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Abstract: Flower scent is an important trait of ornamental roses and has been an important character
in the selection processes. In the present study, the composition of the volatile organic compounds
(VOCs) emitted by both petals and pollen of 21 garden roses (Chinensis, Climber, English rose,
Floribunda, Hybrid Tea, Multiflora, Damascena, Musk rose, Polyantha, Rugosa and Shrub) was
investigated through the GC-MS Static Headspace method. A total of 19 different VOCs were
detected, and for each identified compound, an odorant description was included. In petals, the
most common VOCs were 2-phenylethanol, methyl eugenol, and hexanal, present in 95%, 86% and
86% of garden roses, respectively. While, in pollen were methyl eugenol, methyl-1-butanol, and
hexanal (present in 100%, 95%, and 90% of the genotypes, respectively), even if in lower content.
The comparison between the petals and pollen profile shown that, even with less quantity, the main
compounds characterizing the scent of the studied roses are present both in the petals and in the
pollen (19 and 17 compounds, respectively), with different magnitude. Overall, the content of VOCs
emitted by petals was more than five times higher than that produced by pollen. Different and
characteristic VOCs profiles were emitted by petals and pollen of the studied garden roses.

Keywords: aroma active compounds; flower fragrance; odorant descriptor; relative peak area; Rosa L.;
static headspace

1. Introduction

Plants synthesize and release a large variety of volatile organic compounds (VOCs),
which can be considered as the plant’s interface with its surrounding environment while
remaining anchored to the ground [1]. VOCs have diverse chemical structures and are
mainly classified into terpenoids, phenylpropanoids, and fatty acid derivates [2]. They can
be constitutively emitted from flowers, leaves, fruits, roots, specialized storage structures,
and other minor organs and tissues such as pollen [3,4]. In vegetative tissues, the volatile
compounds render plant defense, whereas in reproductive tissues, they aid mainly in the
attraction of pollinators [1]. VOCs play critical roles also in imparting cues to other plants
to facilitate mating and adaptation to the changes in environment such as under biotic and
abiotic stressed conditions [5-10].

Flower scent is an important trait of ornamental roses (Rosa L. spp.) that has pro-
vided pleasures for humans since antiquity, being used also for cosmetics, perfume in-
dustry, and medicine [11]. Currently, within this genus, about 250 species and more than
18,000 cultivars are documented [12]. However, among them, only few species are scented:
R. damascena Mill., R. gallica L., R. centifolia L., R. moschata Herrm., R. borboniana N.H.F. Desp.,
R. chinensis Jacq., and R. alba L. [13-16]. Rose fragrance consists of more than 400 VOCs with
diverse biosynthetic origins whose amounts vary among species and cultivars [14,15,17,18].
Rose’s VOCs can be mainly grouped into terpenes, which are generally the most abun-
dant compounds and consist of monoterpene alcohols and sesquiterpenes [19]; terpene
derivatives, such as ketones, are present in extremely low quantities but which nevertheless
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contribute significantly to the fragrance of the flower; lipid derivatives, that are synthesized
by leaves and sepals in case of injury; and aromatic compounds such as 2-phenyl-ethanol,
which can be very abundant and provide typical rose scent [1,15,20].

The amount and composition of VOCs is strongly affected by genotypes and technol-
ogy used for processing [5,12]. Gas chromatography-mass spectrometry (GC-MS) is a pow-
erful analytical technique that is widely used to profile volatile compounds in several plant
species and food types because it can efficiently separate and identify compounds [12,21].
The ideal sample preparation method for the analysis of aroma compounds in rose is a
headspace approach that involves the sampling of the gas phase above the sample in a
closed container. Static headspace (SHS) sampling can be performed to extract VOCs from
rose samples without the use of specific solid-phase materials [22]. After a certain range of
time, the headspace gas is extracted from the vial and injected into a gas chromatograph,
which separates the various components of the sample based on size and/or polarity. The
resulting mass spectrum allows for the identification of the components using standard
reference libraries. This method was already performed in several ambits, such as to
sample the VOCs emitted from the leaves of Corymbia citriodora (Hook.) K.D. Hill & L.A.S.
Johnson [23].

The literature on the chemistry of rose scent has extensively analyzed the VOCs
emitted from petals and essential oils of a few species, commonly used in the perfume and
cosmetic industry (R. damascena, R. rugosa Thunb., and R. moschata) [24-27]. Fragrances
in garden roses are very diverse and scent has always been an important character in
the selection process. Up to now, only old studies demonstrated that also the pollen of
some botanical roses such as R. rugosa emitted volatile compounds [28,29] and very few
studies evaluated the content and distribution of the VOCs emitted by both fresh petals
and pollen on the same genotypes [28,30]. This study aimed to broaden the knowledge on
garden rose fragrance by investigating the composition of the VOCs emitted by petals and
pollen, through the SHS method, in 21 garden roses belonging from different classes such
as Chinensis, Climber, English rose, Floribunda, Hybrid Tea, Multiflora, Damascena, Musk
rose, Polyantha, Rugosa and Shrub. This research focused on describing a portion of the
volatiloma of these genotypes and identify possible candidates for future breeding projects.

2. Materials and Methods
2.1. Plant Material

Fully opened flowers were picked from 21 garden rose genotypes (Figure 1 and Table 1)
cultivated in the nursery “Vivaio Anna Peyron” located in Castagneto Po (Italy) (Lat.
45°9'36"'72 N; Long.07°53'25"80 E; 200 m a.s.1.). Roses were classified according to Cairns [31]
and the fragrance of flowers (+, mild; ++ moderate; +++ strong) were obtained based on
the public website [32].

Petals (up to three grams) and pollen (up to one gram) from at least three differ-
ent plants were separated and immediately ice stored in 20 mL headspace vials for
further analysis.
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Figure 1. Flowers of the 21 studied garden rose genotypes (for the identification code see Table 1).
The white scale bars within each figure indicate a 2 cm length.
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Table 1. Identification number, cultivar, class [31], fragrance intensity (+, mild; ++ moderate;

+++ strong) and type [32] of the tested garden roses (Rosa spp.).

