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ABSTRACT 

In order to elucidate the chemical character of lemon thyme that grows wild in Morocco (Thymus citriodorus L.), chromatography 
(GC) and (GC–MS) was used to analyze the Hydro-distilled essential oil from this Moroccan Thymus specie. Forty three components 
representing 95.4% of the total oil composition were identified. The yield of essential oil was 1% and the predominant components 
were as follows: terpinyl formate (10.4%), geraniol (8.7%), isogeraniol (7.2%), cubenol (7%), citronellyl tiglate (6.4%), Thymol (5.3%), 
pulegone (4.8%) and Caryophyllene oxide (4%). Antibacterial activity of the oil was tested against five bacterial strains responsible of 
Nosocomial Infection: Escherichia coli; Pseudomonas aeruginosa; Klebsiella pneumonia; Staphylococcus aureus and Citrobacter sp 
through using disc diffusion method. Results showed that the essential oil from Thymus citriodorus exhibited the higher activity 
against all bacterial strains tested. Therefore, the essential oil extracted from lemon thyme can be used to clean the environment of 
polyvalent reanimation and Anesthesia service. 

Keywords: Thymus citriodorus, Essential oils, Chemical composition, Antibacterial activity, Nosocomial infection. 

 
INTRODUCTION 

he genus Thymus (family Lamiaceae) is widely 
distributed in the Mediterranean region.1 There are 
twenty one species of this genus in Morocco, 

twelve are endemic.2 Some of these species have been 
used as infusions, powders and decoctions for their 
preservative and medicinal properties 3 and have been 
added to foods 4; their oil is applied in cosmetic such as 
deodorants and toothpastes.5 

The previous studies reported that Thymus species have 
strong antibacterial 6, 7, antifungal 8, antioxidant 9, 10, 
anticancer 11, antispasmodic and antiviral activities. 3 

Until recently, essential oils have been studied most from 
the viewpoint of their flavour and fragrance chemistry 
only for flavouring foods, drinks and other goods. 
Actually, however, the essential oils of plants have been 
of great interest as sources of natural products and 
biologically active compounds because of their relatively 
safe status, their wide acceptance by consumers, and 
their exploitation for potential multi-purpose functional 
use.12 

However, a number of Essential Oil (EO) components 
have been identified as effective antibacterial against 
multiple microorganisms

13,14,15 
and numerous publications 

have presented data on the composition of the various 
EOs.16 The essential oils from different Thymus species 
are characterised by their high content of monoterpenes 
especially phenolic compounds  (thymol and carvacrol)  
and other more or less biologically active compounds 

(eugenol, p-cymene,  ϒ-terpinene, linalool, geraniol and 
bornéol).17,18,19,3  

Furthermore, the Thymus essential oils are being 
regarded as the most potent antimicrobial plant agents 
because of their highest activity, especially pathogens 
resistant to antibiotic.17, 13, 20  

The objectives of the present study was to determine, for 
the first time, the chemical composition of the leaf 
essential oil of Thymus citriodorus  from Morocco, as well 
as to evaluate its antibacterial activity against five 
bacterial strains responsible of Nosocomial Infections 
encountered in the University Centre Hospital of Fez 
(Morocco). 

MATERIALS AND METHODS 

Plant material 

Fresh leaves of Thymus citriodorus were collected in 
Morocco at flowering stage (Mars 2014) from the region 
of Berkin. They were identified by Professor Amina Bari, 
botanist (Department of Biological Sciences, Faculty of 
Science, Sidi Mohammed Ben Abdellah University, Fez 
(Morocco).  

Preparation and analysis of essential oil 

Air-dried leaves were subjected to hydrodistillation for 3 
h with 500 ml distilled water using a Clevenger-type 
apparatus, according to the European Pharmacopoeia.21 
Essential oil yields of T. citriodorus were 1% (v/w) 
respectively. The oils obtained was collected and dried 
over anhydrous sodium sulfate and stored in a 
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refrigerator at 4-5°C prior to analysis. Oil yield was based 
on dry weight of the simple. 

GC and GC-MS analysis   

The isolated oil was diluted with hexane (dilution ratio 
10:100), and 1 mL was sampled for the gas 
chromatographic analysis. Trace gas chromatograph (GC) 
(ULTRA S/N 20062969, Thermo Fischer), gas 
chromatograph equipped with HP-5MS non polar fused 
silica capillary column (60 m × 0.32 mm, film thickness 
0.25 mm) was used. Operating conditions: oven 
temperature program from 50 _C (2 min) to 280 _C at 5 
_C/min and the final temperature kept for 10 min; 2“split 
mode” ratio 1:20; carrier gas Azoth (N), flow rate 1 mL/ 
min; temperature of injector and detector (flame 
ionization detector) were fixed at 250 _C and 280 _C, 
respectively. 

