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ABSTRACT 

The aim of this study was to analyze the chemical composition of essential oil of Lavandula stoechas L. from center of Morocco and 
to test its antimicrobial activity against pathogen bacteria as well as to compare its inhibitory effect versus commercial antimicrobial 
antibiotics. The essential oil of Lavandula stoechas L. was obtained by hydrodistillation of the aerial parts and analyzed by gas 
chromatography–mass spectrometry (GC/MS). It was tested in vitro against causing diseases bacteria such as Escherichia coli (4 
species), Listeria spp (1 species) and Staphylococcus aureus (2 species), using the paper disk agar diffusion method and the 
macrodilution assay for determination of Minimum Inhibitory and Minimum Bactericidal Concentrations (MIC and MBC). The major 
constituents of Lavandula stoechas essential oil were identified as Camphor 36.14%, 1,8-Cineol 25.16%, Camphene 11.44% and 
Fenchone 9.08 %. The essential oil inhibited the growth of bacterial strains, producing a zone diameter of inhibition from 13±0.6 to 
26.3±2.3 mm. MIC value noted against Escherichia coli and Staphylococcus aureus was 5 µl/ml and 2.5 µl/ml respectively, whereas 
against Listeria spp, MIC calculated is 5 µl/ml. Lavandula stoechas oil has showed a similar effect, as Rifampicin and two times less 
efficient than Ampicillin, to inhibit Escherichia coli and Listeria spp. Our results suggest that Lavandula stoechas oil could be used for 
the development of new types of antibacterial agents. 

Keywords: Lavandula stoechas L., Chemical composition, Anti-microbial Activity, Pathogenic bacteria, antibiotics, Fez-Morocco. 

 
INTRODUCTION 

he food poisonings by pathogenic bacteria 
represent a public health hazard. Foodstuffs are 
perishable and require protection from undesired 

spoilage and pathogenic bacteria during their 
preparation, storage, distribution and sale. Food borne 
illnesses are resulting from consumption of food 
contaminated with pathogenic bacteria and from vital 
concern to public health. Enterotoxins produced by 
Escherichia coli, Staphylococcus aureus, and listeria spp 
are responsible for toxicity in the intestinal tract causing 
vomiting, diarrhea.

1-4
 Recent data from either developing 

or developed countries indicate that, at least 10% of the 
population may experience a food borne disease.

5
 The 

situation is equally serious in developing countries. In 
Morocco, during 1980 to 2007, 78.374 cases of food 
borne diseases have been reported.

6
 In region of Fez-

boulemane, 1508 cases of food borne diseases were 
reported during 2007 to 2011.7 The increasing antibiotic 
resistance of pathogens associated with infectious 
disease as well as undesirable side effects of antibiotics 
suggested the use of natural products such as essential 
oils as antibiotics or its components as alternatives to 
antibiotics.8-10 

The exploration of naturally occurring antimicrobials for 
food preservation receives increasing attention due to 
consumer awareness of natural food products and a 

growing concern of microbial resistance towards 
conventional preservatives.9,10 

The essential oils (EOs) are aromatic and volatile liquids; 
mixtures of organic compounds extracted from plant 
materials and characterized by a strong and generally 
pleasant flavor.8,11,12 The EOs has been widely used as 
safe flavoring agents, preservatives in foods, cosmetic 
and pharmaceutical products.11 In fact, due to the 
increasing consumer demand for natural and safe foods 
without abuse of synthetic food additives, natural 
substances like EOs have emerged as promising and 
effective compounds to protect foods from lipid 
peroxidation and provide microbiological food safety.

8
 

L. stoechas is an evergreen shrub, it usually grows up to 
one meter high with spike violet flowers. It occurs 
naturally in Mediterranean countries. It has been used in 
cooking spices and fragrance, and its essential oil (EO) is 
one of the aromatic ingredients in food products’, such as 
; drinks, soaps, perfumes, cosmetics and 
pharmaceuticals.13-15 These applications are related with 
their bioactivities as natural antibacterial, antifungal, 
insecticide, antioxidant and anti-inflammatory 
agents,

13,16,17
 with low toxicity for human skin cells.

