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ABSTRACT: Ruta species are known as a potential source of natural products with biological
activities. They are used in several fields such as in therapeutic and traditional medicine. In order to
contribuate to the valorization of these plants, this work investigated the chemical composition and
antibacterial activity of the essential oils of Ruta montana and Ruta gravelons growing
in tunisia (north of tunisia). The total phenolic content of these two essential oils was also studied.
The antibacterial activities of essential oils were assessed against Escherichia coli (ATCC7625),
Staphylococcus aureus (ATCC76110), Pseudomonas aeruginosa (ATCC 7624), Escherichia coli,
Klebsiella pneumoniae, Staphylococcus aureus, and Pseudomonas aeruginosa. Results show that
the chemical composition of essential oils was dominated by 2-undecanone (86.77%), followed by
2-decanone (4.91%) and 2-nonanone (23.62%). Furthermore, the total phenolic content in essential
oil of Ruta gravelons is more important than the total phenolic content in essential oil of Ruta
montana. Indeed, the value of total phenolic content is 41.70 mg Gallic acid equivalents per gram of
dry extract, in essential oil of Ruta gravelons but the total phenolic content in essential oil of Ruta
montana is a 7.50 mg Gallic acid equivalents per gram of dry extract. Besides, the ruta montana
essential oil has the most important antibacterial activity than the Ruta gravelons essential oil
especially against Staphylococcus aureus (ATCC76110) and Pseudomonas aeruginosa (ATCC
7624).
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INTRODUCTION

Ruta species have a wide distribution in the word.
They are more distributed in the tropical and temperature
countries, such as tropical america, south africa,
mediterranean region, and australia. The Rutaceae family
has about 150 genders and over 1600 species [1-3].
The ruta species present a strongly aromatic due to
the presence of essential oils [4]. In fact, many research

groups are interested in the several therapeutic and
pharmacological properties of ruta species. Indeed, Ruta
species are used in traditional medicine for
the treatment of variety diseases such as menstrual disorders,
skin inflammations, cramps and earaches [5-7]. Thus,
Ruta has several therapeutic properties such as anti-
inflammatory,  antiulcer,anti-diabetics, anti-diarrheic,
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anti-rheumatism and antimicrobial properties [2,6,8]
Besides, Ruta essential oil has antimicrobial activities
which interest scientist for the treatment of resistant
microbial strains [9]. Therefore, the composition of Ruta
species extracts is characterised by the presence of
alkaloids, flavonoids, coumarins, volatile oil, sterols,
amino acids and sponins [10-12]. In this paper, we report
the chemical composition and the total phenolic content
of the essential oils from Ruta montana and Ruta gravelons
growing in the north of tunisia. The antibacterial activity
of the two essential oils is studied against standard
bacteria such as Escherichia coli (ATCC7625),
Staphylococcus aureus (ATCC76110) and Pseudomonas
aeruginosa (ATCC 7624) and against bacteria such as
Escherichia coli, Klebsiella pneumoniae, Staphylococcus
aureus, and Pseudomonas aeruginosa.

EXPERIMENTAL SECTION
Plant material

The arial parts of plants such as ruta montana and
Ruta gravelons collected respectively from Nathor
mountain near Bizerte and from Tunis. Arial parts of
Ruta montana and Ruta gravelons were collected during
the flowering stage of the plant, in July 2015.

The essential oils isolation procedure

Two hundred grams of aerial parts from each species
such as Ruta montana and Ruta gravelons were submitted
to hydro-distillation for 3h using a clevenger apparatus [13].
The volatile distillate was collected over anhydrous
sodium sulfate, filtered and stored at 4°C.

Essential oil analysis

The essential oils were analysed by GC/MS.
A Hewlett-packard G1800A GCD System, equiped with
an HP-Innowax silica capillary column (60 cm x 0.25 cm,
film thickness 0.25 pm) was used for GC/MS analysis.
Heluim was the carrier gas at a flow rate of 0.7 ml/L
and the split ratio was 50:1. Mass units were monitored
from 35 to 425 m/z at 70 eV. The GC analysis applied
the same column temperate programme. Basing in their
relative retention times and the data from the baser library
of essential oil constituents, wiley, Mass-Finder and
Adams GC/MS libraries, the components of essential oils
were identified by comparing GC retention indices, mass
spectra with publishing data [14].
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Determination of total phenolic content

The total phenolic content of each extract of essential
oils was determined using the Folin-ciocalteu method [15].
Each extract of essential oils (0.5 mL) was mixed with
Folin-ciocalteu reagent (0.2 mol/L; 2.5mL). The mixture
was kept for 5min. Then was added with sodium
carbonate solution (75 g¢/L in water; 2mL). After
incubation during 1h, we determined the absorbance
at 760 nm against water blank. A standard calibration
curve was plotted using gallic acid (0 - 300 mg/L).
The curve absorbance versus concentration is described
by this equation: Y = 0.001 X + 0.014 (R? = 0.999).
1mg of gallic acid is equivalent to (GAE)/kg of dry plant
material.

Determination of antibacterial activity by disc diffusion
method

The antibacterial activity of the essential oils
was determined by the disc diffusion method [16] against
the bacteria such as (Escherichia coli, Klebsiella
pneumoniae, Staphylococcus aureus, Pseudomonas
aeruginosa, Escherichia coli (ATCC7625),
Staphylococcus aureus (ATCC76110) and Pseudomonas
aeruginosa (ATCC 7624). The filter paper discs (6 mm
in diameter) were impregnated with 10puL of the oil and then
placed onto the gar plates. The plates were incubated at
37°C for 24h. The diameters of the inhibition zones (mm)
were measured including the diameter of discs.
All the tests were performed in duplicate. Gentamycin served
as positive control.

