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The purpose of the present study was to characterize the development of Listeria monocytogenes on
wooden shelves used for cheese ripening. The fate of two L. monocytogenes strains was analysed over
time as a function of the presence of a native biofilm, the farmhouse origin of cheeses, and the wooden
shelves properties. In presence of a native microbial flora on the shelves, deposited populations of
L. monocytogenes remained stable or even decreased by up to 2 log10(CFU/cm2) after 12 days of incu-
bation at 15 �C in all tested conditions. By contrast, L. monocytogenes populations increased by up to 4
log10(CFU/cm2) when the resident biofilm was thermally inactivated, suggesting a microbial origin of the
observed inhibitory effect. All together, our results suggest that the biocontrol of pathogens multipli-
cation on wooden shelves by resident biofilms should be considered for the microbiological safety of
traditional ripened cheeses.

� 2011 Elsevier Ltd. All rights reserved.
1. Introduction

Listeria monocytogenes is a Gram-positive microaerophilic
bacteriumwhich is the causative agent of listeriosis in humans and
animals. Foods represent the major source of infection (Farber &
Peterkin, 1991) and different types of goods have been implicated
in outbreaks of listeriosis such as meat, dairy and seafood products
as well as ready-to eat foods (Anonymous, 2000). Among the 13
known serotypes of L. monocytogenes, almost all human cases of
listeriosis have been associated with types 4b, 1/2a, and 1/2b
(Schuchat, Swaminathan, & Brame, 1991). L. monocytogenes has
frequently been isolated in food processing environments
(Donnelly, 2001), with serotype 1/2a being the most commonly
found (Kathariou, 2002).

Biofilms formation by L. monocytogenes in food processing
environments has thus become a concern for food manufacturers.
The capacity of L. monocytogenes cells to adhere and colonize inert
food contact surfaces such as polypropylenes, rubbers, stainless
steel and glass, is now well established (Beresford, Andrew, &
Shama, 2001; Rieu et al., 2008). However, the adhesion of Listeria
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depends on the strains (Harvey, Keenan, & Gilmour, 2007), the
physiological state of the bacteria (Briandet, Leriche, Carpentier, &
Bellon-Fontaine, 1999) and the type of substrate (Sinde &
Carballo, 2000).

It is yet well known that microbial biofilms already present on
a surface can influence the adhesion and further development of
cells of L. monocytogenes (Briandet, Herry, & Bellon-Fontaine, 2001).
Many authors have suggested the hindrance of Listeria growth in
biofilms. Carpentier and Chassaing (2004) reported that only four
of 29 strains isolated from food processing plants (Kocuria varians,
Staphylococcus capitis, Stenotrophomonas maltophilia and Coma-
monas testosteroni) increased the settlement of Listeria in binary co-
culture on stainless steel coupons. Different mechanisms may be
involved in the hindrance of Listeria settlement and growth on
surfaces colonized by bacteria: prevention of adhesion (Habimana,
Meyrand, Meylheuc, Kulakauskas, & Briandet, 2009; Meylheuc
et al., 2006), production of antimicrobial agents such as acid
lactic and bacteriocins (Leriche, Chassaing, & Carpentier, 1999;
Loessner, Guenther, Stephan, & Scherer, 2003), and nutrient
competition (Gnanou-Besse et al., 2006; Guillier, Stahl, Hezard,
Notz, & Briandet, 2008; Zhao et al., 2006).

At present, wood can be used as a utensil, packaging or ripening
support in the production of traditional cheeses according to the
European regulation 852/2004 (Anonymous, 2004). There is a long
tradition of using wood as a natural material for cheese ripening,
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and for decades manufacturers have observed that wooden shelves
favour cheese rind development and improve the organoleptic
qualities and typical characteristics of cheeses (Richard, 1997). The
quantity of cheeses repined on wood is estimated at more than
350 000 tons of cheeses a year in France. Among these, Protected
Designation of Origin (PDO) “Reblochon de Savoie” is a raw milk
smear cheese, produced in the North of the French Alps. Previous
work described that these wooden ripening shelves had at their
surface a resident biofilm with a rich and very homogeneous
microbial ecology dominantly composed of Micrococci, cor-
ynebacteria, yeasts, and moulds (Mariani et al., 2006).

