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Abstract 

Essential oil leaves of nine Tunisian Thymus capitatus populations, growing wild in 

six bioclimatic zones, were analyzed by gas chromatography–mass spectrometry 

(GC–MS). The species was found to be rich in oxygenated monoterpenes (76.9%-

84%) followed by monoterpene hydrocarbons (11.6-15.3%). The main component of 

the essential oils was the carvacrol (73–82.9%). Cluster analysis performed on major 

compound contents did not reveal clear groupings of populations according to their 

bioclimatic zone. 

The species essential oils were assessed for their anti-acetylcholinesterase activity. 

The level of biological activity of the populations was linked to their chemical 

composition difference. The most important activity was observed for populations Tc2 

and Tc8 from the upper semi-arid and upper arid bioclimatic zone, respectively, 

characterized by the highest carvacrol level. The best activity was revealed for the 

standard carvacrol. A significant correlation between anti-acetylcholinesterase activity 

and carvacrol was revealed.
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Introduction 

Aromatic and Medicinal Plants have very interesting biological properties and find applications in various fields, such as 

pharmaceutical and medicinal industries. These plants represent a new source of active compounds. Indeed, secondary 

metabolites are the subject of much research in vivo and in vitro, in particular the search for new natural constituents, such as 

phenolic compounds and essential oils [1]. 

They contain combinations of several secondary compounds (terpenoids, phenolic compounds and alkaloids) having multiple 

biological activities [2]. Indeed, the use of secondary metabolites implicated in antibacterial interactions as sources for news 

chemical models could satisfy the requirements for crop protection and weeds management [3, 4]. 

The genus Thymus L. belongs to the Lamiaceae family and consists of about 200-350 species [5]. It is indigenous to Mediterranean 

regions, Asia, North Africa, and it is cultivated in most of the European countries [6]. In Tunisia, the species is widespread in the 

North, the dorsal ridge, the Cap Bon and becomes rarest in the southern part. It has been used since antiquity in traditional 

medicine, food preservatives, phytopharmaceutical preparations, and possesses a wide range of several therapeutic effects 

including antispasmodic, expectorant, sedative and antimicrobial proprieties [7, 8]. In previous phytochemical studies, T. capitatus 

have been showed to contain essential oils, flavonoids, tannins, saponins, triterpene acids, total phenols and phenolic compounds 
[9, 10, 11]. 
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Different studies of T. capitatus have demonstrated 

antioxidant [12, 13], allelopathic [14, 15], insecticidal [16], 

antibacterial [17] and antifungal activities [18]. The aims of this 

study were: (i) to assess the essential oil variation among nine 

Tunisian T. capitatus populations distributed throughout its 

natural area in Tunisia, and (ii) to investigate their anti-

acetylcholinesterase activity. 

 

Materials and Methods 

Plant material 

Nine populations belonging to different geographic and 

bioclimatic zones were considered (Table 1). Samples were 

determined by Pr. BOUSSAID Mohamed. Plant materials 

were air-dried at room temperature for two weeks. The plant 

material of Thymus capitatus were collected from different 

regions of Tunisia (Table 1).

 
Table 1: The main ecological traits and bioclimatic indices of the nine analyzed T. capitatus populations 

 

Populations Code Latitude Longitude Altitude P (mm) Q2 Bioclimaic zone 

Korbous 1 36°50' 10°35' 280 550 67.8 sub-humid (Sh) 

Essabahia 2 36° 36' 10°10' 112 450 52 
upper semi arid (Usa) 

Jendouba 3 36°25' 8°44' 150 660 52.3 

Siliana 4 35°51' 9°12' 450 520 54.32 
Mean semi-arid (Msa) 

Sers 5 36° 6′  9° 40′ 474 245 50.6 

Gbollat 6 36°22′ 9°52′ 150 350 39.7  

Sousse 7 35°30' 10°50' 70 167 42.95 Lower semi-arid (Lsa) 

Toujene 8 33°27' 10°08' 600 100 29.0 Upper arid(Ua) 

Gabes 9 33°53' 10°70' 60 100 20.5 Lower arid (La) 

P: average of yearly precipitation (mm); Q2: (Emberger’s coefficient= 2000P/M2-m2). 
 

Essential oil isolation and analysis 

Essential oils were extracted by hydrodistillation in a 

Clevenger type apparatus for 3 h from 100 g of ground leaves. 

The hydrodistillation was performed for every individual 

from each population. 10 replications of distillation were 

performed. The yields were calculated as the quantity of the 

essential oil compared to the air-dried material (% w/w). 

