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Airborne Listeria spp. in the Red Meat Processing Industry
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Abstract

DoBgeic M., KEnNDA E., Mi¢cuNoOVIC |., ZDovC L. (2011): Airborne Listeria spp. in the red meat process-
ing industry. Czech J. Food Sci., 29: 441-447.

The aim of this study was to determine the potential presence of the airborne Listeria spp. and its correlation with the
aerobic mesophilic bacteria and Listeria carcass contamination in three red meat slaughtering and three processing
plants. Airborne L. seeligeri and L. innocua were determined using 8 (5.06%, n = 158) air samples taken on the loca-
tions characteristic for aerosol generating and in a chilly environment. The positive airborne samples of Listeria spp.
were in an insignificant (P > 0.05) relation with the highest airborne bacteria counts. On the carcass, only 1 positive
case (0.69%, n = 144) of L. innocua was determined, presumably owing to the low airborne Listeria counts and its
unpredictable settling rates. In addition, insignificant (P > 0.05) influences of air moisture and airflow on the airborne
Listeria were found. Nevertheles, the methods currently used to determine the airborne Listeria and its relationships

to aerosol viable mesophilic bacteria and carcass contamination need to be reconsidered in future investigations.
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Listeria monocytogenes and other Listeria species
are widely spread in the environment. Due to the
fact that ten people in Austria and Germany died
in 2009 and 2010 after eating the deadly cheese and
several more were taken ill owing to Listeria con-
tamination, the routes of Listeria spreading in the
food processing plants should be investigated more
intensely in the future. The risk of contamination
with Listeria in the red meat processing industry has
to be considered as rather probable. Possible Listeria
cross-contamination by employees, equipment, and
environment surfaces, animal skin, food additives,
packing material and many other sources has been
reported (MARINSEK & GREBENC 2002; GRIFFITHS
2003), thus effective sanitation programmes in
the slaughtering and meat processing plants are
strongly recommended (FRANK et al. 2003; DOYLE
et al. 2004; HEIR 2004). The carcasses and their
products may be contaminated during slaughtering

and meat processing, thus they can be recognised as
feasible transmission routes of Listeria to humans
(NESBAKKEN et al. 1996; EFSA 2006).

However, relatively small attention is given to the
air acting as a potential vector of contaminants of
carcasses and equipment (KANG & FRANK 1990;
DE RoOIN et al. 2003; PEARCE et al. 2006). Listeria
can potentially become airborne owing to the
sanitation maintenance and meat processing, es-
pecially within solid particles suspended into the
air, as single organisms or in droplets in the form
of aerosols created by the use of water sprayers
(SPURLOCK & ZOTTOLA 1991). Therefore, it could
be potentially transmitted by air and colonise vari-
ous surfaces including raw and ready-to-eat meat
products (BURFOOT et al. 2003). Furthermore,
recent investigations in aerosol studies have made
this theory even more credible since McEvoy et
al. (1999) reported the possibility or the airborne
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Listeria contamination of carcasses during meat
processing. Nevertheless, there is still insufficient
information available about the environmental
conditions, routes, and sources, and on how Listeria
can become airborne. Consequently, the possibili-
ties of airborne Listeria contamination of the air
in food-processing facilities have to be considered
as an important prediction of the potentially an-
ticipated route of the meat and meat products
contamination (KANG & FRANK 1990; ZHANG et
al. 2007). Therefore the main objectives of this test
were to examine the potential presence of Listeria
spp. in the air and on the carcass surfaces in rela-
tion to the aerobic mesophilic bacteria in the red
meat processing industry (BYRNE et al. 2008). In
this study, mainly the survey of airborne Listeria
spp- in slaughterhouses and processing plants is
intended; attention is also paid to whether or not
any correlation can be established between the
number of the airborne mesophilic bacteria and
Listeria carcass contamination.

MATERIALS AND METHODS

Air sampling. Three large commercial slaugh-
terhouses with maximum slaughtering capacity
per year: No. 1: 9007 beef cattle and 7318 pigs,
No 2:20 000 beef cattle and 30 000 pigs, and No. 3:
12 000 beef cattle and 90 000 pigs, and three small
meat processing plants with processing capacity
per month: No. 1: 120 t raw meat and 44 t of meat
products, No. 2: 38 t raw meat and 10 t of meat
products, and No. 3: 20 t raw meat and 4,5 t of
meat products were selected for the experiment.
The plants were equipped and regulated accord-
ing to EU standards relating to pig and beef cattle
slaughtering and meat processing, providing the
operating and environmental conditions necessary
for proper meat manufacturing.

