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Abstract

Background: Essential oil of Rosa x damascena Herrm. is one of the most valuable and important raw materials for
the flavor and fragrance industry. The cultivation of this plant has ancient origins, and Kashan was one of the first
mountainous regions of Iran dealing with the cultivation of R. x damascena. In this study, both chemical composi-
tion and antimicrobial activity of different rose essential oils obtained from five mountainous areas of Kashan region
(Maragh, Qamsar, Sadeh, Javinan, and Kamoo) has been investigated along with the influence of the environmental
conditions on these properties.

Results: Results showed that yield and chemical composition of essential oils obtained from Rosa x damascena
were significantly affected by the collection area. In particular, the yield of oils varied from ~0.08 to ~0.132% and
citronellol (36.70-9.18%), geraniol (12.82-0.47%), nonadecane (22.73-10.36%), heneicosane (31.7-11.43%), and 1-nona-
decene (6.03-3.93%) have been detected as main compounds in all the plants collected, but at different concentra-
tions depending on the collection area. The best fragrance and the highest yield were found in the oil from Kamoo
area. Similarly to the chemical composition, the antimicrobial activity of the essential oils was affected by their origin,
and essential oil obtained from plants collected from Kamoo area disclosed the highest antibacterial and antifungal
efficacy. Its inhibition halos were 17.33£0.58 mm against Aspergillus brasiliensis, 15.67+0.58 mm against Staphylococ-
cus aureus, and 12.3310. 58 mm against Streptococcus pyogenes. Essential oils of R. damascena were also effective
against Gram-negative Pseudomonas aeruginosa and they had a MIC value of 62.50 pg/mL irrespective of the collec-
tion area (except the oil from Javinan area). On the contrary, the highest antifungal power against Candida albicans
yeast was reached using the essential oil obtained from plants collected in Javinan region (MIC and MBC ~62.50 pg/
mL).

Conclusions: Overall results underline the influence of environmental conditions of the different areas of Kashan
region, on the chemical composition of and antimicrobial activity of the essential oils of Rosa x damascena. In addi-
tion, results disclosed that Kamoo seemed to be the most suitable area for the competitive cultivation of R. x dama-
scena to the intensive production of aromatic flower oil and natural antimicrobial essential oils.
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Background

The genus Rosa is made up of over 365 taxa and 84
hybrids [67], but only a few of them such as Rosa x cen-
tifolia L., Rosa gallica L., and Rosa x damascena Herrm.
can be used at industrial level due to their pleasant fla-
vor and beneficial properties [36]. Among all, R. x dama-
scena is one of the most important and cultivated species
of Rosaceae family [47]. It is wildly known as Damask
rose or Persian rose [35] while in Persia is called “Gol
Mohammadi". The essential oil of R. damascena is widely
used in perfumes, cosmetics, enriched foods, and phar-
maceutical products (e.g., [3, 7, 48]. Due to the low essen-
tial oil content of R. x damascena and the lack of natural
and synthetic alternatives, rose essential oil is one of the
most expensive on the market [10]. The area of cultiva-
tion and the climate conditions are key parameters,
which can positively affect the yield and chemical content
of essential oils [5, 34, 41, 61, 72].

Rosa x damascena is largely cultivated because of its
aromatic and beneficial properties [55]. The main pro-
ducers of rose essential oil are Bulgaria, Turkey, Iran
and India. Iran has been considered as one of the first
countries in which R. x damascena has been cultivated
and exploited at commercial level [55]. These plants
are adapted to the local environmental conditions, thus
producing essential oil different in quantity and quality,
as a function of the genetic content as well as environ-
mental factors. Therefore, the evaluation of genotypes
from different areas of Iran should permits to select
the varieties of R. x damascena more suitable for com-
mercial cultivation due they rich and diverse content
of essential oil. Just few studies have been performed to
evaluate the content of essential oil of R. x damascena,
its chemical composition and activity as a function of
the environmental conditions. To this purpose, in the
previous study, R. x damascena has been collected from
different areas of the Kashan region of Iran [34, 42, 60].
On the contrary, different studies analyzed the chemi-
cal composition of rose oil and more than 400 volatile
compounds have been identified in the different varie-
ties [29]. Based on their properties they can be grouped
into five major groups: hydrocarbons, alcohols, esters,
aromatic ethers, and others (including aldehydes, oxides
and norisoprenes) [32]. Citronellol, nonadecane, geran-
iol, heneicosane, nerol, 1-nonadecene, and trans-geraniol
are the most important bioactives found in the essential
oils of R. x damascena [27, 40, 57, 66]. Citronellol, non-
adecane, and geraniol, have been detected as the major
components of rose essential oils collected from the cen-
tral region of Iran [56]. In other studies 1-nonadecene,
hexatriacontane, n-tricosane and geraniol have been
reported as the main components of the essential oil of
the R. x damascena collected from northern parts of Iran
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[70] and nonadecane, heneicosane, docosane, citronellol,
and 9-nonadecene were reported to be the most repre-
sentative bioactives of the essential oil of R. x damascena
collected from the southern of Iran [42]. Regarding the
essential oil of R. x damascena collected from Kashan
region, B-citronellol (14.88-47.43%), nonadecane (10.5—
40.5%), geraniol (5.5-18%), and heneicosane (7-14%)
were the main components [34].

According to their rich composition, some health pro-
moting properties of rose oil such as antiviral [23, 37],
antioxidant [1, 50, 63], anti-cancer [52], laxative [22],
anti-inflammatory, and antiseptic have been previously
reported [15, 43, 46]. Moreover, strong antimicrobial
activity has been reported against different bacterial and
fungal strains such as Propionibacterium acnes, Escheri-
chia coli, Proteus vulgaris, Klebsiella pneumoniae, Can-
dida albicans, Enterococcus faecalis, Staphylococcus
aureus, among others [6, 9, 14, 62, 68, 74].

