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Abstract 

Background  One of the most widely used medicinal plants in Iranian traditional medicine, Rosa × damascena Herrm. 
(mohammadi flower) that the people of Kashan use as a sedative and to treat nervous diseases and constipation. In 
this research, the yield, chemical composition and antimicrobial activity of the essential oil of this plant were evalu-
ated for the first time from Azaran region, Kashan.

Methods  The essential oil was extracted by means of hydrodistillation (Clevenger), and its chemical compounds 
were identified and determined by GC/MS. The antimicrobial activity of the essential oil was determined by the diffu-
sion method in agar, the minimum growth inhibitory concentration (MIC) and the minimum concentration capable 
of killing bacterial/fungal microorganisms (MBC/MFC).

Results  The results showed that the yield of essential oil was 0.1586 ± 0.0331% (w/w). Based on the results 
of the chemical composition analysis of R. x damascena essential oil, 19 different compounds (98.96%) were identi-
fied. The dominant and main components of the essential oil were oleic acid (48.08%), palmitic acid (15.44%), stearic 
acid (10.17%), citronellol (7.37%) and nonadecane (3.70%). Based on the results of diffusion in agar, the highest zone 
of inhibition against Candida albicans (ATCC 10231) was ~ 9.5 mm. The strongest inhibitory activity of R. x damascena 
essential oil against Gram-negative Proteus mirabilis (ATCC 43071) was with the diameter of the inhibition zone (~ 9 
mm), which was equal to the strength of rifampin (~ 9 mm).

Conclusion  Therefore, this essential oil is a promising natural option rich in fatty acids, which can be a potential 
for the production of natural antimicrobials against infectious diseases, especially urinary tract infections.
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Introduction
Rosaceae is one of the diverse and abundant families in 
terms of plant species. The Rose genus is the most valu-
able genus in the Rosaceae family [1]. The genus Rosa 
includes more than 200 shrub and perennial species, 
whose medicinal species have fragrant flowers [2]. Rosa 
species are of global economic importance. They are 
mainly known for their ornamental, medicinal, cos-
metic and culinary properties. Rosa flowers are a source 
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of natural aromas and flavors and are used to produce 
healthy functional foods such as tea, rose water, jam, 
syrup, jelly, and candy [3].

Damascus rose Rosa × damascena Herrm. (a hybrid 
between R. gallica L. and R. moschata J. Herm. or R. 
phoenicia Boiss) is one of the most productive com-
mercial species due to the superior quality of its essen-
tial oils [4, 5]. It has been reported to ethnobotanically 
treat inflammatory conditions and mental disorders [6]. 
Due to its many phenolic compounds, the essential oil 
of this plant has antibacterial and antioxidant properties 
and is used in various oral, inhaled and topical forms in 
aromatherapy, treatment of skin diseases, chromosomal 
mutations and cancer [7]. Damascus rose petal essential 
oil has an economic value and is widely used in the phar-
maceutical, food, cosmetics, perfume and cologne indus-
tries, and natural and aromatic products in traditional 
medicine [8].

In Iran, it is known as "Mohammadi flower" and people 
believe that Mohammadi flower reminds them of Prophet 
Muhammad (PBUH) [9]. This plant is one of the most 
used medicinal plants in traditional Iranian medicine. An 
Iranian manuscript from the tenth century described the 
febrifuge, obstructive, and cholestatic effects of R. × dam-
ascena [10]. Its flowers, petals and fruits are traditionally 
used to treat insomnia in Iran [6]. Ethnobotanical studies 
in Iran indicate that the people of Raz and Jergalan cities, 
in the northern and northwestern parts of North Kho-
rasan province, use the decoction and powder of flowers 
for laxatives, flatulence, sedatives, heart and blood vessels 
in oral form [11]. The people of Meshkin Shahr, Ardabil 
province call it "Qezil Gul" and use the essential oil and 
powder of the flowers for sedative, laxative, memory 
enhancement, skin softness [12]. The people of Kashan 
city use as a sedative and to treat nervous diseases and 
constipation [13]. The people of Darab city use for relaxa-
tion [14]. The people of Semnan city use the flower tea of 
this plant to strengthen the heart and relieve stress. [15]. 
The people of Baft city of Kerman province use flowers as 
a flavoring, weak laxative and preparation of rose water 
[16].

