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ABSTRACT

Use of essential oils as pesticides or fungicides is safer than chemicals, but it requires
plenty of the plant to be effective. Hence, finding the effective compounds of essential oils
and their synthesis decreases the problem of preparing the natural compound. The
antibacterial effect of Satureja hortensis L., Thymus vulgaris L. essential oils, and their
major constituents were determined using the disc diffusion method. These essential oils
prevented Erwinia amylovora growth (that causes fire blight disease). The essential oils
were fractionated using preparative column chromatography (Silica column) and all
fractions were tested for their antibacterial activities on this bacterium. Effective
fractions were analyzed by GC-MS. Results showed that carvacrol is the effective
compound in Satureja hortensis essential oil and has strong antibacterial effect. The
effective compounds in Thymus vulgaris essential oil are thymol and carvacrol. Thymol
and carvacrol showed a strong antibacterial effect against E. amylovora in the disc
diffusion method. These compounds prevented the growth of E. amylovora in sucrose and

nutrient agar media.
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vulgaris.

INTRODUCTION

Fire blight, which is caused by Erwinia
amylovora (Burrill), is a highly destructive
and economically important bacterial
disease that can decimate apple and pear
orchards in a single season. E. amylovora,
which is kind of gram-negative bacteria,
infects the host through natural openings in
flowers (Wilson et al., 1989) or wounds
occurring in young organs, often following
hailstorms. E. amylovora is a necrogenic
phytopathogenic bacterium and infects a
wide variety of landscape plants in the
rosaceous family including apple, crab
apple, pear, pyracantha, etc. (Bonn and van
der Zwet, 2000). Fire blight is the most

important bacterial disease of Maloideae.
The major economic impact of the disease
has been reported in 40 countries, (Bonn and
van der Zwet, 2000). Causative pathogen
early outbreaks in the 20th century have
been reported for Japan and New Zealand
(Bonn and van der Zwet, 2000) around
1960, and the disease has become distributed
to FEurope and countries of the
Mediterranean region. In the southern
hemisphere, a transient occurrence of E.
amylovora on plants in the Botanic Gardens
of Melbourne was reported for 1997 (Jock et
al., 2000). The pathogen infects all plant
parts, including blossoms, fruit, leaves,
shoots, limbs, and trunks. The bacteria
colonize the intercellular spaces of bark,
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causing the death of the plant -cells
associated with distortion of cell walls and
the formation of lysogenic cavities. In the
susceptible, succulent shoots, the necrosis
spreads downwards from the apex with
browning of the tissues (Vanneste and Eden-
Green, 2000). The exopolysaccharides
amylovoran and levan and the protein harpin
have been demonstrated to be pathogenicity
factors for the colonization of host plants by
the pathogen. Fire blight symptoms result in
extended necrosis of infected tissues, as a
consequence of the massive colonization of
parenchyma intercellular  spaces. In
susceptible hosts, bacteria can spread
through the apoplast leading to systemic
infection. The death of woody tissue leads to
the formation of cankers, where bacteria can
eventually over winter (Vanneste, 1995).
The production of virulence factors of
phytopathogenic ~ Erwinia  species  is
regulated by global systems which respond
to stimuli like cell density (quorum sensing)
or to other unknown signals resulting in the
control by the Rsm global regulatory system
(Whitehead et al., 2002).

The chemical control of E. amylovora
relies primarily on copper compounds.
Antibiotics, such as streptomycin, can also
be very effective. However, copper
compounds can be toxic to plants, and can
cause fruit rust that negatively affects fruit
finish (Steiner, 2000). The antibacterial
effects of essential oils of plant origin are
attractive candidates for pear (Pyrus
communis L.) to increase resistance to fire
blight. Numerous preventive measurements
have been applied to decrease the chance of
introduction of the disease in countries
without fire blight. On the other hand, the
worldwide complex trades of plants and
plant products as well as practical
limitations on controlling all tourist
activities with plant material make it
impossible to completely avoid the
importation of contaminated plant tissue.
Therefore, the absence of fire blight in South
America, South Africa, Australia and also
Southeast Asia raises the question of
intrinsic ~ conditions  unfavorable  to
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establishment of the disease. In fire blight
countries, control of the plant disease is a
pressing need for apple and pear production
in the 21st century.

