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ABSTRACT 

Lavandula stoechas genus is an important member of family Lamiaceae, it is widely distributed in north Provinces of 

Morocco and is used in traditional medicine to treat various diseases. In order to evaluate the antimicrobial effect of 

Lavandula stoechas essential oil as well as to compare its inhibitory effect versus commercial Antibiotics, it was tested 

against urinary isolates bacteria such as Escherichia coli, Staphylococcus aureus, Klebsiella pneumonia, Proteus mirabilis 

and Pseudomonas aeruginosa. The chemical compounds of essence of Lavandula stoechas were identified by GC-MS 

analysis. The paper disk agar diffusion method and the macrodilution assay for determination of Minimum Inhibitory and 

Minimum Bactericidal Concentrations (MIC and MBC) were used. The main compounds of essential oil obtained were 

camphor, fenchone, camphene, borneol, α-pinene and 1,8-cineole.  Lavandula stoechas essential oil was very active against 

Staphylococcus aureus with inhibition zone of 17.2 ±0.8 mm and moderately active against Escherichia coli, Klebsiella 

pneumonia, Proteus mirabilis and Pseudomonas aeruginosa. MICs for Lavandula stoechas indicated that the best values 

were enregistered for Staphylococcus aureus and Klebsiella pneumonia with equal value of 2.5μg/mL, followed by 

Escherichia coli and Pseudomonas aeruginosa with MIC values of 5μg/mL for each bacterium. Ofloxacin had the widest 

coverage against all bacteria’s, followed by Chloromphenicol. Cephalosporin’s third generation, Gentamicin and Amikacin 

have presented an average activity against pathogens. The bacteria of Escherichia coli, Staphylococcus aureus and 

Klebsiella pneumonia have been resistant for Penicillin antibiotics. The results showed that the essential oil of Lavandula 

stoechas was revealed highly inhibitory antimicrobial activity especially on gram positive bacteria (Staphylococcus aureus) 

and can be used instead of chemical drugs to treat bacterial infections. 
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INTRODUCTION 

Urinary Tract Infection (UTI) represents one of the most 

common diseases occurring from the neonate to the 

geriatric age groups encounters in medical practice today1.  

More than 95% of UTI are caused by single bacterial 

species E. coli which is the most frequently infecting 

organisms2. However, many other bacteria can also meet 

and lead to infections for example, Klebsiella, 

Pseudomonas, Enterobacter, Proteus, Staphylococcus, 

Mycoplasma, Chlamydia, Serratia and Neisseria spp. It is 

reported that about 35% of healthy women suffer 

symptoms of urinary tract infection and about 5% of 

women each year suffer with the problem of painful 

urination (dysuria) and frequency3. A study realized in at 

the Avicenne Teaching Hospital (Marrakech, Morocco) 

from 2010 to 2012 showed that Escherichia coli and K. 

pneumoniae have been reported to be the most common 

organisms causing UTI4. This is demonstrated by the 

prevalence of these two pathogens in the epidemiology of 

both nosocomial and community-acquired UTIs. Although 

E. coli is a more common cause of UTIs (63%) and the 

prevalence of K. pneumoniae species has been 22%, and it 

was isolated in 10% and 28% of the urine samples in the 

Meknes5 and Rabat6 regions respectively. Thus, in light of 
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the evidence of rapid global spread of resistant clinical 

isolates, the need to find new antimicrobial agents is of 

paramount importance7. However, the past record of rapid, 

widespread emergence of resistance to newly introduced 

antimicrobial agents indicates that even new families of 

antimicrobial agents will have a short life expectancy8. For 

this reason, researchers are increasingly turning their 

attention to herbal products, looking for new leads to 

develop better drugs against microbe strains with ultimate 

goal to provide efficient drugs to the patient. Finding 

healing powers in plants is an ancient idea. People on all 

continents have long applied poultices and imbibed 

infusions of hundreds, if not thousands, of indigenous 

plants, dating back to prehistory9. The lavenders are a 

genus of about 25-30 species of flowering plant in the mint 

family, Lamiaceae, native of Mediterranean region south 

to tropical Africa and many regions of Asia and it has been 

used for centuries as an herbal remedy for many ailments10. 