In the present study, the essential of R. x damascena
has been prepared by plants collected from different
areas of Kashan region, considering that it is one of the
largest areas of rose essential oil production in Iran and
in the world. The main constituents of rose essential oil,
were identified and compared and their antimicrobial
activity against 11 bacterial strains have been deeper
investigated.

Materials and methods

Selected sites

To select the sampling regions, the mountainous areas
of Kashan region where R. x damascena is usually cul-
tivated were firstly identified by means of field surveys.
Already existing farms were selected, where the plants
were cultivated with the same conditions of irrigation
(drip irrigation), used fertilizers and care factors. To
minimize the local factors such as water quality, prun-
ing methods, physical and chemical characteristics of soil
and harvesting period, the areas with similar geographic
characteristics have been selected (Table 1). They were
Maragh, Qamsar, Sadeh, Javinan, and Kamoo, with a dis-
tance of about 40 km from each other.

Plant material

In the collection areas, plants having the same age were
selected. The collection of R. x damascena has been per-
formed at six o’clock in the morning on May 2019, which
is the blooming period in each selected region. Three
parts of the plants were randomly selected as collect-
ing point (100 plants for each area). After collection the
samples were transferred to the laboratory and kept at
4 °C for one hour. One sample of the whole plant from
each region was also collected and pressed. The plant was



Ghavam et al. Chem. Biol. Technol. Agric. (2021) 8:22

identified and recorded in the University of Kashan her-
barium with a code number.

Isolation of the essential oil

To extract the essential oil, three hundred grams of fresh
flowers for each replicate of each area of Kashan region
were weighed and used to extract the oil by water distil-
lation using a Clevenger apparatus for 4 h. The essential
oil was treated with sodium sulfate and stored in dark
bottles at 4 °C until further use. Then the yield of essen-
tial oil of three replicates of each region was reported as
mean =+ standard deviation.

GC-MS analysis

The most abundant bioactives contained in the essential
oils have been separated and identified by GC-MS using
a chromatograph (Model 6890 Chromatography) coupled
with an Agilent Mass Spectrometer (Model N-5973).
A capillary column (HP-5MS) with 5% methylphenyl-
siloxane static phase (length 30 m, internal diameter
0.25 mm, layer static thickness 0.25 pm) and ionization
energy of 70 eV was used. The temperature for the analy-
ses was first set at 60 °C and then it was increased at a
rate of 3 °C up to 246 °C. The injector and detector tem-
peratures were maintained at 250 °C, the volume of the
injected sample was 1 pl and the helium carrier gas was
maintained at a flow rate of 1.5 ml/min. The identifica-
tion of chemical components was based on the analysis
of the chromatograms obtained for each oil measuring
the retention indices (RI). Data were compared with that
of standards of n-alkane mixtures (C8—C20) and mass
spectral data reported in computer library (Wiley-14 and
NIST-14 Mass Spectral Library), and in the literature [2].

Antimicrobial assays

Microbial strains

Eleven microorganisms, provided by the Iranian Research
Organization for Science and Technology (IROST), have
been used to evaluate the antimicrobial activity of the
essential oils. Four Gram-positive bacteria such as Staph-
ylococcus epidermidis (CIP 81.55), Staphylococcus aureus
(ATCC 29,737), Streptococcus pyogenes (ATCC 19,615),
and Bacillus subtilis (ATCC 6633) and five Gram-nega-
tive bacteria including Klebsiella pneumoniae (ATCC
10,031), Shigella dysenteriae (PTCC 1188), Pseudomonas
aeruginosa (ATCC 27,853), Salmonella paratyphi-A sero-
type (ATCC 5702), and Escherichia coli (ATCC 10,536)
were selected. Two fungal species such as Aspergillus
brasiliensis (ATCC 16,404) and Candida albicans (ATCC
10,231) were also selected for the evaluation of the anti-
fungal activity of the obtained essential oils. Bacterial
strains were cultured overnight at 37 °C in agar nutrient
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Table 1 The geographic characteristics of the studied sites

Site Longitude Latitude Altitude (m)
Maragh N 35° 54734" E51°09"15" 1750
Qamsar N 33° 447 49" ES51°26725" 1900
Sedeh N 33° 50”40" E51°0908" 2000
Javinan N 33°41722" E51°26748" 2090
Kamoo N 33°37720" E51°16718" 2460

(Merck, Germany) while yeasts were cultured at 30 °C for
48 h in Sabouraud dextrose agar (Merck, Germany).

Agar well diffusion method

The procedure was performed according to Clinical and
Laboratory Standards Institute method (CLSI, 2012).
Plates (6 mm diameter and 4 mm thickness) containing
the culture medium (Miiller Hinton agar, Merck, Ger-
many) were used for bacteria, while those containing
sub-dextrose agar medium were used for fungi growth.
Microbial suspensions (100 pl) were cultured with tur-
bidity equivalent to half-McFarland under uniform
conditions. The essential oil was dissolved in dimethyl-
sulfoxide to reach a concentration of 300 pg/mL, then
10 uL of the diluted essential oil has been added to each
plate. Plates were incubated at 37 °C for 24 h for bacte-
rial strains and for 48 and 72 h at 30 °C for fungal strains
and their antimicrobial activity was evaluated by meas-
uring the diameter of the inhibition halo (in millim-
eters) according to the antibiogram rules. To evaluate
the repeatability of the results, three replicates for each
essential oil and each strain were performed. Dimethyl-
sulfoxide was used as negative control. Gentamicin
(10 pg/disk), and rifampicin (5 pg/disk) for bacteria and
nystatin (100 [.U.) for yeast were used as positive controls
under the same conditions of tested oils.

