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First aim of this research was to characterize oregano (Origanum vulgare) essential oil and the
characterization of its minimum inhibitory concentration against the pathogenic species, Listeria
monocytogenes and Escherichia coli. Moreover, the oregano essential oil antimicrobial activity was
tested against these pathogenic species, inoculated onto wood and stainless steel surface. The GC/MS
profile of oregano essential oil revealed the presence of 34 compounds, principally terpinolene,
carvacrol and p-cymene accounting for about 70% of the total area of the identified molecules. Oregano
essential oil showed higher antimicrobial activity against L. monocytogenes in comparison with E. coli.
In fact, the L. monocytogenes minimum inhibitory concentration ranged between 125 and 200 mg/L
while those for E. coli ranged between 250 and 350 mg/L. Regarding the decontamination efficacy, the
washing of the two surfaces with oregano fastened the viability decrease of both the inoculated
microorganisms over time. This phenomenon was more pronounced for wood as compared to steel.
The data obtained suggests the great potential of this essential oil to be employed, as alternative to
traditional chemicals, and as sanitizing strategy for surfaces.
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INTRODUCTION

The adhesion and persistence of microorganisms in
equipment surfaces have the potential to spread
pathogens and spoilage microorganisms to foods,
influencing their shelf-life and safety (Bae et al., 2012).
This is particularly significant in the food processing

industry (Giaouris and Nychas, 2006) as well as in the
domestic environment (Humphrey et al., 2001; Choi et
al., 2012). The surfaces of equipment used for food
handling, processing and storage are considered as
major sources of microbial contamination (Bae et al.,



2012). Several studies have shown the ability of
microorganisms to attach to surfaces commonly found in
the food processing environment, such as stainless steel,
polystyrene, hydroxyapatite, rubber, glass and wood
(Soares et al., 1992; Barnes et al., 1999). Additionally, if
certain microorganisms remain on a given surface for a
relatively long time, they can continue to replicate and
eventually form biofilms (Uhlich et al., 2006). The
microbial attachment and the eventual biofilm formation,
acting as reservoir of spoilage and pathogenic species,
increase significantly the risk for food contamination
(Valeriano et al., 2012). In fact, microorganisms can be
easily detached from surfaces and/or biofilms and conta-
minate foods, causing reduced product shelf-life and
disease ftransmission (Shi and Zhu, 2009). Several
studies have shown that various foodborne pathogens
including Escherichia coli and Listeria monocytogenes
can survive for hours or even days on utensils and
equipment surfaces (Humphrey et al., 2001; Wilks et al.,
2005, 2006; Martinon et al., 2012). On the other hand, L.
monocytogenes and E. coli are among the most
frequently involved bacterial species in foodborne
diseases (Scallan et al., 2011; Oliveira et al., 2012).
Consequently, controlling the longevity of microorga-
nisms in surfaces is fundamental in reaching food safety
standards and improving food quality and shelf-life
(Nitschke et al., 2009).

Several chemical detergents and disinfectants are
commonly used and their application depends on their
efficacy, safety and toxicity, corrosive effects, ease of
removal and the subsequent sensory impact on the final
products (Mgretrg et al., 2009). Many of these chemicals
are corrosive to equipment and toxic to humans if over
exposure occurs (Lee and Pascall, 2012). In addition,
conventional cleaning and disinfection regimes may also
contribute to antimicrobial resistance dissemination
(Lunden et al., 2003; Minei et al., 2008; Ryu and Beuchat
et al., 2005; Surdeau et al., 2006; Cruz and Fletcher,
2012).

Therefore, new sanitizing strategies based on the use
of bio-solutions containing enzymes, phages, inter-
species competitions, antimicrobials of microbial origin
and natural plant molecules are constantly emerging
(Simdes et al., 2010; Chorianopoulos et al., 2008). The
growing negative consumer perception against synthetic
chemical compounds favors the research of such natural
alternatives (Davidson, 1997). Essential oils (EOs) are
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volatile, natural, complex compounds characterized by a
strong odor and formed by aromatic plants as secondary
metabolites. They have been studied for their antimi-
crobial activity against many microorganisms, including
several pathogens (Dorman and Deans, 2000; Delaquis
et al., 2002).

