
Volatile Compounds in the Skin and Pulp of Queen Anne’s
Pocket Melon

CHRISTOPHEAUBERT* ,† AND MICHEL PITRAT§

Centre Technique Interprofessionnel des Fruits et Légumes (Ctifl), route de Molle´gès, F-13210
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The quantitative distribution of volatile compounds in the skin and pulp of Queen Anne’s pocket melon
[Cucumis melo var. dudaim (L.) Naudin] has been investigated. Volatile compounds were extracted
by liquid-liquid microextraction (LLME) using chloroform and analyzed by GC-FID and GC-MS. Sixty
volatiles, including 20 esters, 15 alcohols, 7 lactones, 7 aldehydes and ketones, 6 sulfur compounds,
and 5 C6 compounds, have been identified. Among them, 38 were reported for the first time in pocket
melon, 10 of them have been, however, labeled “tentatively identified”. The results showed that the
levels of volatiles in skin were significantly higher than those observed in pulp. Eugenol, the major
constituent in skin (15.3%), thioether esters, and lactones were thought to contribute significantly to
the unique aroma of the pocket melon. Finally, the distribution of lactones was also found to be
different in skin and pulp according to their carbon chain length.
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INTRODUCTION

Cucumis meloL., commonly called melon, belongs to the
Cucurbitaceae family and to the genusCucumis. Probably
originating from Africa, melons were imported to Europe from
Persia and the Caucasus approximately 3000 years ago (1). Since
the pioneer works done by Naudin in 1859 (2), who proposed
nine tribes for cultivated melons and one for wild forms, several
infraspecific classifications of melon have been proposed (3).
Within this diversity, a unique type of melon has always been
recognized, and Linné proposed the speciesCucumis dudaim,
which was later classified asC. melovar.dudaim(L.) Naudin.
It is characterized by small reddish yellow fruits with ochre
stripes and a round or slightly oval shape, with a velvety skin.
Queen Anne’s pocket melon, sometimes called the Fragrant
melon, has a very unique fragrant, exotic, and musky smell,
generally described as a mix of cantaloupe, pineapple, and a
hint of jasmine. Although they are attractive in their velvety
rinds, these melons have a whitish, flaccid, and insipid pulp
and are barely edible. They are generally cultivated for
ornamental or aromatic uses from Turkey and the Caucasus to
Afghanistan. In Victorian times, these melons were carried in
the pocket as a body fragrance. It is said that Queen Anne herself
carried one, which would explain why common names such as
Her Majesty’s melon have been applied. Although the melon
volatiles have been extensively investigated (4-18), the aroma
composition of Pocket Melon is limited to the study of Shu et

al. (19), and to our best knowledge, no study on the volatiles in
the skin has appeared in the literature. The aim of this work
was to investigate the distribution of the volatiles in the skin
and pulp of Queen Anne’s pocket melon.

MATERIALS AND METHODS

Solvent and Chemicals.Analytical grade chloroform (Chromasolv
Plus, 99.9%) andn-propyl gallate (g98%) were, respectively, from
Sigma and Fluka. Ammonium sulfate (NH4)2SO4 (puriss. p.a.,g99%)
andn-alkane standards (C8-C40) were from Riedel-de Haën. Reference
compounds were obtained from Sigma-Aldrich (no.1-3, 5-13,
15-20,22, 24-27,29, 31, 33, 39, 42-44,46, 47, 49-52,55, and
60), Interchim (no.4, 23, 35, 38, 40, 41, 48, 53, and58), and Fluka
(no. 21, 45) (seeTable 1 for compound numbers).

Samples.Fully ripe Queen Anne’s pocket melons (C. melovar.
dudaim) were produced under plastic tunnel by the experiment unit of
INRA in Montfavet (Vaucluse, France). Immediately after harvest, the
skin of the fruits (∼20) was delicately removed using a paring knife,
and flesh cubes (∼1 cm3) were prepared. Skin and flesh cubes were
then immediately frozen with liquid nitrogen and stored at-20 °C
until analysis.

