JJOURNAL O

AGRICULTURAL AND
FOOD CHEMISTRY

J. Agric. Food Chem. 2002, 50, 4043-4047 4043

Effect of Storage on Some Volatile Aroma Compounds in
Fresh-Cut Cantaloupe Melon
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Changes in volatile aroma constituents of fresh-cut cantaloupe melon with storage were determined
by headspace solid-phase microextraction gas chromatography—mass spectrometry. The compounds
isolated from the fruit immediately after cutting were predominantly aliphatic and aromatic esters.
Storage of fruit at 4 °C caused a considerable decrease in concentration of esters and synthesis of
the terpenoid compounds f-ionone and geranylacetone over a period of 24 h. This change in the
volatile profile with storage is consistent with that of a stress-induced defense response in the cut
fruit as an adaptation process to tissue exposure and cell disruption. The same effect occurred in
fruit stored at 22 °C and in those treated with sodium azide and ascorbic acid prior to storage. Fruit
treated with ascorbic acid and sodium azide had higher concentrations of 3-ionone and geranylacetone
and retained these compounds better with storage time. The reduction of esters appears to be an
important early reaction step in the loss of freshness during storage of fresh-cut cantaloupe.
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INTRODUCTION stored at £C for a period of 2 weeks. At this temperature, the
. . . . microbial population also remains statistically constant relative

Cut fruit products rapidly lose their typical flavor, even when - - 0/ e initially present at the time of processing+G—4
stored under refrigerated conditions. It is well-known that cut days (10). Most studies on changes that occur with storage of
fruit can develop staleness or loss of freshness within a day of .antaj0upe address maturity effectd): postharvest handling,
refrigerated storage. The rapidly expanding fresh-cut fruit ,,cessing, and packaging treatments as determined from
industry has considerably increased interest in the physiological |, casurements of firmnes&2, 13): enzymatic activities1é
and biochemical changes involved in cut fruit flavor log}. ( 15): microbial growth (0, 16, 1’7). e{nd sensory attributeﬁtﬁ—'
Fruit flavor is a delicate balance of relative amounts of ;g) cantaloupe melon is used more than any other fruit in fresh-

compounds. Volatile compounds are major determinants of fruit ¢+ o5cessing. The objective of this study is to identify changes
quality as perceived by consumers. Thus, the nature of ardMapat occur in some volatile aroma compounds during cold
constituent compounds in cantaloupe melons has been thestorage of cut cantaloupe melon

subject of considerable stud®-5). Headspace analysi)(@nd
low-temperature headspace solid-phase microextraction (HS-
SPME; 6) analyses of cantaloupe typically yield a mixture of
esters. Recovered volatiles in analytical processes such as those Fruit Preparation. CantaloupesGucumis meld.. var. reticulatus

that involve solvent extraction, steam distillation, and other Naud.) were purchased from a local supermarket. The fruit, after surface

SPME conditions indicate the presence of a complex mixture sterilization in a bleach solution (10%), were sliced longitudinally into
. . - two halves. After seeds and cavity tissues were removed, half of the
of >250 compounds in the fruit2( 5). Most studies have '

; d h d h | he f fruit was further cut in two along equatorial lines, and several slices
ocused on the aroma compounds as they relate to the flavor or._1 mm thick) were obtained from the exposed cut end. Af@mm

changes that occur during fruit ripening. The biosynthetic 3jong the slice edges had been cut off, the fruit (3 g) was immediately
pathways of aroma compounds in cantaloupe melon have alsochopped and the slurry was transferred into a vial (20 mL) containing
been an area of interest (7—9). NaCl (1 g) and into which a magnetic stirring bar was inserted. The
Biochemical parameters such as pH, titratable acidity, degreesVial was fitted with an aluminum septum cap and sealed. Benzo-
Brix, and organic and amino acids cannot be used as indicatorsthiophene, a compound that has not been identified to be present in

- cantaloupe melon, was used as an internal standard for gas chroma-
Oif i%grei tlculfr Crint?:]ou%? qura“tyn?ﬁlc{ahu:fer thﬁly got fr: 8},[ $hanngetography—mass spectrometry (GC-MS) analysis and was not detectable
significantly from amounts prese eshly cu €N inGc-Ms analysis of cantaloupe melon to which it was not added.