Determination of the minimum inhibitory concentration
(MIC)

The minimum concentration able to inhibit the growth
of bacteria (absence of turbidity) was calculated by
means of the microdilution broth method. Essential oils
(2000 pg/ml) were dissolved in a mixture of tryptic soy
broth medium (Merck, Germany) and DMSO and then
were diluted by using the same mixture to reach different
concentrations (>1000, 1000, 500, 250, 125, 62.50, 31.25
and < 15.63 pg/ml).

Sterile 96-well plates were filled with 95 ul of culture
medium (Sabouraud dextrose agar containing 50% (v/v)
of Tween 20), 5 pl of bacterial or fungal suspension with
0.5 McFarland dilution, and 100 pl of the essential oils at
different concentrations. Plates were then incubated at
37 °C for 24 h for bacterial strains and for 48 h and 72 h at
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30 °C for fungi. Untreated bacteria and yeasts were used
as negative control, while gentamicin, rifampin (antibi-
otics) and nystatin (antifungal) treated microorganisms
were selected as positive controls. The MIC was deter-
mined by means of the improvement of the opacity of the
dispersion or its change in color. The agar dilution assay
was used to determine the MICs for the fungal strains
based on the protocol introduced by of Gul et al. (2002).
100 pl of essential oil at different concentrations (2000,
1000, 500, 250, 125, 62.5, 31.25 and 15.63 pg/mL) were
added. Nystatin powder was used as the positive control,
and the negative control was the plate with Sabouraud
dextrose agar containing 50% (v/v) Tween 20 without any
essential oil. The culture media were spot inoculated with
4 ml of spores (10* spores/mL). The inoculated plates
were incubated at 30 °C for 72 h, the test was performed
in triplicate for each essential oil, and the minimal con-
centration of the essential oil that inhibited the growth of
the fungi was reported as the MIC.

Determination of minimal bactericidal and fungicidal
concentrations (MBC and MFC)

To determine the minimum concentration able to kill
the bacteria and fungi, the same microdilution method
described in Sect. 2.5.3 was used. After 24 h of incuba-
tion of bacteria or fungi with oils at different concentra-
tions, 5 pl of the content of each well were inoculated
with nutrient agar (Merck, Germany) medium and incu-
bated at 37 °C for 24 h for bacterial strains and for 48 and
72 h at 30 °C for fungal strains. After incubation, the col-
ony-forming units were enumerated. The MBC and MFC
were the lowest concentrations able to effectively reduce
the growth of microorganisms (99.5%).

Statistical analysis

The statistical analysis was performed using SPSS 22
software. First, the normality of the statistical variables
was investigated using a Kolmogorov—Smirnov test, and
after ensuring the normality of the data, the variance of
the data (essential oil and antimicrobial activity) was ana-
lyzed using F-test and a comparison of the means was
performed using Duncan test with a probability level of
1% error.

Results

Essential oil yield

The yield of essential oil obtained from R. x damascena
changed significantly depending on the area of collec-
tion (P <0.01) (Table 2). Results obtained by comparing
the oil yield obtained from the different R. x damascena
underlined that the highest was obtained using the plants
from Kamoo area (0.1340+0.0010%) and the lowest
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using the plants from Maragh area (0.012040.0010%)
(Table 3).

Essential oil chemical compositions

72 different compounds have been identified on the rose
essential oils collected from the selected sites of Kashan
region (Figs. 1, 2, 3, 4, 5). The highest number of com-
pounds were found in the essential oil of R. X damascena
collected in Qamsar (46 compounds) followed by the oil
from Maragh (43 compounds), Sedeh (38 compounds),
Javinan (34 compounds), and Kamoo (33 compounds).
The relative composition of essential oil of R. x dama-
scena collected in these five sites were 97.57, 100, 100,
99.87 and 99.06%, respectively (Table 4).

The main components of the five essential oil obtained
from R. X damascena were nonterpenoids (others) and
oxygenated monoterpenes, while the components found
at lower amount were monoterpenes hydrocarbons and
oxygenated sesquiterpenes irrespective of the area of
plant collection.

The analysis of variance showed that there was a signif-
icant difference between the average amount of compo-
nents obtained from the essential oil of R. x damascena
collected from the different sites (P<0.01) (Table 4). As
expected the amount of citronellol and geraniol was sig-
nificantly affected by both the site of collection and the
altitude above the sea level (Table 2). Regarding the high-
est amount of citronellol (36.70%) was detected in the oil
of plants from Kamoo site (Fig. 6).

Heneicosane is an alkane compound contained in
R. X damascena essential oils that was found in all the
samples. Based on the results of analysis of variance, the
grown area significantly affected (P<0.01) the amount
of heneicosane and nonadecane produced by the differ-
ent plants and found in the oils (Table 4). The highest
and lowest percentages of these compounds were found
in the oils of plants from Sedeh (31.7%) and Maragh
(11.43%) sites (Fig. 7). In all the tested samples, irrespec-
tive of the area of plant collection, nonadecane was one
of the most abundant compounds in R. X damascena
essential oils. The highest amount was found in the oil
of plants from Sedeh (22.73%) and the lowest in that of
plants from Kamoo (10.36%) (Fig. 8), due to the differ-
ent environmental factors. These environmental factors
increase the synthesis of citronellol and geraniol, and
decrease the production of heneicosane and nonadecane.