Isolation of Volatiles. Samples were analyzed according to the
liquid-liquid microextraction (LLME) method previously described
by Aubert et al. (20) with some modifications. Twenty-five grams
of pulp (or skin), 50 mL ofn-propyl gallate (10 mM), 15 g of
(NH4)2SO4, and 10µL of 2-octanol (3.32µg/mL) (internal standard)
were homogenized in a Waring blender for 1 min. The mixture was
centrifuged (21000g, 5 min, 4°C), and the supernatant was filtered
through a Whatman paper filter (grade 41). Forty milliliters of
supernatant was introduced into a 50-mL screw-capped conical
centrifuge tube (34× 98 mm glass borosilicate) containing a magnetic
stir bar (15× 6 mm). Two hundred microliters of chloroform was
added, and the mixture was extracted for 60 min under magnetic stirring
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Table 1. Concentrationsa of Volatiles in the Skin and Pulp of Queen Anne’s Pocket Melon

no. compound RIb assignmentc Fd pe skin pulp

esters
1 ethyl butanoate [1061] A 159.7 *** 900.0 ± 94.7 206.5 ± 7.5
2 ethyl 2-methylbutanoate [1065] A 3711.8 *** 746.0 ± 16.8 98.3 ± 7.6
3 butyl acetate [1080] A 5.2 123.9 ± 8.1 110.5 ± 6.2
7 3-methylbutyl acetate 1123 A 9.8 * 280.7 ± 25.6 334.9 ± 15.6
8 ethyl pentanoatef 1134 A 56.8 ** 9.3 ± 0.4 13.6 ± 0.9
13 ethyl hexanoate 1236 A 838.7 *** 56.1 ± 3.1 3.7 ± 0.1
14 3-methyl-2-butenyl acetatef 1251 B 2.3 14.2 ± 1.0 12.9 ± 1.1
15 hexyl acetate 1275 A 0.9 183.0 ± 7.8 175.9 ± 9.9
19 (Z)-3-hexenyl acetate 1321 A 7.5 34.5 ± 2.0 28.8 ± 3.0
23 3-acetoxy-2-butanonef 1389 A 1585.2 *** 842.8 ± 35.5 26.8 ± 1.8
28 2,3-butanediol diacetate (1)f 1495 B 333.8 *** 1714.3 ± 144.9 181.5 ± 11.4
30 ethyl 3-hydroxybutanoatef 1521 B 549.9 *** 67.7 ± 3.8 15.7 ± 0.7
32 2,3-butanediol diacetate (2)f 1532 B 623.9 *** 749.0 ± 47.9 56.3 ± 3.8
34 ethyl 3-acetoxy-2-methylbutanoatef 1569 B 2179.1 *** 206.0 ± 6.8 22.3 ± 0.7
36 3-acetoxy-2-butanol (1)f 1581 B 1279.8 *** 370.7 ± 16.5 29.4 ± 1.1
37 3-acetoxy-2-butanol (2)f 1597 B 345.3 *** 28.9 ± 2.1 6.2 ± 0.3
42 benzyl acetatef 1733 A 246.5 *** 61.5 ± 2.6 94.3 ± 2.5
43 phenylethyl acetatef 1787 A 474.7 *** 71.9 ± 4.4 14.6 ± 1.2
47 3-phenylpropyl acetatef 1944 A 84.3 *** 73.3 ± 4.1 123.9 ± 8.6
51 cinnamyl acetatef 2153 A 23.9 ** 52.5 ± 1.2 71.1 ± 6.5

total 1182.4 *** 6586.2 ± 235.1 1627.0 ± 84.5

sulfur compounds
24 methyl 2-(methylthio)acetatef 1412 A 775.6 *** 25.8 ± 1.2 5.3 ± 0.3
25 ethyl 2-(methylthio)acetatef 1452 A 365.2 *** 652.0 ± 55.1 43.0 ± 2.5
29 2-(methylthio)ethyl acetatef 1505 A 191.1 *** 102.5 ± 5.2 56.1 ± 2.6
35 ethyl 3-(methylthio)propanoatef 1571 A 1611.0 *** 97.1 ± 3.9 7.6 ± 0.3
38 3-(methylthio)propyl acetatef 1633 A 11.7 * 57.8 ± 4.1 67.5 ± 2.8
41 3-(methylthio)propanolf 1719 A 1.5 4.5 ± 0.1 4.8 ± 0.4