The standard was dissolved in methanol, injected onto the pulverized

* Author to whom correspondence should be addressed [telephone (504)fruit (1.55 ng/kg), and mixed thoroughly by agitation. Fruits prepared
286-4278; fax (504) 286-4419; e-mail sola@srrc.ars.usda.gov]. for storage were sliced and placed in glass Petri dishes at 4 at@,22
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Figure 1. Total ion chromatogram of aroma compounds in fresh-cut cantaloupe melon (A) and in the cut fruit stored at 4 °C for 24 h (B).

respectively. Replicate samples from three separate melons weretgple 1. Volatile Compounds Recovered in Fresh-Cut Cantaloupe
removed and prepared for analysis at various times as described.)jg|gn2

Treatment of fruit with ascorbic acid and sodium azide was carried

out by transferring cut fruit pieces into polypropylene baskets and peak compound relative amount?
dipping in cold water (4°C), containing ascorbic acid (2.5 mM) or 1 ethyl acetate 195
sodium azide (70 mM), for 1 min. After the fruits were dipped in the 2 ethyl propionate 121
solutions, they were allowed to drain forl min before being 3 ethyl isobutyrate 2.06
transferred into glass Petri dishes for storage. Control experiments in 4 ethyl 2-methylbutyrate 2.05
which cut cantaloupe was dipped in water without the added ascorbic 5 2-methylbutyl acetate 9.92
acid or sodium azide had a volatile recovery profile similar to that of 6 methyl hexanoate 0.39
the undipped fruit. 7 ethyl (methylthio) acetate 0.32
GC-MS Analysis. Volatile components of the fruit were extracted g ﬁg:(yllgecx;t‘g?eate ;27
by headspace solid-phase microextraction (HS-SPME) using a fused 10 18-)<l:ineole 0.08
silica fiber coated with a 10@m layer of dimethylpolysiloxane. The 11 1:3-butanediol diacetate 0:34
fiber was conditioned by inserting it into the GC inlet for 2 h prior to 12 2,3-butanediol diacetate 0.13
use for volatile compound adsorption. The fruit and NaCl mixture was 13 ethyl heptanoate 0.08
initially stirred in a water bath maintained at 3@ for 30 min. The 14 benzyl acetate 1.73
SPME fiber was then inserted into the sample headspace for 15 min 15 ethyl octanoate 0.09
while stirring continued at the same temperature. Desorption of the 16 benzothiopene (standard) 1
fiber took place in the GC inlet at 25T for 4 min. 17 octyl acetate 0.27
GC-MS analysis was performed on a Hewlett-Packard HP-6890 18 ethyl phenylacetate 0.06
- L ; 19 phenylethyl acetate 0.16
series system utilizing an HP-5 MS cross-link 5% phenyl methyl 20 phenyl hexanoate 0.06
siloxane (30 mx 0.25 mmx 0.25um) column. The injection port 21 3-phenylpropy! acetate 0.16
was operated in a splittess mode with helium as the carrier gas. The 22 geranylacetone 0.01
oven was programmed at an initial temperature o60 ramped to 23 [B-ionone 0
215°C at the rate of 8C/min and then to 260C at °C/min, and held 24 dihydroactinidiolide 0.01
for 15 min. The mass spectrometer was operated in a scan mode from 25 diethyl phthalate 0.05

40 to 400 amu, using 70 eV electrons for ionization. Compounds were

identified from their retention times using a commercially available

Relative amounts of the compounds recovered are expressed as peak

2 Peaks correspond to those identified in Figure 1. ® Expressed as peak areas
library, authentic reference compounds, and MS fragmentation patterns.relative to that of the internal standard.

