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INTRODUCTION 

 

 The generic name “thyme” includes a set of spontaneous aromatic and medicinal plants that belong to the botanical family named lamiaceae and the genus 

Thymus. Spread in the Mediterranean area and in Asia as well [1], these species are very resistant to extreme climatic conditions such as cold and aridity [2]. Their 

importance in traditional and alternative medicine is well known and their essential oils (HE) are endowed with antibacterial [3], antifungal [4] and antioxidant 

activities [5]. 

 In Morocco, the genus Thymus commonly denominated "zaître" or "Azoukeni" by the local populations is represented by 21 species of which 12 are endemic 

species [6]. Some of these species have already been deeply scientifically studied while others remain little known. This is particularly the case for Thymus zygis. 

This species, mainly found in the High Atlas, Middle Atlas, Middle Atlantic regions in Morocco, [7] is generally used against respiratory infections, acute 

bronchial affections and colds. The use of its essential oil in aromatherapy, pharmaceutics, perfumery, cosmetics and food industry [8] suggests the wide 

potentiality of its constituents regarding biological activities. 

 Therefore, with the aim to continue highlighting the potentialities of Thymus zygis, we focused our work on the species from Timahdite. According to our 

knowledge, for this specific species, only the antibacterial activity against the plant pathogen Erwinia amylora was evaluated by Yakoubi et al. [9].  

 This work aims to characterize the chemical composition and evaluation of the antibacterial activity of Thymus zygis’s essential oil from Timahdite 

(Moroccan Middle Atlas).  

 

MATERIAL AND METHODS 

 

Material: 

Plant material: 

 For this work, the leaves of Thymus zygis are required and samples were harvested in May and June 2013 in Timahdite (Moroccan Middle Atlas) at an 

altitude of 1000 meters. Then, they were shade dried for 15 days. The botanical identification of the species was done at the Scientific Institute of Rabat (Morocco) 

(Figure1). 

 

 

Abstract 
 
Aromatic and medicinal plants produce highly odorous molecules that can be extracted as essential oils. These essential oils,  
because of the chemical nature of their constituents, are considered to be great candidates to help remedy the problem of 
antibiotic-resistant microorganisms. Thus, essential oils are nowadays tested by several laboratories in order to successfully 
replace antibiotics. Therefore, our work consists in evaluating the antibacterial activity of Thymus zygis’s essential oil against 
four pathogenic bacteria frequently involved in human infections: Klebsiella pneumoniae, Staphylococcus aureus, 
Pseudomonas aeruginosa, wild-type Escherichia coli and penicillinase-producing Escherichia coli. Essential oil was extracted 
by hydrodistillation and analyzed by gas chromatography coupled with mass spectrometry (GC / MS). Then, antibacterial 
activity was conducted using first the disk-diffusion method on agar medium and after by the macrodilution technique in 
liquid medium to determine the minimum inhibitory concentrations (MIC) and the minimum bactericidal concentrations 
(MBC) of Thymus zygis’s essential oil. The chemical analyses revealed 95 constituents in this essential oil with Carvacrol 
(30.54%), O-Cymene (13.21%), and ɤ-Terpinene (11.76%) as main compounds. Other compounds with relatively low 
proportions were also identified: Linalool (4.47%), Borneol (3.96%), Z-Caryophyllene- (Z) (2.56%), Thymol (2.09%), α-
terpinene (2.03%). The results of the antibacterial tests showed a significant inhibition of bacterial growth. Thymus zygis’s 
essential oil induced inhibition diameters from 14.00 to 45.00 mm. This suggests that the use of Thymus zygis’s essential oil  
could contribute to a better protection of human beings against diseases caused by these bacteria. 
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Fig. 1: The herbarium of Thymus zygis subsp. gracilis (Boiss.) 

 

Bacterial species: 

 To assess the antibacterial activity of Thymus zygis subsp. gracilis (Boiss.)’s essential oil, five pathogenic bacteria were chosen. The set of bacterial strains 

includes positive and negative-Gram bacteria. They are as follows: Klebsiella pneumonia (Kp) (negative Gram), Staphylococcus aureus (Sa) (positive Gram), 

Pseudomonas aeruginosa (Pa) (negative Gram), wild-type Escherichia coli (EC1) (negative Gram) and penicillinase-producing Escherichia coli (EC2). The 

sensitivity of these strains to antibiotics was determined by antibiogram. These bacteria are maintained by subculture on agar nutrient medium. The selected 

bacterial strains, known for their invasiveness and toxicity towards human beings, have been clinically isolated from the medical laboratory Saïss in Fès city.  

