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Chemical compositions and inhibitory effects of essential oils of Turkish oregano (Origanum
minutiflorum O. Schwarz & P. H. Davis), bay laurel (Laurus nobilis L.), Spanish lavender (Lavandula
stoechas subsp. stoechas L.), and fennel (Foeniculum vulgare Mill.) on Escherichia coli O157:H7,
Listeria monocytogenes, Salmonella typhimurium, and Staphylococcus aureus were determined. After
the essential oils were applied on the foodborne pathogens at doses of 0 (control), 5, 10, 20, 30, 40,
50, and 80 µL/mL, the resultant numbers of cells surviving were counted. Results revealed that all
essential oils exhibited a very strong antibacterial activity against the tested bacteria (P < 0.05). Gas
chromatography-mass spectrophotometry analyses revealed that carvacrol (68.23%), 1,8-cineole
(60.72%), fenchone (55.79%), and trans-anethole (85.63%) were the predominant constituents in
Turkish oregano, bay laurel, Spanish lavender, and fennel essential oils, respectively.
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INTRODUCTION

Although humans have used plant extracts for their antifungal,
antimicrobial, insecticidal, cytostatic, and therapeutic activities
(1, 2), the focus has been on their enhancement of the flavor of
foods rather than extension of the shelf life and microbial
inactivation. Changes in consumers’ preferences toward more
natural products than synthetic food additives, and reduction
of salt and sugar in foods for dietary reasons, stimulate the use
of spices and/or aromatic plants, which are low in sodium and
calories (3-5). Aromatic plants have been widely used to extend
the shelf life of foods and in folk medicine owing to essential
oils that they contain as a product of their secondary metabo-
lisms (6).

Most studies were conducted to determine antifungal and
antibacterial activities of plant essential oils against soilborne
pathogens, harmful insects, pathogenic fungal strains causing
superficial skin infections in human, and food storage fungi
(6-15). However, there is a lack of studies performed to
determine antibacterial effects of plant essential oils on food-
borne pathogenic bacteria.Escherichia coliO157:H7,Staphy-
lococcus aureus,Listeria monocytogenes, andSalmonella
typhimuriumare common foodborne pathogens causing severe
diseases in human. To prevent the growth of these pathogens

in foods, different attempts have been made recently, with the
use of plant extracts and/or essential oils gaining popularity
(16-23).

Inactivation effects of thymol, eugenol, menthol, and anethole
(major constituents in thyme, oregano, clove, West India bay,
aniseed, fennel, and peppermint oil) were tested onS. typhimu-
rium, S. aureus, andVibrio parahaemolyticus, and they showed
different inhibitory impacts on the tested bacteria (24). Thanga-
durai et al. (15) reported that essential oils extracted from
Decalepis hamiltoniiroots exhibited a strong antimicrobial
activity againstBacillus cereus, Bacillus megaterium, Candida
albicans, E. coli,Micrococcus luteus, M. roseus, andS. aureus.

The essential oils obtained from the aerial parts ofOriganum
scabrumexhibited an extremely strong activity againstS. aureus,
Staphylococcus epidermidis,E. coli, Enterobacter colaceae,
Pseudomonas aeruginosa, C. albicans, Candida tropicalis, and
Torulopsis glabrata. Except forPseudomonas aeruginosaand
Klebsiella pneumoniae, the essential oil ofOriganum micro-
phyllum showed weaker antimicrobial activities against the
above tested microorganisms (13).

Turkish oregano (Origanum minutiflorumO. Schwarz & P.
H. Davis), bay laurel (Laurus nobilisL.), Spanish lavender
(LaVandula stoechassubsp.stoechasL.), and fennel (Foenicu-
lum VulgareMill.) are natural floristic elements of Turkey and
widely used as traditional medicines and flavor enhancers in
foods. However, there is a lack of information about their

* Corresponding author (telephone+90 3262455735; fax+90 3262455832;
e-mail gevrendilek@mku.edu.tr).