One species of this genus is Lavandula stoechas (L. 

stoechas), which is one of the most explored and exploited 

lavenders in the world. Some studies focused on the    

antibacterial11,12, anti-inflammatory13, antifungal14, 

insecticidal15 and antioxidant16,17 properties of L. stoechas. 

This plant is used traditionally in Morocco for the 

treatment of painful illnesses like inflammatory diseases, 

cystitis, nephritis and rheumatic arthritis18. The present 

study, realized in the first time in Morocco, made an 

attempt to find out the chemical composition and the 

antibacterial activity of essential oil of L. 

stoechas as well as to compare its inhibitory 

effect versus commercial antibiotics against five bacteria’s 

urinary tract infections bacterial pathogens isolates.  

 

MATERIAL AND METHODS 

Plant material and extraction of the Essential Oil   

The aerial parts (leaves, stems and wood) of L. stoechas 

are collected in Taounate Province/Morocco, between 

April and June 2015. The botanical identification and 

authenticated voucher specimens have been deposited in 

the Herbarium of the National Institute of Medicinal and 

Aromatic Plants, Sidi Mohamed Ben Abdellah University, 

Fez, Morocco. Samples of 100g of the fresh aerial parts of 

L. stoechas were subjected to hydrodistillation for 2 hours 

using a Clevenger apparatus; the obtained Essential Oil 

(EO) was stored at 4°C so that can be used in the upcoming 

experiments.  

Chemical characterization of essential oil of L. stoechas  

The analysis of the essential oils was carried out on a 

Hewlett Packard 5890 II GC coupled with a Hewlett 

Packard 5972 MSD operating in the EI mode at 70 eV. A 

non-polar OPTIMA-5 capillary column (30 m × 0.25 mm, 

film thickness 0.25 µm) used with a programmed 

temperature gradually increased from 60oC to 250oC by a 

rate of 3oC/min. Injector and MS transfer line temperatures 

were set at 220oC and 290oC, respectively. Diluted samples 

(1/100 in acetone v/v) were injected in the splitless mode. 

Helium, the carrier gas, was at 2.5 psi. Identification of the 

compounds was based on the comparison of their relative 

retention indexes and mass spectra with those of NIST 98, 

Wiley 275 library data19. The percentages relative of the 

compounds were obtained electronically from area percent 

data. Kovats index for each compound on OPTIMA-5 

column was calculated in reference to n-alkanes. 

Antimicrobial activity    

Microorganisms  

The antimicrobial activity of L. stoechas essential oil was 

tested against Escherichia coli (E. coli), Staphylococcus 

aureus (S. aureus), Proteus mirabilis (P. mirabilis), 

Klebsiella pneumonia (K. pneumonia) and Pseudomonas 

aeruginosa (P. aeruginosa) isolated from patients having 

urinary infection in nephrology service at Hassan II 

University Hospital at Fez city (Morocco), these bacteria 

were identified and confirmed by classical biochemical 

gallery and the API (bioMérieux, France). 

Disc diffusion assay  

Antimicrobial susceptibility test of the essential oil 

and fractions was tested against the above mentioned 

Gram positive and Gram negative bacteria by disc 

diffusion method20. The susceptibility tests were 

performed on Muller–Hinton Agar, 10 µL of 

essential oil was diluted with two volumes of 5% 

dimethylsulfoxide (DMSO) and impregnated on the 

filter paper discs and used for the study. Ampicillin, 

Amoxicillin, Chloromphenicol, Ofloxacim, 

Cefotaxim, Ceftreaxon, Gentamicin, Cefaclor and 

Amikacin were used as positive reference standards 

to determine the sensitivity of the tested strains and 

5% DMSO was used as blind control. Finally, the 

petri dishes inoculated, were incubated at 37°C for 24 

h and the inhibition zones were observed according 

to the guidelines of the Antibiogram Committee of 

the “Société Française de Microbiologie” (CA-

SFM)21. 
Determination of Minimum Inhibitory Concentrations 

(MIC) and Minimum Bactericidal Concentrations (MBC) 

The test oils of L. stoechas and its fractions were 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, 40 and 

80 µl/mL. Fifty microliter 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 

MIC22. Referring to results of the MIC assay, the MBC was 

determined. Fifty microliters from each dilution of 

essential oil and fractions, showing growth inhibition zone 

in disc diffusion method, were added to 5 mL of Tripticase 

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 highest dilution at which no 

growth occurred on the plates. 