In the slaughterhouses, the samples for Listeria
and aerobic mesophilic bacteria examination were
taken both in winter and in summer times from the
air before and during the slaughtering processes and
on the surfaces of carcasses. In the meat processing
plants the samples were taken during meat products
manufacturing. Air samples, each of the volume of
1500 litres (n = 158 (237.0 m® of the air) for Listeria
examination, 7 = 141 (211.5 m? of the air) for aero-
bic mesophilic bacteria examination — CFU/m?),
were taken with an impaction air sampler (MAS
100 Microbial Air Monitoring Systems®) operating
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at a constant air flow rate (real time) of 100 1/min
according to EN ISO 14698-1/2, 1 h before and
at subsequent 3 h intervals during the slaughter
operations (PRENDERGAST et al. 2004); they were
also taken randomly during the meat chilling, meat
processing, and packing processes.

A gravity sedimentation method, such as the
open Petri dish method using the exposure to the
open air, combining both gravitational and inertial
processes, was used for the determination of the
number of mesophilic aerobic bacteria (CFU/plate)
only in the slaughterhouses (REcK et al. 2002;
KorNacki 2006). The samples were taken using
Petri plates covered with 56.72 cm? of Tryptic
glucose yeast agar (Biolife Italiana, Milan, Italy).
The exposure time of the agar plates (n = 43) was
30 min; they were placed at the same locations as
were those for the air sampler sampling along the
slaughtering lines.

Air samples (n = 151) were taken in the slaughter-
houses from nine locations along the slaughtering
line from the stunning to the weighing areas at
the heights of 0.5 m, 1.0 m to 2 m from the floor
at the distance of 1 m to 2 m from the carcasses,
thus on: (a) two locations at stunning and skinning
(n = 24), (b) four locations near exsanguination
(n = 18), evisceration (n = 39), near the viscera con-
veyor (1 = 18), and carcass storage entrance (n = 3),
(c) one location between/behind carcass splitting
and washing (n = 36), and (d) at two locations in
front of carcass dressing (n = 6) and in the centre
of the floor in the refrigerating rooms (n = 7).

In the processing plants, the air samples (n = 7)
were taken on the floor surfaces from three lo-
cations, thus in the: (a) refrigerating chambers,
(b) packing, and (c) processing rooms.

The method of surface smearing was used for
Listeria examination on the beef carcass. The sam-
ples (n = 144) were collected from three locations
only in the slaughtering plants and at the time of
weighing: (a) on the thighs, (b) on the ribs, and
(c) on the shoulders. The samples were taken using
sterile cotton swabs soaked in distilled water. Each
sample was taken on a surface area of 20 cm?.

Microbial analysis. Following the airborne
Listeria spp. determination, the air stream was
focused using the air sampler onto the Petri plate
bottom covered with a thin piece of polycarbon-
ate membrane, soaked with 2 ml of primary en-
richment medium F1 (Half Fraser broth with half
concentration of antibiotics, Oxoid, Basingstoke,
UK). The moistened filter material served as a
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trap for the dust particles, aerosol, and possible
bacterial cells. The samples were transported to
the laboratory within a few hours. Before incuba-
tion, an additional amount of 8 ml of half Fraser
broth was added into each dish and the contents
were shaken gently. The cultures were incubated
at 30°C for 24 hours. Later on, 0.1 ml of the culture
from F1 was transferred into 10 ml of the second
enrichment broth F2 (Fraser broth, with full con-
centration of antibiotics, Oxoid). From the primary
enrichment, one loop was also taken for either of
the selective plating media: ALOA agar (Biolife
Italiana, Milan, Italy) and Palcam agar (Oxoid,
Basingstoke, UK), with subsequent incubation at
37°C for 24—48 hours. The same procedure was
repeated with a culture obtained on the second-
ary enrichment medium after 48 h of incubation.
Up to five typical colonies of Listeria spp. grown
on ALOA and Palcam agar were transferred onto
the blood agar for pure culture to determine the
haemolytic activity. Final identification was per-
formed with the commercial biochemical kit API
Listeria (Bio Merieux, Craponne, France) following
the producer’s instructions.