The chemical composition of essential oils was determined 

by GC-MS analyses. Terpenic compounds were identified by 

comparison of their retention times with those of authentic 

standards, by comparison of their retention indices with those 

of literature and by co-injection of the essential oils with the 

available authentic standards. The identification was also 

completed by comparison of their mass spectra of terpenic 

compounds with those stored in NIST08 and W8N08 

libraries. 

 

Acetylcholinesterase inhibition assay 
The anti-acetylcholinesterase activity was determined 
according to slightly modified method described by Eldeen et 
al. [19]. 355 µl of Tris-HCl buffer (50 mM, pH 8; containing 
0.1% bovine serum albumine), 20µl of essential oil (at 
different concentrations) were mixed with 25 μl of the 
enzyme solution (0.28 U/ml). After incubation during 15 min, 
100 µl of acetylcholine iodide (0.15 mM), and 500 µl of 
DTNB (5,5- dithiobis-2-nitrobenzoic acid, 0,3 mM) were 
added. The final mixture was incubated for 15 min at 37°C. 
The absorbance of the mixture was measured at 405 nm. A 
control mixture was performed without addition of the 
essential oil. The anti-acetylcholinesterase activity was 
calculated using the following equation: AChE inhibition (%) 
= 100 × (Ac-As)/Ac; where, Ac and As are the absorbance of 
the control and the sample, respectively. Each reaction was 
performed in triplicate and results were expressed as IC50 
(concentration providing 50% AChE inhibition). Donepezil, 
a cholinesterase inhibitor for Alzheimer's disease, was used 
as positive control. 
 

Statistical analysis 

The analysis of variance (ANOVA) followed by Duncan’s 

multiple range tests, using SAS version 9.1.3 program was 

used to assess the inter population variation of the essential 

oils composition and their anti-acetylcholinesterase activity.  

Cluster analysis, based on the Euclidean distance matrix 

using the MVSP program, was used to classify populations 

according to their major compounds. 

Correlations between the essential oil composition and anti-

acetylcholinesterase activity were carried out with PROC 

CORR procedure using SAS version 9.1.3. 

 

Results and Discussion 

Essential oil yield and chemical composition 
The yield of T. capitatus essential oils, obtained by 
hydrodistillation, varied between 1.6 and 2.8%. The 
maximum content was reported in populations Tc7 (2, 4%), 
Tc8 (2,8%) and Tc9 (2,2%) from the lower semi-arid, upper 
arid and lower arid bioclimatic zone, respectively (Table 2). 
However, several works showed higher yields than those 
observed in our study [20, 21]. Ecological factors associated to 
genetic ones and to phonological plant stages should be at the 
origin of these variations [22]. 
For all populations, twenty four components, representing 

95.9–98.5% of the essential oils, were identified (Table 2). 

Essential oils were characterized by their richness in 

oxygenated monoterpenes (76.9%-84%) followed by 

monoterpene hydrocarbons (11.6-15.3%). The amount of 

sesquiterpenes hydrocarbons (1.9 to 4.7%) and oxygenated 

sesquiterpenes were detected at low levels (<0.1%-0.6%). 

At the species level, carvacrol was the main component 

(79%) of all the essential oils. In addition, the oil was 

characterized by high levels of p-cymene (4.9%), γ-terpinene 

(5%) and β-caryophyllene (3.1%). p-cymene showed a 

maximum level when carvacrol was at its minimum, which is 

in accordance with the literature, reporting that p-cymene is 

the precursor of carvacrol [23]. Our results are in agreement 

with those from previous studies performed for Tunisian [21, 

24], Moroccan [25], and Italian T. capitatus essential oil [26], that 

are characterized by the carvacrol chemotype.  
In our study, a significant variation of the essential oil 
composition was observed between populations. The highest 
percentages of carvacrol were observed in population Tc9 
(82.9%) and Tc 2 (82.7%) belonging to the lower arid and 
upper semi-arid bioclimatic zone, respectively. It suggests 
that each population presents specific microclimatic 
conditions that influence essential oil composition of 
individual plants [27]. 

http://tools.wmflabs.org/geohack/geohack.php?language=fr&pagename=Sidi_Bou_Rouis&params=36.17_N_9.12_E_type:city_region:TN
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Table 2: Mean percentage of leaf essential oils from 9 Tunisian populations of T. capitatus. 
 

