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Antibacterial activity against Clostridium genus and
antiradical activity of the essential oils from different origin
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In the present study, the antimicrobial and antiradical activities of 15 essential oils were investigated. The antimicrobial activities
were determined by using agar disc diffusion and broth microdilution methods against Clostridium genus and antioxidant properties
of essential oils by testing their scavenging effect on DPPH radicals activities. We determined the antibacterial activity of Clostridium
butyricum, Clostridium hystoliticum, Clostridium intestinale, Clostridium perfringens and Clostridium ramosum. We obtained the
original commercial essential oils samples of Lavandula angustifolia, Carum carvi, Pinus montana, Mentha piperita, Foeniculum
vulgare Mill., Pinus sylvestris, Satureia montana, Origanum vulgare L. (2 samples), Pimpinella anisum, Rosmarinus officinalis L.,
Salvia officinalis L., Abies alba Mill., Chamomilla recutita L. Rausch and Thymus vulgaris L. produced in Slovakia (Calendula a.s.,
Nova Lubovna, Slovakia). The results of the disk diffusion method showed very high essential oils activity against all tested strains
of microorganisms. The best antimicrobial activity against C. butyricum was found at Pimpinella anisum, against C. hystoliticum was
found at Pinus sylvestris, against C. intestinale was found at Satureia hortensis L., against C. perfringens was found at Origanum
vulgare L. and against C. ramosum was found at Pinus sylvestris. The results of broth microdilution assay showed that none of the
essential oils was active against C. hystoliticum. The best antimicrobial activity against C. butyricum was found at Abies alba Mill.,
against C. intestinale was found at Abies alba Mill., against C. perfringens was found at Satureia montana and against C. ramosum
was found at Abius alba and Carum carvi. Antioxidant DPPH radical scavenging activity was determined at several solutions of oil
samples (50 mL.mL¡1–0.39 mL.mL¡1) and the best scavenging effect for the highest concentration (50 mL.mL¡1) was observed. The
antioxidant properties were different in particular plant species. The highest% of inhibition after 30 min. of reaction was observed at
Origanum vulgare (93%), Satureia montana (90.66%) and Lavandula augustifolia (90.22%).

Keywords: Essential oils, antibacterial activity, clostridia, in vitro, antiradical activity.

Introduction

Many naturally occurring compounds present in plants,
herbs, and spices have been shown to possess antimicrobial
effect against food-borne pathogens. In recent years, there
has been a considerable pressure from consumers to reduce

or eliminate chemically synthesized additives in their
foods. Most plants produce antimicrobial secondary
metabolites, either as part of their normal program of
growth and development or in response to pathogens
attack or stress. The use of essential oils (EO) is a novel
way to reduce the proliferation of microorganisms. The
oils are natural products extracted from plant materials.
They can be used as natural additives in many foods
because of their antibacterial, antifungal, antioxidant and
anticarcinogenic properties.[1–3] EOs have been proven to
be inhibitors of a wide range of food spoiling microbes,
depending on their concentration, testing methods and the
presence of active constituents.[4]
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The antimicrobial compounds found in plants are inter-
esting because the antibiotic resistance is becoming a
worldwide public health concern especially in terms of
food-borne illness and nosocomial infections.[5,6]

In the present study, the antibacterial and antioxidant
capacities of the 15 EOs were investigated. The antimicro-
bial activities were determined by using agar disc diffusion
and broth microdilution methods against Clostridium
genus. The antioxidant activities were determined as inhi-
bition of DPPH radical.

Material and methods

Essential oil samples

We used the original EOs of Lavandula angustifolia,
Carum carvi, Pinus montana, Mentha piperita, Foeniculum
vulgareMill., Pinus sylvestris, Satureia montana,Origanum
vulgare L. (2 samples), Pimpinella anisum, Rosmarinus offi-
cinalis L., Salvia officinalis L., Abies alba Mill., Chamo-
milla recutita L. Rausch and Thymus vulgaris L. All these
samples were produced in Slovakia (Calendula a.s., Nova
Lubovna). The samples were stored in the dark at the
temperature of 4�C.

