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ABSTRACT 
 
 The aim of this study was first to investigate the essential oil constituents of the aerial parts of Salvia 
officinalis L. from Algeria extracted by hydrodistillation and analyzed by gas chromatography-mass 
spectroscopy (GC-MS) and then to evaluate its potential antimicrobial activity using the agar diffusion disc 
method.  The essential oil consisted of a complex mixture of 17 different substances; -thujone (24.9 %) was the 
main component. The in vitro antimicrobial activity of the isolated essential oil was tested against Gram- 
negative and positive bacteria and one fungus and proved to be active against all tested microorganisms. 
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Introduction 
 
 Sage (Salvia sp. L. belonging to the Lamiaceae family) is a large genus, many studies can be found on the 
literature justify its traditional medicinal use (Baričević, D. and T. Bartol, 2000; Capasso, R., 2004; Ren, Y., 
2004; Darmati, Z., 1993; Darmati, Z., 1994) others on the secondary metabolites and their antimicrobial 
activities (Dob, T., 2007). In the present study we investigated the chemical composition of the essential oil of S. 
officinalis L. Algerian trivial names “Khayatet Lejrah, Tazzourt”  (Beloued, A.E.K., 2001) collected from 
Algiers and then evaluated for its possible antimicrobial activity using the agar diffusion disc method. 
 
2. Experimental: 
 
2.1. Essential oil extraction: 
 
 Fresh aerial parts of S. officinalis collected from El Hamma national park in Algiers North of Algeria during 
the flowering period in March 2005 were hydrodistillated for 2h using a Clevenger apparatus according to 
standard procedures (British Pharmacopeia HMSO, 1998). The essential oil was dried over anhydrous sodium 
sulfate and stored at 2-4°C.  
 
2.2. Gas chromatography–mass spectrometry (GC–MS) analysis: 
 
 GC-MS analyses were performed on a Hewlett-Packard 5973-6890 system operating in EI mode (70 eV) 
equipped with a split/splitless injector (250 ºC), a split ratio 1/10, using two different columns: a fused silica HP-
5 MS capillary column (30m x 0.25mm (i.d.), film thickness: 0.25μm). The temperature program for HP-5 MS 
column was from 50 ºC (5min) to 230 ºC at a rate of 2 ºC/min. Helium was used as a carrier gas at a flow rate of 
1.0 mL/min. Retention indices for all compounds were determined according to the Van der Dool approach 
(1963) using n-alkanes as standards. The identification of the components was based on comparison of their 
mass spectra with those of Wiley and NBS Libraries and those described by (Adams, R.P., 2001), as well as by 
comparison of their retention indices with literature data (Massada, Y., 1976).   
 
2.3. Bioassays: 
 
 The agar disc diffusion method was used (NCCLS, 1997). The following Gram-negative bacteria were used 
Pseudomonas aeruginosa (ATCC 9027), Escherichia coli (ATCC 4157) and Klebsiella pneumonia (ATCC 
4352) as well as Gram-positive bacteria Staphylococcus aureus (ATCC 6538), Staphylococcus epidermis 
(ATCC 12228), Enterococcus faecalis (ATCC 6569), Salmonella bruneii (clinical strains isolated directly from 
patients at the “Centre Hospitalier Universitaire,” Algiers, Algeria) and the fungus Candida albicans (ATCC 
2601). The bacterial species were cultured overnight at 37 ºC in Mueller-Hinton medium (Bio-Rad), while C. 
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albicans was maintained on Sabouraud Agar (SDA). Suspensions of the tested micro-organisms (0.1 ml of 107-
108 cells/ml) were spread over the surface of Petri plates. The inocula were stored at +4 ºC for further use. The 
samples were dissolved in a final concentration 20% in saline solution using up to 2.0% Tween 80 (0.9% NaCl 
and 20% Tween 80) in order to facilitate the essential oil dispersion (Ngassoum, M.B., 2003). Filter paper discs 
Whatman were impregnated with 20 μl of the sample and placed on the inoculated agar plates. Saline solution 
using up to 2.0% of Tween 80 was used as a negative control (Jirovetz, L., 2003). Standard antibiotics 
Amikacine 1mg/ml and Myconasol 10 mg/ml were used as a positive control.  The plates containing the bacteria 
were incubated for 24 h at 37 ºC, while that of fungus for 48 h at 30 ºC. The resulting diameter of the inhibition 
zones (IZD) have been measured in millimetres (Jirovetz, L., 2005), and the stains sensitivity was classified by 
the IZD as described by Ponce (2003). All experiments were performed in triplicate. 
 
Results and discussion 
 
3.1. Essential oil identification: 
 
 The essential oil obtained by hydrodistillation was white in colour; its yield was 0.08%. The physico-
chemical properties have been measured as follows (A.F.N.O.R. Les huiles essentielles, 2000): acid number: 

2.75, ester number: 53.38, optical rotation:  20
Da  +3.4 (CH2Cl2, c, 24.0). 

