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Abstract

The content, component composition, and main directions of the use of monoterpenes of wild rose
petals compounds are considered in the research. The study on six wild rose species was carried
out in the collection of M.M. Gryshko National Botanical Garden of the National Academy of
Sciences of Ukraine. Volatile organic compounds were isolated by steam distillation, and their
determination was performed by means of gas chromatography. R. rugosa petals contained the
highest number of monoterpenoids, while R. canina petals — the lowest. In our research twenty-
one different (acyclic, monocyclic, bicyclic) monoterpenoids were identified, including alcohals,
aldehydes, ethers, and ketones. All groups of monoterpenoids are biologicaly active substances
and have a significant effect on the aroma of the studied plants.
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Weather conditions

I ntroduction

The most famous and expensive essential oil
in the world is rose oils, which have been
known since the time of the ancient
civilizations of Egypt, India, Greece, Turkey,
but Iran is considered the homeland.
Nowadays, the largest number of essential oil
(rose) is grown in Bulgaria. The essential rose
oils are widely used for the production of
high-quality perfumes (Group A and Extra).
The aroma of petals depends on the type and
variety of rose hips or roses and is genetically
determined [1]. The composition of the
essential oil depends on the place of growing
plants and the method of oil obtaining [2, 3].
The composition of rose oils has been
thoroughly studied [4, 5]. But most of the
researchers pay attention to the accumulation

of dominant components in essential rose and
rose hips oils [6, 7]. Unlike essential oil of
rose, the composition of substances that are
contained in the petals of wild rose is just
beginning to be studied. In recent years, more
and more attention has been paid to these
issues [8-11].

Volatile organic substances
responsible for the aroma of plants also have
different biological activities (antiseptic,
antispasmodic, tonic, antioxidant, anti-
carcinogenic, and others) [12-14]. It is
established that terpenoids are responsible for
the aroma of plants and have different
pharmacological properties [15]. A significant
percentage of the total terpenoids are
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monoterpene compounds [16]. They are
present in amost all essential oils and are
considered  their safest ~ components.
Monoterpenes hydrocarbons and a- and y-
terpenes are the most important components
of essentid oils, which have high antioxidant
activity and inhibitory effect on pathogens
[17, 18].

It was reveded that plants of various
forms differ in the percentage of the main
components of essential oils. The dependence
of the yield of essential oil on temperature
conditions, on the phase of development and
age of plants, as well as on the daily course of
accumulation of essential oil has been shown
[19].

Despite the centuries-old experience of
usng wild roses and rose petals,
unfortunately, the issue of the component
composition of terpenoid compounds, in
particular, monoterpenoids of wild rose petals,
has not been adequately studied. Given the
dominant content of these compounds in the
composition of the essential oils, the lability
from the growing conditions, as well as the
value of individual components from the point
of view of practical use, the studies of
monoterpenoids wild rose petals are a very
topical issue.

The purpose of this research was to
study the monoterpene compounds of rose
petals of the rose garden collection of
M.M. Gryshko National Botanical Garden of
NAS of Ukraine to determine the component
composition and percentage ratio in the
conditions of the Forest-Steppe of Ukraine,
taking into account the functional effect of the
components.

Materials and M ethods

The objects of the research were the
wild rose species of — R. rouletii Correvon.,

R multiflora Thunb., R. spinosissma L.,
R canina L., R centifolia L., R rugosa
Thunb. The wild roses grow in a
homogeneous environment at the rose garden
(the  Rosarium  collection  site)  of
M.M. Gryshko National Botanical Garden of
NAS of Ukraine according to the
classification of wild roses by Khrzhanovskiy
[20] that we used, these species belong to
three subgenera and five sections: Subgenera
Stylorhodon Dumortier, Section Synstylae
DC. - R multiflora Thunb., R rouletii
Correvon.; Subgenera Cynorhodon Dumortier,
Section Caninae Crep.; Subsection Eucaninae
Crep. — R. canina L.; Section Rugosa Chrshan.
— R. rugosa Thunb.; Section Gallicanae DC. —
R. centifolia L.; Subgenera Chamaerhodon
Dumortier., Section Pimpindlifoliae DC. —
R. spinosissma L. [21].