ID Cultivar Class Fragrance Intensity Fragrance Type
1 ‘Irene Watts’ Chinensis ++ Sweet

2 ‘Aloha’ Climber +++ Apple

3 ‘Eric Tabarly’ Climber ++ -

4 ‘Comte de Chambord’ Damascena +++ Damask

5 ‘Peach Blossom’ English rose + -

6 ‘Sweet Juliet’ English rose +++ -

7 ‘Clair Matin’ Floribunda ++ Sweetbriar

8 ‘Crimson Glory’ Hybrid Tea +++ Clove, damask, rose
9 ‘Marie Van Houtte’ Hybrid Tea ++ -

10 ‘Mrs. Herbert Stevens’ Hybrid Tea ++ -

11  ‘Ghislaine de Feligonde’ Multiflora ++ -

12 ‘Buff Beauty’ Musk rose +++ Tea rose

13 ‘Felicia’ Musk rose +++ Sweet

14 ‘Prosperity’ Musk rose ++ -

15 “Vanity” Musk rose ++ Musk

16 “The Fairy’ Polyantha + Apple

17 “Yvonne Rabier’ Polyantha ++ -

18 ‘Belle Poitevine’ Rugosa ++ Centifolia

19 ‘Sarah Van Fleet’ Rugosa +++ Old rose
20 ‘Graham Thomas’ Shrub +++ Tea rose
21 ‘Sweet Caitlin’ Shrub +++ Anise, apricot, citrus,

clove, myrrh, violets

2.2. GC-MS Analysis

Gas chromatography (GC) analysis were performed by the laboratory of Ente Sviluppo
Agricolo (Palermo, Italy), using an Agilent-technology chromatograph (Hewlett-Packard
5890 gas chromatography, Hewlett-Packard, Palo Alto, CA, USA) with HP-5 column
B0m x 0.32mm id. x 0.25 um) with automatic headspace injector (Thermo Fisher Sci-
entific HS TriPlus 300Thermo Fisher Scientific, Waltham, MA, USA). The vial headspace
(volume of 1.5 mL) containing volatile compounds from three grams of petals and one
gram of pollen was directly introduced into a GC-MS system. The extraction incubation
parameters were agitator oven temperature of 70 °C, agitation (250 times/min) and incu-
bation of 7.00 min. The pressurization and injection needle time were set at 15 psi and
0.5 min, respectively.

The GC injector temperature and split ratio were set at 170 °C in split mode (10:1),
respectively. The temperature program of the GC started at 40 °C, maintained for 1.00 min,
then increased a rate of 5.0 °C/min to 170 °C, hold time 3.00 min, and then increased a rate
of 5.0 °C/min to 200.0 °C, hold time 5.00 min. Ultrahigh purity helium (He) was used as
a carrier gas with the flow rate at 1.00 mL/min and the ion source temperature and the
interface temperature of the MS were at 200 °C. Detection was performed using electron
ionization at 70 eV with a scan range of 30-300 m/z with an initial scan time of 1.00 min.
A neural networks’ in-house data acquisition, analysis, and visualization were assessed
by Xcalibur 2.1 software (Xcalibur™, Finnigan Corp., Silicon Valley, CA, USA). Besides
the possibility of quantifying single compounds, the purpose-made software allowed to
match the peak pattern with sensory wise defined flavors. For each identified component,
an odorant description was included based on previous publication released.

2.3. Calculation of the Percentage of the Relative Peak Area

The percentage of the relative peak area (%RPA) of a peak in each sample was calcu-
lated by dividing the peak area by the total peak area of all identified peaks in each chro-
matogram. The total ion chromatogram of each sample was used for peak area integration.
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2.4. Data Analysis

Principal coordinate analysis (PCA)—Biplot was performed for both petal and pollen
using PAST 4.03 software (Paleontological Statistic Software Package for Education And
Data Analysis, Oyvind Hammer, Oslo, Norway). Eigenvalues were calculated using a
covariance matrix among 38 traits as input (garden rose genotypes and emitted VOCs),
and the two-dimensional PCA biplot was constructed. Radar charts were generated by
using the rate between the %RPA of each odorant description and the sum of %RPA of
airless headspace (Microsoft Excel for Windows, Office 365, Microsoft Corp., Redmond,
WA, USA).

3. Results
3.1. Identification of VOCs in Garden Rose Petals

The main VOCs detected from garden rose petals are listed in Table 2. Their distribu-
tion in the 21 genotypes is shown in Table 3 and their odor description are represented in
the related radar charts (Figure 2).

Table 2. List, retention time (Rt), Kovats index (Ri) and odorant description of the constituents
identified both in petals and pollen of the 21 studied rose genotypes obtained by using the static
headspace GC-MS method.

Constituent Rt Ri Odorant Description
Acetaldehyde 1.53 358 [33] Fruity, pungent [34]
Dimethyl sulfide 1.63 505 [35] Organic, wet earth [36]
Isovaleraldehyde 2.45 632 [33] Fruity [36]
3-methyl-1-butanol 3.35 736 [35] Malty [34]
1-pentanol 3.90 772 [33] Fruity [34]
Hexanal 4.45 801 [35] Sweet, green, apple [36]
Trans-2-hexenal 5.49 854 [35] Bitter, almonds, green, green apple-like, fatty, bitter almond like, cut grass [36]
Trans-3-hexen-1-ol 5.61 873 [33] Green [36]
Trans-2-hexen-1-ol 5.95 879 [33] Green [37]
Hexan-1-ol 6.04 881 [33] Fruity, aromatic, soft, cut grass [38]
Heptanal 6.84 903 [35] Fatty [39]
x-pinene 7.73 939 [35] Woody, coniferous [34]
Benzaldehyde 8.73 960 [35] Bitter almond [39]
m-cresol 11.86 1084 [35] Shoe polish, machine [40]
2-phenylethanol 14.89 1104 [33] Floral, rose [41]
Nerol 16.84 1233 [35] Sweet, fruity, flower [42]
(E)-citral (Neral) 18.77 1247 [35] Lemon [34]
(Z)-citral (Geranial) 19.21 1277 [35] Sharp lemon, sweet [35]
Methyl eugenol 20.11 1407 [35] Spicy [34]
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Table 3. Chemical composition and the percentage of relative peak area (%) of volatiles emitted from petals of the 21 studied rose genotypes (see Table 1).
All constituents are ordered on the basis of their retention time (see Table 2).