13,16-18
 

The decoction of this plant is used traditionally in 
Morocco for the treatment of painful illnesses like 
inflammatory diseases, cystitis, nephritis and rheumatic 
arthritis.19 
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The aim of this study was to identify the chemical 
composition of essential oil of L. stoechas L. collected in 
center of Morocco and to test its antimicrobial activity 
against some food borne pathogenic bacteria such as E. 
coli, Listeria spp, and S. aureus as well as to compare its 
inhibitory effect versus commercial antimicrobial 
antibiotics. This is the first report on the antimicrobial 
properties of this essential oil of L. stoechas collected in 
center of Morocco against food borne pathogens. 

MATERIALS AND METHODS 

Plant material 

The aerial parts of L. stoechas (branches, leaves and 
flowers) are collected in Taounate province / Morocco, 
between April and June 2014. Then they are air-dried at 
40° C with forced ventilation for two days. The botanical 
identification and authenticated voucher specimens 
deposited in the Herbarium of The National Institute of 
Medicinal and Aromatic Plants, Sidi Mohamed Ben 
Abdellah University, Fez-30000, Morocco. 

Extraction of the essential oil (EO) 

Samples of 100 g of the air-dried aerial parts of L. 
stoechas were subjected to hydrodistillation for 2 hours 
using a Clevenger apparatus. The obtained EO was dried 
over anhydrous sodium sulphate and, after filtration, 
stored at 4 °C until it tested. All experiments were 
conducted in triplicates and results were expressed on 
the basis of dry matter weight. 

Chemical characterization of essential oil of Lavandula 
stoechas 

The essential oil is dried over anhydrous sodium sulfate 
and is stored in a glass vial and sealed opaque at 4 °C in 
the shade. The essential oil was analyzed using Gas 
chromatography (GC) coupled to mass spectrometry GC / 
MS (Polaris Q ion trap MS), analyses were performed on a 
Hewlett-Packard (HP 6890) gas chromatograph (FID), 
equipped with a 5% phenyl methyl silicone HP-5 capillary 
column (30m x 0.25 mm x film thickness 0.25 µm). The 
temperature was programmed from 50°C after 5 min 
initial hold to 200°C at 4°C/min. Gas chromatography 
were as follows: nitrogen as carrier gas (1.8 ml/min), split 
mode was used (Flow: 72.1 ml/min, ratio: 1/50), 
temperature of injector and detector was 250°C, Final 
hold time was 48 min. The machine was led by a 
computer system type “HP ChemStation”, managing the 
functioning of the machine and allowing to follow the 
evolution of chromatographic analyses. Diluted samples 
(1/20 in methanol) of 1µl were injected manually. 

Antimicrobial activity 

Microorganisms 

The antimicrobial activity of L. stoechas essential oil was 
tested against two Gram positive bacterial strains 
Staphylococcus aureus, and five Gram negative bacterial 
strains Escherichia coli, Listeria spp. These bacteria have 
been isolated from food samples having caused 

poisoning. They have been identified and confirmed by 
classical biochemical gallery and the API (Biomerieux, 
France). 

These microorganisms were obtained from the 
Microbiology Unit at the Regional Diagnostic Laboratory 
Epidemiological and Environmental Hygiene (RDLEH) 
falling within Regional Health Directorate of Fez. This 
laboratory follows the requirements of the NM ISO 17025 
since 2008. 

Disc diffusion assay 

Antimicrobial susceptibility test of the essential oil was 
tested against the above mentioned Gram positive, Gram 
negative bacteria by disc diffusion method.20 The 
susceptibility tests were performed on Muller–Hinton 
Agar 10 µl of essential oil was diluted with two volumes 
of 5% dimethyl sulfoxide (DMSO) and impregnated on the 
filter paper discs and used for the study. Ampicilin, 
Chloramphenicol and Rifampicin were used as positive 
reference standards to determine the sensitivity of the 
tested strains and 5% DMSO was used as blind control. 
Finally, the inoculated plates were incubated at 37 °C for 
24 h and the inhibition zones were observed including the 
diameter of the disc (6 mm). 

If the inhibition zone exceeds 15mm in diameter, we 
consider the antimicrobial activity as very good. If the 
diameter is between 15mm and 8mm, the antibacterial 
activity is average. For diameters below 8mm, the 
antibacterial activity is weak. 

