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Abstract

Changes in the composition of volatile compounds in cantaloupe melon (Cucumis melo L. var. reticulatus) as a result of UV
induced stress were determined by gas chromatography–mass spectrometry (GC–MS). Several volatile ester compounds were pre-
sent, of which twenty-seven were identified in fresh cut cantaloupe. Fruit exposure to UV light decreased the concentrations of most
of the aliphatic esters by over 60% of the amounts present in the corresponding fresh cut fruit. Cyclic and acyclic terpenoids,

including phytoalexin compounds b-ionone, geranylacetone and terpinyl acetate, were also produced as a result of UV exposure for
15 and 60 min, respectively. b-Ionone, when added to crushed cantaloupe (0.01% w/w) completely inhibited microbial growth in
the fruit for 24 h at 20 �C. Geranylacetone and terpinyl acetate reduced the microbial population from 6.3�108 in the untreated

control to 1.2�108 and 3.5�107 CFU/g respectively. The results indicate the potential use of UV induced stress for screening can-
taloupe melon cultivars for disease resistance, and as a minimal processing method to extend the shelf life of fresh cut cantaloupe
products. Published by Elsevier Science Ltd.
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1. Introduction

The rapid growth of the fresh cut fruit and vegetable
industry has increased interest in physiological and bio-
chemical responses that occur during fresh cut proces-
sing and storage (Watada et al., 1996). Cutting induces
degradative changes associated with plant tissue senes-
cence and a consequent decrease in shelf life relative to
the unprocessed produce. As part of a defense mechan-
ism, plant tissues frequently produce compounds such
as phytoalexins that are able to inhibit the growth of
micro-organisms. Synthesis of these naturally occurring
compounds might be slow and they could be produced
at concentrations that are very low relative to other
compounds present. These potentially make their stress
induced levels difficult to detect. Ultraviolet light has
thus been extensively used to simulate biological stress
in plants and for determining resistance mechanisms of
plant tissues (Mercier, 1997). A number of naturally
occurring volatile compounds have also been demon-

strated to reduce microbial populations in fruits and
vegetables (Hamilton-Kemp et al., 1996; Ntirampemba
et al., 1998). Cantaloupe melon is used more than any
other fruit in fresh cut processing. The objective of this
study is to determine changes in volatile compounds
induced by stress conditions in cantaloupe and their
possible role in the sensory quality and shelf life of the
fresh cut fruit.

2. Results and discussion

The chromatograms obtained are shown in Fig. 1.
Incubation of fruit slurry samples at higher tempera-
tures (45 and 65 �C respectively) prior to adsorption of
volatile compounds on the SPME fiber generated more
volatile compounds but changed the relative amounts of
the compounds present (data not shown). The tempera-
ture used (30 �C) minimizes changes that could result
from heat-induced stress on the fruit tissue and, conse-
quently, better preserves the delicate balance in the
relative amounts of aroma compounds in the fruit. This
balance is critical in our investigation to determine
stress response of cantaloupe melon. Most reports in
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Fig. 1. Total ion chromatogram of aroma compounds in fresh cut cantaloupe melon and the cut fruit exposed to UV light for 15 and 60 min,

respectively.
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literature are from studies carried out at higher tem-
peratures and over 200 volatile compounds have been
reported to be present in cantaloupe melon (Homatidou
et al., 1992; Wyllie et al., 1994; Nussbaumer and Hos-
tettler, 1996; Beaulieu and Grimm, 2001). Several vola-
tile ester compounds, of which 27 were identified, were
present in the fresh cut cantaloupe (Table 1). The spec-
trum of esters generated by our method is consistent
with previous reports on volatile aroma compounds in
cantaloupe melon. The low temperature isolation
method, however, precluded extraction of heavier and
less volatile compounds. As indicated by Moshonas et
al. (1993) and Nussbaumer and Hostettler (1996),
methylbutyl acetate and hexyl acetate were the two most
prominent volatile compounds in cantaloupe melon
(Table 1). The compounds determined by Nussbaumer
and Hostettler (1996) to be the most important flavor
compounds in Cucumis melo L., ethylisobutyrate,
methyl 2-methylbutyrate, ethyl butyrate and ethyl 2-
methylbutyrate were also isolated by this low tempera-
ture extraction procedure.
Exposure of cantaloupe melon slices to UV light for