J. Agric. Food Chem. 2004, 52, 8255−8260 8255

10.1021/jf049033e CCC: $27.50 © 2004 American Chemical Society
Published on Web 11/26/2004



antimicrobial activities and essential oil constituents in the
literature. In this study, we aimed at determining the chemical
compositions and inhibitory effects onE. coli O157:H7, L.
monocytogenes,S. typhimurium, andS. aureusof essential oils
of Turkish oregano, bay laurel, Spanish lavender, and fennel.

MATERIALS AND METHODS

Bacterial Cultures. E. coli O157:H7 (ATCC 35218),L. monocy-
togenes(NCTC 2167),S. typhimurium(RHSM 1996), andS. aureus
(ATCC 43300) cultures were obtained from the culture collections of
the Department of Health of Refik Saydam Hygiene Center Contagious
Diseases Research Department (Ankara, Turkey) in tryptone soy agar
(TSA) slants. All of the cultures were transferred into tryptone soy
broth (TSB) tubes and incubated at 37°C overnight. TSA and TSB
were purchased from Difco (France).

Plant Materials. Leaves and aerial parts of Turkish oregano from
the district of Sutculer (Isparta) and leaves and flowers of Spanish
lavender from the district of Alahan (Hatay) were collected between
April and June of 2002. Fresh bay laurel was collected from the district
of Aknehir (Hatay) between June and September of 2001. Fennel seeds
were purchased from a local seller in Hatay. Turkish oregano, bay laurel,
and Spanish lavender flowers and leaves were separated from their stem
parts and air-dried until use.

Analyses of Essential Oils.Air-dried parts of the plants and fennel
seeds were steam-distilled for 3 h using a Clevenger-type apparatus
(Ildam, Ankara) according to theEuropean Pharmacopoeia(25). The
obtained essential oils were stored at 4°C in airtight glass vials covered
with aluminum foil.

The gas chromatography-mass spectrophotometry (GC-MS) analy-
ses of the obtained essential oils were conducted at the Central
Laboratory of Mustafa Kemal University (Hatay) using a Hewlett-
Packard GC (model 6890) and a Hewlett-Packard MS (model 5972)
equipped with a mass selective detector (MSD). The GC was equipped
with a (5%-phenyl)-methyl polysiloxane HP-5MS column (30 m length
× 0.25 mm i.d.× 0.25µm df) and an HP 18593B automatic injection
system. Thirty microliters of bay laurel essential oils was transferred
into 1 mL of diethyl ether (Sigma), and 30µL each of essential oils
from Turkish oregano, Spanish lavender, and fennel were transferred
into 1 mL of hexane (Sigma) and injected to the GC-MS sampling
port. The chromatogram was produced by holding the oven temperature
at 50°C for 5 min initially and then increasing the temperature to 90
°C at a rate of 2°C/min followed by an increase at a rate of 5°C/min
to 210°C, at which it was held for>40 min. MSD conditions were as
follows: capillary direct interface temperature, 280°C; ionization
energy, 70 eV; mass range, 33-330 amu; EM voltage (Atune+200);
scan rate, 5 scan/s. Helium was used as the carrier gas at a flow rate
of 1.5 mL/min. Identification of components in essential oils was carried
out with the Wiley 275 MS data library.

Determination of Inhibitory Effects of Essential Oils. One hundred
microliters of an overnight-grown culture was added to a test tube
containing 900µL of 0.1% peptone water to obtain a total viable
bacterial count of∼1 × 106-107 colony-forming unit (cfu)/mL in each
test tube. The obtained essential oils were added to tubes at doses of
0 (control), 5, 10, 20, 30, 40, 50, and 80µL/mL. Depending on the
doses, serial dilutions were prepared with 0.1% peptone. Appropriate
dilutions were plated onto plate count agar (PCA) in triplicate. Plates
were incubated at 37°C for 48 h. Each experiment was repeated three
times.

