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Summary

Antimicrobial activities of thyme essential oil against selected microorganisms, includ-
ing Fusarium sp., Armillaria mellea, Bacillus cereus, Staphylococcus aureus, Buttiauxella sp.,
Klebsiella pneumoniae, Escherichia coli K-12, AmpC-producing E. coli Z, ESBL-producing E.
coli strain of KM clonal group ST131, and E. coli 1138 were evaluated. The antimicrobial ef-
ficacy of thyme essential oil was determined using agar well diffusion assays. The growth
of all tested bacteria was inhibited at thyme essential oil fractions higher than 1 %, while a
fraction of 10 % was needed to inhibit the growth of fungi. We demonstrate that thyme es-
sential oil has a promising activity against food spoilage bacteria, and also against multire-
sistant AmpC-producing and ESBL-producing bacterial strains isolated from food, which
have recently been recognised as public health concerns. On the basis of our data, the
thyme essential oil has a potential for use as a growth inhibitor of multidrug-resistant bac-
teria, and food spoilage and pathogenic bacteria and fungi, to replace commonly used
semi-synthetic antimicrobial products.
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Introduction

Antimicrobial chemical compounds are used in the
food industry for two main reasons: to control natural
deterioration processes (food preservation), and to pre-
vent or limit growth of microorganisms (1). However, the
food industry is now under pressure to reduce the use of
synthetic antimicrobial chemical compounds, especially
in Western societies, which appear to be experiencing a
trend for 'green' consumerism and 'clean-labelling' of food
products (2). As an alternative to synthetic preservatives,
antimicrobial compounds from plants are becoming a
positive selling point, thus creating a modern trend to-
wards so-called 'natural' additives and preservatives.

Plants contain a broad pool of secondary metabo-
lites that they use for protection and defence against bi-
otic and abiotic stresses, including microbial infections.
The biochemical defences of many plant species are
boosted by the presence of antimicrobially active com-
pounds in their leaves, fruits, bulbs and seeds. Although
plant oils and extracts have been used for various pur-
poses for centuries, there is a renewed interest in their
use as preservatives in food production, as they have gen-
erally been recognised as safe and are widely accepted
by consumers (2).

Essential oils are volatile, natural, complex com-
pounds that are characterised by strong odours and are
synthesised by aromatic plants as secondary metabo-
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lites. The chemical compositions of essential oils include
complex mixtures of organic substances that have differ-
ent functional groups, mainly terpenoids (3). Essential
oils of various plants show sufficient antimicrobial activ-
ity to be investigated as possible preservatives for appli-
cation in the food industry and other consumer-oriented
industries (4–7).

The genus Thymus (thyme) consists of about 215
species of herbaceous perennials and subshrubs that are
well adapted to hot and dry climates. This is one of the
most widely used genera in folk medicine (8). Common
thyme (Thymus vulgaris L.) is a low-growing herbaceous
plant that is native to southern Europe, where it is often
cultivated as a culinary herb and used as a spice in many
foods. Thyme herb (Thymi herba) is produced from the
dried leaves and flowering tops of T. vulgaris, and it con-
tains tannins, flavonoids, triterpene compounds, and up
to 2.5 % of essential oils (9). The essential oils of T. vul-
garis are known to have antiseptic, antiviral and antimi-
crobial activities. The main components are thymol and
p-cymene, while other thyme species also contain carva-
crol, a-terpinyl acetate, and cis-myrtanol (10).

The present study reports on the antibacterial and
antifungal activities of a common thyme essential oil and
its potential for use as a natural food additive, due to its
inhibitory effects on the growth of susceptible and multi-
drug-resistant pathogenic and non-pathogenic food spoil-
age bacteria and fungi.

Materials and Methods

Plant material

Seedlings of common thyme (Thymus vulgaris L. cv.
Deutscher winter) were grown from seeds under green-
house conditions, and transplanted to the experimental
field of the Biotechnical Faculty (University of Ljubljana,
Slovenia: 46° 2' 53.7'' N, 14° 28' 30.47'' E; altitude 292 m
above sea level) in March 2010. The plantation was regu-
larly cultivated and grown in the experimental field until
October 2010, when the non-flowering shoots were har-
vested and processed to extract the essential oils. The
fresh and dry mass and the water content in the thyme
herb were determined by weighing the plant material
before and after drying in a laboratory oven at 105 °C.

Isolation and analysis of the thyme essential oil

Thyme essential oil was isolated by water-steam dis-
tillation using a Clevenger apparatus, following the pro-
cedures of the European Pharmacopoeia monograph on
Thymi herba (11). Briefly, fresh plant material was placed
in an adapted steam distiller that comprised a steam
boiler connected to a water condensor. Distillation lasted
approx. 2 h. After distillation, the thyme essential oil
was collected in dark vials and stored in a refrigerator at
4 °C.

