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Abstract: Modern roses (Rosa x hybrida) are among the most important and economically profitable
horticultural plants. Besides their beauty and remarkable fragrance, they are also rich sources of
biologically active compounds with potential health benefits. The aim of this study was to valorize
the prospective of six new genotypes of edible roses to be utilized as functional foods. Rose flowers
were subjected to detailed characterization of morphological traits, fragrance analysis, GC-MS
analysis of aroma carriers, determination of phenolic profile and vitamin C content, and evaluation
of biological activities. The results showed that all the investigated cultivars have a favorable aroma
for human consumption (pear-like, strawberry-like or fruity), high contents of phenolics and vitamin
C, strong antioxidant content and moderate neuroprotective activity. They are characterized by
large amounts of quercetin 3-O-glycosydes and quinic acid. The genotype ‘Marija Frayla’ stands
out from others due to facilitated flower morphology, the highest level of total phenolics (217 mg
of galic acid equivalents/g of dry extract) and the strongest antioxidant activity (in the DPPH
assay, ICsp = 9.24 pg/mL; and antioxidant potential in the FRAP assay was 220 mg ascorbic acid
equivalents/g of dry extract), thus represents the most valuable amendment to the development of
novel functional food products. The ‘Eveline Wild’ genotype has the highest neuroprotective activity
(68.5 ng of eserine equivalents/g of dry extract), thus might be applied in the prevention of dementia.
The ‘Pear’ cultivar with the lowest phenolics content and biological activity has a mild, fruity aroma,
thus can be used in everyday eating.

Keywords: garden roses; Rosa x hybrida; aroma; polyphenols; acetylcholine esterase; antioxidant

1. Introduction

Modern roses (Rosa x hybrida), which belong to the genus Rosa L. from the Rosaceae
family, have resulted from extensive hybridization of wild rose species. They are among
the most important and economically profitable horticultural plants [1]. R. x hybrida
comprises over 30,000 different registered cultivars. Owing to their complex hybridization
history, numerous varieties have appeared, with different flower colors and shapes, as well
as various chemical compositions and scent notes [2].

Besides their great horticultural value, roses have been cultivated for over a thousand
years for their nutritional, medicinal and cosmetic properties [3]. Fragrant compounds
from rose petals are indispensable components in the perfumery industry [4]. On the other
hand, rose petals have been used to add aroma, flavor and aesthetic value to foods and
beverages in Persian, Indian and European cooking [5,6].

Previous studies have demonstrated that some rose cultivars have a higher nutritional
value than certain types of fruits and vegetables [6]. This is due to the fact that rose petals
contain significant amounts of vitamin C, as well as phenolic compounds, organic acids,
sugars, lipids, proteins, pectins, amino acids, and essential oils [7-9]. These compounds
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contribute to the nutritional and functional value of roses as a food source. Compounds
responsible for the characteristic aroma and flavor of rose petals are volatile components
of essential oil, such as nonadecane, heneicosane docosane, citronellol, 9-nonadecene, 3-
phenylethyl benzoate, n-tricosane, geraniol, linalool, nerol, eugenol and farnesol [10-13].
These compounds are responsible for the distinct aroma of roses and some of them are
highly valued in the food and fragrance industries. Additionally, essential oil of rose petals
is proven to exhibit antimicrobial activity towards different bacteria and fungi [10,14].
Besides essential oils, the presence of high quantities of phenolic compounds in roses,
particularly anthocyanins, has been reported in several studies [9]. In addition to antho-
cyanins, flavonoids, phenolic acids and tannins have also been found in roses [15-18].
These compounds have been shown to have various biological activities, including antioxi-
dant, anti-elastase and anti-inflammatory properties [8,15,19]. Vanderjagt et al. [20] found
that among 30 investigated medicinal plants, R. x centifolia expressed the second-highest
antioxidant activity, right after Ilex paraguariensis.

Thus, the consumption of rose petals as fresh culinary crops, in cooked form or in a
form of functional beverages, could provide various beneficial effects on human health [5,9].
However, despite the fact that they have a huge nutritional and functional potential, rose
petals have not been extensively used as food. Until now, they are mainly used in wine,
juice and jam production, for making teas and sweets such as ‘ratluk’ [9]. Recently, more
innovative rose petal products are being sought, including rose petal gelato, refreshments
and chocolate.

Over the past decade, the Grubbenvorst Company from the Netherlands has devel-
oped a significant collection of novel garden rose genotypes through planned hybridiza-
tion [7]. This involves the controlled pollination of parent plants with desirable traits to
produce offspring with improved characteristics. One of the aims of this breeding program
was to identify genotypes with suitable sensory properties, particularly in terms of their
aroma, for potential use in human consumption as food. The sensory properties were eval-
uated using standardized sensory analysis techniques to ensure consistency and accuracy
in the assessments. The aroma profile of each genotype was characterized, taking into
account factors such as intensity, complexity and pleasantness smell for food. After careful
evaluation and selection, six genotypes were found to possess desirable sensory properties,
making them valuable candidates for potential use in food products.

This research was undertaken to additionally valorize these genotypes. Thus, the
specific objectives of this study were to assess the (i) morphological characteristics of six
edible garden roses in terms of the flowering shoot and flower abundance, as well as flower
petals’ size and number; (ii) fragrance intensity and human sensory panel scoring for major
top, hearth and base fragrance notes according to olfactory pyramid; (iii) phytochemical
profile and antioxidant capacity of investigated garden rose cultivars; as well as (iv) neu-
roprotective activity thought the acetylcholinesterase inhibitory potential determination.
The detailed determination of the phytochemical profile of rose petals included an analy-
sis of the contents of total phenolics, flavonoids, anthocyanins and vitamin C, as well as
identification and quantification of individual compounds, including volatile compounds
responsible for the aroma of the roses and phenolic compounds with potential health
benefits. Antioxidant activity was evaluated by 2,2-diphenyl-1-picrylhydrazyl (DPPH) and
ferric reducing antioxidant potential (FRAP) assays.

By identifying specific compounds and evaluating their biological activities, we were
able to single out those with the highest prospective to be promoted for their potential
health benefits, in addition to their sensory properties. This may increase the market value
of new rose genotypes and make them more attractive to consumers looking for natural
and healthy food options.
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2. Materials and Methods
2.1. Plant Material and Sample Preparation

The plant material used in the experiments (Figure 1) included six tetraploid (4n)
garden rose cultivars, namely, “Theo Clevers’ (TC), ‘Eveline Wild" (EV), ‘Pear’ (P), ‘Olivera
Frayla’ (OF), ‘Marija Frayla” (MF) and ‘Lavander Vaza’ (LV) currently marketed mainly in
Serbia, Netherlands, Poland, France, Italy, Hungary, Germany and the UK. All genotypes
belong to R x hybrida. They were grown according to the conventional breeding system
without the use of any chemical protection.

Figure 1. Rose genotypes used in experiments. 1—Theo Clevers’; 2—Evelin Wild’; 3—'Pear’;
4—'Olivera Frayla’; 5—"Lavander Vaza’; 6—'Marija Frayla’.

Garden roses used in the experiment were two years old and grew in the open field con-
ditions, at the ‘Pheno Geno Roses’ private company in Temerin, Northern Serbia (45°24'19”
N 19°53/13" E/45.105166° N 19.886833° E). This rose nursery is situated 20 km from Novi
Sad, the second largest city in Serbia. The area is characterized as a typical continental
climate with extremely warm summers and cold winters.

The experimental field (30 m long x 20 m wide) was established in the fall of 2015, by
in situ bud grafting. The number of grafted plants was 150 per cultivar and the distance
between plants was 10 cm, while the row distance amounted to 1 m.

Thirty flowers of each cultivar were collected in June of 2021 during the first flash of
flowering. Fresh flowers were frozen at —80 °C until the analysis.

In larger tables, investigated cultivars were abbreviated as the following: LV—'Lavander
Vaza’;, P—'Pear’; MF—'Marija Frayla’, OF—Olivera Frayla’; TC—'Theo Clevers’;
EV—'Evelin Wild'.

2.2. Morphological Traits

Morphological—qualitative and quantitative characterization following the UPOV
protocol [21] for roses (Rosa L.) was performed during the full blossom, when the intensive
spring vegetative growth was fully achieved. Qualitative analyses were performed in the
late spring—early summer of 2021 on 10 plants per cultivar by two independent researchers
to reduce the subjectivity.

Qualitative traits included the characters presented in Table 1.
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Table 1. Qualitative vegetative and generative traits investigated in six rose cultivars following the
UPOV protocol [21] for roses (Rosa L.).