Data Analysis.Data were analyzed using Minitab software version
12.1 (Minitab, Inc., State College, PA). One-way analysis of variance
(ANOVA) for the microbial inactivation and Tukey’s multiple-
comparison tests were used to determine significant differences between
inactivation effects of different essential oils. Log10 transformations
were performed on microbial data.

RESULTS AND DISCUSSION

Chemical Compositions of the Essential Oils.Seventeen
constituents in the essential oil of Turkish oregano (O. minuti-
florum)were determined, with the major components as 68.23%

carvacrol, 11.84%p-cymene, 8.14%γ-terpinene, and 3.44%
â-caryophyllene (Table 1). The essential oil constituents of
Thymus reVolutus, an endemic species in Hatay, were deter-
mined, with carvacrol as the most dominant constituent (43.1%)
(26). The major constituents of the two species (γ-terpinene,
p-cymene, andâ-caryophyllene) were the same; however, their
quantities differed.

GC-MS analyses of twoOriganumspecies,O. scabrumand
O. microphyllum, revealed that the chemical composition of
Turkish oregano was very similar to those ofO. scabrumand
O. microphyllum(13) and different from that ofO. syriacum
(14).

Bay laurel essential oils were found to contain 1,8-cineole
(60.72%),R-terpinene (12.53%), sabinene (12.12%), andR-pinene
(6.11%) as major constituents (Table 2). A previous study
reported that bay leaves contained mostly 1,8-cineole (50%),
eugenol, acetyl eugenol, methyl eugenol, and terpineol (27).

A total of 18 constituents were identified in Spanish lavender
essential oils, with the major constituents being fenchone
(55.79%), camphor (18.18%), 1,8-cineole (8.03%), and myrtenyl
acetate (6.25%) (Table 3). Studies withL. angustifolia, a species
closely related to Spanish lavender, indicated that the essential
oils contained 20.2% linalool, 18.6% linalyl acetate, 16.0%

Table 1. Essential Oil Constituents of Turkish Oregano Determined by
GC-MS Analyses

peak constituenta % RTb (min)
identification

methodc

1 R-thujene 0.50 5.84 GC-MS
2 R-pinene 1.39 6.06 GC-MS
3 camphene 0.67 6.61 GC-MS
4 â-pinene 0.31 8.27 GC-MS
5 myrcene 0.47 9.56 GC-MS
6 R-terpinene 1.00 9.97 GC-MS
7 p-cymene 11.84 10.72 GC-MS
8 γ-terpinene 8.14 12.69 GC-MS
9 linalool 2.15 15.63 GC-MS
10 terpineol-4 0.18 19.97 GC-MS
11 carvacrol methyl ether 0.73 24.62 GC-MS
12 carvacrol 68.23 29.40 GC-MS
13 R-humulene 0.22 31.16 GC-MS
14 â-caryophyllene 3.44 31.39 GC-MS
15 aromadenderene 0.36 31.92 GC-MS
16 ledene 0.28 33.67 GC-MS
17 â-bisabolene 0.21 34.10 GC-MS

a All constituents were tentatively identified. b Retention time on HP-5MS column
in minutes. c Gas chromatography−mass spectrophotometry (GC-MS).

Table 2. Essential Oil Constituents of Bay Laurel Determined by
GC-MS Analyses

peak constituenta % RTb (min)
identification

methodc

1 R-pinene 6.11 8.12 GC-MS
2 sabinene 12.12 10.30 GC-MS
3 â-terpinene 0.06 10.98 GC-MS
4 1,8-cineole 60.72 14.33 GC-MS
5 γ-terpinene 1.04 15.59 GC-MS
6 linalool 0.73 19.01 GC-MS
7 terpinen-4-ol 3.29 23.83 GC-MS
8 R-terpineol 2.04 25.18 GC-MS
9 R-terpinene 12.53 35.20 GC-MS
10 eugenol 0.53 36.30 GC-MS
11 â-caryophyllene 0.40 38.54 GC-MS
12 methyl eugenol 0.68 38.92 GC-MS

