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Principal aroma-active compounds of Red Moon RM-1
apple fruit cultivar as determined by a combined
technique of gas chromatography-olfactometry

L . KAROL CERVENCIK - FILIP DIMITROV - BLANKA TOBOLKOVA -
LUKAS ZEMLICKA - LUCIA BIROSOVA - SVETLANA HROUZKOVA - JANA SADECKA

Summary

Aroma belongs to crucial natural quality attributes of apples. The profile of aroma-active compounds in the peel and
flesh of a rare new red-fleshed Red Moon (RM-1) apple fruit cultivar was investigated. For this purpose, a sampling
extraction method of headspace solid-phase microextraction (HS-SPME) followed by a specific technique of gas
chromatography-olfactometry (GC-FID-O) and gas chromatography-mass spectrometry (GC-MS) were used. Apples
were harvested in 2020 from two different growing areas (Western Slovakia, Northeastern Italy). A total of 58 aroma-
active compounds recognized by GC-FID-O were responsible for the overall aroma of the analysed apples from
Slovak production, and 52 from the Italian apple production. The aroma-active compounds comprised esters, alcohols,
aldehydes, sesquiterpenes, one ketone and one short-chain unsaturated carboxylic acid. Ethyl 2-methylbutanoate was
odorously the most noticeable compound of apple peel and flesh, common to apples from both growing localities.
Likewise, other 12 principal odorants with various odour intensity levels, such as ethyl butanoate, ethyl acetate, buta-
nol, 1-octene-3-one, isopropyl acetate, hexyl hexanoate, hexanol, bisabolene (unknown isomer), farnesol (unknown
isomer), unknown compounds No. 66 and No. 70 and propyl hexanoate were common to all analysed apple samples.
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Generally, more than 80 million tonnes of
apples are produced and consumed annually
worldwide as fresh and dried fruit, juices or alco-
holic beverages. The EU share on the apple pro-
duction accounts for almost 12 million tonnes [1].

The genus Malus includes 30-35 species of
small deciduous trees or shrubs in the family Ro-
saceae and it is native to the temperate zones of
the northern hemisphere, Europe, Asia and North
America [2]. The domesticated orchard or table
apple Malus x domestica Borkh. is considered

a complex interspecific hybrid. The ancestors are
generally known as “wild apples” or “crab apples”.
Their name is derived from their typically small
and tart fruits [3, 4]. ‘RM-1" (Red Moon 1) culti-
var as a new and distinct apple tree, notable for its
upright plant habit, with pink-red skin overcolour
and red flesh colour of fruit, has a late season of
fruit ripening (late October). It was discovered
and selected as a single plant from within the
progeny of the open pollination in a controlled en-
vironment in Lot, France in 2000. In this original
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area, the tree blooms in the middle of April. The
fruit is medium-large, cylindrical with a diameter
of 7.5-9.0 cm and with 90 % of overcolour. The
red flesh is juicy, firm and moderately aromatic
[5, 6].

The volatile aroma-active compounds of
apples have been studied for more than 50 years,
with more than 300 compounds identified [7, §].
However, just some of them were shown to con-
tribute significantly to the fruit aroma [7, 9]. Aro-
ma of apples is a crucial criterion to assess fruit
quality, exerting a direct influence on their accept-
ance or refusal by consumers [10, 11].

Biosynthesis of aroma-active compounds in
apples involves metabolic pathways in which the
main precursors are fatty acids and amino acids.
In the presence of key enzymes such as lipoxyge-
nase, alcohol dehydrogenase and alcohol acyl-
transferase, precursors are transformed to alde-
hydes, alcohols and esters [12, 13]. In particular,
2-methylbutyl acetate, butyl acetate, hexyl acetate,
ethyl 2-methylbutanoate, ethyl acetate, ethyl bu-
tanoate, methyl anthranilate and (E)-2-hexenal
were reported and considered as the most sig-
nificant volatile compounds contributing to the
typical aroma of several apple varieties [12, 14].
It was proven that low concentrations of several
aroma-active compounds, such as (E)-2-hexenal
and ethyl 2-methylbutanoate, may give seemingly
an unnecessary impression but they are extremely
important in the definition of the overall aroma of
apples [15].

A sufficiently selective and sensitive analytical
approach is required to determine volatile com-
pounds in apples. A simple solvent-free, equilib-
rium extraction method of headspace solid-phase

microextraction (HS-SPME) for the isolation of
volatile compounds [16-18] combined with gas
chromatography-mass spectrometry (GC-MS)
is frequently used for qualitative and quantita-
tive evaluation of volatile substances in apples
and many other fruits [12, 19-21]. For determina-
tion of volatiles, which contribute significantly to
the overall aroma of apples, a specific technique
connecting gas chromatography with olfactometry
(GC-0) can be effectively used. Its principle is un-
veiling and subsequent identification of the vola-
tile organic compounds responsible for a relevant
aroma with an additional support of GC-MS.
These aroma-active substances are very often
present in food matrices in trace or ultra-trace
contents, which are usually below the detection
limit of commonly used GC detectors such as
mass-selective detector (MSD) or flame ioniza-
tion detector (FID). Individual compounds of
the volatile fraction of the sample are separated
on the GC column and effluent from is splitted
by a cross divider into equally long, inactivated
capillaries to an instrumental detector (usually
FID or MSD) and a testing outlet (sniffing port).
A trained sniffer describes the perceived odour
in terms of the intensity of the odour zones per-
ceived according to the training methodology
[22]. Several studies used previously gas chroma-
tography in combination with olfactometry to de-
termine the most intensive aroma-active volatile
compounds in various apple varieties [23-26].
Recently, several studies focused on the aroma
of red-fleshed apples or related juices [27-29].
ZHAO et al. [27] studied free and bound forms of
aroma of red-fleshed apples during the young fruit
period through the expansion period and the con-

Fig. 1. Fruit of the red-fleshed Red Moon (RM-1) apple cultivar.
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version period to the ripen period. Lu et al. [28]
investigated the effects of post-harvest storage
conditions on the fruit quality and relative con-
tents of aroma components of a red-fleshed apple.
CHITARRINI et al. [29] described cultivar-specific
volatile organic compounds in the headspace of
cloudy apple juices. Headspace solid-phase micro-
extraction was used to analyse 9 red-fleshed apple
juices including RM-1 cultivar. In this context, it
is interesting that this new variety with a botanical
classification Malus x domestica Borkh. cultivar
‘RM-1’ was patented quite recently in August 2017
after several years of research [5, 6].