Character Abbr. Scores

Plant and leaf

Growth type CT 1—miniature, 2—dwarf, 3—bed, 4—shrub, 5—climber and
6—ground cover

Growth habit GH 1—upr.1ght, 3—semi-upright, 5—11T1termed1ate, 7—moderately
spreading and 9—strongly spreading

Intensity of green color (upper side) 1GC 3—light, 5—medium and 7—dark

Leaf anthocyanin coloration LAC 1—absent and 9—present

Glossiness of upper side cUs 1—absent or very weak, 3—weak, 5—medium, 7—strong
and 9—very strong

Flower

Flowering laterals FL 1—absent and 9—present

Flower type TP 1—single, 2—semi-double and 3—double
1—white or near white, 2—white blend, 3—green, 4—yellow,
5—yellow blend, 6—orange, 7—orange blend, 8—pink, 9—pink

Color group CG blend, 10—red, 11—red blend, 12—purple red, 13—purple,
14—violet blend, 15—brown blend and 16—multi colored

Color of center (only varieties with flower .

type double) CC 1—green, 2—yellow, 3—orange, 4—pink, 5—red and 6—purple

Shape SH 1—round, 2—irregularly rounded and 3—star-shaped

Profile of upper part PUP 1—flat, 2—flattened convex and 3—convex

Profile of lower part PLP 1—concave, 2—flat, 3—flattened convex and 4—convex

Fragrance (observed by smelling) FG 1—absent or weak, 2—medium weak, 3—medium, 4—medium

strong and 5—strong

Quantitative—metrical characterization was performed for plant height, leaf length
and width (all in cm), as well as following generative traits: number of flowering shoots
(only varieties with no flowering laterals)—INFS; number of flowering laterals—NFL;
number of flowers per lateral (only varieties with flowering laterals)—NF/L; number of
petals—NOP; diameter—DM (cm); petal length—PL (cm) and petal width—PW (cm);

Quantitative analyses were also performed in the late spring—early summer of 2021 on
three plants per cultivar as well as three stems per plant. On each stem, five leaves and five
flowers were considered for subsequent morphological analyses. Three plants per cultivar
were considered appropriate for quantitative analyses due to the clonal propagation with
buds originating from a single mother plant.

2.3. Fragrance Analysis and Volatile Compounds Investigation
2.3.1. Sensory Analysis

Fragrance evaluation as a qualitative trait was performed by human perception
(Table S1). Namely, 15 panel specialists were gathered to perform the scoring of the specific
fragrance components—top notes (citrus, aromatic), heart notes (floral, green, fruity, spicy)
and base notes (woody, earthy/balsamic). Fragrance scoring was performed on fully open
flowers on intact rose bushes in the morning. Every cultivar was smelled 3 times corre-
sponding to three random flowers per plant (in one-hour intervals) on 5 replicate plants
per cultivar, for each top, heart and base note by 15 people of different gender, seniority,
specialties and interests in roses, reducing the subjective scoring. The same 5 replicate
plants per cultivar were chosen for smelling, but the flowers on these bushes were randomly
selected by each of the 15 panelists. Values obtained from 5 plants for each cultivar by all
15 panelists were subsequently averaged in order to simplify the presentation of the results.

2.3.2. GC-MS Analysis

To chemically characterize the fragrant compounds, gas chromatography—mass spec-
trometry (GC-MS) analysis of essential oils was performed. The essential oils were isolated
by hydro-distillation according to the recommended procedure by the European Directorate
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for the Quality of Medicines (EDQM) [22], where petals were finely ground immediately
after being removed from the freezer. The obtained essential oils were stored at —20 °C
prior to the analysis. Qualitative and semi-quantitative chemical characterization of essen-
tial oil was performed using Agilent Technologies 6890N gas chromatograph coupled with
an Agilent Technologies 5975B electron ionization mass-selective detector, according to the
method described in Lesjak et al. [23]. Briefly, an aliquot of 1 pL of essential oil dissolved in
hexane (10 uL/mL) was injected into a split/splitless inlet at 250 °C, with a split ratio 1:10.
Helium (purity 5.0) was used as a carrier, with a constant flow of 1 mL/min. Components
were separated on a non-polar Agilent Technologies HP-5 ms column (30 m x 0.25 mm,
0.25 pm), using the temperature program starting at 50 °C, increasing 8 °C/min to 120 °C,
then 15 °C/min to 230 °C, and finally 20 °C/min to 270 °C, and holding at 270 °C for
16.9 min (total run time 35 min). Effluent was delivered to the mass spectrometer via a
transfer line held at 280 °C. The ion source temperature was 230 °C, electron energy 70 eV
and quadrupole temperature 150 °C. To achieve better correlation between experimental
and library spectra, a standard spectra tune was used. Data were acquired in scan mode
(m/z range 35-400), with a solvent delay of 2.30 min. Data were processed using Agilent
Technologies MSD ChemStation software (revision E01.01.335) combined with AMDIS
(ver. 2.64) and NIST MS Search (ver. 2.0d). AMDIS was used for deconvolution, i.e., co-
eluting compounds peak area determination and pure spectra extraction, and NIST MS
Search provided a search algorithm complementary to the PBM algorithm of ChemStation.
The compounds were identified by comparison of mass spectra with data libraries [24]
and confirmed by comparison of linear retention indices with literature data [25]. The
relative amount of each component is expressed as the percentage of its peak area relative
to the total peak area. A homologous series of n-alkanes (C8-C28), injected under the same
conditions, was used as a standard for the determination of retention indices.

2.4. Chemical Characterization of Rose Petal Methanol Extracts
2.4.1. Preparation of Methanol Extracts

Methanol extracts of rose petals were prepared by maceration with 80% MeOH (1:10 ra-
tio) for 48 h at room temperature without shaking. The obtained macerate was filtered and
maceration was repeated one more time. Macerates were evaporated to dryness under
vacuum at 35 °C, dry extracts were dissolved in dimetilsulfoksid (DMSO) to the final
concentration of 200 mg/mL and kept frozen at —20 °C until the analysis.

2.4.2. Determination of Total Phenolic Content

Total phenolic content (TPC) was determined by using Folin—Ciocalteu (FC) reagent
according to the method described in Lesjak et al. [26]. Briefly, 30 uL of the methanol
extract (0.1, 0.2 and 0.4 mg/mL) or standard (gallic acid, 0.625-80.0 pg/mL) was mixed
with 150 pL 0.1 M FC reagent and incubated for 10 min in the dark, after which 120 puL
of 0.7 M sodium carbonate was added and absorbance was measured after 2 h at 720 nm.
All tests were carried out in triplicate and the total phenolic content was expressed as mg
of gallic acid equivalents per g of dry extract (mg GAE/g de) or per g of fresh petals (mg
GAE/g of fresh petals).

2.4.3. Determination of Total Flavonoid Content

Total flavonoid content (TFC) was determined by a colorimetric method described in
Lesjak et al. [26]. Briefly, 30 puL of the methanol extract (0.1, 0.2 and 0.4 mg/mL) or standard
(quercetin, 0.625-80.0 pg/mL) was mixed with 6 puL of 10% aluminum chloride, 6 pL of
1 M sodium acetate, 90 uL. of methanol and 170 pL of distilled water. Absorbance was
measured after 30 min at 415 nm. All tests were carried out in triplicate and results were
expressed as mg of quercetin equivalents per g of dry extract (mg QE/g de) or per g of
fresh petals (mg QE/g of fresh petals).
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2.4.4. Determination of Total Monomeric Anthocyanin Content

The content of the total monomeric anthocyanin (TAC) was determined using the
pH differential method according to the previously published procedure [27], adapted
to 96-well micro plates. Briefly, 15 puL of the methanol extract was mixed with 285 pL of
buffer pH 4 (0.4 mol/L sodium acetate) and pH 1 (0.025 mol/L potassium chloride), and
the absorbance was measured after 40 min at 520 and 700 nm.

The TAC was calculated using the Equation (1):

TAC=A x Mr x DF x 1000/(¢ x 1 x C) 1)

where A = (As10-A700)pH1 — (As510~A700)pH4, Mr is a relative molecular mass of cyanidin-
3-O-glucoside, DF is the dilution factor, 1000 is a conversion factor (g to mg), ¢ is the
molar extinction coefficient (L/(mol x c¢m)) for cyanidin-3-O-glucoside, 1 is the pathlength
(cm) and C is the extract concentration (mg/mL). All tests were carried out in triplicate
and TAC was expressed as pg of cyanidin-3-O-glucoside equivalents per g of dry extract
(ug CE/g de) or per g of fresh petals (ug CE/g of fresh petals).

2.4.5. Determination of Vitamin C Content

The content of vitamin C (vit C) was determined according to the previously published
procedure [28] adapted to 96-well micro plates with small modifications. The method is
based on the redox reaction of ascorbic acid with redox dye 2,6-dichlorophenolindophenol
(DCPIP). Briefly, 270 uL of 72 mg/L DCPIP reagent was mixed with 30 pL of the rose
extract (30 mg/mL) or standard solution and after 5 min of incubation, the absorbance was
measured at 515 nm. In the blank probe, DCPIP reagent was substituted with dH,O. All
dilutions of the extracts and standards were made with 5% metaphosphoric acid, which
serves to protect vit C in solution from oxidation with atmospheric oxygen. All tests were
carried out in triplicate and the content of vit C was expressed in mg per g of dry extract
(mg/g de) or per g of fresh petals (mg/g of fresh petals).

