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SECTION 5. NEW APPROACHES TO ENHANCE SAFETy 
AND QuALITy OF mINImALLy PROCESSED FRuITS AND 

VEgETABLES
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mODIFIED ATmOSPHERE PACkAgINg

Ana L Amaro1, John C Beaulieu2, Rebecca E Stein2, Domingos P F Almeida1,3*
1CBQF/Escola Superior de Biotecnologia, Universidade Católica Portuguesa, Rua Dr. António Bernardino de Almeida, 
4200-072 Porto, Portugal 
2United States Department of Agriculture, Agricultural Research Service, Southern Regional Research Center, 1100 
Robert E. Lee Boulevard, New Orleans, LA 70124, USA
3Faculdade de Ciências, Universidade do Porto, Rua do Campo Alegre, 823, P-4150-180 Porto, Portugal
*E-mail: dalmeida@fc.up.pt

abstract
Modified atmosphere packaging (MAP) in fresh-cut melons has been reported to preserve the visual 

quality during storage, yet its effect upon aroma and firmness is cultivar-dependent. The main objective 

of this research was to compare the properties of fresh-cut from a fast senescing cantaloupe with a slow 

senescing honeydew melon, regarding changes in quality and volatiles, when stored in passive MAP. Fresh-

cut cubes of cantaloupe and honeydew melons were packaged in polypropylene trays, over-wrapped with a 

microperforated film and stored for 14 days at 5 ºC. Three replicate packages of each cultivar were assayed 

at day 0, 4, 7, 11 and 14 for color, firmness, soluble solid content (SSC), respiration rate and volatile retention, 

and the experiment was repeated. Volatile compounds were extracted using a relatively recent technique, 

Stir Bar Sorptive Extraction (SBSE), and quantified via GC-MS. Color and SSC remained constant throughout 

storage. During the first 4 days of storage, the cantaloupe cubes softened at a higher rate (2.0 N day-1) than 

honeydew cubes (0.9 N day-1), but firmness remained relatively unchanged thereafter until the end of the 

storage period. Fresh-cut cantaloupe cubes exhibited a higher respiration rate (17.5-43.4 mL CO2 kg-1 h-1) 

than fresh-cut honeydew cubes (7.7–30.0 mL CO2 kg-1 h-1), throughout the entire storage period. Esters 

and aldehydes were the major volatile compounds present in the samples of both cultivars, but cantaloupe 

yielded higher concentrations of esters and aldehydes, and lower concentrations of alcohols than honeydew. 

Esters increased their levels during storage, whereas alcohols and aldehydes decreased. 

Keywords: Cucumis melo, firmness, minimally processed, quality  

Introduction
Fresh-cut processing induces a physiological response to tissue due to rupturing, and wounding enhances 

respiration rate and ethylene production. Color, sweetness and texture, perceived as important quality 

attributes of fresh-cut melons (Portela & Cantwell 1998) change as well as aroma compounds that are 

often only released upon cell disruption (Buttery 1993). The understanding of the processes leading to 

these changes is essential to develop better approaches to improve quality perceived by the consumer and 

shelf-life (Rico et al. 2007; Toivonen & Brummell 2008). 

Cantaloupe and honeydew melons are commonly used as fresh-cut fruit. Cantaloupe melons are climacteric, 

exhibit higher respiration and ethylene production rates, show faster softening and shorter shelf-life than the 

non-climacteric honeydew melons. In climacteric melon fruits, ethylene regulates rind degreening, aroma 

formation and abscission, and partly regulates flesh softening (Bauchot et al. 1998; Flores et al. 2001, 2002). 

Although the role of ethylene in regulating the expression of genes involved in aroma volatile synthesis has 

been demonstrated in climacteric fruits such as melons and apple (Defilippi et al. 2005; El-Sharkawy et al. 2005; 

Manriquez et al. 2006), little is known about the regulation of aroma formation in non-climacteric fruits.

