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ABSTRACT

Background: The deterioration of food products, especially of those derived from meat, by pathogenic microorganisms 
is a major problem in industries. Escherichia coli is a facultative anaerobic bacteria of intestinal origin, and is a cause of 
concern in the meat industry. The use of essential oils as inhibitors of growth of spoilage and pathogenic microorganisms 
is a good choice for replacement of chemical additives in foods. This study was aimed at evaluating the in vitro activity 
of the essential oil of thyme (Thymus vulgaris) and thymol, against E. coli strains, by using a microdilution methodology 
based on the M31-A3 technique.
Materials, Methods & Results: In this study the antimicrobial activities of the essential oil of Thymus vulgaris (thyme) and 
of the thymol compound were evaluated against 20 E. coli strains obtained from poultry and pigs. The strains are part of the 
collection of bacteria of the Laboratório de Pesquisas Micológicas of the Universidade Federal de Santa Maria (UFSM). 
The essential oil of thyme and its constituent, thymol, were commercially acquired (Sigma-Aldrich). Gas chromatogra-
phy mass spectrometry (GC/MS) was realized on a Agilent chromatograph Model HP 6890 series CG, equipped with a 
mass selective detector 5973 with electron impact (CG-MS-EI) and identified p-cymene (23.71%), thymol (13.86%) and 
γ-terpinene (8.55%) as the major substances present in the thyme essential oil. The essential oil constituents were identi-
fied by comparing their mass spectra with those from the National Institute of Standards and Technology. The minimum 
inhibitory concentration (MIC) and minimal bactericidal concentration (MBC) were determined for each isolate by using 
the broth microdilution technique based on the M31-A3 protocol. The geometric means of the MICs and MBCs against  
E. coli strains were of 627.7 µg.mL-1 and 990.2 µg.mL-1 for the thyme essential oil and of 2786 µg.mL-1 and 2540 µg.mL-1 
for the thymol. These results show that the essential oil of thyme is a potential antimicrobial, and deserves further studies 
to be safely used as a preservative in foods.
Discussion: The use of condiments, accompanied the process of civilization of humankind, which assures very low or no 
toxicity. These essential oils contain major components with significant antimicrobial activity.  In this context, therefore, 
targeted studies are relevant to determine which essential oils are more active. Nonetheless, the inexistence of an interna-
tional standardized technique for the evaluation of essential oils and vegetable extracts allows the use of different protocols, 
hampering the comparison of the results. The M31-A3 protocol used in our experiment is the most recommended among 
the techniques found in the literature. In this study, the essential oil of T. vulgaris and its major compound thymol showed 
bacteriostatic and bactericidal activities against E. coli strains in vitro. Nonetheless, the activity of the essential oil was 
superior to the compound alone. Such finding is explained by the fact that the high antimicrobial activity showed by some 
essential oils results from the synergism of the major components The use of essential oils is a viable and alternative option 
to replace chemical additives in food. Notwithstanding, more studies on the components of the essential oils are required 
to ensure their safety in food. The sensorial analysis is also an important item to be evaluated to estimate consumer ac-
ceptance of the product.
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INTRODUCTION

Escherichia coli is the predominant species 
among facultatively anaerobic intestinal bacteria. The 
ability to ferment glucose and lactose and to produce 
acid are amongst the characteristics of this gram 
negative bacillus of the family Enterobacteriaceae [9]. 
The conservation of meat products usually involves 
measures to retard or prevent microbiological, chemi-
cal and physical alterations, which would impact on 
organoleptic quality or make them inappropriate for 
consumption. Indeed, microbiological deterioration 
is the most important and often precedes other meat 
alterations [11]. On the other hand, consumers have 
demanded safer products, i.e., not only free of harm-
ful biological agents but virtually free of chemical 
compounds [3].

In this context, the essential oils obtained from 
condiment and seasoning plants such as basil, cinna-
mon, oregano, rosemary, sage and thyme have been 
object of study, because besides their organoleptic 
properties these compounds have further functional 
properties. Since the major constituents of these essen-
tial oils are terpene hydrocarbons, alcohols, aldehydes, 
ketones, phenols, esters and organic acids, at different 
concentrations and with a major pharmacologically 
active component [15], they possess inhibitory activ-
ity against food-borne pathogens [1,3]. Among these 
substances, the phenolic compounds are the main 
responsible for the antimicrobial properties of the es-
sential oils [6].

This study was aimed at evaluating the in 
vitro activity of the essential oil of thyme (Thymus 
vulgaris) and its major constituent, thymol, against 
E. coli strains, by using a microdilution methodology 
based on the M31-A3 technique [5]. 

MATERIALS AND METHODS

Microorganisms

Twenty E.coli enteric strains obtained from 
pigs and poultry were used. The strains had been previ-
ously identified by PCR and are part of the collection 
of bacteria of the Laboratório de Pesquisas Micológicas 
of the Universidade Federal de Santa Maria.

Gas chromatography mass spectrometry (GC/MS) analy-
sis of the essential oil

The essential oil of thyme and its major con-
stituent, thymol, were commercially acquired1. GC/MS 

analysis of the essential oil of thyme was determined on 
a Agilent chromatograph (Model HP 6890 series CG)2, 
equipped with a mass selective detector 5973 with 
electron impact (CG-MS-EI) and a capillary column 
DB-5MS (30 m x 320 mm x 0.25 µm). Helium (carrier 
gas; 99.999%) flowed at a constant rate of 22.7 mL/
min. The oven temperature program consisted of ramp-
ing up from 60°C to 325°C. Ionization was achieved 
by electron impact using an emission current of 70eV 
at an interface temperature of 310°C. The essential 
oil constituents were identified by comparing their 
mass spectra with those from the National Institute of 
Standards and Technology.