In this paper, the effects of separated
fractions of Thymus and Satureja essential
oils on E. amylovora causes of fire blight
disease were studied under in vitro
conditions. In recent years, two consumer-
driven demands have arisen in the food
industry. The first is the provision of fresh,
natural foods requiring minimal preparation
while the second is the control of food safety
(Knobloch et al., 1989). Only a few studies
have evaluated the potential role of essential
oils and their components as food
preservatives. Purified compounds derived
from essential oils such as carvacrol,
eugenol, linalool, and thymol inhibit a
variety of microorganisms (Hulin ef al.,
1998). Volatile Plant oils have been
recognized to possess biological activities
(Deans and Waterman, 1993); they have
been reported to possess antibacterial (Deans
et al., 1994), antifungal (Carlton et al., 1992;
Mehdi et al., 2008) and antioxidant
properties (Dorman and Hiltunen, 2004;
Piccaglia et al., 1993). Most of the
antimicrobial activity in essential oils from
spices and culinary herbs appears to be
associated with  phenolic compounds
(Davidson and Naidu, 2000). The properties
of essential oil of thyme are particularly
linked to the phenolic metabolites thymol
and carvacrol (Shetty et al., 1996; Horvath
et al., 2002; Exarchou et al., 2002). In
general, the levels of essential oils and their
compounds necessary to inhibit microbial
growth are higher in foods than in culture
media. This is due to interactions between
phenolic compounds and the food matrix
(Nychas and Tassou, 2000). Partitioning of
the hydrophobic antibacterial essential oil
components into the fat content of the food
may prevent them from coming into contact
with bacterial cells growing in the
hydrophilic regions in the food (Gill et al.,
2002). In general, gram-positive bacteria are
more sensitive than gram-negative bacteria
to essential oils or their compounds (Hulin et
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al., 1998; Nychas and Tassou, 2000). The
genus Thymus includes about 350 species
worldwide and is distributed mainly in
temperate Eurasia (Asfaw et al., 2000). In
Thymus, the phenolic fraction (thymol and
carvacrol) is the main component of
essential oil (McGimpsy et al., 1994).
Phenolic compounds are widely distributed
in plants but their functions are not clearly
known (Wilkins, 1969), also thymol and
carvacrol is a major compound of S.
hortensis essential oil (Guenther, 1970;
Ghannadi, 2002; Giilliice et al., 2003; Sahin
et al., 2003; Sefidkon, et al., 2006). For
separation of these phenolic compounds on
fire blight disease, column chromatography
and TLC have been used earlier (Runti et
al., 1960; Sugisawa et al., 1988; Pothier et
al., 2001). There are a few reports on the
antimicrobial activity of essential oils or
their major constituents towards E.
amylovora. In this research we investigated
the antibacterial effect of stable components
of essential oils of Satureja hortensis L. and
Thymus vulgaris L. on E. amylovora at
40°C. We have developed a simple and
convenient method employing column
chromatography and GC-MS for separation
and determination of essential oil
compounds and their effect on E. amylovora
bacterium has been studied to find natural
antibacterial components. Solvent selection
for achieving a good separation was very
critical in our work. The chosen solvents
were non-toxic with viscosity <2cP (Snyder,
1978). Those solvents or mixtures of
solvents having suitable adsorbtion strength
were preferred.

MATERIALS AND METHODS

Instrumentation

A Finnigan MAT (Austin, USA) GCQ
system of GC—MS with an ion trap detector
was used for quantification and confirmation
of the essential oil's effective compounds.
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The detector was applied in the electron
impact (EI) mode, equivalent to electron
energy of 70 eV. Operating conditions were
as follows: the capillary column was a 25
mx0.32 mm i.d; the carrier gas was helium
99.999% purity at a flow rate of 1.0 ml min’
'. The injector in split less mode (valve 1
minnute closed) was 260°C, the column
temperature following an initial period of
50°C for 0.2 minute was 10°C min" to
230°C. The data system used was Xcalibur
1.1, USA. Full scan data were monitored
and multiple ion chromatograms were built
for quantification.

Plant Material

Aerial parts of flowering 7. vulgaris and S.
hortensis grown in the open air were
collected from sites in Tehran Province from
May to July 2005. Collected plant materials
were dried in the shade; the leaves of the
plants were separated from the stem and
ground in a grinder with a 2 mm in diameter
mesh.

Isolation of the Essential Oil

Twenty g of T. vulgaris was hydro
distilled with 300 ml water for 2 hours in a
Clevenger-type apparatus according to the
European Pharmacopoeia (1975) (yield
1.14% v/w) (Saez, 1995, Sefidkon et al.,
1999). In order to obtain S. hortensis
essential oil 40 g the plant material was
hydro distilled for 4 hours (yield 1.32 %
v/w) (Rojas and Usubillaga, 2000). The
essential oils obtained were dried over
anhydrous sodium sulphate and, after
filtration, stored at 4°C until tested and
analyzed.

Solvent Selection

Solvent selection for achieving a good
separation was very critical to our work.
Four solvents were chosen as better mobile
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phase, out of 15 solvents that were used for
separation of these compounds. The chosen
solvents were non-toxic with a viscosity
<2cP. Solvents or mixtures of solvents
having suitable adsorbtion strength were
preferred. The TLC spot test was used to
determine the adsorbtion strength (Table 1)
(Snyder, 1978).

Table 1. The strength of mobile phases for
elution of compounds in a column.