2.4.6. Quantitative Analysis of Selected Phenolic Compounds

The content of quinic acid and 44 selected phenolic compounds (14 phenolic acids,
25 flavonoids, 3 coumarins and 2 lignans) was investigated by liquid chromatography with
tandem mass spectrometry (LC-MS/MS) according to the previously reported method [29].
Standards of the compounds were purchased from SigmaeAldrich Chem (Steinheim, Ger-
many), Fluka Chemie GmbH (Buchs, Switzerland) or from ChromaDex (Santa Ana, CA,
USA). Samples and standards were analyzed using Agilent Technologies 1200 Series high-
performance liquid chromatograph coupled with Agilent Technologies 6410A Triple Quad
tandem mass spectrometer with electrospray ion source, and controlled by Agilent Tech-
nologies MassHunter Workstation software—Data Acquisition (ver. B.06.00). All extracts
were diluted with 50% aqueous MeOH to the concentrations of 20 mg/mL and 0.1 mg/mL.
The sample (5 pL) was injected into the system, and compounds were separated on a Zorbax
Eclipse XDB-C18 (50 mm x 4.6 mm, 1.8 pm) rapid resolution column. Data were acquired
in dynamic Multiple Reaction Monitoring (MRM) mode. Peak areas were determined using
Agilent MassHunter Workstation Software—Qualitative Analysis (ver. B.06.00). Calibration
curves were plotted by OriginLabs Origin Pro (ver. 2019b) software and used for calculating
the investigated compound concentrations in the extracts.

2.5. Antioxidant Potential
2.5.1. DPPH Assay

Ability of the extracts to neutralize 2,2-diphenyl-1-picrylhydrazyl (DPPH) radical was
determined according to Lesjak et al. [26]. Briefly, 10 uL of the sample (concentration range
0.047-3.0 mg/mL) was mixed with 100 puL of 90 uM DPPH solution in methanol and 190 puL
of methanol. Absorbance was measured after 1 h at 515 nm. All tests were carried out in
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triplicate and the results were expressed as ICsq value (the concentration of the sample that
neutralizes 50% of DPPH radicals (pg/mL)).

2.5.2. FRAP Assay

A ferric reducing antioxidant potential (FRAP) assay was carried out according to
Lesjak et al. [26]. Briefly, 10 pL of the sample (0.1, 0.2 and 0.4 mg/mL) or standard solution
(ascorbic acid, 1.0-160.0 pg/mL) was mixed with 290 puL of FRAP reagent. Absorbance was
measured after 6 min at 593 nm. All tests were carried out in triplicate and results were
expressed as mg of ascorbic acid equivalents per g of dry extract (mg AAE/g de).

2.6. Neuroprotective Activity

The neuroprotective activity of the extracts was assessed by measuring the potential to
inhibit acetyl cholinesterase (AChE-IP) using Ellman’s method with certain modifications
as previously described in Pinta¢ et al. (2019) [30]. Briefly, 20 uL of AChE (0.5 U/mL)
was added to 110 pL of 20 mM Tris-HCI buffer pH 8 along with 10 pL of extract (1 or
1.25 mg/mL) or standard (eserine, 1.35 x 1076-1.38 x 1073 mg/mL). In the blank probe,
AChE was substituted with 20 mM Tris-HCl buffer pH 7.5, and in the control 20 mM Tris-
HCl buffer pH 8 was added instead of the sample. The 96-well plate was then incubated for
15 min at 37 °C with constant shaking. After the incubation, 40 uL of 3 mM 5,5'-dithio-bis
(2-nitrobenzoic acid) solution and 20 pL of 15 mM acetylthiocholine iodide were added to
the plate. The absorbance was measured at 412 nm after 3 min of the reaction start. All tests
were carried out in triplicate and results were expressed as nanogram of eserine equivalents
per g of dry extract (ng EE/g de).

2.7. Statistical Analysis

The data of all morphometric and spectrophotometric measurements were analyzed
by one-way ANOVA followed by the post hoc Tukey’s Honest Significant Difference (HSD)
test for multiple comparisons of means in order to determine whether the data obtained for
different rose genotypes differed significantly between each other (Real Statistics Resource
Pack add in for Excel 2013). Statistical significance was set at p < 0.05. Principal component
analysis and hierarchical clustering analysis of results for GC-MS and LC-MS/MS analysis
was carried out by using the software Past version 4.03.

3. Results and Discussion
3.1. Morphological Traits

The growth type (shrub) was uniform in all the investigated cultivars, whilst the
growth habit varied from semi-upright in ‘Olivera Frayla’, ‘Lavender Vaza’ and ‘Pear’, to
upright in ‘Eveline Wild’, “Theo Clevers” and ‘Marija Frayla’ rose cultivars (Table 2). Plant
height significantly varied, taking values from 38.8 cm in ‘Marija Frayla’ to 108 cm in “Theo
Clevers’. Regarding the leaf properties, color differed among the cultivars, from light in
‘Eveline Wild’ to dark in “Theo Clevers’, while all other genotypes had a medium intensity
of a green color. Leaf anthocyanin coloration was present or absent in equal number or
genotype. Similarly, glossiness of upper side was weak or very weak in equal number or
genotype (3). Leaf length and width were less variable than the plant height according to
Tukey’s HSD test, taking values from 3.32 cm to 6.32 cm and 2.14 cm to 4.82 cm, respectively.

Regarding the flowering shoot qualitative characteristics (Table 3), shoots were absent
in “Olivera Frayla” and ‘Theo Clevers’. Where present, the flowering shoots obtained values
from 4.60 in ‘Lavender Vaza’ to 6.20 in “‘Marija Frayla’. Flowering laterals were present
in ‘Olivera Frayla’, ‘Pear” and ‘Theo Clevers’ rose cultivars, while they were absent in
others. The number of flowering laterals ranged from 1.80 in ‘Pear’ cultivar to 3.00 in
‘Olivera Frayla’, while the number of flowers per lateral varied from 1.00 to 7.61 in the same
cultivars. As for the flower type, it was double in all the investigated cultivars, belonging
to various color groups (from white to yellow, pink, orange blend and purple). In relation
to the double flower type, the color of flower center ranged from yellow to orange and
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pink. The flower shape was rounded in all the investigated cultivars except for ‘Lavender
Vaza’ that had irregular shape. Profile of the upper part was described as flat or flat convex
in three cultivars, respectively, whilst the profile of the lower part varied from flat in two
cultivars (‘Eveline Wild” and ‘Marija Frayla’) to over-flattened convex in ‘Pear’ cultivar
to concave in the rest of the cultivars. Regarding the quantitative characteristics, flower
diameter varied from 5.68 cm in ‘Olivera Frayla’ to albeit 9.54 cm in ‘Marija Frayla’, with
the petals achieving the largest dimensions (both petal length and width) also in ‘Marija
Frayla’. Khaleghi and Khadivi [31] investigated 327 accessions of wild Damask rose from
21 geographically distinct regions, concluding the petal number between 17 and 159, very
similar to the presented results. Petal length ranged from 20.09 to 60.73 mm, which is
slightly higher than in the investigated cultivars, while petal width varied from 15.26 to

44.75 mm, similar to our results.

Table 2. Qualitative and quantitative vegetative characteristics of the investigated rose genotypes.

Cultivar/Trait ‘Eveline ‘Olivera ‘Lavender Pear’ ‘Theo ‘Marija
Wild’ Frayla’ Vaza’ Clevers’ Frayla’
Plant
GT Shrub Shrub Shrub Shrub Shrub Shrub
GH Upright Semi-upright Semi-upright Semi-upright Upright Upright
Height (cm) 89.9 +3.964 86.8 + 3.42 «d 80.0 £ 4.12°¢ 59.8 +£3.96 108 £5.71 ¢ 38.8+759°
Leaf
1GC Light Medium Medium Medium Dark Medium
LAC Present Present Absent Absent Present Absent
GUS Very weak Very weak Weak Very weak Weak Weak
Length (cm) 33240587 496 £0.11° 424 +£0.15% 412 £ 0.56 632+ 1.06°¢ 5.18 £ 0.58 >
Width (cm) 21440322 310+ 0242 2.524+0.17% 3.024+033° 4.82+0.68" 430+ 0.84"
Growth type—GT; growth habit (excluding climbers)—GH; intensity of green color (upper side)—IGC; leaf

anthocyanin coloration—LAC; glossiness of upper side—GUS. Mean values designated with the same letter were
not significantly different according to Tukey’s HSD test (p < 0.05). Mean values designated with the same letter