total 532.8 *** 935.3 ± 56.2 179.6 ± 7.8

alcohols
5 2-methylpropanolf [1093] A 1653.6 *** 26.2 ± 0.3 8.5 ± 0.7
11 2-methylbutanol 1208 A 2420.5 *** 84.3 ± 1.5 22.8 ± 1.6
18 4-heptanolf 1308 A 1282.7 *** 35.9 ± 1.5 5.7 ± 0.2
26 1-octen-3-ol 1454 A 8708.8 *** 51.2 ± 0.9 1.2 ± 0.1
27 heptanolf 1458 A 894.9 *** 76.1 ± 2.6 21.9 ± 1.7
33 octanolf 1561 A 1489.4 *** 1140.2 ± 45.4 122.4 ± 4.6
39 R-terpineol 1696 A 788.8 *** 47.1 ± 2.3 9.4 ± 0.3
44 benzyl alcohol 1880 A 346.4 *** 164.5 ± 12.7 25.5 ± 2.2
45 2-phenylthanol 1915 A 389.3 *** 26.7 ± 1.6 7.3 ± 0.7
49 3-phenyl-1-propanol 2048 A 70.3 ** 365.3 ± 27.3 216.5 ± 14.1
52 eugenol 2170 A 2700.9 *** 2302.4 ± 68.7 225.1 ± 8.6
55 cinnamyl alcoholf 2286 A 38.6 ** 184.1 ± 12.2 125.5 ± 10.9
56 chavicol 2342 B 5084.7 *** 589.8 ± 12.1 83.6 ± 2.4
57 isoeugenolf 2350 B 635.8 *** 25.4 ± 1.6 2.7 ± 0.1
59 methoxyeugenolf 2543 B 2146.0 *** 104.3 ± 3.0 21.4 ± 0.9

total 2149.2 *** 5223.2 ± 156.1 899.3 ± 41.5

aldehydes and ketones
6 (E)-2-pentenalf [1096] A 267.0 *** 23.8 ± 1.6 7.6 ± 0.7
10 heptanalf 1190 A 641.7 *** 34.9 ± 2.1 4.4 ± 0.3
16 3-hydroxy-2-butanone 1287 A 3319.7 *** 203.7 ± 5.0 24.0 ± 2.0
17 octanalf 1291 A 469.6 *** 26.0 ± 1.6 46.8 ± 0.6
20 6-methyl-5-hepten-2-onef 1341 A 203.7 *** 3.5 ± 0.1 2.0 ± 0.2
31 benzaldehyde 1526 A 2265.6 *** 154.9 ± 5.2 11.1 ± 0.8
60 vanillinf 2563 A 255.0 *** 18.3 ± 1.8 2.1 ± 0.1

total 7659.0 *** 465.2 ± 6.0 98.0 ± 4.1

C6 compounds
4 hexanal [1087] A 607.7 *** 389.4 ± 23.4 56.3 ± 1.0
9 (Z)-3-hexenalf 1146 A 581.4 *** 23.2 ± 1.6 1.2 ± 0.1
12 (E)-2-hexenal 1220 A 413.6 *** 260.2 ± 22.0 1.9 ± 0.2
21 hexanol 1355 A 6621.0 *** 490.1 ± 9.9 20.7 ± 1.3
22 (Z)-3-hexen-1-ol 1387 A 1526.7 *** 37.6 ± 1.3 6.9 ± 0.3

total 3330.3 *** 1200.5 ± 33.3 86.9 ± 2.8

lactones
40 γ-hexalactonef 1703 A 5196.4 *** 209.7 ± 3.5 41.3 ± 2.1
46 γ-octalactonef 1917 A 535.6 *** 128.8 ± 7.4 27.3 ± 1.7
48 δ-octalactonef 1966 A 534.0 *** 8.4 ± 0.5 1.7 ± 0.1
50 γ-decalactonef 2144 A 424.7 *** 94.5 ± 4.0 36.6 ± 2.7
53 δ-decalactonef 2195 A 232.4 *** 8.6 ± 0.4 3.7 ± 0.4
54 (Z)-7-decen-5-olidef 2259 B 88.7 *** 5.8 ± 0.3 3.4 ± 0.3
58 γ-dodecalactone 2372 A 2365.7 *** 30.0 ± 0.6 11.3 ± 0.2