15 min caused significant decreases in the concentra-
tions of aliphatic esters present in the fruit. In most

cases, ester concentrations were reduced by over 60% of
the respective amounts present in the corresponding
fresh cut fruit. In addition, UV treatment induced the
production of the following terpenoids: b-cyclocitral,
cis- and trans- b-ionone, terpinyl acetate, ger-
anylacetone and dihydroactinidiolide. Exposure of can-
taloupe slices to UV light for 60 min increased the
concentrations of the photo-induced compounds but the
volatile profile was similar to that obtained after a 15-
min exposure.
The shift in the relative amounts of aliphatic esters

appears to be indicative of their involvement in the tis-
sue stress response. Changes in the concentration of
esters in some plants have been attributed to their role
in plant defense response and resistance (Garcia, 1993;
Hildenbrand and Ninnemann, 1994). Terpenoids play
important roles as phytoalexins in the disease resistance
of a variety of plant families (Elgersma and Liem, 1989;
Fulton et al., 1994; Bianchini et al., 1999). b-Ionone, a
fragment of b-carotene, is well known for its high anti-
fungal and antibacterial properties in plants (Anzaldi et
al., 1999). It has also been reported to inhibit growth of
several algal species (French, 1983). This cyclic terpe-
noid, commonly found in plants from enzymatic oxida-

Table 1

Volatile compounds in fresh-cut cantaloupe melon and cut fruit exposed to UV light for 15 and 60 min, respectively. Peak numbers correspond to

those identified in Fig. 1

Peak number Retention

time (min)

Compound Relative amounta Identification

Fresh-cut UV-15 min UV-60 min

1 1.51 Ethyl acetate 1.8a 1.3a 1.4a MS,RT

2 1.81 Isopropyl acetate 1.1a 0.8b 0.8ab MS,RT

3 1.87 Propyl acetate 1.0a 0.4b 0.7ab MS,RT

4 2.13 Ethyl isobutyrate 5.7a 2.7b 2.2b MS,RT

5 2.18 Isobutyl acetate 7.9a 2.5b 1.6b MS,RT

6 2.31 Ethyl butyrate 2.9a 1.3b 1.3b MS,RT

7 2.46 Butyl acetate 5.2a 0.2b 2.6ac MS,RT

8 2.76 Ethyl 2-methylbutyrate 4.8a 1.5b 1.9b MS,RT

9 2.99 3-Methylbutyl acetate 9.5a 4.6b 3.2b MS,RT

10 3.03 2-Methylbutyl acetate 22.2a 7.7b 8.8b MS,RT

11 4.51 Prenyl acetate 3.0a 1.0b 1.3b MS,RT

12 4.63 cis-3-Hexenyl acetate 3.0a 1.2b 1.5b MS,RT

13 4.71 Hexyl acetate 13.2a 5.5b 4.2b MS,RT

14 5.44 1,3-Butanediol diacetate 1.0a 1.0a 1.0a MS,RT

15 5.64 2,3-Butanediol diacetate 0.5a 0.4a 0.7a MS

16 6.04 Ethyl heptanoate 0.1a 0.0a 0.2a MS,RT

17 6.48 Methyl caprylate 1.0a 1.6a 0.3b MS,RT

18 7.21 Benzyl acetate 1.6a 1.8a 0.5b MS,RT

19 7.39 Ethyl benzoate 0.4a 0.4a 0.4a MS,RT

20 7.91 Octyl acetate 1.5a 1.0b 1.0b MS,RT

21 8.17 Ethyl phenyl acetate 0.2a 0.6b 1.3b MS,RT

22 8.77 b-Cyclocitral 0.0a 5.2b 0.3b MS,RT

23 10.08 cis-b-Ionone 0.0a 0.4b 0.7b MS

24 10.23 Terpinyl acetate 0.0a 0.1b 0.4b MS,RT

25 11.87 Geranylacetone 0.0a 0.4b 0.6b MS,RT

26 12.42 Trans-b-ionone 0.0a 0.4b 0.8c MS,RT

27 13.16 Dihydroactinidiolide 0.0a 0.1b 0.2b MS

a Expressed as amounts relative to concentration of 1,3-butanediol diacetate. Values in each row without the same letters, a, b or c, are sig-

nificantly different (P<0.05).
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tion of b-carotene, imparts woody, dry fruit and rasp-
berry-like flavors (Kotseridis et al., 1998). b-Carotene is
the main pigment in cantaloupe melon (Philip and
Chen, 1988). The ability of b-ionone to inhibit micro-
organisms and microtoxins is related to the ease of its
biotransformation in the presence of microbial enzymes
into hydoxy- and oxo- derivatives. 4,40-Oxygenase
enzymes introduce keto groups in the 4,40-position while
3,30-hydroxylase enzyme can introduce hydroxyl groups
regardless of prior keto group formation at the 4,40