The activity of oils from Lamiaceae (Tassou et al.,
2000; Gunduz et al.,, 2010) has been investigated in
model and real food systems in order to understand the
action of single constituents, their cell targets and to
balance their intrinsic variability. Moreover, EOs and their
bioactive components have been recently studied also for
their antibacterial activity on surface adherent microor-
ganisms in order to evaluate their potential as
disinfectants in the food industry (Chorianopoulos et al.,
2008; Oliveira et al., 2012) and as promising anti-biofilm
agents (Amalaradjou and Venkitanarayanan, 2011).
Origanum vulgare essen-tial oil has been largely studied
for this purpose and its composition, in relation to its
geographical origin, dry and extraction methods, has
been investigated (Mockute et al., 2001; Teixeira et al.,
2013; Figiel et al., 2010). In fact, it is well known that the
oil composition, and particularly the presence of phenolic
content, can increase its antimicrobial properties. Thus,
information regarding the oil composition and the
effectiveness of its bioactive components in Killing
pathogenic species on food contact surfaces is needed to
aid in the development of optimal sanitation conditions for
food industries.

The aims of this study were:(i) to evaluate the efficacy
of killing L. monocytogenes and E. coli in solution, calcu-
lating the minimum inhibitory concentration (MIC) and
minimum bactericidal concentration (MBC) of oregano
essential oil, reported to have antimicrobial activity
against a large variety of microorganisms (Marino et al.,
2001; Viuda-Martos et al., 2007) and (ii) to evaluate the
oregano EO efficacy in reducing pathogenic cell loads on
food contact surfaces such as wood and stainless steel.
Most of the food processing industry's surfaces such as
machinery, pipelines and working surfaces are made of
stainless steel. This material is traditionally selected in
the kitchen for food preparation because of its
mechanical strength, corrosion resistance and longevity
(Carrasco et al., 2012). Wood, although less employed in
food industry than in domestic food preparation, is often
used as cutting boards (Soares et al., 2012). Different
contamination levels and contact times were
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assessed for each tested surface.

MATERIALS AND METHODS
Strains

L. monocytogenes Scott A and E. coli 555, used in this work,
belong to the strain collection of the Department of Agricultural and
Food Sciences, University of Bologna. The strains were maintained
at -80°C and cultured in brain heart infusion (BHI) broth (Oxoid,
Basingstoke, Humpshire, UK) for 24 h at 37°C. Before experiments,
the strains were sub-cultured, on BHI broth for 24 h.

Essential oils

In this work, the oregano (Origanum vulgare) essential oil was
obtained from Flora s.r.l. (Pisa, Italy).

Characterization of oregano essential oil using GC/MS-solid
phase micro extraction (SPME)

Oregano EO in amount of 0.5 mL was placed into a 10 mL vial and
sealed through a PTFE/silicon septum. Three different samples
were prepared for each EO. The samples were conditioned for 30
min at 25°C. An SPME fiber covered by 50 mm divinylbenzene-
carboxen-poly (dimethylsiloxane)- (DVB/CARBOXEN/PDMS
StableFlex) (Supelco, Steiheim, Germany) was exposed to each
sample at room temperature (25°C) for 20 min, and finally, the
adsorbed molecules were desorbed in the GC for 10 min. For peak
detection, an Agilent Hewlett-Packard 6890 GC gas-chromatograph
equipped with a MS detector 5970 MSD (Hewlett-Packard, Geneva,
Switzerland) and a Varian (50 mx320 ymx1.2 ym) fused silica
capillary column were used. The temperature program, starting
from 50°C, increased to 230°C at 3°C/min, this temperature was
maintained for 1 min. Injector, interface, and ion source
temperatures were 200, 200 and 230°C, respectively. Injections
were performed with a split ratio of 30:1 and helium as carrier gas
(1 mL/min). Compounds were identified by the use of the Agilent
Hewlett-Packard NIST 98 mass spectral database.