Solvent
Mobile Phase Strength
Hexane 0.00
Hexane +20% Toluene 0.09
Toluene 0.23
Toluene+20% Ethyl acetate 0.28
Toluene+60% Ethyl acetate 0.34
Ethyl acetate 0.38
Ethyl acetate+20% Ethanol 0.48
Methanol 0.73

Chromatography

For performing the separation of essential
oil compounds, the column was packed with
20 g silica (0.2-0.5 pm size). 0.1 g of
essential oil was dissolved in 3 ml hexane
and injected on the column. Elution of
compounds in the column started with the
first solvent as a mobile phase that has the
lowest strength between other solvents
(hexane); two fractions were obtained with
this solvent. Elution was followed with other
solvents as given in Table 1 and with each
solvent 4 fractions were obtained. This
experiment was repeated three times. The
solvent of each fraction was evaporated until
to dryness at low temperature (40-50°C) then
kept in a dark vial at 5°C.

Microorganisms

E. amylovora were obtained from the IAU
Research Lab North Tehran Branch. The
bacterium had been isolated from pear trees
(Pyrus communis L.), from Karadj using the
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European Plant Protection Organization
(EPPO) method (1992). The pathogenicity
tests had been carried out using (Ritchie and
Klos, 1974) method. Bacterium was
cultivated in Nutrient Broth at 26-27°C for
24 hours in a shaker. A conclusive cell
concentration was 108 CFU ml', which was
numbered in Nutrient Broth using serial
dilution method.

Determination of Antibacterial
Activities

The paper disc diffusion method was used
to reveal the antibacterial activity of
essential oils and fractions. Sterilized filter
paper discs (5 mm) (Whatman Nol) were
soaked with 20 pl of essential oil, their
related fraction, their solvents as control and
also thymol and carvacrol standard solutions
dissolved in toluene, and put in the middle
of plates containing 20 ml of nutrient agar
inoculated with 100 pl containing 10° CFU
ml' of the bacterial suspension. For a
negative control, pure mobile phase was
used. The plates were incubated at 27°C for
48 hours. The inhibition zones around the
paper disc were measured by compass. The
experiment was done in triplicate. (Basim et
al., 2005)

RESULTS

The effect of essential oils of phenolic
compounds and their constituents has not
been specially investigated on E. amylovora.
The objective of the present study was to
evaluate the antibacterial effect of S.
hortensis and T. vulgaris essential oils and
their major constituents to inhibit the growth
of E. amylovora a pathogen for which few
data are available. The antibacterial
activities of essential oils in vitro tested
against E. amylovora showed that S.
hortensis and T. vulgaris could inhibit
growth of this bacterium (Table 4). GC-MS
was employed to identify the essential oils
compounds (Table 2). After 48 hours out of
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Table 2. The major compounds in 7. vulgaris and

in S. hortensis essential oil.

Peak Peak
Compound area % in area % in
Satureia thymus
o-Pinene 3.63 3.15
B -Pinene 1.18 -
o —Myrcene 3.04 0.86
B-Cymene 9.56 20.04
1,8-Cineol - 1.27
v-Terpinene 31.34 0.92
Linalool - 2.36
Borneol - 0.02
4-Terpineol - 0.12
Anisole - 0.94
Carvacrol methyl ether - 4.49
Thymol - 49.5
Carvacrol 35.82 7.68
Trans-caryophyllene 1.16 6.84
Caryophyllene oxide - 2.2
Bisabolene 2.01 -

28 fractions and its solvents that affected on
E. amylovora (Table 3), it showed that only
the two toluene fractions 6 and 7 in S.
hortensis and T. vulgaris inhibit the growth
of E. amylovora (Table 3) and solvents do
not have any effect on the bacterium. GC-
MS was employed to identify the effective
compounds, fraction 6 of 7. vulgaris plant
contained 84.7% thymol and 8% carvacrol,
while fraction 7 contained 72% thymol
(Table 5) (Figures 1 and 2). In case of S.
hortensis, plant fractions 6 and 7 contained
99% and 22% carvacrol respectively and no
thymol was observed (Table 5) (Figures 3
and 4). The antimicrobial effects of thymol

JAST

Table 4. Inhibition of E. amylovora by T.
vulgaris and S. hortensis essential oils and
their effective fractions.

Essential oil and fraction Inhibition
(mm)

Thymus vulgaris L. 25
Satureia hortensis 25
Fraction 6 in Thymus vulgaris 10
Fraction 7 in Thymus vulgaris 8
Fraction 6 in Satureia hortensis 5
Fraction 7 in Satureia hortensis 1

Table 6: Inhibition of E. amylovora by
standard solutions of thymol and carvacrol.

Standard solution Inhibition
(mm)
Pure carvacrol 25
Carvacrol 5% (v/v) 6
Carvacrol 3% (v/v) 4
Thymol 5 % (w/v) 7

and carvacrol standard solutions against E.
amylovora were also studied. Results have
been shown in Table 6.

DISCUSSION

Plant essential oils are a potentially useful
source of antimicrobial compounds.
Essential oils are natural products extracted
from vegetal materials which, because of
their antibacterial, antifungal, antioxidant
and anti-carcinogenic properties, can be
used as natural additives in many foods
(Teissedre and Waterhouse, 2000). Results

Table 3. Fractions of T. vulgaris and S. hortensis essential oils and their effects.