Although some research has been done on
red-fleshed apples, previous studies focused on
identification and quantification of the overall
profile of individual compounds constituting the
volatile fractions. However, the key aroma-active
compounds generating principally the aroma
were not identified up to now. Therefore, the pur-
pose of this study was determination of principal
aroma-active compounds in red-fleshed (RM-1)
apple fruits by the specific technique of GC-O.
For the first time, the combination of HS-SPME
extraction followed by GC-FID-O with support of
GC-MS was used to revelation, identification and
comparison of the key aroma-impact compounds
in peel and flesh of this rare new red-fleshed apple
cultivar harvested in Slovakia and Italy.

MATERIALS AND METHODS

Apple fruit samples

Two RM-1 apple fruit (Fig. 1) batches were
studied. The first contained the commercialized
cultivar grown in Slovakia in Dunajskd LuZzna
at an altitude of 126 m, harvested at commer-
cial maturity during the 2020 season and pur-
chased in early November 2020 from the local
store Boni Fructi (Dunajskd Luznd, Slovakia).
The second batch contained the commercialized
cultivar grown in Italy in Eraclea, near Venice at
an altitude of 2 m, harvested at commercial matu-
rity during the 2020 season and purchased in early
December 2020 from the local store Boni Fructi.
Immediately after purchase, representative apple
fruit samples were selected for their uniformity
(colour, diameter, lack of damage) and stored at
a temperature of 12 + 2 °C in a storage room with
allowed air circulation until analysis for a maxi-
mum 4-6 weeks.

Sample processing
Two kilograms of apple fruit samples from each
batch were washed with tap water, unpeeled to

obtain apple peel (<2 mm in thickness) and de-
seeded. The top layer of flesh (0.5-1.0 cm) was
removed as a waste. The inner flesh was cut to
approximately 0.3cm x0.3cm x 0.3 cm pieces and
the peel to 0.3 cm x 0.5 cm rectangles. The cutting
was done using a ceramic knife to prevent possible
metal-induced oxidative degradation of volatile
compounds and disposable nitrile gloves were
used to prevent the contact of the sample with
greasy hands and possible cross-contamination.
With a purpose of homogenizing the apple fruit
samples (one batch at a time), all apple pieces of
peel or flesh (separately) were immediately trans-
ferred into a ceramic bowl and stirred gently, to
obtain a representative peel mass or flesh mass
(separately) for sampling and subsequent analyses.

Reference standards

Chemicals used as reference standards to
support identification of volatiles (listed in Tab. 1)
were gifts donated by Bedoukian Research (Dan-
bury, Connecticut, USA), Graz University of
Technology (Graz, Austria) or French National
Institute for Agricultural Research (INRA) labo-
ratories (Dijon, France).

Headspace solid-phase microextraction

Individual samples of either apple peel or
apple flesh (always 5 g) were incubated statically
in a 40 ml glass vial in a metallic block thermo-
stat (Liebisch, Bielefeld, Germany) at 40 °C for
30 min. The volatile fractions were isolated with
a solid-phase microextraction (SPME) fibre placed
in the headspace (HS) of the sample. The SPME
fibre with divinylbenzene/carboxen/polydimethyl-
siloxane (DVB/Carboxen/PDMS) coating film
(thickness 50/30 um, length 2 cm), Stable Flex,
“For odours“ (Cat. No. 57328-U; Supelco, Belle-
fonte, Pennsylvania, USA) was used. The fibre
was initially conditioned by heating in the GC
injector block at 250 °C for 1 h. SPME samples
were desorbed thermally at 250 °C in the GC in-
jector block during the entire analytical run. All
HS-SPME extractions were performed in six rep-
licates (n = 6).

Gas chromatography-olfactometry

In order to reveal principal aroma-active com-
pounds in apple peel and in apple flesh samples
(each separately), volatiles extracted by headspace
SPME were analysed by a combined technique
of gas chromatography with flame ionization de-
tection and olfactometry (GC-FID-O), using
the concept of detection frequency of posterior
assessment of odour intensity [30]. The method-
ology of the sniffing procedure was performed
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according to KopuNCOVA et al. [31] with slight
modifications. The sniffing panel was formed
of 3 judges (1 woman, 2 men; aged 28-57 years)
who were chosen from 7 assessors trained in sen-
sory evaluation. All assessors were asked to esti-
mate the intensity of each perceived odour using
a seven-point scale ranging from 0 to 3 (half values
allowed): 0 = none, 0.5 = very weak, 1 = weak,
1.5 = moderate, 2 = strong, 2.5 = very strong, 3 =
extremely intensive. Results of GC-FID-O analy-
ses were expressed as average values from 6 in-
dependent measurements for each sample, com-
plying with the requirement of at least 5 citations
within each olfactory perception. The value of
+ 0.5 was considered as a standard error of esti-
mation of odour intensities for the applied inten-
sity scale and engaged well trained sensory panel.

The analyses were performed using a gas
chromatograph Agilent 7890A (Agilent Tech-
nologies, Palo Alto, California, USA) coupled
to a flame ionization detector and an olfactory
detector port ODP3 (Gerstel, Miilheim an der
Ruhr, Germany). The effluent of the GC col-
umn was split to FID and the olfactory detector
port at a split ratio of 1:1. The column DB-WAX
(30 mx0.32 mm x 0.25 um; Agilent Technologies)
with a polar stationary phase was used for separa-
tion of individual volatiles. It operated with a tem-
perature programme 50 °C (1 min), 5 °C'min-! and
250 °C (1 min). Hydrogen was used as a carrier
gas at a linear velocity of 45 cms! (measured
at 143 °C). Pulse splitless injection (100 kPa for
1 min) was used at an injector temperature of
250 °C. The olfactory detector port (ODP) ope-
rated at a temperature of 180 °C, interface tem-
perature was 230 °C and the flow of added nitro-
gen in the olfactory detector port’s humidifier was
12 ml'min-L, The sniffing time of individual judges
did not exceed 40 min per one analysis.

