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Abstract: Plants have been used for their aromatic and rimedipurposes for centuries. The gefetargonium
contains about 250-280 species and cultivated drtumworld for the production of essential oilsl absolutes.
Pelargonium species are remarkable for their odour diver$itym fresh, lemon and minty scent, through floral,
rose, fruity up to spicy and camphoreous smell e# as many health beneficial properties, that s/ wheir
essential oils are widely used in perfume, cosmédmd and pharmaceutical industries. The aim isf $tudy was
to determine variability in populations &&largonium genus by evaluating their differences in quartiatnd
qualitative essential oils compositions. This stadyermined that of all the examined essentialtb#, one of
P. graveolens indoor cultivar has the closest C:G ratio (1.16hick makes it a very valuable product.
In comparison with available literature, beside gemgraphical region of plant growth, all essentiéd from

P. graveolens contain a diverse range of compounds, neverthdlegvery single one, geraniol and citronellol are
present in the most significant fraction of theatatil. The examined®. roseum essential oil was characterized by
the highest level of citronellol (44.62 % of totil), but it can be due to the chemical reactioosngersion
geraniol into citronellol) occurring in stored prad.
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Introduction

For centuries plants and their extracts have besd dor aromatic and medicinal
purposes. Essential oils are an ingredient of peefj cosmetics, food and pharmaceuticals.
Pelargonium species, because of their differential propertesl odour diversity are
commonly used for essential oil production.

In this study, chemical compositions of differé®dlargonium species essential oils
were compared. A great emphasis was put on domamanponents of examined mixtures.
Because studied essential oils were derived froemtpl that had grown in different
environmental conditions, gas chromatographic - smggectral analysis was used to
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determine if the major components of pelargoniugeesal oils are representative for the
whole genus regardless cultivation conditions.

Essential oils

Plants have been used for their aromatic and meipurposes for centuries. With the
world development and the appearance of many gke®of the modern civilization, in
recent years there has been considerable interesbidactive agents, especially
antimicrobial and antioxidant substances from ratsources, mainly in essential oils, also
called volatile odoriferous/volatile 0i[4-6]. Essential oils are described by Internationa
Organization for Standardization (ISO) as “produatitained from vegetable raw material,
either by distillation with water or steam, or frahe epicarp of citrus fruits by mechanical
process, or by dry distillation” [7]. They are chieally complex mixtures, often containing
from only a few up to several hundred of singlestabces. They are aromatic oily liquids
extracted from different parts of plant, mainly then woody ones, for example, flowers,
leaves, peels, buds or seeds, but also cells glmisiucts in, which the essential oils are
found, are located in woody parts, such as barkats [5, 8]. Volatile oils are widely used
in different industries, for example as natural iidels in foods and foodstuff packaging
materials to prevent them from the oxidative damage inflammatory conditions, they are
added as a natural preservatives or fragrancesijority of cosmetics. Natural antioxidants
contained in volatile odoriferous inhibit also agiand prevent inflammatory diseases.
Moreover, essential oils replace synthetic subsgtsir the nutritional, pharmaceutical, and
agricultural fields due to their reported antivjrakmaticidal, antifungal and insecticidal
properties. For medical purposes they need to cpmpth national or international
Pharmacopoeia [3, 5, 8-10]. Essential oils varyciimpounds composition, properties,
odour, flavour as well as in colour. Depending d¢anp health, growth stage, habitat and
harvest time of starting material, the odoriferails are composed of different ratio of
lipophilic and highly volatile secondary plant metéites. Their dominant constituents are
terpenes (mono- and sesquiterpenes), aromatic ammdpaand terpenoids [5, 9]. Essential
oils can be obtained by various methods, from whgtham distillation has been
traditionally applied. Another methods are: exti@attwith fat and solvents or recently
developed techniques, such as extraction with figdeCO, gas and solvent free
microwave extraction (SFME) [5, 8].