were not significantly different according to Tukey’s Honest Significant Difference test (p < 0.05).
Table 3. Qualitative and quantitative generative characteristics of the investigated rose genotypes.
. . ‘Eveline ‘Olivera ‘Lavender P , ‘Theo ‘Marija
Cultivar/Trait Wild’ Frayla’ Vaza’ Pear Clevers’ Frayla’
Flowering shoot
NFS * 5.20 4 1.30 b¢ 04 4.60 +0.89° 5.20 4+ 0.84 ¢ 03 6.20+0.84°¢
FL Absent Present Absent Present Present Absent
NFL 02 3.00£0.70 ¢ 02 1.80 £ 0.83P 2.80 £0.44 ¢ oa
NE/L 02 7.61+25P 02 1.00 £0.332 6.00 +2.65° 0@
Flower
TP Double Double Double Double Double Double
CG Orange blend Yellow White Pale pink Pink Red purple
cC Orange Yellow Pink / Pink /
SH Rounded Rounded Irregularly Rounded Rounded Rounded
rounded
PUP Flat Flat convex Flat convex Flat Flat convex Flat
PLP Flat Concave Concave Flattened convex Concave Flat
FG 5 5 3 3 5 4
NOP 56.4 +2.96P 544 +7.16° 84.0 £ 12.2°¢ 262 +£2582 169 +£ 159 ¢ 138 +3.84 4
DM (cm) 6.224+0.19 2 5.68 +0.52 2 6.60 &+ 0.53 6.80 +£0.71° 6.67 +£0.51P 9.544+0.27°¢
PL (cm) 3.42+0.132 418 £0.39P 2.86 + 04772 342 +024°2 292 +0.199 4324+0.23P
PW (cm) 334 +0612 3.14+0322 258 +£0.412 296 £0.592 2.68 £0.222 4144+ 051°

* Flowering laterals—FL; type—TP; color group—CG; color of center (only varieties with flower type double)—CC;
shape—SH; profile of upper part—PUP; profile of lower part—PLP; fragrance—FG on the 1-5 scale; number
of petals—NP. Number of flowering shoots (only varieties with no flowering laterals)—NFS; number of flow-
ering laterals—NFL; number of flowers per lateral (only varieties with flowering laterals)—NF/L; number of
petals—NOP; flower diameter—DM; petal length—PL; petal width—PW; mean values designated with the same
letter were not significantly different according to Tukey’s Honest Significant Difference test (p < 0.05).
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3.2. Fragrance Analysis and Volatile Compounds Investigation
3.2.1. Sensory Evaluation

Fragrance was described as 3—medium for ‘Lavender Vaza’ and ‘Pear’, 4—medium
strong for ‘Marija Frayla” and 5—strong in the rest of the genotypes and subsequently
scored by the panel according to the presence of different fragrance components (Table 4).
In addition to being highly scored for overall fragrance, cultivars are described as a complex
combination of different top, heart and base notes. Overall, fruity notes dominate, with
panelists associating with different standard fruit species (orange, lemon, apple, peach),
with combined results of a pear-like scent in ‘Pear’ and strawberry-like scent in “Theo
Clevers’, while ‘Eveline Wild” and “Marija Frayla’ are noted as fruity. The cultivar ‘Pear’
seems to be the most complex, since panelists’ recoded notes from all eight groups.

Table 4. Human perception of floral scent in the investigated rose cultivars.

Fragrance Panel

‘Eveline ‘Olivera ‘Lavender ‘Pear’ ‘Theo ‘Marija
Wild’ Frayla’ Vaza’ Clevers’ Frayla’

AIWM S AWM S AWM S AWM S AWM S AWM S

Top Notes

orange

Citrus 1
emon

apple

1 3
3 4 3 2 6 6

mint
Aromatic anise
eucalyptus

Heart Notes

flowery
Floral rose-like
jasmine

forest
Green herbaceous
grass

fruity

Fruity sweet, honey 6

peach

IS
0]
=~
(@)
[63)
(@)
N

spicy
Spicy peppery

cinnamon

Base Notes

moss
woody
coniferous

Woody,
earthy

balsamic

Balsamic musky
vanilla

3 2 4 2

*—Number of smellings when panelists scored the fragrance presence in the form of A/W—absent or weak;
M—medium; S—strong fragrance.

3.2.2. Chemical Profile of Essential Oils

In order to identify the volatile compounds responsible for the specific flavor and
aroma of the investigated rose genotypes, essential oils were isolated from the petals and
subjected to GC-MS analysis. A total of 50 components were detected and their relative
amounts were determined (Table 5). Out of 50 of the detected components, 36 were fully
identified. Linear hydrocarbons were the most dominant of all the investigated genotypes.
Their total amount in the investigated samples was in the range from 50.8% in MF to 90.8%
in P. The total amount of monoterpenes ranged from 0.24% in P to 26.9% in EW, while for
sesquiterpenes, it was between 3.35% in EW and 36.0% in MFE.
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Table 5. Results for GC-MS analysis of rose essential oils.
% of Total Peak Area
Al Compound EW LV MF OF P TC
800 Hexanal 1.95 0.44 1.62 0.58 0.61 3.98
848 2-Hexenal 1.14 1.17 0.93 1.93 0.69 1.75
1228 Nerol 11.19 1.76 3.57 9.39 n.d. 12.96
1240 Neral 3.15 n.d. n.d. 2.76 n.d. 2.31
1254 Geraniol 4.46 n.d. n.d. 6.52 n.d. 4.24
1255 Phenethyl acetate n.d. 6.40 n.d. n.d. n.d. n.d.
1265 Orcinol dimethyl ether n.d. n.d. 0.87 n.d. n.d. 0.98
1270 Geranial 3.33 n.d. n.d. 4.29 n.d. 2.90
1297 Theaspirane A/B n.d. n.d. n.d. 1.92 0.12 0.11
1314 Theaspirane A/B n.d. n.d. n.d. 0.92 0.11 0.09
1323 n.i. 0.83 n.d. n.d. n.d. n.d. 0.16
1353 n.i. 0.66 n.d. n.d. n.d. n.d. 0.35
1361 n.i. n.d. n.d. 0.84 n.d. n.d. n.d.
1365 Neryl acetate 0.29 n.d. n.d. n.d. n.d. 0.15
1384 Geranyl acetate 4.46 n.d. n.d. n.d. n.d. 2.34
1418 E-Caryophyllene n.d. 0.69 1.49 n.d. 0.53 0.22
1438 Dihydro-3-ionone n.d. n.d. 0.23 1.50 0.09 0.14
1444 Dihydro-«-ionol n.d. n.d. 7.68 3.15 1.60 0.34
1480 Germacrene D 2.94 3.23 11.08 n.d. 1.85 0.59
1486 E-B-Ionone n.d. n.d. 0.70 n.d. n.d. 0.08
1490 n.i. n.d. n.d. 0.48 n.d. n.d. 0.08
1495 n.i. n.d. n.d. 0.69 n.d. 0.10 0.08
1499 a-Muurolene + Pentadecane n.d. n.d. 0.88 n.d. 0.20 0.08
1513 n.i. n.d. n.d. 0.45 n.d. n.d. 0.08
1522 J-Cadinene + ? 041 n.d. 1.99 n.d. 0.26 0.11
1631 v-Eudesmol nd. n.d. 0.74 n.d. n.d. 0.08
1641 7-Cadinol n.d. n.d. 1.57 n.d. 0.08 0.08
1645 n.i. 0.27 n.d. n.d. n.d. n.d. 0.08
1653 a-Eudesmol n.d. n.d. 3.14 n.d. 0.05 0.10
1676 Heptadecene n.d. n.d. n.d. n.d. 0.99 0.07
1698 Heptadecane 0.34 n.d. 7.07 n.d. 0.81 0.91
1724 27,6E-Farnesol ? n.d. n.d. 6.51 n.d. 0.40 4.96
1873 9-Nonadecene 14.52 5.47 5.01 5.83 26.38 9.61
1900 Nonadecane 9.09 5.09 3.78 7.32 22.04 5.23
1918 n.i. n.d. n.d. n.d. n.d. 0.42 1.36
1971 9-Icosene 0.29 n.d. n.d. n.d. 0.52 0.36
1998 Icosane 0.89 0.65 0.40 0.65 1.72 0.98
2070 Heneicosene 0.64 0.25 0.17 0.27 1.01 0.86
2087 Heneicosene 0.45 0.33 0.87 0.45 1.38 0.83
2092 10(?)-Heneicosene 0.35 0.36 nd. 0.41 0.90 0.54
2100 Heneicosane 12.82 17.77 9.71 14.20 21.61 18.09
2198 Docosane 0.27 0.29 0.29 0.37 0.31 0.59
2288 9-Tricosene 1.23 2.74 2.75 2.83 1.96 2.28
2299 Tricosane 6.98 14.61 11.71 13.33 6.05 11.20
2397 Tetracosane 0.42 0.87 0.45 0.78 0.20 0.50
2489 Pentacosene 0.56 n.d. n.d. n.d. n.d. n.d.
2492 n.i. n.d. 1.74 0.50 1.13 0.38 0.22
2499 Pentacosane 6.64 19.03 6.34 9.70 2.48 3.89
2597 Hexacosane 0.31 0.75 n.d. 0.30 0.08 0.13
2700 Heptacosane 8.79 16.22 2.26 6.61 2.36 1.87
Total monoterpens (%) 26.9 1.76 3.86 25.8 0.24 25.1
Total sesquiterpens (%) 3.35 3.92 36.0 4.66 5.06 6.78
Total linear hydrocarbons (%) 64.6 84.4 50.8 63.0 90.8 58.0
Total identified (%) 97.9 98.1 93.8 96.0 97.2 96.3