Genotype (ID)
Constituent 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21
Air 85.8 53.3 60.5 68.3 80.2 80.7 76.4 93.7 55.2 83.7 77.5 78.3 91.2 80.6 67.1 78.1 77.9 65.5 95.6 84.3 74.5
Acetaldheyde 9.9 6.1 9.8 - 9.2 8.1 - - 6.0 9.0 8.7 - - 15.9 - - 12.9 - - 9.1 -
Dimethyl sulfide - - - 8.4 - - 11.0 - - - - 17.7 - - 16.7 11.8 - 23.9 - - 10.3
Isovaleraldehyde - - - 0.4 - - 0.5 - 0.2 - - 0.1 - - - - - - - - -
3-methyl-1-butanol 0.1 - - 0.1 0.1 0.1 - 0.1 0.1 0.1 - 0.4 0.1 0.1 0.2 0.2 0.3 0.1 - 0.1 0.1
1-pentanol 0.3 - 0.2 - 0.3 0.2 0.2 0.1 0.2 - 0.1 0.2 0.1 - - 0.1 0.1 0.1 0.1 0.1 -
Hexanal - 31.6 21.8 5.9 0.8 0.1 1.3 04 21.8 0.1 14 - 0.1 0.1 0.1 0.2 0.1 - 0.2 0.3 3.9
Trans-2-hexenal - 0.1 0.1 - - - - - 0.1 - - - - - - - - - - - -
Trans-3-hexen-1-ol - 3.6 24 1.1 - - - - 55 - - - - - - - - - - - 0.6
Trans-2-hexen-1-o0l - - - - - - - - - - 8.5 - - - - - - - - - -
Hexan-1-ol 0.4 0.3 0.6 0.9 3.4 0.8 0.1 1.3 0.7 0.7 - 0.3 0.5 0.8 1.6 1.6 0.7 0.5 1.1 1.5 0.1
Heptanal - - - - - - - - 0.1 - - - - - - - - - - - -
a-pinene 1.1 - 0.1 - 0.1 - 0.1 0.3 - - - 0.1 - - 2.3 - - - 0.2 - 0.1
Benzaldehyde - - 0.1 0.1 - - 0.1 0.1 0.1 - - - - - - - - - - - 0.5
m-cresol - - - 0.1 - - 0.1 - 0.1 - - - - - 0.1 - 0.1 0.1 - 0.1 0.1
2-phenylethanol 0.5 0.3 2.9 115 1.8 79 7.8 24 8.7 4.0 0.6 1.2 6.4 1.5 6.2 5.8 5.6 5.2 14 - 4.2
Nerol - - - - - 0.1 0.1 - - 0.2 - - 0.1 - 0.7 0.2 - 1.9 - 0.4 0.9
(E)-citral (neral) - - - - - - - - - 0.1 - - - - 0.1 - - 0.1 - 0.1 0.1
(Z)-citral (geranial) - - - 04 - - 0.1 - - - - 0.1 0.1 - - - - 0.1 - 0.1 0.1
Methyl eugenol 0.1 - 0.1 0.1 0.1 0.1 0.1 0.1 - 0.1 0.1 0.1 0.1 0.1 - 0.1 0.1 0.1 0.1 0.1 0.1

Total 98.3 954 986 973 96.0 98.1 97.8 983 985 98.0 96.8 98.4 985 990 951 97.8 97.9 975 987 962 956
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Figure 2. Radar charts showing the percentage (0-100%) of each odour description (see Table 2)

within the airless headspace of the petals of the 21 studied garden rose genotypes. Cultivars were
grouped in horticultural classes, as indicated in Table 1.
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In general, a part air, a total of 19 different VOCs were detected. The most common
were 2-phenylethanol, methyl eugenol, and hexanal, present in 95%, 86% and 86% of roses,
respectively (Table 3). Among them, methyl eugenol was always present in very low
concentration (average of RPA equal to 0.1%), while the others at superior content, ranging
between 0.1% and 31.6% RPA and 0.3% and 11.5% RPA for hexanal and 2-phenylethanol,
respectively. Among the remaining 17 compounds, three of these, hexan-1-ol, acetaldehyde,
and dimethyl sulphide, are present in at least 33-52% of the studied varieties.

The cultivar with more identified compounds was ‘Sweet Caitlin’ with 13 molecules,
while the cultivar with the highest content of molecules was ‘Marie Van Houtte” with a
total of RPA percentage equal to 43.3% (with 55.2% of air) (Table 3).

The headspace of the studied petals generally presented a distinctive molecule profile
(Figure 2). The cultivars ‘Irene Watts’, ‘Peach Blossom’, ‘Sweet Juliet’, ‘Mrs. Herbert
Stevens’, ‘Ghislaine de Feligonde’, ‘Prosperity’, “Yvonne Rabier’, and ‘Graham Thomas’
have acetaldheyde and a pronounced fruity and pungent like odor. The cultivars ‘Clair
Matin’, ‘Buff Beauty’, ‘Vanity’, ‘The Fairy’, ‘Belle Poitevine’, and ‘Sweet Caitlin” were
characterized by dimethyl sulphide and an organic and wet like odor. Instead, hexanal
is the most present compound in the VOCs emitted by the petals of the cultivars ‘Aloha’,
‘Eric Tabarly’, and ‘Marie Van Houtte” with a sweet, green and apple like odor. Lastly,
2-phenylethanol and a related floral and rose like odor described the cultivar ‘Comte de
Chambord’, ‘Crimson Glory’, ‘Felicia’, and ‘Sarah Van Fleet’.

3.2. Identification of VOCs in Rose Pollen

The VOCs detected in the studied rose pollen are reported in Tables 2 and 4. In total,
a part air, the applied SHS method allowed to identify 17 compounds. The cultivar ‘Belle
Poitevine’ presented the highest number of detected compounds (12) with a total amount of
16.1 RPA%. The most common VOCs are methyl eugenol, 3-methyl-1-butanol, and hexanal
(present in 100%, 95%, and 90% of the cultivars, respectively), even if in low concentration
(0.1, 0.6 and 0.5 RPA%, respectively). Different compounds resulted distinctive of some
varieties as shown by the radar charts in Figure 3. Acetaldheyde, with its fruity, pungent
like odor, is the main compounds of the pollen of the cultivars ‘Peach Blossom’ and
‘Crimson Glory’. Dimethyl sulphide, with its organic and wet earth like odor, characterized
the cultivar ‘Belle Poitevine’. 2-phenylethanol and the related floral and rose like odor
characterized the cultivar ‘Comte de Chambord’, ‘Prosperity’, and ‘Yvonne Rabier’. The
odor of seven roses (‘Aloha’, ‘Clair Matin’, ‘Marie Van Houtte’, ‘Ghislaine de Feligonde’,
‘Vanity’, ‘Buff Beauty’, ‘'The Fairy” and ‘Sweet Caitlin’) was mainly described as malty
due to 3-methyl-1-butanol. Instead, hexanal is the most present compound in the VOCs
emitted by the pollen of the cultivars ‘Irene Watts’, ‘Sweet Juliet’, ‘Mrs. Herbert Stevens’
and ‘Graham Thomas’ with a sweet, green and apple like odor. Lastly, pollen of ‘Eric
Tabarly’, ‘Felicia” and ‘Sarah Van Fleet’ was mainly typified by methyl eugenol (spicy),
hexan-1-ol (fruity, aromatic, soft, cut grass) and nerol (sweet, fruity, flower).
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Table 4. Chemical composition and the percentage of relative peak area (%) of volatiles emitted from pollen of the 21 studied rose genotypes (see Table 1).

All constituents are ordered on the basis of their retention time (see Table 2).

