2) method. The moisture content of the fruit flesh was
measured by drying the samples to a constant weight in a 105 °C oven AOAC (1).
The pH values of the extract from the fruit flesh were determined using a pH meter.
The total ash content of samples was obtained by keeping them in a furan at 450°C
AOAC (2). Each experimental value was obtained from four replicates.

Data analysis

Data acquisition and statistical analysis were carried out with SPSS 15.0 software
(2006). The analysis of variance (ANOVA) was performed independently for each
cultivar and for all variables measured by physicochemical analysis and
penetrometry. The GLM-univariate analysis (a Duncan’s test) was used for 6
dependent factors consisting of GMD, SG, MF, rind (%), seed (%) and flesh (%) of
two cantaloupe cultivars at four maturity stages.

Results and discussion

Table 1 shows that GMD values increased differently in both cultivars during
ripening, particularly for Shahabadi cultivar (from 12.6 to 18.7). A downward trend
was obtained for SG values of the two cultivars. The maximum SG values were
similar for Semsouri (0.94 g/cm’®) and Shahabadi (0.93g/cm®) cultivars. In addition,
the minimum obtained SG value of Semsouri cultivar was 0.63 lower than that of
Shahabadi cultivar (0.71). The MF values decreased from 32.9N to 14.5N for
Semsouri cultivar and from 41.1N to 19.6N for Shahabadi cultivar, respectively. The
flesh percentage for both cultivars respectively gradually increased to 75.8% for the
Semsouri cultivar and to 75.4% for the Shahabadi cultivar- nearly similar values. On
the other hand, the rind and seed percentage values for both cultivars decreased
during maturity stages. For instance the rind percentage value (Shahabadi cultivar)
was 18.3 (stage 1) and 8.1 (stage 4) and the seed percentage value (Shahabadi
cultivar) was 17.5 (stage 1) and 9.1 (stage 4).

Table 2 shows an upward trend of Brix data for both cultivars. The maximum
mean Brix value (7.1%) was obtained for Semsouri cultivar (in the fourth stage of
maturity) which is nearly parallel to the USDA report (23). However, other melons
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such as muskmelon (Brix of 15.5% for Piel de Sapo cultivar and 14.6% for Rochet
Cultivar) have higher Brix values as demonstrated by Villanueva et al (19).
Moreover, (17) pointed out that commercial maturity melons such as honeydew
cultivars had higher soluble solid content (Brix, 9.2%) than cantaloupe (8.0%).

Table 1. The GLM-univariate analysis was carried out for 6 physical properties of two
cantaloupe cultivars at different maturity stages using SPSS software.

Cultivr  Maturity  GMD SG MF Rind (%) Seed (%) Flesh (%)
stage (cm) (N)
Semsouri 1 10.2¢ 0.94° 32.9° 14.8° 21.2° 60.5"
2 12.5" 0.78" 30.6" 13.3% 18.0* 62.7%"
3 12.1° 0.72" 20.3° 12.0* 14.9* 65.9"
4 15.1* 0.63¢ 14.5" 10.7° 11.5" 75.8*
Shahabadi 1 12.6° 0.93* 41.1° 18.3° 17.5° 56.5"
2 13.8" 0.84" 34.0° 15.9° 16.8" 57.5"
3 15.1° 0.76° 22.8" 11.7° 13.9% 62.0°
4 18.7° 0.71° 19.6 8.1 9.1° 75.4

Means in the same column represented by different letters are significantly (p<0.05) different
based on Duncan’s test.

Table 2. The GLM-univariate analysis, a Duncan’test, was carried out for 6 factors of two
cantaloupe cultivars at different maturity stages using SPSS software.

Cultivar Maturity Brix pH TA Brix/TA Moisture Ash
stage (%) (%) (%)
Semsouri 1 4.5 5.3¢ 1.0° 4.4" 94.1° 1.02°
2 5.1 5.5¢ 0.99° 5.2" 93.5% 0.89°
3 5.7% 5.8" 0.73" 8.7" 91.9" 0.86"
4 7.1° 6.1 0.48° 15.6 91.3° 0.69"
shahabadi 1 3.7¢ 4.7 1.4* 2.8¢ 95.4* 1.05
2 4.5 5.0 1.3* 3.5 94.8"" 0.86™
3 5.1 5.5 1.0 5.0° 93.6™ 0.55™
4 6.2" 6.0" 0.74° 8.6" 92.7°¢ 0.47°

Means in the same column represented by different letters are significantly (p<0.05) different
based on Duncan’s test.