Samples for research (flower petals)
were taken in the morning time (8 am) during
the phase of mass flowering (May).

Extraction of Oil

The research on the determination of
organic volatiles was carried out on the basis
of the National Institute of Grape and Wine
“Magarach” in 2013. The organic volatiles
were isolated by the conventiona method —
steam digtillation. Samples of flower petals
(500 mg) were placed in a 20 mL vid
containing 10 mL of water to isolate the
essential oil and to establish its qualitative and
quantitative composition. The via was placed
in a heating block, which was connected with
a cooled receiver vial. The volatiles were
digtilled off by steam for two hours. During
distillation, the volatiles were adsorbed on the
inner surface of the reflux condenser. The
adsorbed substances were washed after
cooling the system. The wash was
concentrated by purging (100 mL/min) with
pure nitrogen to a final volume of 10 uL of
extract, which was completely removed by
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chromatographic  syringe. Tridecane was ™™
added to the samples of flower petals as an TIC GBSHFONKD
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Figure 1. GC chromatograms of the determined organic volatile
substancesin wild rose petals

Research Period Conditions

It has been confirmed that in the
regulation of processes of accumulation and
formation of the component composition of
essential oils the leading role belongs to
weather conditions of the growing season [23,
24]. Therefore, we present the weather
conditions of the year of research. Based on
the data of the Ukrainian Hydrometeorol ogical
Center (the Table of meteorologica
observations, TMS-84), climographs were

developed according to the Gossen-Walter
method, characterizing the conditions
prevailing during that year [25, 26]. Thanks to
climographs, deviations of the temperature
(°C) regime and precipitation (mm) are clearly
visble from long-term average indicators
during the year of research. According to the
nature of the temperature conditions, the year
of 2013 research season turned out to be close
to the long-term average indicators, but from
March to December, the average monthly
temperatures exceeded the long-term average
indicators by 2-3 °C. As for precipitation, it
differed sharply from the long-term average
indicators, the lack of precipitation in one
month alternated with excessive precipitation
in the next month (Fig. 2).

Figure 2. Climographs of precipitation and temperature for Kyiv,
Ukraine, 2013

Results and Discussion

Based on the data obtained, twenty-
one monoterpenoids were identified (Table 1).
It was established that the studied samples had
a different composition of monoterpenoids,
which were found in rose petals in the amount
of one compound in R canina, three
compounds — R. multiflora, eight compounds
— R rouletii, nine compounds — R. centifolia,
twelve compounds — R. spinosissima, and
thirteen compounds — R. rugosa.
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Table 1. Groups of monoter penoids obtained from wild rose
petals*.

R. R.' _R. R. R._ R.
. ) roul- multi- spinos- can-  centi-
OrganicVolatiles ettii  flora issma ina folia '“99%
Acyclic Monoterpene (%)
1,2-Epoxylinalool - - - - - 244
cis-Linalool oxide - 0.1 0.13 - - 0.14
Citronellol 0.92 - 03 256 344 2435
Ethyl linoleate 0.38
Geranial - - 0.24 - - 3.18
Geraniol 2.37 24.86 - 414 3129
Geranyl acetone - - - - - 0.26
Hotrienol - - - 006 043
Linalool - 128 027 - 045 058
Neral - - 0.24 - - 234
Nerol - - 118 - 089 5.68
transLinalooI 0.16 h 045 022
oxide
Monocyclic Monoter penes (%)
a-Terpineol - 175 o011 - 025 049
Carvone - - 0.17
::())inhgidro—beta— 18.47
Do g
Menthol 1.38 - 0.42 - 214 208
para-Cymen-8-ol - - 0.08
Piperitone - - - - 011
Bicyclic Monoterpenes (%)
Theaspirane A 1.35
Theaspirane B 217
TOTAL 2773 313 2816 256 1193 7348

* — Tolerance limit was defined as the ratio that causes less than + 5
percent interference.

