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ABSTRACT
Use of medicinal plants is as old as human civilization and continuous efforts 

are being made to improve medicinal plants or produce their products in high 
amounts through various technologies, especially for searching new antimicrobial 
substances to combat microbes that constantly develop resistance to synthetic 
antibiotics. To evaluate the antibacterial activity of 3 plant essential oils (Ammoides 
verticillata, Mentha pulegium and Ruta chalepensis) against bacterial strains isolate 
from inpatients samples, a disc diffusion method was used, and to see the relation 
between activity and composition, the three essential oils was analyzed by GC/MS. 
The essential oil of Ammoides verticillata shown an excellent activity on both 
gram-positive and gram-negative bacteria, followed by Mentha pulegium that 
have medium effect, but the two essential oils are inactive against Pseudomonas 
aeruginosea. Then Ruta chalepensis oil is very weak or inactive on all bacteria, this 
give the Ammoides verticillata essential oil the highest aromatic average index of 
0.89 on selected bacteria. The chemical composition supports the antibacterial 
actions of these volatile oils, the Ammoides verticillata oil-rich with phenolic 
compound especially thymol- has the best effect compared to Mentha pulegium 
oil which is characterized by the presence of monoterpenes, and at last ketones in 
Ruta chalepensis oil prevent it to have antibacterial activity
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INTRODUCTION

The spread of drug resistant pathogens is one of the most serious threats to successful treatment of microbial diseases. Down 
the ages essential oils and other extracts of plants have evoked interest as sources of natural products. They have been screened 
for their potential uses as alternative remedies for the treatment of many infectious diseases [1]. World Health Organization (WHO) 
noted that majority of the world's population depends on traditional medicine for primary healthcare. Medicinal and aromatic 
plants which are widely used as medicine and constitute a major source of natural organic compounds.

Essential oils have been shown to possess antibacterial, antifungal, antiviral insecticidal and antioxidant properties [2,3]. 
Some oils have been used in cancer treatment [4]. Some other oils have been used in food preservation, aromatherapy and 
fragrance industries [5]. Essential oils are a rich source of biologically active compounds. There has been an increased interest in 
looking at antimicrobial properties of extracts from aromatic plants particularly essential oils. Therefore, it is reasonable to expect 
a variety of plant compounds in these oils with specific as well as general antimicrobial activity and antibiotic potential [6].

In this research, we choose three aromatic plants still used in west Algeria to flavor food dishes and for their medicinal 
properties:

Ammoides verticillata 

Briq. (Nunkha) belonging to family Apiaceae is a highly valued medicinally important. The roots are diuretic in nature and 
the seeds possess excellent aphrodisiac properties. The seeds contain 2% to 4.4% brown colored oil known as ajwain oil [7]. 
The main component of the whole plant or seeds oil is generally thymol, but significant variation of chemical composition from 
different regions were observed at many researches and may be considered as chemotypes as thymol, p-cymene, carvacrol and 
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γ-terpinene [8]. The essential oil is used in the treatment of gastro-intestinal ailments, lack of appetite and bronchial problems. 
The seeds are used in small quantities for flavoring numerous foods, as preservatives, in medicine and for the manufacture of 
essential oil in perfumery [9].

Mentha pulegium

L (pulegium means repulse fleas) is an aromatic plant belonging to the family Lamiaceae and widespread in northern 
Europe, the Mediterranean region and Asia, called by locals Fliou, it is a great emmenagogue, digestive, tonic and sudorific, leaves 
and flowers are commonly used to repel insects, but also against colds and flu, reduce asthma attacks, combat fever and regulate 
menstruation, used also in some culinary preparations to flavor sauces, desserts and drinks [10]. It has been found Mentha 
pulegium L. oil from Bulgaria contains pulegone (42.9% to 45.4%); from Uruguay, pulegone (73.4%) and isomenthone (12.9%); 
from Egypt pulegone (43.5%), piperitone (12.2%); from Tunisia, pulegone (41.8%), isomenthone (11.3%). These studies showed 
three chemotypes of Mentha pulegium L. with the following major oil components: pulegone, piperitenone and/or piperitone and 
isomenthone/neoisomenthol [11].

