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Abstract:

The present study investigates the chemical composition of essential oil of aerial parts of Ruta chalepensis collected from
fields of Lattakia, Syria. The oil was obtained by hydro-distillation in a Clevenger-type apparatus and investigated by gas
chromatography—mass spectrometry (GC/MS). The yield of the oil was 1.23% on dry weight basis, and it contained 15
constituents. The oil was mainly constituted of ketones (69.2%), among which 2-undecanone (38.34%) and nonanone
(21.23%) were the most prevalent. Smaller percentages of alcohols (7.72%), with p-elemol (4.8%) being predominant, and
sesquiterpenes (5.8%) were also found, together with oxygenated terpenoids (0.52%,), fatty acids (3.12%), hydrocarbons
(1.54%), and esters (4.48%). Surprisingly, its chemical composition was quite different from those of northeastern Algerian
Ruta chalepensis oils, which were dominated by 2-acetoxytetradecane (58.44%), 2-acetoxytritridecane (19.07%), and 2-
tridecanone (6.39%). Discrepancies indicate that geographical and climatic conditions have a predominant influence on the
chemical composition of the Ruta chalepensis essential oil.

Keywords: Ruta chalepensis, Essential oil, Clevenger-type apparatus, Hydrodistillation, Chemical composition, 2-
Undecanone, 2-Noonanone, Nonanone.

1. Introduction

Plants are universally acknowledged as a valuable resource for human health, especially in the practice of
alternative medicine. With the increasing importance of plant therapies, research into their medicinal properties is
increasingly necessary. The subject of this research is Ruta chalepensis, a Rutaceae family medicinal plant with a
characteristic camphor-like scent. R. chalepensis is native to the Mediterranean area. Ruta chalepensis grows in
temperate and cooler climates, specifically in the mountainous coastal regions of Syria [1]. The leaves of the
species have been used for a long time for their medicinal properties, whereas essential oil extracted from Ruta
chalepensis has been indicated to have potent antibacterial activity, proposing its importance as a natural product
in the formulation of antibacterial agents [2].

The genus Ruta comprises a number of species, including R. chalepensis, R. graveolens, and R. montana [3].
Typically, R. chalepensis is an 80 cm tall perennial herb [4] that grows in Europe, Asia, and North Africa [5]. The
genus Ruta is full of coumarins [6], and their species have been traditionally used in various Mediterranean
countries to treat diseases like worms and child fever [7], and to induce abortion [8]. Additionally, R. Montana
has also been employed in the therapy of gastrointestinal disease, whereas R. graveolens is well known for its
effectiveness against stomach and intestinal parasites [9].

Earlier reports have demonstrated a broad range of bioactive constituents of the essential oil of Ruta species, such
as alkaloids, anthraquinones, cardiac glycosides, coumarins, flavonoids, saponins, tannins, and tetrapins (12-15
members) [10]. Pharmacological investigations have unveiled the therapeutic promise of these compounds, which
display a range of biological activities including analgesic [11], anthelmintic, anti-acetylcholinesterase, anticancer,
anti-inflammatory, antimicrobial, antioxidant, and antiparasitic activities [12,13]. The results reveal the medicinal
value of Ruta chalepensis and its components in the formulation of novel therapeutic medications.
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2. Materials and Methods
Plant collection:

The aerial parts (leaves and flowers) of the Ruta. chalepensis plant were collected from the Lattakia region in
August 2018 and dried in a dark place at room temperature. The identity of the studied plant was confirmed by
Prof. Dr. Zuhair Al-Shater, professor at the Faculty of Agriculture at Tishreen University

Extraction and isolation of the essential oil:

The essential oil was extracted by hydrodistillation using a Clevenger-type apparatus, where 250 g of the aerial
parts of the dried plant sample were weighed in a 5-liter flask, 2 liters of distilled water were added to it, and the
extraction continued for 4 hours. After cooling, the base oil was collected using a syringe and dried by adding
sodium sulfate to remove water from the oil. The oil was collected after good mixing and separated by evaporation.
The sample was transferred to a small brown bottle and n-hexane solvent was added to it. It was closed tightly and
kept in the refrigerator at 4°C for the time of analysis. By gas chromatography with mass spectrometry (GC/MS),
the concentration of the essential oil was expressed as the number of milliliters obtained from the essential oil in
relation to the dry weight, which amounted to 1 ml/100 g of dry weight, and the dry weight of the analyte was
determined by taking a specific weight of the plant material and drying it for 24 hours in an oven at 105°C.

