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Abstract 
 

The melon is a fruit appreciated for its aroma and flavor, but it has a short storage period. An 

alternative to extend this period is the use of edible films. In the present study, the effect of the 

application of an edible film of hydroxypropylmethylcellulose-paraffin (HPMC-PAR) on aromatic 

components and the activity of melon pectinmethylteterase stored in refrigeration was evaluated. 

Cantaloupe melon fruits were covered with an edible film of HPMC-PAR and non-covered melons 

were taken as control. The melons were stored for 20 days at 8 ºC and 80% relative humidity. Every 

four days, the fruits were subjected to analysis of the concentration of ethylbutyrate, ethylcaproate, 

butylacetate, benzyl alcohol, methylbutanol and pectylmethylteterase activity (PME). The results 

showed that melons with film had a higher concentration of the analyzed esters, as well as a lower 

activity of PME compared to samples without film. However, the alcoholic compounds were not 

affected by the treatments. Therefore, the application of the film based on HPMC-paraffin 

promotes the increase of ester compounds during the first days of storage in refrigeration. In 

addition, the activity of PME can influence the amount of these aromatic compounds of the 

Cantaloupe melon pulp. 
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Introduction 
 

The Cantaloupe melon is a fruit appreciated for its characteristic aroma and flavor which are 

decisive for the sensory and commercial quality of the product (Kourkoutas et al., 2006). The 

aroma and flavor of melon are attributed to its content of volatile aromatic compounds in the 

pulp, which include esters and alcohols (Aubert et al., 2005), although in some melon varieties 

up to 240 compounds have been determined by means of gas chromatography (Kourkoutas et 

al., 2006). 

 

Among the aromatic compounds most abundant in this fruit are esters such as ethylbutanoate, 

ethylcaproate, and 3-hexyl-2-butanoate, and to a lesser extent sulfur derivatives, aldehydes and 

alcohols (Obando-Ulloa et al., 2010). On the other hand, the Cantaloupe melon has a short shelf 

life of 10-15 days (Suslow et al., 2002), therefore, it is necessary to evaluate conservation methods 

that contribute to maintaining the sensory quality of this fruit during longer storage periods, such 

as the application of covers or films. 

 

The covers (solutions and emulsions) based on edible polymers such as polysaccharides, proteins 

or lipids have been applied to various plant products (Bonilla et al., 2013). The application of films 

on melon has the potential to reduce moisture loss (Reyes et al., 2016), firmness (Reyes et al., 

2017), and product respiration rate (Reyes et al., 2016). Likewise, edible covers can protect the 

product against mechanical, oxidative and microbiological damages, in addition to improving the 

appearance and preventing the loss of fruit and vegetable aromas (Genskowsky et al., 2015). 

 

The greatest benefit of the use of films and covers is that they can be consumed together with the 

food product in which they are applied, said films being able to be enriched with compounds that 

contribute beneficial to health or that improve the sensory properties of the covered food (Perdones 

et al., 2012). Some polysaccharides used for preparing edible covers are sodium alginate, 

carrageenan and carboxymethylcellulose (Hamzah et al., 2013; Tavassoli-Kafrani et al., 2016). 

 

Hydroxypropylmethylcellulose (HPMC) is a polymer derived from cellulose used in the 

formulation of films, which has been tested on various vegetables, resulting in less damage by cold, 

preservation of firmness and less weight loss in these products (Reyes et al., 2017). In addition, 

edible films delay the ripening process of fruits (Reyes et al., 2016) so, if the covers can diminish 

the activity of the pectic enzymes, such as pectinmetillesterase, the fruit will maintain the firmness 

of the fruit for a longer time your tissues. 

 

The objective of this work was to evaluate the effect of the application of an HPMC-Paraffin film 

on the concentration of aromatic compounds and the PME activity of the Cantaloupe melon. 

 

Materials and methods 
 

Experimental samples 

 

Cantaloupe melon fruits (Cucumis melo L. var. reticulates) collected in Ceballos, Durango 

(geographical coordinates latitude 26.526 and length -104.129) in pre-climacteric stage (25 to 

27 days after pollination) were used according to the method published by Nishiyama et al. 
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(2007). The fruits were selected in the mature three-quarter maturity state, of similar size and 

dimensions (fruits of 1.2 to 1.5 kg free of physical damage). The production process was drip 

irrigation. 

 

Materials and reagents 

 

The HPMC (C56H108O30) was donated by Colorcon (Mexico). The following reagents were 

purchased from Sigma-Aldrich (St. Louis MI, USA) Sodium metabisulphite, potassium sorbate, 

propylene glycol monostearate, polygalacturonic acid D-methyl, Tris, ammonium sulfate, sodium 

dodecyl sulfate, Triton X-100, bromothymol blue and ethylbutyrate, ethylcaproate, butylacetate, 

benzyl alcohol and methylbutanol standards. Analytical grade paraffin was used (Monterrey, 

Nuevo León, Mexico). 