The chemical compounds of R. x damascena essen-
tial oil, which cause its aroma and medicinal properties, 
mainly include alcohols (2-henyl ethyl alcohol, geran-
iol, nerol, and citronellol) and long-chain hydrocarbons 
such as tricosane, henicosan, eicosane, and nonadecane 
[17, 18]. It has been reported that the lower the level of 
hydrocarbons, the better the quality of R. x damascena 
essential oil and their role in the stability of the essential 
oil aroma [19]. Despite the large selection of synthetic 
drugs in the pharmaceutical market, R. × damascena 

essential oil has not lost its popularity as a source of bio-
logically active substances [20].

The chemical composition of R. × damascena essential 
oil varies considerably due to diverse climatic conditions 
and soil compositions of the fields [21].

Studies indicate that about 400 compounds have been 
identified in the essential oil of R. x damascena accord-
ing to its ecotypes and species, and new compounds with 
new properties are always identified in it [22]. As far as 
we know, the essential oil of R. × damascena from Azran 
region has not been fully analyzed and tested before. 
Considering the traditional uses of Kashan people and 
the potential pharmacological effects of this species, 
identifying its chemotype is of key importance, therefore, 
for the first time, the quantitative chemical composition 
and antimicrobial activity of the essential oil of R. x dam-
ascena cultivated in Aazran region were evaluated.

Materials and methods
Plant sampling
Sampling of R. × damascena flowers were collected from 
three random points from different bases (150 bases) 
from Aazran region, Kashan, Iran (N 33˚ 43.33ʹ 10ʺ and 
E 51˚ 8.66ʹ 00ʺ and with an altitude of 2416 m above sea 
level) in June 2022, coinciding with the opening of the 
buds at 6 o’clock in the morning (Permission for collec-
tion of plant materials obtained from the Agricultural 
Jahad Office). The flowers were taken to the laboratory 
and kept at 4°C for one hour. Also, a complete plant 
sample was collected and after identification, it was reg-
istered and kept in the herbarium of Faculty of Natural 
Resources and Earth Sciences, University of Kashan, 
Kashan. The plant was identified by Mansureh Ghavam 
and recorded with code number 1312.

Extraction, separation and determination of essential oil 
yield
First, 350 g of fresh flowers from each harvest point were 
poured into 2-L flask and added to the double-distilled 
water; so that a total of two-thirds of the flask is filled. 
Then, the flask was connected to the Clevenger device 
and the essential oil was extracted by water distilla-
tion for 4 h. The extracted essential oil was separated by 
n-pentane (Merck, Germany). After evaporating n-pen-
tane, the essential oil was extracted with sodium sulfate 
and stored in dark and closed bottles, away from light, at 
4°C until use in the next step.

Equation 1 (Azernivand et al., 2010) was used to deter-
mine the yield of essential oil and was calculated based 
on weight percentage (w/w). Then the yield of essential 
oil was reported as mean ± standard deviation.
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Identification and separation of essential oil components
A chromatograph (model 6890) coupled with a mass spec-
trometer (model N-5973 manufactured by Agilent) (GC/
MS), University of Kashan, Iran was used to identify and 
separate the constituents of the essential oil. A capillary 
column (HP-5MS) with a 5% methylphenylsiloxane static 
phase (length 30 m, internal diameter 0.25 mm, static layer 
thickness 0.25  μm) and ionization energy of 70  eV was 
used. The temperature program included 60–247 °C with 
a temperature increase rate of 3 °C/min. The injector and 
the detector temperatures were set at 250 °C. The ioniza-
tion energy was 70 eV. The sample injection volume was 
1μL with the split ratio (1:50). The flow rate of the helium 
carrier gas was 1.5 mL/min. Retention indices (RI) were 
calculated for all chemical compounds using homologous 
series of C8-C28 n-alkanes. Retention indices were calcu-
lated for each peak of the GC–MS spectrum to identify 
the compounds. The calculated retention indices were 
compared with tabulated Adams indices stored in the 
NIST mass spectral database. Also, the mass spectrum 
was examined to identify the compounds and the identifi-
cations were confirmed based on the standard compound 
mass spectrum and various library sources (Wiley-14 and 
NIST-14). The relative percentage of each constituent of 
the essential oil was obtained for the area under the curve 
in gas chromatography [23].