a All constituents were tentatively identified. b Retention time on HP-5MS column
in minutes. c Gas chromatography−mass spectrophotometry (GC-MS).
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lavandulyl acetate, and 13.1% 1,8-cineole (6). Except for 1,8-
cineole, the major constituents ofL. angustifoliawere different
from those of Spanish lavender. Karamanoli et al. (28) reported
that L. angustifolia essential oil had 1,8-cineole (44.9%),
camphor (14.3%),â-phellandrene (5.0%), andR-pinene (4.7%).
The amounts of camphor and 1,8-cineole were similar to those
of Spanish lavender; however, fenchone (54.2%) was not
detected in the related species.

The major constituents in fennel essential oil were 85.63%
trans-anethole, 5.27% estragole, 3.8% limonene, and 2.68%
p-anisaldehyde (Table 4). Ruberto et al. (29) determined that
the major constituents ofF. Vulgare essential oil were 55.3%
estragole, 11.3%R-pinene, and 9.1%R-phellandrene. Except
for estragole, the other major constituents were different from
those found in our study.

Inhibitory Effects of Essential Oils. E. coli O157:H7-
inoculated control samples had a 8.10 log cfu/mL of initial
count, and this value decreased significantly with an increase
in the applied essential oil concentrations of Turkish oregano
(P < 0.05). The applied essential oil at doses of 5, 10, 20, 30,
40, 50, and 80µL/mL led to 5.82, 4.45, 4.04, 3.30, 1.00, 0.00,
and 0.00 log cfu/mL forE. coli O157:H7, respectively (P<
0.05). Inactivation ofE. coli O157:H7 by bay laurel and Turkish
oregano essential oils was similar in that increased doses of
both essential oils caused an increase in inactivation ofE. coli
O157:H7. The initial count ofE. coli O157:H7 of 8.02 log
cfu/mL was reduced to 5.10, 4.02, 3.79, 2.90, 0.47, 0.00, and

0.00 log cfu/mL with doses of 5, 10, 20, 30, 40, 50, and 80
µL/mL bay laurel essential oils, respectively (P < 0.05). At
the same doses, Spanish lavender essential oil reduced the initial
count from 6.33 log cfu/mL to 4.99, 4.72, 3.27, 2.52, 2.04, 0.60,
and 0.00 log cfu/mL, respectively (P < 0.05). Fennel essential
oils applied at 5, 10, 20, 30, 40, 50, and 80µL/mL doses resulted
in survival counts of 5.02, 4.84, 3.76, 4.04, 2.74, 2.08, and
0.46 log cfu/mL, respectively (P < 0.05). The initial level of
E. coli O157:H7 in the control samples was 7.88 log cfu/mL
(Figure 1).

When the effects of Turkish oregano, bay laurel, Spanish
lavender, and fennel essential oils of the same doses on
inactivation ofE. coli O157:H7 were also compared, bay laurel
essential oils were found to be the most effective in inactivation
of E. coli O157:H7 in all of the doses, followed by Turkish
oregano, fennel, and Spanish lavender essential oils (P < 0.05)
(Figure 1).

Turkish oregano essential oils applied at 5, 10, 20, 30, 40,
50, and 80µL/mL doses reduced the initialL. monocytogenes
count from 7.23 log cfu/mL to 4.00, 3.45, 3.54, 2.41, 0.23, 0.12,
and 0.00 log cfu/mL, respectively (P < 0.05). Beyond 80
µL/mL, no colonies were counted. Bay laurel essential oils of
5, 10, 20, 30, 40, 50, and 80µL/mL doses reduced the initial
level of 6.99 log cfu/mL ofL. monocytogenesto 4.14, 4.11,
3.31, 1.57, 0.93, 0.93, and 0.50 log cfu/mL, respectively (P <
0.05). At the same doses of Spanish lavender essential oils,
survival numbers ofL. monocytogeneswere decreased to 4.89,
4.78, 3.66, 2.76, 2.23, 2.24, and 1.85 log cfu/mL, respectively,
relative to the control samples with the initial count of 6.91
log cfu/mL (P < 0.05). The initial count of 6.28 log cfu/mL
for the control sample was reduced to 4.79, 3.66, 3.42, 3.11,
1.70, 0.64, and 0.26 log cfu/mL at doses of 5, 10, 20, 30, 40,
50, and 80µL/mL fennel essential oils, respectively (P < 0.05)
(Figure 2).