Preparing essential oil samples and chemical composition

The medicinal plants for EO isolation were donated by
successful and established growers. EOs were distilled in
the large-scale distillation apparatus specifically designed
for aromatic and medicinal plants. There are two types:
Type HV-3000 (height: 5250 mm, width: 2180 mm, with
container for 200 or 250 kg of dried matter of 400 or
500 kg of fresh matter of plant material) and Type HV-
300 (height: 3400 mm, width: 1300 mm, with container
for 40 or 50 kg of dry matter and 100 or 120 kg of fresh
matter of plant material). This large-scale technology of
EO distillation in this Slovak company consists from the
main distillatory apparatus, a steam condenser and addi-
tional apparatuses (steam boiler and apparatus for
improving of used water). Analysis of the EOs was carried
out using a Hewlett-Packard 5890/5970 GC-MSD system
(DSB Scientific, New Bern, NC, USA).
Chemical composition of EOs were as follows: Lavan-

dula angustifolia: linalyl acetate (46%), linalool (26%), lav-
andulyl acetate (3%) and a-terpineol (4%); Carum carvi:
carvone (70%), limomene (27%); Pinus montana: a-pinene
(24%), b-pinene (7%), a-phellandrene (8%), bornyl acetate
(8%), camphene (13%) and limonene (4%); Mentha piper-
ita: menthol (46%), menthofuran (22.6%), (-)-metylacetate
(3.5%), neomenthol (3.6%), pulegone (1.9%), isomenthone
(8.8%) and linalool (0.6%); Foeniculum vulgare Mill.:
t-anethol (33%); Pinus sylvestris: a-pinene (27.4%),
b-pinene (9.7%), a-phellandrene (10.0%), bornyl acetate
(18.8%), camphene (15.5%) and limonene (6.1%); Satureia
montana: carvacrol (45%), g-terpinene (30%), a-terpinene

(3%), p-cimene (2%); Origanum vulgare L.: carvacrol
(55%); Pimpinella anisum anethol (80%); Rosmarinus offi-
cinalis L.: a-pinene (11.9%), camphene (8.4%), b-pinene
(2.8%), limonene (11.5%), 1,8-cineole (34.4%), camphor
(7.4%), borneol (4.4%), a-terpineol (3.3%) and boranyl
acetate (4.4%); Salvia officinalis L.: a-pinene (9.2%), 1,8-
cineole (12..6%), a-thujone (24.7%), b-thujone (5.2%),
camphor (16.8%), b-caryophyllene (5%) and a-caryophyl-
lene (2.8%); Abies alba Mill.: bornyl acetatte (30%), cam-
phene (18%), a-pinene (3%), borneol (1.5%), a-terpinene
(1.2%); Chamomilla recutita L. Rausch: /-/-a-bisabolol
(34.2%), chamazulene (11.3%), trans-b-farnesene (35.7%)
and Thymus vulgaris L.: p-cimen (22%), thymol (43%) and
carvacrol (2%).

Antimicrobial activity

Antibacterial activity was assessed on Clostridium butyri-
cum, Clostridium hystoliticum, Clostridium intestinale,
Clostridium perfringens and Clostridium ramosum assessed.
These samples came from the collections of the Depart-
ment of Microbiology, Faculty of Biotechnology and
Food Sciences, Slovak University of Agriculture in Nitra,
Slovakia. The mother cultures of each clostridium were set
up 24 h before the assays in order to reach the stationary
phase of growth. The tests were assessed by inoculating
Petri dishes from the mother cultures with proper sterile
media. The main aim was to obtain the microorganism
concentration of 105 colony forming units cfu mL¡1.