Aroma of fresh-cut melon is made up of a complex mixture of volatile compounds, such as aldehydes, 

acetate and nonacetate esters, alcohols and sulphur-containing compounds. Our goal was to assess the effect of 

minimal processing upon the physicochemical quality and aroma volatiles of cantaloupe and honeydew melons. 
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material & methods
Orange fleshed cantaloupes (‘Sol Real’) and green fleshed honeydews (unknown cultivar) were received 

and kept overnight at 5 ºC, prior to processing. Fruits were washed in cold water, dipped in 100 ppm of 

sodium hypochloride solution, and allowed to drain. The skin was removed using a CP-44 Melon Peller 

(Muro Co.), the blossom and stem ends were discarded, placental tissue and seeds were removed and cubes 

were prepared (ca. 2.5×2.5 cm). The cubes (ca. 175 g) were placed immediately in 250 g polypropylene 

MAP trays (Green-Tek, USA), and overwrapped with a microperforated film with an O2 transmission rate of  

5200 cm3 m-1 dia-1 atm-1 (Amcor Flexibles, Europe). Samples were stored for 14 days (d) at 5 ºC, and analyzed 

at days 0, 4, 7, 11 and 14. 

Color was measured in the CIE L*C*h color space, with a colorimeter CR-400 (Konica Minolta, 

Japan), using the illuminant D65. Pulp color of melon cubes was measured twice in each of three cubes 

samples, from three replicated packages of each cultivar. Mesocarp tissue firmness was measured with 

an 8 mm-probe hand-held penetrometer (McCormick, FT327, Italy) on three cubes from each replicate. 

Soluble solids content (SSC, ºBrix) was determined on the juice obtained from three cubes using a hand-

held refractometer (Atago PAL-1, Japan). In order to monitor the package headspace, a small piece of 

adhesive rubber strip was attached to the MAP film, and the sampling needle of the gas analyzer (Mocon 

Pac Check Model 650 Dual Head Space Analyzer, USA) was inserted in each package. The respiration 

rate was calculated from measurements of CO2 released to the headspace of a closed system for 2 h. 

CO2 was measured with a gas analyzer. For volatile analyses, samples were juiced with a Braun MP80 

Juicer (Germany) and the stir bar sorptive extraction (SBSE) technique was used. Stir bars with 10 mm 

length, manufactured by Gerstel (Muelheim an der Ruhr, Germany), were conditioned at 300 ºC for  

1 h, and properly re-conditioned between samplings. The stir bars were placed in 10 mL vials containing 

1 mL of juice, from each replicated sample, 4 mL of 62.5 % saturated salt solution and 2-methylbutyl 

3-methylbutanoate as internal standard, and sealed with a steel cap fitted with a teflon/silicon septum. 

Extraction was then performed for 1 h at 38.5 ºC and 850 rpm, via Variomag Multipoint HP15 stir plate. 

After said extraction, the volatile compounds were quantified via GC-MS (Agilent 5973 MSD, USA) using 

a DB5 capillary column (30 m×0.25 mm×0.25 μm, Agilent). 

results
Color and SSC remained relatively constant throughout storage for both melon cultivars (data not shown). SSC 

ranged between 9.6%±0.2 and 9.5%±0.2 for cantaloupe, and 11.3%±0.5 and 11.5%±0.4 for honeydew. 

Initial firmness values were 30.1 N ± 3.6 for cantaloupe and 21.5 N±2.7 for honeydew cubes. Firmness 

of both fresh-cut cultivars decreased during the first 4 d at 5 ºC, and remained relatively unchanged for 

the remaining storage period. During the first 4 d of storage, cantaloupe cubes softened at a higher rate 

(2.0 N day-1) than honeydew cubes (0.9 N day-1), and by the end of the 14 d of storage, firmness values 

were 18.9 N±2.3 for cantaloupe cubes and 15.9 N±2.1 for honeydew cubes (Fig 1).