When the effects of the applied essential oils on the
inactivation ofL. monocytogeneswere compared, the inhibitory
effects of the essential oils were found in the following order:
Turkish oreganog bay laurelg fennel g Spanish lavender.
However, Turkish oregano essential oils had a significantly
higher inhibitory effect than those of fennel and Spanish
lavender (P< 0.05). Similarly, bay laurel essential oil had a
significantly higher inhibitory effect than that of Spanish
lavender (P< 0.05) (Figure 2).

The applied Turkish oregano essential oil had a significantly
stronger inhibition effect onS. typhimuriumin that the control
samples with the inoculation level of 6.95 log cfu/mL were

Table 3. Essential Oil Constituents of Spanish Lavender Determined
by GC-MS Analyses

peak constituenta % RTb (min)
identification

methodc

1 R-pinene 1.31 6.73 GC-MS
2 camphene 1.4 7.34 GC-MS
3 1,8-cineole 8.03 11.79 GC-MS
4 fenchone 55.79 15.90 GC-MS
5 linalool 0.29 16.98 GC-MS
6 camphor 18.18 19.14 GC-MS
7 myrtenal 0.25 22.09 GC-MS
8 fenchyl acetate 0.32 23.70 GC-MS
9 carvone 0.33 25.52 GC-MS
10 bornyl acetate 1.32 27.50 GC-MS
11 myrtenyl acetate 6.25 29.45 GC-MS
12 δ-cadinene 0.9 35.87 GC-MS
13 L-carveol 0.73 36.32 GC-MS
14 γ-cadinene 0.80 37.04 GC-MS
15 caryophyllene oxide 0.33 37.18 GC-MS
16 γ-selinene 2.54 37.67 GC-MS
17 aromadenderene 0.41 38.39 GC-MS
18 δ-cadinene 0.50 38.95 GC-MS

a All constituents were tentatively identified. b Retention time on HP-5MS column
in minutes. c Gas chromatography−mass spectrophotometry (GC-MS).

Table 4. Essential Oil Constituents of Fennel Determined by GC-MS
Analyses

peak constituenta % RTb (min)
identification

methodc

1 R-pinene 0.27 6.89 GC-MS
2 limonene 3.77 11.88 GC-MS
3 R-thujone 1.23 15.39 GC-MS
4 estragole 5.12 23.06 GC-MS
5 carvone 0.94 25.94 GC-MS
6 p-anisaldehyde 2.61 27.56 GC-MS
7 trans-anethole 83.13 29.08 GC-MS

a All constituents were tentatively identified. b Retention time on HP-5MS column
in minutes. c Gas chromatography−mass spectrophotometry (GC-MS).