Antimicrobial activity

The antimicrobial activity of essential oils isolated from
R. x damascena flowers collected from different sites of
Kashan region was evaluated by measuring the inhibition
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Table 2 Analysis of variance of site effect on yield and some predominant compounds of essential oil of Rosa x damascena

Source of variation  df Yield of essential oil Citronellol MS

Geranial Nonadecane Heneicosane
Site 4 0.006** 355.921%* 71.481% 81.623%* 185.053**
Error 10 0.001 0.001 0.001 0.003 0.004

1% level of probability is significant

Table 3 Comparison of the mean of site on the yield of essential
oil of R. damascena

Site Mean (%) &= SD

Maragh 0.0010°£0.0120
Qamsar 0.0015°40.0927
Sedeh 0.0020° 4 0.0970
Javinan 0.0010% 4+ 0.0840
Kamoo 0.0010°40.1340

The different letters indicate a significant difference based on Duncan’s multiple
range test at the 1% level

halos, the MCI and the MBC (Tables 6, 7, 8). Analysis
of variance confirmed difference statistically signifi-
cant (P<0.01) between the inhibition halos of the five
tested oils (Tables 5, Table 6). The MIC and MFC values
of essential oil against A. brasiliensis were ranged from
500 and 1000 pg/mL, and were not statistically signifi-
cant (Tables 7 and 8), indicating that the minimum con-
centration of essential oil needed to control and kill A.
brasiliensis is very high and these oils are not suitable
to inhibit this fungus. Similarly, any inhibition halo has
been detected treating Candida albicans yeast with the
rosa oil, irrespective of the area of plant collection. Dif-
ferently, the inhibition halo provided by R. x damascena
essential oil collected from Bulgaria, against C. albicans
was ~20 mm. MIC and MFC values of R x damascena
essential oils varied from 62.50 to>1000 pg/mL, and
the highest inhibitory and antifungal values against C.
albicans were obtained using the oil of rosa from Javi-
nan area (MIC=62.50 pg/mL), which was significantly
high if compared with the MIC obtained with nystatin
(~125 pug/mL).

Among Gram-positive bacteria, the largest inhibition
halo was obtained against Staphylococcus aureus treated
with essential oil of rosae from Kamoo area (15.67 mm),
followed by the oil from Javinan area (14.67 +0.58 mm),
and that from Qamsar area (10.67 mm). The antimicro-
bial power of essential oil was significantly lower than
that observed by treating the same bacterial strain with
rifampin (~ 21 mm) and gentamicin (~ 27 mm). However,
the antimicrobial activity of essential oils may be con-
nected to neral, geranial and phenylethyl alcohol content,

which is higher in the essential oils obtained from these
three regions. MIC value obtained treating S. aureus
with R. x damascena essential oil was 500 pg/mL and the
MBC value was 1000 pg/mL, irrespective of the collec-
tion area.

The activity of R. x damascena essential oil against
Bacillus  subtilis, a Gram-positive bacteria, was
observed only for plants collected from Kamoo region
(IZ=10.67£0. 58 mm) probably because of the higher
content of citronellol. Although the MIC value obtained
with R. x damascena essential oil was 250 pg/mL, its
MBC value increased up to more than 1000 pg/mL irre-
spective of the area of collection (except Qamsar). This
indicates that the killing power of R. x damascena essen-
tial oil against B. subtilis is much lower in comparison
with its inhibitory power.

The only inhibition halo against S. epidermidis belonged
to the R. x damascena essential oil collected from Qam-
sar region (9.00£0.00 mm), probably due to the exclu-
sive presence of the phytol compound. The highest effect
of R. x damascena essential oil against S. epidermidis was
reported in the essential oil obtained by using R. x dama-
scena collected from Bulgaria IH=21.5+1.0 mm and
MIC =256 pg/mL).

Among Gram-negative bacteria, inhibition halo has
been observed only against Klebsiella pneumoniae. The
highest inhibition halo has been obtained by treating K.
pneumoniae with rose essential oil belonging to Kamoo
(10.67 +0.58 mm) and Javinan (9.33+0.58 mm), which
is significantly similar to that obtained by using rifampin
(~8 mm), that can be connected with the high content in
oxygenated monoterpenes detected in the essential oils
obtained from the two regions. MIC values were 250 pg/
mL and MBC values ranged from 500 to over 1000 pg/
mlL, irrespective of the area of collection.

Inhibition halo against S. pyogenes bacteria observed
by using essential oils obtained from Rosa x dama-
scena collected from three of the selected areas, such as
Kamoo (12.33£0.58 mm), Javinan (12.0040.00 mm),
and Qamsar (9.00 £ 0.00 mm) suggested a good activity
of these essential oils. MIC values ranged from<15.63
to 250 pug/mL. The lowest values (<15.63 ug/mL) were
obtained by using Rosa x damascena essential oil
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Fig. 1 Representative GC-MS chromatogram of essential oil of Rosa x damascena from Maragh

collected from Sedeh and Javinan, which showed the
same MBC as well.

The MIC value detected by treating a Gram-negative
bacteria Escherichia coli with Rosa x damascena essential
oil collected from different areas of Kashan region, var-
ied from 125 to 500. MIC value against Shigella dysente-
riae and Salmonella paratyphi-A also ranged from 125 to
500 pg/mL, but any study on the effect of Rosa x dama-
scena essential oil on these bacteria have been reported so

far. Given that, the present study proved that despite the
similarity of soil and cultivation condition, the amount,
quality and biological properties of Rosa x damascena
essential oil are significantly affected by environmental
factors such as altitude above sea level and temperature.