RESULTS AND DISCUSSION
Essential oil extraction and analysis

The essential oil was obtained by hydrodistillation of
the two Ruta species (Ruta montana and Ruta gravelons),
produced a yield color were 1.21% (V/W) and 1.67% (V/W)
respectively. The chemical compositions of the two
essential oils were analyzed by GC/MS. Table 1 shows
the chemical composition of the two essential oils
with the retention times. Nine compounds were identified from
the essential oil of Ruta montana which represented
91.14% of the oil extracted. Nevertheless, seven
compounds were identified from essential oil of Ruta
montana that represented 93.95%. The major compounds
of essential oil from Ruta montana were 2-undecanone
(86.77%), followed by 2-decanone (4.91%). The essential
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Table 1: Essential oils composition of Ruta montana (R.M) and Ruta gravelons (R.G).

K Rt compounds RM RG \
9.799 2-nonanone 0.23 23.62
10.091 Nonanal 0.20
11.327 5,6-diethenyl-1-methyl-cyclohexene 2.13
12.923 2-decanone 4.91 0.43
14.388 1-nonene 4.35
16.35 2-undecanone 86.77 56.92
19.457 2-dodecanone 0.51 1.02
20.636 1-tetradecanol methyacrylate 0.98
22.57 2-tridecanone 0.31 0.23
31.411 NI 1.46
31.662 NI 1.02
K total 93.95% 91.14% j

oil from Ruta gravelons was characterized by
2-undecanone (56.92%) and 2-nonanone (23.62%)
followed by 1-nonene (4.35%).

In this work, Ruta gravelons essential oil is similar to
others results reported in the literature [16-18]. However,
Nascimento et al. [5] reported the identification of seven
compounds of the essential oil of Ruta gravelons growing
in Brazil. These compounds presented aliphatic
compounds, especially ketones. But there are no terpene
compounds. The major compounds in this essential oil
are 2-undecanone (47.21%) and 2-nonanone (39.17%).
We also notice that the major compounds of Ruta gravelons
essential oil from algeria are ketones such as undecanone
and 2-nonanone [19], which is similar to the composition
of our essential oils of Ruta species. For the two ruta
species, the major products are 2-undecanone followed
by 2-decanone and 2-nonanone. This variation of
compounds depended on climate, genotype and growth
location, which can affect the total essential oil.

Total phenolic content

Results show that the total phenolic content
in essential oils, Ruta gravelons and Ruta montana were
41.7 mg Gallic acid equivalents per gram of dry extract
and 7.5 mg Gallic acid equivalents per gram of dry extract
respectively. This phenomenon presented high content of
polyphenols for Ruta gravelons essential oil.
By contrest, Ruta montana essential oil exhibited weak

Research Article

content. Our results are closed with others works [20].
However, a lower content of polyphenols was reported
in Ruta gravelons shoots and leaves were (37 mg Gallic acid
equivalents per gram of dry extract) [21] and (4.3 mg
Gallic acid equivalents per gram of dry extract) [22],
respectively. For the ruta montana extracts the content of
polyphenols is very weak (3.13 mg gallic acid equivalents
per gram of dry extract [23]).

Antibacterial activity

Results obtained show that the essential oils
of the two Ruta species had the low potential of
antibacterial activity against seven bacteria tested (Table 2).
The highest activity was observed against Staphylococcus
aureus with the strongest inhibition zones (14 and 17 mm,
respectively) recorded for Ruta gravelons and ruta
Montana essential oils, respectively. Tested bacteria
were more sensitive to Gentamycin (17-26 mm) than
to essential oils tested, except for Staphylococcus aureus
(ATCC76110) which is more susceptible to Ruta montana.

Researchers showed that there is a relationship
between chemical composition essential oil and antibacterial
activity [24, 25]. However, the major compounds of Ruta
essential oil are aliphatic ketones, which have an
antiseptic property [5, 18]. These results are in agreement
with our study. Therefore, the two ruta essential oils have
a weak antispectic activity. Furthermore, the major
compounds of the two ruta essential oils are also ketones
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Table 2: antibacterial activity of essentials oils.

/ Inhibition diameters (mm) \
Essential oils strains RG (10pl/disc) RM (10pl/disc) ?fg:lal;'c‘a’scc')”
Gram negative
Escherichia coli 6 7 19
Pseudomonas aeruginosa 6 6 18
Klebsiella pneumoniae 6 6 17
Escherichia coli (ATCC7625) 7 9 24
Pseudomonas aeruginosa (ATCC 7624) 12 21 21
Gram positive
Staphylococcus aureus 14 17 17
k Staphylococcus aureus (ATCC76110) 16 21 22 j

such as 2-undecanone and 2-nonanone. Other studies
showed that the essential oils of ruta species are among
the less potent essential oils with regard to antibacterial
activities [26].

CONCLUSIONS

We study the chemical composition and the biological
activities of the two Ruta species essential oils growing
in tunisia such as Ruta gravelons and ruta montana. Results
show that the major compounds of Ruta essential oils
are aliphatic ketones like 2-undecanone, 2-decanone, and
2-nonanone. Furthermore, Ruta gravelons essential oil
contents terpene 1-nonene (4.35%). But there is
no terpene compound in Ruta montana essential oil. Besides
the essential oil of Ruta gravelons has a high phenolic
content (41.7 mg Gallic acid equivalents per gram of dry
extract). The antibacterial study shows that ruta species
essential oils have antibacterial activities against
Escherichia coli (ATCC7625), Staphylococcus aureus
(ATCC76110), Pseudomonas aeruginosa (ATCC 7624)
and Staphylococcus aureus. Besides Ruta montana
essential oil has the most important antibacterial activity
especially against Staphylococcus aureus (ATCC76110).
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