Genotype (ID)
Constituent 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21
Air 976 936 991 923 837 834 930 840 926 958 976 940 946 974 924 975 958 80.6 979 938 942
Acetaldheyde - - - - 114 - - 8.4 - - - - - - - - - - - - -
Dimethyl sulfide - - - - - - - - - - - - - - - - - 12.2 - - -
Isovaleraldehyde 0.3 - - - - - 0.5 - 0.1 - - 0.3 0.2 - 0.7 - - 0.4 - - -
Methyl-1-butanol 0.1 0.9 - 1.0 0.5 0.1 1.2 0.3 0.7 0.2 0.3 1.0 0.5 0.2 1.6 0.2 0.2 0.3 0.1 0.3 1.5
1-pentanol - 0.1 - - 0.2 - 0.1 - - - - - - - 0.1 - - - - - -
Hexanal 0.5 0.2 - 0.3 0.3 43 1.1 0.1 - 0.2 0.1 0.3 0.2 0.2 0.1 0.1 0.2 0.3 0.1 0.7 0.4
Trans-2-hexenal - 0.1 - 0.1 - - 0.1 - - - - - - - - - - - - - -
Hexan-1-ol 0.1 0.3 - 0.2 0.6 1.2 0.1 - - 0.1 - - 0.5 0.1 0.3 0.1 0.1 0.2 - 0.1 0.1
Heptanal - - - - - - - - 0.1 - - - - - - - - 0.1 - - -
a-pinene - - - 0.2 - 0.1 - - - - - - - - - 0.2 - - - - -
Benzaldehyde - - - - - - 0.1 - - - 0.1 0.1 - - - - - 0.1 - - -
m-cresol - - - - - - - - - - - - - - - - - - - - 0.1
2-phenylethanol - 0.2 - 1.7 1.3 0.2 - - - 1.1 - 0.7 0.7 0.2 0.2 - 1.1 1.9 - - -
Nerol 0.1 - - 0.7 - 2.2 - 0.3 - - - - 0.2 - - - - 0.4 0.1 - -
(E)-citral (neral) - - - 0.2 - 1.2 - 0.1 - - - - 0.1 - - - - 0.1 0.1 - -
(Z)-citral (geranial) - - - 0.2 - 1.7 - 0.1 - - - - 0.1 - - - - 0.1 - - -
Methyl eugenol 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.1
Total 988 955 992 968 982 942 962 932 936 977 982 964 973 983 953 982 977 967 985 950 963
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the airless headspace of the pollen of the 21 studied garden rose genotypes. Cultivars were grouped
in horticultural classes, as indicated in Table 1.
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PC2 (26.1 %)

3.3. Principal Component Analysis (PCA)

Based on Mantel tests, no correlation between the petal and pollen metabolite profiles
were found (Mantel r statistic = —0.19, p = 0.75). In order to visualize congruence between
garden rose genotypes and emitted volatile metabolites in petal and pollen, the whole
datasets were subjected to a Principal Component Analysis (PCA; Figures 4 and 5). Three
main groups related to petal VOCs were clearly divided by the first two axes (36.4% and
26.1% of the variance accounted for Axis 1 and Axis 2, respectively) (Figure 4).

A Chinensis
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A Damascena
English rose
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Trans-2-hexenal  1,.1.c 3 hexen-1-ol ® Hybrid Tea
Hexanal 120 @ Multiflora
N ® Muskrose
2 Polyantha
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Figure 4. Principal component analysis (PCA)-biplot of the studied garden rose genotypes and
volatile compounds emitted by petals. Numbers indicated the garden rose genotypes as listed in
Table 1.

The two climber cultivars “Aloha’” and “Eric Tabarly’ and the Hybrid Tea ‘Marie Van
Utte” were grouped for negative values of Axis 1 and positive values of Axis 2. These
cultivars resulted positively correlated with the emission of hexanal, trans-2-hexenal, and
trans-3-hexen-1-ol. At negative values of both axes were mainly grouped the cultivars
belonging to the English rose, Chinensis, Multiflora ("Peach Blossom’, ‘Sweet Juliet’, ‘Irene
Watts’, ‘Ghislaine de Feligonde’, respectively), and from other classes such as ‘Graham
Thomas’, “Yvonne Rabier’, ‘Mrs. Herbert Stevens’, and ‘Prosperity’. These cultivars resulted
correlated to the emission of trans-2-hexen-1-ol, acetaldehyde, and 1-pentanol. All the other
cultivars and volatiles clustered for positive values of Axis 1. Between them, ‘Compte de
Chambord’ and ‘Sweet Caitlin’ resulted positively correlated to heptanal, benzaldehyde
and isovaleraldehyde. The PCA based on rose pollen data set is shown in Figure 5.

Three main groups were clearly potted by Axis 1 and Axis 2, which accounted for
32.3% and 25.7% of variance, respectively. The cultivars ‘Peach Blossom” and ‘Crimson
Glory’ grouped together for negative values of Axis 1 and positive of Axis 2. The headspace
emitted by their pollen was positively related to acetaldehyde. While, for positive values of
both axes, the cultivar ‘Belle Poitevine” was plotted closed to dimethyl sulfide, heptanal,
and 2-phenylethanol. All the remained cultivars grouped together for positive values of
Axis 1 and negative of Axis 2 and resulted related to the remained volatile compounds.
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Figure 5. Principal component analysis (PCA)-biplot of the studied garden rose genotypes and
volatile compounds emitted by pollen. Numbers indicated the garden rose genotypes as listed in
Table 1.

4. Discussion

Roses are called the “queen of scents” because of the attractive and sweet aroma that
they emit [1]. Floral scent is a composite character determined by a complex mixture of low-
molecular-weight volatile molecules [43]. Rose breeders have recently tried to introduce
new fragrances, for instance, reminiscent of fruit or spice odors. But despite their efforts,
some roses in the market are not very fragrant, especially the ones selected for the cut
flower market. The cause of this lack of scent is not completely known [44].

Regarding petals, the applied method was able to identify 19 molecules with methyl
eugenol, hexanal, and 2-phenylethanol as the most present. Among them, methyl eugenol
is reported as a naturally occurring carcinogenic compound found in a number of essential
oils, including rose oil distilled from Rosa damascena Mill flowers [45]. As reported by
Hirata et al. [1], 2-phenylethanol is generally emitted by petals of European roses that are
used for perfume industries. In according with our results, Feng et al. [25], by using a
GC-MS method, identified a total of 33 volatile compounds from 23 R. rugosa cultivars, with
2-phenylethanol as one of the major components of the petals. This compound was present
also in the headspace of R. hybrida ‘Honesty’ [24]. More recently, Jandoust and Karami [27],
applying a CombiPAL Headspace Techniques to evaluate the floral scent from fresh flowers
of R. moschata, identified 21 VOCs with 2-phenylethanol as the most important component.
This compound is known to be an insect attractant for seed dispersers [29,46]. Regarding
the other detected compounds, Ibrahim et al. [47] by using a headspace solid phase micro-
extraction identified a total of six and 14 volatile compounds in petals of different cultivars
of Floribunda and Hybrid Tea roses, respectively, with a-pinene as a main compound.
Accordingly, we observed the presence of x-pinene in the studied Floribunda rose ‘Clair
Matin’. At the full-blooming stage, Ren et al. [48] identified 65 volatile compounds from
the petals of the cultivar ‘Rose de Rescht’, a damask rose. These authors detected as main
constituent nerol as well as in the cultivar ‘Comte de Chambord’, in which we detected a
high content of nerol. These components contribute mainly to the perfumery value of rose
oil and are generally present in the distillate rose water [49-51].