Figure 1. Inactivation of E. coli O157:H7 by Turkish oregano, bay laurel,
Spanish lavender, and fennel essential oils.
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reduced to 2.90 log cfu/mL after the application of the 5
µL/mL Turkish oregano essential oil (P < 0.05). In response
to the doses of 10 and 20µL/mL essential oils, the initial number
of S. typhimuriumwas reduced to 2.13 and 0.32 log cfu/mL,
respectively (P < 0.05). All S. typhimuriumcells were inhibited
by the 30, 40, 50, and 80µL/mL Turkish oregano essential oils
(P < 0.05). As a function of the 5, 10, 20, 30, 40, 50, and 80
µL/mL bay laurel essential oils, the initial numbers ofS.
typhimuriumcells of 7.44 log cfu/mL were reduced to 4.40,
4.31, 3.86, 3.57, 1.98, 1.81, and 0.94 log cfu/mL, respectively
(P < 0.05). The 5µL/mL Spanish lavender essential oil reduced
the initialS. typhimuriumnumber in the control samples of 6.57
log cfu/mL to 3.87 log cfu/mL (P< 0.05). The 10, 20, 30, 40,
50, and 80µL/mL doses reduced the survival numbers of
S. typhimuriumto 3.82, 3.89, 3.20, 2.11, 2.25 and 1.47 log
cfu/mL, respectively (P< 0.05). The 5, 10, 20, 30, 40, 50, and
80 µL/mL fennel essential oils caused the initial count ofS.
typhimuriumto decrease from 7.60 to 4.32, 4.12, 4.17, 3.40,
1.39, 0.50, and 0.21 log cfu/mL, respectively (P < 0.05).
Compared to the control samples, all of the doses resulted in a
significant reduction (P< 0.05) (Figure 3).

When the inactivation effects of Turkish oregano, bay laurel,
Spanish lavender, and fennel essential oils onS. typhimurium
were compared, their inhibitory effects were found in the
following order: Turkish oregano> fennel g bay laurelg
Spanish lavender. In all of the applied doses, Turkish oregano
essential oils appeared to be more effective than bay laurel,

Spanish lavender, and fennel essential oils in the inactivation
of S. typhimurium(P < 0.05). No significant difference was
found among the inhibitory effects of bay laurel, Spanish
lavender, and fennel essential oils onS. typhimurium(P > 0.05)
(Figure 3).

As for inactivation ofS. aureusunder the same doses of
Turkish oregano, bay laurel, Spanish lavender, and fennel
essential oils, the 5 and 10µL/mL Turkish oregano essential
oils decreased the initial count of 7.92 log cfu/mL in the control
samples to 4.76 and 4.22 log cfu/mL, respectively (P < 0.05).
After doses of 20, 30, 40, and 50µL/mL, the numbers of
survivors were detected as 4.10, 3.11, 1.08, and 0.30 log
cfu/mL, respectively. No colony was counted after the applica-
tion of the 80µL/mL Turkish oregano essential oil. Applied
bay laurel essential oils at 5, 10, 20, 30, 40, 50, and 80µL/mL
doses were found to reduce the initial level of 7.95 log cfu/mL
for S. aureusto 5.17, 4.62, 4.36, 4.11, 3.23, 2.01, and 0.50 log
cfu/mL, respectively (P < 0.05). Applied Spanish lavender
essential oils at the same doses reduced the initial number of
7.66 log cfu/mL forS. aureusto 4.73, 4.31, 4.07, 3.28, 1.71,
0.75, and 0.17 log cfu/mL, respectively (P < 0.05). The number
of surviving S. aureuscells in response to doses of 5, 10, 20,
30, 40, 50, and 80µL/mL fennel essential oils decreased from
the inoculation level of 7.44 log cfu/mL in the control samples
to 4.66, 4.52, 4.41, 4.12, 2.88, 2.04, and 1.11 log cfu/mL,
respectively (Figure 4).

For inactivation ofS. aureus, the degree of inhibitory effects
of the essential oils of the plants was Turkish oregano> Spanish
lavenderg bay laurel> fennel. All of the doses of Turkish
oregano essential oils had significantly more inhibitory effects
than those of bay laurel, Spanish lavender, and fennel essential
oils on S. aureus(P < 0.05) (Figure 4).

The results support previous studies that determined antimi-
crobial activities of plant extracts or essential oils. Essential oils
obtained from the aerial parts ofT. reVolutus(a species closely
related toO. minutiflorum) were used at different doses against
E. coli, S. aureus, andL. monocytogenesto determine minimum
inhibitory concentrations (MICs). Compared toL. monocyte-
genesandS. aureus,E. coli O157:H7 required a higher dose
of T. reVolutusessential oil to be inactivated (26). Aligiannis
et al. (13) reported MICs ofO. scabrumandO. microphyllum
essential oils forE. coli, S. aureus, andS. epidermidis. The
orders of inactivation degree of the twoOriganumspecies and
T. reVolutusfor E. coli, S. epidermidis, andS. aureusfound by
Aligiannis et al. (13), Karaman et al. (26), and our study were

Figure 2. Inactivation of L. monocytogenes by Turkish oregano, bay laurel,
Spanish lavender, and fennel essential oils.