 

Methods: 

Extraction of Thymus zygis subsp. gracilis (Boiss.)’s essential oil: 

 The extraction of Thymus zygis subsp. gracilis (Boiss.)’s essential oil was performed by hydrodistillation. 100 grams of dry plant matter were immersed into 

one liter of distilled water in a round-bottom. The Clevenger apparatus and Allihn condenser were then joined to this flask and the mixture (plant-water) was 

finally boiled for three hours. During the process, plant cells burst due to the heat and release the odorous molecules contained therein. These molecules are carried 

by water steam throughout the Clevenger. Then, the steam is condensed and the essential oil and water are separated depending on their density. At the end of the 

distillation process, the essential oil is collected, measured in ml and dried on anhydrous sodium sulphate (Na2SO4). The essential oil is finally introduced into 

dark glass bottles to be protected from light and tightly sealed. The flasks are kept at 4°C. In our experiment, the extraction process was repeated three times under 

the same conditions to determine the average yield of EO expressed in ml per 100 g of plant matter. 

 

Chromatographic analysis: 

 Separation of essential oil’s compounds was achieved by gas chromatography (GC) on an apolar column. Right after this separation, the compounds were 

analyzed by Mass spectrometry (MS). The operating conditions are explained below: 

 The chromatographic analysis of Thymus zygis’s essential oil was carried out on a Thermo electron chromatograph: Trace GC Ultra equipped with a capillary 

column DB-5 (5% phenyl-methyl-siloxane) (30m × 0.25mm, film thickness: 0.25μm), a flame ionization detector (FID) powered by a mixture of H2 / Air gas. 

Nitrogen was used as a carrier gas with a 1 ml / min flow rate. The device is equipped with a split-splitless PVT (Programmed Vaporization Temperature) injector. 

The selected injection mode is split (leakage ratio: 1/50, flow rate: 66ml / min) and the injected volume is 1μl. The experimental temperature rises from 50 to 200 ° 

C with a 4 ° C / min gradient. 

 Mass spectrometry was performed with a Thermo electron Trace MS system gas chromatograph (Termoelectron: Trace GC Ultra, Polaris Q MS). Electronic 

impact fragmentation was applied with 70eV intensity. A DB-5 MS capillary column was used (5% phenyl-methyl-siloxane) (30m × 0.25mm, film thickness: 

0.25μm). The column temperature rises from 50 to 200 ° C at 4 ° C / min-gradient. Helium is used as a carrier gas with a 1.5 ml / min flow rate. The split-mode 

injection was chosen (leakage ratio: 1/70, ml / min flow). The masse range is 30 - 500 m / z. The device is connected to a computer system that manages a mass 

spectra library NIST 98. 

 The compounds of Thymus subsp gracilis’s essential oil are identified by comparing the calculated retention indices for each of the eluted compounds with 

retention indices mentioned in the available databases: Adams 2007 [10] and National Institute of Standards and Technology (NIST) 

(http://webbook.nist.gov/chemistry/). Retention indices are calculated on the basis of the retention times of a hydrocarbon standard (C7 -C40).The mass spectra of 

each compound are also compared with those of the databases mentioned above. The retention indices are calculated according to the formula below:  

 

 
RI = Retention Index  

Tx : Retention Time of compound x to be identified. 

Tn : Retention time of the hydrocarbon (with n number of carbon atoms) eluted before the compound x.  

Tn+1: Retention time of the hydrocarbon (with n+1 number of carbon atoms) eluted after the compound x. 

n : number of carbon atoms of the hydrocarbon eluted before the compound x. 
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Antibacterial activity: 

 For the evaluation of the antibacterial activity of Thymus zygis subsp. gracilis’s essential oil, we chose two complementary in vitro techniques: the disk 

diffusion method, also known as aromatogram [11,12] and the macrodilution in liquid medium to determine essential oil’s Minimal Inhibitory Concentrations (MIC) 

and Bactericide ones (MBC).  

 Disk diffusion method (aromatogram) 

This method is strongly linked to essential oils’ migratory property and their ability to inhibit bacterial growth in a 90 mm-diameter Petri dish that contains agar 

nutrient medium [13,14]. After essential oil’s diffusion, an inhibition zone or halo appears. The diameter of this area is an important parameter for the antibacterial 

activity appraisal.  

In practice, the technique consists in using sterile 6 mm- diameter filter paper disks which we gently deposit onto a culture medium surface (Mueller Hinton) that was 

previously inoculated with a bacterial inoculum. Then, disks are impregnated with two (2) μl of the essential oil to be tested. In the same Petri dishes, we insert 

positive and negative controls. The negative controls consist of filter paper disks impregnated with two (2) μl of sterile physiological saline. This control aims to 

check the bacterial growth in our experimental conditions. The positive controls are the following antibiotics: Imipenem (10 μg / disk) and Amoxicillin (25 μg / disk). 