Discussion

According to Tabaei-Aghdaei et al. [64] and Thakur
et al. [66] results, which analyzed the effect of the
environment on the yield of the plant collected in the
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central part of Iran and in western Himalayas, respec-
tively. Similarly, the amount of secondary metabolites
in the plants collected from different sites has been
investigated, confirming the role of the environment
in affecting the amount and accumulation of second-
ary metabolites, as also reported by others [16, 19, 73].
Indeed, the area in which the plant is cultivated may
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affect the process by which the bioactive are synthe-
sized by means of temperature and humidity changes
[31]. The Kamoo region is the highest (altitude of
2460 m above sea level), which can be considered the
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Table 4 The chemical composition of essential oil of Rosa x damascena collected from five different sites of Kashan region of Iran

No. Compound RI" RI Mean (%) +SD Molecular formula
Qamsar Javinan Kamoo Sedeh Maragh

1 Heptanal 899 852 - - 0264000 - - CH,,0
2 15-a-Pinene 942 881 0334000° - - - 048+001°  CyoHie

3 a-pinene 964 882 - 048+001° 0884+001% 082+£001° - CioHis

4 B-pinene 991 921 0.14£000° 013£001¢ 02240012 023£000% 0154001° CioHig

5  B-Myrcene 1054 930 024+001° 0144001° 0304£001° 02140005 016+001°¢ C,oHy

6 y-Terpinene 1095 980 0.08+0017% - - - - CioHie

7 Linalool 1106 1026 1.91+003° - 249+0.03° - - CioHis0
8  cis-Rose oxide 1122 1027 - 1054001° - 0854003 170£000°  CyoH,0
9 trans-Rose oxide 1150 1039 - 01440019 027+£001° 020£003° 036+£000° C,oH;50
10  Phenylethyl alcohol 1154 1058 0704001° 0784002° - - - CeH,0
11 Nerol oxide 1174 1061 - - - - 04640022 CyoH,O
12 Terpinen-4-ol 1186 1085 037+001° - 050+£000% - 0314002  CyHys0
13 aTerpineol 1223 1099 04740007 - 0424001 - 0294000  CyoH,40
14 Citronellol 1249 1123 173940009 2208+000° 36704001° 9.18+000¢ 3099+001° CoHy0
15 Geraniol 1264 1138 128240017 4934001° 935+£001°  0474£001°¢ 35940019  C,oHs0
16 Geranial 1235 1143 1214£000° 0694002° - - - CioHis0
17 Neral 1170 1144 - - 13740010 - - CioHi0
18 Lavandulol 1321 1147 - - - - 04440022  CyoH 40
19 trans-Geranic acid methyl ester 1346 1174 - - - - 021£000%  C;Hy50,
20 2,6-Octadiene, 2,6-dimethyl- 1383 1188 024+001° 073+000° 04840009 064+£001°  0674000° CioHig
21 Geranyl acetate 1356 1201 - - 0424+ +£000°* - - CioHy00,
22 Eugenol 1384 1210 53340022 226+001° 10440009 - 1.384£0.00°  CiH;,0,
23 ()-B-Bourbonene 1388 1211 - - - 0524+000* - CisHas
24 B-Elemene 1355 1215 - - 0554000¢  0774001° 0614001° C;Hy,
25 Geranic acid 1399 1223 0.93+£001% 079+002° - - 0374001°  CyoH,60,
26 Methyleugenol 1420 1230 - 1084000° - 078+£000¢ 595+000° C;H,,0,
27 Caryophyllene 1433 1232 2424000° 11840019 2524£000° 1894000 - CisHog
28  a-Guaiene 1452 1241 1.044£000° 066+001° 09740019 2124£003% 1.554002° CisHog
29 a-Humulene 1474 1254 0974001 0494000° 07240019 14640012 1.064000° CsHyy
30 Germacrene D 1505 1270 2614£002° 1704001° 22240039 3324£001° 39540012 CisHyy
31 &-Guaiene 1508 1281 1.364002° 08940014 12940014 28140002 2124000°  CsHyy
32 &-Cadinene 1557 1292 0.194000° - - 0214001° 02640012 CH,,
33 E-Nerolidol 1563 1317 0.14+£000° - - - - CisHy0
34 Hexadecane 1580 1327 007+£001° - - 0.16£002% 0.18£000% CgHsy
35  Dodecanoic acid = lauric acid 1635 1336 0.55+001° - - - 043£001°  C,,H,,0,
36 y-Eudesmol 1670 1362 0.16+001° - 032+£000% - - Ci5H50
37  8-Heptadecene 1652 1370 046+002° 0404001 0284002°¢ 03040019 05940012 Cy/Hs,
38  a-Eudesmol 1632 1376 - - 0574+002° - - CisHy60
39 t-Muurolol 1695 1377 0424+000¢ 0314£002° - 03040012 034+000° CsH,0
40  Heptadecane 1747 1382 17240019 200+000¢ 1.06+000¢ 2284001° 31040002 CiHzg
41 Farnesol 1711 1393 - - 1.83+£000° - - Cy5H50
42 Pentadecanal- 1137 1395 02040017 - - 0.164001° - C,sH50
43 (1R)-(4+)-Nopinone 1723 1397 - - - - 020+£003*  CgH,,0
44 trans-Farnesol 1795 1405 1.194000° 056+£001° - - - Ci5H560
45 1-Octadecene 1795 1423 026+001° - - - - CgHag
46 9-Octadecene, (E)- 1796 1425 - - - - 020£001%  CigHse
47 Octadecane 1769 1435 02140009 028+002¢ 0.174001°¢ 0474£001%  0324002° CigHag
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Table 4 (continued)
No. Compound RI" RI¢ Mean (%) +SD Molecular formula
Qamsar Javinan Kamoo Sedeh Maragh
48  Tetradecanoic acid =myristic 1606 1442 096+002° - - - 0204001°  C,Hy50,
acid
49  Tetradecanal 1885 1450 0.154000° - - - - Ci4H50
50 1-Nonadecene 2065 1475 3934001 603+£001° 272-4£000° 465+001° 481+£001° CioHsg
51 Nonadecane 1489 116540019 19544001° 10364001¢ 22.73+0.02% 1660+£001° CioHao
52 3-Eicosene, (E)- 2002 1525 020+£001°¢ 038+£001°% - 0334£001° 0224000°  CyyHyg
53  Eicosane 1975 1538 1.854000¢ 4.004000° 3.044000°¢ 5014000 249400349 CyoHan
54 Hexadecanoic acid 2833 1544 230+£000* - - - - CisH320,
55  Hexacosanal 1900 1554 - - - 0.184+0.02% - CyHs,0
56  Oxirane, hexadecyl- 2219 1555 0204001° - - - - CigH360
57  Eicosanal- 2989 1557 - - - 0314£000% 0.124£000°  CyyH,0
58 Henicos-1-ene 2108 1584 0.76+£0.00¢ 1.134+001% 0.194+001°¢ 0944001° 028+002¢ CyiHa
59  Heneicosane 1985 1591 1734002¢ 22114£001° 149240019 31740012 1143£001° CyHy,
60 1,19-Eicosadiene 2113 1600 03340017 0.16+000° - - - CooHsg
61  3,7-Dimethyloct-6-en-1-yl 2122 1601 - - - - 023+£004%  CyHs550,
decanoate
62 Phytol 2159 1604 037+4002* - - - - CogHagO
63  Linoleic acid ethyl ester 2169 1623 - - - 0.124£002% - CyoH360,
64  Linolenic acid, ethyl ester 2141 1628 - - 035+003% - CyoH340,
65  trans-Oleic acid 2142 1631 - - 077£001°% - - CigH340,
66 Cyclopropaneoctanal, 2-octyl- 2143 1632 - - - 0374£000% - CioH360
67  Linolenic acid 2198 1634 1854001° 087+4£001° - - 042£000¢  CygH500,
68  Docosane 1637 1.114£002° 096+001¢ 08140009 1274000° 0444003° CypH,q
69  Bicyclo[10.8.0]eicosane, cis- 2274 1656 - - - 02840022 - CooHag
70 9-Tricosene, (2)- 2619 1683 0664000° 078+000° - 118£001° 021420029  CyyHye
71 Succinic acid, di(3,7-dimethyl- 2015 1696 - - - 0454+003% - Co4Ha00,
oct-6-en-1-yl) ester
72 3,7-Dimethyloct-6-en-1-yl 899 1698 - 0294000° - - 01540007  C,oHs0,
nonanoate
Total 97.57 99.87 99.06 100 100
Monoterpenes hydrocarbons 1.03 148 048 1.9 1.46
Oxygenated monoterpenes 32.26 29.16 51.1 10.7 3835
Sesquiterpenes hydrocarbons 8.59 4.92 8.27 131 9.55
Oxygenated sesquiterpenes 2.1 0.56 2.72 0.30 034
Others 53.58 63.75 36.04 70.02 5032