Determination of Minimum Inhibitory Concentration 
(MIC) 

The Minimal Inhibition Concentration (MIC) values were 
evaluated according to published procedures.21-23 The test 
oil was dissolved in 5% DMSO to obtain 1000 µl/ml stock 
solution. 0.5 ml of stock solution was incorporated into 
0.5 ml of Mueller Hinton broth to get the concentration 
of 500 µl/ml and serially diluted to achieve 0.62, 1.25, 2.5, 
5, 10, 20 and 40 µl/ml. Fifty microliters of standardized 
suspension of the test organism was transferred on to 
each tube. The control tube contained only organisms 
and not the essential oil and 5% DMSO was used as blind 
control. The culture tubes were incubated at 37 °C for 24 
hours. The lowest concentrations, which did not show 
any growth of tested organisms after macroscopic 
evaluation was determined as MIC. 

Determination of Minimum Bactericidal Concentrations 
(MBC) 

Referring to results of the MIC assay, the Minimum 
Bactericidal Concentration (MBC) was determined. Fifty 
microliters from each dilution of essential oil, showing 
growth inhibition zone in disc diffusion method, were 
added to 5 ml of Tryptic Soy Agar (TSA) broth tubes then 
incubated at 37 °C for 24 hours in an incubator shaker. 
From tubes without microbial growth, 0.1 ml of cells was 
spread on TSA Agar plates. MBCs were determined as the 



Int. J. Pharm. Sci. Rev. Res., 36(2), January – February 2016; Article No. 17, Pages: 99-104                                            ISSN 0976 – 044X  

 

 

International Journal of Pharmaceutical Sciences Review and Research International Journal of Pharmaceutical Sciences Review and Research 
Available online at www.globalresearchonline.net  

© Copyright protected. Unauthorised republication, reproduction, distribution, dissemination and copying of this document in whole or in part is strictly prohibited. 
Available online at www.globalresearchonline.net  

 

101 

highest dilution at which no growth occurred on the 
plates. 

Statistical analysis 

The antimicrobial results are expressed as mean ± SD. 
One-way analysis of variance (ANOVA). 

RESULTS 

Percent yield and physical characters of L. stoechas 

The percent yield of the hydro-distilled volatile oil from 
aerial parts of L. stoechas and its physical characters are 
summarized in Table 1. 

Component analysis of essential oil of L. stoechas 

Totally 20 compounds were identified and accounted for 
90.22% of total oil. The major chemical compounds of 
essential oil were: camphor (36.14%), 1.8-cineole 
(25.16%), camphene (11.44%) and fenchone (9.08 %). The 
percentage compositions of remaining 16 compounds 
ranged from 0.12% to 1.975%. 

Disc diffusion study 

The in vitro results of antibacterial activity of the EO of L. 
stoechas by the paper disk agar diffusion method against 
seven microorganisms of significant importance are 
summarized in Table 2. On the two species of E. coli (15 ± 
0.5 and 17.3 ± 0.55 mm) tests showed an inhibition zone 
above 15mm, two author’s species (14 ± 1 and 13 ± 0.6 
mm) showed an inhibition zone between 8mm and 15 

mm and two species of staphylococcus aureus an 
inhibition zone above 15 mm. Listeria spp (13.5 ± 1.3 mm) 
showed an inhibition zone between 8mm and 15 mm. 
The EO inhibited the growth of bacterial strains, 
producing a zone diameter of inhibition from 13 ± 0.6 to 
26.3 ± 2.3 mm. The essential oil of L. stoechas exhibited 
notable antibacterial activity against all the bacteria 
species tested. 

The inhibition zone of Chloramphenicol against E. coli, S. 
aureus and Listeria spp showed between 14 ± 1 and 19.5 
± 2.2 mm. The bacterium S. aureus had a resistance for 
Ampicillin, and a low sensitivity for Rifampicin (between 
12.2 ± 1.4 and 12.4 ± 1.6 mm). All species of E. coli and 
listeria spp has a low sensitivity for Ampicillin (6.5 ± 1.2 to 
7 ± 1.2 mm) and average sensitivity for Rifampicin (11 ± 
1.5 to 12.8 ± 1.5 mm). 