Antimicrobial activity of essential oil
Preparation and cultivation of standard microbial strains
The standard microbial strains used in this study were 
obtained from Iran Scientific and Industrial Research 
Organization (IROST). Bacterial strains include Gram-
positive Staphylococcus epidermidis (CIP 81.55), Staph-
ylococcus aureus (ATCC 29737) and Bacillus subtilis 
(ATCC 6633) and seven Gram-negative bacteria Kleb-
siella pneumonia (ATCC 10031), Escherichia coli (ATCC 
25922), Pseudomonas aeruginosa (ATCC 27853), Sal-
monella paratyphi-A serotype (ATCC 5702), Shigella 
dysenteriae (PTCC 1188) and Acinetobacter bauman-
nii (ATCC BAA-747), Proteus mirabilis (ATCC 43071) 
were cultured in Nutrient Agar medium at 37°C for 24 h 
were incubated in the incubator. A yeast strain of Can-
dida albicans (ATCC 10231) was incubated in Sabouraud 
Dextrose Agar medium at 30°C for 24 h in an incubator.

Agar diffusion method
For this purpose, 100 µL of bacterial suspensions (with a 
turbidity equal to 0.5 McFarland) and yeast were cultured 
on Mueller Hinton Agar (MHA) and Sabro Dextrose 

(1)100x (weight of dry plant/weight of essential oil) = yield of essential oil

Agar (SDA) culture medium under uniform conditions. 
Using a Pasteur pipette, wells were created in the culture 
medium with a regular distance from each other and a 
suitable distance from the plate wall with an approximate 
diameter of 6 mm. The essential oil was also dissolved in 
dimethylsulfoxide (DMSO) and reached a concentration 
of 300 μg/mL, and about 10 μL of essential oil was inocu-
lated into the wells. Plates were incubated for 48 h at 30°C 
for yeast and 24 h at 37°C for bacteria. The diameter of 
the essential oil inhibition zone for each microorganism 
was determined by measuring with an antibiogram ruler 
(in millimeters) [[24]]. The experiment was repeated 
three times.

Minimum Inhibitory Concentration (MIC) and Minimum 
Bactericidal/Fungicidal Concentration (MBC/MFC)
At first, the initial concentration of essential oil was 8000 
µg/ml. Then concentrations of 4000, 2000, 1000, 500, 250, 
125 and 62.5 μg/mL were prepared from the initial con-
centration. A sterile 96-well microplate was prepared and 
95 µl of brain heart infusion (BHI) broth for bacteria and 
Sabouraud dextrose (SD) broth for yeast were added to 
each well of the microplate. 5 µL of microbial suspension 
with 0.5 McFarland dilution and 100 µL of one of dif-
ferent concentrations of essential oil were added. Plates 
inoculated with bacterial strains at 37°C for 24 h and 
plates inoculated with yeast at 30°C for 48 h were heated 
in an incubator. Microbial growth was determined by the 
presence of turbidity at the bottom of the well and MIC 
or minimum inhibitory concentration was determined.

5 µL from each of the microplate wells in which there 
was no growth (bright well) were inoculated into nutrient 
agar medium and heated at 37°C for 24 h. Any of the con-
centrations that did not grow after 24 h killed the micro-
bial strain and the lowest concentration was considered 
as the minimum concentration of bacterial/fungal lethal-
ity [24]. The experiments were repeated three times.

Positive control
Antibiotics gentamicin (10µg/disc) and rifampin (5µg/
disc) for bacteria and nystatin (100,000 unit/ml) for yeast 
were used for positive control under the same conditions 
as the essential oil test.

Statistical analysis
Statistical analysis was done using SPSS 22 software. 
After ensuring the normality of the data, the statisti-
cal significance of the differences was evaluated using 
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the One-Way Analysis of Variance method. Compari-
son of means was performed using Duncan’s test with 
a 1% error probability level. All data were expressed as 
mean ± standard deviation.

