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SOME PECULIARITIES OF ESSENTIAL OIL OF DAMASK ROSE
GROWING IN HIGH ALTITUDE ARMENIAN LANDSCAPES

N. Zh. SAHAKYAN *, M. T. PETROSYAN ™, A. H. TRCHOUNIAN ™"
Chair of Biochemistry, Microbiology and Biotechnology, YSU, Armenia

As with any essential oil (EO), the content and composition of Rosa x
damascena Mill L. (EO) can be changed significantly, depending on the cultivation
methods and terroir. The purpose of this research is to determine the chemical
composition and biological activities of EO distilled from Damask rose flowers
cultivated in Armenia at high elevation. The EO was obtained by hydro-distillation
method, the chemical composition was analyzed by gas-chromatography analysis.
The EO main compounds were citronellol (38.04%), nonadecane (4.9 %), nerol
(7.12%), geraniol (26.32%) and linalool (6.15%). The antioxidant activity of EO
was measured by the 2,2-diphenyl-1-picrylhydrazyl radical (DPPH), TBARS and
metal-chelating activity determination assays. Antimicrobial activity was
determined by agar-diffusion method. According to our investigations the minimal
inhibitory concentration values against tested gram-positive and gram-negative
bacteria were varied between the 2.5 and 20 mg-mL™. Obtained data revealed high
(DPPH) scavenging, metal chelating, lipid peroxidation inhibiting activities of EO.
Thus, the results revealed a good potential of R. damascena EO.

Keywords: Damask rose, essential oil, citronellol, geraniol, antioxidant activity,
antimicrobial activity.

Introduction. The Rosa genus (Rosaceae family) includes approximately 300
species and thousands of cultivars [1]. All rose cultivars come from the single
Damask roses group [2]. Cultivation and consumption of Damask rose (Rosa x
damascena Mill L.) has a very long history, and the essential oil (EO) obtained from
rose flowers is one of the most famous products since ancient times. Besides being
useful in cosmetics and perfumery, Damask rose EO is also applicable in medicine
due to its antimicrobial, antioxidant, relaxant, antiviral properties [3, 4]. For a long
time, Damask rose EO has also always been a subject of interest to many scientists.
There are data stating that analytical work has been done since the late 19" century,
according to which some hydrocarbons (n-paraffins (15.9%), including heptadecane,
nonadecane, eicosane and heneicosane (0.8-3.0%)); eicosene (0.8%); sesquiterpenes
(0.2%); alcohols (linalool (2.7%); geraniol (15.8%); nerol (8.8%); citronellol (3%),
farnesol (1.2%); 2-phenylethanol (1.2%)); aldehydes (pentanal (0.005%); nonanal
(0.04%); citral (0.05%); cinnamaldehyde, etc.)); phenols (eugenol (0.6%) are present
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in this EO, but according to the Kovats [5], alcohols prevail among the isolated 127
components. Kovats noted that “Neither of the components is the real vehicle of the
typical odor of oil of rose”, and only by mixing several components in a certain ratio
it is possible to gain specific odor. Phenyl ethyl alcohol is among the minor
components of Damask rose oil, but it is one of the dominant odors emanating from
the rose [6].

Recent studies show deep differences between the compositions of EO distilled
from roses growing in different conditions [4]. According to [3], the main components
of Damask rose EO are nonadecane (39.73%), heneicosane (32.38%), docosane
(7.34%), citronellol (6.14%) and 9-nonadecene (5.69%). Meanwhile, Mahboubi et
al. revealed the B-citronellol (48.2%), geraniol (17.0%), B-phenylethyl benzoate
(5.4%) and phenyl ethyl alcohol (5.1%) as the main components [7]. Other studies
also show that the main compound of rose EO is citronellol (8.76-48.24%) [8].

The International Organization for Standardization (ISO 9842, 2003) [9]
specifies the main components and their percentages, which are as follows:
citronellol (20-34%), nerol (5-12%), geraniol (15-22%), C17 paraffins (1.0-2.5%),
C19 paraffins (8.0-15.0%) and C21 paraffins (3.0-5.5%).