Al —arithmetic retention index; n.d.—not detected; LV—'Lavander Vaza’; P—'Pear’; MF—Marija Frayla’;
OF—'Olivera Frayla’; TC—'Theo Clevers’; EV—Evelin Wild’

The results showed that all samples contain medium-chain alkyl aldehydes, specif-
ically hexanal and 2-hexenal. These compounds contribute to the fruity fragrance of the
investigated rose flowers. Hexanal’s scent is reminiscent of freshly cut grass and is often
described as green, fatty, leafy, vegetative, fruity and clean, with a woody nuance. Its taste
is characterized as green, woody, apple-like, grassy, citrusy and slightly orange flavored,
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with a fresh lingering aftertaste [32]. It naturally occurs in many fruits and vegetables [32]
and is commonly used in the flavor industry to create fruity flavors [33]. The odor of
2-hexenal is described as sweet, fragrant and almond-like, with fresh fruity, green, leafy,
apple, plum, watermelon and vegetable pungent notes. Its taste characteristics are fruity,
green and herbal, with hints of apple and melon. This compound can be naturally found
in various foods, including fruits and vegetables [32]. Additionally, all samples contain
significant amounts of long-chain linear aliphatic hydrocarbons (LCLAHC), including
nonadecane (C19Hyg), 9-nonadecene (C19Hsg), heneicosan (Cp1Hyy), 9-tricosene (CpzHyg),
tricosane (C3Has), pentacosane (Cp5Hs,) and heptacosane (Cy7Hsg). LCLAHC compounds
are common constituents of rose essential oil. Although lacking their own scent, LCLAHC
exert a notable influence on the release properties and fragrance of the aromatic components
present in the oil [34].

Regarding the monoterpene profile, a certain grouping among the samples can be
observed. Samples EW, OF and TC share similarities with each other but differ from
samples P, MF and LV, primarily due to the presence of neral, geraniol and geranial, which
were exclusively detected in the former group. Additionally, EW, OF and TC also contain
higher concentrations of nerol compared to other samples. These patterns of grouping and
similarity among EW, OF and TC samples are consistent with the scatter plot generated
through PCA analysis of the 30 dominant volatiles (compounds present in more than 1% in
at least one sample) (Figure 2) and the dendogram obtained from hierarchical clustering
analysis of the same data (using the Ward’s method, where closeness was measured by
Euclidean distance, Figure 3). The first, second and third principal components in PCA
analysis (PC1, PC2 and PC3) accounted for 49.2%, 24.5% and 18.1% of the total variance,
respectively, which indicated significant metabolic differences among the rose genotypes.
As monoterpene compounds serve as the primary carriers of aroma in the examined
samples, the higher levels of nerol, neral, geraniol and geranial in samples EW, OF and TC
are responsible for their ‘strong’ fragrance described by panelists during sensory analysis.
Geraniol has a characteristic rose-like odor and a sweet, floral taste reminiscent of roses,
with hints of citrus and fruity, waxy nuances [32]. Nerol has a fresh, sweet, rose-like, slightly
citrus odor with fruity nuances and a bitter, fruity, pear-like flavor with floral and citrus
nuances [32]. Neral (cis-citral) and geranial (trans-citral) are stereoisomers of an acyclic
monoterpene aldehyde collectively referred to as citral. They typically occur as a mixture
and have a strong lemony (citrus) scent and bittersweet taste featuring floral, juicy, woody
and candy notes [32]. Geranyl acetate, which was found only in samples EW and TC, has a
pleasant flowery odor reminiscent of lavender rose. It has an initially somewhat bitter and
then sweet taste with floral, fruity and citrus nuance [32].

«OF

anyl acetate
§rnal _ Heneicosane

9N

20 15 10 PhenetlyTacetate” Nonadggane 15 20 25
B

Hieptadecane

>
drmacrene D

Component 3
o

oMF
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Figure 2. Scatter plot (for PC1 and PC3) obtained by PCA analysis of 30 dominant volatiles in essential
oils of rose petals.
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Figure 3. Dendrogram obtained by hierarchical clustering analysis of 30 dominant volatiles content
in essential oils of rose petals.

Phenethyl acetate, an ester formed from acetic acid and phenethyl alcohol, was ex-
clusively detected in sample LV. It possesses a floral scent reminiscent of roses with a
honey-like undertone and a sweet, fruit-like, tropical, rosy taste reminiscent of raspber-
ries and cocoa [32]. Given that the LV sample contains low amounts of monoterpenes,
phenethyl acetate significantly contributes to the overall fragrance of LV.

Theaspiran is present in considerable amounts only in sample OF and contributes to
its overall aroma by a powerful fresh woody, pine-like, tea-like and slightly camphoraceous
scent, with hints of tobacco leaf and a woody pine nuance. It possesses a cooling, green,
mentholic, woody, pine and cedar-like taste [32].

Sample MF stands out from the rest due to its high concentration of total sesquiter-
penes (36%) and low concentration of monoterpenes. The other samples, on the contrary,
contain very low levels of total sesquiterpenes (up to 6.78%). Germacrene D, the dominant
sesquiterpene in MF, but also in EW, LV and P, has a woody and spicy odor, contribut-
ing to the piquancy of food [35]. Sesquiterpenes, caryophyllene and -cadinene have a
primarily woody odor, while x-eudesmol and farnesol have a sweet floral and woody
fragrance [32,36].

Dihydro-«-ionol and dihydro-[3-ionone, C13-norisoprenoids, which are degradation
products of carotenoids, were found in MF, OF and TC. They are also important odorants
contributing to rose essential oil aroma with floral and fruity, berry-like notes [37].

From the scatter plot generated by PCA analysis (Figure 2), it is evident that sample
P is distinctly separated from others, positioned in the lower right quadrant. It is also
separated from others on the dendogram obtained from hierarchical clustering analysis
(Figure 3). Its composition is markedly unique compared to the rest, with only 0.24% of total
monoterpenes and 5.06% of total sesquiterpenes. The majority of its composition consists
of linear hydrocarbons (90.8%), with notably high levels of 9-nonadecene, nonadecane and
heneicosane. These compounds are mostly unscented. Therefore, the aroma and taste of
the P cultivar are primarily derived from hexanal, 2-hexenal, dihydro-x-ionol, germacrene
D, theaspiran and several sesquiterpenes present in small quantities. Since the specific
sweet floral fragrance characteristic of roses typically originates from monoterpenes such as
geraniol, geranial, nerol and neral —none of which are present in sample P—it is primarily
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characterized by a not very strong fruity aroma and taste. There is a consistency between the
metabolome and sensory evaluation data obtained from panelists, indicating the reliability
of human sensory scoring for initial screening of the most suitable and preferable cultivars.

When comparing the chemical profiles of the essential oils from the rose genotypes in-
vestigated in this study with one of the most economically important Rosa species, Damask
rose (R. damascena), significant differences can be observed. Damask rose has a more
complex composition of long-chain hydrocarbons, but does not contain sesquiterpenes.
Among monoterpenes, both geranial and geraniol are present in R. damascene as with
most of the genotypes from our study. However, a distinctive component unique to R.
damascena is citronellol, whereas nerol is unique to the genotypes from our study, with
the exception of the P sample [11,12]. Differences between the Damask rose and suggested
edible garden roses do not surprise taking into consideration that the Damask rose is not
preferred as edible, but the source of fragrant rose oil, a feedstock for various cosmetical
products and perfumes.

3.3. Chemical Profile of Methanol Extracts of Rose Petals

In addition to the determination of the volatiles’ profiles described in the previous
section, rose petals were further chemically characterized in terms of elucidation of phenolic
profile and measuring vitamin C content.

Plant phenolic compounds, commonly known as polyphenols, are a large group
of naturally occurring chemical compounds characterized by their phenolic structure,
which includes one or more phenol rings with hydroxyl groups. They are widely
distributed in food from plant origin, including fruits, vegetables, whole grains, nuts,
seeds, tea and coffee. Polyphenols are known for their diverse biological activities and
potential health benefits, including antioxidant properties, anti-inflammatory, anticancer
and cardioprotective effects [38]. Common classes of polyphenols include phenolic
acids (such as hydroxybenzoic acids and hydroxycinnamic acids), flavonoids (such as
flavonols, flavones, flavanols, anthocyanins) and other compounds such as stilbenes
and lignans. The specific polyphenol content and composition in foods can vary widely
based on factors such as plant type, variety, growing conditions, maturity state and food
processing methods [39].