total 2008.5 *** 485.6 ± 12.0 125.3 ± 7.1

total 1763.3 *** 14900.5 ± 467.3 3020.9 ± 147.4

a Values expressed in µg/kg equivalent of 2-octanol are given as average ± standard deviation (n ) 3). b Linear retention index based on a series of n-hydrocarbons.
Values in brackets are interpolated. c A, identified by mass spectrum and linear retention index of reference compounds; B, tentatively identified by mass spectrum and
linear retention index similar to mass libraries or published data. d F(0.05; 1; 4) ) 7.7; F(0.01; 1; 4) ) 21.2; F(0.001; 1; 4) ) 74.1. e *, p < 0.05; **, p < 0.01; ***, p < 0.001. f Newly
identified in C. melo var. dudaim.
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at room temperature. After removal of the magnetic stir bar, the tube
was sonicated for 1 min in a Branson Ultrasonic Cleaner 5510 and
centrifuged (1000g, 5 min, 4°C). Chloroform extract was then
recovered with a 50µL syringe, transferred to a 100µL vial, and
immediately injected in GC-MS and GC-FID.

GC-FID Conditions. A Varian 3800 gas chromatograph equipped
with a DB-Wax Etr (J&W Scientific) capillary column (30 m× 0.25
mm i.d., 0.25µm film thickness) was used. The flow of hydrogen 5.7
(Linde) carrier gas was 1.3 mL/min. The oven temperature was kept at
40 °C for 3 min, then programmed to 250°C at 5°C/min, and kept at
250 °C for 15 min. Injections (1µL) were performed using a 1079
PTV injector from Varian under the following injection program:
initially 20 °C for 0.1 min, then programmed to 250°C at 200°C/min,
and kept at 250°C. Injections were performed using a CombiPAL
autosampler equipped with a Peltier cooling rack at 4°C (CTC
Analytics). The flame ionization detector was kept at 250°C. The levels
of the volatile compounds were expressed as 2-octanol equivalents
(assuming all of the response factors were 1). The concentrations are
to be considered as relative data because recovery after extraction and
calibration factors related to the standard were not determined.

GC-MS Conditions. A Varian 3800 gas chromatograph was used
with the same DB-Wax Etr capillary column as above. The oven and
injector temperature programs were as above. Injections (1µL) were
performed using a CombiPAL autosampler (CTC Analytics). The flow
of helium 6.0 (Linde) carrier gas was 1 mL/min. A Saturn ion-trap
mass spectrometer was used. Mass spectra were recorded in electronic
impact (EI) ionization mode. The ion trap, the manifold, and the transfer
line temperatures were set, respectively, at 150, 45, and 250°C. Mass
spectra were scanned in the rangem/z30-350 amu at 1 s intervals.
Compounds were first identified using NIST/EPA/NIH MS Search 2.0
and our own mass spectra libraries. Identities of most were then
confirmed by comparison of their linear retention indices and EI mass
spectra with those of reference compounds.

RESULTS AND DISCUSSION

Recently described as a fast, precise, and sensitive method
for the analysis of volatile compounds in fruits and vegetables
(20), the LLME is a single-step extraction that reduces solvent
consumption, avoids the concentration process, and therefore
minimizes the risk of a thermal degradation of the volatiles.
Table 1 shows the volatile compounds extracted from the skin

and pulp of Queen Anne’s pocket melon by LLME using
chloroform. Sixty compounds were separated, identified, and
quantified by GC-MS and GC-FID including 20 esters, 15
alcohols, 7 lactones, 7 aldehydes and ketones, 6 sulfur com-
pounds, and 5 C6 compounds. The linear retention index (RI),
theF test, and thep value of the ANOVA performed between
the levels of volatiles recovered in the skin and pulp are also
given inTable 1. The relative abundances (percent) of the main
volatile classes in the skin and pulp are shown inFigure 1.