Gas chromatography-mass spectrometry

For identification purposes, in parallel with
GC-FID-O, fractions of volatile compounds of
apple peel or apple flesh obtained via HS-SPME
were separated and analysed individually by
GC-MS using a gas chromatograph Agilent 6890N
(Agilent Technologies) coupled to a mass spectro-
metric detector 5973 inert (Agilent Technologies).
HP-INNOWax column (30 mx0.25 mm x 0.5 wm,
Agilent Technologies) with a polar stationary
phase operated with a temperature programme
50 °C (1 min), 5 °C'min’! and 250 °C (1 min).
An autosampler (Agilent Technologies) was
attached. Injector temperature was kept at 250 °C,
set to pulsed splitless mode with the pulse pressure
set to 100 kPa for 1 min. Helium was used as the
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carrier gas circulating at 1.2 mlI'min-! at a constant
flow with a linear velocity of 40 cm'sl. MS frag-
mentation was performed under electron ioniza-
tion of 70 eV. Ion scan range was set to 29-250 m/z.

Identification of aroma-active volatiles

The revealed sensorically recognized aroma-
active volatiles were identified based on compari-
son of their linear retention indices (LRI), mass
spectra (MS), GC analysis of standard reference
compounds and also by comparison of data on
occurrence as well as aroma description with lite-
rature [23, 28, 32, 33] and in our in-house data-
base. LRI were calculated using the equation of
VAN DEN DooL and KrATZ [34] using n-alkanes
Cs—Cyo as reference standards. LRI data were com-
pared and confirmed with LRI data obtained by the
measurement of relevant standard compounds. For
this purpose, our in-house database of LRI data
was used. Identification of compounds by com-
parison of their mass spectra was performed with
NIST21 MS library (National Institute of Standards
and Technology, Gaithersburg, Maryland, USA).

Statistical analysis

Statistical evaluation was performed using
Unistat v. 6.0 statistical software package (Unistat,
London, United Kingdom). Methods of multiva-
riate statistics, primarily principal component
analysis (PCA), were used to define, interpret and
visualize the differences between the compared
Red Moon (RM-1) apple cultivar originating from
different countries (Slovakia and Italy).

RESULTS AND DISCUSSION

GC-FID-O study

In the selection of apple fruits, consumers pre-
dominantly use visual and organoleptic responses,
such as aroma and texture, as quality and prefer-
ence markers. In order to obtain chemically objec-
tive data on principal constituents of the aroma
complexes of the peel and the flesh of apple Red
Moon (RM-1) cultivar, analysis of volatiles ex-
tracted by HS-SPME from the relevant parts of
the apple matrix was carried out using GC-FID-O
with support of GC-MS. For comparison, samples
of apples produced from two different growing lo-
cations in Slovakia and Italy were analysed.

[lustrative GC-FID-O chromatograms con-
nected with aromagrams are depicted in Fig. 2.
The obtained data were processed and the re-
sults are summarized in Tab. 1. Overall, the aro-
mas of the analysed apples from both above-men-
tioned locations were rich and complex. In total,
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Fig. 2. lllustrative chromatograms of the apple fruit volatiles overlaid with aromagrams, demonstrating GC-FID-O
analysis as a tool for revelation of aroma-active compounds in Red Moon apple cultivar grown in Slovakia.

A - peel, B — flesh.

Chromatogram is a record of flame ionization detector and vertical lines indicate the positions where aroma-active compounds

were registered olfactorily.

72 aroma-active compounds (odouric responses)
were revealed by GC-O technique in the aroma
of peel and flesh of apples from both geographic
areas. The aroma profiles were found to consist of
a mixture of various chemical compounds, mainly
esters, aldehydes and alcohols [12, 13], followed
by terpenes, one ketone and one short-chain un-
saturated carboxylic acid. Fifty-seven aroma-active
compounds were identified by a combination of
above-mentioned independent methods. In case
of 3-octanol, 6-methyl-5-hepten-2-ol and isolongi-
folene, only partial information was available and
thus only tentative identification was possible.
Eight compounds were detected only by GC-ol-
factometry, thereby they remained unidentified
at this stage. The exact identity of some sesquiter-
pene stereoisomers (bisabolene, y-bisabolene and

farnesol) also remains unknown at this stage due
to unavailability of relevant reference materials.