Pelargonium spp. essential oils

The genusPelargonium is one of the seven genera of tleraniaceae family
(Geranium, Pelargonium, Erodium, Monsonia, Hypseocharis, Rhynchotheca and
Sarcocaulon). This genus contains about 250-280 species arddi@ a range of variation
in floral morphologies and life forms [11-13]. Hytis of Pelargonium are cultivated
around the world for the production of essentitd and absolutes, but original regions for
Pelargonium genus are South Africa and nearby countries.citbivars grow mainly in
Reunion Island, China, Egypt, Algeria and Morocéthile China and Egypt are the major
producers ofpelargonium volatile oils, the Bourbon geranium from Reuniatahd is
considered as one of the highest quality essenit@[11-16]. The oils are characterized by
high levels of citronellol, geraniol, isomenthoti@alool accompanied by wide range of
esters, such as citronellyl formate, geranyl foemgeranyl acetate, geranyl propionate and
sesquiterpenes, of which 10-epeudesmol and guaia-6,9-diene are the most importan
[16, 17]. Very valuable in high grade perfume cheaharomas obtained from Geraniaceae
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family is rhodinol (a mixture of geraniol, citrotal and other alcohols) [18Pelargonium
species are remarkable for their odour diversitynffresh, lemon and minty scent, through
floral, rose, fruity up to spicy and camphoreousknThe most often commercially used
plant in described genus ard. capitatum, P. graveolens, P. odoratissum and

P. radens[12].

P. graveolens is an aromatic and hairy shrub, erect up to 1AM.tall and 1 m spread
with soft to the touch and carved leaves, and lisgahall, pink flowers. It's essential oil
yield is high and varies from 0.1-0.9 % v/w [13,].1%he oil is obtained from leaves,
flowers and stalks [21]. Studies show that varit§actors, such as cultivar, method of oil
distillation, distilled part of the plant, as welt age of this material, essential oil storage,
location of growing and seasonal changes (temperalight intensity) of the area, also
season and time of harvesting, influence the fsakential oil composition of rose-scented
geranium [17, 22]. Essential oil from graveolens is very valuable not only for perfumery,
food and beverages industry, but it has also aetyarf healing properties. It has an
antidepressant, anticancer and hemostatic effesteawer, it regulates bloodstream and
stimulates the adrenal glands. This oil has beanddo stimulate lymphatic system which
in combination with diuretic properties is excetlém the fight against cellulite and fluid
retention in the bodyPelargonium essential oil helps with heavy menstrual flows or
hemorrhoids and many other diseases [19, 20]. Maj@tiles inP. graveolens essential oil
composition are citronellol, geraniol, linalooltroinellyl formate, methone, isomenthone
and nerol [21, 22].

Pelargonium roseum is indigenous to Southern Africa and was introduiceEurope in
the 18" century. Due to its rose odour, it is widely groms;an ornamental plant almost all
over the worldP. roseum has woody, straight and branched stem that cait feeights of
120 cm. The leaves are covered in short, roughhdnes which give the plant
characteristic rose smell [23, 24].

P. odoratissmum leaves are frequently used not only as a flavgyriin insect
repellent, but also in perfumery or aromatherapyhiat infections and gastrointestinal
diseases treatments [10]. Another studies showessential oil fronP. oddoratissimum
leaves has antibacterial and spasmolytic propettedioactivity and effectiveness against
Staphyloccocus aureus, S. Epidermis, Proteus vulgaris andBacillus cereus is proven to be
due to the presence of methyl eugenol [25].

The aim of this study was to determine variability populations ofPelargonium
genus by evaluating their differences in quantitatiand qualitative essential oils
compositions. It is the first work where the cheshicompositions of oils derived from
P.roseum, P.graveolens and P.odoratissimum are compared.

Experimental

Materials and methods

Three commercial pelargonium essential ois: graveolens from Etja, Poland,
P. roseum from Aromatika, Ukraine anB. odoratissimum from Avicenna oil, Poland were
purchased from the manufacturers in quantity of f3each oil, and their chemical
compositions were determined by gas chromatographgss spectrometry.

Also an essential oil compounds from freshly hategdeaves oP. graveolens indoor
cultivation were analysed. 100 g of leaves from-paar old odorous plants were harvested
in November. Material was collected from twenty gzggbniums and the leaves were
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randomly picked from different plants heights, then into small pieces and immediately
transferred to round bottom flask of the Deryngappis. Water was added till the plant
material was completely submerged and then sulgjegcténydrodistillation. The material
has been distilled for 3 hours after reaching thiéirty point. The chemical composition of
the obtained essential oil was determined by gagntditography - mass spectrometry as
well. Also a citronellol/geraniol ratio (C:G) inugtied Pelargonium species essential oils
was calculated.

Gas Chromatographic-Mass Spectral Analysis

The analyses were performed using a Varian Chrokn@#:3800 gas chromatograph
equipped with 4000 GC/MS/MS system and flame idioradetector (FID). The carrier
gas was helium with a flow rate of 1.0 ¥min. The GC oven temperature program was
used as follows: 50 °C initial temperature hold fomin, increased at 4 °C/min to 240 °C
and hold for 10 min. A 1 % w/v solution of the sden hexane was prepared and 1 fnm
was injected using a splitless injection technidulee split ratio 1:50, scan time 0.8 s; mass
range 40-1000 m/z (mass-to-charge ratio). Ideatifim of components in the oils was
based on GC retention indices relativentalkanes and computer matching with the Nits
Library and Adams Library.