Minimum inhibitory concentration (MIC) and minimum
bactericidal concentration (MBC) determination of oregano EO
against L. monocytogenes and E. coli

For the determination of MIC values, 150 uL of BHI broth inoculated
at three different levels (2, 4 or 6 log cfu/mL) of the tested
pathogens (L. monocytogenes and E. coli), were added to 200 L
microtiter wells (Corning Incorporated, NY, USA). Oregano
essential oil was properly diluted in ethanol 96% (VWR
international, PROLABO, France) and 50 pL of the different
dilutions were added in the microtiter wells, in order to obtain
oregano EO concentrations ranging between 50 and 400 mg/L.
Microtiter plates were incubated at 37°C and checked after 48 h.
The MBC were determined by spotting 10 pL of each well after 48
h, onto BHI agar plates. Minimum inhibitory concentration (MIC)
was defined as the lowest concentration of the compound
preventing visible growth of the inoculated cells after 48 h
(MIC48h). The MBC was defined as the lowest concentration of the
compound that caused the death of the inoculated cells and
therefore there was no growth after 48 h of incubation at 37°C of a

10 yL spot plated onto BHI agar.

Sanitization tests on surfaces

Stainless steel and wood surfaces were used for decontamination
experiment with EOs. The sizes of the surfaces were 1 and 2.25
cm? for stainless steel and wood, respectively. Before use, the
surfaces were sterilized by autoclave at 121°C for 15 min.

The target microorganisms chosen for this experiment were E.
coli and L. monocytogenes. Both target microorganisms were
inoculated at a concentration of 6.2 log cfu/cm? for wood and 7 log
cfu/cm? for stainless steel. The inoculum was prepared from the
pre-inoculum by making serial dilution in aphysiological solution,
and the surfaces were inoculated with 10 (stainless steel) or 100 pL
(wood). The inoculated surfaces were dried at room temperature for
0, 15, 30 and 60 min before treatments with Oregano EO. The
treatments were performed by the immersion of the surfaces in 20
mL of Oregano EO solutions used at concentration of 125 mg/L for
the treatment of the surfaces inoculated with L. monocytogenes,
and 250 mg/L for the surfaces inoculated with E. coli. Oregano EO
was delivered through 1% of ethanol. The duration of treatments
was 10 min and the surfaces were removed from the solutions and
placed into 10 mL of physiological solution, to determine viable
bacteria by plate counting. E. coli was determined on Violet Red
Bile Agar (VRBA, Oxoid, Basingstoke, Hants, England) with
addition of MUG (Oxoid) supplement while Listeria Selective Agar
based (Oxford formuladion) (Oxoid, Basingstoke, Hants, England)
was used to detect L. monocytogenes.

Data processing and statistical analysis

The cell load data were analyzed by means of ANOVA one way by
using Statistica for Windows.

RESULTS AND DISCUSSION
GC/MS-SPME characterization oregano essential oil

Preliminarily, oregano EO was characterized using
GC/MS-SPME. This technique was chosen because it
gives a measure of the volatile molecules of the oil and
the preliminary condition for the antimicrobial effects of
EO is the contact between the antimicrobial molecule and
the target cells. The contact is favored if the molecules
are in their vapor phase, that corresponds to their most
hydrophobic state, because this improves their partition in
the cell membranes. In addition, this technique provides a
volatile profile fingerprinting fundamental to standardize
the EO composition in terms of the most effective
molecules and consequently to standardize antimicrobial
activity of the essential oils. In fact, the EO composition,
and consequently the volatile molecule profile, can
notably vary with plant variety and origin, extraction
modality, agronomic practices, etc (Nannapaneni et al.,
2009). Table 1 shows the total area of the GC peaks and
the percentage (on the basis of the relative peak area) of
each compound present in the headspace of the oregano



Table 1. GC/MS-SPME characterization of oregano (O. vulgare)

essential oil.