The plant chemotype depends on growing conditions. So, the aim of the
present work was to identify the chemical composition and some peculiarities of
biological activity of EO distilled from the Damask rose cultivated in high altitude
Armenian landscape as the chemotype of each plant determines the scope of its
practical application.

Materials and Methods.

Plant Material. R. damascena plants were cultivated in Kotayk Province,
Aragyugh Village, 1600 m a. s. |., and flowers were collected for EO distillation.

EO extraction was performed from flowers of fresh plant material by hydro-
distillation, using a Clevenger-type apparatus and lasted 3 h. The distilled EO was
dehydrated with anhydrous sodium sulphate and stored at 4°C in dark airtight bottles
until further analysis [10].

Determination of EO Chemical Composition. The EO composition was
analyzed in the “Nairian” CJSC laboratory (Armenia). The gas chromatography
(GC) analysis was carried out using Bruker gas chromatograph (Bruker 450-GC,
USA) equipped with 60mx 0.25mm x 0.25um OPTIMA-FFAP column
(“MACHEREY-NAGEL”, Germany). The oven temperature varied from 40 to
220°C with the scanning rate of 3°C min™, evaporator temperature was 220°C.
Helium (purity 5.6) was used as a carrier gas at a flow rate of 1 mL-min-t. The GC
was equipped with Hewlett—Packard 5972 Series MS detector. The MS operating
parameters were ionization voltage of 70 eV and ion source temperature of 250°C.
The diluted samples of EO in an amount of 2 pL were injected manually. To avoid
overloading the GC column, EO was diluted in methanol in 1:50 proportion (v/v).
The identification of peaks was tentatively carried out based on library search using
NIST-2013 [11].

Metal-chelating Activity Determination. Metal chelating activity can be
assessed by the method described by Alam et al. [12]. 0.4 mL of EO diluted in DMSO
was added to 1 mL of ferrous chloride (0.2 mM) and left for 10 min. The interaction
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begins after adding 0.4 mL of ferrozine (5 mM). After 10 min of incubation at room
temperature, the absorbance is measured at a wavelength of 562 nm.

Percent metal chelating activity of EO was calculated according the following
formula:

chelating activity (%) = (Ac — Ay 100/ Ac,
where A¢is the absorbance of control solution; A:is the absorbance of test solution.
EDTA was used as a positive control.

Radical Scavenging Activity Determination. Scavenging free radical
potentials were determined in ethanol solution of 1,1-diphenyl-2-picrylhydrazyl
(DPPH) [13]. Catechin was used as a standard. The sample solution contained
125 pL (1 mM) of DPPH, 375 pL of ethanol and 500 pL of test-solution (EO and
catechin with different concentrations: 2.5 to 50 mg-mL~* and 1.95 to 125 pg-mL™,
respectively). The test-solution was replaced by ethanol in the control sample. The
absorbance was measured at the wavelength of 517 nm using Genesys 10S UV-Vis
spectrophotometer.

The radical scavenging activity was calculated using the following formula:

radical scavenging activity (%) = (Ac — As) -100/ Ac,
where A is the absorbance of control (DPPH without the addition of test solution);
As is the sample absorbance.

Determination of Antioxidant Activity with Thiobarbituric Acid Reactive
Species Assay. A modified thiobarbituric acid reactive species (TBARS) assay [14]
was applied using male Wistar rat (140-150 g) brain homogenate (1% in phosphate
buffer, pH 7.4). For this, the protein concentration of brain homogenate was
determined by the method described in [15]. The control tubes contained: 1 mL brain
suspension and 1 mL 250 mM HCI. The test tube contained: 1 mL brain suspension,
0.7 mL 250 mM HCl and 0.3 mL EO (1000 pg-mL™?). The control and test tubes were
incubated at 37°C (15 min), and then 2 mL reagent, which contained 0.375%
thiobarbituric acid and 15% trichloroacetic acid (in 250 mM HCI), was added to each
tube and boiled in a water bath for 30 min. The tubes were cooled and centrifuged at
1200xg for 10 min. The absorbance of the organic upper layer was measured at 532
nm, using Genesys 10S UV-Vis spectrophotometer, and the quantity of
malondialdehyde (MDA) was measured by the formula:

C=D-e/AT,
where C is the MDA quantity, nM-min-mg™; extinction coefficient (¢) is
1.56-10°M-t.cm™; D is the absorbance; A is the protein quantity, mg-mL™;
T is the incubation period, min.

Data were expressed as the values based on the percentage of lipid

peroxidation inhibition — the antioxidant index (Al, %), using the formula:
AI = (Cc - Ct)'loo / Cc,
where C¢, C; are the MDA concentration in control and test tubes, nM-min-mg.
a-tocopherol (1000 pg-mL1) was used as a positive control.

Investigation of EO Antimicrobial Activity. The minimal inhibitory concent-
ration (MIC) and minimal bactericidal concentration (MBC) of EO were determined
using agar diffusion method [16]. For this, different gram-positive (Staphylococcus
aureus WDCM 5233 (Microbial Depository Center, Armbiotechno-logy Scientific
and Production Center, laboratory control strain) and Bacillus subtilis WT-Al
(isolated from metal polluted soils of Kajaran, Armenia)); gram-negative (E. coli
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VKPM M-17 (Russian National Collection of Industrial Microorganisms at the
Institute of Genetics and Selection of Industrial Microorganisms, laboratory control
strain), Pseudomonas aeruginosa GRP3 (Soil and Water Research Institute, Iran))
bacteria and two yeasts (Debaryomyceshansenii WDCM and 10070, Candida
guillermondii WDCM 1002, (Microbial Depository Center, Armbiotechnology
Scientific and Production Center, laboratory control strain)) were used. Test-
organisms were grown in the Mdiller-Hinton agar. Tests were carried out with
1-2-10° CFU mL™! containing plates. The final concentrations of EO reached 2.5, 5,
25, 50, 100 and 150 mg-mL™.

MIC was determined as the lowest concentration of the investigated EO that
completely inhibits the visible growth of the test microorganism. The desired
concentration of the test organism suspension was obtained by serial dilutions.
Ampicillin was used as a standard antibacterial agent.

Data Processing, Chemicals and Reagents. Experimental data (n = 4) were
expressed as mean + standard deviation (SD). The standard error did not exceed 3%
(if not indicated). The validity of differences between experimental and appropriate
control data was evaluated by Student’s t-test criteria (p<0.05, if not indicated) using
Microsoft Excel 2010.

The main chemicals and reagents were purchased from “Sigma Chemical Co.”
(USA) and antibiotics — from Kyiv Plant of Medicinal Preparations (Ukraine).

Results and Discussion. The hydro-distillation method allowed to have
essential oil yield of 0.024%. According to the GC-MS data, the main components
of EO distilled from Damask rose growing in high altitude Armenian landscape were
citronellol, geraniol, nerol, linalool and nonadecane (see Table).

The chemical composition of R. damascena essential oil

N RT Component % N RT Component %

1 5.67 pinene 0.74 13 | 15.95 geranial 0.72
2 7.80 limonene 0.52 14 | 19.88 eugenol 1.31
3 8.47 ocimene 0.42 15 | 20.48 caryophylene 0.31
4 11044 linalool 6.88 16 | 21.03 humulene 0.3
5 |10.88 phenylethyl alc. 0.81 17 | 26.44 eudesmol 0.81
6 | 11.02 roseoxide 0.15 18 | 27.71 heptadecane 1.0
7 | 1291 terpine-4-ol 0.59 19 | 30.20 nonadecene 0.91
8 | 13.36 terpinelol 2.17 20 | 30.57 nonadecane 4.90
9 | 1465 citronellol 38.04 21 | 31.64 eicosane 0.41
10 | 14.68 nerol 7.12 22 | 32.66 heneicosane 2.31
11 | 15.02 neral 0.82 23 - Other minor components | 2.44
12 | 15.56 geraniol 26.32 Total 100