areas relative to the peak area of the internal standard. cutting are essentially aliphatic and aromatic esters (Table 1).
Methylbutyl acetate and hexyl acetate were the most prominent
RESULTS AND DISCUSSION compounds. These two compounds contribute to the fruity
Figure 1 shows chromatograms of changes in volatile aroma character in a number of fruitd 9, 20) and are typically found
compounds of fresh-cut cantaloupe with storage &4The in relatively large quantities in cantaloupé, @1). The low-
volatiles recovered in cantaloupe analyzed immediately after temperature isolation procedure used minimizes formation of
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Table 2. Relative Amounts of Aliphatic and Aromatic Esters and Terpenoids Present in Fresh-Cut Fruit and Fruit Treated with Ascorbic Acid and
Sodium Azide during Storage at 4 and 22 °C

4°C 4 °C and ascorbic acid 4 °C and sodium azide 22°C
compound fresh-cut 18 3 7 1 3 7 1 1 2
aliphatic esters 23.43a 4.21b 2.6c 1.79¢c 3.76b 2.24c 2.94bc 4.13b 4.68b 6.71d
aromatic esters 2.11a 1.04b 0.88bc 0.47c 1.74ab 2.1a 2.21a 2.17a 1.45ab 5.08d
terpenoids 0.01a 0.1b 0.06bc 0.05¢ 0.17d 0.1b 0.1b 0.16d 0.03c 0.04c

@ Number of days in storage. The letters a—d are used to compare mean values within each row. Mean values without the same letters are significantly different by
Duncan’s multiple-range test (p < 0.1). Values are expressed as peak areas relative to that of the internal standard.

heat-induced secondary reaction products and avoids solvenis accompanied by de-esterificatiod6). The stress-induced
interactions with constituent compounds that could occur when hydrolysis of polygalacturonide esters by pectin methylesterase
solvent extraction methods are used. The compounds identified,that takes place during solubilization of the cell wall is well-
which are consistent with previously reported volatile aroma known (27,28). The reduction of ester concentration observed
components of cantaloupe melo?, 4), are thus expected to in this study is unrelated to microbial stress. Changes in volatile
maintain relative amounts that are more representative of thearoma compounds in cantaloupe treated with sodium azide were
balance maintained in the fruit. Storage of fruit pieces over a similar to the control that was not treated with the biocide. The
period of 24 h at £C resulted in a sharp decrease in the total treated fruit, however, produced higher amounts of terpenoid
volatiles (Figure 1). The most drastic drop occurred in the compounds during storage.
relative amount of aliphatic esters in the fruit. After the initial Plant tissue stress-induced enzymatic hydrolysis of esters
decrease in the aliphatic and aromatic esters during the first 24involves their esterase-mediated conversions to acids and alcohol
h, the loss of these volatile aroma compounds with storage time (24). Subsequent reactions involve fatty acid degrading enzymes
was minimal over a period of 7 day3dble 2). Concurrent and/or alcohol dehydrogenase. Most primary aroma compounds
with the decrease in the concentration of esters was thein cut fruits are believed to be products@oxidation of fatty
formation of the terpenoid compoungsionone and gerany-  acids and secondary compounds the result of fatty acid oxidation
lacetone. The amount of the terpenoid compounds, unlike thevia the lipoxygenase (LOX) pathway (9). Many of the natural
esters, decreased after the first day. Terpenoid contents in fruitsvolatile compounds that control microbial growth in fruits are
stored for 3 and 7 days were the same. also typical products of the LOX reaction pathwa&b). Our