position (Fraser et al., 1998). Inhibition of the growth of
Aspergillus parasiticus and aflatoxin (Wilson and
Gueldner, 1984), Phaffia rhodozyma (Lewis et al., 1990),
Aspergillus niger (Larroche et al., 1995), Aspergillus fla-
vus (Norton, 1997), Gram-positive and Gram-negative
bacteria (Anzaldi et al., 1999) by b-ionone all resulted in
the formation of corresponding hydoxy and keto com-
pounds. The potential for b-ionone to undergo this
reaction in cantaloupe melon tissue is evidenced by the
formation of the lactonic carotenoid, dihydractinidiolide,
which is an oxidation product of b-ionone (Etoh and Ina,
1979), in UV treated fresh cut cantaloupe.
The acyclic terpenoid, geranylactone induced by UV

in cantaloupe melon also exhibits high antimicrobial
activity, usually by way of o-hydroxylation and epox-
idation of the subterminal double bond (Müller et al.,
1994). Growth of strains of fungi and bacteria belong-
ing to the genus Fusarium spp. are inhibited with a
consequent hydration of the inner bond of the molecule
(Abraham, 1993). The plant pathogenic fungus Glomer-
ella cingulata is also inhibited by geranylacetone. This
causes the production of (E)-9,10-hydroxy-6,10-dime-
thyl-5-undecen-2-one and its analogues (Miyazawa et
al., 1996), while Aspergillus niger inhibition by this ter-
penoid results in the oxidation of the allylic methyl
group (Madyastha and Gururaja, 1993). Terpinyl ace-
tate, a major component of some essential oils, also
exhibits antimicrobial properties (Peana et al., 1999). In
addition, b-cylocitral, b-ionone and geranylacetone are
known insect repellants (Lwande et al., 1999).
The ability of the compounds induced by UV light to

act as antimicrobial agents in cantaloupe melon tissue
was demonstrated (Table 2). Morphological flora of
growth on plates indicated the prevalence of bacteria
with minimal fungal growth. No detectable growth
occurred on nutrient agar plates when the fruit was
suspended in water and transferred to the growth med-
ium immediately after the fruit was cut. Microbial
population in the control that was chopped and incu-
bated for 24 h at 20 �C prior to plating was 6.3�108

CFU/g. Of the three terpenoid compounds added at
0.01% w/w, b-ionone was the most effective i.e. b-
ionone completely inhibited microbial growth in the
fruit tissue. Terpinyl acetate was more effective than
geranylacetone in inhibiting microbial growth. Addition
of geranylacetone and terpinyl acetate to cut cantaloupe

melon reduced microbial growth counts to 1.2�108 and
3.5�107 CFU/g respectively.
Ability of plant tissues to accumulate phytoalexins

correlates with their resistance (Noble and Drysdale,
1983; Afek et al., 1999). Phytoalexins have thus been
used for screening cultivars of fruits and vegetables for
their resistance to pathogen damage (Elgersma and
Liem, 1989; Sariq et al., 1997). The UV induced accu-
mulation of phytoalexin compounds in this study
demonstrates the potential use of the method to deter-
mine resistance potential of cultivars of Cucumis melo L.
The possible use of UV treatment for extending shelf
lives of fresh cut fruits is also indicated by this study.
Phytoalexin production improves storage quality of
produce (Afek et al., 1995) and UV induced phytoalex-
ins could improve shelf lives of fruits and vegetables
during storage (Mercier, 1997).

3. Concluding remarks

The defense response of cantaloupe melon involves a
reduction in the concentrations of aliphatic esters in the
fruit, and the production of terpenoid phytoalexins. The
terpenoid compounds produced in response to biologi-
cal stress, particularly b-ionone, inhibit microbial
growth in the fruit tissue. Our results demonstrate the
potential use of UV induced stress for screening culti-
vars of Cucumis melo L. for their resistance to micro-
organism growth. UV treatment also has a potential use
as a minimal processing alternative for fresh cut fruits and
further research is needed to determine conditions that
would optimize the use of UV induced phytoalexins for
extending the shelf life of cut cantaloupe melon products.