Number of Effective Effect of solvents
Mobile Phase fractions fraction (s) (mm)
Hexane 1.2 - 0
Hexane+20%Toluene 3.4.5.6 — 0
Toluene 7,8,9,10 7,8,-- 0
Toluene+20 % Ethyl acetate 11,12,13,14 -— 0
Toluene+60% Ethyl acetate 15,16,17,18 B 0
Ethyl acetate 19,20,21,22 - 0
Ethyl acetate +20% Ethanol 23,24,25,26 -— 0
Methanol 27,28 -
39
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Figure 1. GC-MS of fraction 6 in 7. vulgaris
essential oil.
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Figure 3. GC-MS of fraction 6 in S. hortensis
essential oil.

reported from different studies are difficult
to compare, presumably because of the
different test methods, bacterial strains and
sources of antimicrobial samples used. The
composition of the essential oil of herbs and
spices can vary greatly depending upon the
geographical region, the variety, the age of
the plant, the method of drying and the
method of extraction of the oil (Jerkovic et
al., 2001). It is recommended to use a
synergistic combination of essential oils and
their ~compounds, e.g. carvacrol in
combination with p-cymene (Ultee et al.,
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Figure.2 GC-MS of fraction 7 in 7. vulgaris
essential oil.
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Figure 4. GC-MS of fraction 7 in S. hortensis
essential oil.

2000b), thus enabling to decrease their
concentrations and minimize adverse
sensorial effects. Evidently, more studies are
needed on the antimicrobial properties of
essential oils and their compounds before
they can be used as food preservatives.
Numerous studies have demonstrated that
the essential oil of thyme is among the most
potent essential oils with regard to
antimicrobial properties (Manou et al.,
1998). Thymol and carvacrol were among
the most active components against multiple
food-borne pathogens (Friedman et al.,

0
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Table 5: The major compounds in first toluene fractions (6 and 7) of T. vulgaris and S. hortensis

essential oil.

Peak area in Peak area in

Fraction no. Compound T. vulgaris % S. hortensis %
6 Thymol 84.7 -
6 Carvacrol 8.05 99
6 Trans-Caryophyllene 0.061 -
7 B-Cymene 0.55 -
7 1,8-Cineol 1.08 -
7 Linalool 5.41 -
7 Borneol 2.64 -
7 Thymol 70.04 -
7 Caryophyllene oxide 5.31 -

Carvacrol - 22

2002; Sahin et al., 2003; Boyraz and Ozcan,
2006). The results show that S. hortensis and
T. vulgaris essential oils have the same
effect against E. amylovora and the major
compounds in each essential oil are thymol
and carvacrol that were found to be effective
compounds as a main compound. Thymol is
structurally very similar to carvacrol, having
the hydroxyl group at a different location on
the phenolic ring. Both substances appear to
make the cell membrane permeable
(Lambert et al., 2001). Among seven
individual oil components tested against
bacterial strains, thymol was a component
with the widest spectrum followed by
carvacrol (Dorman and Deans, 2000).
Carvacrol and thymol are able to
disintegrate the outer membrane of Gram-
negative bacteria, releasing
lipopolysaccharides (LPS) and increasing
the permeability of the cytoplasmic
membrane to ATP. The presence of
magnesium chloride has been shown to have
no influence on this action, suggesting a
mechanism other than chelation of cations in
the outer membrane (Helander ef al., 1998).
Carvacrol has been characterized as an
inhibitor of growth of different pathogens
(Ultee et al., 2000a) and was shown to have
a bactericidal effect towards Salmonella sp.
in pieces of fish stored at 4°C (Hulin et al.,
1998). Ultee and Smid (2001) observed a
sharp decrease of the toxin production by
Bacillus cereus in the presence of carvacrol
in BHI. Carvacrol also inhibited toxin
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production of B .cereus in soup but
approximately 50-fold higher concentrations
were needed to reach the same effect as in
broth. Studies with B. cereus have also
shown that carvacrol interacts with the cell
membrane, where it dissolves in the
phospholipid bilayer and is assumed to align
between the fatty acid chains (Ultee et al.,
2000 a). This distortion of the physical
structure would cause expansion and
destabilization of the membrane, increasing
membrane fluidity which, in turn, would
increase passive permeability (Ultee et al.,
2002). Measurement of the average phase
transition temperature of the bacterial lipids
confirmed that membranes instantaneously
became more fluid in the presence of
carvacrol (Ultee et al., 2000 a). The passage
of B. cereus cell metabolites across the cell
membrane on exposure to carvacrol has also
been investigated. Measurements of the
membrane potential (Du) of exponentially
growing cells revealed a sharp decrease on
the addition of carvacrol and indicated a
weakening of the proton motive force. The
pH gradient across the cell membrane was
weakened by the presence of carvacrol and
was completely dissipated in the presence of
1 mM or more. Furthermore, intracellular
levels of potassium ions dropped whilst
extra cellular amounts increased
proportionately, the total amount remaining
constant (Ultee et al., 1999). It was
concluded that carvacrol forms channels
through the membrane by pushing apart the
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fatty acid chains of the phospholipids,
allowing ions to leave the cytoplasm (Ultee
et al., 2000 b). Several essential oils of
aromatic plants including, 7. vulgaris
(thyme) and Ocimum basilicum (basil), have
totally inhibited fungal development on
maize kernels (Montes-Belmont and
Convajal, 1998). Mustard essential oil has
been used for inhibition of fungal growth on
bread (Nielsen and Rios, 2000; Mourgues et
al., 1998) showed antibacterial activity of
several peptides on E. amylovora. The result
indicated Cecropins had the highest
bactericidal efficiency, followed by T4
lysozyme. Pollen (a fine, powder-like
material produced by flowering plants and
gathered by bees) and propolis or bee glue
extracts have antibacterial activity towards
E. amylovora (Basim et al., 2005).
Bagamboula et al. (2004) have shown that
thyme essential oil, thymol, and carvacrol
can inhibit of Shigella sp. in the agar well
diffusion method.