For chemical analysis, the composition of the thyme
essential oil was studied as described previously (12),
with some modifications. Thyme essential oil (1 mL)
was dissolved in hexane (1 mL). A gas chromatograph
with a QP-2010 mass spectrometry detector (Shimadzu,
Kyoto, Japan) was used according to the following char-
acteristics: column Rxi-5Sil MS, 30 m×0.25 mm i.d.; film

thickness 0.25 mm (Restek, Bellefonte, PA, USA); temper-
ature programme 50 °C (5 min), 5 °C/min to 200 °C, 200
°C (5 min); injector temperature 250 °C; ion source tem-
perature 200 °C; interface temperature 260 °C; injection
volume 1 mL; split 1:100; carrier gas He; carrier gas flow
1 mL/min. The mass spectrometry conditions were: elec-
tron impact mode, total ion current record, detector volt-
age 1 kV. The mass spectra of the compounds that were
obtained were compared to the spectra from the NIST08
(National Institute of Standards and Technology, Gai-
thersburg, MD, USA) and FFNSC 1.3 (Shimadzu, Kyoto,
Japan) mass spectral libraries.

Antibacterial activity assay

The antibacterial activity was tested using an agar
well diffusion assay (13). The Gram-positive and Gram-
-negative bacteria used in this study were as follows: lab-
oratory strains of Bacillus cereus, Staphylococcus aureus,
Escherichia coli K-12, AmpC-producing E. coli Z isolated
from meat, extended-spectrum b-lactamase (ESBL)-pro-
ducing and fluoroquinolone-resistant E. coli 1138 isolat-
ed from a sausage, a clinical ESBL-producing E. coli KM
isolate belonging to the clonal group ST131, a clinical
ESBL-producing Klebsiella pneumoniae isolate, and a strain
of the potential food spoilage bacteria Buttiauxella sp. iso-
lated from meat. All of the strains were obtained from
the EX Culture Collection (Department of Biology, Bio-
technical Faculty and Infrastructural Centre Mycosmo,
University of Ljubljana, Slovenia) and the Chair of Mo-
lecular Genetics and Microorganisms Biology (Depart-
ment of Biology, Biotechnical Faculty, University of Lju-
bljana, Slovenia).

Precultured bacteria grown in Luria-Bertani (LB)
broth (Sigma-Aldrich, St. Louis, MO, USA) were used
for the inoculation of the LB agar plates to a final con-
centration of 5·105 cells/L. Four wells were made in each
agar plate using a sterile borer (diameter of 7 mm) and
then filled with 30 mL of 96 % ethanol (control), or 0.1, 1
or 10 % of thyme essential oil. All of the thyme essential
oil solutions were prepared by diluting the concentrated
thyme essential oil in 96 % ethanol, which was used as
control. The size of the inhibition zone diameters was
determined after 24 h of incubation at 37 °C. Samples
showing inhibition of the bacterial growth were tested
again, and the mean values of three independent repli-
cates were calculated.

Fungal growth inhibition assay

The thyme essential oil was tested for antifungal ac-
tivity using a hyphal extension inhibition assay (14). The
antifungal activity was tested against the fungi Armillaria
mellea (Ascomycetes) and Fusarium sp. (Basidiomycetes),
both of which were obtained from the fungal collection
of the Chair of Botany and Plant Physiology (Depart-
ment of Biology, Biotechnical Faculty, University of Lju-
bljana, Slovenia). The fungal inocula (size 5×5 mm) were
placed in the centre of potato dextrose agar plates (Bio-
life, Milan, Italy). The plates were then sealed, and the
fungi left to grow in the dark at room temperature for
2–3 weeks, until the colonies were approx. 3 cm in di-
ameter. Small paper discs were soaked with 30 mL of 96
% ethanol (control), or 0.1, 1 or 10 % thyme essential oil,
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prepared as above. The paper discs were placed on the
periphery of the developed fungal colonies. The fungal
growth was monitored over 1–2 weeks to determine the
antifungal activity of thyme essential oil. The size of the
inhibition zone of each sample was measured. Samples
showing inhibition of fungal growth were tested again,
and the mean values of three independent replicates
were calculated.

Statistical analysis

Statistical analysis was performed with the Graph-
Pad Prism (Graph Pad Software, Inc., San Diego, CA,
USA) and Microsoft Excel (Microsoft Corporation, Red-
mond, WA, USA) softwares. Mean values and standard
deviations were calculated for the measurements of inhi-
bition zones. The significance of the differences between
samples was tested using t-test. The level of significance
was set at a=0.05 (p<0.05).