We calculated the relative content of
monoterpenoids from the total amount of
organic  volatiles [27]. The least
monoterpenoids were detected in the petals of
R. canina — 2.56% and R. multiflora — 3.13%.
A relatively high number of monoterpene
compounds was identified in the samples of
R. centifolia — 11.93%, R.rouletii — 27.73%,
and R. spinosissima — 28.16%. Significantly
different number of monoterpencids were
identified in the petals of R rugosa, the

content of which amounted to almost 2/3 of al
organic volatiles (73.48%) Fig. 3.

(a) R. roulettii (b) R. multiflora

27.73 3.13%

(¢) R. spinosissima (d) R. canina
28.16 2.56%

%

(f) R. rugosa

“73.48

. — Other organic volatiles

(e) R. centifolia

. — Monoter penoids

Figure 3. Total and monoter penoids content in wild rose petals

Detected acyclic, monocyclic, bicyclic
monoterpenoids include alcohols, aldehydes,
esters, and ketones. The man dominant
constituents were monoterpene alcohols
among which the greatest number were
Geraniol (31.29%) and Citronellol (24.35%).
Monoterpene acohols are a fairly diverse
group. In the wild rose's petds, they are
represented by eleven components (alpha-
Terpineol, Geraniol, Linalool, Menthol, trans-
Linalool oxide, Nerol, para-Cymen-8-al,
Hotrienol, Citronellol, 1,2-Epoxylinaloal, cis-
Linaool oxide). Among the listed
monoterpene acohols there are acyclic and
monocyclic compounds. Acyclic compounds
ae not yet used in medicine, unlike
monocyclic monoterpene acohols, which are
widely used as standalone compounds or in
mixtures with others. Monoterpene alcohols
do not cause skin irritation, are one of the
safest components of essential oils. They
exhibit a bactericidal, antiviral, and tonic
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effect. In the wild rose’s petals, monoterpene
alcohols are the most important fraction of
monoterpenoids.  Aliphatic  monoterpene
alcohol Linalool (3,7-dimethyl-1,6-octadien-
3-0l), is the basis for the formation of other
monoterpene alcohols, and in its pure form it
has the smell of lily of the valley and a
sedative effect on the nervous system.
Linalool was found in small quantities in the
petals of R spinosissma -  0.27%,
R. centifolia — 0.45%, R. rugosa — 0.58%, and
R multiflora — 1.28%. Acyclic monoter-
penoids were represented in R centifolia
petals by trans-Linalool oxide — 0.45%,
R rugosa — two compounds, namely cis-
Linalool oxide — 0.14% and trans-Linalool
oxide — 0.22%; the same compounds of
trans-Linalool oxide and cis-Linaool
oxide were adso observed in small
guantities in R. spinosissma (0.13% and
0.16%, respectively). These compounds were

absent in the petals of R.rouletii and
R. canina.

The interaction of Linalool with
sulphuric acid produces Terpineol. This

monoterpene acohol was found in small
guantities in the petals of R. spinosissma —
0.11%, R centifolia — 0.25%, R.rugosa —
0.49%. Its quantity in the petals of
R multiflora  reached 1.75%, however.
Interestingly, in all the studied petal samples,
Terpineol was contained in the a-isomeric
form, and not in the form of y-isomer, which
is more typica of roses. Terpineol has a
pleasant aroma that resembles lilac and lily of
the valley and is wused in aromatic
compositions.

When interacting with organic acids,
Linalool forms another monoterpene alcohol —
Geraniol, which has the odour of rose. There
is no direct link between the quantities of
these acohols. The undisputed leaders in the
quantity of this compound were the petals of
R spinosissma — 24.86% and R.rugosa —

31.29%. A smaller quantity of Geraniol was
found in the petals of R. rouletii — 2.37% and
R centifolia — 4.14%. Monoterpenoids
Geraniad — 3.18% and Geranyl acetone —
0.26% were found in R. rugosa petals.

Nerol is a cisisomer of Geraniol,
which was found in small quantities in
R. centifolia — 0.89% and R. spinosissima —
1.18%, but in R.rugosa petals its quantity
reeched 5.68%. It belongs to aromatic
compounds with a delicate smell of roses,
used in the aromatic compositions and in
the synthesis of other substances, such as
Citral.