Disc diffusion method

We used the agar disc diffusion method for the determina-
tion of antimicrobial activities of the EO.[7] Briefly, a sus-
pension of the tested microorganism (0.1 mL of 105 cells
per mL) was spread on the solid media plates. Filter paper
discs (6 mm in diameter) were impregnated with 15 mL of
the oil and placed on the inoculated plates. They were
inoculated onto the surface of Mueller Hinton Agar
(MHA, Oxoid, Basingstoke, UK). These plates, after
remaining at 4�C for 2 h, were incubated anaerobically at
37�C for 24 h. The diameters of the inhibition zones were
measured in millimeters. All the tests were performed in
duplicate.

Determination of minimum inhibitory concentration

Broth microdilution susceptibility assay was used, as rec-
ommended by NCCLS, for the determination of the
MIC.[8] All tests were performed in Mueller Hinton Broth
(MHB; Oxoid) supplemented with Tween 80 detergent
(final concentration of 0.5% v.w¡1). Bacterial strains were
cultured overnight at 37�C in MHA. Test strains were sus-
pended in MHB to give a final density of 5.105 cfu.mL¡1

and these were confirmed by viable counts. The test oil
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solution was prepared in dimethyl sulfoxide (DMSO,
Penta, Prague, Czech Republic). Geometric dilutions,
ranging from 0.0235 to 0.75 mL mL¡1 of the EO, were pre-
pared in a 96-well microtitre plate, including one growth
control (MHB C Tween 80) and one sterility control
(MHB C Tween 80 C test oil). The plates were incubated
under anaerobic conditions, at 37�C for 24 h for bacteria.
The bacterial growth was indicated by the presence of a
white “pellet” on the well bottom.

DPPH radical scavenging activity

Free radical scavenging activities of the EOs were
evaluated in accordance with method of Takao et al.[9]

with some modification. 2,2-Diphenyl-1-picrylhydrazyl
(DPPH, Sigma-Aldrich, Bratislava, Slovakia) (8 mg) was
dissolved in absolute methanol (100 mL) to obtain a con-
centration of 80 mg.mL¡1. Diluted solutions of oil sam-
ples (50 mL.mL¡1–0.39 mL.mL¡1) were mixed with
DPPH (2 mL) and allowed to stand for 30 min for any
reaction to occur. Absorbance was recorded at 517 nm
using T80 UV/Vis Double Beam Spectrophotometer
(Oasis Scientific, Greenville, SC, USA). Antioxidant activ-
ity was expressed as percentage (%) of scavenging activity:

% inhib:D [ðADPPH¡AsampleÞ=ADPPH]£ 100

Statistical analysis

The basic variation–statistical values from obtained data
were calculated by using statistical program Statgraphic
(Statpoint technologies, Warrenton, VA, USA). In this
study, following values were calculated: average, standard
deviation, minimum, and maximum, coefficient of varia-
tion and frequency of size of inhibition zones.

Results and discussion

Antibacterial activity

Aromatic plants are frequently used in traditional medi-
cine as the antimicrobial agents and their EOs, mixtures of
natural volatile compounds isolated by steam distillation,
have been known since antiquity to possess antibacterial
and antifungal properties.[10] The diffusion method is gen-
erally used as a preliminary screening for antimicrobial
activity prior to more detailed studies.[11] Usefulness of
this method is limited to the generation of preliminary
quantitative data only, as the hydrophobic nature of most
EOs and plant extracts components prevents their uniform
diffusion through the agar medium. Based on this, it is
recommended to use an emulsifier such as DMSO,
to assure contact between the microorganism and the
possible antimicrobial agent.[12]