Inhibition diameters are measured in millimetres after a 24 hour- incubation period at 37 ℃. During the experiment, each test was repeated thrice in order to 

minimize the experimental error. 

 Macrodilution in liquid medium  

The purpose of the macrodilution method is to determine minimum inhibitory concentrations (MICs) and minimum bactericidal concentrations (MBC) of Thymus 

zygis’s essential oil.  

 First, we prepared the essential oil stock by mixing essential oil with dimethyl sulfoxide (DMSO). The applied ratio was 30/70 (HE / DMSO: v / v). We 

vortexed enough to obtain a homogeneous stock solution. From this solution, we took very precise volumes to have the following final concentrations: 0.18; 0.35; 

0.70; 1.40; 2.80; 5.60; 11.20; 22.40 and 44.80 (μl / ml). These volumes were aseptically added, into a series of test tubes that contained sterile Mueller Hinton broth. 

All the tubes containing 3.96 ml of the test solution each (broth medium + HE), were inoculated with 40 μl of a standardized inocula. The final volume in each tube 

was 4 ml. After a 18-24 hour incubation period at 37 °C, the MIC of Thymus zygis’s essential oil corresponds to the lowest concentration for which no visible growth 

of the germ can be observed in the tube.  

 Then, to determine the MBC, we inoculated Mueller-Hinton (GMH) plates with 100 μl aliquot withdrawn from tubes that contained essential oil concentrations 

greater or equal to the MIC. MBC is the smallest concentration that completely inhibits bacterial growth. Moreover, the MBC / MIC ratio was calculated in order to 

assess essential oil’s antibacterial power. 

RESULTS AND DISCUSSION 

 

Essential oil yield of Thymus zygis subsp. gracilis (Boiss.): 

 The average yield of Thymus zygis’s essential oil, expressed in milliliter per 100 g of dry matter, is 2.37±0.04%. In comparison to Thymus zygis samples from 

Timahdite studied by Yakoubi et al., [9], the yield we obtained in our study is relatively low. We precise that Yakoubi et al. have found 4 - 5.4% as EO yields for 

samples collected before, during and after the plant flowering period. Therefore, it appears from the comparison that the yield of essential oil varies significantly 

despite the fact that we were working on the same species (Thymus zygis) harvested in the same region (Timahdite) and in the same season (May-June). Compared to 

the yield of the same species harvested in full bloom in the region of Khénifra which value is 1.90% [15], Thymus zygis from Timahdite seems to be an essential oil-

rich species (2.37%). However, this yield (2.37%) remains generally lower than the yields of the same species from Azrou (3.4-3.6%) and ElHajeb (1.9-3.9%) [9]. 

 This yield shows that Thymus zygis from Timahdite is richer than Thymus algeriensis from Wiwan (Khenifra) which provided 1.40% of essential oil [15]. The 

yield of Thymus zygis in our study remains higher than that of Thymus satureioides collected in the Moroccan Middle Atlas region (1.1%) [16] but it is lower than 

that of Thymus satureioides from the High Atlas which value was 2.74 ml per 100g of dry matter [17]. 

 From the results of the literature and those obtained in this work, it seems that essential oil yields significantly vary. Many authors also mention the influence of 

several factors such as the harvest period, the harvesting site, the extraction technique and the age of the plant [18].  

 

Chemical composition of Thymus zygis subsp. gracilis (Boiss.)’s essential oil: 

 Through chromatographic analysis coupled with the mass spectrometry we identified 95 compounds in Thymus zygis’s leaves’ EO, i.e. 87.53% of the total EO. 

The results are gathered in Table 1. 

 

Table 1: Chemical composition of Thymus zygis subsp. gracilis (Boiss.)’s essential oil. 