The pH in both cultivars followed an upward trend during fruit development
(values reached to 6.1 in the Semsouri cultivar and 6.0 in the Shahabadi cultivar at
maturity). The variations were significant (Duncan’s test) for Semsouri samples,
although two variation levels (a&b) were obtained for Shahabadi samples. The trend of
TA values was opposite the trend of pH values. The ripening index (Brix/TA) followed
upward trends in both cultivars. However, values were higher in Semsouri cultivar than
Shahabadi cultivar. In addition, the moisture content values decreased gradually and the
variations were significant (P < 0.01) for the two cultivars. Furthermore, the ash contents
of Semsouri cultivar decreased slightly (no significant differences) despite the fact that
ash values of the Shahabadi cultivar decreased significantly (P<0.05). The differences in
mentioned values of physicochemical properties could be affected by climate conditions
and maturity at harvest (3 and 15). The sugar content (Brix value) is a good indicator of
consumer appraisal in relation to fruit quality. The appropriate Brix level is generally
dependent on region. For instance, the British do not consume too ripe melons (22). The
results of Duncan’s test for Brix data showed significant variations in both cultivars
during maturity stages. The Brix values increased from 4.5 to 7.1% (2.6 fold differences)
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for Semsouri cultivar and, the Brix values of Shahabadi cultivar varied from 3.7 to 6.2%
(2.5 fold differences). Fig. 1 shows the Brix values of two cultivars of cantaloupe at
different maturity levels (1, 2, 3 & 4).
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Figure 1. The brix values of two cultivars of fruit cantaloupe are shown at different maturity
levels. The standard deviations are included as error bars.

The GLM-multivariate analysis considers the interrelation between dependent
variables and analyzes the variables simultaneously Esbensen et al (6). The effect of
cultivar and maturity stages and their interaction with physical and chemical properties
were studied. The results (Table 3) showed that there were significant differences across
cultivars for GMD, pH values (P<0.001), moisture (P<0.01) and, SG, MF and Brix
(P<0.05), nevertheless other variables were insignificant. There were significant
differences (at P<0.01 or P<0.001) between the maturity stage for all variables, while for
the interaction between maturity stage and cultivar, there was no significant difference
found among any of the variables except for rind percentage (P<0.05).

Table 3. The GLM-multivariate analysis was used by SPSS software. The dependent variables
were GMD, SG, MF, Rind (%), Seed (%), Flesh (%), Brix, pH, TA, °Brix/TA, moisture
and ash. The cultivar and maturity stage were as fixed factors.

Variable cultivar Maturity stage = Maturity stage& cultivar
GMD 4(.3%%* 31.8%** 1.4ns
SG 5.3% 40.1%** 0.96ns
MF 5.5% 20.2%%* 0.3ns
Rind (%) 1.2ns 17.4%*%% 3.4%
Seed (%) 1.7ns 6.1%** 0.1ns
Flesh (%) 1.7ns 9.1%** 0.1ns
Brix 4.4% 10.3%** 0.09ns
pH 36.0%** 36.4%** 1.95ns
TA 57.6%%* 44.2%** 0.19ns
Brix/TA 14.3%*% 17.1%%% 1.8ns
Moisture 12.3%* 9.9%%* 0.08ns
Ash 3.1ns 6.9%* 1.1ns

The statistical values of F were shown at significant levels consisting of ns not significant,

*p <0.05, **p <0.01 and

*** p <0.001
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The Brix data was plotted against GMD, SG and MF data sets so as to
observe linearity of each relationship and more concisely the association between
chemical data and physical data as shown in Fig. 2. All numbers are the average of
the four determinations. Fig. 2a represents the relationship between GMD and Brix
mean values (R?, 0.90 for Semsouri cultivar and 0.96 for Shahabadi cultivar). The R*
of SG-Brix correlations were 0.87 (Semsouri cultivar) and 0.95 (Shahabadi cultivar)
respectively, as seen in Fig. 2b. The correlation between MF and Brix mean data is
shown in Fig. 2¢ with R? of 0.91 (Semsouri cultivar) and 0.92 (Shahabadi cultivar).
All the R? values exceeded 0.87, a value that indicates a good correlation within
three pairs of data sets.
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Figure 2. A comparison of Brix values as a function of GMD (a), SG (b) and MF (c¢) for
Semsouri and Shahabadi cultivar respectively. Each value is an average of four
measurements.
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Conclusions

It is generally believed that size, weight and firmness of melon fruits would be good
indicators of fruit maturity in the marketplace for many consumers. Therefore, it is of
interest to estimate the development of fruit ripeness by correlating physical
properties to biochemical examinations. In this respect, the relationship between
GMD, SG and MF, and Brix values were studied. The results illustrated changes in
GMD, SG and MF related to the sugar content of fruit. However; there is a limitation
in declining fruit firmness due to the overriping criterion and the fruit’s shelf life.
Due to the climacteric pattern of cantaloupe ripening, the optimum stage of
harvesting needs some more considerations. It is concluded that the Shahabadi
cultivar had higher GMD values compared to Semsouri cultivar despite its lower
sugar content over four stages of maturity.
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