Molecule Total peak area Area (%)
a-Pinene 29616709 3.43
Camphene 3431254 0.40
B-Pinene 1664439 0.19
3-Carene 1693569 0.20
B-Myrcene 22216747 2.57
a-Phellandrene 2456150 0.28
a-Terpinene 33644575 3.89
Limonene 8547408 0.99
B-Thujene 5079423 0.59
y-Terpinene 72693569 8.41
p-Cymene 309885246 35.86
Terpinolene 3166331 0.37
Ylangene 1739261 0.20
a-Cubebene 7410171 0.86
B-Bourbonene 3635866 0.42
Linalol 322546 0.04
Caryophyllene 49654406 5.75
(+)-Aromadendrene 1836300 0.21
Carvone 122563 0.01
a-Caryophyllene 1293689 0.15
Yy -Muurolene 2910065 0.34
a-Terpineol 140525 0.02
Borneol 1637263 0.19
Copaene 311791 0.04
B-Farnesene 1325112 0.15
a-Muurolene 237200 0.03
6-Cadinene 3114797 0.36
y-Cadinene 1189108 0.14
Anetol 529966 0.06
Calamenene 525772 0.06
p-Cymen-8-ol 244657 0.03
p-Timol 1092970 0.13
Thymol 41459717 4.80
Carvacrol 249347302 28.85
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EO, as well as the cumulative percentages of the classes
of  compounds (monoterpenes, sesquiterpenes,
oxygenated monoterpenes, aliphatic alcohols, aliphatic
aldehydes, esters and ketones). The volatile profiles of
the used oregano essential oil was characterized by the
presence of 34 identified molecules belonging to different
chemical classes. The main components of this type of
oregano were terpinolene, carvacrol and p-cymene
accounting for about 70% of the total area of the
identified molecules. These data are in agreement with
the data of Ortega-Nieblas et al. (2011), Russo et al.
(1997) and Bisht (2009) who found carvacrol as one of

the major components. Also, according to Teixeira et al.
(2013), who studied the composition of oregano essential
oil from Portuguese origin, carvacrol, terpinene and
thymol were the main components. This is positive
because a wide literature attributed to carvacrol and to
monoterpenes the great antibacterial activity of oregano
EO (Burt, 2004; Gutierrez et al., 2008; Oussalah et al.,
2006). In fact, such molecules can interact with some
cellular structures causing the inhibition of cell growth or
cell death. However, according to Caccioni et al. (1998),
to evaluate the antimicrobial activity of an EO it is
fundamental to use a holistic approach due to
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Table 2. Minimum inhibitory concentration (MIC) and minimum bactericidal concentration (MBC) of oregano (Origanum vulgare) essential oil

against L. monocytogenes and E. coli in relation to the inoculum level.

Cell concentration (log cfu/mL)

Microorganism 6 log cfu/mL 4 1og cfu/mL 2 log cfu/mL

MIC 24 h (mg/L) MBC (mg/L) MIC 24 h (mg/L) MBC (mg/L) MIC 24 h (mg/L) MBC (mg/L)
L. monocytogenes 175 225 175 225 125 150
E. coli 350 350 300 325 250 250

synergistic or antagonistic actions among the different
EO components.

MIC and MBC determination

The MICs and the MBCs of the oregano EO against L.
monocytogenes Scott A and E. coli555 were assessed
after incubation at 37°C with three levels of the target
microorganisms (Table 2). Differences in the MICs and
MBCs were observed in relation to species and the
inoculum level taken into consideration. In fact,
increasing the inoculation level increased the MIC and
MCB values for both microorganisms considered. This
data are in agreement with literature (Belletti et al., 2010).
Oregano EO showed the highest antimicrobial activity
against L. monocytogenes with respect to E. coli. In fact,
the L. monocytogenes MIC ranged between 125 and 200
mg/L while those for E. coli ranged between 250 and 350
mg/L. This behavior for Gram-negative bacteria can be
due to the presence of the outer membrane, which acts
as an efficient permeability barrier against
macromolecules and hydrophobic substances, as well as
to the high content in cyclopropane fatty acids of the
inner membrane (Chang and Cronan, 1999).

Effects of oregano EO in decontaminating stainless
steel and wood surfaces inoculated with L.
monocytogenes and E. coli

To evaluate the decontamination efficacy of oregano EO,
stainless steel and wood coupons previously sterilized
were inoculated at level of 7 and 6.2 log cfu/cm?® with L.
monocytogenes and E. coli, respectively. Immediately
after the inoculation and after 15, 30, 60 min at room
temperature (about 25°C), the coupons were treated with
20 ml of oregano EO treatment solutions at concentration
of 125 ppm for L. monocytogenes, or 250 ppm for E. coli.,
corresponding to the MIC values previously determined in
antimicrobial assay. After 10 min of contact between the
coupons and the EO solution, the surfaces were removed
from treatment solutions and were placed into 10 ml of
physiological solution, which was used for the