Results
Color and quantity of essential oil (yield)
The R. × damascena essential oil was white in color. The 
color of this essential oil is reported to be pale yellow 
from the plains of Kashan [25]. By changing the environ-
mental conditions of the plant habitat, the type and per-
centage of essential oil compounds are affected and this 
causes the color of the essential oil to change.

Based on the results, the yield of R. × damascena essen-
tial oil was 0.1586% ± 0.0331. The highest yield of this 
essential oil in Kashan, from Kamoo region, was recorded 
at 0.1340% [26]. Yousefi and Jaimand [27] reported the 
difference in the yield of this essential oil in different 
regions of Iran and confirmed that the average yield of R. 

x damascena essential oil was about 0.01% and the high-
est yield belonged to Isfahan province (0.018%). Yavari 
et al. [28] recorded the yield of R. × damascena essential 
oil from Saadat region of Fars province, Iran at different 
harvest times from 0.046% to 0.082% (w/w). Considering 
the characteristics of the place of growth and the location 
of the plant in nature is one of the main factors that can 
have a great impact on the amount of essential oils and 
effective substances of plants. There have been reports 
that there is a relationship between habitat conditions 
and the chemical compounds of plants, and a high corre-
lation between the geographical origin of plants and the 
amount of effective compounds has been shown [29, 30].

Essential oil quality based on GC/MS results
Based on the results of the analysis of the chemical com-
pounds of R. x damascena essential oil using GC/MS, 
19 different compounds were identified, which included 
98.96% (Table  1 and Fig.  1). Similarly, Davoodi, et  al. 

Table 1  Chemical compositions of R. x damascena essential oil

Compounds are listed in order of their retention time from an HP-5 column. RI Exp., linear retention indices on HP-5 column, experimentally determined using homolog 
series of n-alkanes (C8-C28). RI Lit., Linear retention index taken from [70], or NIST 14 (2014) and literature. Identification method: compounds were identified by 
comparison of their mass-spectral data (MS) and retention indices (RI) with those of the Wiley Registry of Mass Spectral Data (2014), NIST Mass Spectral Library (2014), 
and the literature; for some compounds, the identification was confirmed by coinjection with authentic compound (AU)