Aerobic mesophilic bacteria were collected by
means of the air sampler and gravity sedimentation
method onto Petri plates, containing Tryptic glucose
yeast agar (Biolife Italiana, Milan, Italy). The plates
with the cultures were incubated at 30°C for 72 h
and the colonies on the plates were counted. The
counting was accurate up to 100 colonies per plate,
while higher counts were only estimated.

The swabs from the carcasses examined for the
presence of Listeria were suspended in 50 ml of half
Fraser broth (Oxoid) and treated using the same
procedure as was that for the air samples. All the
samples were transported to the laboratory within
8 h after collection, and processed immediately.

Microclimate measurements. The microclimate
conditions of the slaughterhouses and processing
plants, such as the air temperature, relative humidity,
and airflow, were measured (Testo® 350-M/XL testo
454 Control Unit) using a 3-function probe for si-
multaneous measurements of temperature, humidity,
and velocity, with plug-in head: meas. range —20°C
to +70°C, 0—100% RH, air flow 0—10 m/s at the time
of sampling on each sampling location.

Statistical analysis. Listeria and mesophilic
bacterial values were analysed using the analysis
of variance by ANOVA, t-test, correlations, and
means using SPSS (Statistical Package for the Social
Sciences) 17.0 statistics programme.

RESULTS AND DISCUSSION

Notwithstanding the weak possibility of deter-
mining the airborne Listeria in the air in the tested
slaughtering and processing plants, which is in
agreement with the report by BYRNE et al. (2008)
who did not detect Listeria in the air in the pork
processing plant, the determination of Listeria
spp. in the air in the tested plants in this study
strongly suggests that Listerias can be airborne
and consequently transmitted by single colonies,
solid particles, or aerosols (ZHANG et al. 2007).
None of the air samples taken by the air sampler
within any of the 3 tested slaughterhouses and
3 meat processing plants were positive for the
pathogen L. monocytogenes, however, L. seeligeri
and L. innocua were isolated from 8 air samples
(5.06%, n = 158) of the entire sample (237.0 m® of the
air) taken in all 6 investigated plants (Table 1).

Although the measurements of aerosols and other
airborne particles were not performed during this
study, it was found that the highest airborne Listeria
and the highest aerobic mesophilic bacteria counts
(CFU/m?3, CFU/plate) in the slaughterhouses were
detected near the locations where a strong likeli-
hood existed of the occurrence of aerosol and other
airborne particles owing to the working routines,
e.g. carcass splitting, washing, evisceration, meat
processing, and viscera transport (DOYLE et al.
2004; PRENDERGAST et al. 2004). This was the
case especially in slaughterhouse No. 1, where the
highest counts of the airborne positive air samples
of L. seeligeri (3 positive air samples, n = 63) and
the highest number of aerobic mesophilic bacteria
(CFU/m®) were determined on the location near the
carcass evisceration at the sampling levels of 0.5 m,
1.0 m and 2 m over the floor (Table 1, Figure 1). At
this location, the eviscerated entrails have to drop
at least 0.5 m from the carcass and are splashed
onto a trolley standing on the floor, which is lifted
to the viscera conveyor into which the entrails are
thrown. We believe there is a strong likelihood that
these actions are accompanied by high amounts of
waste water sprinkling, which consequently leads to
Listeria and bacteria contaminated aerosol genera-
tion, as we also assumed in other slaughterhouses
tested. In addition, at this location, in comparison to
other locations in slaughterhouse No. 1 the highest
mean number was determined of aerobic mesophilic
bacteria taken by the air sampler (CFU/m?) and
the gravity sedimentation method (CFU/plate)
(Figure 1). However, the bacterial counts (CFU/m?)
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Table 1. Positive samples of airborne Listeria spp. in Slaughterhouses (No. 1-3) and Processing plants (No. 1-3)

Slaughterhouse ‘ Near. Near viscera Betwegn/behind carcass Processing plant Processing
evisceration conveyor splitting, washing room floor