N◦ Compounds Kováts’s Indices Formulae Percentages % 

1 Norbornene-5-methylene-2 807 C8H10 Tr 

2 3, 3,5-trimethyl Cyclohexene,  831 C9H16 Tr 

3 Santolina triene 908 C10H16 0.01 

4 Heptanone 3-methyl-4 918 C8H16O 0.01 

5 Tricyclene 926 C10H16 0.08 

6 α-Thujene 930 C10H16 1.45 

7 α-pinene 939 C10H16 1.40 

8 β-phellandrene 1029 C10H16 0.06 

9 Camphene 954 C10H16 1.32 

10 Thuja-2,4(10)-diene 960 C10H14 0.04 

11 Sabinene 975 C10H16 0.36 

12 Octen-3-ol -1 979 C10H16O 0.41 

13 β-pinene 979 C10H16 1.81 

14 Octanol-3 991 C8H18O 0.10 

15 δ-2-carene 1002 C10H16 0.01 

16 α-Phellandrene 1002 C10H16 0.38 

17 α-terpinene 1017 C10H16 2.03 

18 P-Cymene 1024 C10H14 0.01 

19 O-Cymene 1026 C10H14 13.21 

20 β-phellandrene 1029 C10H16 0.23 

21 ɤ-Terpinene 1059 C10H16 11.76 

22 cis-Sabinene hydrate 1070 C10H18O 1.36 

23 Mentha-3,8-diene 1072 C10H16 0.26 

24 Linalool  1086 C10H18O 4.47 

25 P-Cymene 1091 C10H14 0.13 

26 Terpinolene 1088 C10H16 0.18 

27 Trans -Sabinene hydrate 1098 C10H18O 0.23 

28 p -Mentha trien -1, 3,8 1110 C10H14 0.01 

29 Mentha-trien 1110 C10H14O 0.01 

https://pubchem.ncbi.nlm.nih.gov/search/#collection=compounds&query_type=mf&query=C10H16&sort=mw&sort_dir=asc
https://pubchem.ncbi.nlm.nih.gov/search/#collection=compounds&query_type=mf&query=C10H16&sort=mw&sort_dir=asc
https://www.google.com/search?q=octen-3-ol+1&biw=1366&bih=643&tbm=isch&tbo=u&source=univ&sa=X&ved=0ahUKEwjf0JOC0uvOAhWLuBQKHQltC88QsAQIMw
https://www.google.com/url?sa=t&rct=j&q=&esrc=s&source=web&cd=2&cad=rja&uact=8&ved=0ahUKEwj4n9iF1uvOAhXCvxQKHYfRBqEQygQIKTAB&url=https%3A%2F%2Fen.wikipedia.org%2Fwiki%2FTerpinene%23Biosynthesis_of_.CE.B1-terpinene&usg=AFQjCNE56_G2n9v6AmlHOSlHAeJ5uWgj9w&sig2=Wj11V4J39bWGbY-i_HJLng
https://www.google.com/search?q=sabinene+hydrate+trans&espv=2&biw=1366&bih=643&tbm=isch&tbo=u&source=univ&sa=X&ved=0ahUKEwj4kIHJ_evOAhUB1iwKHV_jBqAQ7AkITg
https://pubchem.ncbi.nlm.nih.gov/search/#collection=compounds&query_type=mf&query=C10H14O&sort=mw&sort_dir=asc
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30 6-Camphenol 1113 C10H16O 0.01 