 
 Sh  Usa Msa Lsa Ua La Species 

level IR Tc1 Tc2 Tc3 Tc4 Tc5 Tc6 Tc7 Tc8 Tc9 

Yields (%)  2 1.8 2.1 1.7 1.9 1.6 2.4 2.8 2.2 2 

α- Thujene 929 0.6a±0.0 0.5ab±0.2 0.3abc±0.1 0.4abc±0.1 0.2c±0.0 0.5abc±0.0 0.2bc±0.1 0.2bc±0.1 0.5ab±0.1 0.4 

α-Pinene 938 0.3ab±0.0 0.2abc±0.1 0.1abc±0.0 0.2abc±0.0 0.1abc±0.0 0.3a±0.0 0.1bc±0.0 0.1c±0.0 0.2abc±0.0 0.2 

Camphene 953 -a -a -a 0.1a±0.0 0.1a±0.0 0.2a±0.1 -a -a -a 0.0 

β-Pinene 978 -b -b -b 0.1ab±0.03 0.1a±0.1 -b -b -b -b 0.0 

β-Myrcene 991 0.6a±0.0 0.4ab±0.3 0.5ab±0.1 0.7a±0.1 0.3b±0.1 0.6a±0.0 0.5ab±0.1 0.3b±0.1 0.6a±0.0 0.5 

α-Phellandrene 1005 0.1bc±0.0 -bc -c 0.1a±0.01 -bc 0.1ab±0.0 0.1ab±0.1 -c 0.1bc±0.0 0.1 

3-Carene 1011 0.6bc±0.0 -c -c -c 1.4a±0.4 -c -c 0.8b±0.1 0.7b±0.1 0.4 

α-Terpinene 1017 1.0ab±0.1 0.8abcd±0.1 0.7bcd±0.1 1.1a±0.1 0.4d±0.04 0.6cd±0.0 0.8cd±0.1 0.9abc±0.1 0.9abc±0.1 0.8 

p-Cymene 1025 3.8abc±0.9 3.1c±0.5 7.4a±1.3 5.0abc±0.4 6.2ab±1.1 7.5a±1.1 4.2bc±0.6 2.8c±0.6 3.9bc±1 4.9 

β-Phellandrene 1032 -c -c -c 0.3a±0.0 -c 0.2ab±0.1 0.2a±0.0 0.3bc±0.0 -c 0.1 

4-thujenol 1058 -a 0.5a±0.1 0.6a±0.4 0.5a±0.0 -a 0.6a±0.0 0.3a±0.0 -a -a 0.3 

γ-Terpinene 1060 6.4a±1 5.2ab±2 4bc±0.6 6.8a±0.5 2.8c±0.2 3.1bc±0.3 5ab±0.5 6.4a±1 5.3ab±1.2 5.0 

α-Terpinolene 1087 -b -b -b -b -b -b 0.2a±0.2 -b -b 0.0 

Linalool 1098 -c -c 1ab±0.48 0.6bc±0.5 -c 1.4a±0.16 0.6bc±0.1 -c -c 0.4 

Borneol 1165 0.1±0.0a -a 0.3a±0.14 0.2a±0.1 0.8a±0.6 1.1a±0.8 0.1a±0.1 -a -a 0.3 

α-Terpineol 1189 -c -c 0.4b±0.2 0.3b±0.0 -c 0.7a±0.1 0.4b0.1 -c -c 0.2 

Carvacrol 1299 81.5ab±1 82.7a±1.7 76.9bcd±2.1 75.1cd±0.7 78.7abc±1.6 73.0d±2.0 78.6abc±1.1 81.7ab±1.6 82.9a±1 79.0 

Carvacrylacetate 1300 0.3bc±0.1 -c 1ab±0.0 0.7abc±0.1 1.1ab±0.2 1ab±0.3 0.5abc±0.2 0.5bc±0.1 1.3a±0.7 0.7 

β-Caryophyllene 1412 1.9d±0.1 3abcd±0.2 2.3cd±0.6 4.0ab±0.4 3.6abc±0.4 2.4bcd±0.4 4.3a±0.2 4.2a±0.3 1.8d±0.6 3.1 