Statistical analysis 
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The values are presented as the mean ± SEM of triplicate 

analysis using one-way analysis of variance (ANOVA).  

 

RESULTS  

Component analysis of essential oils of L. stoechas  

GC/MS analysis of L. stoechas essential oil led to the 

identification of 27 components were characterized 

representing 98.2% of the total oil, of which camphor 47.2 

%, fenchone 33.3 %, camphene 3.3 %, borneol 2.9 %, α-

pinene 2.9 % and 1,8-cineole 1.4%, were the major 

components (Figure 1). The percentage compositions of 

remaining 21 compounds ranged from 0.1% to 1.2%. The 

constituents of Lavandula stoechas was identified as 

Oxygenated monoterpenes were the major constituents in 

this oil (91.2 %) followed by Monoterpene hydrocarbons 

(7.1%), Oxygenated sesquiterpenes (0.8%) and 

Sesquiterpene hydrocarbons (01%). 

Antimicrobial activities 

Disc diffusion study 

The in vitro results of antibacterial activity of the EO of L. 

stoechas by the paper disk agar diffusion method against 

microorganisms are summarized in Table 1. The essential 

oil of L. stoechas was very active against S. aureus with 

inhibition zone 17.2 ±0.8 and moderately active against E. 

coli, K. pneumonia, P. mirabilis and P. aeruginosa showed 

an inhibition zone between 12.5 ±0.6 and 14.5 ±1.3 mm. 

Among the antibiotics (Table 2), Ofloxacin had the widest 

coverage against all bacteria’s (between 14.5±1.5 and 

25.4±3.2 mm), followed by Chloromphenicol (between 

14.4±2.2 and 20.4±2.3 mm). Cephalosporin’s third 

generation (Cefotaxin and Ceftriaxon), Gentamicin and 

Amikacin have presented an average activity against 

pathogens with diameter of inhibitions zones between 

12.5±1.3 and 15.7±1.6 mm, but Ceftriaxon and 

Gentamicin showed high activity against P. mirabilis and 

S. aureus with diameter inhibition at 18±1.4 and 17.2±2.2 

mm respectively. Penicillin (Ampicillin and Amoxicillin) 

have showed poor activity against P. mirabilis, On the 

other hand E. coli, S. aureus and K. pneumonia bacteria 

were resistant to these antibiotics. 

Determination of Minimum Inhibitory Concentration  

 (MIC) and Minimum Bactericide Concentration (MBC) 

The antimicrobial activity of L. stoechas was confirmed by 

the macrodilution assay (Table 3). L. stoechas EO  

 exhibited much higher antibacterial activity with the MIC 

values of 2.5 μl/ml against S. aureus and K.  pneumonia. 

The MICs of E. coli and P. aeruginosa values were 5 μl/ml  

 and MBC= 10 μl/ml. P. mirabilis showed the lowest 

antibacterial activity in the macrodilution method, MIC at 

10 μl/ml and MBC at 20 μl/ml. 

 

DISCUSSION 

In the present work, realized for the first time in the North 

east of Morocco, we are interested in examining the 

chemical composition and antimicrobial activity against 

pathogen bacteria as well as to compare its inhibitory 

effect versus commercial Antibiotics. Our chemical 

composition of EO results is in accordance with other 

studies related to L. stoechas, the total mass of sex major 

components (camphor, fenchone, camphene, borneol, α-

pinene and 1,8-cineole) in Lavandin essential oil to be 91% 

of the total mass of essential oil. This plant is characterized 

by significant variations in the amounts of fenchone, 

camphor and 1,8‐cineole, being the fenchone/camphor 

chemotype the most commonly identified11. The analysis 

of L. stoechas oil from Greece oil found α-Cardinol (7.2 

%) in addition to fenchone, camphor and 1,8 cineole 

compounds23. The main components of Moroccan L. 

stoechas oil were -Fenchone (30.5%), Camphor (18.2%), 

1,8 Cineole (8.6%) and Camphene (3.5%)24. However, the 

absence of some of the above mentioned compounds 

makes the difference to distinguish among biochemotypes 

of L. stoechas. In this way, only the EO reported by Topal 

et al.25 shows a lack of the most volatile compounds (α-

pinene to limonene), myrtenyl acetate and viridiflorol. 