Phytochemical similarity of studied essential oils

To assess similarity in the oils composition a degthm was constructed. In Figure 1
structure of the dendrogram is presented. Among dbmpounds listed in Table 1.
The following were taken for dissimilarity matripmstruction: 1-3, 5, 9, 11, 12, 18, 24-26,
29 and 30. Prior to calculations of euclidean dista concentrations were recalculated
using centered logratio (clr) transformation. Tingmsformation ensures appropriate sample
space for distance calculation between pairs ohtporepresenting different oils [26].
The “complete” agglomeration method in function Ithst” that performs a hierarchical
cluster analysis using a set of dissimilaritiespvided in R language was applied for
dendrogram construction [27]. Also a similaritydeen relative compounds’ concentration
in the studied plants was assessed.

Results

Gas Chromatographic-Mass Spectral Analysis

There have been determined the presence of nieegAs compounds in the
commercial P. graveolens essential oil, accounting for 99.04 % of the totl
A component of the largest amount in this EO (etsslenil) was citronellol (22.28 %),
followed by geraniol (15.50 %), geranyl acetate.1B3%), limonene (9.27 %), phenyl ethyl
alcohol (5.93 %) and linalool (5.59 %). This comuniar essential oil was the only one
from all examined oils in which a trace of isomemth was not detected.
In P. odoratisssmum essential oil, ninety-eight compounds were idérdifrepresenting
99.34 % of the total oil. As in the previous oilsignificant amount of citronellol (29.77 %)
was determined. Another dominant components weirengllyl formate (9.22 %), geraniol
(6.51 %), isomenthone (3.34 %), linalool (2.45 %)enthone (2.23 %). There was
a presence of seventy-six compounds in the eskaitidrom P. roseum determined,
accounting for 99.32 % of the total oil. The coments identified as principal were
citronellol (44.62 %), citronellyl formate (14.42)%geraniol (10.73 %), linalool (5.39 %),
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menthone (3.04 %), isomenthone (0.89 %) and limern@mB5 %). The essential oil from
indoor cultivar ofP. graveolens was characterized by a light green colour andéhattong
odour which in that moment was not very similathe smell of freshly cut leaves. In this
extract, seventy-three compounds were identifigutegenting 99.58 % of the total oil.
Essential oil extraction was performed on leavastha preliminary experiments showed
that the hydrodistillation of stems and petiole wiagfficient. The most abundant
components in this sample were citronellol (26.6 &bd geraniol (22.92 %). Another
significant compounds were linalool (6.37 %), getatiglate (4.37 %), isomenthone
(3.39 %) and limonene (0.10 %). Unlike in the poes essential oils, only trace amount of
citronellyl formate was detected and no presencegerfinyl formate was determined.
The major components, which content was bigger thaf, constituted from 82.35 % in
P. odoratissimum, up to 92.33 % irP. graveolens of the total oil. This chemical analysis of
studied essential oils are presented in Table 1.

As the result of chemical analysis of studied eakemwils show, citronellol and
geraniol were identified in all EO, but in diffeteratio. The most preferable ratio (C:G) is
1, because as the literature data shows that pelamg essential oil is of the best quality,
which is very important for perfumery, flavouringdacosmetics industries. In this study
the closest ratio was examined in indoor cultiveiPograveolens (1.16). Also the (C:G)
ratio in EO from commercidP. graveolens was similar (1.44), while in other essential oils
this parameter was very different.Pnodoratissimum EO it was 4.57 and iR. roseum, the
ratio was 4.16.

Table 1
Chemical composition of commercial essential dil®.ayraveolens, P. odoratissimum, P. roseum
andindoor cultivar of P. graveolenswhich content was bigger than 1 %