o Compound . RI Exp RI Lit Mean (%) Molecular formula Identification

1 Citronellol 1292.534 1245 7.37 C10H20O MS, RI, AU

2 Geraniol 1317.656 1267 1.58 C10H18O MS, RI, AU

3 Eugenol 1427.343 1359 0.29 C10H12O2 MS, RI

4 Methyleugenol 1473.082 1399 0.57 C11H14O2 MS, RI

5 Germacrene D 1564.858 1519 0.33 C15H24 MS, RI

6 1-Heptadecene 1761.009 1690 0.34 C17H34 MS, RI

7 Heptadecane 1786.376 0.69 C17H36 MS, RI

8 9-Nonadecene 1883.725 1893 1.15 C19H38 MS, RI

9 Nonadecane 1896.497 3.70 C19H40 MS, RI

10 cis-13-Octadecenoic acid 1917.891 0.70 C18H34O2 MS, RI

11 Hexadecanoic acid = Palmitic acid 1959.720 1964 15.44 C16H32O2 MS, RI, AU

12 9-Octadecenoic acid (Z)- = Oleic cid 1982.624 2140 48.08 C18H34O2 MS, RI, AU

13 Eicosane 1992.010 1.22 C20H42 MS, RI

14 9-Hexadecenal 1999.301 1759 0.55 C16H30O MS, RI, AU

15 9-Octadecenal, (Z)- 2032.199 2010 1.13 C10H12O3 MS, RI, AU

16 9,12-Octadecadienoic acid (Z,Z)-, methyl 
ester = Linoleic acid, methyl ester

2089.693 2092 1.99 C19H34O2 MS, RI, AU

17 9,17-Octadecadienal 2093.162 2297 1.08 C18H32O2 MS, RI

18 Heneicosane 2589.578 2.27 C21H44 MS, RI, AU

19 Octadecanoic acid = Stearic acid 2656.666 2188 10.17 C18H36O2 MS, RI, AU

Total 100

Monoterpenes hydrocarbons 6.7

Oxygenated monoterpenes 47.87

Sesquiterpenes hydrocarbons 2.07

Oxygenated sesquiterpenes 5.52

Others (Nonterpenoids) 38.66
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(2019) [31] reported 19 compounds (90.3–99.9%) from 
different regions of Chaharmahal and Bakhtiari prov-
inces of Iran for this essential oil. Hadipour et al. [32] 63 
compounds (99.8%) from Kashan, Yavari et  al. [28] 30 
compounds (97.6%) from Saadat Shahr of Fars province, 
Shahbazi et  al. [33], 23 compounds (97.81%) from dif-
ferent regions of Iran, and [34], 23 compounds (98.66%) 
from Darab in Fars province, which is contrary to the 
present results. It seems that the difference in the habitat 
conditions of a species has caused the difference in the 
number of compounds that make up this essential oil in 
different regions of Iran. Environmental conditions may 
affect chemical profiles. Furthermore, genetic differences 
and natural selection events can partially explain chemi-
cal diversity [35].

In this essential oil, nonterpenoids group constituted 
the highest percentage of compounds with 89.37%, and 
monoterpenes hydrocarbons and oxygenated sesquit-
erpenes were not observed at all. Similarly, the absence 
of oxygenated sesquiterpenes and the predominance 
of nonterpenoids have been reported from Isfahan 

province with an amount of 80.66% and from Sefidshahr 
of Kashan with an amount of 68.15% for this essential oil 
[25, 36]. The highest amount of nonterpenoids group was 
reported from Sedeh region of Kashan with the amount 
of 70.02% [26]. Previous studies indicate that in some 
regions of Iran, oxygenated monoterpenes were mainly 
the dominant group of this essential oil, and nonterpe-
noids were in second place [28]

The ANOVA results showed that there was a signifi-
cant difference between the average amount of different 
components obtained from R. damascena essential oil 
(P ≤ 0.01). 9-Octadecenoic acid (Z)- or oleic acid with the 
amount of 48.08% was the dominant and main composi-
tion of this essential oil. Based on previous studies and 
to the best of our knowledge, there is only one report of 
the presence of this essential oil in Iran, which is related 
to the sample collected from Isfahan (17.63%) [36]. Oleic 
acid is the most abundant monounsaturated fatty acid 
in the human diet and in the human circulatory system 
[37]. In the brain, it is a major component of membrane 
phospholipids and is highly abundant in myelin [38]. A 

Fig. 1  Representative GC–MS chromatogram of R. x damascena essential oil
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significant decrease in oleic acid has been observed in 
the brains of patients with major depressive disorder and 
Alzheimer’s disease [39]. It has many biological effects 
such as antibacterial effects [40], hypocholesterolemia 
[41], antioxidant [42], prevention of atherosclerosis, anti-
inflammatory [43], and protective effect on breast cancer 
and improves the function of the immune system [44].

Hexadecanoic acid or palmitic acid was the second 
dominant compound of this essential oil with a value of 
15.44%. In previous studies, this composition was found 
in the Gonbarf region of East Azerbaijan in the amount of 
2.34% [36, 45], and in the amount of 1.14% in Noushabad, 
Kashan ([25]) and it was reported from Qamsar, Kashan 
as 2.30% [26]. The 16-carbon long-chain palmitic acid 
is the most common saturated fatty acid in the human 
body and can be obtained from the diet or synthesized 
endogenously from other fatty acids, carbohydrates, and 
amino acids [46, 47]. Palmitic acid is an essential com-
ponent of cell membrane, secretory lipids and transport 
and plays an important role in protein palmitoylation and 
palmitoylated signal molecules [48]. Palmitic acid acts 
as an energy source and a signaling molecule involved 
in the regulation of various diseases [49]. It can reduce 
the malignant proliferation of hepatocellular carcinoma 
in mouse xenografts and thereby reduce the invasion of 
cancer cells [50], inhibits cell proliferation and invasion, 
and induces apoptosis of human gastric cancer cells [51].

The third dominant compound of this essential oil 
was octadecanoic acid or stearic acid (10.17%), which 
was recorded only from Isfahan in the amount of 4.09% 
for this essential oil [36]. Chemically, stearic acid is an 
18-carbon chain fatty acid, which is the second most 
common naturally occurring saturated fatty acid after 
palmitic acid [52]. Stearic acid and its derivatives have 
been studied to prepare pharmaceutical, cosmetic and 
food formulations. Stearic acid has many health benefits 
when taken orally or applied topically to the skin [53].