No. 1 (X n=63) n=12 n=0 n=15 No. 1 (n=5) n=3

L. monocytogenes 0 / 0 L. monocytogenes 0

L. innocua 0 / 0 L. innocua 1

L. seeligeri 3 / 0 L. seeligeri 0

L. welsheimeri 0 / 0 L. welsheimeri 0

No. 2 (£ n = 64) n=27 n=18 n=15 No.2(Zn=1) n=0

L. monocytogenes 0 0 0 L. monocytogenes /

L. innocua 0 1 2 L. innocua /

L. seeligeri 0 0 0 L. seeligeri /

L. welsheimeri 0 0 0 L. welsheimeri /

No. 3 (X n = 24) n=0 n=0 n=6 No.3(Zn=1) n=0

L. monocytogenes / / 0 L. monocytogenes /

L. innocua / / 1 L. innocua /

L. seeligeri / / 0 L. seeligeri /

L. welsheimeri / / 0 L. welsheimeri /

Total (£ n = 151) YXn=39 YXn=18 YXn=236 Total (Zn =7) Xn=3

L. monocytogenes 0 0 0 L. monocytogenes 0

L. innocua 0 1 3 L. innocua 1

L. seeligeri 3 0 0 L. seeligeri 0

L. welsheimeri 0 0 0 L. welsheimeri 0

Isolates 7 (4.6%) 3 (7.7%) 1 (5.5%) 3 (8.3%) Isolates 1 (14.2%) 1 (33.3%)

> n = number of total taken samples; # = number of taken samples on subscribed sampling location

determined were the highest even in comparison to
other slaughterhouses, most presumably due to the
small size of slaughterhouse No. 1, lack of room,
and very narrow space around the slaughteringline,
so the “dirty” areas of the slaughtering line were in
proximity to the “clean” areas, although PRENDER-
GAST et al. (2004) observed no significant differences
in bacterial counts between these areas.

In slaughterhouse No. 2, 2 samples (1 = 64) were
positive for airborne L. innocua at the location of the
carcass splitting and washing (at the heights of 0.5 m
and 2.0 m), where the aerobic mesophilic bacteria
(CFU/plate) were the highest (Table 1, Figure 1). In
our opinion, on account of the carcass splitting and
washing at both locations, the likelihood that the
air was saturated with aerosol in higher concentra-
tions than at other locations along the slaughtering
line of slaughterhouse No. 2 was very strong, which
was presumably the same at the location near the
viscera conveyor at the height of 2 m, where one of
the air samples (n = 64) was positive for L. innocua
as well (Table 1, Figure 1).

Irrespective of the aerosol saturation, the mean
counts of aerobic mesophilic bacteria (CFU/m?)
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were obviously the lowest in slaughterhouse No. 2
in comparison to other slaughterhouses, probably
because it had the largest available working space
in comparison with the other slaughterhouses
tested, although the differences were not signifi-
cant (Figure 1).

A similar situation was manifested in slaugh-
terhouse No. 3 at the location behind the carcass
splitting, situated at the height of 1 m over the floor,
where 1 of the air samples (n = 24) was L. innocua
positive (Table 1, Figure 1), and where the highest
mean count of aerobic mesophilic bacteria (CFU/m?3,
CFU/plate) was determined once again. On ac-
count of the most intensive slaughtering process
(especially during the pig slaughtering), the high-
est mean counts of CFU/plate and the second
highest number of CFU/m? were determined in
slaughterhouse No. 3 in comparison with the other
slaughterhouses tested (Figure 1).

Moreover, one of the samples was positive for
airborne L. innocua (n = 5) at the centre of the
processing hall floor of the processing plant No. 1,
where the main processes with the raw meat ma-
nipulation were running with a great opportunity
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for aerosol or other particles releasing (Table 1). The
results were similar to those by BYRNE et al. (2008)
who stated the raw area of the pork processing plant
to be most at risk of microbial contamination, due
to higher levels of microbial sources.