31 Fenchol- endo 1121 C10H18O 0.11 

32 α -Camphenol  1126 C10H16O 0.02 

33 Mentha-2,8-dien-1-ol, cis- p 1137 C10H16O 0.01 

34  Trans -Pinocarveol 1139 C10H16O 0.02 

35 Trans -Sabinol 1142 C10H16O 0.12 

36  Trans -Verbinol  1144 C10H16O 0.12 

37 3,4-octadienal -2,2-Dimethyl 1103 C10H16O 0.04 

38 Pinene oxide- β 1159 C10H16O 0.12 

39 Isocitral (Z) 1164 C10H16O 0.06 

40 Borneol 1169 C10H18O 3.96 

41 Terpinen-4-ol 1177 C10H18O 1.02 

42 Cymen-8-ol- m 1179 C10H14O 0.14 

43 Terpineol- α 1188 C10H18O 0.12 

44 Cymen-8-ol- P 1182 C10H14O 0.16 

45 Dihydrocarveol –neo 1193 C10H18O 0.06 

46 Terpineol-ɤ 1199 C10H18O 0.14 

47 Trans -Carveol 1216 C10H16O 0.06 

48  cis-Carveol 1129 C10H16O 0.06 

49 Thymol methyl ether 1235 C11H16O 0.10 

50 Carvacrol methyl ether 1244 C11H16O 0.17 

51 Trans -Chrysanthenyl acetate 1238 C12H18O2 0.02 

52 Cuminaldehyde 1238 C10H12O 0.03 

53 (Z)-Anethole 1252 C10H12O 0.05 

54 Perillaldehyde 1271 C10H14O 0.02 

55 6Verbenyl acetate 1282 C12H18O2 0.01 

56 α-Terpinen-7-al  1285 C10H14O 0.14 

57 Isobornyl acetate 1285 C12H20O2 0.01 

58 Thymol 1289 C10H14O 2.09 

59 Carvacrol 1299 C10H14O 30.54 

60 2-Ethyl 5-n-propyl phenyl 1335 C11H16O 0.09 

61 Thymol, acetate 1352 C12H16O2 0.01 

62 Carvacrol acetate 1372 C12H16O2 0.48 

63 β( Z)-Caryophyllene 1408 C15H24 2.56 

64 Ylangene 1420 C15H24 0.03 

65 Gurjunene 1433 C15H24 0.01 

66 α-Guaienene 1439 C15H24 0.15 

67 Aromadendrene 1441 C15H24 0.01 

68 Khusimene 1455 C15H24 0.07 

69 D Germacrene  1481 C15H24 0.10 

70 Epi- Cubenol 1493 C15H26O 0.15 

71 Cubebol 1515 C15H26O 0.11 

72 α-Selinene-7-epi 1522 C15H24 0.13 

73 ɤ- Cadinene 1523 C15H24 0.30 

74 Cis-Calamenene  1529 C15H22 0.09 

75 10-epi Cubenol 1535 C15H26O 0.02 

76 Hedycaryol 1548 C15H26O 0.02 

77 β -Calacorene-  1565 C15H20 0.02 

78 α-Cedrene epoxide 1575 C15H24O 0.03 

79 Germacrene D-4 ol 1575 C15H26O 0.01 

80 Ledene oxide 1630 C15H24O 0.03 

81 Spathulenol 1578 C15H24O 0.60 

82 Thujopsene-2-α –ol 1587 C15H26O 0.66 

83 Epi-Cedrol 1619 C15H26O 0.01 

84 Ledol  1602 C15H26O 0.03 

85 Cubenol 1646 C15H26O 0.17 

86 Agarospirol 1648 C15H26O 0.02 

87 Torreyol 1646 C15H26O 0.02 

88 cis-Guaren-3,9-dies-11-ol 1649 C15H24O 0.07 

89 Cedr-8(15)-en-10-ol 1652 C15H24O 0.06 

90 Valerianol 1658 C15H26O 0.14 

91 Eudesmol-7-epi-α 1662 C15H26O 0.16 

92 Guaia-3,10(14)-dien-11-ol  1677 C15H24O 0.01 

93 Occidentalol acetate  1682 C17H26O2 0.16 

94 Eudesm-7(11)-en-4-ol. 1700 C15H26O 0.11 

95 Acoradrenol-β- 1763 C15H24O 0.03 

Total % 87.53 

 

 This EO mainly consists of carvacrol (30.54%), O-cymene (13.21%) and ɤ-terpinene (11.76%). Other compounds with relatively low proportions like linalool 

(4.47%), borneol (3.96%), Z-caryophyllene- (Z) (2.56%), thymol (2.09%), α -terpinene (2.03%) were also identified. Monoterpene hydrocarbons and oxygenated 

monoterpernes constitute the predominant terpene subclasses in this essential oil with 34.48% and 46.95% respectively while sesquiterpene hydrocarbons and 

oxygenated sesquiterpenes represent only 3.47% and 2.62% of the composition (Table 2). 

 Research on Thymus zygis from three regions of Moroccan Middle Atlas (El Hajeb, Azrou and Timahdite) showed that the three samples of this species are 

mainly composed of carvacrol (16.07 to 74.33%), thymol (1.47 to 32.46%), p-cymene (6.97 to 40.26%) and γ-terpinene (2.68 to 22%) [9]. In these samples, the 

compounds are similar to ours with slight variation regarding proportions.  