4. Experimental

4.1. Sample preparation

Cantaloupe melon (Cucumis melo L. var. reticulatus)
was sliced longitudinally into two halves. The seeds and

Table 2

Effect of terpenoid compounds on total microbial counts expressed in

colony forming units (CFU)/g. The fresh cut cantaloupe was prepared

for plating immediately after the fruit was cut while the control was

chopped and incubated for 24 h at 20 �C. Terpenoid compounds

(0.01% w/w) were added to each sample

Sample Total count (CFU/g)

Fresh-cut -0-

Control 6.3�108 (1.0�108)a

Geranylacetone 1.2�108 (4.2�107)a

Terpinyl acetate 3.5�107 (9.5�106)a

b-Ionone -0-

a Standard errors are in parentheses.
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cavity tissues were removed. One half of the fruit was
further cut into two along equatorial lines and several
slices (�1 mm thick) were obtained from the exposed
cut end. After cutting off approximately 2 mm along the
fruit slice edges, they were transferred into petri dishes
and placed under ultraviolet light (Fotodyne 3–3000;
254 nm) for 15 and 60 min respectively. Petri dishes
containing the samples were placed on a glass beaker
such that the samples were approximately 5 cm from the
light source. UV treated fruit (3 g) was immediately
chopped and transferred into a vial (20 ml) containing
NaCl (1 g) and into which a magnetic stirring bar was
inserted. The vial was fitted with an aluminum septa cap
and sealed. Samples used as control were prepared using
a similar procedure without exposure to UV light.

4.2. GC–MS analysis

Volatile components of the fruit were extracted by
headspace solid-phase microextraction (SPME) using a
fused silica fiber coated with a 100 mm layer of dime-
thylpolysiloxane. The fiber was conditioned by inserting
it into the GC inlet for 2 h prior to use for volatile
compound adsorption. The fruit and NaCl mixture was
initially stirred in a water bath maintained at 30 �C for
30 min. The SPME fiber was then inserted into the
sample headspace for 15 min while stirring continued at
the same temperature. Desorption of the fiber took
place in the GC inlet at 250 �C for 4 min.
GC–MS analysis was performed on a Hewlett Pack-

ard HP-6890 series system utilizing a HP-5 MS Cross-
link 5% Phenyl Methyl Siloxane (30 m�0.25 mm�0.25
mm) column. The GC was operated in a splitless mode
with helium as the carrier gas. The oven was pro-
grammed at an initial temperature of 60 �C ramped to
215 �C at the rate of 8 �C/min, then to 260 �C at �C/min
and held for 15 min. The mass spectrometer was oper-
ated in a scan mode from 40 to 400 amu, using 70 eV for
ionization. Compounds were identified from their
retention times using a commercially available library,
authentic reference compounds and MS fragmentation
patterns. Preliminary experiments conducted to deter-
mine concentrations of the volatile compounds using
internal standards of compounds similar to those iden-
tified were unsuccessful because these compounds co-
eluted with those present in the fruit. It was determined,
using benzothiophene as internal standard, that the
concentration of 1,3-butanediol diacetate present in the
fruit was unaffected by the different treatments. The
standard was dissolved in methanol, injected onto the
pulverized fruit (1.55 ng/kg) and mixed thoroughly by
agitation prior to the SPME fiber extraction. Thus, 1,3-
butanediol diacetate was used as an internal reference
compound and concentrations of volatile compounds
present were estimated and expressed as their amounts
relative to the concentration of this compound.

4.3. Determination of microbial activities

Total microbial counts were carried out aerobically.
Nutrient agar (Difco, Detroit, MI) was prepared and
used for microbial enumerations. Using a sterile techni-
que, fruit slices (3 g) were finely chopped and separately
mixed with trans b-ionone, geranylacetone and terpinyl
acetate (300 ml), respectively. Replicated samples of the
mixture were incubated at 20 �C for 24h after which
they were suspended in sterile water (190 ml) by swir-
ling. After a series dilution, 0.1 ml of the fruit suspen-
sion was overlaid on the surface of a nutrient agar plate.
Duplication was made for each dilution. Bacterial colo-
nies were counted after 24 h of incubation at 30 �C.
Colony forming units (CFUs) per gram of melon were
calculated. Controls were melon slices that were chop-
ped and incubated for 24 h at 20 �C without addition of
the terpenoid compounds and a set that were prepared
for plating immediately after cutting, without the 24 h
incubation at 20 �C and addition of the terpenoid com-
pounds.
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