Determination of minimum inhibitory concentrations 
(MICs) and minimum bactericidal concentrations (MBCs)

One gram of the thyme oil and of thymol were 
diluted first in methanol to the concentration of 640 
mg mL-1 (solution I) and then in Mueller-Hinton (MH) 
broth3 to the concentration of 6400 µg mL-1 (solution 
II). Thereafter, 100 µL of the solution II were added 
by serial dilution to 96-well plates containing 100 µL 
of MH broth, according to the CLSI M31-A3 guidance 
[5]. The concentration for both substances ranged from 
3200 to 100 µg mL-1. The strains of E. coli grown in 
MH agar were suspended in 0.85% saline to achieve 
0.5 McFarland (1 x 108 CFU.mL-1). Then 10 µL (1x105 

CFU.mL-1) of this inoculum were added to each well 
of the microdilution plates, which were incubated 
at 35ºC for 24h. The MIC was defined as the lowest 
concentration of compound at which no growth was 
evident compared to positive control (broth only). Im-
mediately after the MICs were determined, the MBCs 
were assayed by transferring 10 µL from each culture 
with a compound concentration equal to or greater than 
the established MIC to MH agar plates. The MBC was 
defined as the lowest drug concentration at which no 
growth could be observed after 24 h of incubation at 
35°C. All of the assays were performed in duplicate.

Statistical analysis

The non-parametric Mann-Whitney test was 
used to compare data between the two groups (P < 0.05).

RESULTS

Chromatographic analysis identified p-cymene 
(23.71%), thymol (13.86%) and γ-terpinene (8.55%) 
as the major substances present in the thyme essential 
oil (Table 1). 
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Table 1. Chemical composition and yield percentage of the essential oil of thyme.

Compound Percentage

p-Cymene 23.71%

Thymol 18.39%

γ-Terpinene 8.55%

Linalool 6.5%

1-R-α-pinene 5.04%

Camphor 3.24%

Borneol 2.15%

Carvacrol 2.15%

Caryophyllene 3.51%

The geometric means (GMs) of the MICs and 
MBCs against E. coli strains were of 627.7 µg.mL-1 
and 990.2 µg.mL-1 for the thyme essential oil and of 
2786 µg.mL-1 and 2540 µg.mL-1 for the thymol com-

pound, respectively (Table 2). The significant lower 
MIC and MBC GMs (P < 0.05) showed that the es-
sential oil of thyme had better activity than its major 
component thymol used alone.

Table 2. Antimicrobial activity (µg.mL-1) of thymol and of the essential oil of thyme against 20 Escherichia coli strains. 

MBC  MIC
Range GM MIC50 MIC90 Range GM

Thymol 3200-1600 2786A 3200 3200 6400-1600 2540A

Thyme 3200-400 627.7B 800 800 6400-400 990.2B

MIC: minimum inhibitory concentration; MBC: minimum bactericidal concentration; MIC50: lowest concentration able to 
inhibit 50% of the isolates; MIC90: lowest concentration able to inhibit 90% of the isolates; GM: geometric mean of MIC. 
Different superscript letters in a column indicates statistically difference (P < 0.05; Mann-Whitney test).

DISCUSSION

The inexistence of an international standard-
ized technique for the evaluation of essential oils and 
vegetable extracts allows the use of different protocols, 
hampering the comparison of the results [16,17]. The 
M31-A3 protocol [5] used in our experiment is the 
most recommended among the techniques found in 
the literature.

In this study, the essential oil of T. vulgaris and 
its major compound thymol showed bacteriostatic and 
bactericidal activities against E. coli strains in vitro. 
Nonetheless, the activity of the essential oil was supe-
rior to the compound alone. Such finding is explained 
by the fact that the high antimicrobial activity showed 
by some essential oils results from the synergism of 
the major components [8].

The antimicrobial activity of the thyme es-
sential oil and of thymol has been evaluated in other 
studies. Ivanovic et al. [10] reported significant activ-
ity of the extract and essential oil of thyme against  

E. coli and Salmonella strains, with MIC of 640 µg mL-1.  
Such activity was attributed to the high concentration 
of thymol in the extract (39.7%) and in the essential oil 
(48.49%). It was also reported antimicrobial activity of 
the essential oil of thyme against E. coli 5% (V/V) and 
other food borne bacteria [14]. An important role of 
bacteriostatic and bactericidal activity of the essential 
oils of thyme and oregano against E. coli O157:H7 
isolated from bovine feces has also been observed [4]. 
The phenolic compounds carvacrol and thymol are 
responsible for the activity of these oils.

The essential oil of thyme has also been re-
ported to show activity against yeasts susceptible and 
resistant to antifungal drugs [13]. Interestingly, Klaric 
et al. [12] found three-times stronger inhibition of 
pure thymol against different mould species than the 
thyme oil, which was constituted mainly of p-cymene 
(36.5%), thymol (33%) and 1,8-cineole (11.3%). The 
results differ from our study, where the activity of 
the essential oil of thyme was superior to its major 
compound thymol. In another study, Baskaran et al. 
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[2] investigated the antimicrobial activity of plants 
containing trans-cinnamaldehyde, eugenol, carvacrol 
and thymol, and found trans-cinnamaldehyde as the 
compound with the best activity against the main 
pathogens of mastitis, including E. coli.

CONCLUSION

It was showed that the essential oil of thyme 
and the compound thymol have antimicrobial activity 
in vitro against E. coli strains. The MIC and MBC val-
ues obtained showed that the essential oil was superior 

to the compound alone. This finding also highlights the 
potential use of the essential oil of thyme as a substitute 
for artificial inhibitors of food spoilage and pathogenic 
microorganisms. 
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