As shown inTable 1 andFigure 1, esters and alcohols were
qualitatively and quantitatively the main components, accounting
for 80 and 84% of the total volatiles quantified, respectively,
in skin and pulp. Except for 5 of the 60 volatiles, namely, butyl
acetate (3), 3-methyl-2-butenyl acetate (14), hexyl acetate (15),
(Z)-3-hexenyl acetate (19), and 3-(methylthio)propanol (41), the
differences observed between the levels of volatiles in the skin
and pulp were found to be statistically different (p< 0.05),
and the results show that generally higher concentrations were
recovered in the skin. Indeed, except for 3-methylbutyl acetate
(7), ethyl pentanoate (8), octanal (17), 3-(methylthio)propyl
acetate (38), benzyl acetate (42), 3-phenylpropyl acetate (47),
and cinnamyl acetate (3-phenyl-2-propenyl acetate) (51), the
levels of volatiles were found to be from 1.5 to 140 times higher
in the skin than in the pulp. Nevertheless, as shown inFigure
1, the distributions of the volatiles in skin and pulp were slightly
different. Esters made up 44 and 54% of the total of volatile
compounds, respectively, in the skin and pulp, followed by
alcohols (respectively, 35 and 30%), whereas C6 compounds
accounted for 8% in skin and<3% in the pulp.

As mentioned above, esters were the main compounds
identified in both samples, in particular aliphatic esters (96 and
81% of the total esters, respectively, in skin and pulp). Among
them, the levels of acetoxy and hydroxy esters were particularly
predominant in skin. Although these compounds are generally
found in tropical fruits such as passion fruit, pineapple, and
mango (21-23), 2,3-butanediol diacetate (28, 32) and its
precursor 3-acetoxy-2-butanol (36,37) have been previously
identified in Japanese melon (cv. Golden Crispy) (8) and inC.

Figure 1. Relative proportion (percent) of the main classes of volatile compounds in the skin and pulp of Queen Anne’s pocket melon. Vertical bars with
different letters are significantly different (p < 0.05).
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melo var. cantalupensis(cv. Alpha) (17), but this is the first
time these compounds are identified in pocket melon. Engel et
al. (22) and Umano (24) have shown that the concentrations of
hydroxy and acetoxy acid esters increased during pineapple
ripening. Nevertheless, according to Wyllie and Leach (8), 2,3-
butanediol diacetate has a sweet odor and appears to have high
odor threshold and, therefore, would not be expected to have a
significant role in the aroma of melon (cv. Golden Crispy).
Because 2,3-butanediol diacetate possesses two asymmetric
carbons, it has erythro and threo forms and a meso-form
diastereoisomer. Therefore, it produces two peaks on a gas
chromatogram. According to Wyllie and Leach (8), the most
abundant peak (28) would be theD and/orL isomer, whereas
the other (32) would be the meso isomer. Apart from acetoxy
and hydroxy esters, ethyl butanoate (1), ethyl 2-methylbutanoate
(2), butyl acetate (3), 3-methylbutyl acetate (7), and hexyl acetate
(15) were the most abundant aliphatic esters in both samples.
Earlier works also reported these compounds as being the most
abundant in melon (C. melovar. reticulatusandC. melovar.
cantalupensis) (11, 14, 18, 25) and that these compounds are
necessary for the strong fruity notes in this fruit (4). Four
aromatic esters have been also identified for the first time in
pocket melon, although these compounds had been previously
identified in other types of melon (17), except for cinnamyl
acetate (51). As shown inTable 1, except for phenyl ethyl
acetate (43), the levels of benzyl acetate (42), 3-phenylpropyl
acetate (47), and cinnamyl acetate (51) were found to be
significantly higher in pulp than in skin.