The characterization of chemical constituents present in the odor of pollen has been
largely ignored because of difficulties in sampling and analysis. Even if petal epidermal
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are the main sites for scent production and emission [48-53], few and old studies demon-
strated that also the pollen of some botanical roses such as R. rugosa emitted volatile
compounds [28,29]. This agrees with our results on R. rugosa ‘Belle Poitevine’, that showed
a pollen volatile profile with dimethyl sulfide as main compound. Dobson et al. [28] re-
ported that in this species, the androecium and particularly the pollen is a major source
of scent. In R. rugosa, pollen-specific volatiles are used by foraging bumblebees to assess
the availability of pollen in flowers [29]. Emission of this volatile is predicted to be the
key olfactory cue of Satyrium pumilum Thunb. flowers for attracting the flesh-eating fly
pollinators [54], as assessed with bioassays in other plants such as Helicodiceros muscivorus
(L. f.) Engl. [55-57]. Some VOCs in pollen have concurrent multiple functions. A variety of
volatiles identified in the scent and considered to be attractants to pollinators might also
have microbial and fungal defensive functions [58]. In the studied pollens, methyl eugenol
was detected in all the genotypes and this molecule is reported to have antimicrobial
activities that could protect pollen [59].

Samples of odors from pollen analyzed with headspace techniques have been found
to be chemically different from scent from whole flowers [60,61], and the diversity of
compounds identified is often lower in pollen [61,62]. The comparison between the petals
and pollen profile shown that, even with less quantity, the main compounds characterizing
the scent of the studied roses are present both in the petals and in the pollen (19 and
17 compounds, respectively), with different magnitude. Overall, the content of volatiles
emitted by the petals was considerably higher than that produced by pollen (more than
five times), suggesting that contributed most to the whole-flower fragrance. Odors from
pollen are probably detected at short distances by insects in those cases in which pollen
emissions of VOCs are quantitatively less abundant than those from the entire flower [59].
However, many species may present stronger pollen odors than others [63]. Among the
identified volatiles, 2-phenylethanol was detected in both petals and pollen in most of the
studied cultivars. To the best of our knowledge, this is the first time in which this molecule
was identified not only in petals but also in pollen. Specifically, this molecule is present in
high content in both the studied R. rugosa cultivars ‘Belle Poitevine” and ‘Sarah Van Fleet'.

No correlation between petal and pollen data sets was observed, thus we can presume
that the biosynthesis of the VOCs follows different biosynthetic pathways. These findings
agree with those obtained by Dobson et al. [28,30] in whole flowers and pollen of R. rugosa
and R. canina L. Dobson et al. [28] highlighted that the distinct fragrances that characterize
the different flower parts of R. rugosa differently contribute for distinctive roles: petals to
attract pollinators, pollen to signal food availability, androecium to guide pollinators and
sepal to protect from herbivores. An example is found in foraging bumblebees, in which
landing is most effectively elicited when combining olfactory signals from pollen with
visual stimuli from anthers [64]. Dobson et al. [29], in a series of behavioral field studies of
bumblebees foraging for pollen on R. rugosa, provided the strongest evidence that bees use
scents from pollen to distinguish between flowers that have different amounts of pollen.
Similar results were observed also in the emission of volatiles from different organs of Inula
viscosa (L.) Aiton and Capparis spinosa L. [65,66].

Apart from the ecological functions, garden roses are selected primarily for fragrance,
whereas marketed roses bred for cut flower production often lack perfume, notwith-
standing the efforts of breeders [67]. As recently reported by Baudino et al. [44] and
Giovannini et al. [68], even fragrance-free roses emit small quantities of fragrant molecules,
as they have not completely lost their ability to produce them, but according to a recent
hypothesis, it would be a malfunction of the biosynthetic pathway of VOCs. Unfortunately,
the biosynthetic pathways of many rose scent compounds are not completely known.
On this topic, Yan et al. [69] suggested that a eugenol synthase (RcEGS1) cloned from
the petals of R. chinensis ‘Old Blush’ is involved in the biosynthesis of methyl eugenol in
rose, studying its over expression and down regulation by gene silencing. Taking together
all of this information, our work can be of precious interest in the development of new
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technologies in the field of breeding, suggesting the presence of molecules present even in
low quantities both in the petals and in the pollen of limited studied garden roses.

5. Conclusions

The conducted analyses have shown that different and characteristic VOCs profiles
are emitted by petals and pollen of the studied garden roses. The obtained dataset could
become a valuable resource for the floricultural industry as well as for the fragrance,
cosmetic, and food industries.

The static headspace method can be used as both a quality assessment system and a
mean to distinguish rose varieties by using also scarce compounds emitted at low rates.
Therefore, volatile compounds determined using this technique might serve as flavor tools
for breeders in improving sensory quality. Some studies have confirmed that the functions
of different floral organs are reflected in different profiles of emission. A desirable long-term
goal of this research is to determine composition and function of floral scent bouquets on a
finer spatial scale within the flower and their biosynthetic pathways.

Author Contributions: Conceptualization, V.S.; experimental set up, M.C. and V.S.; data analysis,
M.C.; writing-original draft preparation, M.C.; writing-review and editing, M.C. and V.S.; supervision,
V.S. All authors have read and agreed to the published version of the manuscript.

Funding: This research received no external funding.

Acknowledgments: The authors thank Andrea Berruti and Saskia Pellion di Persano for their con-
tribution in the set-up of the trials, Renato Bosco, and Ente Sviluppo Agricolo of Palermo for the
contribution in the data detection and analysis.

Conflicts of Interest: The authors declare no conflict of interest.

References

1. Hirata, H.; Ohnishi, T.; Watanabe, N. Biosynthesis of floral scent 2-phenylethanol in rose flower. Biosci. Biotechnol. Biochem. 2016,
80, 1865-1873. [CrossRef]

2. Negre-Zakharov, F; Long, M.C.; Dudareva, N. Floral Scents and Fruit Aromas Inspired by Nature. In Plant-Derived Natural
Products; Osbourn, A., Lanzonti, V., Eds.; Springer: New York, NY, USA, 2009; pp. 405-431.

3.  Loreto, E; Schnitzler, J.P. Abiotic stresses and induced BVOCs. Trends Plant Sci. 2010, 15, 154-166. [CrossRef]

4. Bertoli, A.; Fambrini, M.; DOveri, S.; Leonardi, M.; Pugliesi, C.; Pistelli, L. Pollen aroma fingerprint of two sunflower (Helianthus
annuus L.) genotypes characterized by different pollen colors. Chem. Biodivers. 2011, 8, 1766-1775. [CrossRef]

5. Niederbacher, B.; Winkler, ].B.; Schnitzler, J.P. Volatile organic compounds as non-invasive markers for plant phenotyping. J. Exp.
Bot. 2015, 66, 5403-5416. [CrossRef]

6.  Caser, M.; D’Angiolillo, F; Chitarra, W.; Lovisolo, C.; Ruffoni, B.; Pistelli, L.; Pistelli, L.; Scariot, V. Water deficit regimes trigger
changes in valuable physiological and phytochemical parameters in Helichrysum petiolare Hilliard & BL Burtt. Ind. Crop. Prod.
2016, 83, 680-692.