Slovakian RM-1 apples
Apple peel

The rich aroma of this apple part was formed
by 52 aroma-active compounds (Tab. 1). With
respect to the estimated odour intensities,
principal odour-active compounds were these
16 substances: ethyl butanoate, ethyl 2-methylbu-
tanoate, isopropyl butanoate, isobutanol, methyl
hexanoate, butyl butanoate, ethyl hexanoate, hexyl
acetate, hexanol, (E)-2-hexenol, hexyl butanoate,
ethyl octanoate, a-farnesene, hexyl octanoate, un-
known compound No. 66 and unknown compound
No. 70. All these compounds showed the highest
odour intensity levels from 2 to 3, their individual
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aroma descriptions are listed in Tab. 1. Dominant
components of them are esters significant for the
peel aroma, usually with intensive typical sweet-
fruity notes of apples or other fruits such as pine-
apple, pear, peach and possibly citrus fruit. Three
of the above-mentioned esters were crucial for the
analysed aroma, namely, ethyl 2-methylbutanoate,
ethyl hexanoate and ethyl butanoate, with odour
intensities of 3, 3 and 2.5, respectively. The major-
ity of the detected aroma-active esters was in good
compliance with previous studies [12-15, 32, 35]
concerning various apple fruit varieties, such as
Golden Delicious, Ruixue, Pink Lady or Fuji. The
remaining 36 aroma-active compounds reached
moderate odour intensity levels of 1-1.5 (Tab. 1).
These were mostly other esters predominantly
with fresh, ethereal, green, herbal, vegetable,
fruity, floral or sweetish notes, but also with slight-
ly fatty nuances. They were followed by several
alcohols such as ethanol, butanol, pentanol, (£)-
3-hexenol, octanol, 2-phenyl ethanol, 1,3-octane-
diol, with a wide range of odour qualities such
as ethanolic, fermented, yeasty, balsamic, fusel
alcohol-like, fresh cut grass-like, waxy, leaves-
like, rose, honey-like, earthy or musty under-
tones. Some terpenes, such as (Z)-a-bergamotene,
anethol, bisabolenes, B-cubebene or farnesol, with
mainly fragrant, balsamic, herbaceous, spicy, green
or floral-fruity notes, and one ketone (1-octen-3-
one) with earthy, mushroom-like odour, were also
present. It was shown that 26 aroma-active com-
pounds were present only in apple peel and they
were not detected olfactorily in the flesh. Except
for a portion of esters constituting 16 odorants
such as ethyl propanoate, ethyl isobutanoate, iso-
propyl butanoate, ethyl pentanoate, isobutyl bu-
tanoate, methyl hexanoate, butyl butanoate, hexyl
acetate, ethyl 5-hexenoate, ethyl (Z)-3-hexenoate,
ethyl heptanoate, (E)-2-hexenyl butanoate, iso-
butyl octanoate, (E)-2-hexenyl hexanoate, hexyl
octanoate, phenyl ethyl acetate (with odour inten-
sities from 1 to 2), there were some alcohols (iso-
butanol, octanol and 1,3-octanediol, with odour
intensities 2, 1.5 and 1, respectively). They were
followed by some sesquiterpenes, such as (Z£)-o-
bergamotene, a-farnesene, anethol, bisabolene
(unknown isomers) No. 60 and No. 62, -cubebene
and an unknown compound No. 72, with odour in-
tensity levels from 1 to 2.

Identification
MS, OD, LIT

IT
NDO |MS, OD, LIT

1.5
NDO

1
1

NDO |MS, OD, LIT
NDO |MS, OD

1.5

Flesh

SK
NDO
3
1.5

NDO
2
2
1
NDO

Odour intensity

IT
NDO
1.5
NDO
NDO
2
3
1
1

Peel

SK
1
2
NDO
1
1
2
1
1

Tab. 1. continued

Aroma description
Fragrant, lactone-like, coconut, sweet, dairy, slightly peach-like

Pleasant, delicate, fresh, floral, linden-like
Pleasant, fresh, fragrant, slight floral, herbal

Fruity, sweet, ripe apple-like
Herbal, balsamic, incense-like odour

Caramel-like, sweet
Earthy, musty

Pleasant, fruity

Aroma compound

Farnesol (unknown isomer)

1,3-Octanediol
Unknown ©

B-Cubebene
Unknown©
Unknown©
Isolongifolenet
Unknown ©

Apple flesh

It was obvious sensorially that the aroma of the
flesh of apples of Slovakian production was sub-
stantially poorer than their peel aroma (Tab. 1).
Overall, it comprised 32 aroma-active compounds
(by 20 less than the apple peel). Fourteen of them

LRI
NC
NC
NC
NC

N
NC
N

65
70

71

72

Odour intensity represents the average value of six independent measurements (n = 6).
Compounds identified on the basis of the following criteria: MS — mass spectrum, LR/ - linear retention index measured on GC column DB-WAX, ST - standard compound, OD — odour

quality, LIT — literature reference.

SK - Slovakian apple fruit production, IT — Italian apple fruit production, NC — not calculated, NDO — not detected olfactorily, o — compound detected only by GC-olfactometry, t — tentative

identification (only on the basis of mass spectrum).

No.
66
67
68
69
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were perceived olfactorily with odour intensi-
ties from 2 to 3. These compounds were identi-
fied as esters (ethyl acetate, ethyl butanoate, ethyl
2-methylbutanoate, ethyl hexanoate and hexyl bu-
tanoate); alcohols (butanol and hexanol); sesqui-
terpenes (unknown isomers of y-bisabolene and
bisabolene No. 63, tentatively identified isolongifo-
lene); two unknown compounds No. 66 and No. 70,
one aldehyde (hexanal) and one ketone (1-octen-
3-one). Whilst two of these apple flesh odourants
reached the highest value of odour intensity of 3
(ethyl 2-methylbutanoate and unknown compound
No. 66), other three odourants (ethyl butanoate,
hexanal and ethyl hexanoate) reached similarly
high individual odour intensities of 2.5. Comparing
the flesh aroma with the peel one, aroma of flesh
included 6 odorants that were not detected olfac-
torily in the peel, namely, hexanal (odour intensity
2.5), unknown compound No. 11 (odour intensity
1), unknown compound No. 43 (odour intensity 1),
unknown compound No. 67 (odour intensity 1.5),
limonene (odour intensity 1.5) and 2-methyl buta-
nol (odour intensity 1.5).

Italian RM-1 apples
Apple peel

Aroma of the apple peel from fruits grown in
Italy comprised 43 aroma-active compounds. It
is worth noting that, due to the overlap between
two odours of individual aroma compounds
o-farnesene + (E)-2-butenoic acid, only one
odour response was recorded in this case (Tab. 1,
No. 56). Four aroma-active compounds reached
high odour intensities of 2.5-3, namely, unknown
compound No. 70 (odour intensity 3) with fra-
grant, lactone-like, coconut, sweet, dairy, slightly
peach-like notes, and esters ethyl-2-methyl bu-
tanoate, ethyl octanoate, hexyl hexanoate, all
having odour intensity of 2.5 and overall a typi-
cal intensive apple odour, green, herbal, fresh
fruity notes and brandy, soap-like as well as waxy
undertones. Regarding the above-mentioned un-
known substance No. 70, it is probably a lactone.
However, its identity could not be confirmed
because it was only detected by GC-O. In com-
parison with the apple flesh, 18 apple peel-specific
odourants were determined. They belonged to
various chemical groups, namely, 14 were esters,
followed by two alcohols (E)-2-hexenol and oc-
tanol, one was a sesquiterpene (y-bisabolene, un-
known isomer) and one was a short-chain unsatu-
rated carboxylic acid ((E)-2-butenoic acid).