CONCLUSIONS

The main purpose of the present study was
to determine the antimicrobial effectiveness
of S. hortensis and T. vulgaris essential oils
and their active compounds (carvacrol and
thymol) as a decontaminating agent for fresh
producE. The wuse of these natural
compounds may improve food safety and
overall microbial quality. The application of
essential oils as antimicrobials in foods is
often discouraged because of the potential
loss of antimicrobial action due to their
volatility and lipophilicity. The use of thyme
essential oil, carvacrol and thymol as
decontamination agents rather than as
preservatives in foods and the application of
decontamination treatment to a
carbohydrate-rich food type may explain
their antimicrobial effectiveness. Thymol or
carvacrol and their mixture can be used to
stop the growth of E. amylovora under in
vitro conditions and may be suitable for
preventing the fire blight disease especially
in fruits such as apple and pear.

42

ACKNOWLEDGEMENTS

The authors are thankful to G.
Khodaverdi, R. Veysanian, V. Kiarostami,
M. Bahmaee, S. J. Qutb Sharif and S. W.
Hussein for their help in this research.

REFERENCES

1. Asfaw, N., Storesund, H. J. Skattebol, L.,
Tonnesen, F. and Aasen, A. J. 2000. Volatile
Constituents of Two Tymus Species from
Ethiopia. Flav. Fragr. J., 15(2): 123-125.

2. Bagamboula, C. F., Uyttendaele, M. and
Debevere, J. 2004. Inhibitory Effect of
Thyme and Basil Essential Oils, Carvacrol,
Thymol, Estragol, Linalool and p-cymene
towards Shigella sonnei and S. flexneri.
Food Microbiol., 21: 33-42.

3. Basim, E., Basim, H. and Ozcan M., 2005.
Antibacterial Activities of Turkish Pollen
and Propolis Extracts against Plant Bacterial
Pathogens. J. Food Eng., 77: 992-996

4. Bonn, W. G. and van der Zwet, T. 2000.
Distribution and Economic Importance of
Fire Blight, In: " Fire Blight: The Disease
and its  Causative Agent, Erwinia
amylovora", Vanneste, J. L. (Ed.). CABI
Publishing, New York, PP. 37-54.

5. Boyraz, N. and Ozcan, M. 2006. Inhibition
of Phytopathogenic Fungi by Essential Oil,
Hydrosol, Ground Material and Extract of
Summer Savory (Satureja hortensis L.)
Growing Wild in Turkey. Int. J. Food
Microbiol., 107(3): 238-242.

6. Carlton, R. R., Gray, A. 1., Waterman, P. J.
and Deans, S. G. 1992. The Antifungal
Activity of Leaf Gland Volatile Oil of Sweet
Gale (Myricagale)(Myricaceae).
Chemoecol., 3: 55-59.

7. Davidson, P. M. and Naidu, A. S., 2000.
Phyto-phenol, In: "Natural Food
Antimicrobial Systems", Naidu, A. S. (Ed.).
CRC Press, Boca Raton, FL, PP. 265-294.

8. Deans, S. G. and Waterman, P. J. 1993.
Biological Activity of Plant Volatile oils, In:
"Crops: Their Biology, Biochemistry and
Production". Group UK, London, PP.113-
136.

9. Deans, S. G., Kennedy, A. 1., Gundidza, M.
G., Mavi, S., Waterman, P. J., Gray, A. L,
1994. Antimicrobial Activities of the
Volatile Oil of Heteromorpha Trifoliata


https://dorl.net/dor/20.1001.1.16807073.2010.12.1.4.0
https://jast.modares.ac.ir/article-23-2947-en.html

[ Downloaded from jast.modares.ac.ir on 2025-01-14 ]

[ DOR: 20.1001.1.16807073.2010.12.1.4.0 ]

Plants Effective Compounds Against Erwinia amylovora

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

(wendl.) eckl. and zeyh. (apiaceae). Flav.
Fragr. J., 9: 245-248.