determination of the surviving L. monocytogenes and E.
coli cells. In Figures 1 and 2, the results obtained for E.
coli and L. monocytogenes, respectively, are shown. A
decrease of viability over time was observed indepen-
dently of microorganisms and oregano EO supplemen-
tation. The viability decreases were more pronounced on
wood material than in steel coupons, independently of the
treatment time and EO supplementation. 60 min after
inoculation, E. coli and L. monocytogenes were present
on the control steel coupons (untreated) at cell loads of
6.6 and 5.9 log cfu/cm?, respectively. Significantly lower
counts (3.6 and 4.2 log cfu/cm? for E. coli and L.
monocytogenes, respectively) were recorded in the
control wood coupons 60 min after inoculation. Earlier
research indicate that survival of microorganisms on
surfaces is affected by many factors including tempe-
rature, microbial species (Rusin et al., 2002), nature of
surfaces (Gill and Jones, 2002), time lapsed post-inocu-
lation, moisture level and inoculum size (Monville and
Schaffner, 2003).

The addition of oregano EO speed up the viability
decrease of both microorganisms. The treatment with
EO, at the concentration used, reduced, after 10 min of
contact, E. coli cell loads of 1.9 and 1.2 log cfu/cm? in
steel and wood, respectively while L. monocytogenes,
immediately after the inoculation on steel and wood
coupons reduced its counts of about 2 and 1 log cfu/cm?,
respectively.

When the treatment with the EO was performed after
30 and 60 min from the inoculation of the coupons, lower
microbial counts were recorded with respect to treatment
carried out immediately after the inoculation. This
phenomenon was more pronounced in wood in compa-
rison with steel.

This result can be due to the porosity of the wood
where the microbial cells might penetrate under the
surface of the wood. On the other hand, several authors
make remarks on the problem of recovery of microor-
ganisms from porous or damaged surfaces (De Vere and
Purchase, 2003). Earlier research indicates the
decreased number of microorganisms over time delibe-
rately inoculated on wood surfaces (Carpentier, 1997).
For example Abrishami et al. (1994) observed a reduction
of 98% 2 h after inoculation of new wood by E. coli,
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while Ak et al. (1994) observed a reduction of 99.9% of L.
monocytogenes after 2 h. Also Milling et al. (2005)
showed a consistent viability loss of the inoculated micro-
organism on wood surfaces. These authors showed that
the survival of the bacteria on wood was dependent on
various factors such as the wood species, the type of the

inoculated bacterium, the ambient temperature, and
humidity and attributed it to the better hygienic perfor-
mances of pine and oak with respect to plastic in
combination with the hygroscopic properties of wood and
the effect of wood extractives. Similar results were
observed by Gehrig et al. (2002) and Schonwalder et al.
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(2002) who concluded with the possibility that bacteria
are transferred into the wood surface by absorption with
no evidence of a subsequent release.

Conclusion

This research shows the good potential of the used
oregano essential oil to inhibit pathogenic microor-
ganisms both when tested as planctonic cells and when
inoculated onto surfaces of industrial interest. In
particular, the trials of surface decontamination have
highlighted the ability of this type of oregano essential oil
to inactivate L. monocytogenes and E. coli after just 10
min of contact, independently of the surface considered.
The reductions obtained, representing more than 90% of
the population, are very promising, also taking into
account that the inoculation levels tested exceeded
significantly those present on industrial surfaces. The
American Public Health Association recommends that
chemical sanitizers are able to reduce the pathogenic
species and mesophilic bacteria of stainless steel
surfaces up to 0.3 log cfu/lcm?. The trials we performed
inoculating L. monocytogenes and E. coli at level of 10-
100 cfu/cm® of surface and treating with oregano
essential oil permitted reaching cell loads under the
detection limit after 10 min of contact. According to
APHA, the sanification level is accegtable when the
coliform cell loads are under 5 cfu/cm® and acceptable
when ranging between 5-100 cfulcm?.  Moreover,
according to Lelieveld e al. (2003), an ideal sanitizer
should have characteristics such as wide action
spectrum, environmental resistance, toxicity and
corrosiveness absence. In our opinion, oregano essential
oil could be considered as new tool to prevent or delay
colonization of food contact surfaces. However, its use at
industrial level still requires additional investigations on
the ability of removing it and on its organoleptic impact.

Conflict of Interest

The authors did not declare any conflict of interest.

ACKNOWLEDGMENT

This experimental research was supported by the national
project AGER-STAY FRESH 2010 2370

REFERENCES

Abrishami SH, Tall BD, Bruuresma TJ, Epstein PS, Shah DB (1994).
Bacterial adherence and viability on cutting board surfaces J. Food
Safety 14:153-172.