Results and Discussion

The quality of the plant material and the thyme es-
sential oil was evaluated according to the European Phar-
macopoeia criteria (11). The water content in the thyme
herb was 8.64 %, which is lower than the maximum re-
quired, of 10 %. Also, the thyme essential oil content
was 27 mL per kg of the fresh mass and 35.9 mL per kg
on the dry mass basis, which is within the European
Pharmacopoeia quality criteria (in anhydrous drug mini-
mum of 12 mL per kg of essential oil, of which a mini-
mum of 40 % is thymol and carvacrol). Chemical analy-
sis of the thyme essential oil showed that thymol (68.91
%), para-cymene (13.61 %), g-terpinene (7.60 %), ocimene
(2.11 %) and carvacrol (1.55 %) were present at the high-
est fractions (Fig. 1). Lower amounts of following com-
pounds were measured (in %): eucalyptol 0.89, sabinene
hydrate 0.80, myrcene 0.76, a-terpinolene 0.69, caryo-

phyllene 0.49, 1-octen-3-ol 0.48, camphor 0.45, thymol
methyl ether 0.45, carvacrol methyl ether 0.34, limonene
0.33, a-phellandrene 0.30 and a-pinene 0.24.

Antibacterial activity

The antibacterial activities of thyme essential oil were
assayed in vitro using an agar well diffusion test against
eight bacterial strains belonging to five bacterial species.
The data show that at fractions of 1 and 10 %, the thyme
essential oil had inhibitory dose-dependent effects against
all eight of these bacterial strains (Table 1). The lowest
fraction of thyme essential oil (0.1 %) showed only slight
inhibitory activity against ESBL-producing Klebsiella pneu-
moniae and Buttiauxella sp., while essential oil at the frac-
tion of 1 % and even more pronounced at 10 %, signifi-
cantly inhibited the growth of all the tested bacterial
strains (Table 1). Mean inhibition zone diameters in the
presence of 1 % of essential oil were 1.9 mm for S. aureus
and 3.8 mm for Buttiauxella sp. The inhibition zones of
the bacterial cultures grown in the presence of 10 % of
essential oil were larger, and ranged from 5.6 mm for
ESBL-producing K. pneumoniae to 10.6 mm for ESBL-pro-
ducing E. coli KM:ST131.

These dose-dependent effects of the antibacterial ac-
tivities of thyme essential oil are in agreement with other
studies (8,15,16). Most of these studies investigated the
activities of thyme essential oils against bacteria, and they
also indicated that, in general, thyme essential oils are
more active against Gram-positive than against Gram-
-negative bacteria (2). However, in the present study,
thyme essential oil did not show any selective Gram-
-positive vs. Gram-negative antimicrobial activity. Thus,
the most (ESBL-producing E. coli KM:ST131) and the
least (ESBL-producing K. pneumoniae) susceptible strains
were both Gram-negative bacteria. Similar effects were
observed by Sokmen et al. (17) and Viuda-Martos et al.
(16), who concluded that the essential oils of spices
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Fig. 1. Gas chromatography-mass spectroscopy spectrum of Thymus vulgaris essential oil



show no selectivity towards bacterial cell walls. Politeo
et al. (18) showed that a volatile oil of Campanula porten-
schlagiana had antimicrobial effects that were more pro-
nounced against Gram-negative bacteria.

It is assumed that the age of the distilled essential
oils and their compositions will vary due to the geo-
graphic origins and harvesting period, which will affect
the degree of activity against Gram-positive and Gram-
-negative bacteria (2). Similar antimicrobial activities of
the essential oil from T. vulgaris cultivated in Spain were
reported by Viuda-Martos et al. (16) at 10 % fraction,
whereas the 5 % thyme essential oil had no inhibitory
effect against any of the tested bacteria. The antibacte-
rial activities of essential oils of several other thyme spe-
cies have also been studied. De Martino et al. (19) inves-
tigated the antibacterial activities of essential oils from
the aerial parts of Thymus longicaulis and Thymus pule-
gioides collected in Italy. Both of these thyme essential
oils showed substantial antibacterial activities against S.
aureus, B. cereus and four other bacterial strains, at a con-
centration of 10 mg/mL. Of note, it has generally been
shown that higher concentrations of essential oils are
needed to achieve the same growth inhibitory and pres-
ervation effects in food (2).

The antimicrobial activities were investigated in the
present study against standard test strains, including S.
aureus, B. cereus and E. coli K-12. Additionally, the antimi-
crobial activities of thyme essential oil were tested against
AmpC-producing and ESBL-producing bacterial strains,
as there have been increasing numbers of reports on these
multidrug-resistant Gram-negative bacteria isolated from
meat and meat products, due to food processing (20–22).
As a consequence, the emergence of multidrug-resistant
pathogenic and non-pathogenic food-spoilage bacteria
has recently been recognised as a major health concern.