 The identified volatile components are listed in Table 1, 17 compounds were identified, representing 83.9 % 
of the total essential oil constituents. The essential oil fractions consisted of a complex mixture of different 
components, oxygenated monoterpenes being the dominating constituents (66.7 %) with the main compounds -
thujone and β-thujone (24.9 %, 15.6 %) respectively. Monoterpenes hydrocarbons (17.2%) were also represented 
in this oil among them myrcene (5.0%) and -pinene (3.2%) as major compounds. However we did not notice 
any sesquiterpenes groups. 
 
Table 1: Essential oil composition of S. officinalis aerial parts. 

Componds Retention indices (RI)a Oil %b 

-Pinene 940 3.2 
Camphene 950 2.5 
Sabinene 978 1.1 
β-Pinene 979 2.9 
Myrcene 989 5.0 

-Terpinene 1020 2.2 
p-Cymene 1028 0.3 

1,8-Cineole 1035 3.1 
Linalool 1097 1.2 

 - Thujone 1102 24.9 
β - Thujone 1114 15.6 

Fenchyl acetate 1220 0.6 
Camphor 1148 7.2 
Borneol 1162 7.2 
Myrtenal 1195 2.1 
Geraniol 1253 1.2 

Bornylacetate 1285 3.6 
Total  83.9 

aRI, retention indices calculated against C9-C24 n-alkanes on the HP-5 column. bPercentage of total FID area obtained on HP-5 capillary 
column.  

 
3.2. Biological activity: 
 
 Using biological testing on different microorganisms, it was found that the used S. officinalis essential oils 
showed a strong activity against all bacterial strains compared to positive controls, their diameter of inhibition 
showed a large range going from 38.4 ± 0.01 mm (Klebsiella pneumoniae) to 23.0 ± 0.02 mm (Salmonella 
bruneii), while it showed a sensitive action against the fungus C.  albicans (09.01 ± 0.03 mm) (Table 2). The 
essential oil tested contains high concentration of α-thujone, toxicity of thujone has been demonstrated in mice, 
and it is noteworthy that concentration of thujone was in positive correlation to its toxicity (Farhat, N.G., 2001). 
One of studies on sage essential oils (Mitić-Ćulafić, D., 2005) reported that the antibacterial activity of essential 
oil against Gram-positive and negative bacteria from the ATCC collection showed a significant antibacterial 
effect against S. aureus and B. subtilis, which confirm our results. When the chemical profile of the studied 
essential oil is compared to previously studied essential oil of Salvia officinalis from Serbia [19], it appears that 
α-thujone (37.5%) and 1-8 cineole (14.4%) were the main components, while in our sample the second 
component appears in a low percentage. However, the composition of the essential oil of Portugal sage 
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cultivated in experimental farms showed that α-thujone (32.1 %) and viridiflorol (10.9 %) were the major 
constituents (Lima, C.F., 2001). 
 
Table 2: Antimicrobial activity of S. officinalis  essential oil expressed as the diameter of the inhibition zone in mm in the disk sensitivity 

assay. 
Microorganisms Oil*

(20% solution) 
Saline sol. 2% of 

Tween 80 
Amikacine 

 
Myconasol 

 
Pseudomonas aeruginosa 34.3 ± 0.01 06.1 ± 0.01 18.2 ± 0.02 nt 

Escherichia coli 26.1 ± 0.02 04.2 ± 0.03 19.9 ± 0.02 nt 
Klebsiella pneumonia 38.4 ± 0.01 05.06 ± 0.01 26.4 ± 0.01 nt 
Staphylococcus aureus 31.0 ± 0.01 08.4 ± 0.02 20.1 ± 0.01 nt 

Staphylococcus epidermis 28.2 ± 0.03 05.2 ± 0.01 22.3 ± 0.01 nt 
Enterococcus faecalis 28.1 ± 0.01 04.7 ± 0.02 17.3 ± 0.02 nt 

Salmonella bruneii 23.0 ± 0.02 06.1 ± 0.00 19.3 ± 0.01 nt 
Candida  albicans 09.01 ± 0.03 05.3 ± 0.01 nt 24.5 ± 0.02 

*The sensitivity to the different strains was classified by the diameter of the inhibition zone as follows [16]: 
-: diameter less than 8 mm, not sensitive; +: sensitive, diameter 9-14 mm; ++: very sensitive, diameter 15-19 mm; +++: extremely sensitive 
for diameter larger than 20 mm. 

 
4. Conclusions: 
 
 The presented data shows a significant antibacterial effect of sage essential oil which is high quality of 
aroma and composition. The activities demonstrated against all bacteria, the traditional use of sage as a culinary 
herb, indicate that sage oil can be considered for application in controlling food contaminations. 
 