Ristocelli et al.26 reported the chemical composition of the 

essential oils from 50 samples of L. stoechas from different 

areas of Corsica during the flowering stage; they found 

significant differences in the major compounds: fenchone 

(14.9-75.5%), camphor, (2.5-56.2%) and 1,8-cineole 

(0.17-8%). The different qualitative and quantitative 

chemical compositions of the EO could be explained by 

different environmental conditions, genetics (degree of 

hybridization), geographical origin, part of plant extract 

and harvest period27-29. Due to the emergence of antibiotic 

resistant pathogens in hospitals and homes, plants are 

being looked upon as an excellent alternate to combat the 

further spread of multidrug resistant microorganisms. In 

this study, the essential oil of L. stoechas showed good 

antimicrobial activity against S. aureus, E. coli, K. 

pneumonia, P. mirabilis and P. aeruginosa isolated from 

patients having urinary infection in Nephrology service at 

Hassan II University Hospital. The in vitro MIC value 

indicated that concentration 2.5μg/mL of essential oil is 

sufficient to inhibit S. aureus and K. pneumonia. The MIC 

and MBC values of E. coli and P. aeruginosa was found 

that 5μg/mL and 10μg/mL respectively for each bacteria. 

Cherrat et al.30 were tested Moroccan L. stoechas EO 

towards five Gram-positive and four Gram-negative 

bacteria and showed great efficacy against Gram-positive 

bacteria but poorer against Gram-negative, especially 

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. A very effective antibacterial 

capacity was noted and proven in vitro against S. aureus, 

E. coli, K pneumoniae and P. aeruginosa by Gören et al.31.  

Table 1:  Antimicrobial activities of L. stoechas 

essential oil using disc diffusion method 

Microorganisms 
Inhibition zone diameter 

of L. stoechas (10 µl/disc) 

E. coli 14.5 ±1.3 

S. aureus 17.2 ±0.8 

K. pneumonia 14 ±1.4 

P. mirabilis 13.3 ±0.3 

P. aeruginosa 12.5 ±0.6 

- Values represent averages ± standard deviations for 

triplicate.   

- Inhibition zone including disc diameter (6 mm). 
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Table 3: Antimicrobial activities of L. stoechas 

essential oil using macro-dilution method. 

Bacteria 
Essential oil of L. stoechas 

MIC (µl/mL) MBC (µl/mL) 

E. coli 5 10 

S. aureus 2.5 5 

K.  pneumonia 2.5 2.5 

P. mirabilis 10 20 

P. aeruginosa 5 10 

 

The limited number of published studies about the 

antimicrobial activity of L. stoechas EO, such as those  

from Gören et al.31, Bouzouita et al.32 and Cherrat et al.30, 

confirms its strong antimicrobial activity, similar to other 

sesquiterpenes-rich EOs. Camphor the major component 

of L. stoechas EO analyzed has antibacterial properties 

itself33. Moreover, it has been demonstrated that 1,8 

cineole presents antimicrobial activity against bacteria 

such as S. aureus and E. coli34. Other study suggests the 

synergistic effect of minor components in the chemical 

composition of the EOs in relation to its antimicrobial 

activity35. 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 

membrane32. However, contrary to our study, according to 

Prabuseenivasa et al.36 reported that E. coli and S. aureus 

were resistant to Lavender oil. The results of antibiotic  

susceptibility test of the bacterial isolates indicated that E. 

coli, S. aureus and K. pneumonia were resistant to 

Ampicillin and Amoxicillin. The acquisition of resistance 

to Penicillin antibiotics is a global phenomenon showing 

widely varying occurrence rates. In the Marrakech region, 

antimicrobial resistance of urinary K. pneumoniae isolates 

to amoxicillin has been reported to be similar to the 

resistance rates reported in the Rabat region (Morocco)6 

and in Algeria37. 

 

CONCLUSION 

The essential oil of L. stoechas was chemically analyzed 

and antimicrobial activity in vitro against clinical bacteria 

was conducted. 27 components were identified, of which 

camphor, fenchone, camphene, borneol, α-pinene, and 1,8-

cineole, were the major components. The essential oil of L. 

stoechas was revealed highly inhibitory antimicrobial 

activity against S. aureus and moderately active against E. 

coli and K. pneumonia, P. mirabilis and P. aeruginosa. 