Apple flesh
The aroma of the flesh of apples grown in Italy
was composed of 34 aroma-active compounds. It

was evident that this was less rich by 9 odourants
than the corresponding peel aroma. One of them,
the ester hexyl 2-methylbutanoate, was olfac-
torily perceived at the highest odour intensity
of 3. Other 6 aroma-active compounds, namely,
4 esters (ethyl acetate, butyl acetate, 2-methylbutyl
acetate and hexyl acetate), one alcohol (butanol)
and one ketone (1-octene-3-one), showed a strong
odour intensity of 2. The large group of remain-
ing odourants (totally 25 compounds) were per-
ceived at weak to moderate odour intensities of
1-1.5. Two aroma-active esters (ethyl butanoate
and propyl hexanoate) were detected in the apple
flesh at surprisingly very weak intensity of only
0.5. Summarizing the obtained results, 9 aroma-
impact volatiles (2-methyl butanal, pentyl acetate,
butyl 2-methylbutanoate, (E)-2-hexenyl acetate,
(Z)-3-hexenol, 3-octanol, 6-methyl-5-hepten-2-ol,
unknown compound No. 49 and estragole) were
apple flesh-specific odourants of RM-1 apples of
Italian provenance (they were not detected olfac-
torily in the apple-peel).

Aroma of Slovakian vs Italian RM-1 apples
Apple peel

Concerning the peel aroma of apples from the
mentioned production localities in Slovakia and
Italy, both were rich and complex. The Slovakian
apple peel aroma was richer by 9 odorants than
the Italian one. Three volatile substances (for
Slovakian apples: ethyl butanoate, ethyl 2-methyl-
butanoate and ethyl hexanoate) or four ones (for
Italian apples: ethyl 2-methylbutanoate, ethyl oc-
tanoate, hexyl hexanoate, unknown compound
No. 70) were perceived at the high odour intensi-
ties of 2.5-3. One of these principal peel odorants,
the ester ethyl-2-methyl butanoate, was common
to RM-1 apples grown in both localities. Fifteen
volatiles with listed odour intensities were peel-
specific odourants of apples from Slovakian pro-
duction. They were ethanol (odour intensity 1.5),
isopropyl butanoate (odour intensity 2), isobutyl
butanoate (odour intensity 1.5), butyl butanoate
(odour intensity 2), pentanol (odour intensity 1),
ethyl 5-hexenoate (odour intensity 1), ethyl (Z)-
3-hexenoate (odour intensity 1), (Z)-3-hexenol
(odour intensity 1.5), isobutyl octanoate (odour
intensity 1.5), a-farnesene (odour intensity 2),
phenylethyl acetate (odour intensity 1), bisabolene
(unknown isomer) No. 60 (odour intensity 1.5),
2-phenyl ethanol (odour intensity 1.5), B-cubebene
(odour intensity 1) and 1,3-octanediol (odour
intensity 1). On the other hand, characteristic
odourants for Italian apple peel aroma were butyl
acetate (odour intensity 2), unknown compound
No. 14 (odour intensity 1.5), 2-methylbutyl acetate
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(odour intensity 1.5), pentyl butanoate (odour in-
tensity 1), hexyl 2-methylbutanoate (odour inten-
sity 2) and (E)-2-butenoic acid (odour intensity 1).

Variability between Slovak and Italian samples
was obvious also from results of principal com-
ponent analysis (PCA). The plot of principal
components depicted in Fig. 3A indicated the
existence of 2 discriminated groups of eigenvec-
tors belonging to the samples from different locali-
ties, although the distribution of individual vec-
tors throughout the graph sectors was high. This
higher discrimination resulted from 6 independent
measurements of 3 judges. As regards the results
of PCA for apple peel, the first three principal
components (PC) described more than 74.3 % of
the total variability of the dataset. For description
of maximum variability, 5 PC would be necessary
with eigenvalue greater than 1. As followed from
the table of eigenvalues (data not presented),
descriptors hexanol, octanol and unknown com-
pound No. 70 had the most significant weight for
first PC construction. Ethyl 2-methylbutanoate,
butyl butanoate, butyl hexanoate, hexyl hexanoate
and isobutyl octanoate had a dominant role in the
second PC construction. Descriptors ethyl pro-
panoate, 2-methylbutyl acetate, (E)-2-hexenol,
pentyl hexanoate, hexyl octanoate and isolongifo-
lene played the dominant role in the third PC con-
struction.

Component 2

_6||i|
6 4 2 0 2 4 & 8

Component 1

Apple flesh

As for the comparison of Slovakian and Italian
apple flesh aroma, they were comparable in terms
of the number of odourants (32 and 34, respec-
tively). Fourteen of them were common to both
growing localities, namely, ethyl acetate, isopropyl
acetate, ethyl butanoate, ethyl 2-methylbutanoate,
butanol, 1-octen-3-one, propyl hexanoate, hexa-
nol, (Z)-3-hexenol, hexyl hexanoate, bisabolene
(unknown isomer) No. 63, unknown compound
No. 66, unknown compound No. 70 and farnesol
(unknown isomer).

Despite the comparable number of odourants
in apple flesh, the plot of principal components in-
dicated successful discrimination of Slovakian and
Italian samples (Fig. 3B). Three principal compo-
nents cumulatively described approximately 78 %
of the whole dataset variability. Similarly to apple
peel, 5 principal components with eigenvalue
greater than 1 would be necessary to reach maxi-
mum variability. Eigenvalues indicated that, for
the construction of the first PC, ethyl butanoate,
ethyl 2-methyl butanoate and unknown compound
No. 66 had the most significant weight, whereas in
the second PC, ethyl 2-methylbutanoate, hexanol,
(Z)-3-hexenol and bisabolene (unknown isomer)
No. 63 played a dominant role. In the third PC,
ethyl butanoate, unknown compound No. 66 and
unknown compound No. 70 played a dominant
role.