" Retention indices (Rls) relative to n-alkanes (C6-C40) on the same methyl silicone capillary column. ""Retention indices (Rls) refers to the retention index identified
by database NIST014 Values with different letters are statistically different (Duncan, P <0.01)

main reason for the significant increase of the yield, as
radiation, especially UV-B, are generally improved at
high altitudes [44, 44] for Tagetes minuta L. and Yavari
and Shahgolzari [71] for Stachys inflata Benth. obtained
similar results. Moreover, our results underlined that
temperature gradient, due to altitude changes, is among
the most important factors affecting plant life and pro-
duction of bioactives, so that as altitude increase or
decrease, factors such as temperature, relative humid-
ity, wind speed, amount of available water and type and
amount of radiations also change. The characteristic

of plants may also be affected by changes in both eco-
system and habitat which can undergo many ecophysi-
ological reactions and modification [65]. Increasing
the altitude from the sea level intensifies the exposi-
tion of plants to light, which in turn led to the reduc-
tion of the plant’ height and an increases of the number
of branches. Moreover, high intensity of light causes a
general growth of branches and increase the number
and thickening of lateral branches, full color and gloss
of leaves, the amount of chlorophyll produced, the
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Fig. 7 Percentage of heneicosane content detected in Rosa x damascena essential oil as a function of the area of collection

photosynthesis activity and the yield of the dry weight, above the sea level also increased, probably because of the
while it decreases the stomatal respiration. increased radiation, especially UV-B at high altitudes [26].

Razaee et al. [53] detected 15 compounds in the essen- These results are in agreement with those obtained
tial oil of R. x damascena collected from Qamsar area from Yassa et al. [70]. The highest percentage of oxy-
which are not in agreement with the present results. The genated monoterpenes belonged to Kamoo (51.1%) and
results indicated that despite the same cultivation condi- nonterpenoids to Sedeh (70.02%), probably because as
tions, the number of compounds decreased as the altitude  previously reported the changes in altitude may affect
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Table 5 Inhibition halos (mm) obtained treating different the biosynthesis of terpenoids [58]. leference.s n VOI?'
microorganisms with essential oil of Rosa x damascena as a  tiles compounds extracted from plants cultivated in

function of the area of collection different sites have been detected confirming the influ-
ence of the environmental conditions on secondary
Sourceof df MS . . A
Variation metabolites production. A similar trend was observed
S.aureus K pneumonia S.pyogenes A brasiliensis by [39], which found that the amount of monoterpene
Site 4 180825  15.067% 28,567+ 12833 compounds found in the essential oil of Helichrysum
Error 10 2.000 1.333 0.667 2.000

1% level of probability is significant

Table 6 Inhibition halos (mm) obtained treating different microorganisms with essential oil of Rosa x damascena collected from five
regions and commercial antibiotics used as references

Microbial strains Diameter of inhibition halo (mm)