Determination of Minimum Inhibitory Concentration 
(MIC) and Minimum Bactericide Concentration (MBC) 

The high antimicrobial activity of L. stoechas was 
confirmed by the macrodilution assay (Table 3), exhibiting 
minimal inhibitory concentration values of 5 µl/ml, 5 
µl/ml and 2.5 µl/ml against E. coli, Listeria spp and S. 
aureus respectively. 

L. stoechas EO exhibited antimicrobial activity against all 
tested strains. Inhibition values for MIC=5 mg/ml and 
MBC= 10 mg/ml for E. coli, and MIC= 5 µl/ml and MBC= 
10 µl/ml for Listeria spp. 

Table 1: Percent yield and physical characters of Lavandula stoechas from center of Morocco 

Family and botanical name English name Part used 
Physical characteristics 

Color Odor Density (g/ml) % Yield 

Lavandula steochas L. 
Topped lavander 

or French lavander 
Areal part Light yellow 

Rustic, bitter 
and herbaceous 

0.932 1.74±0.24 

Table 2: Antimicrobial activity of L. stoechas essential oil and antibiotics using disc diffusion method 

Microorganisms 
Origin of 
bacteria 

Inhibition zone diameter (mm)* 

Essential oil of L. 
stoeochas 

(10 µg/disc) 

Antibiotics 

Ampicillin 

(10µg per disc) 

Chloramphenicol 

(5µg per disc) 

Rifampicin 

(10 µg per disc) 

Escherichia coli Fresh cream 15±0.5 7±1 19.5±2.2 12±0.6 

Escherichia coli Baking bun 14±1 6.5±1.2 19±3.2 12.5±1.1 

Escherichia coli 
Cooked 

ground meat 
17.3±0.55 6.8±0.7 18.4±1.9 12.8±1.5 

Escherichia coli 
Dairy (milk 
product) 

13±0.6 7±1.2 19±1.1 11.5±1.4 

Listeria spp Cooked meat 13.5±1.3 7±0.5 15±0.8 11±1.5 

Staphylococcus 
aureus 

Potato dough 26.3±2.3 NI 14.5±1.2 12.4±1.6 

Staphylococcus 
aureus 

Cheese 24.5±3.1 NI 14±1 12.2±1.4 

*: Inhibition zone including disc diameter (6 mm); - Values represent averages ± standard deviations for triplicate. 
                - NI: no inhibition. 
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Table 3: Antimicrobial activity of L. stoechas essential oil using macro- dilution method 

Microorganisms Origin of bacteria 
Essential oil of L. stoechas 

MIC (µl/ml) MBC (µl/ml) 

Escherichia coli Fresh cream 5 10 

Escherichia coli Baking bun 5 10 

Escherichia coli Cooked ground meat 5 10 

Escherichia coli Dairy (milk product) 5 10 

Listeria spp Cooked meat 5 10 

Staphylococcus aureus Potato dough 2.5 2.5 

Staphylococcus aureus Cheese 2.5 5 

 

DISCUSSION 

Average yield L. stoechas essential oil was 1.74 ± 0.24%. It 
should be noted that this yield is higher than that 
reported by C.N. Hassiotis, studying L. stoechas from 
Greece (1.46 %),24 moreover this species, in general, has 
an average higher than other species of lavender.24,25 

L. stoechas have been object of several phytochemical 
studies that have pointed out a high chemical variability 
allowing the establishment of several chemotypes. L. 
stoechas oil is characterized by significant variations in 
the amounts of fenchone, camphor and 1.8-cineole, being 
the fenchone/camphor chemotype the most commonly 
identified.13,17,26-28 Our study shows that L. stoechas 
essential oil composition is characterized by the presence 
of Camphor 36.14%, 1,8-Cineol 25.16%, camphene 
11.44% and fenchone 9.08 % as major components. It is 
clear that essential oils from these aromatic plants are 
rich in monoterpenoids, compounds that possess 
antibacterial activity against various bacteria’s species. 