Citronellol was the fourth dominant compound of this 
essential oil with a value of 7.37%. Based on previous 
studies, citronellol has been reported as the dominant 
and first compound of R. × damascena essential oil in dif-
ferent regions of Iran. For example, from Darab region of 
Fars province with 41.44% [34], from Kashan with 37.1% 
Hadipour et al. [32], from Kamoo with 36.70% [26], from 
Chaghakhor in Chaharmahal and Bakhtiari province with 
41.78% [31], from Saadat Shahr in Fars province with 
34.4% Yavari et  al. [28], and from Majarshin with 45.2% 
[45] has been registered. The lowest amount of this com-
pound in different areas of Kashan is reported from Sedeh 
village with 9.18% [26]. In other regions of Iran, the low-
est amount of citronellol is from Shahrekord region with a 
value of 7. 1% was reported as a non-major compound of 
R. × damascena essential oil. Citronellol is an oxygenated 

monoterpene found in the essential oil of plants of the 
genus Cymbopogon and has several pharmacological 
activities. Among other things, it has the properties of 
lowering blood pressure, pain relief, vasorelaxant, anti-
inflammatory, anticonvulsant, antidepressant, antibacte-
rial, fungicidal, and antidiabetic [54–57].

Nonadecane alkane hydrocarbon with 3.70% was the 
fifth dominant compound of this essential oil. Nonade-
cane with 11.2% from Saadat Shahr [28], 16.44% from 
Darab [34], and 20.46% from Qazi Jahan [45] as the sec-
ond dominant compound of R. × damascene essential 
oil has been reported. Hadipour et al. [32] recorded this 
compound as the third dominant compound (11.5%) 
of this essential oil. Davoodi et  al. [31] from different 
regions reported different amounts of nonadecane for 
R. × damascene essential oil, which was in Chamchank 
region (34.17%) as the first compound and in Chaghak-
hor region (0.1%) as a minor compound.

Geraniol, which is considered one of the aroma indi-
cators of R. × damascene essential oil, was observed in 
a small amount (1.58%) in the present study. Similarly, 
[45]  reported the low amount of this compound from 
Kordabad (0.94%) and Gonbarf (2.30%) regions. This 
composition has been recorded by Hadipour et  al. [32] 
with 12.7% and by Yavari et al. [28] with 26.5% as the sec-
ond dominant composition of this essential oil. The best 
aroma of R. × damascene essential oil is when the geran-
iol/citronellol ratio is greater than 1.25 [58]. In the present 
study, the ratio of geraniol/citronellol is 4.66. Geraniol is 
an aliphatic monoterpene structure that has a functional 
alcohol group in its organic composition. The biological 
and medicinal properties of this compound include anti-
diabetic, anti-tumor, anti-depressant, antimicrobial, anti-
oxidant and anti-inflammatory activity [59]. Studies show 
that geraniol and citronellol have a calming effect and 
reduce anxiety, stress and depression [60].

Antimicrobial activity of essential oil
The ANOVA results showed that there was a significant 
difference between the inhibition zone of R. x damascena 
essential oil and the control antibiotics against the differ-
ent studied strains (P ≤ 0.01) (Table 2). The highest zone 
of inhibition of R. x damascena essential oil was against 
Candida albicans (ATCC 10231) (~ 9.5 mm), which was 
three times weaker compared to the antibiotic nystatin 
(~ 33 mm). Odyntsova et  al. [61] reported the diameter 
of the inhibition zone of R. x damascena essential oil 
against C. albicans as 33.3 mm, which is not consistent 
with our results. In previous studies on this essential oil 
in different regions of Kashan, no inhibition zone for this 
yeast was observed [25, 26, 36]. The existence of differ-
ences in the diameter of the inhibition zone of the essen-
tial oil of a species can be due to the differences in the 
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composition of the essential oil, which is probably caused 
by the growing places of the plant that produces the 
essential oil and as a result, different chemical profiles. It 
seems that the predominance of acidic compounds such 
as oleic acid, palmitic acid, stearic acid as well as the oxy-
genated monoterpene compound citronellol is one of the 
main factors in creating this inhibition zone in our study. 
The antimicrobial activity of essential oils is not only 
caused by the dominant compounds, and the synergistic 
effect with small compounds can also be one of the other 
reasons for this. Therefore, the small amount of geraniol 
and eugenol are also possible factors of this inhibitory 
activity. The effect of geraniol [59] and citronellol [62], 
eugenol [63] has been confirmed against C. albicans. 
Antifungal activities of fatty acids have been confirmed 
and their activity spectrum is variable based on degree of 
saturation, carbon chain length and double bond orienta-
tion [64].