 

Treatments 

 

The collected melons were selected free from physical damage and apparent microbial 

contamination. They were washed with chlorinated water at 200 ppm of sodium hypochlorite, and 

randomly distributed in two batches: control treatment (without film application), and film (fruits 

covered with the HPMC-paraffin film). The preparation and application of the HPMC-paraffin film 

was previously described in Meza et al. (2013). All fruits were then stored in a refrigerator at 8 ±2 

°C with relative humidity of 80 ±4% for 20 days. Subsequently, the melons were analyzed every 

four days throughout the study period (0, 4, 8, 12, 16 and 20 days). The analyzes performed were 

concentrations of ethylbutyrate, ethylcaproate, butylacetate, benzyl alcohol, methylbutanol and the 

activity of pectinmethylterasesterase (PME) carried out in triplicate. The treatments (control and 

film) were repeated eight times and each repetition contained 24 melons. 

 

Analysis of volatile compounds 

 

The analysis was developed with the method proposed by Aubert et al. (2005) with some 

modifications. A sample composed of 125 g of melon from each of the replicates of the treatments 

was mixed with 125 ml of n-propyl gallate (10 mM) and ground in a mixer for 2 min, then 

homogenized for one min with the ultraturrax. The mixture was centrifuged (4 500 rpm, 20 min, 4 

°C) and the supernatant was collected. 

 

To carry out the recovery percentage tests, 5 standard solutions of volatile compounds present in 

the melon were prepared; these solutions were prepared at 40 ppm in dichloromethane. 

Subsequently, 150 ml of the standard solution (containing ethylbutyrate, ethylcaproate, 

butylacetate, benzylalcohol and methylbutanol) or the extract obtained from the melon pulp were 

extracted three times with 50 ml of dichloromethane (3 x 15 min) under constant stirring a 

temperature of 4 ºC. Subsequently, the mixture was concentrated to 8 ml using a kuderna-danish 

equipment at 70 °C. The 8 mL were placed in a microkuderna and concentrated up to 1 mL at 45 

ºC. The concentrate was injected into an HP 6820 gas chromatograph with a flame ionization 

detector and a DB-5 capillary column of 30 x 0.25 x 0.25 (Supelco, PA, USA). 

 

The conditions of the chromatograph were 250 °C in the injector, 250 °C in the detector; the 

column was subjected to a program of 35 ºC of initial temperature with ramp of 5 ºC per min 

until reaching 150 ºC, the final temperature was maintained for 10 min. Chromatograph 
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readings were recorded and analyzed with the Agilente Cerity NDS software and compared to 

a standard calibration curve for the compounds mentioned. The results were reported as mg kg-

1 of fresh fruit. 

 

Preparation of the sample for the activity of pectinmethylesterase 

 

The analysis was carried out with the method described by Lamikanra and Watson (2004) with 

some modifications. Slices from the center of the fruit (equator) of approximately 80 x 30 x 2 mm 

of each treatment were used. To 40 g of slices of melon were added 80 mL of Tris buffer (pH 7.8, 

0.05 M) and homogenized in a mixer for 2 min to be centrifuged at 4 ºC and 4 800 G for 30 min. 

The supernatant was mixed with ammonium sulfate so as to obtain a concentration thereof of 60% 

and placed in a freezer at -18 °C for 1 h. The mixture was then centrifuged at 4 °C and 4 800 G for 

1 h. The supernatant was discarded and the residues were homogenized in 4 ml of Tris for 1 min. 

The mixture was centrifuged at 4 °C and 4 800 G for 1.5 h. The supernatant was the sample for 

assay of the enzymatic activity. 

 

Activity of pectinmethylesterase 

 

The test was carried out with a modification of the method proposed by Lamikanra and Watson 

(2003). A solution of D-methyl ester of polygalacturonic acid (0.1%) was prepared in a 0.4 M NaCl 

solution. The 0.01% bromothymol blue indicator was used in a potassium phosphate buffer. Before 

each reaction, the pectic solution (2.5 mL) was adjusted to a pH of 7.5 with 2 M NaOH. To the 

pectic solution was added the bromothymol blue (0.2 mL), 0.1 mL of the enzyme extract and 

vortex. The sample was read at an absorbance at 620 nm at 20 and 80 s to determine the rate of the 

reaction. The results were reported in relative enzymatic activity where 100% activity was from 

melon samples before treatments. 

 

Experimental design and statistical analysis 

 

A factorial design was used with two factors: storage time (0, 4, 8, 12, 16 and 20 days) and film 

application (without and with film), and eight repetitions per treatment were carried out. The results 

of the variables evaluated were analyzed by Analysis of Variance. The difference between 

treatment means was performed by the multiple comparison test of Fisher’s least significant 

difference (LSD Fisher) with a significance level of 0.05, using SAS statistical software version 8 

(SAS Institute Inc., 2005). 