Ofloxacin had the widest coverage against all bacteria’s 

followed by chloromphenicol Cephalosporin’s third 

generation; gentamicin and amikacin have presented an 

average activity against pathogens. E. coli, S. aureus and 

K. pneumonia bacteria were resistant to the Penicillin 

antibiotics. The oil of L. stoechas can have application in 

therapy of the infectious diseases is like substituent of 

certain antibiotics or like complementary agents used in 

 

 
Figure 1: GC chromatogram of the essential oil from L. stoechas 

 

Table 2: Antimicrobial activity of commercial antibiotics determined by the agar diffusion method 

Bacteria 
AMP 

(5µl/disc) 

AMX 

(10 

µl/disc) 

CLR 

(30 

µl/disc) 

GMC     

(10 

µl/disc) 

AMK 

(10 

µl/disc) 

CEF 

(10µl/di

s) 

CFX 

(5 

µl/disc) 

CFT 

(30 

µl/disc) 

OFX 

(5 

µl/disc) 

E. coli NI NI 20.4±2.3 13.6±0.8 13.8±0.6 8.2±1.4 14.7±1.3 14±1.5 25.2±3.4 

S. aureus NI NI 17.5±1.2 17.2±2.2 14.5±0.5 7.4±0.6 14.2±0.8 14.2±1.2 21±2.5 

K. pneumonia NI NI 21±2.2 14.4±1.4 13.2±12 NI 15.5±0.7 14.5±1.5 21.6±2.2 

P. mirabilis 8.5±1.5 8.5±1.2 14.5±1.5 13.4±0.8 12.4±1.6 NI 14±1.5 18±1.4 25.4±3.2 

P. aeruginosa NI 8±1.5 14.4±2.2 13±1.4 13.4±1.2 8.5±1.3 13.5±1.4 13.2±1.2 14.5±1.5 

*AMP : Ampicillin ; AMX : Amoxicillin ; CLR : Chloromphenicol ; GMC : Gentamycin ; AMK : Amikacin ; CEF : Cefaclor 

; CFX : Cefotaxim ; CFT : Ceftriaxon ; OFX : oflaxacin 

- Values represent averages ± standard deviations for triplicate. 

‐ NI: no inhibition. 
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synergy with the synthesis substances. Further advance 

research on toxicological and clinical studies are required 

to prove the safety of the oil. 

 

REFERENCES 

1. Raju CB and Tiwari SC.Urinary tract infection-A 

suitable approach. Lecture notes. J. Ind Acad. Clin. 

Med 2004; 2(4): 331-334. 

2. Kebira AN, Ochola P, Khamadi S A. Isolation and 

antimicrobial susceptibility testing of Escherichia coli 

causing urinary tract infections. J. Appl. Biosci 2009 : 

1320-1325 

3. Hootan TM. Urinary tract infection in adults, In:  

Johnson R.J., Feehally J, (Eds). Comprehensive clinical 

nephrology, 2nd ed, London: Mosby 2003: 731-744.  

4. El Bouamri MC, Arsalane L, El Kamouni Y, Zouhair 

S. Antimicrobial susceptibility of urinary Klebsiella 

pneumoniae and the emergence of carbapenem-

resistant strains: A retrospective study from a 

university hospital in Morocco, North Africa. African 

Journal of Urology 2015 ; 21 : 36–40. 

5. Lahlou A, Chegri M, L’Kassmi H. Épidémiologie et 

résistance aux antibiotiques des entérobactéries isolées 

d’infections urinaires à l’hôpital militaire Moulay-

Ismail de Meknès. Antibiotiques 2009 ;11 : 90–96. 

6. Tlamcani Z, Ellaia K, Benomar A, Kabbaj H, Alaoui 

AE, Seffar M. La résistance aux fluoroquinolones chez 

des souches de Klebsiella spp. Productrices de 

betalactamase à spectre étendu isolées dans les urines. 

Ann Biol Clin 2009; 67: 553–6. 

7. Rosina K, Barira I, Mohd A, Shazi S, Anis A, Manazir 

Ali S, Mashiatullah S and Asad UK. Antimicrobial 

Activity of Five Herbal Extracts Against Multi Drug 

Resistant (MDR) Strains of Bacteria and Fungus of 

Clinical Origin. Molecules 2009; 14: 586-597. 