Acknowledgments 
 
 The authors thank Mr. Beloued Abdel Kader (National Institute of Agronomy, Algiers, Algeria) for the 
identification of the plant, and the group of CRD Saidal (Algiers) for their precious scientific help. 
 
References 
 
A.F.N.O.R. Les huiles essentielles, Echantillonnage et méthode d'analyse, Vol. II, 2000. 
Adams, R.P., 2001. Identification of essential oil components by gas chromatography/quadruple mass 

spectroscopy, Allured, Carol Stream, IL. 
Baričević, D. and T. Bartol, 2000. The Genus Salvia. Harewood Academic Publishers, S. E. Kintzios Eds, 

Amsterdam. 
Beloued, A.E.K., 2001. Plantes médicinales d’Algérie, Office des Publications Universitaires, Alger. 
British Pharmacopeia HMSO,  Vol. II, London, 1998. 
Capasso, R., I.A. Izzo, F. Capasso, G. Romussi, A. Bisio, N. Mascolo, 2004. Diterpenoid from Salvia 

cinnabarina inhibits mouse intestinal motility in vivo. Planta Medica, 70: 375-377. 
Darmati, Z., M.R. Jankov, Z. Vujčić, J. Csandi, E. Švirtlih, A. Dorđević, K. Švan, 1993. Natural terpenoids 

isolated from grown variety of sage. Journal of Serbian Chemistry Society, 58: 515-523. 
Darmati, Z., M.R. Jankov, Z. Vujčić, J. Csandi, E. Švirtlih, A. Dorđević, K. Švan, 1994. 12-deoxo-carnosol 

isolated from the wild type of sage from Dalmatia. Journal of Serbian Chemistry Society, 59: 291-299. 
Dob, T., T. Berramdane, D. Dahmane, T. Benabdelkader, C. Chelghoum, 2007. Chemical composition of the 

essential oil of Salvia officinalis from Algeria. Chemistry of Natural Compounds, 43: 491-494. 
Farhat, N.G., I.N. Affara, U.H. Gali-Muthasib, 2001. Seasonal changes in the composition of the essential oil 

extract of East Mediterranean sage (Salvia libanotica). Toxicology, 39: 1601-1605. 
Jirovetz, L., G. Buchbauer, A.S. Stoyanova, E.V. Georgiev, S.T. Damianova, 2003. Composition, quality control 

and antimicrobial activity of essential oil of long time stored dill (Anethum graveolens L.) seed from 
Bulgaria. Journal of Agricultural Food Chemistry, 51: 3854-3857. 

Jirovetz, L., G. Buchbauer, A.S. Stoyanova, E.V. Georgiev, S.T. Damianova, 2005. Composition, quality control 
and antimicrobial activity of the essential oil of cumin (Cuminum cyminum L.) seeds from Bulgaria that had 
been stored for up to 36 years. International Journal of Food Science and Technology, 40: 305-310. 

Lima, C.F., F. Carvalho, E. Fernandes, M.L. Bastos, P.S. Gomes, M.F. Ferreira, C.P. Wilson, 2001. Proceeding 
of the congress biomarkers, póvoa de varzim, biomarkers of environmental contamination, Universidade do 
Porto, Portugal. 

Massada, Y., 1976. Analysis of essential oil by gas chromatography and spectrometry, John Wiley & Sons, New 
York. 

Mitić-Ćulafić, D., B. Vuković-Gačić, J. Knežević-Vukčević, S. Stanković, D. Simić, 2005. Comparative study 
on the antibacterial activity of volatiles from sage (Salvia officinalis L.). Archive of Biological Science 
Belgrade, 57: 173-178. 



49 
Glob. J. Med. Plant Res., 1(1): 46-49., 2012 

 

NCCLS (National Committee for Clinical Laboratory Standards), 1997. Performance standards for antimicrobial 
disk susceptibility test Approved Standard M2-A6, (6th Ed.), Wayne, PA. 

Ngassoum, M.B., J.J. Essia-Ngang, L.N. Tatsadjieu, L. Jirovetz, G. Buchabauer, O. Adjoudji, 2003. 
Antimicrobial study of essential oils of Ocimum gratissimum leaves and Zanthoxylum xanthoxyloides fruits 
from Cameroon. Fitoterapia, 74: 284-287. 

Ponce, A.G., R. Fritz, C. Del Valle, S.I. Roura, 2003. Antimicrobial activity of essential oils on the native 
microflora of organic Swiss chard. Lebensmittel-Wissenschaft und-Technology, 36: 679-684. 

Ren, Y., J.P. Houghton, C.R. Hider, R.J.M. Howes, 2004. Novel diterpenoid acetylcholinesterase inhibitors from 
Salvia miltiorhiza. Planta Medica, 70: 201-204. 

Van der Dool H. and P.D. Kratz, 1963. A generalisation of the retention index system including linear 
temperature programmed gas-liquid partition chromatography. Journal of chromatography, 11: 463-467.  