The biological activity against clostridia was determined
by employing the standard discs diffusion technique
(Table 1). The results from the disk diffusion method
assays showed variable activity against all tested strains of
clostridia. Clostridium butyricum showed higher suscepti-
bility in all tested EOs (6.35 mm). Antibacterial activity of
EOs against C. butyricum ranged from 3.0 § 0.82 at
Carum carvi to 8.3 § 0.96 mm at Pimpinella anisum. Disc
diffusion method showed that antibacterial activity against
C. hystoliticum ranged from 1.25 § 0.50 at Chamomilla
recutita L. to 7.75 § 0.96 mm at Pinus sylvestris, against
C. intestinale ranged from 2.00§ 0.82 atOriganum vulgare
to 12.25 § 2.22 mm at Satureia montana, against C. per-
fringens ranged from 1.00 § 0.00 at Abius alba and Cha-
momilla recutita L. to 6.50 § 3.70 mm at Origanum
vulgare L. and against C. ramosum from 1.00 § 0.00
Carum carvi, Pimpinella anisum and Rosmarinus officinalis
L. to 7.50 § 0.58 mm at Abies alba Mill. The best

Table 1. Antimicrobial activity of the 15 essential oils against clostridia using agar disc diffusion in mm.

Essential oil C. butyricum C. hystoliticum C. intestinale C. perfringens C. ramosum

Lavandula angustifolia 6.50 § 1.29 5.25 § 4.03 4.00 § 1.81 3.50 § 0.58 3.25 § 0.96
Carum carvi 3.00 § 0.82 2.75 § 2.06 3.00 § 1.83 2.25 § 1.50 1.00 § 0.00
Pinus Montana 7.50 § 0.58 4.25 § 2.22 5.50 § 2.52 1.00 § 0.00 7.50 § 0.58
Mentha piperita 5.00 § 0.82 3.25 § 0.50 3.50 § 0.58 3.00 § 0.82 4.25 § 0.96
Foeniculum vulgareMill. 7.50 § 0.58 1.25 § 0.50 6.50 § 1.29 1.00 § 0.00 6.50 § 1.29
Pinus sylvestris 6.00 § 0.82 7.75 § 0.96 6.75 § 1.71 5.00 § 0.82 5.00 § 0.82
Satureia montana 6.80 § 1.26 4.25 § 1.25 12.25 § 2.22 6.00 § 0.82 4.00 § 0.82
Origanum vulgare L. 8.00 § 0.00 1.50 § 0.58 2.00 § 0.82 6.50 § 3.70 3.50 § 1.29
Pimpinella anisum 8.30 § 0.96 3.75 § 1.50 5.50 § 0.58 5.00 § 0.82 1.00 § 0.00
Rosmarinus officinalis L. 5.00 § 0.82 4.25 § 0.96 5.50 § 1.73 2.00 § 0.00 1.00 § 0.00
Salvia officinalis L. 2.25 § 0.5 1.25 § 0.50 3.5 § 0.58 3.75 § 0.96 1.00 § 0.00
Abies albaMill. 7.00 § 2.16 3.00 § 0.82 4.50 § 1.29 9.75 § 2.22 3.50 § 1.29
Chamomilla recutita L. Rausch 1.75 § 0.96 3.75 § 0.96 4.25 § 0.96 6.00 § 1.83 1.75 § 0.50
Thymus vulgaris 3.75 § 0.96 8.75 § 0.96 10.50 § 1.29 2.25 § 1.50 3.75 § 2.06
Origanum vulgare L. 2.50 § 0.58 1.25 § 0.50 4.00 § 0.82 2.00 § 0.82 1.25 § 0.50

Antibacterial activity against Clostridium genus 507

D
ow

nl
oa

de
d 

by
 [

Y
or

k 
U

ni
ve

rs
ity

 L
ib

ra
ri

es
] 

at
 1

0:
15

 1
2 

A
ug

us
t 2

01
4 



antibacterial activity against all tested clostridia was found
at Satureia hortensis.
Minimum inhibitory amounts (MIC) determined by

dilution method using Mueller Hinton broth are summa-
rized in Table 2. The lowest minimum inhibitory effect
against tested clostridia was found at Abies albaMill. Min-
imal inhibition concentration against C. butyricum ranged
from 0.38 at Abies alba Mill. to 34.03 mL mL¡1 at Ros-
marinus officinalis L., against C. intestinale ranged from
3.00 at Abius alba to >76.00 mL mL¡1 at three EOs (Lav-
andula angustifolia, Satureia hortensis, Pimpinella anisum),
against C. perfringens from 1.79 at Satureia hortensis L.
to >76.00 mL mL¡1 at Pimpinella anisum and against
C. ramosum from 0.50 at Abies albaMill. and Carum carvi
to 22.45 mL mL¡1 at Chamomilla recutita L. No antibac-
terial activity against C. hystoliticum was found.
The antimicrobial properties of winter savory EO are