The reduction of esters appears to be an important early attempts to correlate the reduction in aliphatic and aromatic
reaction step in the loss of freshness during storage of fresh-esters during storage with synthesis of fatty acids, aldehydes,
cut cantaloupe; these esters could potentially serve as precursoand alcohols by extracting the volatile compounds at higher
compounds for synthesis of secondary volatile aroma com- temperatures (45 and 6@C) were unsuccessful. Although the
pounds. We recently reported a similar decrease in aliphatic extraction of volatiles at higher temperatures facilitated detection
esters and synthesis of terpenoid compounds as a result of UVof many heavier compounds, including fatty acids, aldehydes,
light induced stress in fresh-cut cantaloupg Eruit exposure and alcohols, the extraction procedure significantly decreased
to UV light for 15 min decreased the concentration of aliphatic the amount of esters and increased terpenoid concentrations in
esters by>60%. Cyclic and acyclic terpenoids, including the freshly processed fruit. The new compounds emitted from
phytoalexin compounds-ionone, geranylacetone, and terpinyl the fresh fruit and stored fruit when higher SPME extraction
acetate, were also produced. These compounds, particularlytemperatures were used could not be correlated with the de-
pB-ionone, were effective in inhibiting microbial growth in the esterification that also occurred with storage. This observation
fruit. It seems obvious from the similar patterns of changes in appears to be due to the fact that the end products can serve as
volatile compounds as a result of the UV light induced biological precursors in the formation of other fatty acids and their esters,
stress and those observed in this study as a consequence dlcohols, and aldehydes, and such reactions increase with
storage that the defense response of the fruit tissue plays ancreased extraction temperatu29(30). The volatile com-
critical role in altering the flavor of the cut fruit. An intense pounds extracted from cantaloupe melon using an SPME
biological stress is placed on the tissue by UV light, causing procedure and a higher extraction temperature’@than the
the rapid and simultaneous loss of esters and phytoalexintemperature we used for the extraction of volatile compounds
production, whereas during storage the process is slower. Thesavere recently reported (5).
changes in amounts of esters and terpenoid compounds are Our results indicate that the loss of esters is an important
expected to affect fruit flavor. Esters are important flavor early reaction step related to the loss of freshness during storage
compounds in cantaloupe, whereas terpenoid compounds suclof cut cantaloupe melon. This reaction could potentially provide
as p-ionone and geranylacetone have characteristic aromaprecursors for synthesis of other compounds that may further
properties (2223). alter the typical cantaloupe melon flavor. The initial degradation

There are a few reports of the breakdown of esters as a plantof esters is unaffected by fruit storage temperature. When the
tissue defense response. llactarius species, esters that are cut fruit was kept at 22C, a similar rapid reduction in ester
otherwise inactive are enzymatically converted into the alde- compounds occurred during the first day of storabable 2).
hydes and alcohols with antimicrobial properties when injured At this temperature, however, an additional day of storage
(24). The compounds formed are responsible for the bitter and caused an increase in the amount of esters apparently through
astringent tastes that are common when the fruiting bodies arethe involvement of secondary reaction products of ester
broken. In many fruits, the natural defense mechanism againstdegradation ins-oxidation reactions31). An indication that
microbial infections provided by tannins appear to be associatedlower temperatures favor synthesis of terpenoid compounds in
with the hydrolysis of ester linkages between gallic acid and the fruit tissue is the lower content of these compounds at 22
polyols (25). Infection of Japanese pear\gnturia nashicola °C than at 4°C after 24 h of storage.
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Ascorbic acid reduces oxidative stress and enhances musk- (11) Wyllie S. G.; Leach, D. N.; Wang, Y. Development of flavor
melon anionic peroxidase antioxidative action apparently by way attributes in the fruit oC. meloduring ripening and storage. In
of ascorbate—POD complex and metal ion cofactats).( Biotechnology for Improed Foods and Fleors; Takeoka, G.
Dipping cut cantaloupe in ascorbic acid solutions had no effect R., Teranishi, R., Williams, P. J., Kobayashi, A., Eds.; American
on the loss of aliphatic ester compounds during cold storage " (C:hem'cﬁl fﬂocl"_*tg' W?Shén%tog* DC, 1996; pp _228_2(139'
(Table 2). Aromatic esters were, however, better retained with (12) Cantwell, M. 1. Portela, S. I. Comparing varieties and storage

. . methods Fresh Cut1997, 14-18.
storage. The treatment also increased the concentration of I . . .
hvtoalexin t id d d durina the first d f st (13) Luna-Guzman |.; Barrett, D. M. Comparison of calcium chloride
phy O_a e_xm erpenol _S pro_ uced during the Tirs aY ors orage. and calcium lactate effectiveness in maintaining shelf stability
In a similar pa_ttern with fruqs that were untreated Wlth ascorbic and quality of fresh-cut cantaloupdostharvest Biol. Technol.
acid, terpenoid concentration decreased after the first day of 2000,19, 61-72.
storage, but higher amounts were subsequently retained than in (14) Lamikanra, O.; Watson, M. A. Cantaloupe melon peroxidase:

the untreated fruit. Phytoalexin production typically extends the
shelf life of plant tissues32). The better retention of the

phytoalexin compounds in ascorbic acid treated cut cantaloupe (15) Lamikanra, O.; Watson, M. A. Effect of ascorbic acid on
might be responsible in part for the fruit's extended shelf life,
as determined by color retention, when the cut fruit is dipped

Characterization and effects of additives on activitfahrung
2000,44, 168—172.

peroxidase and polyphenol oxidase activities in minimally
processed cantaloupe meldnFood Sci2001,66, 1283-1286.