Dorman, H. J. D. and Deans, S. G. 2000.
Antimicrobial ~ Agents  from  Plants:
Antibacterial Activity of Plant Volatile Oils.
J. Appl. Microbiol., 88: 308-316.

Dorman, H. J. D. and Hiltunen R. 2004. Fe
(IIT) Reductive and Free Radical-scavenging
Properties of Summer Savory (Satureja
hortensis L.) Extract and Sub Fractions.
Food Chem., 88: 193-199.

European Pharmacopoeia, Maisonneuve SA,
Sainte-Ruffine 1975, 3: p. 68.

European Plant Protection Organization,
1992. Erwinia amylovora: Sampling and
Test Methods. Quarantine Procedure No. 40.
Bull. EPPO. 22: 225-231.

Exarchou, V., Nenadis, N., Tsimidou, M.,
Gerothanassis, I. P., Troganis, A. and
Boskou, D. 2002. Antioxidant Activities and
Phenolic Composition of Extracts from
Greek Oregano, Greek Sage, and Summer
Savory. J. Agric. Food Chem., 50: 5294—
5299.

Friedman, M., Henika, P. R. and Mandrell,
R. E., 2002. Bactericidal Activities of Plant
Essential Oils and Some of Their Isolated
Constituents against Campylobacter jejuni,
Escherichia coli, Listeria monocytogenes,
and Salmonella enterica. J. Food Prot., 65:
1545-1560.

Ghannadi, A. 2002. Composition of the
Essential Oil of Satureja hortensis L. Seeds
from Iran. J. Essent. Oil Res., 14: 35-36.
Gill, A. O., Delaquis, P., Russo, P. and
Holley, R. A., 2002. Evaluation of
Antilisterial Action of Cilantro Oil on
Vacuum Packed Ham. Int. J. Food
Microbiol., 73: 83-92.

Guenther E. 1970. The Essential Oils. Vot.
1, 2nd ed., Krieger, R.E., vol. 1, pp. 87-226.
Malebar, Florida.

Giilliice, M., Sokmen, M., Daferera, D.,
Agar, G., Ozken, H., Kartal, N., Polissiou,
M., Sokmen, A. and Sahin, F. 2003. In vitro
Antibacterial, Antifungal, and Antioxidant
Activities of the Essential Oil and Methanol
Extracts of Herbal Parts and Callus Cultures
of Satureja hortensis L. J. Agric. Food
Chem., 51: 3958-3965.

Helander, I. M., Alakomi, H.-L., Latva-Kala,
K., Mattila-Sandholm, T., Pol, 1., Smid, E.
J., Gorris, L. G. M. and Von Wright, A.
1998. Characterization of the Action of

43

JAST

21.

22.

23.

24.

25.

26.

27.

28.

29.

Selected Essential Oil Components on
Gram-negative Bacteria. J. Agric. Food
Chem., 46: 3590-3595.

Horvath, G., Kocsis, B., Botz, L., Nemeth, J.
and Szabo, L. 2002. Antibacterial Activity
Thymus Phenols by Direct Bioautography.
Proc. Hung. Plant physical., 46(3-4): 145-
146.

Hulin, V., Mathot, A., Mafart, P. and
Dufossé, L. 1998. Les Propriétés Anti-
microbiennes des Huiles Essentielles et
Compos les d’aromes. Sci. Aliments., 18:
563-582.

Jerkovic, 1., Mastelic, J. and Milos, M. 2001.
The Impact of Both the Season of Collection
and Drying on the Volatile Constituents of
Origanum vulgare. L. spp. Hirtum Grown
Wild in Croatia. Int. J. Food Sci. Technol.,
36: 649-654.

Jock, S., Rodoni, B., Gillings, M., Kim, W.-
S., Copes, C., Merriman, P. and Geider, K.
2000. Screening of Ornamental Pants from
the Botanic Gardens of Melbourne and
Adelaide for the Occurrence of FErwinia
amylovora. Aust.. Plant Pathol., 29: 120-
128.

Knobloch, K., Pauli, A. and Iberl, B. 1989.
Antibacterial and Antifungal Properties of
Essential Oils Components. J. Essent. Oil
Res., 1: 119-128.

Lambert, R. J. W., Skandamis, P. N., Coote,
P. and Nychas, G. J. E. 2001. A Study of the
Minimum Inhibitory Concentration and
Mode of Action of Oregano Essential Oil,
Thymol and Carvacrol. J. Appl. Microbiol.,
91: 453-462.

Manou, 1., Bouillard, L., Devleeschouwer,
M. J. and Barel, A. O. 1998. Evaluation of
the Preservative Properties of Thymus
vulgaris Essential Oil in Topically Applied
Formulations under a Challenge Test. J.
Appl. Microbiol., 84: 368-376.

McGimpsy, J. A., Douglas, M. H., Vanklink,
J. W., Bearegrard, D. A. and Perry, N. B.
1994. Seasonal Variation in Essential Oil
Yield and Composition from Naturalized
Thymus vulgaris L. in New Zealand. Flav.
Fragr.J., 9: 347-352.