related to the presence of their major chemical com-
pounds, such as thymol and carvacrol in the EO frac-
tion.[13,14] The formation of growth inhibition zones on the
tested growth bacterial cultures showed the antimicrobial
effect of Satureia montana EO. The MIC is cited by most

researchers as the measure of performance of antibacterial
Eos.[15] Several authors have reported the antimicrobial
effect of S. montana EO in vitro. Mirjana and Nada [13]

observed the antimicrobial activity of savory EO on
Gram-negative and Gram-positive bacteria, filamentous
fungi and yeasts using the agar dilution method. Bezbrad-
ica et al.[16] found that S. montana EO in a 5% ethanol
solution has wide antimicrobial activities against several
microorganisms using the same methodology as we used
in this study. �Cavar et al.[17] reported the antimicrobial
effect of S. montana EO obtained by hydrodistillation
using the disc diffusion method. Si et al.[18] studied the
inhibition potential of 66 EOs and several of their compo-
nents on C. perfringens type A, and they found an inhibi-
tion of over 80% in 33 of the tested components. The
reported MIC values ranged between 167 and 425 mg
mL¡1, with thymol and carvacrol as the most efficient
inhibitors among the tested by the authors. The MIC val-
ues for S. montana EO against C. perfringens were not
reported, so further comparisons were not made. In our
study the best antimicrobial activity of EOs was found
against C. intestinale, using disc diffusion method while

Table 2. Antimicrobial activity expressed as minimum inhibitory concentration (MIC) against clostridia strains of 15 essential oils.

Essential oil MIC C. ramnosum C. butyricum C. perfringens C. intestinale

Lavandula angustifolia 50 1.70 NA 6.81 >76
90 2.68 14.09 10.59 >76

Carum carvi 50 0.50 2.00 2.66 11.01
90 0.56 2.24 4.64 18.23

Pinus Montana 50 19.00 34.03 4.00 >76
90 21.60 56.41 4.47 >76

Mentha piperita 50 0.50 4.00 2.00 13.45
90 0.56 4.47 2.24 14.47

Foeniculum vulgareMill. 50 22.45 11.82 34.03 9.42
90 44.78 20.25 56.41 22.32

Pinus sylvestris 50 4.69 3.00 5.33 6.00
90 7.39 3.20 9.18 6.38

Satureia montana 50 6.00 20.28 1.79 3.00
90 6.38 51.13 3.79 3.20

Origanum vulgare L. 50 6.13 NA 2.12 5.40
90 10.83 1.80 3.93 10.55

Pimpinella anisum 50 22.14 9.49 >76 >76
90 43.79 NA >76 >76

Rosmarinus officinalis L. 50 3.00 0.38 11.91 8.00
90 3.20 0.40 20.48 8.93

Salvia officinalis L. 50 1.50 0.38 4.00 5.41
90 1.60 0.40 4.47 9.41

Abies albaMill. 50 0.25 0.25 2.00 1.70
90 0.28 0.28 2.24 2.68

Chamomilla recutita L. Rausch 50 8.02 33.20 NA 1.86
90 21.59 >76 NA 3.17

Thymus vulgaris 50 7.59 NA >76 11.82
90 14.58 NA >76 20.25

Origanum vulgare L. 50 1.29 8.26 27.22 2.51
90 4.03 NA >76 4.21

aMIC was considered as the lowest concentration of each essential oil; NAD no antimicrobial effect.
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broth diffusion method showed C. perfringens to be the
most sensitive clostridium. Candan et al.[19] studied the
antimicrobial effect of Achillea millefolium subsp. millefo-
lium Afan against different bacteria and they observed
that oil showed antimicrobial activity against Streptococ-
cus pneumoniae, Clostridium perfringens, Candida albicans,
Mycobacterium smegmatis, Acinetobacter lwoffii and Can-
dida krusei while water-insoluble parts of the methanolic
extracts exhibited slight or no activity. This study confirms
that the EO of Achillea millefolium possesses antimicrobial
properties in vitro.
The antimicrobial activity of the hexane fraction of rose-