Ak NO, Cliver DO, Kaspar CW (1994). Decontamination of plastic and
wooden cutting boards for kitchen use. J. Food Prot. 57: 23-30.

Amalaradjou MA, Venkitanarayanan K (2011). Effects of trans-
cyinnamaldehyde on inhibition and inactivation of Cronobacter
sakazakii biofilm on abiotic surface. J. Food Prot. 74:200-208.

Bae YM Baek, SY, Lee SY (2012). Resistance of pathogenic bacteria
on the surface of stainless steel depending on attachment form and
efficacy of chemical sanitizers. Int. J. Food Microbiol. 153: 465-473.

Barnes LM, Lo MF, Adams MR, Chamberlain AHL (1999). Effect of milk
proteins on adhesion of bacteria to stainless steel surfaces. Appl.
Environ. Microbiol. 65: 4543-4548.

Belletti N, Sado Kamdem S, Tabanelli G, Lanciotti R, Gardini F (2010).
Modeling of combined effects of citral, linalool and B-pinene used
against Saccharomyces cerevisiae in citrus-based beverages
subjected to a mild heat treatment. Int. J. Food Microbiol. 136:283-
289.

Bisht D, Chanotiya CS, Rana M, Semwal M (2009). Variability in
essential oil and bioactive chiral monoterpenoid compositions of
Indian oregano (Origanum vulgare L.) populations from northwestern
Himalaya and their chemotaxonomy. Ind. Crops Prod. 30:422-426.

Burt S (2004). Essential oils: Their antibacterial properties and potential
applications in foods: A review. Int. J. Food Microbiol. 94: 223-253.

Caccioni DRL, Guizzardi M., Biondi DM, Renda A, Ruberto G (1998).
Relationship between volatile components of citrus fruit essential oils
and antimicrobial action on Penicillium digitatum and Penicillium
italicum. Int. J. Food Microbiol. 43:73-79.

Carpentier B (1997). Sanitary quality of meat chopping board surfaces:
a bibliographical study Food Microbiol. 14:31-37.

Carrasco E, Morales-Rueda A, Garcia-Gimeno RM (2012). Cross-
contamination and recontamination by Salmonella in foods: A review.
Food Res. Int. 45: 545-556.

Chang Y, Cronan Jr JE (1999). Membrane cyclopropane fatty acid
content as a major factor in acid resistance of Escherichia coli.
Molecular Microbiol. 33: 249-259.

Choi Na-Y, Baek SY, Yoon JH, Choi MR, Kang DH, Lee SY (2012).
Efficacy of aerosolized hydrogen peroxide-based sanitizer on the
reduction of pathogenic bacteria on a stainless steel surface. Food
Control 27: 57-63.

Chorianopoulos NG, Giaouris ED, Skandamis PM, Haroutounian SA,
Nychas GJE (2008). Disinfectant test against monoculture and
mixed-culture biofilms composed of technological, spoilage and
pathogenic bacteria: Bactericidal effect of essential oil and hydrosol
of Satureja thymbra and comparison with standard acid-base
sanitizers. J.Appl. Microbiol. 104: 1586-1696.

Cruz CD, Fletcher GC (2012). Assessing manufacturers’ recommended
concentrations of commercial sanitizers on inactivation of Listeria
monocytogenes. Food Control 26: 194-199.

Davidson PM (1997). Chemical preservatives and natural antimicrobial
compounds. In: Food Microbiology Fundamentals and Frontiers, eds
Doyle MP, Beuchat LR, Montville TJ, pp. 520-556. New York: ASM
Press.

Delaquis PJ, Stanich K, Girard B, Mazza G (2002). Antimicrobial
activity of individual and mixed fractions of dill, cilantro, coriander and
eucalyptus essential oils. Int. J. Food Microbiol. 74: 101-109.

Dorman HJD, Deans SG (2000). Antimicrobial agents from plants:
antibacterial activity of plant volatile oils. J. Appl. Microbiol. 88: 308-
31.

Figiel A, Szumny A, Gutiérrez-Ortiz A, Carbonell-Barrachina AA
(2010).Composition of oregano essential oil ( Origanum vulgare) as
affected by drying method. J. Food Eng. 98:240-247.