Gas chromatography–mass spectrometry (GC–MS) 

 The volatile constituents were analysed on a Thermo 
Fischer capillary gas chromatograph directly coupled to a 
mass spectrometer system (model GC ULTRA S/N 
20062969; Polaris QS/N 210729), HP-5MS non polar fused 
silica capillary column (60 m x 0.32 mm, 0.25 μm film 
thickness). The oven temperature was maintained at 40°C 
for 2 min, then increased at a programmed rate of 
2°C/min to a final temperature of 260°C, which was 
maintained for 10 min; injector temperature 250°C. The 
carrier gas was helium at a flow rate of 1ml/min. Samples 
were run in n-hexane with a dilution ratio of 10:100. 
Compounds were identified by matching their MS and 
retention index with those reported in the literature.22 

The volume of injected specimen was 1μl of diluted oil; 
split injection technique; ionization energy 70eV in the 
electronic ionization mode; ion source temperature 
200°C, scan mass range m/z 40-650, and interface line 
temperature 300°C. The essential oil components were 
identified by comparing their retention times and mass 
fragmentations with the NIST-MS and by literature 
comparison.

23 

Antimicrobial activity assessment 

The microorganisms tested were the Escherichia coli; 
Pseudomonas aeruginosa; Klebsiella pneumonia; 
Staphylococcus aureus and Citrobacter sp. These were 
isolated in a hospital environment from clinical patients in 
reanimation service (CHU, Morocco). For the 
susceptibility screening test, an agar-disc-diffusion 
procedure was adapted from a method used earlier.

24
 

Each microorganism stock was suspended in Mueller-
Hinton (MH) broth and incubated at 37°C for 18–24 h. 
The overnight cultures were diluted and adjusted in order 
to get a density of 108 CFU/ml (0.5 McFarland turbidity 
standards). They were flood-inoculated onto the surface 
of MH agar plates and 6 mm diameter, sterile filter discs 
of Whatman paper N3, impregnated with 15 µg/disc of 
the essential oil were delivered onto the inoculated agar 
MH. The plates were incubated for 18 h at 35°C. 
Antimicrobial activity was evaluated by measuring the 

zones of inhibition. The antibody standards used were 
Imipenem, Ampicillin, Kanamycin and Ceftriaxone.25, 26  
The tests were carried out in triplicates. 

RESULTS AND DISCUSSION 

Essential oils composition 

Table 1:  Chemical composition of the essential oil from 
leaves of Thymus citriodorus (%). 

Compounds % RI 

3-Carene 0.4 917 

m-Mentha-4,8-diene 2.7 923 

Terpinyl propionate 2.2 929 

2,3-bornanediol 0.6 932 

1R-à-Pinene 0.4 937 

Isopulegyl acetate 1.9 941 

p-mentha-1,4-diene 0.3 954 

Squalene 1.6 960 

Terpinene 0.3 970 

Phorbol 0.9 974 

terpinyl formate 10.4 984 

Camphidine 1.3 987 

p-menth-4-en-3-one 2.8 1004 

isogeraniol 7.2 1012 

Pulegone 1.0 1014 

Humulene 0.8 1016 

á-Guaiene 0.3 1024 

citronellyl tiglate 6.4 1027 

Pulegone 4.8 1033 

Geraniol 8.7 1036 

Caryophyllene 3.0 1063 

A-terpenyl ester 0.3 1073 

Eudesma-4,11-diene 0.4 1075 

Longifolene 3.9 1086 

Himachala-2,4-diene 1.6 1089 

Himachala-3(12),4-diene 1.4 1093 

Isoledene 0.6 1094 

Di-epi-à-cedrene 0.5 1096 

Patchoulene 1.7 1199 

Muuralene 0.92 1100 

A-santol acetate 0.2 1102 

A-cedrene oxide 5.3 1102 

Thymol 7.0 1108 

Cubenol 0.5 1111 

Ç-Himachalene 0.3 1113 

Neoisolongifolene,8-bromo 3.2 1115 

Calarene epoxide 4.0 1118 

Caryophyllene oxide 0.5 1121 
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Egiglobulol 0.9 1122 

Spathulenol 0.9 1125 

Farnesyl bromide 1.2 1128 

Calarene epoxide 0.4 1132 

Ledene oxide 0.5 1134 

A-terpenyl ester 0.3 1073 

Eudesma-4,11-diene 0.4 1075 

Longifolene 3.9 1086 

Himachala-2,4-diene 1.6 1089 

Himachala-3(12),4-diene 1.4 1093 

Isoledene 0.6 1094 

Di-epi-à-cedrene 0.5 1096 

Patchoulene 1.7 1099 

Muuralene 0.9 1100 

A-santol acetate 2.0 1102 

Abbreviations: Retention index (RI); Area (%). 