mary extract against several Gram positive bacteria was
reported by Campo and Amiot [20] with MIC ranging
from 0.06% to 1.0%. Antimicrobial activity of edible coat-
ings enriched with rosemary were studied in vitro and in
vivo, which offered a great advantage in the prevention of
bacterial population and browning reactions which typi-
cally result in quality loss in fruits and vegetables.[21] Using
disc diffusion method, the best antibacterial activity was
found against C. intestinale and C. ramosus minimal inhi-
bition concentration was 3.00 mL mL¡1 in our study.
The study of Cui et al.[22] showed that 15 of 90 tested

plants (16.7%) exhibited complete inhibition (CC) of the
Clostridium spp. below 0.5% level of addition. Dorman
and Deans [23] reported that thymol has greater inhibitory
activity against Gram-positive organisms such as Bacillus
subtilis and Clostridium sporogenes. We found the best
antibacterial activity of mentha EO against C. bytiricum
(5.0 § 0.82 mm) using the disc diffusion method while
broth diffusion method showed C. perfringens to be the
most sensitive bacteria. Antimicrobial activities of Mentha
piperita essential oil (MPEO) have been studied previously
and showed that the EO could inhibit the growth of differ-
ent Gram-positive and Gram-negative bacteria. Menthol
as a major constituent in MPEO was shown to be an active
component against C. sporogenes. Mentha arvensis var.
piperacens has shown an effective antimicrobial inhibition
against C. perfringens determined by diameter of inhibi-
tion zone. The MIC value of Satureja montana L. EO
against C. perfringens was reported to be 1.56% which was
higher than the value obtained for MPEO (0.05%) and
showed lower antibacterial activity.[24]

The antibacterial activity of EOs from 10 aromatic
plants Matricaria chamommilla, Mentha piperita, M. spi-
cata, Lavandula angustifolia, Ocimum basilicum, Thymus
vulgaris, Origanum vulgare, Salvia officinalis, Citrus limon
and C. aurantium have been determined in the study of
Sokovi�c et al.[25] They found that the highest and broadest
activity was shown by Origanum vulgare oil.
Our results with Carum carvi EO showed that the most

sensitive bacteria using disc diffusion method were
C. butyricum and C. intestinale, while using broth method
it was C. perfringens. Antibacterial activity of Carum carvi,
determined using agar diffusion method, was observed
against Gram-positive and Gram-negative bacterial

species in this study.[26] The activity was particularly high
against the genera Clavibacter, Curtobacterium, Rhodococ-
cus, Erwinia, Xanthomonas, Ralstonia and Agrobacterium,
which are responsible for plant or cultivated mushroom
diseases worldwide. In general, a lower activity was
observed against bacteria belonging to the genus Pseudo-
monas. These results suggest potential use of the above
EOs for the control of bacterial diseases.[26]

Antimicrobial activity of EO of Pinus halepensis tree
from Ghazaouet (Tlemcen) against bacteria (Staphylococ-
cus aureus ATCC25 923, Pseudomonas aeruginosa ATCC
27853, Escherichia coli ATCC25 922 et ATCC25 921,
Bacillus cereus ATCC 11778) was determined Abi-Ayada
et al.[27] who evaluated two methods, disc diffusion and
broth dilution. EO of Pinus halepensis showed moder-
ate activity against all tested strains except P. aerugi-
nosa end E. coli, which were found to be very
resistant.[27] In our study, the best antibacterial activity
using disc diffusion method was found at Pinus sylvest-
ris against C. hystoliticum and using broth diffusion
method against C. butyricum.
Our study showed that antibacterial activity of lavan-