(16) Ayan, Z.; Chism, G. W.; Richter, E. R. The shelf life of
minimally processed fresh-cut melods.Food Qual.1998,21,
29-40.

(17) O’Connor-Shaw, R. E.; Roberts, R.; Ford, A. L.; Nottingham,
S. M. Shelf life of minimally processed honeydew, kiwifruit,
papaya, pineapple and cantalouper-ood Sci1994 59, 1202
1215.

(18) O’Connor-Shaw R. E.; Roberts, R.; Ford, A. L.; Nottingham, S.
M. Changes in sensory quality of sterile cantaloupe dice stored
in controlled atmospheres. Food Sci.1996,61, 847—851.

(19) Guichard, E. Chiraly-lactones, key compounds to apricot
flavor: sensory evaluation, quantification, and chirospecific
analysis in different varietiesACS Symp. Sef.995,No. 596,
258—267.

(20) Schumacher, K.; Asche, S.; Heil, M.; Mittelstaedt, F.; Dietrich,
H.; Mosandl, A. Methyl-branched flavor compounds in fresh and
processed apples. Agric. Food Chem1998,46, 4496—4500.

(21) Moshonas, M. G.; Shaw, P. E.; Baldwin, E. A.; Yuen, W. Volatile
and nonvolatile components in hami meld@ucumis meld..).
Lebensm.- Wiss. -Techndl993,26, 557—589.

(22) Kotseridis, Y.; Baumes, R.; Skouroumounis, G. K. Synthesis of
labelled PH4]-3-damascenone?Hi,]-2-methoxy-3-isobutylpyra-
zine, PHzJ-a-ionone, and JHs]-B-ionone, for quantification in
grapes, juices and wined. Chromatogr. AL998,824, 71-78.

(23) Baldwin, E. A.; Scott, J. W.; Einstein, M. A.; Malundo, T. M.
M.; Carr, B. T.; Shewfelt, R. L.; Tandon, K. S. Relationship
between sensory and instrumental analysis of tomato flalvor.
Am. Soc. Hortic. Sci1998,123, 906—915.

(24) Gamba-Invernizzi, A.; Garlaschelli, L.; Rossi, A.; Vidari, G.;
Vita-Finzi, P. New farneasane sequiterpenes froattarius
portninsis.J. Nat. Prod.1993,56, 1948—1953.

(25) Chung, K. T..; Stevens, S. E., Jr.; Lin, W. F.; Wei, C. |. Growth
inhibition of selected food bourne bacteria by tannic acid, propy!
gallate and related compoundstt. Appl. Microbiol.1993,17,
29-32.

(26) Mueller, M. W.; Ishii, H. Esterase activity fronventuria
nashicola: Histochemical detection and supposed involvement
in the pathogenesis of scab on Japanese ged&hytopathol.
1997,145, 473—477.

(27) Kagan-Zur, V.; Tieman, D. M.; Marlow, S. J.; Handa, A. K.
Differential regulation of polygalacturonase and pectin methyl-
esterase gene expression during and after heat stress in ripening
tomato (Lycopersicon esculentuvill.) fruits. Plant Mol. Biol.
1995,29, 1101—1110.

(28) Kunzek, H.; Kabbert, R.; Gloyna, D. Aspects of material science
in food processing: Changes in plant cell walls of fruits and
vegetablesZ. Lebensm. Unters. Forsch. 2999 208 233—
250.

in ascorbic acid solutiornld). Lower temperatures and reduced
oxidative and microbial stress during storage thus appear to favor
production of phytoalexin terpenoid compounds as evidenced
by their reduced quantities in fruit stored at 22 and those
that were untreated with either sodium azide or ascorbic
acid.
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