About alcohols, aromatic alcohols were found to be predomi-
nant in our extracts (72 and 78% of the total alcohols,
respectively, in skin and pulp). Among them, eugenol (52) was
found to be the major constituent of the skin (15.3%). Moreover,
contrary to earlier work done by Shu et al. (19), eugenol was
found to be the main aromatic alcohol in the pulp of pocket
melon (7.4%) instead of chavicol (2.8%). Due to its concentra-
tion observed in skin and in pulp (respectively, 2300 and 225
ppb) and its very low odor threshold (6 ppb), it is obvious this
compound should contribute significantly to the unique and
exotic aroma of pocket melon. Finally, if most of the aromatic

alcohols have been previously identified in other types of melon
(17) cinnamyl alcohol (55), isoeugenol (57), and methoxyeu-
genol (59) were identified for the first time in pocket melon.

With regard to C6 compounds, aldehydes, and alcohols,
products of the enzymatic breakdown of unsaturated fatty acids
(26, 27), the results inTable 1 show that the skin had
considerably higher concentrations than the pulp. These results
were found to be consistent with those previously reported in
the skin of tomato, mango, or peach (28-30). Due to the
isolation method chosen (LOX deactivation withn-propyl gallate
during homogenization) (20), it seems reasonable to suppose
that the concentrations of these so-called green components are
representative of the endogenous levels in the skin and pulp.
Nevertheless, despite the precautions taken during the prepara-
tion of the samples, the possibility that this may partly be the
result of tissue damage occurring during peeling cannot be
excluded. Nevertheless, these results would suggest a higher
activity of the enzymes involved in the LOX pathway in the
skin, as previously reported in peach or in tomato (30, 31),
and/or a higher concentration of fatty acids, especially linoleic
and linolenic acids, in the skin.

In this study, six sulfur compounds have been identified for
the first time in the skin and pulp of pocket melon and among
them five thioether esters, methyl 2-(methylthio)acetate (24),
ethyl 2-(methylthio)acetate (25), 2-(methylthio)ethyl acetate
(29), ethyl 3-(methylthio)propanoate (35), and 3-(methylthio)-
propyl acetate (38). Except for 3-(methylthio)propyl acetate,
levels of thioether esters have been found to be significantly
higher in skin than in pulp. Ethyl 2-(methylthio)acetate was the
major thioester observed in skin, whereas 3-(methylthio)propyl
acetate and 2-(methylthio)ethyl acetate were dominant in pulp,
as previously reported in pulp of other types of melons (10,
18). Due to their low odor threshold, the flavor impact of sulfur
compounds on the aroma of many fruits (23, 32-35) or in wine
(36-39) is now well established, particularly in melon (8, 10,
11, 13, 18). Some authors have reported that trace amounts of
certain sulfur compounds such as ethyl 2-(methylthio)acetate
have a major impact on the musky note of some melon aroma

Figure 2. Average distribution of lactones in pulp and skin of pocket melon.
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(10, 11, 17), and therefore these compounds should play an
important role to the aroma of pocket melon.

Seven lactones were identified in the skin and pulp of pocket
melon (Table 1). Only lactones with even-numbered carbon
chains have been identified, and as mentioned inFigure 1 their
total amounts accounted for 3 and 4%, respectively, in skin and
pulp. Among themγ-C6, C8, C10, and C12 were the main
lactones, and their levels were found to be 1.7-5.1 times higher
in skin than in pulp. As indicated inFigure 2, their average
distributions in skin and pulp were found to be different.
Lactones with a carbon chain length up to C8 were predominant
in the skin, in particular,γ-hexalactone, whereas those with a
g10-carbon chain length were found to be the major lactones
in the pulp, in particular,γ-decalactone. These compounds, well-
known in other fruits, are particularly responsible for the spicy,
floral, and fruity characteristics of peach, apricot, or plum aroma
(40-44). Among lactones,γ-C8, C10, and C12 are present at a
concentration fairly above their odor threshold in both samples
[γ-hexalactone, 1600 ppb;γ-octalactone,7 ppb;δ-octalactone,
400 ppb;γ-decalactone, 11 ppb;δ-decalactone, 100 ppb; (Z)-
decen-5-olide, 2000 ppb;γ-dodecalactone, 7 ppb] (42) and,
therefore, are possible contributors to the particular aroma of
Queen Anne’s pocket melon. Except forγ-dodecalactone
previously identified at a trace level in pocket melon (19), these
lactones have been identified for the first time in this fruit.