dula EO has good antibacterial activity against C. butyri-
cum using disc diffusion method and against C. ramosum
using broth diffusion method. In the study of Hanaman-
thagouda et al.[28] Lavandula bipinnata EO was evaluated
for antimicrobial activity against gram positive (E. faecalis
ATCC 29212, S. aureus ATCC 29213, VRE ATCC 51299,
B. subtilis, Micrococcus), gram-negative (E. coli ATCC
25922, P. aeruginosa ATCC 27853, Shigella dysentery)
bacteria and fungi (Aspergillus niger, Penicillium notatum
and Candida albicans). It was found to be active against all
the microbes used for the activity. The EO was very active
against B. subtilis, S. aureus, Micrococcus, A. niger, mod-
erately active against E. coli, Sh. dysentery, E. feacalis,
VRE, C. albicans and it showed low activity against
P. aureginosa and P. notatum.
The antimicrobial test results of Sahin et al.[29] study

showed that the EO of O. vulgare ssp. vulgare had great
potential of antimicrobial activity against all 10 bacteria,
and 15 fungi and yeast species tested. The strongest anti-
bacterial activity, determined by microdilution method,
was detected on GC bacteria such as Bacillus species and
Staphylococcus aureus, obtaining minimal inhibitory con-
centration (MIC) of 0.16 mg mL¡1 while antifungal activ-
ity was moderate with MICs between 2.5 and 20 mg
mL¡1.[30] The best antibacterial activity obtaining MIC
in our study with oregano EO was detected against
C. perfringens.
Chamomile extracts exhibited considerable antimicro-

bial activity against all tested strains, particularly against
Gram-positive bacteria. Results of disc diffusion method,
followed by measurement of MIC, indicated that B. cereus
and A. flavus were the most sensitive microorganisms
tested, showing the largest inhibition zones and the lowest
MIC values. Least activity was exhibited against E. coli,
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with the smallest inhibition zones and the highest MIC
value.[31] Cantore et al.[32] reported that the Gram-nega-
tive strains of bacteria, especially E. coli, have less sensitiv-
ity to chamomile EO. In our study we found good
antimicrobial activity against three of five tested clostridia,
using disc diffusion method.
We found that Pimpinella anisetum showed best antimi-

crobial activity against C. butyricum, using both methods.
Tepe et al.[33] found that C. perfringens is the most sensi-
tive microorganism with the lowest MIC value (4.50 mg
mL¡1). The results were obtained by the disc diffusion
method, followed by measurements of MIC. Other sensi-
tive microorganisms are S. peumoniae and A. lwoffii with
the same MIC values (18 mg mL¡1). According to the
results obtained from P. flabellifolia oil, C. perfringens is
again the most sensitive microorganism with the lowest
MIC value (2.25 mg mL¡1), followed by S. peumoniae
(9.0 mg mL¡1). In addition to these findings, C. albicans
and C. krusei (yeasts) exhibited sensitivity to both oils with
an MIC value of 36 mg mL¡1.

Antioxidant activity

The EO and various extracts were subjected to screening
for their possible antioxidant activity. Free radical scav-
enging capacities of the extracts, measured by DPPH
assay, are shown in Table 3. As the best scavenging solu-
tions of DPPH radical were the oils at the highest concen-
tration 50 mL.mL¡1, with the decreasing concentration of
oil solution antioxidant activity was reduced (not shown).
The antiradical properties were different in particular

plant species. The highest% of inhibition after 30 min.
of reaction was observed at Origanum vulgare (93.00%),
Satureia montana (90.66%) and Lavandula augustifolia
(90.22%).