Ruta chalepensis

L, herbaceous plant with woody stem at the base, can reach 1 m in height, with aromatic foliage, and dark yellow flowers, 
with four or five petals; it is an ornamental plant in gardens. The name Ruta comes from the greek « rhyté » which means rescued, 
prevent, or "REO" means flowing certainly making reference to its emmenagogue properties, and commonly known by the RUE. In 
cooking, it is used to flavor sauces and prey, cheese, oil and vinegar [12-15]. It was used as emmenagogue and abortifacient, it has 
a clear stimulating effect on the uterus [16,17].

MATERIALS AND METHODS
Plant Material 

The aerial parts of the plants were collected at flowering season (June 2013) from west Algeria, identify in the Laboratory of 
Botanic, University of Tlemcen, Algeria. The plant was dried at room temperature for two weeks.

The Extraction of Essential Oil 

It was done by hydro-distillation of the aerial part of the plant, where 100 g of dry plant is introduced into a flask bi collar, 
and moistened with water; the mixture is brought to a boil for 2-3 hours. The water laden vapours of essential oil, the refrigerant 
passing through, condense and drop into a separator funnel; water and oil separate by density difference. The essential oil is 
stored in dark vials at 4°C until use.

GC/MS Analysis

The essential oil was analyzed by gas chromatography, type Perkin Elmer CLARUS 500, with Flame Ionization Detector 
(FID), coupled with mass spectrometry Perkin Elmer Clarus 600, two fused silica capillary columns (30 m x 0.25 mm, 0.25 µm 
film thickness) are used: The Elite-WAX is a polar column with Polyethylene Glycol as stationary phase and the Elite 1 column of 
100% Dimethyl Polysiloxane stationary phase as the nonpolar column. Carrier gas is Hydrogen with a flow of 45 ml/min. the initial 
temperature is 50°C and rise with 3°C/min and then held isothermally at 230°C (20 min). injection volume: 0.2 µl of pure oil. 

Identification of the components was done by the comparison of their relative retention times and mass spectra with 
National Institute of Standards and Technology (NIST) Atomic Spectra Database, and personal collection of the Rosier Davenne’s 
laboratory.

Antimicrobial Activity by the Disc Diffusion Method 

The antimicrobial activity of the essential oil was tested by the disc diffusion method according to the National Committee 
for Clinical Laboratory Standards (2001) using 100 µl of suspension of the tested microorganisms, containing 2 x 108 CFU/ml. 
Mueller–Hinton agar sterilized was distributed into sterilized Petri dishes of 9 cm diameter, after solidification they have been 
inoculated with the tested microorganisms. The filter paper discs (6 mm in diameter) impregnated with 10 µl of oil and then placed 
onto the agar. The Petri dishes were kept at 4°C for 2 h, and then placed were incubated at 37°C for 24 h. The diameters of the 
inhibition zones (mm) were measured including the diameter of discs. All the tests were performed in duplicate.

The antimicrobial activity was evaluated against a 131 hospital isolates (101 Enterobacteriaceae, 14 Staphylococci and 
16 Streptococci) were collected from several types of specimens (from the Laboratory of Microbiology at the Regional Military 
University Hospital of Oran during 2 months from 05/01/2014 to 06/03/2014.

Aromatic Index of the Essential Oils 

With the results of aromatogramme, the aromatic index is the ratio of the diameter, in millimeters, of the inhibition halo and 
that of an ideal essential oil whose maximum germicidal action would be in 100% of cases. First, we define the crosses index 
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[18,19]. The diameter of the zone of inhibition measured in mm after 24 hours of incubation at 37°C is symbolized by a number of 
cross varying from 1 to 3: 

1. Cross when the inhibition halo measure one to two millimeters;

2. Crosses when measuring two to three millimeters; 

3. Crosses when measuring three millimeters and above. 

The symbol 3 crosses (+++) represents the maximum germicidal activity. Then added the total number of crosses obtained 
for each essential oil to obtain the index crosses.