Component 2

Component 1

Fig. 3. Plot of principal components demonstrating differentiation of Slovakian vs Italian Red Moon apples based
on revealed aroma-active compounds and their odour intensities determined by GC-FID-O.

A — peel, B —flesh.

SK - Slovakian apple fruit production, IT — Italian apple fruit production.
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Overall apple aroma

Finally, on the basis of obtained data, odor-
ants such as ethanol, pentanol and 2-phenyl etha-
nol (with weak to moderate odour intensity levels
from 0.5 to 1.5 in the peel and flesh) were specific
for the overall aroma of the analysed apple fruit
cultivar RM-1 grown in Slovakia. On the other
hand, unique odourants of the overall aroma of
apples from Italian production were butyl acetate,
unknown compound No. 14, hexyl 2-methylbu-
tanoate and 2-methylbutyl acetate (with odour in-
tensities from 1.5 to 3 in the peel and flesh).

Comparing these aroma-related data, it is ob-
vious that the overall aroma of analysed RM-1
apples in two different countries were different to
some extent. Differences in them might be attri-
buted to geographical variations such as territory,
climate and other environmental factors, e.g. spe-
cific soil characteristics, water quality, but also
possible different farming conditions. A slightly
different timing of the harvest in the monitored
year may also have played a role.

CONCLUSION

This is the first study providing objective infor-
mation on principal aroma-active compounds of
the new cultivar of red-fleshed apples Red Moon
(RM-1), using the unique specific technique of
GC-FID-O. The overall aroma of the analysed
fruits from two different countries (Slovakia, Italy)
differed. In summary, 72 aroma-active compounds
were revealed by GC-FID-O technique in the
aroma of peel and flesh of apples grown in both
geographic areas. Based on aroma-related data,
it can be concluded that aroma of the flesh was
substantially poorer than the peel aroma, with no
respect to country of the apple production. Etha-
nol, pentanol and 2-phenyl ethanol were odour-
ants specific for the overall aroma of Slovakian
apples, whereas butyl acetate, unknown compound
No. 14, hexyl 2-methylbutanoate and 2-methyl-
butyl acetate were unique odourants of the over-
all aroma of apples from Italian production. In the
future research, the unknown aroma-active com-
pounds (totally 8) or tentatively identified aroma-
active compounds (totally 3) should be further in-
vestigated. Certainly, further investigation of more
samples would be necessary to involve the inter-
season variability as well as differences between
orchards and apple growers.

Acknowledgements
This work was supported by the Operational
Program Integrated Infrastructure within the project

Demand-driven research for the sustainable and innova-
tive foods, Drive4SIFood, 313011V336, co-financed by
the European Regional Development Fund.

REFERENCES

1. FAOSTAT - Crops and livestock products. In: Food
and Agriculture Organization of the United Nations
[online]. Rome : FAO, last update 17 February 2022
[cited 18 May 2022]. <https://www.fao.org/faostat/
en/#data/QCL>

2. Harris, S. A. — Robinson, J. P. — Juniper, B. E.
Genetic clues to the origin of the apple. Trends
in Genetics, 18, 2002, pp. 426-430. DOI: 10.1016/
$0168-9525(02)02689-6.

3. Wolfe, K. — Wu, X. — Liu, R. H.: Antioxidant activ-
ity of apple peels. Journal of Agricultural and Food
Chemistry, 51, 2003, pp. 609-614. DOI: 10.1021/
j020782a.

4. Robinson, J. P. — Harris, S. A. — Juniper, B. E.:
Taxonomy of the genus Malus Mill. (Rosaceae) with
emphasis on the cultivated apple, Malus domestica
Borkh. Plant Systematics and Evolution, 226, 2001,
pp. 35-58. DOLI: 10.1007/s006060170072.

5. Gasic, K. — Preece, J. E. — Karp, D.: Register of
new fruit and nut cultivars list 50. HortScience,
55, 2020, pp. 1164-1201. DOI: 10.21273/
HORTSCI50register-20.

6. Red Moon GmbH. Apple tree named ‘RM-1’.
Inventor: Carriéres, J.-L. Int. Cl. AO1H 5/08 (2006.01).
US Patent Application US2017/0164533 P1.
8 June 2017.

7. Dimick, P. S. — Hoskin, J. C. — Acree, T. E.: Review
of apple flavor —state of the art. Critical Reviews in
Food Science and Nutrition, /8, 1983, pp. 387-409.
DOI: 10.1080/10408398309527367.

8. Paillard, N.: The flavour of apples, pears and quinces.
In: Morton, D. — Mac Leod, A. J. (Eds.): Food
Flavours. Part C. The flavors of fruits. Amsterdam :
Elsevier, 1990, pp. 1-40. ISBN: 0-444-87362-7.

9. Song, J. — Forney, C. E: Flavour volatile produc-
tion and regulation in fruit. Canadian Journal of
Plant Science, 88, 2008, pp. 537-550. DOI: 10.4141/
CJPS07170.

10. Zellner, B. A. — Dugo, P. - Dugo, G. — Mondello, L.:
Gas chromatography-olfactometry in food flavour
analysis. Journal of Chromatography A, 7186, 2008,
pp. 123-143. DOI: 10.1016/j.chroma.2007.09.006.

11. Medina, S. - Perestrelo, R. - Pereira, R. -
Cémara, J. S.: Evaluation of volatilomic fingerprint
from apple fruits to ciders: a useful tool to find
putative biomarkers for each apple variety. Foods, 9,
2020, article 1830. DOI: 10.3390/foods9121830.