We assumed that the airborne Listeria findings
in our study were dependent on the air conditions
as well. KORNACKI et al. (2006) stated that many
factors affect the microbial growth, including
moisture, pH, temperature, oxidation-reduction
potential, consequently, the best places to deter-
mine Listeria are high moisture environments.
Since the measurements in slaughterhouses No. 1
and No. 2 were carried out in the winter period,
the average mean temperatures (7) along the
slaughtering lines were 11.9°C; however, the av-
erage temperature in slaughterhouse No. 3 was
21.6°C, because the measurements were carried
out in the summer period. The mean values of air
relative humidity (RH) were 78%, 73%, and 66%,
respectively, in slaughterhouses No. 1, No. 2, and
No. 3. However, the irregular and non-constant
directions of a relatively weak airflow (mean =
0.12 m/s) between the unclean and clean parts of
the slaughter lines were not clearly determined,
although the airflow in slaughterhouse No. 3 was
slightly stronger than in the other slaughterhouses.
The mean microclimate parameters in the packing
and processing rooms of the processing plants were
T=13.1°C, RH = 73.2%, airflow = 0.06 m/s, while
the parameters in the refrigerating chambers indi-
cated T = 3.2°C, RH = 74.5%, airflow = 0.02 m/s.
The measurements were carried out in winter.
Therefore, by comparison of all slaughterhouses

tested, in slaughterhouse No. 3 the combination
of the lowest number of the positive samples of
airborne Listeria, the lowest moisture (RH = 66%),
highest air temperature (7 = 21,6°C), and strong-
est airflow (mean = 0.18 m/s) was established,
therefore a certain relation (P > 0.05) between
those parameters was assumed. These results
resemble those by DoYLE et al. (2004) who re-
vealed that the air humidity at higher rates — 75%
RH - has a greater effect on L. monocytogenes
survival than a lower RH (40%) of the air in the
environment however settling rates of Listeria.
Finally, we found that the carcasses were exposed
in the slaughterhouses tested to Listeria first of
all by the airborne routes, since there was a low
possibility for their contact with the surfaces and
equipment. According to the skinning location and
the location in the vicinity of viscera conveying,
both locations were thought to be the main sources
of the airborne carcass contamination, yet almost
no Listeria was determined on the carcasses on
this locations. Out of the 144 smear samples, only
one sample was positive for Listeria spp. (L. in-
nocua) — although the sampling was performed
before the carcasses were washed. Therefore as
expected, no correlations between carcass Listeria
spp. contamination and the airborne Listeria spp.
were observed. These findings are similar to other
reports where the correlations between the aerial
and carcass contaminations in slaughterhouses
were poor (PRENDERGAST et al. 2004). However,
this is contrary to some other reports where a
strong association between the carcass and micro-
biological contaminations of the air was observed
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(PEARCE et al. 2006; PosH et al. 2006). Therefore,
the low carcass Listeria contamination seems to be
explained by the low airborne Listeria as well as
the unpredictable settling rates of aerosol-borne
Listeria which depend on the particle size and
relative humidity of the environment (McEvoy et
al. 1999; DOYLE et al. 2004; PosH et al. 2006); this
needs to be investigated in the future.

The mean airborne viable bacterial counts (CFU) as
found in this study were higher than or similar to those
observed in other investigations (RAHK10 & KORKEA-
LA 1997; KANG & FRANK 1990) in slaughterhouses or
meat processing plants. Aerobic mesophilic bacteria
(CFU/m?®) analysis revealed significant negative cor-
relations between CFU counts in slaughterhouses
No. 3 and No. 2 (r = —0.501, P < 0.05). Additionally,
these correlations were determined between slaugh-
terhouses No. 2 and No. 1, even though they were
not significant (P > 0.05) (Figure 1). Furthermore, in
all slaughterhouses tested a significant association
(r = 0.824, P < 0.01) between aerobic mesophilic bac-
teria counts sampled using the air sampler (CFU/m?)
and gravity sedimentation (CFU/plate) was observed
(Figure 1). Unfortunately, the airborne Listeria find-
ings cannot be compared to other results due to the
lack of research in this field.

In general, we assumed that the air could be con-
siderably saturated with aerosol on the locations
where evisceration and rough carcass manipulation
was implemented. Mechanical evisceration often
leads to intestinal rupture and discharge of the gut
contents, however, the processes along the slaughter
line can cause microorganisms occurrence after
dissipation or evaporation in the air of aerosols,
airborne droplets, and solid particles (PRENDERGAST
et al. 2004; PosH et al. 2006). Hence, the vigorous
physical activities of slaughter and carcass dressing
like carcass splitting and washing can be actually
the sources of aerosols due to carcass-saw water
cooling and the water stream meat washing, which
actively spread potentially contaminated aerosols
into the air (KANG & FRANK 1990; BURFOOT et al.
2003; PRENDERGAST et al. 2004).