 

Results and discussion 
 

Volatile compounds 

 

There were significant differences in the concentrations of ethylbutyrate, ethylcaproate and 

butylacetate between melons with and without film (p≤ 0.05). It was observed that in melons with 

film, the concentrations of ethylbutyrate and ethylcaproate showed a sudden increase after 4 days 

of storage (Figure 1 and 2), meanwhile the amount of butylacetate had a sudden increase until 8 

days (Figure 3). 
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Figure 1. Concentration of ethylbutyrate (mg kg-1 of fresh solid) in melons with and without film 

stored for 20 days in refrigeration. Bars on the average of the results represents ± standard 

deviation (n= 4). Different literals indicate significant difference, by Fisher’s LSD (p≤ 0.05), 

between melons with and without film during the storage time. 

 

 

 

 

 

 

 

 

 

 

 

 
Figure 2. Concentration of ethylcaproate (mg kg-1 of fresh solid) in melons with and without film 

stored for 20 days in refrigeration. Bars on the average of the results represents ± standard 

deviation (n= 8). Different literals indicate significant difference, by Fisher’s LSD (p≤ 0.05), 

between melons with and without film during the storage time. 

 

 

 

 

 

 

 

 

 

 

 

 
Figure 3. Concentration of butylacetate (mg kg-1 of fresh solid) in melons with and without film stored 

for 20 days in refrigeration. Bars on the average of the results represents ± standard deviation 

(n= 8). Different literals indicate significant difference, by Fisher's LSD (p≤ 0.05), between 

melons with and without film during the storage time. 
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The concentration of these compounds was significantly lower (p≤ 0.05) in the control fruits during 

the aforementioned periods of time. Likewise, the melons without cover showed a gradual increase 

in the concentration of the esters analyzed throughout the study period. In addition, the results 

obtained in the study showed that the concentration of the monitored alcoholic compounds did not 

change (p≤ 0.05) between the different treatments during storage. Similar results have been found 

when covering strawberries with a film of chitosan (Almenar et al., 2009) and mango with carnauba 

(Dang et al., 2008), the aforementioned authors managed to increase the concentration of aromas 

with the use of these covers. 

 

Several studies have shown that the production or synthesis of aromatic compounds in fruits and 

vegetables (especially ester type) are directly related to the maturity and presence and concentration 

of ethylene (Günther et al., 2015; Li et al., 2016), so that the rapid increase observed in the amount 

of ester compounds may be related to the relatively high concentration of ethylene found inside the 

melons covered with the HPMC-paraffin film, previously reported (Meza et al., 2013). The 

presence of this hormone activates enzymes such as lipases, alcohol acyltransferase and alcohol 

acetyltransferase, which promote a greater synthesis of ester compounds responsible for aromas 

and flavors in fruits and vegetables (Hui et al., 2010. In contrast, it was observed that the 

concentrations of alcohols, present in apple, were not affected by the inhibition of ethylene 

synthesis (Dandekar et al., 2004). 

 

Activity of pectinmethylesterase (PME) 

 

The PME activity was lower in covered melons during the period of 8 to 16 days of storage (p≤ 

0.05) (Figure 4). The fruits with film showed a relative activity of 25% (where 100% is the 

relative activity of the fruits without treatment at the initial time) after 8 days of storage; while 

samples without film had relative activity greater than the initial one of up to ~122% in the 

period of 12-16 days. It has been reported that the use of edible covers can decrease the 

enzymatic activity of vegetables by promoting the formation of internal modified atmospheres 

(Meza et al., 2013), which can slow down their maturation process (Reyes et al., 2016). 

 

 

 

 

 

 

 

 

 

 

 

 

 
 

Figure 4. Relative activity of pectinmetillesterase in melon pulp treated with a polymeric coating and 

stored for 20 days in refrigeration. Bars on the average of the results represents ± standard 

deviation (n= 8). Different literals indicate significant difference, by Fisher’s LSD (p≤ 0.05), 

between melons with and without film during the storage time. 
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The function of the PME is to initiate the change and structural degradation of the pectins, which 

will directly affect the decrease in the firmness of the plant (Giovane et al., 2004). The synthesis 

of aromas and changes in texture during the maturation and senescence of fruits has a certain 

correlation due to changes in cell structure (Dos-Santos et al., 2013). 

 

Some investigations agree that the aromas may be trapped or bound in the cellular structure formed 

by polysaccharides, mainly pectins (Bezman et al., 2003; Savary et al., 2006; Harker and Johnston, 

2008), and probably structural changes may affect the release or accumulation of aromas in the 

tissue of the fruit, so that fruits with less structural changes, changes promoted by enzymes such as 

PME, may contain more aromatics. 

 

Conclusions 
 

The application of the HPMC-paraffin-based film accelerated the synthesis of ester compounds in 

melon during early stages of refrigerated storage. Also, this film decreased the activity of the PME, 

which can decrease structural changes in the tissues of the fruit and consequently improve the 

retention of volatile compounds. 
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