Indoor cultivar of P. graveolens | P. odoratissmum P. roseum
Serial No. Component P. graveolens ) ) )
[%] RI [%]" | RI [%] RI [%] RI
1 Limonene 0.10 1027 9.2Y 1028 0.1p 10P8  0{35 1927
2 Linalool 6.37 1092 5,59 109p 2.45 1092 5.89 1091
3 Rose oxide 0.06 1101 0.1p 11p1 1.3 1011 186 0110
4 Phenylethyl alcohgl - - 5.93 | 1105 1.96 1105 - -
5 Menthone 0.07 1153 0.1y 11%3 2.23 1154 3|04 1153
6 Isoborneol - - 1.32] 116 - - - -
7 Borneol - - 1.79 1171 - - - -
8 Isomenthone 3.39 1164 - 1190 3.3¢4 1164 089 1163
9 a-Terpineol 0.31 1198 2.3§ 1198 0.31 1198 0.82 1197
Endo-Fenchyl
10 acetate - - 8.57 | 1229] 1.20 1229 - -
11 Citronellol 26.62 1234 22.28 1233 29.47 1284 624. 1234
12 Geraniol 22.92 1259 15.30 1257 6.51 1266  10.732561
13 Citronellyl formate| tr. 1278 1.67 1247 9.2P 12794.42 1278
14 Geranyl formate - - 059 1303 1.43 1303  2B37 3130
15 Geranyl acetate - - 13.13 1382 0.80 1381 (.55 8113
16 B-Bourbonene tr. 1386 0.09 1386 1.28 1386 0]17 1386
17 Phenyl ethyl 0.10 1396 | tr. | 1394 1.04| 1396 - -
isobutanoate
18 (e)-Caryophyllene 0.23 1425 0.14 1425 1.64 1425.92 1424
19 Citronelly! - - - - - | 305| 1447
propanoate
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Indoor cultivar of P. graveolens | P. odoratissimum P. roseum
Serial No. Component P. graveolens -9 ) )
[%] RI %] | Rl | [%] Rl | [%] | R
Allo-
20 Aromadendrene | 992 1451 | 0.86| 1450 8.08 1451 - -
21 Geranyl propanoate - - tr. 1481 - - 1.05 1481
22 Neryl isobutanoaté 1.70 1482 - E 0.54 1482 - E
23 Epizonarene 3.13 1495 0.8 1495 147 1495 |- I
24 Zonarene 0.81 1530 0.4B 1580 1.37 016 1530
25 Citronellyl 0.18 1536 | 0.16| 1536 1.70 - 016 1535
butanoate
Geranyl
26 butanonte 0.43 1563 | 2.36| 1563 212 1563 0.08 1563
27 2-Phenyl ethyl 415 1589 | 0.05| 1588 - - ; -
tiglate
28 a-Muurolol 1.72 1654 tr. | 1654 023 1656 1654
29 (e)—gglr;r;ellyl 0.90 1676 | 0.09| 1676 1.071 1676 0.0 1675
30 Geranyl tiglate 4.37 1713 006 1702 141 1712 080. 1711

tr. - trace (< 0.05 %), RI - retention indices oR VY5 ms capillary column, [%]} compounds concentration in
a sample, (-) - was not found

Table 2 presents the major components of examiRedrgonium spp. EO in
comparison with available literature.

Table 2
The main components of essential oil from indodtiwation of P. graveolens, commercial essential oils
from P. graveolens, P. odoratissimumandP. roseumin comparison with literature

Component [%]
Source T > T T 5 3 7 T
Indoor
P. graveolens 26.62 22.92 6.37 0.10 3.39 0.24 tr. e
P. graveolens 22.28 15.50 5.59 9.27 - 0.21 1.67 0.59
[12, 13,17, 18, 27, 31, 32] 21-37.%.0-26.8| 5.2-13 0.08-0.2| 0.18-6.3| 0.3-8.7| 6.9-13.24| 1-6.21
P. odoratissimum 29.77 6.51 2.45 0.15 3.34 0.16 9.22] 1.43
[25] 8.99 12.69 - - - - - -
P. roseum 44.62 10.73 5.39 0.35 0.89 0.09 14.42 237
[24] 28.96 18.53 5.72 0.68 4.22 - -

tr. - trace (< 0.05 %), (-) - was not fountf, - Citronellol, 2" - Geraniol,3" - Linalool, 4" - Limonene,
5" - Isomethoneg” - Neral,7 - Citronellyl 8" - formate 9" - Geranyl formate

Phytochemical similarity of studied essential oils

The gas chromatographic - mass spectral analysishef volatile oils revealed
significant differences in the number and the tgpthe identified volatile compounds. It is
most likely due to the environmental conditiongdgtd plants had grown in.