In the present study, the 10 % thyme essential oil
had the strongest antimicrobial activity against the ESBL-
-producing E. coli strain 1138, which was isolated from a
sausage, and against a clinical ESBL-producing E. coli iso-
late KM, of the pandemic ST131 clonal linage. Among
the foodborne bacteria, the thyme essential oil was least
effective against the AmpC-producing E. coli Z, which
was isolated from meat. The inhibition zone against But-
tiauxella sp., which was isolated from ground meat, was
in the medium range (Table 1). This strain had the larg-
est inhibition zone when the lower, 1 % fraction of thyme
essential oil was applied. Buttiauxella sp. has been report-
ed to be a food spoilage bacterium and a large problem
in the food industry, because it can grow at refrigeration
temperatures (23–25). Additionally, it has been shown
that some Buttiauxella strains have AmpC b-lactamases,
which can potentially be transfered to other bacteria
(26). The prevalence of these bacteria in foods is un-
known, because it is frequently incorrectly identified as
E. coli in rapid identification tests (Ambro`i~ Avgu{tin,
unpublished data).

Antibacterial properties of spice essential oils sug-
gest that they have a potential for use as natural food
additives. Ruiz-Navajas et al. (8) investigated the antimi-
crobial activities of Thymus moroderi and Thymus piperella
essential oils from southeast Spain against 11 bacteria
that are associated with food spoilage. T. moroderi essen-
tial oil had an inhibitory effect against four of these and
T. piperella essential oil had an inhibitory effect against
five spoilage bacteria.

From the data arising from the present study and
other studies, we can conclude that thyme essential oils
show antibacterial activities against important pathogen-
ic and non-pathogenic foodborne bacteria.

Antifungal activity

The antifungal activity of thyme essential oil was
much weaker than the antibacterial activities, as fungal
growth was inhibited only at the highest tested fraction,
at 10 % of essential oil. The mean diameters of the
growth inhibition zones of these fungi that grew in the
presence of 10 % essential oil were 4.1 mm for Fusarium
sp. and 4.9 mm for Armillaria mellea (Table 2).

Pathogenic or spoilage fungi are one of the major
economic problems in food production. They can cause
food decay, and many of them present very serious risks
for consumers, due to the production of dangerous sec-
ondary metabolites. In terms of food safety, the fungi of
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Table 1. Antibacterial activities of Thymus vulgaris essential oil

j(thyme essential oil)/%

0 0.1 1 10

Bacterial strain r(inhibition zone)/mm

Gram-positive

S. aureus n.d. n.d. 1.9±0.3 7.0±1.3

B. cereus n.d. n.d. 3.2±0.4 9.5±0.8

Gram-negative

E. coli K-12 n.d. n.d. 3.0±0.4 8.1±0.5

AmpC-producing
E. coli Z

n.d. n.d. 2.8±0.5 7.6±0.6

ESBL-producing
E. coli KM:ST131

n.d. n.d. 3.1±0.5 10.6±1.0

ESBL-producing
E. coli 1138

n.d. n.d. 2.5±0.1 10.3±1.5

ESBL-producing
K. pneumoniae

n.d. 0.3±0.6 2.3±0.3 5.6±1.2

Buttiauxella sp. n.d. 0.3±0.6 3.8±0.6 9.4±1.0

Data are mean values±standard deviations of three indepen-
dent replicates (N=3)
n.d.=growth inhibition not detected

Table 2. Antifungal activities of Thymus vulgaris essential oil

j(thyme essential oil)/%

0 0.1 1 10

Fungal strain r(inhibition zone)/mm

Fusarium sp. n.d. n.d. n.d. 4.1±1.6

Armillaria mellea n.d. 0.1±0.0 0.1±0.0 4.9±0.2

Data are mean values±standard deviations of three independent
replicates (N=3)
n.d.=growth inhibition not detected



the genera Fusarium, Aspergillus and Penicillium are con-
sidered important, because they produce mycotoxins
(27). High antifungal activity of thyme essential oil was
measured also by Zabka et al. (28), who tested 25 essen-
tial oils from medicinal plants. All these data show that
thyme essential oil has the potential to be used also in
antifungal treatments in food production and technol-
ogy. One of the possible applications could be the super-
ficial treatment of food products with thyme essential oil
to prevent microbial growth.

Conclusions

Thyme essential oil showed antibacterial and anti-
fungal activity at fractions of 1 and 10 %, respectively.
The antibacterial activity of thyme essential oil was not
specific for Gram-positive or Gram-negative bacteria.
Thyme essential oil most effectively inhibited the growth
of ESBL-producing Echerichia coli KM:ST131, and least
effectively the growth of ESBL-producing Klebsiella pneu-
moniae. Promising antimicrobial activities were detected
against all of the foodborne isolates tested, including
AmpC-producing and ESBL-producing E. coli, which
have recently been isolated more frequently from food
products, and mainly from poultry meat.
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