https://pubchem.ncbi.nlm.nih.gov/search/#collection=compounds&query_type=mf&query=C10H16O&sort=mw&sort_dir=asc
https://pubchem.ncbi.nlm.nih.gov/search/#collection=compounds&query_type=mf&query=C10H16O&sort=mw&sort_dir=asc
https://pubchem.ncbi.nlm.nih.gov/search/#collection=compounds&query_type=mf&query=C10H16O&sort=mw&sort_dir=asc
https://pubchem.ncbi.nlm.nih.gov/search/#collection=compounds&query_type=mf&query=C10H16O&sort=mw&sort_dir=asc
https://pubchem.ncbi.nlm.nih.gov/search/#collection=compounds&query_type=mf&query=C10H16O&sort=mw&sort_dir=asc
https://pubchem.ncbi.nlm.nih.gov/search/#collection=compounds&query_type=mf&query=C10H16O&sort=mw&sort_dir=asc
https://pubchem.ncbi.nlm.nih.gov/search/#collection=compounds&query_type=mf&query=C10H16O&sort=mw&sort_dir=asc
https://pubchem.ncbi.nlm.nih.gov/search/#collection=compounds&query_type=mf&query=C10H16O&sort=mw&sort_dir=asc
https://pubchem.ncbi.nlm.nih.gov/search/#collection=compounds&query_type=mf&query=C10H16O&sort=mw&sort_dir=asc
https://pubchem.ncbi.nlm.nih.gov/search/#collection=compounds&query_type=mf&query=C15H26O&sort=mw&sort_dir=asc
https://pubchem.ncbi.nlm.nih.gov/search/#collection=compounds&query_type=mf&query=C15H26O&sort=mw&sort_dir=asc
https://pubchem.ncbi.nlm.nih.gov/search/#collection=compounds&query_type=mf&query=C15H22&sort=mw&sort_dir=asc
https://pubchem.ncbi.nlm.nih.gov/search/#collection=compounds&query_type=mf&query=C15H26O&sort=mw&sort_dir=asc
https://pubchem.ncbi.nlm.nih.gov/search/#collection=compounds&query_type=mf&query=C15H26O&sort=mw&sort_dir=asc
https://pubchem.ncbi.nlm.nih.gov/search/#collection=compounds&query_type=mf&query=C15H26O&sort=mw&sort_dir=asc
https://pubchem.ncbi.nlm.nih.gov/search/#collection=compounds&query_type=mf&query=C15H26O&sort=mw&sort_dir=asc
https://pubchem.ncbi.nlm.nih.gov/search/#collection=compounds&query_type=mf&query=C15H26O&sort=mw&sort_dir=asc
https://pubchem.ncbi.nlm.nih.gov/search/#collection=compounds&query_type=mf&query=C15H26O&sort=mw&sort_dir=asc
https://pubchem.ncbi.nlm.nih.gov/search/#collection=compounds&query_type=mf&query=C15H26O&sort=mw&sort_dir=asc
https://pubchem.ncbi.nlm.nih.gov/search/#collection=compounds&query_type=mf&query=C15H26O&sort=mw&sort_dir=asc
https://pubchem.ncbi.nlm.nih.gov/search/#collection=compounds&query_type=mf&query=C15H26O&sort=mw&sort_dir=asc
https://pubchem.ncbi.nlm.nih.gov/search/#collection=compounds&query_type=mf&query=C15H26O&sort=mw&sort_dir=asc
https://pubchem.ncbi.nlm.nih.gov/search/#collection=compounds&query_type=mf&query=C15H26O&sort=mw&sort_dir=asc
https://pubchem.ncbi.nlm.nih.gov/search/#collection=compounds&query_type=mf&query=C15H26O&sort=mw&sort_dir=asc
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Table 2: Terpene subclasses and their proportions in Thymus zygis subsp. gracilis (Boiss.)’s essential oil. 

[1] Terpene subclasses 
[2] Thymus zygis’s leaves’ essential oil 

[3] Number of identified compounds [4] % 

[5] Monoterpene hydrocarbons [6] 19 [7] 34.48 

[8] oxygenated monoterpenes [9] 40 [10] 46.95 

[11] Sesquiterpene hydrocarbons [12] 11 [13] 3.47 

[14] oxygenated sesquiterpenes [15] 22 [16] 2.62 

[17] other [18] 3 [19] 0.01 

[20] Total % [21] 95 [22] 87.53 

 

 In the region of Ozoud-Azilal (High Atlas of Morocco), Thymus zygis’s EO is dominated by thymol (34.07%) instead of carvacrol (thymol isomer) and borneol 

is found in this oil with a significant proportion (25.28%) [19]. 

 In their study on samples of Thymus zygis from the region of Khenifra, Belmalha et al[14]., have highlighted a composition similar to the previously mentioned 

samples with thymol as main compound. The essential oil composition is as follows: thymol (38.04%); p-cymene (18.94%); γ-terpinene (12.5%), carvacrol (11.6%) 

and borneol (6.63%). 

 For T. zygis from the Taza region, the chemical composition is marked by the presence of thymol (37.5%), γ-terpinene (29.7%) and p-cymene (12.1%) as 

compounds majority [20]. 

 Moldão-Martins et al [21] revealed that in the north of Portugal, thymol (23.8%) is the main compound and the essential oil also contains geraniol (18.2%), p-

cymene (13.6%) and acetate geranyl (16.3%). However, Machado et al. [22] published different results from their work on samples from Portugal. According to 

these researchers, the oil is dominated by p-cymene (36.6%), γ-Terpinene (21%) and thymol (15%).  

 In Spain, several samples of Thymus zygis studied by Richard et al. [23] provided thymol and carvacrol-rich EOs. They are dominated by thymol (1.1 to 30.7%) 

or carvacrol (6.5 to 42.9%) and other constituents such as p-cymene (23.3 to 28.5%), caryophyllene oxide (1.5 to 9.8%), linalool (1.5 to 4%) and thymol methyl ether 

(0 to 4.5%). 