Rose oils Antibiotics

Maragh Qamsar Sedeh Javinan Kamoo Rifampin Gentamicin Nystatin
S.aureus ND 1067 £0.58° ND 14.6740.58° 15.67+£0.58° 21 27 NA
S. epidermidis ND 9.004+0.00° ND ND ND 27 45 NA
B.subtilis ND ND ND ND 10.67+0.58° 19 30 NA
Sh. dysenteriae ND ND ND ND ND 9 17 NA
P aeruginosa ND ND ND ND ND ND 20 NA
E. coli ND ND ND ND ND 10 23 NA
K. pneumoniae ND ND ND 9.33+0.58° 10.67 +0. 58° 8 17 NA
S. pyogenes ND 9.0040.00° ND 12.00£0.00° 12.33+0.58° 21 32 NA
S. paratyphi-A ND ND ND ND ND 8 18 NA
C. albicans ND ND ND ND ND NA NA 33
A. brasiliensis 12.000.00¢ 16.0040.00° 13.67+0.58° 14.33+0.58° 17.334+0.58° NA NA 30

The diameters of the inhibition halos includes the diameters of wells (6 mm). Results are expressed as means + SD of triplicate values. ND: not determined. NA: no
activity. Values with different letters are statistically different (Duncan, P<0.01)
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Table 7 Minimal inhibitory concentrations (MIC) obtained treating different microorganisms with essential oil of Rosa x damascena
collected from sites of Kashan region of Iran

Microbial strains MIC (ug/mL)

Rose oils Antibiotics

Maragh Qamsar Sedeh Javinan Kamoo Rifampin Gentamicin Nystatin
S.aureus 500 500 500 500 500 31.25 195 NA
S. epidermidis 500 500 250 250 500 1.95 1.95 NA
B. subtilis 250 250 250 250 250 31.25 3.90 NA
Sh. dysenteriae 250 125 250 250 500 15.36 3.90 NA
P aeruginosa 62.50 62.50 62.50 125 62.50 31.25 7.81 NA
E. coli 125 125 250 250 500 15.63 31.25 NA
K. pneumoniae 250 250 250 250 250 15.63 3.90 NA
S. pyogenes 125 250 <1563 <1563 62.50 0.975 0.975 NA
S. paratyphi-A 250 250 125 250 250 15.63 3.90 NA
C.albicans 500 500 250 62.50 >1000 NA NA 125
A. brasiliensis 500 1000 1000 1000 1000 NA NA 31.2

italicum (Roth) G.Don increased as the altitude also
increased.

Similarly, differences in the amounts of essential oil
constituents in Zanthoxylum armatum DC. populations
were attributed to the variations in geographical location
[13, 13]. The role of habitat as an effective factor affect-
ing the accumulation of secondary metabolites has been
confirmed, as the production of secondary metabolites
appears to be influenced by the environmental conditions
under which the plant has to grow. Therefore, identifying
suitable conditions for the production of specific metab-
olites of plants can be an effective approach capable of

Table 8 Minimal bactericidal/fungicidal (MBC) obtained treating
different microorganisms with essential oil of Rosa x damascena
collected from sites of Kashan region of Iran

Microbial strains ~ MBC/MFC (ug/mL)

Rose oils

Maragh ~ Qamsar  Sedeh Javinan  Kamoo
S.aureus > 1000 1000 1000 >1000 >1000
S. epidermidis 1000 500 250 1000 500
B. subtilis >1000 250 >1000 >1000 >1000
Sh. dysenteriae 1000 500 1000 500 500
P aeruginosa >1000 >1000 1000 500 1000
E. coli > 1000 1000 >1000 250 1000
K. pneumonia 500 500  >1000 1000 500
S. byogenes 125 250 <1563 3125 62.50
S. paratyphi-A 1000 500 125 250 500
C. albicans 500 500 250 62.50 >1000
A. brasiliensis 500 1000 1000 1000 1000

improving their production [12]. Previous studies sug-
gested that the main constituents responsible for the
quality of the essential oil extracted from R. x damascena
are citronellol and geraniol [18].

Similar results were obtained by [24] for Teucrium
polium L. and by [33] for Salvia fruticosa Mill. confirm-
ing the influence of the area of collection on the chemical
composition of essential oils.

The highest amount of geraniol was observed in Qam-
sar (12.82%) (Fig. 9), which is in agreement with the find-
ings of Yassa et al. [70] found in northern Iran (15.5%) and
inconsistent with the findings of [34]. The highest amount
of this compound has been detected in India (30.2%), Tur-
key (22.19%) and Bulgaria (16.96%) [8, 68, 69].

Previous studies showed that the highest amount
of citronellol was in western Himalayas (42.0%), and
India (35.3%) [66, 66] and, confirming the importance
of the geographic localization, harvesting time, plant
and seasonal growth stages, and environmental factors
affecting the chemical composition of essential oils prob-
ably because of their ability to induce genetic variation.
Kamoo region has the highest altitude above sea level
(2460 m), which may be the reason why the amount of
citronellol is the highest in the essential oil. The study
of Rhododendron aureum Georgi collected from differ-
ent region of Russia characterized by different altitude
above the sea level showed that the amount of the main
component of the essential oils at the highest altitude
was higher in comparison with the other regions [17, 49].
Therefore, it can be concluded that at higher altitudes,
due to the reduced temperature and increased expo-
sure to UV radiation, the synthesis of some compounds
increases. Clearly, some exception can be also detected
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as Maragh region has the lowest altitude above sea level
(1750 m), but it ranks second in terms of citronellol con-
tent. Despite the similarity of climatic conditions and
the choice of similar cultivation conditions, it seems
that additional ecological conditions other than the alti-
tude may positively affect the production of these com-
pounds. Overall results obtained comparing the average
amount of citronellol and geraniol detected in essential
oils obtained from R. x damascena showed that the low-
est amount of both compounds belonged to Sedeh region
(Figs. 5, 6). It seems that the regions with the 2000 m
altitude above the sea level is not a good condition for
plants to synthesize these two compounds. Changes in
the altitude of the growing region can lead to changes in
the production of active ingredients, so that each plant
species has a desirable altitude, which in turn led the pro-
duction of higher amount of the main bioactives. There-
fore, according to the findings of this study, the optimal
altitude for synthesizing both citronellol and geraniol is
2400 and 2000 m above sea level, respectively.