Citronellol is the dehydrogenated form of geraniol, and nerol is the trans-
isomeric form of geraniol. All of these substances are monoterpenoids and exist in
rose EO as the primary components [7]. Linalool is a terpene alcohol, which is
generally found in many flowers and spice plants. According to the 1SO 9842, 2003,
it is not a mandatory component in the Damask rose EO, but its appearance provides
some pleasant odor [9, 17].



72 N. Zh. SAHAKYAN, M. T.PETROSYAN, A. H. TRCHOUNIAN

The investigated EO also possesses valuable biological activity. According to
our investigations, the EO distilled from Damask rose growing in Armenian high
altitude landscape showed the

o 0] §= 176520 +6.2125 rather high DPPH  radical
2 80 % scavenging activity. The ICsp
g % 60 value of Damask rose was
= E . 24.76 mg-mL~* the same data of
g © 40 * positive control, catechin, was
% 20 12.66 ug-mL™ (Fig. 1).
0 le . . As a result of the Fenton
0 20 4 and Haber—Weiss reactions in

EO concentration (””8””?5) the presence of iron ions in

Fig. 1. The radical scavenging activity of R. damascena EO.  living organisms, including
humans, free radicals are

formed, in particular hydroxyl
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= 3= 10 - I damages in different macro-
£ = l molecules. In this regard, it is
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. %s“ v a\.\\‘% the excess metal in the cells,
Test-organisms ® thereby  preventing  the

formation of an excessive
amount of free radicals. But,
according to our results, the
investigated concentration (see Materials and Methods) of Damask rose EO binds
up to 3% of iron ions in the test solution, while the activity of the positive control
was 94%. TBARs test also showed low activity of the investigated EO. According
to the results of this test, Al was 7+£0.4%, but in the case of the positive control (a-
tocopherol) this parameter reached 91.1+1.9%. These data showed that Damask rose
EO exhibited low or moderate antioxidant activity in chemical-based tests.

On the other hand, the EO distilled from Damask rose, growing in high
altitude Armenian landscape, showed expressed antibacterial activity against various
gram-positive and gram-negative bacteria. Our investigations showed that gram-
positive bacteria were more sensitive to the chemical components of studied EO, and
the value of MIC against S. aureus and B. subtilis were 2.5 mg-mL™. Meanwhile, the
same parameter in the case of E. coli and P. aeruginosa was 20 and 10 mg-mL™,
respectively. The tested yeasts were not sensitive against EO components (Fig. 2).

Our investigation has shown that EO distilled from R. damascena cultivated
in high altitude Armenian landscape possess antibacterial and antioxidant activity
and could be applied not only in cosmetics, but also in the pharmaceutical and food
industry.