Technology used in the analysis of essential oil GC/MS:

The chemical composition of the essential oil was determined in the central laboratory of the Higher Institute of
Naval Research using a GC instrument with MS mass spectrometry (Agilent-7890A gas chromatograph). The
layer thickness is 0.25 um, and it is connected to a mass spectrometry detector. The heat program of the furnace
starts from 70°C to 270°C at a rate of 1 degree every 4 minutes, the carrier gas is helium He and with a flow speed
of 1.2 ml/min. Then, the components of the essential oil extracted from the aerial parts of sagebrush were identified
by comparing the mass spectra of each peak of the GC/MS chromatogram with the mass spectra of the available
libraries in the NIST and Wiley computer.

3. Results and Discussion
3.1. Subsection

The results of the analysis of the essential oil extracted from Ruta.chalepensis using GC/MS technology showed
the presence of 15 compounds that include hydrocarbons, ketones, semi-terpenes and oxygen terpenoids, in
addition to fatty acids and esters. Figure 1 illustrates the chromatogram with the main components of the essential
oil that were identified as a result of the analysis on the GC/MS device.

3.1.1. Subsubsection
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Figure 1. GC/MS chromatogram of the essential oil extracted from Ruta.chalepensis

Table 1. The chemical composition of the essential oil extracted from Ruta.chalepensis where RT: Retention
time in minutes and Area%: the area under the peak for each peak comparing to the total area

Pk Compounds RT Area%

1 2-Nonanone 6.708 21.23

2 2-Decanone 9.191 4.43

3 2-Undecanone 12.705 38.34

4 Caryophyllene 15.341 5.8

5 2-Tridecanone 17.142 1.2

6 Tricyclo[4.3.1.1(3,8)undecane 17.530 0.48

7 Eudesma-4(14),11-diene 17.896 0.66

8 Beta-clemol, 19.881 4.8

9 Caryophyllene oxide 20.715 0.52

10 4-(3,4Methylenedioxyphenyl)-2-butanone 21.338 3.20

11 13-Tetradece-11-yn-1-o0l 22.831 2.92

12 1,3-Benzodioxole-5-propanoic acid, ethyl 23.937 4.98
ester

13 6,10,14-trimethyl -2-Pentadecanone, 27.722 0.80

14 n-Hexadecanoic acid 31.427 3.12

15 1-chloro-Heptacosane 45.691 0.40

As noticed in Table 2, the oil components from Ruta.chalepensis can be classified into 7 different groups
depending on their chemical composition. The essential oil extracted from Ruta.chalepensis was distinguished by
its containing of hydrocarbons by (1.54%). It contained a high percentage of ketones amounting to (69.2%) with
the presence of the two compounds 2-Undecanone (38.34%) and 2-Nonanone (21.23%). Alcohol by (7.72%) with
the compound Beta-elemol (4.8%), sesquiterpenes (5.8%) and oxygenated terpenoids at a lower percentage were
also noted (0.52%). It also contained fatty acids with a percentage of (3.12%) and esters, but with a lower
percentage of (4.48%).
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Table 2: The chemical groups 1n the essential oil extracted from the Ruta.chalepensis plant

The percentage Compounds

1.54 Hydrocarbons

7.72 Alcohols

69.2 Ketones

5.8 Sesquiterpenes

0.52 oxygenated terpenoids
3.12 Carboxylic acids

4.48 Esters

Similar studies were carried out on the same plant in Algeria, Greece, Jordan, Italy, Turkey, Iran Lebanon,
Morocco, Tunisia and Spain. the major compounds of the essential oil of Inula viscosa (L.) as well as from Syrian

plant are shown in (Table 3).

Table 3: The Major components of the essential oil extracted from Ruta.chalepensis obtained from different

locations.