Citronellol is one of the main
monoterpene alcohols, according to which the
quality of rose ails is standardized, and it has
the smell of rose. A fairly significant quantity
of Citrondlol in R rugosa petas was noted
during its cultivation in China, indicating the
genetic determinism of this compound.
Citronellol was found in all species except
R multiflora. Citronellol was the only
monoterpenoid component found in the petals
of R. canina — 2.56%. Its highest quantity was
found in the petals of R rugosa (24.35%).
Citrondllol is used as the anti-inflammatory,
antimicrobial, antifungal, and repellent agent.
The monocyclic  monoterpene  alcohol
Menthol was found in four species —
R rugosa, R. spinosissima, R. centifolia, and
R rouletii. Menthol has anaesthetic and
antiseptic properties and is widely used as a
flavouring agent. Its maximum quantities were
contained in R. centifolia — 2.14%, and
minimum — R. spinosissima — 0.42%.

Carvone was present in the petals of
only R spinosissma in a smal quantity
(0.17%). The enantiomers of this compound
have different aromas: (R)-(—)-Carvone has a
mint odour, while (S)-(+)-Carvone — cumin
odour.
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Linalool oxidation leads to the
formation of Citra. We detected it in the
petals of R. spinosissima and R. rugosa in the
form of Z-isomer (cis-isomer) — Nera and E-
isomer (trans-isomer) — Geranial. It should be
noted that Geranial (one of two geometric
isomers of Citral) is more oxidized. In an
acidic agueous medium, it is isomerized to
Neral, which then forms intermediate
alcohols, which, in turn, are oxidized to para-
cymen-8-ol. This monoterpene acohol was
only contained in the petals of R. spinosissima
at trace concentrations of 0.08%, which might
be the result of oxidation.

The components Neral and Geraniad
belong to monoterpene adehydes. The
monoterpene aldehydes are the most odorous
class. They have an anti-infectious effect, due
to the reduction of bacteria and viruses, they
could be used as antiseptics and tonic
substances. They are not as dangerous as
alcohols. Both compounds were found in
R. spinosissima and R. rugosa. The petals of
R. spinosissma contain 0.24% of each of
these compounds, in comparison with
R. rugosa, which petals contain a much higher
percentage of Neral — 2.34%, and Geranial —
3.18%.

Most essentia oils contain esters, but
their content is negligible. They balance the
nervous system, have anti-inflammatory,
fungicidal, and antispasmodic effects.
In the wild rose’s petals, the esters were
represented by two constituents and were
found in R rouletii (as Ethyl linoleate —
0.38%) and R. rugosa (as Geranyl acetone —
0.26%).

Monoterpene ketones were found in
small amounts in R. spinosissima (Carvone —
0.17%) and R. centifolia (Piperitone — 0.11%).
It is known that ketones protect cells and are
used in the treatment of skin and for wound
healing, enhancing mucus outflow.

Dihydro-beta-ionol (18.47%), Dihydro
-beta-ionone (0.69%), Theaspirane A (1.35%),
and Theaspirane B (2.17%) were present only
in the petals of R. rouletii. These components
have a significant effect on the aromatic
bouquet of rose oil and together with the other
constituents  determine the characteristic
aroma. This aroma is valued in the field of
nutritional supplements due to its natural
origin.

Conclusion

Thus, the studied wild rose’s species
contain twenty-one acyclic, monocyclic,
bicyclic monoterpenoids, accounting for from
2.56% to 73.48% of the total volatiles. They
have a species-specific composition that could
be seen as an additiona factor in
chemosystematic studies and a supplement to
use in pharmacology and perfumery. Of all
monoterpene compounds, eleven acohols,
two ketones, two aldehydes, and two esters
were identified. R. rugosa petals represented
by the richest assortment (thirteen
components) contain the highest number of
monoterpenoids — 73.48%. The dominant
components are monoterpene acohols —
Geraniol — 31.29% and Citronellol — 24.35%,
which are very vauable in their obtaining and
future use. R spinosissma and R.rouletii
have about the same quantitative content of
monoterpenoids, but very different in their
composition. R. spinosissima is  mainly
represented by monoterpene  acohols.
R. canina petas contain the lowest number of
monoterpenoids — 2.56%. All monoterpenoid
groups are biologically active substances and
affect the aromatic bouquet of the studied
plants.
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