Gehrig M, Schnell G, Zurcker E, Kucera LJ (2002). Hygienic aspects of
wood and polyethylene cutting boards regarding food contamination.
A comparison. Holz Roh-Werkst 58: 265-269.

Giaouris D, Nychas E (2006). The adherence of Salmonella enteritidis
PT4 to stainless steel: The importance of the air-liquid interface and
nutrient availability. Food Microbiol. 23: 747-752.

Gill CO, Jones T (2002). Effects of wearing knitted or rubber gloves on
the transfer of Escherichia coli between hands and meat. J. Food
Prot. 59: 453-459.



Gunduz GT, Gonul SA, Karapinar M (2010). Efficacy of sumac and
oregano oil in the inactivation of Salmonellatyphimuriumon
tomatoesint. J. Food Microbiol. 141:39-44.

Gutierrez J, Barry-Ryan C, Bourke P (2008). The antimicrobial efficacy
of plant essential oil combinations and interactions with food
ingredients. Int. J. Food Microbiol. 124: 91-97.

Humphrey TJ, Martin KW, Slader J, Durham K (2001). Campylobacter
spp. in the kitchen: spread and persistence. J. Appl. Microbiol. 90:
115S8-1208S.

Lee J, Pascall MA (2012). Inactivation of Clostridium sporogenes
spores on stainless-steel using heat and an organic acidic chemical
agent. J. Food Eng. 110:493-496.

Lelieveld HLM, Mostert MA, Curiel GJ (2003). Hygenic Equipment
Design. In: Hygiene in Food Processing. CRC press 2003; 122-287.
Edited by Lelieveld, Mostert, Holah, White.

Lunden J, Autio T, Markkula A, Hellstrom S, Korkeala H (2003).
Adaptive and cross-adaptive responses of persistent and non-
persistent Listeria monocytogenes strains to disinfectants. Int. J.
Food Microbiol. 82: 265-272.

Marino M, Bersani C, Comi G (2001). Impedance measurements to
study the antimicrobial activity of essential oils from Lamiaceae and
Compositae. Int. J. Food Microbiol. 67:187-195.

Martinon A, Cronin UP, Quealy J, Stapleton A, Wilkinson MG (2012).
Swab sample preparation and viable real-time PCR methodologies
for the recovery of Escherichia coli,Staphylococcus aureus or Listeria
monocytogenes from artificially contaminated food processing
surfaces. Food Control 24: 86-94.

Milling A, Kehr R, Wulf A, Smalla K (2005). Survival of bacteria on wood
and plastic particles: dependence on wood species and
environmental conditions. Holzforschung 59:72-81.

Minei CC, Gomes B C, Ratti R P, D’Angelis CE, De Martinis EC (2008).
Influence of peroxyacetic acid and nisin and coculture with
Enterococcus faecium on Listeria monocytogenes biofilm formation.
J. Food Protect. 71: 634-638.

Mockute D, Bernotiene G, Judzentiene A (2001). The essential oil of
Origanum vulgareL. ssp vulgare growing wild in Vilnius district
(Lithuania). Phytochemistry 57:65-69.

Mearetrg T, Vestby LK, Nesse LL, Storheim SE, Kotlarz K, Langsrud S
(2009). Evaluation of efficacy of disinfectants against Salmonella
from the feed industry. J Appl. Microbiol. 106: 1005-1012.

Nannapaneni R, Chalova VI Crandall PG, Ricke SC, Johnson MG,
O'Bryan CA (2012). Campylobacter and Arcobacter species
sensitivity to commercial orange oil fractions. Int. J. Food Microbiol.
129:43-49.

Nitschke M, Araujo LV, Costa SGVAO, Pires RC, Zeraik AE, Fernandes
ACLB, Freire DMG, Contiero J (2009). Surfactin reduces the
adhesion of food-borne pathogenic bacteria to solid surfaces. Lett.
Appl. Microbiol. 49: 241-247.

Oliveira MMM, Brugnera DF, do Nascimento JA, Hilsdorf Piccoli R
(2012). Control of planktonic and sessile bacterial cells by essential
oils. Food Bioprod. Process 90: 809-8.

Ortega-Nieblas MM, Robles-Burguefio MR, Acedo-Félix E, Gonzalez-
Leon A, Morales-Trejo A, Vazquez-Moreno L (2011). Chemical
composition and antimicrobial activity of oregano (Lippia palmeri S.
WATS) essential oil. Rev. Fitotec. Mex. 34:11-17.