Antiradical properties decreased in the following order:
Origanum vulgare (93.00%) > Satureia montana (90.66%)
> Lavandula augustifolia (90.22%) > Thymus vulgaris
(86.8%) > Pinus sylvestris (82.09%) > Origanum vulgare
(77.48%) > Carum carvi (76.67%) > Salvia officinals
(68.55%) > Pimpinella anisum (58.66%) > Chamomilla
recutita (56.27%) > Abies alba (56.17%) > Foeniculum vul-
gare (53.52%) > Pinus montana (50.54%) > Rosmarinus
officinalis (47.15%) >Mentha piperita (37.43%).
DPPH radical-scavenging activities of 11 EOs were

studied in the work Sacchetti et al.[34] Rosmarinus officina-
lis EO notably reduced the concentration of DPPH free
radical, with an efficacy slightly lower than that of refer-
ence oil Thymus vulgaris (75.6 § 0.53% inhibition). We
have similar results in our study. In the study of Gulcin
et al.[35] antioxidant activity of anise ethanolic extract was
found to be 34.49%, which was lower than our study with
anise showed (58.66%).
Antioxidant activities of the extracts were evaluated

using the DPPH� radical scavenging. The analysis showed
that the highest antioxidant activity was noticed for cham-
omile extract comparison with fennel of Roby et al.
study.[31] Similar results were found in our study. The EO
and different extracts ofM. piperita were explored for anti-
oxidant activity by evaluating their antioxidant capacity as
DPPH radical scavenging activity. Peppermint oil showed
almost equal antioxidant potency (about 90%).[36] Pinus
samples in the study[37] were tested in four in vitro assays
for evaluation of their antioxidant potentials at concentra-
tions of 250, 500, and 1000 g mL¡1. The Pinus extracts
exhibited weak to moderate scavenging activity against
DPPH radical, which are results equal to those in our
study.
Grzegorczyk et al.[38] studied the radical scavenging

activity, expressed as the percentage of reduction of the
initial DPPH absorbance and EC50 value, of the Salvia
officinalis L extracts. The highest radical scavenging activ-
ity was detected for RR methanolic extract (from roots of
in vitro regenerated sage plants) and HR methanolic
extract (from transformed roots grown in an in vitro cul-
ture). Free radicals amount in the test sample with these
extracts at the concentration of 50 mg.mL¡1 after 30 min
incubation decreased, respectively, by 94% and 88%. Our
results showed a lower antioxidant activity of sage EO
(68.55%).

Conclusion

The results we obtained can be considered as the first infor-
mation about antimicrobial properties of Lavandula
angustifolia, Carum carvi, Pinus montana,Mentha piperita,
Foeniculum vulgare Mill., Pinus sylvestris, Satureia mon-
tana, Origanum vulgare L. (2 samples), Pimpinella anisum,
Rosmarinus officinalis L., Salvia officinalis L., Abies alba
Mill., Chamomilla recutita L. Rausch and Thymus vulgaris

Table 3. Antioxidant activity expressed as % inhibition of DPPH
radical at 50 mL mL¡1 concentration of oil samples.

Essential oil Antioxidant activity (%)

Lavandula angustifolia 90.22
Carum carvi 76.67
Pinus Montana 50.54
Mentha piperita 37.43
Foeniculum vulgareMill. 53.52
Pinus sylvestris 82.09
Satureia montana 90.66
Origanum vulgare L. 77.48
Pimpinella anisum 58.66
Rosmarinus officinalis L. 47.15
Salvia officinalis L. 68.55
Abies albaMill. 56.17
Chamomilla recutita L. Rausch 56.27
Thymus vulgaris 86.80
Origanum vulgare L. 93.00
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L. EO samples produced in Slovakia against five different
clostridia. It could contribute to knowledge about the
antimicrobial potentials of these EOs against anaerobic
microorganisms such as clostridia in the food. The best
antimicrobial activity using disc diffusion method was
found at Satureia montana and Thymus vulgaris and using
broth dilution method at Lavandula angustifolia. In con-
clusion, we can consider that EOs had different antioxi-
dant activity, with the best antioxidant activity of
oregano, savory and lavender.
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