To set the cross index of an ideal essential oil whose germicidal action is greatest in 100% of cases; make the product of the 
number of cases by the number 3. The aromatic index is obtained by the formula:

RESULTS 
The Content of Essential Oil

The plants collected from west Algeria have interesting yields of essential oil of about 2.58%, 1.36% and 1.90% respectively 
for Ammoides vericillata, Mentha pulegium and Ruta chalepensis.

Antibacterial Activity

Fist we can say that enterobacteriaceae are responsible of more than 77% of infections, Escherichia coli is the most isolated 
from several types of samples (especially urinary infections). Results in Table 1 indicate that Ammoides verticillata and Mentha 
pulegium volatil oils have strong antibacterial actions against both Gram positive and Gram-negative strains, except Pseudomonas 
aeruginosea, but the essential oil extracted from Ruta chalepensis is very weak or inactive (Table 2).

Table 1. percentage of sensibility and measurement of inhibition zone (IZ).

Strains
Essential oils

Ammoides verticillata Mentha pulegium Ruta chalepensis

Enterobacteriaceae 92.08
11<IZ<38

84.15
8<IZ<24

1.98
IZ<8

Staphylococci 85.71
24<IZ<44

78.57
9<IZ<15

21.42
IZ<10

Streptococci 93.75
25<IZ<41

68.75
8<IZ<16

25.00
IZ<9

Table 2. Crosses index (CI) and Aromatic index (AI) of essential oils

Strains
Essential oils

Ammoides verticillata Mentha pulegium Ruta chalepensis
CI AI CI AI CI AI

Enterobacteriaceae 271 0.89 180 0.59 2 0.006
Staphylococci 36 0.85 23 0.54 3 0.071
Streptococci 45 0.93 24 0.50 4 0.083

The volatile oil extracted from Ammoides verticillata is more effective with three crosses index and aromatic index of 0.89 on enterobacteriaceae

GC/MS Analysis

The chemical composition of essential oil of Ammoides verticillata was characterized by 12 constituents, representing 
96.67% of the total oil. It is dominated by the phenolic compound thymol (45.77%), and monoterpenes: p-cymene (20.19%), 
limonene (15.70%) and γ-terpinene (8.42%). For Mentha pulegium, the analysis characterizes 17 constituents represent 92.11% 
of the oil, the main components are monoterpenes represented by pulegone (45,17%) and menthone (33,98%). The essential oil 
of Ruta chalepensis is characterized by the presence of more than 87% of 2-undecanone (a ketone).

DISCUSSION
An important characteristic of essential oils and their components is their hydrophobicity, which enable them to partition the 

lipids of the bacterial cell membrane and mitochondria, disturbing the cell structures and rendering them more permeable [20,21]. 
Extensive leakage from bacterial cells or the exit of critical molecules and ions will lead to death [22]. Gram-positive bacteria were 
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more resistant to the essential oils than gram-negative bacteria [23]. In the present study, the essential oil of Ammoides verticillata. 
Briq and Mentha pulegium. L were active against Gram positive and Gram-negative strains but not against Pseudomonas 
aeruginosea, the essential oil of Ruta chalepensis was inactive or has a very weak activity. 

CONCLUSION
This is related with the respective composition of the plant volatile oils, the structural configuration of the constituent 

components of the volatile oils and their functional groups and possible synergistic interactions between components, phenolic 
structures such as thymol and monoterpenes are highly active against microbes due to the presence of the hydroxyl group, the 
inhibitory effect of phenols could be explained by interactions with the cell membrane of micro-organisms and is often correlated 
with the hydrophobicity of the compounds [24,25].

 Despite the antimicrobial characteristics of thymol and carvacrol, Chamberlain and Dagley (1968) found that Pseudomonas 
strain is able to degrade thymol completely and carvacrol partially, this explain its resistance. Other researchers reported that 
ketones are weakly antiseptic, but they have antifungal action [26-28].
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