Figure 3. Inactivation of S. typhimurium by Turkish oregano, bay laurel,
Spanish lavender, and fennel essential oils.

Figure 4. Inactivation of S. aureus by Turkish oregano, bay laurel, Spanish
lavender, and fennel essential oils.
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similar: S. typhimurium> S. aureus> L. monocytogenes>
E. coli O157:H7.

Essential oils obtained from bay laurel were applied onS.
typhimurium,S. aureus, andE. coli at doses of 1, 10, and 15%
(v/v). The results revealed that the effective dose of bay laurel
essential oils for the three bacteria was 15% (30). A study
conducted with ground bay laurel and its alcohol extract showed
that ground bay laurel had the least inactivation effect after
thyme and mint as spices. Ground bay laurel was reported to
be more effective in the inactivation ofS. aureusthan in that
of S. typhimurium. The alcohol extract was effective at the 2000
ppm level for bothS. typhimuriumand S. aureus(31). Our
findings resulted in the following order of inhibitory effects of
bay laurel essential oil on the pathogens:E. coli O157:H7>
S. aureus> S. typhimurium> L. monocytogenes.

Spanish lavender essential oils appeared to be ineffective
againstPseudomonas syringaeand had an inhibition zone of
<8 mm againstErwinia herbicola(28). According to Adam et
al. (6), LaVandula angustofoliashowed moderate to low
antifungal activities againstMalassezia furfur,Trichophyton
rubrum, andTrichosporon beigelii. Because previous studies
were concentrated on inactivation effects of lavender essential
oils on fungi, comparison could not be made for the bacteria in
this study. The degree of antibacterial effects of Spanish lavender
essential oils was determined asS. typhimurium> S. aureus>
L. monocytogenes> E. coli O157:H7 in the present study.

The inhibitory effect of fennel essential oil onL. monocyto-
genesresulted in a reduction of 1.7-3 log at 4, 8, and 24 h.
Fennel oil also had an inhibitory effect onSalmonella enteritidis
in that the culture growth was reduced by 4 log for 48 h (32).
The antibacterial activity ofF. Vulgare essential oil revealed
thatE. coli, S. aureus, andSalmonella pullorumhad inhibition
zones of 7.25, 16.5, and 8.05 mm, respectively. The order for
the degree of inhibitory effect was found asS. aureus> S.
pullorum> E. coli (29). The inhibitory effect of fennel essential
oils on the tested bacteria wasS. typhimuriumg E. coli
O157:H7> L. monocytogenesg S. aureus.

The results showed that inhibitory effects of the plant essential
oils on the tested bacteria varied. The different inhibitory effects
may be attributed to the differences in the biological properties
of the main compounds in the essential oils. Turkish oregano
essential oils showed a higher antibacterial activity against the
tested bacteria (except forE. coli O157:H7). Its strong inhibitory
effect appeared to be due to the higher content of carvacrol,
defined as a strong antimicrobial agent. However, Spanish
lavender essential oils usually showed a weak antibacterial
activity, and its inhibitory effect was less than those of the other
essential oils as supported by the literature (6, 28) reporting
the main component of Spanish lavender (fenchone) to be a
weak antibacterial agent.

This study reported the antibacterial activity of the selected
plant essential oils against the selected foodborne pathogen
bacteria in the selected media, but not in food samples.
Therefore, further studies need to be carried out to determine
the potential of plant essential oils as antimicrobial agents in
foods in order for extension of shelf life as well as prevention
of food deterioration under acceptable doses to be ensured.
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