With regard to aldehydes and ketones, except for octanal,
their levels were found to be significantly higher in skin than
in pulp. In addition to 2,3-butanediol diacetate, 3-acetoxy-
2-butanol, and 3-acetoxy-2-butanone, 3-hydroxy-2-butanone
(acetoin) was detected both in skin and in pulp. About this latter
compound, it is noteworthy that its skin/pulp ratio was found
to be similar to that observed for 2,3-butanediol diacetate and
3-acetoxy-2-butanol, that is, approximately 10, whereas that of
3-acetoxy-2-butanone was found to be higher (∼30). Finally,
if most of the aldehydes and ketones identified in this study
have been previously detected in different types of melon (17)
and/or in pocket melon (19), to our best knowledge this is the
first time that 6-methyl-5-hepten-2-one and vanillin are reported,
respectively, in pocket melon and inCucumis melo.
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du genreCucumis.Ann. Sci. Nat.1859,11, 5-87.

(3) Pitrat, M.; Hanelt, P.; Hammer, K. Some comments on infraspe-
cific classification of cultivars of melon. Proc. Cucubitaceae
2000. InProceedings of the VII Eucarpia Meeting on Cucurbit
Genetics and Breeding; Acta Hortic. 510; Katzir, N., Paris, H.
S., Eds.; ISHS: Ma’ale Hahamisha, Israel, 2000; pp 29-36.

(4) Yabumoto, K.; Jennings, W. G.; Yamaguchi, M. Volatiles
constituents of cantaloupe,Cucumis melo, and their biogenesis.
J. Food Sci.1977,42, 32-37.

(5) Yabumoto, K.; Yamaguchi, M.; Jennings, W. G. Biosynthesis
of some volatile constituents of muskmelon,Cucumis melo.
Chem. Mikrobiol. Technol. Lebensm.1977,5, 53-56.

(6) Buttery, R. G.; Seifert, R. M.; Ling, L. C.; Soderstrom, E. L.;
Ogawa, J. M.; Turnbaugh, J. G. Additional aroma components
of Honeydew melon.J. Agric. Food Chem.1982,30, 1208-
1211.

(7) Schieberle, P.; Ofner, S.; Grosch, W. Evaluation of potent
odorants in cucumbers (Cucumis satiVus) and muskmelons
(Cucumis melo) by aroma extract dilution analysis.J. Sci. Food
Agric. 1990,55, 193-195.

(8) Wyllie, S. G.; Leach, D. N. Aroma volatiles ofCucumis melo
cv. Golden Crispy.J. Agric. Food Chem.1990,38, 2042-2044.

(9) Berger, R. G. Fruits I. InVolatile Compounds in Foods and
BeVerages; Maarse, H., Ed.; Dekker: New York, 1991; pp 291-
304.

(10) Wyllie, S. G.; Leach, D. Sulfur-containing compounds in the
aroma volatiles of melons (Cucumis melo). J. Agric. Food Chem.
1992,40, 253-256.

(11) Wyllie, S. G.; Leach, D. N.; Wang, Y.; Shewfelt, R. L. Sulfur
volatiles inCucumis melocv. Makdimon (muskmelon) aroma.
Sensory evaluation by gas chromatography-olfactometry. In
Sulfur Compounds in Foods; Mussinan, C. J., Keelan, M. E.,
Eds.; ACS Symposium Series 564; American Chemical Soci-
ety: Washington, DC, 1994; pp 36-48.

(12) Wyllie, S. G.; Leach, D. N.; Wang, Y.; Shewfelt, R. L. Key
aroma compounds in melons. InFruit FlaVors; Roussef, R. L.,
Leahy, M. M., Eds.; ACS Symposium Series 596; American
Chemical Society: Washington, DC, 1995; pp 248-257.