Oussalah M, Caillet S, Salmiéri S, Saucier L, Lacroix M (2006).
Antimicrobial effects of alginate-based film containing essential oils
for the preservation of whole beef muscle. J. Food Prot. 69:2364-
2369.

Rusin P, Maxwell S, Gerba C (2002). Comparative surface-to-hand and
fingertip-to-mouth transfer efficiency of Gram-positive, Gram-negative
bacteria and phage. J. Appl. Microbiol. 93:585-592.

Russo M, Galletti GC, Bocchini P, Carnacini A (1998).Essential oil
chemical composition of wild populations of Italian oregano spice
(Origanum vulgare ssp. hirtum (Link) letswaart): A preliminary
evaluation of their use in chemotaxonomy by cluster analysis. 1.
Inflorescences. J. Agric. Food Chem. 46:3741-3746.

Ryu JH, Beuchat LR (2005). Biofilm formation and sporulation by
Bacillus cereus on a stainless steel surface and subsequent

Siroli et al. 2753

resistance of vegetative cells and spores to chlorine, chlorine dioxide,
and a peroxyacetic acid-based sanitizer. J. Food Protect. 68: 2614-
2622.

Scallan E, Hoekstra RM, Angulo FJ, Tauxe RV, Widdowson MA, Roy
SL, Jones JL, Griffin PM (2011). Foodborne illness acquired in the
United States - major pathogens. Emerg. Infect. Dis. 17: 7-15.

Schonwalder A, Kehr R, Wulf A, Smalla K (2002). Wooden boards
affecting the survival of bacteria? Holz als Roh- und Werkstoff
60:249-257.

Shi X, Zhu X (2009). Biofilm formation and food safety in food
industries. Trends Food Sci. Tech. 20: 407-413.

Simdes LC, Vieira MJ (2010). A review of current and emergent biofilm
control strategies.LWT - Food Sci.Technol. 43: 573-583.

Soares BV, Morais SM, Oliveira dos Santos Fontenelle R, Queiroz VA,
Vila-Nova NS, Suarez B, Ferreiros CM, Criado MT (1992).
Adherence of psychrotrophic bacteria to dairy equipment surfaces. J.
Dairy Res. 59: 381-388.

Surdeau N, Laurent-Maquin D, Bouthors S, Gelle MP (2006).
Sensitivity of bacterial biofilms and planktonic cells to a new
antimicrobial agent, Oxsil 320N. J. Hosp. Infect. 62: 487-493.

Tassou C, Koutsoumanis K, Nychas GJE (2000). Inhibition of
Salmonella enteritidis and Staphylococcus aureus in nutrient broth by
mint essential oil. Food Res. Int. 33:273-280

Teixeira A, Marques A, Ramos C, Serrano C, Matos O, Neng NR,
Nogueira JMF, Saraiva JA, Nunes ML (2013). Chemical composition
and bioactivity of different oregano (Origanum vulgare) extracts and
essential oil. J. Sci. Food Agric. 93:2707-2714

Uhlich GA, Cooke PH, Solomon EB (2006). Analyses of the red-dry-
rough phenotype of an Escherichia coli O157:H7 strain and its role in
biofilm formation and resistance to antibacterial agents. Appl.
Environ. Microbiol. 4: 2564-2572.

Valeriano C, de Oliveira TLC, de Carvalho SM, das Gragas Cardoso M,
Alves E, Piccoli RH (2012). The sanitizing action of essential oil-
based solutions against Salmonella enteric serotype Enteritidis S64
biofilm formation on AISI 304 stainless steel. Food Control 25:673-
677.

Viuda-Martos M, Ruiz-Navajas Y, Fernandez-Lépez J, Angel Pérez-
Alvarez J (2007). Chemical composition of the essential oils obtained
from some spices widely used in Mediterranean region. Acta Chim.
Slov. 54: 921-926.

Wilks SA, Michels H, Keevil CW (2005). The survival of Escherichia coli
0157 on a range of metal surfaces. Int. J. Food Microbiol. 105:445-
454,

Wilks SA, Michels HT, Keevii CW (2006). Survival of Listeria
monocytogenes Scott A on metal surfaces: implications for cross-
contamination. Int. J. Food Microbiol. 111: 93-98.