In the present study, isolation of phenolic compounds and vitamin C from rose petals
was conducted by extraction with 80% methanol which was recommended as the most
effective solvent for this purpose [40]. In the obtained extracts, determination of total
phenolics, total flavonoids, total monomeric anthocyanins and vitamin C content was con-
ducted using spectrophotometric methods. Additionally, 44 selected phenolic compounds
were quantified by LC-MS/MS.

The results showed that methanol extracts of petals of the examined rose genotypes
are abundant in phenolic compounds (Table 6 and Figure 4A). However, there was a
high variability in total phenolics (TPC) among different genotypes, with MF exhibit-
ing the highest TPC value (217 mg GAE/g de) and sample P the lowest TPC value
(91.4 mg GAE/g de). When expressed per gram of fresh petals, the TPC ranged from
8.19 mg GAE/g fw in sample P to 21.5 mg GAE/g fw in MF. The results for previously
tested methanol extracts of R. brunonii, R. baurboniana and R. damascena (254 mg GAE/g de,
178 mg GAE/g de and 145 mg GAE/g de, respectively) [41], as well as for ethanol extracts
of nine cultivars of R. x hybrida (7.99-29.79 mg/g fw) [42] were very similar to those
obtained for our samples. Moreover, it is noteworthy to mention that TPC of rose petals,
particularly in MF, LV and OW samples, is similar to the levels found in phenolic-rich
fruits, such blackberry and blueberry, while being much higher than in vegetables, such as
carrot and tomato [43].
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Table 6. Contents of total phenolics (TPC), total flavonoids (TFC), total anthocyanins (TAC) and
vitamin C in rose petal methanol extracts.

TPC TEC TAC Vitamin C
Genotype mg GAE/gde mg GAE/gfw  mgQE/gde mgQE/gfw  mgCE/gde ug CE/g fw mg/g de ug/g fw
LV 170 + 16.4 132 +£1.27 52.3 +£3.00 4.00+£0.233  6.660 £ 0.216 517 £16.7 5.45 + 0.354 424 +27.5
P 91.4 £7.30 8.19 + 0.65 26.8 +£1.70 240 4+0.152  0.260 + 0.022 23.3 £1.97 1.24 £ 0.226 111 +20.3
MF 217 £17.6 21.5+1.75 56.3 & 3.00 558 £0.297  3.435 + 0.087 340 + 8.62 4.83 £0.053 479 £5.28
OF 163 £15.2 13.5 +£1.26 39.0 £ 0.33 3.24+£0.028  0.230 £ 0.001 18.8 4 0.398 3.61 £ 0.307 299 £ 25.5
TC 151 £ 6.78 14.0 £0.63 173 £1.19 1.61 £0.111  3.234 £0.043 301 £3.92 471 £0.183 438 +17.1
EW 112 £9.63 9.94 + 0.85 36.7 £ 0.52 325+0.046  0.355 £0.031 31.4 £2.77 2.68 £ 0.028 238 £ 2.52
LV—"Lavander Vaza’; P—'Pear’; MF—'Marija Frayla’; OF—'Olivera Frayla’; TC—'Theo Clevers’; EV—'Evelin
Wild’. GAE—gallic acid equivalents; QE—quercetin equivalents; CE—cyanidin-3-O-glucoside equivalents;
de—dry extract; fw—fresh weight.
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Figure 4. Chemical characterization of methanol extracts of rose petals. (A) Total phenolic content
(TPC); (B) total flavonoid content (TFC); (C) total anthocyanin content (TAC); (D) vitamin C content.
LV—'Lavander Vaza’; P—Pear’; MF—'Marija Frayla’; OF—Olivera Frayla’; TC—'Theo Clevers’;
EV—Evelin Wild". GAE—galic acid equivalents; QE—quercetin equivqlents; CE—cyanidin-3-O-
glucoside equivalents. Mean values designated with the same letter were not significantly different
according to Tukey’s Honest Significant Difference test (p < 0.05).

Flavonoids are a diverse subclass of plant polyphenols, naturally occurring in various
plant-based foods and beverages. Their chemical structure is characterized by two aromatic
rings (A and B) linked with a three-carbon chain, forming a C6-C3-C6 structure. Flavonoids
play essential roles in plants, such as coloring the flowers and fruits and acting as antioxi-
dants to protect plants from UV radiation and environmental stressors [44]. The results of
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total flavonoids (TFC) obtained for the examined extracts ranging from 17.3 mg QE/g de
to 56.3 mg QE/g de and decreasing in the following order: MF > LV > OF > EW > P > TC
(Table 6 and Figure 4B). If expressed per gram of fresh petals, the TFC ranged from 1.61 mg
QE/g fw to 5.58 mg QE/g fw. The similar content of total flavonoids was found previously
in ethanol-water extract of petals of white rose (23.7 mg catechin equivalents/g de) [45],
as well as in ethanol extracts of nine cultivars of R. x hybrida (0.786-5.31 mg catechin
equivalents/g fw) [42]. If the TFC and TPC results are compared, it is evident that the TFC
of each sample is considerably lower than its TPC. This indicates that only a small portion
of the TPC is attributed to flavonoids, while the extracts also contain significant amounts of
phenolic compounds from other classes.

Anthocyanins are a subgroup of flavonoids and represent water-soluble pigments
responsible for the red, purple, blue and violet colors found in many fruits, vegetables,
flowers and other plants. Due to their vibrant and diverse range of colors, anthocyanins are
important contributors to the visual appeal of various flowers. They are widely distributed
in the food of plant origin and contribute to its potential health benefits. Various studies
have indicated that anthocyanins from rose petals exhibit potent anti-inflammatory, antiox-
idant, anticancer, antimicrobial and antiallergic properties that can be utilized in functional
foods and cosmetics [46].

As was expected, the results obtained for total anthocyanins (TAC) in this study
(Table 6 and Figure 4C) showed that there was a strong correlation between flower color
and the level of anthocyanins. Genotypes possessing pink/red/purple flowers (both
complete petals and/or petal center), specifically LV, MF and TC, contain significantly
higher levels of anthocyanins, as indicated by the values of 6.66 mg CE/g de, 3.43 mg
CE/g de and 3.23 mg CE/g de, respectively. In contrast, genotype EW with orange flowers
exhibited substantially lower levels of anthocyanins (0.355 ug CE/g de), while genotype
OF with yellow flowers and P with white flowers had even lower levels of anthocyanins,
with respective values of 0.230 ug CE/g de and 0.260 mg CE/g de. If expressed per gram
of fresh petals, the TAC ranged from 0.019 mg CE/g fw to 0.517 mg CE/g fw. In a recently
published study [42], the range of TAC values for ethanol extracts of nine cultivars of
R. x hybrida was even wider, spanning from 0.006 to 5.03 mg CE/g fw. This indicates that
in certain cultivars, particularly those with white and yellow flowers, anthocyanis may be
entirely absent, while in others, especially those with intensively red colors, the content of
anthocyanins can be up to 10 times greater than that found in the richest rose cultivar (MF)
in our study. The existing literature indicates that red- and pink-colored varieties primarily
contain glycosides of cyanidin, while varieties with orange flowers contain pelargonidin
glycosides as major anthocyanins [46].

Vitamin C is an essential nutrient in the human diet, since it acts as a cofactor of
the monooxygenase and dioxygenase enzymes which are necessary for several metabolic
pathways such as collagen and catecholamine neurotransmitters biosynthesis [47]. Vitamin
C also improves the absorption of non-heme iron and folic acid [47,48] and is a potent
antioxidant. Most plants and animals synthesize ascorbic acid for their own requirement.
However, humans cannot synthesize ascorbic acid due to the lack of gulonolactone oxidase.
Hence, ascorbic acid has to be taken into the body through food. The current recommended
daily allowance (RDA) for ascorbic acid is 90 mg for men and 75 mg for women [49]. The
results obtained in the present study suggest that in general, methanol extracts of rose
petals for all the investigated genotypes are rich in vitamin C (Table 6 and Figure 4D).
The extremely high content of vit C was found in MF, TC and LV genotypes (479 ug/g fw,
438 ug/g fw and 424 ug/g fw, respectively), which is comparable to well-known sources
of vit C, such as fruits and vegetables including strawberry, grapefruit, orange and broc-
coli [50]. Samples OF and EW had significantly lower vitamin C content (299 ug/g fw and
238 ug/g fw, respectively), with P having the lowest (111 pg/g fw).