According to the results gained in this study, the
findings indicate a feasible appearance of airborne
Listeria spp., particularly at such locations where
we assumed that the potentially contaminated
aerosol was spread into the air, with the bacterial
air contamination increasing and microclimatic
properties being suitable. This indicates that the
number of airborne Listeria could be somehow
related to the number of aerobic mesophilic bacte-
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ria, although no significant correlations (P > 0.05)
were established in this study.

Since we did not determine aerosols in this study,
we can only anticipate that the working procedures
result in the formation of aerosol containing dif-
ferent particles sizes and being contaminated with
different numbers of microorganisms. For this
reason, we have to pay more attention to studying
bio-aerosols in the future. Therefore, it would be
necessary to investigate further precise information
on all the environmental factors in addition to the
possibility of airborne Listeria generation (DoYLE
et al. 2004). Special attention should be focused
on the evaporator cooling coils in the food stor-
age refrigeration rooms where the conditions for
the the bacteria growth are favourable and where
the cleaning processes are usually not sufficient
to prevent the build up of debris and substrates
suitable for the bacterial and presumably Listeria
growth (KANG & FRANK 1990; EVANS et al. 2004).
Notwithstanding the regular decontamination and
HACCP operations, more attention should be given
to preventing the overall Listeria distribution (EU
Commission 1999; SAMELIS & METAXOPOULOS
1999; HENNING & CUTTER 2001). The efforts to
prevent the meat products contamination — espe-
cially with zoonotic L. monocytogenes — must be
made at all levels of the production, particularly
due to the fact that L. monocytogenes is ubiquitous
with the trend towards becoming airborne.

Acknowledgements. We would like like to thank all
leading staff at the red meat slaughtering and proces-
sing plants for permitting and facilitating this study.

References

BYRNE B., LYNG J., DUNE G., BoLTON D.J. (2008): An as-
sessment of the microbial quality of the air within a pork
processing plant. Food Control, 19: 915-920.

BurrooT D., REAVELL S., Tuck C., WILKINSON D. (2003):
Generation and dispersion of droplets from cleaning
equipment used in the chilled food industry. Journal of
Food Engineering, 58: 343—-353.

De RoiN M.A,, Foong S.C.C., DixoN P.M,, DicksoN J.S.
(2003): Survival and recovery of Listeria monocytogenes
on ready-to-eat meats innoculated with a desiccated and
nutritionally depleted dustlike vector. Journal of Food
Protection, 66: 962—-969.

DoyLE M., KorNack1 J., LIN C.M., MA L., YAN Z., Ko-
TROLA N., OYARBAZAL O. (2004): The role of aerosols



Czech J. Food Sci.

Vol. 29, 2011, No. 4: 441-447

in transmission of microorganisms (including Listeria)
to ready-to-eat meat/poultry products. [Final report to
American Meat Foundation.] Center for Food Safety,
University of Georgia, Griffin: 2—34.

EFSA (2006): Opinion of the Scientific panel on Biological
Hazards (BIOHAZ) and of the Scientific panel on Animal
Health and Welfare (AHAW) on Review of the Commu-
nity summary report on trends and sources of zoonoses,
zoonotic agents and antimicrobial resistance in the Euro-
pean Union in 2004. EFSA Journal, 403: 1-62.

EU Commission (1999): Opinion of the Scientific Commit-
tee on Veterinary Measures relating to Public Health on
Listeria monocytogenes. Health and Consumer Protection
Directorate-General. Directorate B - Scientific Health
Opinions. Unit B3. 23 September 1999: 1-44. Annex 1-5:
1-44, Appendix 2: 1-3.

Evans J.A., RusseL S.L., JAMEs C., Corry J.E.L. (2004):
Microbial contamination of food refrigeration equipment,
Journal of Food Engineering, 62: 225-232.