8. Coates A, Hu Y, Bax R, Page C. The future challenges 

facing the developement of new antimicrobial drugs. 

Nat. Rev. Drug Discov 2002; 1: 895-910. 

9. Marjorie MC. Plant Products as Antimicrobial Agents. 

Clinical Microbiology Reviews 1999; 12(4): 564–582. 

10. Gayatri MC, Sudha U, Shubha J & Kavya K. 

Evaluation of antibacterial activity of Lavandula 

stoechas L. essential oil. Journal of Spices and 

Aromatic Crops 2013; 22(2): 188–193.   

11. Benabdelkader T, Zitouni A, Guitton Y, Jullien F, 

Maitre D, Casabianca H, Legendre L, Kameli A. 

Essential oils from wild populations of Algerian 

Lavandula stoechas L.: composition, chemical 

variability, and in vitro biological properties. Chem 

biodivers 2011; 8: 937-953.  

12. Dadalioglu I, Evrendilek GA. Chemical compositions 

and antibacterial effects of essential oils of turkish 

oregano (Origanum minutiflorum), bay laurel (Laurus 

nobilis), spanish lavender (Lavandula stoechas), and 

fennel (Foeniculum vulgare) on common foodborne 

pathogens. J Agri Food Chem 2004; 52: 8255-8260.  

13. Ez Zoubi Y, Bousta D, El Mansouri L, Boukhira S, 

Siham L, Achour S, Farah A. Phytochemical 

Screening, Anti-inflammatory Activity and Acute 

Toxicity of Hydro-ethanolic, Flavonoid, Tannin and 

Mucilage Extracts of Lavandula stoechas L. from 

Morocco. International Journal of Pharmacognosy and 

Phytochemical Research 2016; 8(1): 31-37. 

14. Angioni A, Barra A, Coroneo V, Desi S, Cabras P. 

Chemical composition, seasonal variability and 

antifungal activity of Lavandula stoechas L. ssp. 

Stoechas essential oils from stem/leaves and flowers. J 

Agri Food Chem 2006; 54: 4364-4370.  

15. El Ouali Lalami A, EL-Akhal F, Maniar S, Ez zoubi Y, 

Taghzouti K.  Chemical constituents and larvicidal 

activity of essential Oil of Lavandula stoechas 

(Lamiaceae) from Morocco against the malaria vector 

Anopheles Labranchiae (Diptera: Culicidae).  

International Journal of Pharmacognosy and 

Phytochemical Research 2016; 8(3); 505-511. 

16. Ez zoubi Y, Bousta D, Lachkar M, Farah A. 

Antioxidant and anti-inflammatory properties of 

ethanolic extract of Lavandula stoechas L. from 

Taounate region in Morocco. International Journal of 

Phytopharmacology 2014; 5(1): 21-26.  

17. Messaoud C, Chongrani H, Boussaid M. Chemical 

composition and antioxidant activities of essential oils 

and methanol extracts of three wild Lavandula L. 

species. Nat. Prod. Res 2012; 26: 1976-1984.  

18. El-Hilaly J, Hmammouchi M, Lyoussi B., 2003. 

Ethnobotanical Studies and Economic Evaluation of 

Medicinal Plants in Taounate Province (Northern 

Morocco). Journal of Ethnopharmacology 2003; 86: 

149–158.  

19. Adams PR. Identification of Essential Oil Components 

by Gas Chromatography/Mass Spectrometry, 4th 

Edition, Allured Publishing Corporation, Carol Stream, 

Illinois, USA. 2007. 

20. Bauer AW, Kirby WMM, Scherris JC, Turck M. 

Antibiotic susceptibility testing by a standardized 

single disk method. Am. J. Clin. Pathol 1966; 45: 493–

496.  

21. Soussy CJ, Carret GJ, Cavallo D, Chardon H, Chidiac 

C, Choutet P, Courvalin P, Dabernat H et al. Comité de 

l'Antibiogramme de la Société Française de 

Microbiologie. Communiqué 2000-2001. Pathol. Biol 

2000 ; 48 : 832-871. 

22. Iscan G, Demirci F, Kirimer N, Ku¨rkcu¨oglu M & 

Baser KHC. Antimicrobial screening: Mentha piperita 

essential oil. Journal of Agricultural and Food 

Chemistry 2002; 50: 3943–3946. 