7. Caser, M.; D’Angiolillo, F,; Chitarra, W.; Lovisolo, C.; Ruffoni, B.; Pistelli, L.; Pistelli, L.; Scariot, V. Ecophysiological and
phytochemical response of Salvia sinaloensis Fern. To drought stress. Plant Growth Regul. 2018, 84, 383-394. [CrossRef]

8.  Caser, M,; Chitarra, W.; D’Angiolillo, F,; Perrone, I.; Demasi, S.; Lovisolo, C.; Pistelli, L.; Pistelli, L.; Scariot, V. Drought stress
adaptation modulates plant secondary metabolite production in Salvia dolomitica Codd. Ind. Crop. Prod. 2019, 129, 85-96.
[CrossRef]

9. Najar, B.; Demasi, S.; Caser, M.; Gaino, W.; Cioni, P.L.; Pistelli, L.; Scariot, V. Cultivation substrate composition influences
morphology, volatilome and essential oil of Lavandula angustifolia Mill. Agronomy 2019, 9, 411. [CrossRef]

10. Demasi, S.; Caser, M.; Lonati, M.; Cioni, P.L.; Pistelli, L.; Najar, B.; Scariot, V. Latitude and altitude influence secondary metabolite
production in peripheral alpine populations of the Mediterranean species Lavandula angustifolia Mill. Front. Plant Sci. 2018, 9, 983.
[CrossRef]

11. Tambe, E.; Gotmare, S.R. Study of varitation and identification of chemical composition in Rosa species oil collected from different
countries. J. Appl. Chem. 2016, 9, 11-18.

12.  Ibrahim, M.; Agarwal, M.; Hardy, G.E.S.J.; Ren, Y. Optimized methods to analyze rose plant volatile organic compounds by
HS-SPME-GC-FID/MSD. ]. Biosci. Med. 2017, 5, 13-31. [CrossRef]

13.  Gudin, S. Rose: Genetics and breeding. Plant Breed. Rev. 2000, 17, 159-189.

14. Khosh-Khui, M. Biotechnology of scented roses: A review. Int. |. Hortic. Sci. Technol. 2014, 1, 1-20.


http://doi.org/10.1080/09168451.2016.1191333
http://doi.org/10.1016/j.tplants.2009.12.006
http://doi.org/10.1002/cbdv.201100045
http://doi.org/10.1093/jxb/erv219
http://doi.org/10.1007/s10725-017-0349-1
http://doi.org/10.1016/j.indcrop.2018.11.068
http://doi.org/10.3390/agronomy9080411
http://doi.org/10.3389/fpls.2018.00983
http://doi.org/10.4236/jbm.2017.53003

Horticulturae 2022, 8, 1049 150f 16

15.

16.

17.
18.

19.
20.

21.

22.

23.

24.

25.

26.
27.
28.
29.
30.
31.
32.
33.
34.

35.
36.

37.

38.

39.

40.

41.

42.

43.

Martinez, M.C.; Santiago, J.L.; Boso, S.; Gago, P.; Alvarez-Acero, L; De Vega, M.E.; Martinez-Bartolomé, M.; Alvarez—Nogal, R,;
Molist, P.; Caser, M.; et al. Narcea—An unknown, ancient cultivated rose variety from northern Spain. Hortic. Sci. 2020, 7, 44.
[CrossRef]

Lijun, Z.; Chao, Y.; Bixuan, C.; Huihua, W.; Le, L.; Huitang, P.; Qixiang, Z. Volatile compound analysis and aroma evaluation of
tea-scented roses in China. Ind. Crop. Prod. 2020, 155, 112735.

Ohloff, G. Importance of minor components in flavors and fragrance. Perfum. Flavorist 1978, 3, 11-22.

Scalliet, G.; Piola, F; Douady, C.J.; Réty, S.; Raymond, O.; Baudino, S.; Bordji, K.; Bendahmane, M.; Dumas, C.; Cock, ] M.; et al.
Scent evolution in Chinese roses. Proc. Natl. Acad. Sci. USA 2008, 105, 5927-5932. [CrossRef]

Tholl, D.; Gershenzon, J. The flowering of a new scent pathway in rose. Science 2015, 349, 28-29. [CrossRef]

Magnard, J.L.; Roccia, A.; Caissard, J.; Vergne, P.; Sun, P.; Hecquet, R.; Dubois, A.; Oyant, L.H.; Jullien, F; Nicole, E; et al.
Biosynthesis of monoterpene scent compounds in roses. Science 2015, 349, 81-83. [CrossRef]

Thammarat, P.; Kulsing, C.; Wongravee, K.; Leepipatpiboon, N.; Nhujak, T. Identification of Volatile Compounds and Selection
of Discriminant Markers for Elephant Dung Coffee Using Static Headspace Gas Chromatography—Mass Spectrometry and
Chemometrics. Molecules 2018, 23, 1910. [CrossRef]

Cavalli, J.F; Fernandez, X.; Lizzani-Cuvelier, L.; Loiseau, A.M. Comparison of Static Headspace, Headspace Solid Phase
Microextraction, Headspace Sorptive Extraction, and Direct Thermal Desorption Techniques on Chemical Composition of French
Olive Oils. J. Agric. Food Chem. 2003, 51, 7709-7716. [CrossRef]

Zini, C.A.; Augusto, E; Christensen, E.; Caramao, B.; Pawliszyn, ]. SPME Applied to the Study of Volatile Organic Compounds
Emitted by Three Species of Eucalyptus In Situ. J. Agric. Food Chem. 2002, 50, 7199-7205. [CrossRef]

Helsper, ].; Davies, J.; Bouwmeester, H.; Krol, A.F.,; van Kampen, M.H. Circadian rhythmicity in emission of volatile compounds
by flowers of Rosa hybrida L. cv. Honesty. Planta 1998, 207, 88-95. [CrossRef]

Feng, Y.; Cheng, X.; Lu, Y.; Wang, H.; Chen, D.; Luo, C.; Liu, H.; Gao, S.; Lei, T.; Huang, C.; et al. Gas chromatography-mass
spectrometry analysis of floral fragrance-related compounds in scented rose (Rosa hybrida) varieties and a subsequent evaluation
on the basis of the analytical hierarchy process. Plant Physiol. Biochem. 2022, 185, 368-377. [CrossRef]

Karami, A.; Khosh-Khui, M.; Salehi, H.; Saharkhiz, M.].; Rowshan, V. Headspace analysis of floral scent from two distinct
genotypes of Iranian damask rose (Rosa damascena Mill.). J. Essent. Oil Bear. Plant. 2013, 16, 489. [CrossRef]

Samira, J.; Akbar, K. Seasonal Variation in Floral Scent of Persian Musk Rose (Rosa Moschata Hermm.). |. Med. Plant. Prod. 2015, 4,
243-247.