Fig. 2. R. damascena essential oil MIC against test-bacteria.
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utpnnltphg L Jwjphg: Lhpjuwjugywo htmwgnunipjul Guuwmwyb t tnk
nnnpt] Lwjwumwlh pupdpwnhp gnnhGipnd wonn pudwuynuyjul Jwupbln
ownhGtphg pnpjwo  Gpbpwymnh  ppihwjwi Juqip U YhGuwpwlwlw
wlmhympjnilp: Gphpwjninp unwgyty £ hhnpnpnpiw( dtpngny L phdhwljw
Juwqup npnpyby E qug—ppniwnw-gpiwdp: Gpipwyninh hhdGwjwl punwnnhg-
GtpG &G ghwpnGmp (38.04%), GnGuntyw6p (4.9%), Gipmp (7.12%),
qtpwlhmn (26.32%) L (hGunnip (6.15%). Gptipwjninh hwjwopupnuwGuujhG
whnhynipynilp  qGuhwwnyty b 2,2-nhdbGhi-1-whyphy hhnpuighp (RHNL),
dwnpwtinh qhipopupnugiwl L Wtnwn-fubjunwglng wmpympjuwl npnpdwl
ptiuntinny: <wwpwymtiphwywl wymigynmpnilp npnyty E wqupmd nhpniqiwl
dbpnnny: <wiwdw)l dkp htnmwgnumpjmGatph wpymGpGph, punwnpguo
gnui-npujub L gpud-puguuwlwl pwlmbphwitph Gumdwdp GJuquagnG
wnqbijulnn YnGgtGnpughwih (GLUY) wpdtipp 2.5 U 20 dg- ! vwhiwGGbpnid
E: Cunn unwgywo wyjwltph tpipwyninG mGh pwpdp hwjuwnwnhywwjhl
(HMNK), dtnwn fubjuunwglnn, (hwyhnGiph qbpopuhnugmip wpgbjuynng
wywhympjniG: UpnyniGpGtpp yyuymd GG R. damascena tptipwyninh pwpdp
(Gtpnidh dwuh(:

H. XK. CAAKSH, M. T.IIETPOCSH, A. A. TPUYHIH

HEKOTOPBIE OCOBEHHOCTH 30NPHOI'O MACJIA JIAMACCKOI PO3HI,
PACTVYIIIEU HA BBICOTHBIX ITIOACAX APMAHCKOI'O HAT'OPbA

PesomMme

Kak u B cirygae mo6oro sduproro maciaa (OM), xummdeckuii coctas (OM)
Rosa x damascena Mill L. mMoxeT 3HAYUTEIBHO MEHSTHCS B 3aBHCHUMOCTH OT
METOJ/IOB KyJbTHBUPOBAHMS M 30HBI pocTa. B pabore mcciieoBaiicsi XUMUYECKHUI
COCTaB U OMOJOTHYECKas aKTUBHOCTh DM, BBIJICIICHHOTO W3 IIBETOB JaMacCKOM
PO3BI, BRIPAIICHHOW Ha BBICOTHBIX MOsicaX ApMeHHUU. DM OBUIO MOIYYeHO THAPO-
JUCTHJUTMPOBAHUEM, XUMHUYECKUN COCTAaB OMPEICISICS ra3xpoMarorpaguueckum
MeTomoM. OCHOBHBIMH KOMITIOHeHTaMH OM Obumn  1urponemton (38.04%),
HoHanekaH (4.9%), uepon (7.12%), repanmon (26.32%) u mmaamoon (6.15%).
AHTHOKCHIaHTHAs akTHBHOCTH DM ompenemnsiachk JDII-TecTom mo criocoOHOCTH
UHTHOMPOBATh MIEPEKUCHOE OKUCIICHUE JIMTIUIIOB U BBISBIICHUEM METAJI-XEIaTHPYIOIICH
CIOCOOHOCTH. AHTUMHUKPOOHAS! aKTHBHOCTD BBISIBIISUIACH METOI0M G dy3uu B arap.
CorynacHO HalIMM HWCCJICIOBaHUSM, 3HAYCHHS MHHUMAJIBHON WHrHOMPYIOIICH
KOHIIEHTPAI[MK B OTHOIICHWH TECTHPOBAHHBIX TPaM-TIOJIOXHUTEIBHBIX H TpPaM-
OTpHILIATEIBHBIX MHMKPOOPTaHM3MOB BapbUPOBANMCh MeXmy 2.5 m 20 me-ma™.
Iloy4yeHHble maHHBIC BBIABWIN Hamudwe aHTUpamukansbHoi (ADIIL), meran-
XEJIATUPYIONICH AaKTHMBHOCTH W CIIOCOOHOCTH K WHIHOWPOBAHHUIO IEPEKHUCHOTO
OKHUCJICHUS TIUIUIOB. TakuM 00pa3oM, pe3ysbTaThl BBISBUIM BHICOKHN TOTEHITHAI
OM R. damascena.