In LC-MS/MS quantitative analysis of methanol extracts, the MRM mode was used
as the acquisition method. This type of analysis provides high sensitivity and specificity,
since only ions specific to targeted analytes are monitored. The results indicated that out
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of the 44 phenolic compounds targeted for quantification, only 14 were detected (Table 7).
Quercetin 3-O-glycosides, specifically quercetin 3-O-glucoside, quercetin 3-O-galactoside,
quercitrin (quercetin 3-O-rhamnoside) and rutin (quercetin 3-O-rutinoside), were identified
as the predominant flavonoids in all the investigated samples. Peaks of quercetin 3-O-
glucoside and quercetin 3-O-galactoside were overlapped in the chromatogram, thus it was
only possible to quantify their total amount (quercetin 3-O-Glc + Gal). Flavonoid aglycones,
catechin, quercetin and kaempferol were also present, but in significantly lower amounts.
Among benzoic acid derivatives, considerable quantities of protocatechuic and gallic acids
were identified, with levels ranging from 11.1 to 44.8 pug/g de. Chlorogenic and p-coumaric
acids were the only hydroxycinnamic acids found in analyzed samples, although their
quantity was very low (0.33-7.34 ug/g de). It is worth noting that the content of quinic
acid, a non-phenolic intermediate in plant phenolics biosynthesis, was found to be very
high in all the investigated samples, ranging from 17.5 mg/g de in the EW genotype to
36.8 mg/g de in TC. On the other hand, a number of compounds were not detected in any
of the examined methanol extracts, specifically, 2,5-dihydroxybenzoic acid, epigallocate-
chin gallate, aesculetin, caffeic acid, vanillic acid, syringic acid, umbelliferone, scopoletin,
ferulic acid, vitexin, sinapic acid, luteolin-7-O-glucoside, hyperoside, apiin, o-coumaric
acid, myricetin, apigenin-7-O-glucoside, secoisolariciresinol, 3,4-dimethoxycinnamic acid,
baicalin, daidzein, matairesinol, cinnamic acid, luteolin, genistein, apigenin, izorhamnetin,
chrysoeriol, baicalein and amentoflavone.

Table 7. Determined content of selected phenolics in methanol extracts of investigated rose geno-

types petals.
Content [ug/g de] 2

Genotype LV P MF OF TC EW
Quinic acid 19,037% 420 21,722 +22 26,963 + 2.7 36,142 + 3.6 36,833 + 3.7 17,513 + 1.7
ﬂ;ﬁydroxybenzom <12 <12 <12 <12 533 + 0.32 <12
Protocatechuic acid 44.8 + 3.59 3.26 + 0.26 33.0 + 2.64 217 +0.17 11.1 =+ 0.89 8.69 + 0.69
p-Coumaric acid 115+ 0.10 2.98 + 0.27 0.17 + 0.02 1.04 + 0.09 0.33 + 0.03 0.87 + 0.08
Gallic acid 27.3 + 2.46 243 +2.19 22.5 + 2.03 23.1 + 2.08 18.9 + 1.70 30.6 + 2.76
Naringenin 1.04 + 0.07 0.49 + 0.03 0.59 + 0.04 2.64 +0.18 0.41 =+ 0.03 1.87 +0.13
Kaempferol 9.88 -+ 0.69 15.3 + 1.07 9.60 + 0.67 23.9 + 1.67 18.1 4 1.27 18.1 + 1.27
Catechin 255 + 0.03 155 + 0.02 113 + 0.01 75.7 + 0.01 100 + 0.01 55.5 + 0.01
Epicatechin 8.07 + 0.001 2.13 =+ 0.00 11.3 + 0.001 1.27 +0.00 <12 <12
Quercetin 58.8 + 0.18 13.1 + 0.04 23.8 + 0.07 37.8 +0.11 6.89 + 0.02 18.4 + 0.06
Chlorogenic acid 7.34 +0.37 219 +0.11 1.11 + 0.06 0.65 + 0.03 218 +0.11 1.60 + 0.08
Kaempferol-3-O-Glc 60.9 + 2.44 147 + 5.88 76.2 + 3.05 96.2 + 3.85 74.1 + 2.96 193.6 +7.74
Quercitrin 6537 + 392 1843 + 111 7584 + 455 3974 + 238 467 + 28.0 1952 + 117
g:lerce““'3'o'clc * 2532641520 7481 + 449 11,403 + 684 13,231 + 794 758 + 45.5 8545 + 513
Rutin 749 + 225 390 + 11.7 6241 + 187 723 + 21.7 179 + 5.37 665 + 20.0
Total phenolics 33.09 10.08 25.52 18.19 1.642 11.49
(mg/g de)

2 Results are given as content (ug/g of extract dry extract) £ standard error of repeatability (as determined by
method validation); b the values higher than 10 are marked with bold letters; ¢ sum of the contents of all detected
phenolic compounds; LV—'Lavander Vaza’; P—'Pear’; MF—'Marija Frayla’; OF—Olivera Frayla’; TC—'Theo
Clevers’; EV—Evelin Wild'.

In the study of Mikangi et al. [15], the dominant flavonoids in 120 taxa of sub-
genus Rosa were kaempferol 3-O-glycosides and quercetin 3-O-glycosides, which were
present in large amounts. These results partially correspond to the results of our study,
since we found large amounts of quercetin 3-O-glycosides, but much lower amounts of
kaempferol 3-O-glycosides.



Horticulturae 2023, 9, 1082

17 of 23

Component 2

The principal component analysis (PCA) was performed on the dataset of 14 phenolic
compounds that were determined in methanol extracts (Figure 5). The analysis revealed a
certain level of grouping or similarity among the individual samples, which could mainly
be attributed to the differences in the content of quercetin glycosides, namely quercitrin,
quercetin-3-O-Glc + Gal and rutin. Samples P, TC and EW exhibited negative loadings in
both PC1 and PC2, which indicated a relatively low content of all quercetin glycosides.
Conversely, the remaining three samples (LV, MF and OF) were found to be rich in these
compounds. Of note, the sample MF stood out from the others as it contains a much higher
amount of rutin than all other samples, as well the highest level of quercitrin. In contrast, LV
was separated from the rest due to its notably higher content of quercetin-3-O-Glc + Gal.
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Component 1

Figure 5. PCA analysis on 14 phenolic compounds in rose petal methanol extracts—biplot.
LV—'Lavander Vaza’; P—'Pear’; MF—'Marija Frayla’; OF—'Olivera Frayla’; TC—'Theo Clevers’;
EV—'Evelin Wild'.

3.4. Antioxidant Activity of Methanol Extracts of Rose Petals

The antioxidant potential of methanol extracts of rose petals was estimated by deter-
mining the ability of the extracts to neutralize DPPH radical (DPPH assay) and to reduce
Fe3* to Fe?* (FRAP assay). Both assays are based on a single electron transfer mechanism. In
the DPPH assay, DPPH is a stable free radical with an unpaired electron. When antioxidants
are added to the DPPH solution, they donate electrons to the DPPH radical, reducing it to
a stable molecule. This reduction involves a single electron transfer from the antioxidant
to the DPPH radical. Similarly, in the FRAP assay, a reagent containing a ferric ion (Fe%*)
is reduced to a ferrous ion (Fe?*) by single electron transfer from the antioxidants. Both
assays are commonly used to measure the antioxidant capacity of compounds or extracts,
as they provide information about the ability of these substances to donate electrons and
neutralize free radicals, which is a key aspect of their antioxidant activity.

Overproduction of free radicals in the body can lead to oxidative stress. Oxidative
stress can have detrimental effects on cells, tissues and organs, as the reactive nature of free
radicals can lead to damage to important biomolecules such as lipids, proteins and DNA,
leading to cellular dysfunction and potential tissue or organ damage. This damage, if not
adequately repaired, can contribute to a wide range of health issues, including aging and
development and the progression of inflammatory conditions, atherosclerosis and various
chronic diseases, including cardiovascular diseases, neurodegenerative disorders (such
as Alzheimer’s and Parkinson’s) and cancer [38]. Maintaining a healthy balance between
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free radicals and antioxidants is crucial for preventing or minimizing oxidative stress and
its associated negative effects. This balance can be achieved through a combination of a
balanced diet rich in antioxidants, regular physical activity and avoidance of excessive
exposure to environmental toxins and stressors [51]. A greater capacity of any food or
beverage to neutralize free radicals, particularly during oxidative stress, significantly
enhances their health-promoting properties.

All rose petal extracts investigated in the present study expressed very high an-
tioxidant activity (Table 8 and Figure 6). There was a strong correlation between the
results obtained from the two antioxidant assays applied (R = —0.994). The extracts of MF,
LV and TC genotypes were the strongest antioxidants (in DPPH assay ICsg values were
9.24 ug/mlL, 11.45 ug/mL and 15.78 ug/mL, and in FRAP assay the antioxidant potential
was 220 mg AAE/g de, 227 mg AAE/g de and 189 mg AAE/g de, respectively), with the
activity comparable to synthetic antioxidant butylated hydroxyanisole (BHA) widely used
in the food industry (ICsp in DPPH assay is 11.08 pg/mL) [29] and much higher than
the activity of vit C, which is also known as a potent antioxidant (ICsy in DPPH assay
is 30.0 ug/mL) [41]. The extracts of the OF cultivar exhibited significantly lower activity
(IC50 value in DPPH assay was 27.07 ug/mL and antioxidant potential in FRAP assay
was 148 mg AAE/g de) than MF, LV and TC, but very similar to that of previously tested
methanol extracts of R. brunonii, R. baurboniana and R. damascene (ICsg values in DPPH assay
were 35.2 ug/mlL, 25.0 ug/mL and 21.4 ug/mL, respectively) [41]. Among all the samples,
P and EW had the lowest antioxidant activity (in DPPH assay ICsq values were 37.8 pg/mL
and 42.5 pg/mL, and in the FRAP assay, the antioxidant potential was 91.9 mg AAE/g de
and 74.6 mg AAE/g de, respectively).