In the study by [42], heneicosane and nonadecane has
been reported as the dominant constituents of R. x dam-
ascena essential oils (32.38%) in southern of Iran, which
is consistent with the results obtained in the present
study. Heneicosane was found in lower amounts in India
(7.9%), Turkey (8.90%) and western Himalayas (10.6%)
[11, 69, 66]. According to the study of [34], the amount
of heneicosane and nonadecane was 33.89% in Qamsar,
which is higher than that found in the present study. The
reduction of the sea level altitude in the Maragh region
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appears to have had a significant effect on the reduction
of the amount of nonterpenoids.

Together with citronellol and geraniol, neral is another
important bioactive contained in the R. xdamascena
essential oil, responsible for the typical aroma of this
plant. Neral has been found only in the Kamoo region
(1.37%), which is in agreement with the findings of Yassa
et al. [70]. Similar results in terms of the presence of
some compounds only at the highest altitude have been
reported by Rostaefar et al. [54] for Juniperus communis
L. ssp. hemisphaerica (J.Presl and C.Presl) Nyman. The
highest amount of neral in the R. x damascena essential
oil has been found in India (9.6%) [69].

An aromatic antibiotic, phenylethyl alcohol, is also
contained in the R damascena essential oil and the
highest amount has been found in the plants cultivated
in Bulgaria (27.75%) [45]. In the present study only a
small amount of phenylethyl alcohol was extracted from
R. x damascena cultivated in Qamsar (0.70%) and Javi-
nan (0.78%), which is in agreement with the results of
Yassa et al. [70] and Loghmani-Khouzani et al. [34]. It
appears that the environment in the areas of Iran selected
have not the needed conditions for production/synthe-
sis of this compound due to their climatic and ecological
factors.

A similar trend was observed by [20] for Tagetes
minuta L. The highest inhibition zone was for the
R. x damascena essential oil collected from Kamoo
region (17.33 £0.58 mm), which was significantly high if
compared with the inhibition halo obtained treating the
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Fig. 9 Percentage of geraniol content detected in Rosa x damascena essential oil as a function of the area of collection
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same yeast with nystatin (~30 mm). The highest anti-
microbial activity of R. x damascena essential oil, irre-
spective of the area of collection, was against Aspergillus
brasiliensis. The different antimicrobial activity obtained
by testing the R.x damascena essential oils obtained
from different areas of Iran may be connected with their
different chemical composition and their complex chemi-
cal profiles [20, 21]. Citronellol, geraniol, neral and trans-
rose oxide appear to be important contributors to the
antimicrobial activity of the essential oils [38, 53, 59]. The
antifungal activity of R. x damascena essential oil has not
been studied in any area of Iran so far, thus this property
has been investigated for the first time in this work in the
different areas selected of Kashan. With the exception
of Qamsar, the antifungal activity in the other selected
regions was low as the inhibition halos were in the range
of 10—14 mm, probably because of their chemical com-
position [51].

Jirovetz et al. [28] found a MIC value (600 pg/mL) of
Bulgarian R. x damascena essential oil similar to those
detected for the essential oil from Maragh and Qamsar,
probably because of the predominance of some alkanes
such as 1-nonadecene. Ali et al. [4] obtained similar
results for Teucrium yemense Deflers characterized by
high amount of y-selinene, an effective antimicrobial
compound against some microorganisms.

Indeed, previous studies have reported the antibacte-
rial effect against S. epidermidis of phytol [25]. The MIC
values varied from 250 to 500 pg/mL and the lowest
belonged to Sedeh and Javinan regions. Results reported
by Shohayeb et al. [62] showed a higher MIC (250 pg/mL)
and MBC (500 pg/mL) values, which were significantly
lower than those obtained by treating the S. pyogenes
with R. x damascena essential oil obtained from differ-
ent regions of Kashan. This antibacterial effect against S.
pyogenes is probably due to the high amount of alkanes,
such as heneicosane, eicosane, nonadecane, and 1-nona-
decene, which characterize the R. x damascena essential
oil of Sedeh and Javinan regions [30].

Conclusion

Rosa x damascena essential oil obtained by using the
flowers of plants collected from different sites of Kashan
regions varied significantly in terms of yield and chemical
composition. Indeed, essential oil of Kamoo, which was
located at the highest altitude of Kashan region, oxygen-
ated monoterpenes (citronellol and geraniol) were the
most abundant compounds capable of increasing the
quality of the essential oil. Nonadecane, heneicosane, and
1-nonadecene were the main constituents of R. x dama-
scena essential oil belonging from Sedeh and Javinan.
Clearly, differences among essential oils are also associ-
ated with different biological and antimicrobial activity.
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Indeed, R. x damascena essential oil from Kamoo had
the highest effect against A. brasiliensis, S. aureus, and
K. pneumoniae, that from Javinan was effective against
C. albicans yeast. In the light of overall results, the best
region for the cultivation of R. x damascena capable of
producing/synthesizing essential oil in high amount and
with a good quality is Kamoo, which besides being used
in cosmetic, aromatic, and food industries, can be con-
sidered a potential natural antimicrobial substance.
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