The chemical compositions and yields of essential oils 
from leaves of Thymus citriodorus reported in Table 1. 
The Essential oils of this genus from Morocco, which has 
not been investigated before, were yellow in color and 
were obtained in a yield of 1% (v/w), on dry weight basis. 
KIZIL et al. reported that the essential oil of Thymus 
citriodorus in turkey was 0.9%.27 In other studies, Bagdat 
et al. indicated that the yield of essential oil from T. x 
citriodorus was identified between 1.30 and 1.43%.28  

The GC-MS analyses led to the identification of Forty 
three compounds constituting 95.4% of the total essential 
oils of T.citriodorus. Table 1 depicts the identified 
compounds and their percentages as well as their RI 
values. The major constituents identified were terpinyl 
formate (10.4%), geraniol (8.7%), isogeraniol (7.2%), 
cubenol (7%), citronellyl tiglate (6.4%), Thymol (5.3%) 
pulegone (4.8%) and Caryophyllene oxide (4%). A 
different composition of essential oil of China T. 
citriodorus in which the main components were borneol 
(28.82%), thymol (14.43%), 3, 7-dimethyl-1, 6-octadiene-
3-ol (8.26%), 1-methyl-4-[alpha-hydroxy-isopropyl] 
cyclohexene (8.23%) and terpenes camphor (5.1%) 

29
 and 

to the essential oils of Turkey T. citriodorus in which the 
major constituents were trans geraniol (30.07%), trans-
citral (15.06%), cis-citral (11.71%), and cis- geraniol 
(7.65%).27 However, the main constituents of the essential 
oil of Thymus citriodorus from Iran were geraniol (54.4%), 
geranial (13.9%), neral (10.1%), nerol (5.2%), 3-octanone 
(3.3%) and borneol (3.2%).30  Stahl-Biskup and Holthuijzen 
indicated previously for the same species that geraniol 
was the main compound (more than 60%), geranyl 
acetate (1.0%), geranyl butyrate (0.8%), nerol (2.8%), and 
citronellol (0.3%).

31
 Bagdat et al. also founded that the 

main component of Thymus citriodorus essential oil was 
geraniol (from twenty-one constituents).28 

The differences between the results of our study and 
those of other studies highlight the impact that 
geographical and ecological factors can have on the 
qualitative and quantitative characteristics of the 
essential oils produced. In addition, other factors, such as 
the developmental stage of the plant and growing 
conditions, can influence the essential oil composition

32 

and that geraniol can be characterize the Essential Oils of 
Thymus citriodorus.

30, 33 

Antimicrobial activity 

Table 2:  Antimicrobial activity of Thymus citriodorus 
essential oils using disc diffusion assay. 

Inhibition zone (mm) 

Bacterial species 
Essential oils 
(15µl/disc) 

Antibiotic standards 

Escherichia coli 32±0.76 
40(IMP), 0(AMP), 

15(CT),15(K) 

Klebsiella 
pneumoniae 

16±0.57 
34(IMP), 0(AMP), 

12(CT),10(K) 

Staphylococcus 
aureus 

10±0.5 
16(IMP), 0(AMP) ), 

10(CT),18(K) 

Pseudomonas 
aeruginosa 

12±0.8 
44(IMP), 0(AMP), 

0(CT),8(K) 

Citrobacter sp 28±0.86 
35(IMP), 0(AMP) 

15(CT),10(K) 

Abbreviations Standard antibiotic disks: Imipenem IMP, 
Ampicillin AMP, Ceftriaxone CT, Kanamycin K. 

The antibacterial activity of the essential oils of T. 
citriodorus was assayed in vitro following the diffusion in 
agar disc method using five bacteria strains Escherichia 
coli; Pseudomonas aeruginosa; Klebsiella pneumonia; 
Staphylococcus aureus and Citrobacter sp responsible for 
nosocomial infections in Centre Hospital University of Fez 
Morocco. Table 2 shows the microbial growth inhibition 
achieved by the Eos assayed. As can be seen, strong 
activities were observed against Escherichia coli and 
Citrobacter sp with an inhibition zone of 32 and 28 mm 
respectively. Antibacterial activities were also observed 
against Klebsiella pneumonia (16 mm), Pseudomonas 
aeruginosa (12 mm) and Staphylococcus aureus (10 mm). 
All strans were resistant to Ampicillin and sensible to 
Imipenem (Table 2). This later drug is typically used for 
the treatment of hospitalised patients with Nosocomial 
Infection in order to avoid bacterial resistance. 

CONCLUSION 

In this study, we report for the first time antimicrobial 
activity of essential oil of Moroccan Thymus citriodorus. 
Based on the results obtained, it is possible to conclude 
that the Thymus citriodorus essential oil has a stronger 
antibacterial activity than standard antibiotics used us 
controls such as Ampicillin and Ceftriaxone. The 
performance of the essential oil, on different strains 
bacterial, can lead to a thorough study and prospects for 
their application as a phytomedicine and food 
preservation agent. 
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