The different qualitative and quantitative chemical 
compositions of the EO with respect to previous 
investigations could be related first and foremost to 
different environmental conditions, genetics (degree of 
hybridization), geographical origin and harvest period. 
The effect of the method of extraction on the resulting 
chemical composition has been also reported.29-31 

In a first set of experiments, antimicrobial activity was 
evaluated by the disc diffusion method. EO of L. stoechas 
also found to be more effective (between 13 ± 0.6 and 
26.3 ± 2.3 mm inhibition diameter) than Ampicillin and 
Rifampicin antibiotics (between 6.5 ± 1.2 and 12.8 ± 1.5 
mm) to inhibit E. coli, Listeria spp and S. aureus. 
Chloramphenicol produced inhibition zones between 18.4 
± 1.9 and 19.5 ± 2.2 mm for E. coli and 15 ± 0.8 mm for 
Listeria spp., reported the essential oil with the greatest 
spectrum of activity against S. aureus as following order: 
L. stoechas > Chloramphenicol > Rifampicin > Ampicillin 
(Table 2). L. Cherrat found that oil of L. stoechas exhibited 
the highest antimicrobial activity against E. coli O157, 
Listeria monocytogenes, and S. aureus with inhibition 
zone of 16.2 ± 0.60, 32.0 ± 2.00 and 28.0 ± 0.70 mm 
respectively.

32
 The gram positive bacterium is more 

susceptible to the antimicrobial properties of essential oil 
than gram negative bacteria and it is considered to be 
due to its outer membrane.33,34 

The results obtained by macro-dillution method are 
shown in Table 3. EO of L. stoechas exhibited a great 
antibacterial activity against all tested bacteria (MIC 
between 2.5 and 5 µl/ml). The antimicrobial activity of 
this EO confirms its strong antimicrobial activity 
comparable with data reported in north of Morocco 
(Tangier) with a MIC of 14, 8.0, and 2.0 µl/ml for E.coli, L. 
monocytogenes and S. aureus respectively.

32
 EO was 

bactericidal to all the tested strains at higher values of 
MBC than MIC values in accordance with previous 
studies.32 

Camphor the major component of L. stoechas EO 
analyzed has antibacterial properties itself.35-37 Moreover, 
it has been demonstrated that eucalyptol, one of the 
primary components of both EO studied, presents 
antimicrobial activity against bacteria such as S. aureus, E. 
coli and L. monocytogenes.38 The same study also 
suggests the synergistic effect of minor components in 
the chemical composition of the EOs in relation to its 
antimicrobial activity, similar results having been 
reported in other studies, along with additive and 
antagonistic effects.39,40 EOs represent complex mixtures 
of chemical compounds with different antimicrobial 
properties, and for these reasons it is very difficult to 
reduce their antimicrobial effect to one or several active 
principles.33 

Limitations of employing essential oils and components as 
food antimicrobials include changes in sensory attributes 
such as aroma and flavor, furthermore, solubility 
difficulties associated with lipophilic nature. However, 
recent encapsulation techniques using various surfactants 
seem to overcome such problems.

41
 Appropriate essential 

oil selections and usage according to the type of food can 
also overcome undesirable organoleptic characters while 
preventing the growth of microorganisms. 

 

 

 



Int. J. Pharm. Sci. Rev. Res., 36(2), January – February 2016; Article No. 17, Pages: 99-104                                            ISSN 0976 – 044X  

 

 

International Journal of Pharmaceutical Sciences Review and Research International Journal of Pharmaceutical Sciences Review and Research 
Available online at www.globalresearchonline.net  

© Copyright protected. Unauthorised republication, reproduction, distribution, dissemination and copying of this document in whole or in part is strictly prohibited. 
Available online at www.globalresearchonline.net  

 

103 

CONCLUSION 

The essential oil of L. stoechas was chemically analyzed 
and antimicrobial activity in vitro against common food 
borne bacteria was determined. Regarding the chemical 
analysis, the major compounds identified were camphor, 
cineol, fenchone and camphene respectively. L. stoechas 
oil evaluated in this study exhibited a great antibacterial 
activity against all the tested bacteria in compared with 
antibiotics such as showed a similar effect, as Rifampicin 
and two times less efficient than Ampicillin, to inhibit 
Escherichia coli and Listeria spp. 

These results also indicate the possible use of the 
essential oil on food system as an effective inhibitor of 
food borne pathogen. 
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