Dobson, H.E.M.; Bergstrom, G.; Growth, I. Differences in fragrance chemistry between flower parts of Rosa rugosa. Isr. . Bot. 1990,
39, 143-156.

Dobson, H.E.M.; Danielson, E.M.; van Wesep, 1.D. Pollen odor chemicals as modulators of bumble bee foraging on Rosa rugosa
Thunb. (Rosaceae). Plant Species Biol. 1999, 14, 153-166. [CrossRef]

Dobson, H.E.M.; Bergstrom, J.; Bergstrom, G.; Growth, I. Pollen and flower volatiles in two Rosa species. Phytochemistry 1987, 26,
3171-3173. [CrossRef]

Cairns, T. Modern Roses 10; American Rose Society: Shreveport, LA, USA, 1993.

HelpMeFind Roses. Available online: http://www.helpmefind.com/rose/index.php (accessed on 3 May 2022).

Pubchem. Available online: www.pubchem.com (accessed on 3 May 2022).

Semmelroch, P.; Grosch, W. Studies on character impact odorants of coffee brews. . Agric. Food Chem. 1996, 44, 537-543. [CrossRef]
Flavornet and Human Odor Space. Available online: http://flavornet.org/index.html (accessed on 3 May 2022).

Servili, M.; Selvaggini, R.; Taticchi, A.; Montedoro, G.F. Headspace composition of virgin olive oil evaluated by solid phase
microextraction: Relationship with the oil sensory characteristics. In Food Flavorus and Chemistry: Advances of the New Millennium;
Spanier, A.M., Shahidi, F., Parliment, T.H., Mussinan, C., Ho, C.T., Contis, E.T., Eds.; The Royal Society of Chemistry Publisher:
Cambridge, UK, 2001; pp. 236-247.

Morales, M.T.; Rios, ].].; Aparicio, R. Changes in the Volatile Composition of Virgin Olive Oil during Oxidation: Flavors and
Off-Flavors. J. Agric. Food Chem. 1997, 45, 2666-2673. [CrossRef]

Ramstad, T.; Nestrick, T.J. Purge vessel design in determinations of volatile organic compounds. Anal. Chim. Acta 1980, 121,
345-348. [CrossRef]

Guth, H.; Grosh, W. A comparative study of the potent odorants of different virgin olive oils. Eur. ]. Lipid Sci. Technol. 1991, 93,
335-339. [CrossRef]

Ferreira, V.; Aznar, M.; Lopez, R.; Cacho, J. Quantitative gas chromatography-Olfactometry carried out at different dilutions of an
extract. Key differences in the odor profiles of four high-quality Spanish aged red wines. J. Agric. Food Chem. 2001, 49, 4818-4824.
[CrossRef]

Munafo, J.P,; Didzbalis, J.; Schnell, R.J.; Steinhaus, M. Insights into the key aroma compounds in Mango (Mangifera indica L.
“Haden’) fruits by stable isotope dilution quantitation and aroma simulation experiments. J. Agric. Food Chem. 2016, 64, 4312-4318.
[CrossRef]

Lin, J.; Rouseff, R.L. Characterization of aroma-impact compounds in cold-pressed grapefruit oil using time-intensity GC-
olfactometry and GC-MS. Flavour Fragr. ]. 2001, 16, 457-463. [CrossRef]

Adams, R.P. Identification of Essential oil Components by Gas Chromatography/Mass Spectrometry; Allured Publishing Corp: Carol
Stream, IL, USA, 2007.


http://doi.org/10.1038/s41438-020-0266-8
http://doi.org/10.1073/pnas.0711551105
http://doi.org/10.1126/science.aac6509
http://doi.org/10.1126/science.aab0696
http://doi.org/10.3390/molecules23081910
http://doi.org/10.1021/jf034834n
http://doi.org/10.1021/jf025666m
http://doi.org/10.1007/s004250050459
http://doi.org/10.1016/j.plaphy.2022.06.007
http://doi.org/10.1080/0972060X.2013.813266
http://doi.org/10.1046/j.1442-1984.1999.00020.x
http://doi.org/10.1016/S0031-9422(00)82464-4
http://www.helpmefind.com/rose/index.php
www.pubchem.com
http://doi.org/10.1021/jf9505988
http://flavornet.org/index.html
http://doi.org/10.1021/jf960585+
http://doi.org/10.1016/S0003-2670(01)84435-4
http://doi.org/10.1002/lipi.19910930903
http://doi.org/10.1021/jf010283u
http://doi.org/10.1021/acs.jafc.6b00822
http://doi.org/10.1002/ffj.1041

Horticulturae 2022, 8, 1049 16 of 16

44.

45.

46.

47.

48.

49.
50.

51.

52.

53.

54.

55.

56.

57.

58.

59.

60.

61.

62.

63.
64.

65.

66.

67.

68.

69.

Baudino, S.; Hugueney, P,; Caissard, J.-C. Chapter 12: Evolution of scent genes. In Biology of Plant Volatiles; Pichersky, E.,
Dudareva, N., Eds.; CRC Press: Boca Raton, FL, USA, 2020.

Rusanov, K.; Kovacheva, N.; Rusanova, M.; Atanassov, I. Low variability of flower volatiles of Rosa damascena Mill. plants from
rose plantations along the Rose Valley, Bulgaria. Ind. Crop. Prod. 2012, 37, 6-10. [CrossRef]

Shalit, M.; Guterman, I.; Volpin, H.; Bar, E.; Tamari, T.; Menda, N.; Adam, Z.; Zamir, D.; Vainstein, A.; Weiss, D.; et al. Volatile
ester formation in roses. Identification of an acetyl-coenzyme A. Geraniol/citronellol acetyltransferase in developing rose petals.
Plant Physiol. 2003, 131, 1868-1876. [CrossRef]

Ibrahim, M.; Agarwal, M.; Yang, ].O.; Abdulhussein, M.; Du, X.; Hardy, G.; Ren, Y. Plant growth regulators improve the production
of volatile organic compounds in two rose varieties. Plants 2019, 8, 35. [CrossRef]

Ren, J.; Yang, L.; Wang, Y.; Yao, H. Chemical profile of floral scent at different flower developmental stages of rose de rescht (Rosa
damascene Mill.) cultivated in Beijing. . Essent. Oil Bear. Plants 2016, 19, 433—-443. [CrossRef]

Baydar, H. Oil-bearing rose (Rosa damascena Mill.) cultivation and rose oil industry in Turkey. Euro Cosmet. 2016, 14, 13-17.
Rusanov, K.; Kovacheva, N.; Rusanova, M.; Atanassov, I. Traditional Rosa damascena flower harvesting practices evaluated through
GC/MS metabolite profiling of flower volatiles. Food Chem. 2011, 129, 1851-1859. [CrossRef]