O2 levels inside the packages gradually decreased to 11.1% for cantaloupe and 14.2% for honeydew, 

while CO2 increased to 11.3% and 7.9% for cantaloupe and honeydew, respectively (data not shown). 

Fresh-cut cantaloupe cubes exhibited a higher respiration rate (17.5-43.4 mL CO2 kg-1 h-1) than fresh-cut 

honeydew cubes (7.7–30.0 mL CO2 kg-1 h-1), throughout the entire storage period (Fig 2).

For both cantaloupe and honeydew melons, the total volatile abundance increased during the 14 d 

of storage. This increase was mostly due to the increase in acetate (Fig 3) and non-acetate esters (Fig 4). 

Cantaloupe yielded higher concentrations of esters and aldehydes (Fig 5), and lower concentrations of 

alcohols than honeydew (Fig 6), and sulfur-containing compounds were found to be low in both cultivars 

(data not shown).
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fig 1. Firmness of fresh-cut cantaloupe (Ɣ) and fresh-cut 
honeydew (Ŷ), stored for 14 d at 5 ºC. Data points are the 
average of 18 replicates. Statistical analysis comparing 
differences between cultivars. Values followed by the 
same letter are not significantly different (S�0.05), by  
the non parametric Kruskal-Wallis H test.

fig 2. Respiration rate of fresh-cut cantaloupe (Ɣ) and 
fresh-cut honeydew (Ŷ), stored for 14 d at 5 ºC. Points are 
the average of 6 replicates. Statistical analysis comparing 
differences between cultivars. Values followed by the 
same letter are not significantly different (S�0.05), by  
the non parametric Kruskal-Wallis H test.

fig 3. Total concentration of acetate esters in fresh-cut 
cantaloupe (Ɣ) and fresh-cut honeydew (Ŷ), stored for 
14 d at 5 ºC. Points are the sum of different compounds. 
Statistical analysis comparing differences between 
cultivars Values followed by the same letter are not 
significantly different (S�0.05), by one way ANOVA.

fig 4. Total concentration of non-acetate esters in 
fresh-cut cantaloupe (Ɣ) and fresh-cut honeydew (Ŷ), 
stored for 14 d at 5 ºC. Points are the sum of different 
compounds. Statistical analysis comparing differences 
between cultivars Values followed by the same letter are 
not significantly different (S�0.05), by one way ANOVA.

fig 5. Total concentration of alcohols in fresh-cut 
cantaloupe (Ɣ) and fresh-cut honeydew (Ŷ), stored for 
14 d at 5 ºC. Points are the sum of different compounds. 
Statistical analysis comparing differences between cultivars 
Values followed by the same letter are not significantly 
different (S�0.05), by one way ANOVA.

fig 6. Total concentration of aldehydes in fresh-cut 
cantaloupe (Ɣ) and fresh-cut honeydew (Ŷ), stored for 
14 d at 5 ºC. Points are the sum of different compounds. 
Statistical analysis comparing differences between cultivars 
Values followed by the same letter are not significantly 
different (S�0.05), by one way ANOVA.
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discussion
Quality attributes differed between cantaloupe and honeydew cubes. Color parameters (L*, C and h) did 

not change significantly during storage, and visual differences were only due to the characteristic flesh 

color of the cultivar. Similarly, little color change was reported in previous studies (Boynton et al. 2005; 

Beaulieu & Lea 2007).

Soluble solid content was higher in honeydew than in cantaloupe cubes (data not shown). Similar 

results were reported by Saftner et al. (2006) with no consistent pattern of change in SSC among any of the 

genotypes being observed during storage. 

Cantaloupe, as expected from its climacteric behaviour, exhibited higher softening rates than honeydew 

cubes, as previously reported (Saftner et al. 2006). Throughout the entire storage period there were 

significant differences in firmness between cultivars, with fresh-cut cantaloupe exhibiting higher firmness 

than fresh-cut honeydew.