Geographical Sources

(Region) Plant Parts (Yield) Major Components References
Lattakia-Syria aerial parts (leaves and 2-Undecanone (38.43%), The  current
flowers) 2-decanone (4.43%), Caryophyllene study
(1.23%) (5.8%),
2-Nonanone(22.23%)
Algeria Air-dried aerial parts 2-Undecanone (67.0%), 2-decanone [19]
(Ain-delfa) (0.90%) (9.0%), 6-(3',5'-benzodioxyl)-2-
hexanone (6.3%), and 2-dodecanone
(4.0%)
Greece Air-dried aerial parts 2-Methyloctyl acetate (44.0%), B- [24]
(1.10%) phellandrene  (10.8%), 2-nonanol
(7.2%), and B-pinene (6.4%)
Italy Fresh flowers (0.89%) 2-Nonanone (44.9%), 2-undecanone [11]
(San Alessio) (44.9%), and limonene (1.8%)
Iran Air-dried aerial parts 2-Undecanone (52.5%), 2-nonanone [27]
(1.3%) (24.1%), and nonyl acetate (9.1%)
Jordan Air-dried (in the dark) 2-Cyclohexen-1-one,3-[(2,3,4,9 [28]
aerial parts (0.83%) tetrahydro-1H-pyrido[3,4 b]indole-1-
yl) methyl] (45.9%) and 2-nonanone
(19.5%)
Lebanon Fresh leaves and stems 2-Nonanone (42.5%), 2-undecaone [29]
(0.12%) (41.4%), and terpen-4-ol (2.2%)
Morocco Air-dried aerial parts 2-Undecaone (93.1%) [32]
(0.66%)
Spain Shade-dried aerial 2-Undecanone (64.9%) [35]
parts (0.43%)
Tunisia Air-dried aerial parts 2-Nonanone (37.4%), 2-undecanone [46]
(El Ala) of wild plants (0.56%) (20.5%), and 2-methyl-octyl acetate
(19.0%)
Turkey Fresh  aerial parts 2-Undecanone (43.2%), 2-nonanone [47]
(1.10%) (27.9%), and 2-nonyl acetate (10.6%)
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The biological significance, pharmacological activity, and practical applications of 2-undecanone and
2-nonanon:

Compounds like 2-undecanone and 2-nonanon possess significant biological and pharmacological properties, with
a wide range of applications in medicine and industry. 2-undecanone exhibits strong activity against bacteria such
as Escherichia coli and Staphylococcus aureus, acting as a natural antibiotic. It also has antifungal properties
against Candida albicans and shows insect-repellent effects, especially against harmful pests like mosquitoes.

On the other hand, 2-nonanon has antibacterial and antioxidant properties, helping protect cells from damage
caused by free radicals. It also demonstrates antifungal activity against certain fungal species [24].

These compounds can be utilized in the development of antibacterial and antifungal drugs, particularly in response
to the rising resistance to traditional antibiotics. They also have potential for use in topical treatments for skin
infections and in combating insect-borne diseases such as malaria.

Industrially, 2-undecanone and 2-nonanon can serve as natural insecticides, offering a safer alternative to chemical
pesticides. Their distinctive aromatic properties also make them suitable for incorporation into perfumes and
cosmetic products. Furthermore, these compounds can be used as natural food preservatives and applied in
agriculture as protective agents against pests, reducing the reliance on chemical pesticides [25].

4. Conclusions

In conclusion, the essential oil extracted from Ruta chalepensis collected in Lattakia, Syria, was
characterized by a high concentration of ketones, with 2-Undecanone and 2-Nonanone being the major
compounds. The oil’s composition, including alcohols, sesquiterpenes, and fatty acids, showcases the distinctive
chemical profile of this plant species compared to those from other regions such as northeastern Algeria, Egypt,
and Iran. These variations in chemical composition can be attributed to environmental factors, such as soil
characteristics and climatic conditions. The findings contribute to the understanding of Ruta chalepensis essential
oil and suggest its potential for further pharmacological research, especially regarding its antibacterial and
therapeutic properties. The study also highlights the importance of geographical origin in determining the chemical
makeup of plant-derived essential oils.
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