  Thymus zygis’EO from the region of Paca in France is characterized by the thymol chemotype (84.9%), other components like p-cymene (9.7%), γ-terpinene 

(2.3%) and linalool (1.4%) are also present [24]. 

 From these studies, we note that in Europe, Thymus zygis is most often characterized by high proportions of thymol and its chemical composition is quite 

similar to the Moroccan’s.  

 Regarding the systematically close species: T. munbyanus and T. algeriensis from the region of Khenifra, Belmalha et al.[15], found similar composition for the 

EOs of these three species T. zygis; T. munbyanus and T. algeriensis. EO compositions were as follows: for T. zygis, thymol (38.04%); p-cymene (18.94%); γ-

terpinene (12.5%), carvacrol (11.6%) and borneol (6.63%), for T. munbyanus: Thymol (24.02%); p-cymene (18.95%); γ-terpinene (23.35%); carvacrol (10.84%) and 

borneol (7.53%). The compounds of T. algeriensis are: thymol (37.07%); p-cymene (17.3%); γ-terpinene (16.3%); borneol (8.43%) and carvacrol (0.09%). 

 It may be concluded that thymol and / or carvacrol are the major compounds in most thyme essential oils. Nevertheless, non-cyclic terpenes may also be 

identified as major constituents [25].  

 

Antibacterial activity: 

 Disk diffusion method: 

 In order to contribute to Thymus zygis’s essential oil’s valorization, we have performed antibacterial tests against bacterial strains responsible for human 

infections. 

 Table 3 and figure 2 point out the results of the susceptibility test of Thymus zygis’ s essential oil. 

 

   

                            
 

Fig. 2: Diameters of inhibition zones exerted by Thymus zygis’s essential oil towards S. aureus, P. aeruginosa, E. coli1, E. coli2 and K. pneumoniae 

 

 Results in Table 3 show that Thymus zygis’s EO exhibits a weak antibacterial effect on P. aeruginosa . This results is marked by a small diameter (8mm) of the 

inhibition zone. This corresponds to the weakest antibacterial activity. Despite this small diameter of inhibition, this result is still important since P. aeruginosa is 

among those bacteria that have developed multi resistance to antibacterial agents. Regarding the other bacteria, they showed a variable sensitivity. The essential oil is 

very active against S. aureus. Its action towards this strain has led to the largest inhibition diameter (38 mm). For E. coli, Thymus zygis’s EO exhibited a significant 

antibacterial activity with a 32 mm-inhibition diameter for E.coli 1 and 25 mm for E. coli2. These are the most significant results after S. aureus’s. It is important to 



11 
Citation: Kamal Fadili, et al., 2018. Effect of Thymus zygis subsp. gracilis (Boiss.)’s Essential Oil Composition  on Human-Pathogenic Bacteria. Advances in 

Environmental Biology., 12(7): 6-12. 

 
note that these strains E. coli 2 and E. coli 1 are respectively resistant and intermediate to amoxicillin. It should also be noted that Thymus zygis’s EO showed 

moderate antibacterial activity against K. pneumoniae with a 14 mm-inhibition diameter. 

 

Table 3: Diameters of inhibition zones due to Thymus zygis’s essential oil towards S. aureus, P. aeruginosa, E. coli and K. Pneumonia. 

Bacterial strains 
Diameters* of inhibition zones in mm 

 T.Zygis’s essential oil Imipenem 10µg Amoxicillin 25µg Negative control 

S. aureus 38.00 61.00±1.00 19.50±0,50 06.00 

P. aeruginosa 08.00 25.00±0.00 06.00±0.00 06.00 

E. coli1 32.50 34.00 ± 0.7 20.00 ± 0.5 06.00 

penicillinase-producing E. coli2 25.00 26.00 ± 00 06.0 ± 0.0 06.00 

K. pneumoniae 14.00 28.00±1.00 06.00±0.00 06.00 

*diks diameters (6mm) are included in the measurement of inhibition zones 

 

 Thus, on the basis of our results, it could be said that Thymus zygis’s essential oil exerts its antibacterial activity regardless of the Gram status and antibiogram 

profile. Nevertheless, antimicrobial activity against P. aeruginosa remains very weak. 