The gas chromatographic - mass spectral analysibeoYolatile oils was a base for
building a dendrogram of phytochemical similaritiyadl four pelargonium essential oils
components with concentrations bigger than the rtegdimit of quantification (Fig. 1).
Two groups of points can be observed in the grdpttan be noted that oils from
P. odoratissmum and P. roseum make separate group that represents the relaip$h
biggest similarity in their oils compositions. Tlsecond group represents commercial
extracts fromP. graveolens and the one distilled frorR. graveolens from indoor cultivar.
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Compositions of these oils were also similar toheather, but in somewhat lower degree
than in the first group.

o

L
P. odoratissimum
P. roseum
P. graveolens
Indoor cultivar
P. graveolens

Fig. 1. Dendrogram of phytochemical similarity obnemercial essential oils oP. graveolens,
P. odoratissimum, P. roseum andindoor cultivarof P. graveolens

This dendrogram shows that essential oils fRiradoratissimum andP. roseum make
separate group that represents the similaritigheir chemical compositions. The second
group contains commercial oils fror®. graveolens as well as oil distilled from
P. graveolens from indoor cultivar which means that despite tthdifferent starting
materials, their compositions are alike.
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Fig. 2. MDS representation of the clIr transformetis cconcentration in the studied pelargoniums
essential oils

A similarity between relative compounds’ concentratin the plants studied was
assessed using nonmetric multidimensional scalM®s) method (Fig. 2) [28, 29].
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The dissimilarity matrix was calculated for pointepresenting clr transformed
concentrations of individual compounds in the mastudied. In computation function
“metaMDS” from “vegan” library was used [30]. A siarity between content of
compound pairs 3,5 (cis-rose oxide, menthone) @ @2 (zonarene, (e)-citronellyl tiglate)
in all studied essential oils is observed. Thet firair (3,5) belongs to the monoterpene
group, while the second pair (24,29) refers to dbsquiterpenes. The relative content of
other compounds in plants are different from eablero

In Figure 2 MDS representation of the clr transfedoil’'s concentration is shown.
Similarities in two pairs can be observed. Firdt (#5) belongs to the monoterpene group,
while the second pair (24,29) refers to the sesquitnes. The relative content of other
compounds in studied essential oils are differeathfeach other.

Discussion

The literature report (Table 2) that oxygenated oterpenes constitute the main group
in every obtained essential oil (e.g. citronellgéraniol, linalool or citronellyl formate)
[5, 11, 19]. Comparing the available data (Table &) the studies show that for
P. graveolens essential oil, citronellol is present in the meggnificant amount, reaching
37.5 % of the total oil of the plant growing in ikégtan in Sharopov et al. [20] research.
Second major component was geraniol, of whtetargonium from Himalayan region of
India, that as explored [31] contained 26.8 % & thtal oil. A search of the literature
reveals that beside the region of plant growthealential oils fronk. graveolens contain
a diverse range of compounds, nevertheless, ity eiegle one, geraniol and citronellol are
present in the most significant fraction of theatobil. Important compounds are also
linalool and citronellyl formate that give the fhesitrusy-floral flavour to the EO. There is
not much available data about chemical compositiR. odoratissmum and P. roseum.
However, the data show that in Tabari and Youd2dfj, in examined essential oil form
P. roseum, major constituents weifecitronellol (28.96 %), geraniol (18.53 %) and lmal
(5.72 %). These results are very different frons timvestigation, where the amount of
citronellol equaled 44.62 %, geraniol 10.73 % aimhlbol 5.39 %, while another
compound citronellyl formate was detected in a neindf 14.42 %. It cannot be assured if
it is due to the starting material properties cgroical reactions occurring in stored product.
Main components found irP. odoratissimum [32] were geraniol (12.69 %) and
citronellol (8,99 %). In present study these twanpounds were also detected in the
biggest amount, but in the opposite order (citrmh&9.77 % and geraniol 6.51 %). Of all
the examined essential oil in this research anthftbe available literature, the one of
P. graveolens indoor cultivar has the closest C:G ratio (1.18)ick makes it a very
valuable product. C:G of the commercRil odoratissmum and P. roseum essential oils
from this study equals more than 4 which makes thes® valuable for the industry. Data
from gas chromatography - mass spectrometry shémat domposition of the studied
essential oils vary in concentration of major cituaehts and also contain a different total
number of compounds where the highest was detedmiime commercial EO of
P. odoratissmum. What should be highlight is the fact that duethie relationships of
chemicals from the same structural group, they lmareasily convert into each other by
oxidation, isomerization, cyclization, or dehydrogdon reactions, e.g. geraniol into
citronellol, that is why the age of starting madéplays a significant role in this aspect.
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Conclusions

Studied essential oils formelargonium genus are mixtures of different amount of

chemical components. Every EO has its own unigueposition, but all of them are highly
similar to one another. However, it is important remember that due to different
environmental conditions, such as rainfall, soitifiégy or light intensity, derived essential
oils vary in composition. That results in marketueaof studied mixtures. Because of the
fact that cosmetic and perfume industry seek famddrdized oils, it is essential to gain the
knowledge what cultivation conditions would be test for this purpose. This issue is
going to be the subject of next studies.
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