Mehdi R., Shams-Ghahfarokhi M.,
Yoshinari T., Rezaece M. B., Jaimand, K.,
Nagasawa, H. and Sakuda S. 2008.
Inhibitory Effects of Satureja hortensis L.
Essential Oil on Growth and Aflatoxin
Production by Aspergillus parasiticus. Int. J.

Food Microbiol., 123(3): 228-233.


https://dorl.net/dor/20.1001.1.16807073.2010.12.1.4.0
https://jast.modares.ac.ir/article-23-2947-en.html

[ Downloaded from jast.modares.ac.ir on 2025-01-14 ]

[ DOR: 20.1001.1.16807073.2010.12.1.4.0 ]

Karami-Osboo et al.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

Montes-Belmont, R. and Convajal, M. 1998.
Control of Aspergillus flavus in Maize with
Plant Essential Oils and Their Components.
J. Food Prot., 61(5): 616-619.

Mourgues F., Brisset M. N. and Chevreau E.
1998. Activity of Different Antibacterial
Peptides on Erwinia amylovora Growth, and
Evaluation of the Phytotoxicity and Stability
of Cecropins. Plant Sci., 139: 83-91
Nielsen, P. V. and Rios, R. 2000. Inhibition
of Fungal Growth on Bread by Volatile
Components from Spices and Herbs, and the
Possible Application in Active Packaging,
with Special Emphasis on Mustard Essential
Oil. Int. J. Food Microbiol., 60: 219-229.
Nychas, G. E. and Tassou, C. C. 2000.
Traditional Preservatives-oils and Spices, In:
"Encylopedia of Food Microbiology",
Robinson, R. K., Batt, C. A. and Patel, P. D.
(Eds.). Academic Press, London, UK, PP.
1717-1722.

Piccaglia, R., Marotti, M., Giovanelli, E.,
Deans, S. G. and Eaglesham, E. 1993.
Antibacterial and Antioxidant Properties of
Mediterranean Aromatic Plants. Ind. Crops
Prod., 2: 47-50.

Pothier, J., Galand, N., El Ouali, M. and
Viel, C. 2001. Comparison of Planar
Chromatographic Methods (TLC, OPLC,
AMD) Applied to Essential Oils of Wild
Thyme and Seven Chemotypes of Thyme. IL.
Farmaco., 56 (5-7): 505-511.

Ritchie, D. F. and Klos, E. J. (1974) A
Laboratory Method of Testing Pathogenicity
of Suspected Erwinia amylovora Isolates.
Plant Dis. Report., 58: 181-183.

Rojas, L.B. and Usubillaga, A. 2000.
Composition of the Essential Oil of Satureja
brownie (SW.) Briq. from Venezuela. Flav.
Fragr. J., 15: 21-22.18.

Runti, C. and Bruni, G. 1960. Application of
Gas Chromatography to the Analysis
of Thyme Oils. Boll ChiM. Farm., 99: 435-
447.

Saez, F. 1995. Essential Oil Variability of
Thymus zigis Growing Wild in Southeastern
Spain. Phytochem., 40(3): 819-825.

Sahin F., Karaman 1., Gulluce M., Ogutcu
H., Sengul M., Adiguzel A., Ozturk S. and
Kotan R. 2003. Evaluation of Antimicrobial
Activities of Satureja hortensis L. J.
Ethnopharmaco, 87: 61-65.

Sefidkon, F., Dabiri, M. and Rahimi-
Bidgoly, A. 1999. The Effect of Distillation
Methods and Stage of Plant Growth on the

44

42.

43.

44.

45.

46.

47.

48.

49.

50.

51.

52.

Essential Oil Content and Composition of
Thymus kotschyanus Boiss. and Hohen.
Flav. Fragr. J., 14: 405-408.

Sefidkon, F., Abbasib, K., Bakhshi K. and
Hanikib, G. B. 2006. Influence of Drying
and Extraction Methods on Yield and
Chemical Composition of the Essential Oil
of Satureja hortensis. Food Chem., 99(1):
19-23.

Shetty, K., Carpenter, T., Kwaok, D., Curtis,
O. F. and Potter, T. L. 1996. .Selection of
High Phenolics-contaning Clones of Thyme
(Thymus vulgaris L.) Using Psedomonas. J.
Agric. Food Chem., 44: 3408-3411.

Snyder, L. R. 1978. Classification of the
Solvent Properties of Common Liquids. J.
Chromatographic Sci., 16: 223-234.

Steiner, P. 2000. Integrated Orchard and
Nursery Management for the Control of Fire
blight. In: "Fire Blight: The Disease and its
Causative Agent, Erwinia amylovora",
Vanneste, J. L. (Ed.). CABI Publishing, New
York, PP. 339-358.

Sugisawa, H., Miwa, K., Matsuo, T. and
Tamuru, H. 1988. Volatile Compounds
Produced From the Cultured Cells of Thyme
(Thymus vulgaris L.). In: "Bioflavour 87",
Schreier, P. (Ed). W de Gruyter, Berlin, PP.
327-40.