Nedeltcheva-Antonova, D.; Stoicheva, P.; Antonov, L. Chemical profiling of Bulgarian rose absolute (Rosa damascena Mill.) using
gas chromatography—Mass spectrometry and trimethylsilyl derivatives. Ind. Crop. Prod. 2017, 108, 36—43. [CrossRef]

Sharma, S.; Kumar, R. Influence of harvesting stage and distillation time of Damask rose (Rosa damascena Mill.) flowers of essential
oil content and composition in the Western Himalayas. |. Essent. Oil Bear. Plants 2018, 21, 92-102. [CrossRef]

Vainstein, A.; Lewinsohn, E.; Pichersky, E.; Weiss, D. Floral Fragrance. New Inroads into an Old Commodity. Plant Physiol. 2001,
27,1383-1389. [CrossRef]

van der Niet, T.; Jurgens, A.; Johnson, S.D. Is the timing of scent emission correlated with insect visitor activity and pollination in
long-spurred Satyrium species? Plant Biol. 2015, 17, 226-237. [CrossRef]

Stensmyr, M.; Urru, L; Collu, I; Celander, M.; Hansson, B.S.; Angioy, A.-M. Rotting smell of dead-horse arum florets. Nature 2002,
420, 625-626. [CrossRef]

Shuttleworth, A.; Johnson, S.D. Floral scents of chafer-pollinated asclepiads and a potential hybrid. S. Afr. J. Bot. 2010, 76, 770-778.
[CrossRef]

Zito, P,; Détter], S.; Sajeva, M. Floral volatiles in a sapromyiophilous plant and their importance in attracting house fly pollinators.
J. Chem. Ecol. 2015, 41, 340-349. [CrossRef]

Farré-Armengol, G.; Filella, I; Llusia, J.; Pefiuelas, J. Floral volatile organic compounds: Between attraction and deterrence of
visitors under global change. Perspectives in Plant Ecology. Evol. Syst. 2013, 15, 56—67.

Marchese, A.; Barbieri, R.; Coppo, E.; Orhan, LE.; Daglia, M.; Nabavi, S.F,; Izadi, M.; Abdollahi, M.; Nabavi, S.M.; Ajami, M.
Antimicrobial activity of eugenol and essential oils containing eugenol: A mechanistic viewpoint. Crit. Rev. Microbiol. 2017, 43,
668-689. [CrossRef] [PubMed]

Dobson, H.E.M.; Growth, L; Bergstrom, G. Pollen advertisement: Chemical contrasts between flower and pollen odors. Am. J. Bot.
1996, 83, 877-885. [CrossRef]

Flamini, G.; Cioni, P.L.; Morelli, I. Differences in the Fragrances of Pollen, Leaves, and Floral Parts of Garland (Chrysanthemum
coronarium) and Composition of the Essential Oils from Flowerheads and Leaves. . Agric. Food Chem. 2003, 51, 2267-2271.
[CrossRef] [PubMed]

Knudsen, ].T.; Tollsten, L. Trends in floral scent chemistry in pollination syndromes: Floral scent composition in moth taxa. Bot. ].
Linn. Soc. 1993, 113, 263-284. [CrossRef]

Dobson, H.E.M.; Bergstrom, G. The ecology and evolution of pollen odors. Plant Syst. Evol. 2000, 222, 63-87. [CrossRef]

Lunau, K. Innate recognition of flowers by bumble bees: Orientation of antennae to visual stamen signals. Can. J. Zool. 1992, 70,
2139-2144. [CrossRef]

Ascrizzi, R.; Cioni, PL.; Giusti, G.; Pistelli, L.; Flamini, G. Patterns in volatile emission of different aerial parts of caper (Capparis
spinosa L.). Chem. Biodivers. 2016, 13, 904-912. [CrossRef]

Al-Jaber, H.I.; Obeidat, S.M.; Al-Qudah, M.A.; Abaza, L.E; Lahham, J.N.; Zarga, M.H.A; Afifi, FU. Patterns in volatile emission of
different organs of Inula Viscosa growing wild in Jordan. J. Essent. Oil Bear. Plant. 2017, 20, 24-35. [CrossRef]

Smulders, M.].M.; Arens, P; Bourke, PM.; Debener, T.; Linde, M.; De Riek, J.; Leus, L.; Ruttink, T.; Baudino, S.; Saint-Oyant, L.H.; et al.
In the name of the rose: A roadmap for rose research in the genome era. Hortic. Res. 2019, 6, 65. [CrossRef]

Giovannini, A.; Laura, M.; Nesi, B.; Savona, M.; Cardi, T. Genes and genome editing tools for breeding desirable phenotypes in
ornamentals. Plant Cell Rep. 2021, 40, 461-478. [CrossRef]

Yan, H.; Baudino, S.; Caissard, J.-C.; Florence, N.; Zhang, H.; Tang, K.; Li, S; Lu, S. Functional characterization of the eugenol
synthase gene (RcEGSy) in rose. Plant Physiol. Biochem. 2018, 129, 21-26. [CrossRef] [PubMed]


http://doi.org/10.1016/j.indcrop.2011.11.010
http://doi.org/10.1104/pp.102.018572
http://doi.org/10.3390/plants8020035
http://doi.org/10.1080/0972060X.2014.890081
http://doi.org/10.1016/j.foodchem.2011.05.132
http://doi.org/10.1016/j.indcrop.2017.06.007
http://doi.org/10.1080/0972060X.2017.1399089
http://doi.org/10.1104/pp.010706
http://doi.org/10.1111/plb.12196
http://doi.org/10.1038/420625a
http://doi.org/10.1016/j.sajb.2010.07.023
http://doi.org/10.1007/s10886-015-0568-8
http://doi.org/10.1080/1040841X.2017.1295225
http://www.ncbi.nlm.nih.gov/pubmed/28346030
http://doi.org/10.1002/j.1537-2197.1996.tb12779.x
http://doi.org/10.1021/jf021050l
http://www.ncbi.nlm.nih.gov/pubmed/12670168
http://doi.org/10.1111/j.1095-8339.1993.tb00340.x
http://doi.org/10.1007/BF00984096
http://doi.org/10.1139/z92-288
http://doi.org/10.1002/cbdv.201500292
http://doi.org/10.1080/0972060X.2016.1277167
http://doi.org/10.1038/s41438-019-0156-0
http://doi.org/10.1007/s00299-020-02632-x
http://doi.org/10.1016/j.plaphy.2018.05.015
http://www.ncbi.nlm.nih.gov/pubmed/29787935

	Introduction 
	Materials and Methods 
	Plant Material 
	GC-MS Analysis 
	Calculation of the Percentage of the Relative Peak Area 
	Data Analysis 

	Results 
	Identification of VOCs in Garden Rose Petals 
	Identification of VOCs in Rose Pollen 
	Principal Component Analysis (PCA) 

	Discussion 
	Conclusions 
	References