FRANK J., EHLERS F., WicKER L. (2003): Removal and dis-
infection of Listeria monocytogenes and poultry soil-con-
taining biofilms using chemical cleaning and sanitizing
agents under static conditions. Center for Food Safety,
University of Georgia, Griffin. Available at http://www.
griffin.uga.edu/cfs

GRIFFITHS M.W. (2003): Listeria/properties and occur-
rence. In: CABALLERO B. (ed.): Encyclopedia of Food
Sciences and Nutrition, 2" Ed. Academic Press, Boston:
3562-3573.

HEeIr E., LINDSTEDT B.A., RoTTERUD O.]., VARDUND T.,
KAPPERUD G., NESBAKKEN T. (2004): Molecular epi-
demiology and disinfectant susceptibility of Listeria
monocytogenes from meat processing plants and human
infections. International Journal of Food Microbiology,
96: 85-96.

HENNING W.R., CUTTER C. (2001): Controlling Listeria
monocytogenes in Small and Very Small Meat And Poultry
Plants. Food Safety and Inspection Service, United States
Department of Agriculture, Washington.

KANG Y.J., FRANK J.F. (1990): Characteristics of biological
aerosols in dairy processing plants. Journal of Dairy Sci-
ence, 73: 621-626.

KornAck1J.L. (2006): Detecting sources of Listeria mono-
cytogenes in the ready-to-eat food processing environ-
ment. Kornacki Microbiology Solutions, Inc., Listeria
Detection RTE Plants, McFarland, USA.

McEvoy J.M., DOHERTY A.M., SHERIDAN ]J.J., MCGUIRE
J.J., TEAGAsc L. (1999): The incidence of Listeria spp.
and Escherichia coli 0157:H7 on beef carcasses. Hygiene
Review 1999. The Society of Food Hygiene and Technol-
ogy: 1-3:

MARINSEK J., GREBENC S. (2002): Listeria monocytogenes in
minced meat and thermally untreated meat products in
Slovenia. Slovenian Veterinary Research, 39: 131-136.

NESBAKKEN T., KAPPERUD G., CAUGANT D.A. (1996): Path-
ways of Listeria monocytogenes contamination in the
meat processing industry. Journal of Food Microbiology,
31:161-171.

PEARCE R.A., SHERIDAN ].J., BoLTON D.J. (2006): Dis-
tribution of airborne microorganisms in commercial
pork slaughter processes. International Journal of Food
Microbiology, 107: 186-191.

PosH]J., FEIERL G., WUEST G., Si1xL W., SCHMIDT S., HAss
D.U., REINTHALER F.F., MARTH E. (2006): Transmission
of Campylobaacter spp. in a poultry slaugheterhouse and
genetic characterisation of the isolates by pulsed-field gel
electrophoresis. British Poultry Science, 47: 286—293.

PRENDERGAST D.M., DALY D.]., SHERIDAN ].J., MCDOWELL
D.A., BLAIR L.S. (2004): The effect of abattoir design on
aerial contamination levels and the relationship between
aerial and carcass contamination levels in two Irish beff
abattoirs. Food Microbiology, 21: 589-596.

RaHk1o T.M., KoRKEALA H.J. (1997): Airborne bacteria
and carcass contamination in slaughterhouse. Journal of
Food Protection, 60: 38—42.

REcK M., LARSEN P.S.P,, ULLum U. (2002): Particle deposi-
tion in low-speed, high turbulence flows. Atmosphere
Environment, 36: 4801-4809.

SAMELIS J., METAXOPOULOS J. (1999): Incidence and prin-
cipal sources of Listeria spp. and Listeria monocytogenes
contamination in processed meats and a meat processing
plant. Food Microbiology, 16: 465-477.

SPURLOCK A., ZOTTOLA E.A. (1991): The survival of Liseria
monocytogenes in aerosols. Journal of Food Protection,
54:910-912.

ZHANG G., MA L., OvarzaBAL O.A., DoYLE M. (2007):
Aerosol studies with Listeria innocua and Listeria mono-
cytogenes. Journal of Food Protection, 70: 1857-1865.

Received for publication March 17, 2010
Accepted after corrections September 20, 2010

Corresponding author:

Prof. MARTIN DoBEIC, DVM, University of Ljubljana, Veterinary Faculty, Institute for Environmental and Animal

Hygiene with Ethology, 1000 Ljubljana, Slovenia
tel.: + 386 477 91 40, e-mail: martin.dobeic@vf.uni-lj.si

447