Teissedre, P. L. and Waterhouse, A. L. 2000.
Inhibition of Oxidation of Human Low-
density Lipoproteins by Phenolic Substances
in Different Essential Oils Varieties. J Agric.
Food Chem., 48, 3605-3801.

Ultee, A., Kets, E. P. W. and Smid, E. J.
1999. Mechanisms of Action of Carvacrol
on the Food-borne Pathogen Bacillus cereus.
Appl. Environ. Microbiol,, 65(10): 4606—
4610.

Ultee, A., Slump, R. A., Steging, G. and
Smid, J. 2000 a. Antibacterial Activity of
Carvacrol towards Bacillus cereus on Rice.
J. Food Prot., 63(5): 620-624.

Ultee, A., Kets, E. P. W., Alberda, M.,
Hoekstra, F. A. and Smid, E. J. 2000 b.
Adaptation of the Food-borne Pathogen
Bacillus  cereus to Carvacrol. Arch.
Microbiol., 174(4): 233— 238.

Ultee, A. and Smid, E. J. 2001. Influence of
Carvacrol on Growth and Toxin Production
by Bacillus cereus. Int. J. Food Microbio.,
64: 373-378.

Ultee, A., Bennink, M. H. J. and Moezelaar,
R. 2002. The Phenolic Hydroxyl Group of
Carvacrol is Essential for Action against the


https://dorl.net/dor/20.1001.1.16807073.2010.12.1.4.0
https://jast.modares.ac.ir/article-23-2947-en.html

[ Downloaded from jast.modares.ac.ir on 2025-01-14 ]

[ DOR: 20.1001.1.16807073.2010.12.1.4.0 ]

Plants Effective Compounds Against Erwinia amylovora

53.

54.

55.

Food-borne Pathogen Bacillus cereus. Appl.
Environ. Microbiol., 68(4): 1561-1568.
Vanneste, J. L. 1995. Erwinia amylovora.
In: "Pathogenesis and Host Specificity in
Plant Diseases: Histopathological,
Biochemical and Genetical Bases", Singh,
U. S., Singh, R. P. and Kohmoto, K. (Eds.).
Vol. 1. Pergamon Press, Oxford, PP. 21-46.
Vanneste, J. L. and Eden-Green, S. 2000.
Migration of Erwinia amylovora in Host
Plant Tissues In: "Fire Blight: The Disease
and its  Causative Agent, Erwinia
amylovora" Vanneste, J. L. (Ed.). CABI
Publishing, Wallingford, UK, PP. 370.
Whitehead, N. A., Byers J. T., Commander
P., Corbett M. J., Coulthurst S. J., Everson

JAST

56.

57.

L., Harris, A. K. P., Pemberton C. L.,
Simpson N. J. L., Slater H., Smith D. S.,
Welch M., Williamson, N. and Salmond, G.
P. C. 2002. The Regulation of Virulence in
Phytopathogenic Erwinia Species: Quorum
Sensing,  Antibiotics and  Ecological
Considerations. Anton. Van Leeuw., 81:
223-231.

Wilkins, M. B., 1969. Physiology and
Biochemistry of Plant Growth and
Development. McGraw Hill, London. , PP.
145.

Wilson, M., Epton, H. A. S. and Sigee, D. C.
1989. Erwinia amylovora Infection of
Hawthorn Blossom. II. The Stigma. J.
Phytopathol., 127: 15-28.

L9l S55L 595 30 9 il Sl Lwill (ol I3l (b 557 wb i

1595kt

Syl de B 9809105 .p cgawl (0 )

ol >

53 03lial 3550 glacd pgem | 3 el 25 2B L 28 ST O gt (LS (sla bl 3l eslic

DS 5 ol 5,05 ol o 5 il agf 51 ol 55 ol g8 4 5 Wl el a3

S b b D) s il g S il e LT (8 gan Sl 5 b )65 ST 5y, 0 s

A s S eslizal b gT Lol gl cmmen 5050 5 T sla bl oL STL LS STl
(D ST Lol Jole ) 1y s kel L gyl 68 iy 31 s il (ol ks abede domins (53 »
S ol Gl (U3 0 5) 81 g (G35t (B 5 les S7 Sl elinel b s 87 (5,8 sk
ELS L s ll clidd eals 3168 5a) Il oles s ekd T K0S Sl s il
oAl Gl Ikl dl e Ul s Ll e e b = B SIS sl S

S ol Ol Gais opl L3S b 1y BT S 6L sas 2 Sl L s s ol S

wb‘)}w@aﬁj})b LS}; &L.l'f“fb MW\:— C;.w‘ e)f w:Lul‘ y\waJ;;\jJ\f
sl 8L Al 51 o 4 s dnls o JSKE5 1y bl Lol sl I ST, 5 Jsedd o sT
5 S 6,8 gl o&ile3T Loyl 5 s 1555kl

45


https://dorl.net/dor/20.1001.1.16807073.2010.12.1.4.0
https://jast.modares.ac.ir/article-23-2947-en.html
http://www.tcpdf.org