12. Ferreira, L. — Perestrelo, R. — Caldeira, M. —
Camara, J. S.: Characterization of volatile substances
in apples from Rosaceae family by headspace solid-
phase microextraction followed by GC-qMS. Journal
of Separation Science, 32, 2009, pp. 1875-1888. DOI:
10.1002/jss¢.200900024.

13. Espino-Diaz, M. — Sepiilveda, D. R. — Gonzélez-

261


https://www.fao.org/faostat/en/#data/QCL
https://www.fao.org/faostat/en/#data/QCL
https://doi.org/10.1016/s0168-9525(02)02689-6
https://doi.org/10.1016/s0168-9525(02)02689-6
https://doi.org/10.1021/jf020782a
https://doi.org/10.1021/jf020782a
https://doi.org/10.1007/s006060170072
https://doi.org/10.21273/HORTSCI50register-20
https://doi.org/10.21273/HORTSCI50register-20
https://doi.org/10.1080/10408398309527367
https://doi.org/10.4141/CJPS07170
https://doi.org/10.4141/CJPS07170
https://doi.org/10.1016/j.chroma.2007.09.006
https://doi.org/10.3390/foods9121830
https://doi.org/10.1002/jssc.200900024

Cerventik, K. et al.

J. Food Nutr. Res., Vol. 67, 2022, pp. 251-263

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

262

Aguilar, G. — Olivas, G. I: Biochemistry of
apple aroma: a review. Food Technology and
Biotechnology, 54, 2016, pp. 375-397. DOI: 10.17113/
ftb.54.04.16.4248.

Dunemann, F. — Ulrich, D. — Malysheva-Otto, L. —
Weber, W. E. — Longhi, S. — Velasco, R. — Costa, F.:
Functional allelic diversity of the apple alcohol
acyl-transferase gene MdAATI associated with fruit
ester volatile contents in apple cultivars. Molecular
Breeding, 29, 2012, pp. 609-625. DOI: 10.1007/
s11032-011-9577-7.

Mehinagic, E. — Prost, C. — Demaimay, M.:
Optimization of extraction of apple aroma by
dynamic headspace and influence of saliva on extrac-
tion of volatiles. Journal of Agricultural and Food
Chemistry, 52, 2004, pp. 5175-5182. DOI: 10.1021/
jf049577¢g.

Riu-Aumatell, M. - Castellari, M. - Lopez-
Tamames, E. - Galassi, S. — Buxaderas, S.:
Characterisation of volatile compounds of fruit
juices and nectars by HS/SPME and GC/MS. Food
Chemistry, 87, 2004, pp. 627-637. DOI: 10.1016/].
foodchem.2003.12.033.

Roth, E. —Berna, A. — Beullens, K. — Yarramraju, S. -
Lammertyn, J. — Schenk, A. — Nicolai, B.: Postharvest
quality of integrated and organically produced apple
fruit. Postharvest Biology and Technology, 45, 2007,
pp. 11-19. DOI: 10.1016/j.postharvbio.2007.01.006.
Reis, S. E. A. R. — Rocha, S. M. — Barros, A. S. —
Delgadillo, I. — Coimbra, M. A.: Establishment of
the volatile profile of ‘Bravo de Esmolfe’ apple
variety and identification of varietal markers. Food
Chemistry, 713, 2009, pp. 513-521. DOI: 10.1016/;.
foodchem.2008.07.093.

Aprea, E. - Corollaro, M. L. - Betta, E. - Endrizzi, I. -
Dematte, M. L. — Biasioli, E — Gasperi, E.: Sensory
and instrumental profiling of 18 apple cultivars
to investigate the relation between perceived
quality and odour and flavour. Food Research
International, 49, 2012, pp. 677-686. DOI: 10.1016/].
foodres.2012.09.023.

Savelieva, E. I. — Gavrilova, O. P. - Gagkaeva, T. Yu.:
Using solid-phase microextraction combined with
gas chromatography-mass spectrometry for the study
of the volatile products of biosynthesis released by
plants and microorganisms. Journal of Analytical
Chemistry, 69, 2014, pp. 609-615. DOI: 10.1134/
S51061934814050086.

Yan, D. — Shi, J. — Ren, X. — Tao, Y. - Ma, F. —
Li, R. - Liu, X. - Liu, C.: Insights into the aroma pro-
files and characteristic aroma of “Honeycrisp” apple
(Malus x domestica). Food Chemistry, 327, 2020, arti-
cle 127074. DOI: 10.1016/j.foodchem.2020.127074.
Egea, M. B. - Bertolo, M. R. V. - Oliveira
Filho, J. G. — Lemes, A. C.: A narrative review of
the current knowledge on fruit active aroma using
gas chromatography-olfactometry (GC-O) analysis.
Molecules, 26, 2021, article 5181. DOI: 10.3390/mol-
ecules26175181.

Yang, S. - Hao, N. — Meng, Z. — Li, Y. — Zhao, Z.:
Identification, comparison and classification of vola-
tile compounds in peels of 40 apple cultivars by

24.

25

26.

27.

28.

29.

30.

31.

32.

33.

HS-SPME with GC-MS. Foods, 10, 2021, article
1051. DOI: 10.3390/foods10051051.

Lopez, M. — Lavilla, M. — Recasens, I. — Graell, J. -
Vendrell, M.: Changes in aroma quality of ‘Golden
Delicious’ apples after storage at different oxygen and
carbon dioxide concentrations. Journal of the Science
of Food and Agriculture, 80, 2000, pp. 311-324.
DOI: 10.1002/1097-0010(200002)80:3<311::AID-
JSFA519>3.0.CO;2-FE

. Fuhrmann, E. — Grosch, W.: Character impact

odorants of the apple cultivars Elstar and Cox
Orange. Food/Nahrung, 46, 2002, pp. 187-193.
DOI: 10.1002/1521-3803(20020501)46:3<187::AID-
FOOD187>3.0.CO;2-5.

Mehinagic, E. — Royer, G. — Symoneaux, R. -
Jourjon, E - Prost, C.: Characterization of odor-
active volatiles in apples: influence of cultivars and
maturity stage. Journal of Agricultural and Food
Chemistry, 54, 2006, pp. 2678-2687. DOI: 10.1021/
jf052288n.