Table 8. Antioxidant and neuroprotective activity of rose petal methanol extracts.

ICso (DPPH) FRAP AChE-IP

Genotype ug/mL mg AAE/g de ng EE/g de
LV 11.45 +£1.15 227 £16.8 30.8 £ 6.24

P 37.82 £2.99 91.9 £2.94 18.2 +1.86

MF 9.24 + 0.61 220 £ 18.1 253 +£2091
OF 27.07 £3.21 148 +1.47 16.3 £ 0.64
TC 15.78 £ 0.18 189 +£18.0 22.2 +£2.80
EW 42.51 £4.05 74.6 £7.25 68.5 £5.81

ICs50 (DPPH)—the concentration of the extract that neutralizes 50% of DPPH radicals; FRAP—ferric reducing
antioxidant potential; AAE—ascorbic acid equivalents; AChE-IP—the potential to inhibit acetyl cholinesterase;
EE—eserine equivalents.
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Figure 6. Antioxidant activity of methanol extracts of rose petals. (A) DPPH scavenging activity
expressed as ICsy value; (B) ferric reducing antioxidant potential (FRAP). LV—'Lavander Vaza’;
P—'Pear’; MF—'Marija Frayla’;, OF—'Olivera Frayla’; TC—'Theo Clevers’; EV—'Evelin Wild’.
AAE—ascorbic acid equivalents. Mean values designated with the same letter were not signifi-
cantly different according to Tukey’s Honest Significant Difference test (p < 0.05).
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High antioxidant capacity was expected for the extracts of rose genotypes investigated
in the present study, considering that they are rich in polyphenol compounds and vitamin C.
Plant phenolics as well as vitamin C are powerful antioxidants because they act as reducing
agents. By donating electrons, they scavenge harmful free radicals, while they themselves
undergo transformation into a radical form that is relatively stable and unreactive [52].

The antioxidant potential of rose species has also been investigated in previous studies
in the 2,2’-azino-bis(3-ethylbenzothiazoline-6-sulphonic acid (ABTS) assay. The results
from Vinokur et al. [5] revealed that rose petal teas of R. damascena, and 11 different cultivars
of R. x hybrida (Floribunda, Polyantha, English rose, Hybrid tea) expressed remarkable
antioxidant capacities in the ABTS assay, similar to that of green tea, which is renowned for
its potent antioxidant properties. Additionally, strong antioxidant activity was confirmed
for ethanol extract of petals of R x hybrida cultivar with white flowers (651 mg of ascorbic
acid equivalents/g of dry extract, in ABTS assay) [19].

3.5. Neuroprotective Activity of Methanol Extracts of Rose Petals

In order to estimate the neuroprotective activity of the rose petal extracts, their ability
to inhibit acetylcholinesterase (AChE) was determined. This approach is a common method
used in pharmacological and natural product research to evaluate the potential therapeutic
benefits of various compounds or extracts.

AChE is a key enzyme in cholinergic systems, predominantly located at postsynaptic
neuromuscular junctions in both muscle and nerve tissues. Its primary role is the swift
hydrolysis or breakdown of acetylcholine (ACh), an endogenous neurotransmitter, into
acetic acid and choline. Thus, AChE plays a critical role in the regulation of ACh level. A re-
duction in Ach level can have detrimental effects on cognitive functions, including learning,
memory, behavior and emotional responses, which is all often observed in neurodegenera-
tive conditions such as Alzheimer’s disease and other types of dementia. Therefore, current
treatments of dementia include the use of AChE inhibitors, such as rivastigmine, galan-
tamine and donepezil. However, these drugs are often associated with side effects including
gastrointestinal issues, fatigue, cramps and sinus node dysfunction [53]. Therefore, there
is a continuous search for new AChE inhibitors that are effective but with fewer adverse
effects. Various phenolic compounds from plants with different structural characteristics
were reported as AChE inhibitors [54]. Since most plant phenolics besides AChE inhibitory
activity generally express additional pharmacological properties, particularly antioxidants,
it enables them to be applied as multi-target strategies to combat the onset and progression
of Alzheimer’s disease.

To investigate AChE inhibitory activity (anti-AChE activity), we applied the most
common—Ellman’s method, with some modifications. The results obtained for the tested
samples were compared to the activity of the alkaloid physostigmine (also known as
eserine), which is a well-known and highly potent AChE inhibitor. The comparison was
expressed in terms of nanograms of eserine equivalents per gram of dry extract. The AChE
inhibitory activity of the rose petal extracts at a concentration of 50 ug/mL was considerable
and ranged from 41.4% to 69.4%, indicating that these extracts have the potential to inhibit
ACHhE to varying extents. When expressed in eserine equivalents, anti-AChE activity was in
the range of 16.3-68.5 ng EE/g de (Table 8 and Figure 7). The highest activity was exhibited
by the extract of EW genotype (68.5 ng EE/g de), indicating its potential application in
prevention of Alzheimer’s disease and other types of dementia. All other extracts expressed
significantly lower levels of activity (16.3-30.8 ng EE/g de). Upon analyzing the results of
the chemical composition of the investigated extracts, no obvious differences were observed
that could pinpoint the specific compounds responsible for the elevated AChE inhibitory
activity. It is certainly required in further investigations to elucidate and identify the exact
chemical constituents within the EW extract that are responsible for substantial in vitro
anti-AChE activity. Conversely, it is noteworthy that the EW sample exhibited the lowest
antioxidant potential among the tested extracts. This suggests that there is no correlation
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between the antioxidant and anti-AChE activity of the samples, likely indicating that
different individual constituents of the extracts are responsible for each activity.
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Figure 7. Neuroprotective activity—potential of methanol extracts of rose petals to inhibit acethyl-
choline esterase (AChE). LV—'Lavander Vaza’; P—'Pear’; MF—'Marija Frayla’; OF—'Olivera Frayla’;
TC—'Theo Clevers’; EV—'Evelin Wild". Mean values designated with the same letter were not
significantly different according to Tukey’s Honest Significant Difference test (p < 0.05).

Until now, anti-AChE activity of R x hybrida was not investigated. Esmaeili et al. [55]
reported that 80% methanol extracts of R. canina and R. damascena express very low
anti-AChE activity (31.3% and 10.9% at a concentration of 300 ug/mL, respectively), while
50% ethanol extract of R. damascena from Iran showed considerable activity (ICsy value
of 93.10 ug/mL) [56]. Furthermore, in the study by Tarbiat et al. [57], ethanolic extracts
of five cultivars of R. damascena from Turkey showed a high concentration-dependent
AChE inhibitory effect (ICsy value was in the range from 3.9 ug/mL-32.0 ug/mL), which
is comparable to the results obtained for samples of R x hybrida in the present study.

Future research directions should utilize the vast rose gene pool available worldwide,
represented in species and cultivar richness, as well as intraspecific, interspecific and inter-
genus hybridization possibilities. Mutual involvement of breeders/geneticists, landscape
architects, horticulturalists and biochemists can lead to the selection of ornamental edible
roses with both sweet fruity flavors and nutrient richness. Rethinking rose breeding goals
should take into account global environmental challenges, food insecurity and garden-
ing trends. Aligning with the European Green Deal, rose breeding goals must integrate
both producers’ and users” demands to create cultivars that shall concomitantly foster the
Sustainable Developmental Goals.

4. Conclusions

While roses continue to be predominantly utilized as ornamental plants, there is a
growing trend towards their utilization as functional foods. This trend can be supported
by the findings of our study. All the investigated cultivars are rich sources of phenolic
compounds and vit C, which have potential health benefits due to their antioxidant and
neuroprotective activity, and have a favorable aroma and taste for human consumption.
They are characterized by large amounts of quercetin 3-O-glycosydes and quinic acid.

The ‘Marija Frayla’ cultivar, characterized by the highest number of flowering shoots,
double red purple flowers with a significantly greater number of larger petals, accompa-
nied with the highest level of total phenolic compounds and the strongest antioxidant
activity, represents the most valuable amendment to the production of novel functional
food products and dietary supplements. On the other hand, ‘Eveline Wild” had no notable
flowering shoot and flower characteristics, but exhibited the strongest anti-AChE activity,
that might be applied in the prevention of Alzheimer’s disease and other types of dementia.
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The ‘Pear’ cultivar possesses the lowest content of phenolic compounds and the lowest
biological activity, but it has a pleasant, mild and fruity (pear-like) aroma. As such, it can be
considered as a seasoning or condiment for various dishes and cuisines in everyday eating.

Supplementary Materials: The following supporting information can be downloaded at: https:
/ /www.mdpi.com/article/10.3390 /horticulturae9101082/s1, Table S1: Human perception of floral
scent in the investigated rose cultivars.
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