(13) Wyllie, S. G.; Leach, D. N.; Wang, Y. Development of flavor
attributes in the fruit ofC. meloduring ripening and storage. In
Biotechnology for ImproVed Foods and FlaVors; Takeoka, G.
R., Teranishi, R., Williams, P. J., Kobayashi, A., Eds.; ACS
Symposium Series 637; American Chemical Society: Washing-
ton, DC, 1996; pp 228-239.

(14) Wang, Y.; Wyllie, S. G.; Leach, D. N. Chemical changes during
the development and ripening of the fruit ofCucumis melo(cv.
Makdimon).J. Agric. Food Chem.1996,44, 210-216.

(15) Beaulieu, J. C.; Grimm, C. C. Identification of volatiles
compounds in cantaloupe at various developmental stages using
solid phase microextraction.J. Agric. Food Chem.2001, 49,
1345-1352.

(16) Homatidou, V.; Karvouni, S.; Dourtoglou, V. Determination of
characteristic aroma components of “cantaloupe”Cucumis melo
using multidimensional gas chromatography (MDGC). InFlaVors
and Off-FlaVors; Proceedings of the 6th International Flavor
Conference, Crete, Greece; Charlambous, G., Ed.; Elsevier:
Amsterdam, The Netherlands, 1989; pp 1011-1023.

(17) Homatidou, V. I.; Karvouni, S. S.; Dourtoglou, V. G.; Poulos,
C. N. Determination of total volatile components ofCucumis
meloL. varietyCantaloupensis. J. Agric. Food Chem.1992, 40,
1385-1388.

(18) Aubert, C.; Bourger, N. Investigation of volatiles in Charentais
cantaloupe melons (Cucumis melovar. cantalupensis). Charac-
terization of aroma constituents in some cultivars.J. Agric. Food
Chem.2004,52, 4522-4528.

(19) Shu, C.-K.; Chung, H. L.; Lawrence, B. M. Volatile components
of pocket melon (Cucumis meloL. ssp.dudaimNaud.).J. Essent.
Oil Res.1995,7, 179-181.

(20) Aubert, C.; Baumann, S.; Arguel, H. Optimization of the analysis
of flavor volatile compounds by liquid-liquid microextraction
(LLME). Application to the aroma analysis of melons, peaches,
grapes, strawberries, and tomatoes.J. Agric. Food Chem.2005,
53, 8881-8895.

(21) Whitfield, F. B.; Last, J. H. The flavour of the passion fruitsa
review. In Progress in Essential Oil Research; Brunke, E.-J.,
Ed.; de Gruyter: Berlin, Germany, 1986; pp 3-48.

(22) Engel, K. H.; Heidlas, J.; Albrecht, W.; Tressl, R. Biosynthesis
of chiral flavor aroma compounds in plants and microorganisms.
ACS Symp. Ser.1989,No. 388, 8-22.

(23) Engel, K. H.; Tressl, R. Studies on the volatile components
of two mango varieties.J. Agric. Food Chem.1983,31, 796-
801.

(24) Umano, K.; Hagi, Y.; Nakahara, K.; Shoji, A.; Shibamoto, T.
Volatile constituents of green and ripened pineapple (Ananas
comosus[L.] Merr.). J. Agric. Food Chem.1992, 40, 599-
603.

Volatiles in Queen Anne’s Pocket Melon J. Agric. Food Chem., Vol. 54, No. 21, 2006 8181



(25) Bauchot, A. D.; Motram, D. S.; Dodson, A. T.; John, P. Effect
of aminocyclopropane-1-carboxylic acid oxidase antisense gene
on the formation of volatile esters in cantaloupe Charentais melon
(cv. Vedrantais).J. Agric. Food Chem.1998,46, 4787-4792.

(26) Tressl, R.; Bahri, D.; Engel, K. H. Lipid oxidation in fruits and
vegetables. InQuality of Selected Fruits and Vegetables of North
America; Teranishi, R., Barrera-Benitez, H., Eds.; American
Chemical Society: Washington, DC, 1981; pp 213-232.

(27) Schreier, P. Biogenetic pathways. InChromatographic Studies
of Biogenesis of Plant Volatiles; Bertsch, W., Jennings, W. G.,
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