As the most common invasive fungal pathogen, C. 
albicans can cause superficial and life-threatening sys-
temic infections with high mortality [65]. For overcome 
these limitations, several studies have sought to identify 
new treatment strategies for candidiasis, and the present 
study can be a possible natural option in this regard.

The findings showed that the strongest inhibitory activ-
ity of R. x damascena essential oil against Gram-negative 
Proteus mirabilis (ATCC 43071) was with the diameter 
of the inhibition zone (~ 9 mm), which was equal to the 
strength of rifampin (~ 9 mm) and one time weaker than 
gentamicin (~ 20 mm). To the best of our knowledge, 
there has been no report on the activity of R. x dama-
scena essential oil against P. mirabilis, and from this 
point of view, the present study is important, and it is the 
first report to introduce a possible potential against this 

bacterium. Echeverrigaray et  al. [66] reported the anti-
P. mirabilis effects of monoterpene compounds such as 
geraniol and cetronellol and found that the antimicrobial 
activity of a compound increases with the presence of 
an oxygen-containing functional group, which indicates 
the relationship between structure and biological activ-
ity. Devi et al. [67] found that eugenol showed excellent 
antibacterial activity against P. mirabilis by altering cell 
membrane integrity. Gram-negative bacteria have a more 
complex structure than Gram-positive bacteria, which 
includes a single layer of peptidoglycans surrounded 
by an outer layer containing proteins and lipopoly. This 
outer cell membrane is loaded with 20 saccharides and 
is hydrophilic in nature, thus limiting diffusion of the 
hydrophobic compound through LPS [68]. P. mirabilis 
causes urinary tract infections [69]. If this pathogenic 
bacterium reached the patient’s blood, it would cause 
septicemia and bacteremia with relatively high mortality. 
In addition, it is developing resistance to numerous anti-
biotics, which poses a threat to public health worldwide 
[70]. Therefore, there is need to search for new alterna-
tives to fight against such pathogenic bacteria.

Among the other inhibitory activities of this essential 
oil was the creation of the diameter of the inhibition zone 
against the Gram-positive Bacillus subtilis (ATCC 6633) 
(~ 8.5 mm), which is twice and three times compared 
to the antibiotics rifampin (~ 19 mm) and gentamicin 
(~ 30 mm), respectively. had acted weaker. Yi et  al. [71] 
reported the inhibition zone diameter of R. × damascena 
essential oil against this bacterium as 44.73 mm, which is 
contrary to the present results. It seems that the predom-
inant compounds of cetronol and fatty acids and small 
amounts of geraniol are the main factors of this antibac-
terial activity. Yi et al. [71] recorded the inhibition zone 

Table 2  Antimicrobial activity of R. x damascena essential oil

IZ: inhibition zone in diameter around the well impregnated with R. x damascena essential oil for each microorganism. Inhibition zone values include the well diameter 
(6.0 mm).ND: no inhibitory effect was detected. NA: no activity. Values with different letters are statistically different (Duncan, p ≤ 0.05)

Standard 
strains

Essential oil Rifampin Gentamicin Nystatin

IZ (mm) MIC (μg/mL) MBC (μg/mL) IZ (mm) MIC (μg/mL) IZ (mm) MIC (μg/mL) IZ (mm) MIC (μg/mL)