Zhao, P. — Yang, Y. — Wang, X. — Guo, Y.: Evolution
of typical aromas and phenolic compounds of a red-
fleshed apple throughout different fruit develop-
mental periods in Xinjiang, China. Food Research
International, 748, 2021, article 110635. DOI:
10.1016/j.foodres.2021.110635.

Lu, L. - Zuo, W. — Wang, C. - Li, C. — Feng, T. -
Li, X. - Wang, C. - Yao, Y. — Zhang, Z. — Chen, X.:
Analysis of the postharvest storage characteristics of
the new red-fleshed apple cultivar ‘Meihong.” Food
Chemistry, 354, 2021, article 129470. DOI: 10.1016/].
foodchem.2021.129470.

Chitarrini, G. - Lazazzara, V. — Lubes, G. -
Agnolet, S. — Valls, J. — von Lutz, H. — Brunner, K. —
Lozano, L. — Guerra, W. — Ciesa, F. — Robatscher, P. -
Oberhuber, M.: Volatile profiles of 47 monovarietal
cloudy apple juices from commercial, old, red-fleshed
and scab-resistant apple cultivars. European Food
Research and Technology, 247, 2021, pp. 2739-2749.
DOI: 10.1007/s00217-021-03826-7.

Sédeckd, J. — Caplovd, Z. — Tomaska, M. — Soltys, K. -
Kopuncovd, M. — Budi§, J. — Droncovsky, M. —
Kolek, E.—Korenovd, J.—Kuchta, T.: Microorganisms
and volatile aroma-active compounds in bryndza
cheese produced and marketed in Slovakia.
Journal of Food and Nutrition Research, 58, 2019,
pp- 382-392. ISSN: 1336-8672. <https://www.vup.sk/
download.php?bullD=2043>

Kopuncovd, M. - Sddeckd, J. — Kolek, E. -
Havrlentovd, M. — Blasko, J.: Key odour-active com-
pounds in selected Slovakian poppy seed (Papaver
somniferum L.) varieties revealed by gas chromatog-
raphy-olfactometry. Journal of Food and Nutrition
Research, 55, 2016, pp. 237-246. ISSN: 1336-8672.
<https://www.vup.sk/download.php?bullD=1895>
Salas, N. A. — Gonzdlez—Aquilar, G. A. — Jacobo-
Cuéllar, J. L. — Espino, M. — Sepilveda, D. -
Guerrero, V. — Olivas, G. L.: Volatile compounds
in Golden delicious apple fruit (Malus domestica)
during cold storage. Revista Fitotecnia Mexicana, 39,
2016, pp. 159-173. ISSN: 0187-7380.

Roberts, G. — Spadafora, N. D.: Analysis of apple


https://doi.org/10.3390/foods10051051
https://doi.org/10.1002/1097-0010(200002)80:3<311::AID-JSFA519>3.0.CO;2-F
https://doi.org/10.1002/1097-0010(200002)80:3<311::AID-JSFA519>3.0.CO;2-F
https://doi.org/10.1002/1521-3803(20020501)46:3<187::AID-FOOD187>3.0.CO;2-5
https://doi.org/10.1002/1521-3803(20020501)46:3<187::AID-FOOD187>3.0.CO;2-5
https://doi.org/10.1021/jf052288n
https://doi.org/10.1021/jf052288n
https://doi.org/10.1016/j.foodres.2021.110635
https://doi.org/10.1016/j.foodchem.2021.129470
https://doi.org/10.1016/j.foodchem.2021.129470
https://doi.org/10.1007/s00217-021-03826-7
https://www.vup.sk/download.php?bulID=2043
https://www.vup.sk/download.php?bulID=2043
https://www.vup.sk/download.php?bulID=1895
https://doi.org/10.17113/ftb.54.04.16.4248
https://doi.org/10.17113/ftb.54.04.16.4248
https://doi.org/10.1007/s11032-011-9577-7
https://doi.org/10.1007/s11032-011-9577-7
https://doi.org/10.1021/jf049577g
https://doi.org/10.1021/jf049577g
https://doi.org/10.1016/j.foodchem.2003.12.033
https://doi.org/10.1016/j.foodchem.2003.12.033
https://doi.org/10.1016/j.postharvbio.2007.01.006
https://doi.org/10.1016/j.foodchem.2008.07.093
https://doi.org/10.1016/j.foodchem.2008.07.093
https://doi.org/10.1016/j.foodres.2012.09.023
https://doi.org/10.1016/j.foodres.2012.09.023
https://doi.org/10.1134/S1061934814050086
https://doi.org/10.1134/S1061934814050086
https://doi.org/10.1016/j.foodchem.2020.127074
https://doi.org/10.3390/molecules26175181
https://doi.org/10.3390/molecules26175181

Aroma-active compounds of Red Moon apple fruits

34.

flavours: The use of volatile organic compounds
to address cultivar differences and the correlation
between consumer appreciation and aroma profil-
ing. Journal of Food Quality, 3, 2020, article ID
8497259. DOI: 10.1155/2020/8497259.

van Den Dool, H. — Kratz, P: A generalization of
the retention index system including linear tem-
perature programmed gas-liquid partition chroma-
tography. Journal of Chromatography A, 71, 1963,
pp. 463-471. DOI: 10.1016/S0021-9673(01)80947-X.

35. Liu, X. — Hao, N. — Feng, R. — Meng, Z. - Li, Y. -

Zhao, Z.: Transcriptome and metabolite profiling
analyses provide insight into volatile compounds of
the apple cultivar “Ruixue” and its parents during
fruit development. BMC Plant Biology, 21, 2021,
article 231. DOI: 10.1186/s12870-021-03032-3.

Received 18 May 2022; 1st revised 24 June 2022; accepted
25 June 2022; published online 15 July 2022.

263


https://doi.org/10.1186/s12870-021-03032-3
https://doi.org/10.1155/2020/8497259
https://doi.org/10.1016/S0021-9673(01)80947-X