23. Melpomeni S, Chedly A and Eugene K. Essential Oil 

Variation of Lavandula stoechas L. ssp. Stoechas 

Growing Wild in Crete (Greece). Biochemical 

Systematics and Ecology 1996; 24(3): 255-260. 

24. Zrira S and Benjilali B. The Constituents of the Oils of 

Lavandula sfoechas L. ssp. af/anfica Br.-BI. and L. 

stoechas ssp. Sfoechas from Morocco. J. Essent. Oil 

Res 2003; 15: 68-69. 

25. Topal U, Sasaki M, Goto M, Otles S. Chemical 

compositions and antioxidant properties of essential 

oils from nine species of Turkish plants obtained by 

supercritical carbon dioxide extraction and steam 

distillation. Int. J. Food Sci. Nutr 2008; 59: 619–634. 



Ez Zoubi et al. / The Antimicrobial Activity… 

  
 
                 IJPCR, Volume 8, Issue 11: November 2016 Page 1527 

26. Ristocelli D, Tomi F, Casanova J. 13C-NMR as tool for 

identification and enantiomeric differentiation of major 

terpenes exemplified by the essential oil of Lavandula 

stoechas L. ssp. stoechas. Flavour Fragrance J 1999; 

13: 154-158. 

27. Porto CD, Decorti D & Kikic I. Flavour compounds of 

Lavandula angustifolia L. to use in food 

manufacturing: Comparison of three different 

extraction methods. Food Chemistry 2009; 112: 1072–

1078. 

28. Muñoz‐Bertomeu J, Arrillaga I & Segura J., 2007. 

Essential oil variation within and among natural 

populations of Lavandula latifolia and its relation to 

their ecological areas. Biochemical Systematics and 

Ecology 2007; 35: 479–488. 

29. Dob T, Dahmane D, Agli M, Chelghoum C. Essential 

oil composition of Lavandula stoechas from Algeria. 

Pharm. Biol 2006; 44(1): 60–64. 

30. Cherrat L, Laura E, Mohammed B, Rafael P, Amin L. 

Chemical composition, antioxidant and antimicrobial 

properties of Mentha pulegium, Lavandula stoechas 

and Satureja calamintha Scheele essential oils and an 

evaluation of their bactericidal effect in combined 

processes. Innovative Food Science and Emerging 

Technologies 2014; 22: 221-229. 

31. Gören AC, Topçu G, Bilsela G, Bilsela M, Aydoğmuş 

Z and Pezzuto JM. The Chemical Constituents and 

Biological Activity of Essential Oil of Lavandula 

stoechas ssp. Stoechas, Z. Naturforsch 2002; 57: 797-

800. 

32. Bouzouita N, Kachouri F, Hamdi M and Chaabouni 

MM. Volatile Constituents and Antimicrobial Activity 

of Lavandula stoechas L. Oil from Tunisia. J. Essent. 

Oil Res 2005; 17: 584‐586. 

33. Soković M, Marin PD, Brkić D and Griensven LJ. 

Chemical composition and antibacterial activity of 

essential oils of ten aromatic plants against human 

pathogenic bacteria. Food chemistry 2007; 1: 220–226. 

34. Hendry ER, Worthington T, Conway BR and Lambert 

PA. Antimicrobial efficacy of eucalyptus oil and 1,8‐

cineole alone and in combination with chlorhexidine 

digluconate against microorganisms grown in 

planktonic and biofilm cultures. J. Antimicrob. 

Chemother 2009; 64: 1219–1225. 

35. Mourey A and Canillac N. Anti‐Listeria 

monocytogenes activity of essential oils components of 

conifers. Food Control 2002; 13: 289–292. 

36. Prabuseenivasa S, Jayakumar M & Ignacimuthu S. In 

vitro antibacterial activity of some plant essential oils. 

J. Antimicrob. Chemoth 2006 ; 47 : 565–573. 

37. Bouzenoune F, Boudersa F, Bensaad A, Harkat F, Siad 

N. Les infections urinaires à Ain M’lila (Algérie). 

Résistance aux antibiotiques des 239 souches isolées 

entre 2006 et 2007. Med Mal 2009 ; 39 : 142–3. 

 