B. subtilis 8.50 ± 0.50c 2000 4000 19.00 ± 0.00b 31.25 30.00 ± 0.00a 3.90 NA NA

S. aureus 8.00 ± 0.00c 4000 4000 21.00 ± 0.00a 31.25 27.00 ± 0.00b 1.95 NA NA

S. epidermidis ND 4000 4000 27.00 ± 0.00b 1.95 45.00 ± 0.00a 1.95 NA NA

E. coli ND 8000 8000 11.00 ± 0.00b 3.90 20.00 ± 0.00a 3.90 NA NA

K. pneumoniae ND 4000 8000 8.00 ± 0.00b 15.63 17.00 ± 0.00a 3.90 NA NA

P. aeruginosa ND 2000 4000 ND 31.25 20.00 ± 0.00a 7.81 NA NA

S. paratyphi-A ND 2000 4000 8.00 ± 0.00b 15.63 18.00 ± 0.00a 3.90 NA NA

Sh. dysenteriae ND 8000 8000 9.00 ± 0.00b 15.63 17.00 ± 0.00a 3.90 NA NA

A. baumannii ND 500 1000 8.00 ± 0.00c 7.81 17.00 ± 0.00a 3.90 NA NA

P. mirabilis 9.00 ± 0.00b 2000 4000 9.00 ± 0.00b 15.63 20.00 ± 0.00a 31.25 NA NA

C. albicans 9.50 ± 1.50b 1000 1000 NA NA NA NA 33.00 ± 0.00a 125
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diameter of citonolol and geraniol against B. subtilis as 
19.41 and 19.73 mm, respectively. Firoozabad and Nasr 
[72] reported the diameter of the inhibition zone of oleic 
acid against B. subtilis as 9 mm. B. subtilis is non-patho-
genic but can contaminate food and is considered as an 
opportunistic pathogen among immunocompromised 
individuals [73].

Another inhibitory activity of this essential oil was 
against Gram-positive Staphylococcus aureus (ATCC 
29737) with a diameter of about 8 mm, which was 
about three times weaker than compared to antibiotics 
rifampin (~ 21 mm) and gentamicin (~ 27 mm). Similarly, 
the diameter of the inhibition zone against this bacterium 
has been reported to be 11.3 mm [36, 61]. The largest 
diameter of the inhibition zone of R. × damascena essen-
tial oil against S. aureus (30.11 mm) by Yi et al. [71] has 
been recorded. The inhibitory activity of citronellol and 
geraniol with the diameter of the inhibition zone of 15 
mm by Jirovetz et al. [74] and with the diameter of 19.56 
and 18.75 mm by Yi et al. [71] against S. aureus has been 
confirmed. The zone of inhibition of oleic acid against S. 
aureus has been reported to be 7 mm. S. aureus readily 
adapts its metabolic and pathogenic responses in differ-
ent tissues, causing both superficial (eg, folliculitis) and 
invasive (eg, osteomyelitis; Balasubramani) infections 
[75]. Widespread microbial resistance has highlighted the 
need to develop additional treatments against this bacte-
rium [76].

Based on the results of the minimum inhibitory con-
centration and lethality, the value of MIC and MBC/MFC 
of R. x damascena essential oil against different strains 
ranged from 500 to 8000 μg/mL and from 1000 to 8000 
μg/mL, respectively, which compared to positive con-
trols performed very poorly. The lowest MIC value of this 
essential oil against Gram-negative Acinetobacter bau-
mannii (ATCC BAA-747)was equal to 500 μg/mL, which 
had a very weak effect compared to control antibiotics. In 
previous studies, there is no report on the inhibitory or 
lethal activity of R. x damascena essential oil against this 
bacterium, and our study is the first report of this activity.

Conclusion
The essential oil of R. × damascena is a high-value natu-
ral product with its unique qualitative properties, which 
was evaluated in this study for the first time from Azaran 
region, Kashan, Iran. This essential oil was white in color 
with a relatively high yield (~ 0.16 percent). Qualitatively, 
for the first time, more than 73.69% of R. × damascena 
essential oil consisted of saturated and unsaturated fatty 
acids (oleic acid, palmitic acid and stearic acid) and it has 
the strongest inhibitory activity against Gram-negative 
P. mirabilis with the strength of rifampin. The results 
show that R. × damascena essential oil may be used as a 

promising natural agent in the development of treatment 
for infectious diseases, especially urinary tract infec-
tion. Therefore, conducting more studies, especially in 
the clinical phase, may lead to the discovery of new drug 
leads with the potential treatment of various diseases.
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