The respiration rate of fresh-cut cantaloupe was higher than that of fresh-cut honeydew, as previously 

reported (Saftner et al. 2006). Both cultivars showed an increase of CO2 production between days 0 and 4, 

unlike the results in cantaloupe by Luna-Guzmán et al. (1999) and Aguayo et al. (2003), and in honeydew 

by Saftner et al. (2003), according to which the respiration rate of fresh-cut melons decreased in the first 

two days of storage. An increase in CO2 production was observed between days 7 and 11. This increase may 

have been induced by microbial growth, as reported by Aguayo et al. (2003), Bai et al. (2003) and Saftner 

et al. (2003), although visual microbes were not observed. Levels of O2 and CO2 inside the cantaloupe 

and honeydew packages were similar to those found in cantaloupe by Bay et al. (2001) and Aguayo et al. 

(2003) and in honeydew by Bai et al. (2003) in which levels of O2 and CO2 inside the packages did not reach 

equilibrium during MAP storage and were not sufficient to inhibit microbial growth. 

Preliminary volatile data analysis indicated that volatile compounds discriminate cantaloupe from 

honeydew melons. There were distinct qualitative and quantitative differences in the aromatic volatiles 

studied between cultivars (data not shown). The total volatile concentration in fresh-cut cantaloupe 

was 3-fold that in fresh-cut honeydew. While Saftner et al. (2006) reported an increase of total volatile 

abundance of fresh-cut melons only in the first 2 d of storage under MAP, in this study such an increase was 

observed throughout the entire storage period. Esters were the major volatiles identified in both cultivars. 

Among them, butyl acetate, 2-methylbutyl acetate, benzyl acetate and hexyl acetate were the most 

abundant (Wang et al. 1996; Wyllie et al. 1996; Bauchot et al. 1998; Bai et al. 2003; Saftner et al. 2003; 

Aubert & Bouger 2004; Beaulieu 2006b). There was a continuous change in ester balance during fresh-

cut storage. Saftner et al. (2003) indicated a decrease of acetate esters during fresh-cut melon storage 

under MAP, and Beaulieu (2006a,b) demonstrated an acetate decrease with concomitant non-acetate ester 

increase in fresh-cut stored in clamshell containers, however, in this study an increase of both acetate and 

nonacetate esters levels was observed. Total esters concentration was 67% higher in cantaloupe than in 

honeydew. Alcohols and aldehydes decreased during storage. Alcohols were more abundant in honeydew 

than in cantaloupe due to the higher level of (Z)-6-nonenol, a flavour-related compound in honeydew 

melons (Buttery et al. 1982). Similar to results generated by Bauchot et al. (1998), sulphur-containing 

compounds, which were believed to have an important role in the overall aroma profile of melon (Kemp et 

al. 1972; Wyllie & Leach 1992), were detected in very small amounts in both cultivars.

Conclusion
For most quality parameters, the discrimination by climacteric and non-climacteric behaviour was better at 

processing than by the end of the storage period. Regarding aroma development, acetate esters that are 

often considered the most important flavour-related volatiles in several melon cultivars (Buttery et al. 1982; 

Beaulieu 2006b); increased while a decrease of alcohols and aldehydes was observed during fresh-cut 

cantaloupe and honeydew storage. In this experiment, MAP provided a mean to reduce respiration. Likely 
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due to high O2 availability in MAP, there was an available pool of acetyl-CoA in both cultivars, even after  

14 d of storage, which allowed acetate ester formation via alcohol esterification by alcohol acetyltransferase 

(AAT). Simultaneously, AAT esterified other acyl donors with available alcohols, to form non-acetate esters. 

These results suggest that MAP retarded the loss of volatile compounds in fresh-cut cantaloupe and 

honeydew melons, thus maintaining quality during storage.
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