 Our results are similar to those of Rota et al. [3], who found that T. Zygis’s essential oils showed excellent antibacterial activity with Staphylococcus aureus’s 

sensitivity greater than Escherichia coli’s. Conversely, Kaloustian et al. [23], found that Escherichia coli strain is more sensitive than Staphylococcus aureus to 

thymol-rich and carvacrol-rich thyme essential oils. Yakoubi et al. in 2014[15] found that carvacrol and thymol-rich Thymus Zygis’s essential oils from Azrou, El 

Hajeb and Timahdite showed excellent antibacterial activity against Erwinia amylovora a plant pathogen with diameters above 50 mm. Indeed, several authors have 

shown that phenolic-derivative-rich essential oils have a strong antimicrobial activity (e.g. carvacrol and thymol-rich essential oils). Dorman and Deans [26], who 

worked on 25 bacteria genus, have shown that thymol is the compound with the broadest antibacterial spectrum. Lambert et al. [27] added by explaining that thymol 

binds to membrane proteins and increases the permeability of the bacterial cell membrane. The same mechanism could apply for carvacrol given the common 

characteristics of these two compounds. 

 

 Macrodilution in liquid medium: 

 Determination of minimum inhibitory (MIC) and bactericidal (MBC) concentrations of Thymus zygis’s essential oil is summarized by Table 4. The MBC / MIC 

ratio helps appraise the bacteriostatic or bactericidal activity of an essential oil: when this ratio is below 4, the essential oil is considered bactericidal and the essential 

oil is bacteriostatic for a ratio above 4 [28]. 

 

Table 4: Minimum inhibitory concentrations (MIC) and Minimum bactericidal concentrations (MBC) concentrations of Thymus zygis’s leaves’ essential oil (in 

µl/ml). 

Bacterial strains MIC (μl/ml) MBC (μl/ml) 

 

Effect 

S. aureus 2.4 3.6 1.5 Bactericidal effect  

P. aeruginosa 4.8 12 2.5 Bactericidal effect 

E. coli1 1.2 1.8 1.5 Bactericidal effect 

E. coli2 4.8 12 2.5 Bactericidal effect 

K. pneumoniae 0.6 0.96 1.6 Bactericidal effect 

 

 All  ratios are below 4 meaning that Thymus zygis’s essential oil exerts a bactericidal effect towards these pathogenic strains. The value of  ratio is 

2.5 for P. Aeruginosa, and it equals 2.5 and 1.6 respectively for E. coli2 and K. pneumonia. The same value of the ratio (1.5 ) is obtained for E. coli1 and S. aureus 

(table 4). The bactericidal effect of this essential oil on the pathogenic strains could be attributed to the high proportion of carvacrol [29]. However, it should be taken 

into account that other compounds like linalool or thymol despite their low proportions could contribute to the observed antibacterial activity.  

 Other researchers like Yakoubi et al. [15], have noticed similar results when they found that carvacrol, thymol and p-cymene-rich essential oils of Thymus zygis 

from Moroccan Middle Atlas exhibit a bactericidal effect against Erwinia amilovora which is responsible for the fire blight.  

 In addition, Fadili et al. [17] have revealed a significant antibacterial activity of another thyme species Thymus satureioides which essential oil was mainly 

composed of carvacrol. In that experiment, the MICs against Staphylococcus aureus and Klebsiella pneumoniae were 2.72 mg/ ml and 0.68 mg/ml respectively. 

Towards Pseudomonas aeruginosa the MIC was 2.72 mg/ml while it reached 5.44 mg/ml against a wild strain of Eschirichia coli and 21.73mg/ml against 

penicillinase-producing Escherichia coli.  

 Besides, El Bouzidi Laila et al [30] have found that Thymus maroccanus’s essential oil is very active against the same bacterial species. MICs values were as 

follows: Staphylococcus aureus 0.3 mg/ml; Klebsiella pneumoniae: 0.58 mg/ml; Escherichia coli: 0.58 mg/ml and Pseudomonas aeruginosa ˃18.6 mg/ml. The main 

compounds were again carvacrol and thymol.  

 All these studies strengthen the hypothesis claiming that the antibacterial activity of T. Zygis’s essential oil from Timahdite could be carvacrol’s effect. 

 

Conclusion: 

 T. zygis from Timahdite produced a high-yield essential oil (2.37 %). The chromatographic and spectral analyses used in this study enabled to identify 87.53% 

of the essential oil’s constituents. The main ones are : Carvacrol (30.54%), O-Cymene (13.21%)and ɤ-Terpinene (11.76%). Other compounds such as linalol, 

borneol, Z-caryophyllene-(Z), thymol and α-terpinene were also identified but with low proportions. Thanks to its phenolic and terpene alcohol-rich essential oil, T. 

zygis showed a significant activity against four microorganisms at low concentrations. These encouraging results on sensitive and antibiotic-resistant bacteria need 

further studies to consider their applications in herbal medicine and /or as food preservatives. 
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