α-Caryophyllene 1457 -b -b -b 0.1a 0.1a 0.1a±0.0 0.1a -b -b 0.05 

Alloaromadendrene 1460 0.1ab±0.0 -b -b -b -b -b -b 0.3a±0.0 0.1ab±0.0 0.06 

α-Bisabolene 1503 -c 0.1ab±0.0 -c -abc -bc 0.1abc±0.0 0.1a -c -c 0.03 

β-Bisabolene 1505 -b 0.1ab±0.0 -b -b -ab 0.1ab±0.0 0.2a±0.1 -b -b 0.04 

Caryophyllene oxide 1561 -c -c 0.5b±0.2 0.5b±0.0 -c 1.0a±0.1 0.6b±0.06 -c -c 0.33 

Monoterpeneshydrocarbons (%) 13.1 10.7 13.6 15.3 11.6 13.7 11.6 11.8 12.2 12.6 

Oxygenated Monoterpenes (%) 81.9 82.9 79.6 76.9 81.5 77.2 80.2 82.2 84.0 80.7 

Sesquiterpeneshydrocarbons (%) 2 3.2 2.3 4.1 3.7 2.7 4.7 4.5 1.9 3.2 

Oxygenated Sesquiterpenes (%) - - 0.5 0.5 - 1 0.6 - - 0.3 

Total Identified Compounds (%) 97±0.3 96.8±1.0 96.0±1.8 96.8±0.5 95.9±0.4 96.6±2.8 97.1±0.4 98.5±0.3 98.1±0.3 97 

RI: Retention indices relative to n-alkanes (C9-C24) on HP-5MS column.-: not identified. Means followed by different letters within the 

same row are significantly different (p < 0.05). 

See Table 1 for population codes (Tc1. Tc2...Tc9) 
 

The dendrogram based on Euclidean distances among the 

pairs of populations according to their major essential oil 

compounds, showed two main groups (Figure 1). 

 

 
 

Fig 1: Cluster analysis performed on percentages of the major components of the analyzed T. capitatus essential oils. 

 

The first cluster, included four populations Tc9 (lower arid), 

Tc1 (sub-humid), Tc2 (upper semi-arid) and Tc8 (upper arid), 

characterized by their richness in carvacrol (81,5-82,9%). 

The second one (II) consists of populations Tc6, Tc4, Tc5 

(mean semi-arid), Tc7 (lower semi-arid) et Tc4 (upper semi-

arid) characterized by the lowest amount of carvacrol (73-

78,7%). 

Anti-acetylcholinesterase activities 
A considerable inhibitory activity against the 
acetylcholinesterase was revealed by T. capitatus essential oils 

(Table 3). The inhibition degree of the acetylcholinesterase 

enzyme varied significantly among the analyzed populations 

(from 0.11 (Tc2) to 0.61mg.ml-1 (Tc6)). The variation 

between populations seems to be mainly attributed to the 
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percentage differences of carvacrol. 

 
Table 3: Anti-acetylcholinesterase activities of T. capitatus essential oils 

 

 Sh Uas  Msa Lsa Ua La  

 Tc1 Tc2 Tc3 Tc4 Tc5 Tc6 Tc7 Tc8 Tc9 Carvacrol 

Anti-AChE 

(CI50mg.ml-1) 0.18d±0.0 0.11d±0.0 0.15d±0.0 0.61a±0.0 0.51b±0.0 0.59ab±0.1 0.39c±0.0 0.13d±0.0 0.37c±0.1 0.09±0.0 

Means followed by different letters within the same column are significantly different (p<0.05). 

IC50 value for the standard Donepezil: 18±0.4µg/ml. 
 

In addition, the standard carvacrol, tested alone, showed the 

best anti-acetylcholinesterase. A negative correlation (r= -

0.70) was observed between this compound and anti-

acetylcholinesterase activity (data not shown). Our results 

were in agreement with those revealed by Ceylan et al. [28] 

reporting the strong enzyme inhibitory activity of carvacrol-

rich essential oils. However, the anti-acetylcholinesterase 

activity of the entire essential oil depends on the antagonistic 

and synergic interactions of major and minor compounds [29].  

 

Conclusion 

In our study, a significant variation of the essential oil 

composition was observed between T. capitatus populations. 

Carvacrol was the main component of all essential oils 

collected from different bioclimatic zones. The highest 

percentages of carvacrol was revealed in population collected 

from the lower arid and upper semi-arid bioclimatic zone. 

Essential oils were found to possess anti-acetylcholinesterase 

activity. It could be explained by the richness of the species 

in carvacrol well known as interesting natural bioactive 

compound. Based on their chemical composition and 

biological activity, Thymus capitatus essential oils can 

present an interesting alternative naturel which can be 

recommended to promote the biological activities of this 

medicinal crop for various natural therapies. 
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