However, very few studies have focused on wooden surfaces as
a substratum for resident biofilms, and the resulting interactions
with pathogens. Wood is not an easy material to study, mainly
because of its high degree of porosity, but any real demonstration of
the superiority of other material such as plastics for microbial
safety issues are described in the 12 studied reports (Carpentier,
1997). Hence, Menendez, Godinez, Rodriguez-Otero, & Centeno
(1997) detected L. monocytogenes on several surfaces in a cheese
factory. Onewooden shelf was contaminatedwith L. monocytogenes
out of the five analysed. Carminati, Perrone, Neviani, and Mucchetti
(2000) showed that when cheese were inoculated with L. mono-
cytogenes at the beginning of the ripening process, two out of the
four analysed shelves were contaminated with the pathogen. By
contrast, when cheeses were inoculated in the middle of the
ripening process, no pathogens were detected on the wood
surfaces. Other authors reported that inert polymers may be more
“hygienic” than wooden surfaces that allow bacterial retention
even after food service washing (Welker, Faiola, Davis, Maffatore, &
Batt, 1997). General recommendations concerning the safe use of
wood in food processing have been proposed by several authors e.g.
dry storage, careful handling, selection of wood species (Prechter,
Betz, Cerny, Wegener, & Windeisen, 2002; Schönwälder, Kehr,
Wulf, & Smalla, 2006). However, there is a clear need for system-
atic investigations on the interactions between L. monocytogenes
cells and native wooden shelves during ripening in order to assess
the hygienic status of this traditional material. In this context, the
aim of the present study was to analyse the fate of L. monocytogenes
on the wooden shelves used for the ripening of “Reblochon de
Savoie” cheese in presence of native resident biofilms. Two relevant
steps in the ripening process were selected in order to analyse the
interactions of the pathogen with the shelves: the end of the
ripening process (just before cleaning the shelves); and just after
shelf cleaning-drying procedures, before the start of a new ripening
cycle. The fate of two strains of L. monocytogenes was analysed for
12 days as a function of the presence of an active resident microbial
biofilm, the farmhouse origin of the processed cheeses and the
shelves properties (beginning or end of the ripening process).

2. Materials and methods

2.1. Ripening process

The wooden shelves used during the production process of the
PDO “Reblochon de savoie” were cut lengthwise in spruce wood
(Picea abies). In this study, the traditional ripener collected cheeses
seven days after their fabrication from different farmhouses origins
(referred to as the “origins” in this paper). Four farmhouse origins
(A, B, C, and D) were selected in this study for their different
minority flora profiles (Mariani et al., 2006). The cheeses were laid
on wooden shelves in two separate ripening rooms corresponding
to two different ripening steps. In the first room, the cheeses were
smeared once and theywere rotated on different shelves once a day
during seven days. In the second ripening room, the shelveswere in
contact with a same set of cheeses for a period in the range 5e9
days. After their use to ripen a set of cheeses, the shelves were
cleaned with a brushing machine (brushing three times with cold
water) and dried in air with dedicated machines. After the clean-
ing-drying, shelveswere chosen at random for the next use in room
1 or 2. The shelves harboured 13 visible marks on each side, cor-
responding to the 13 contact zones with cheeses.

2.2. Wooden shelves manipulations for laboratory experiments

The day before starting the experiments in the laboratory,
wooden shelves before and after cleaning-drying from the farm
were wrapped with two layers of cling film and transferred in the
laboratory in an insulated box in less than 2 h The level of humidity
was monitored with an hygrometer (DS4A-DOMA, Scangaule,
Gravigny, France). The shelves were then sawn into wooden
samples i.e. 12 cm-sided squares around the centre of each cheese
mark(13 cm in diameter,). One wooden sample from each shelf was
used to check the presence of L. monocytogenes by enrichment in
Fraser broth (Biokar, Beauvais, France) according to ISO standard
11290 (Anonymous, 1997). Eight wooden samples without split
were selected from each shelf in order to follow the fate of
L. monocytogenes. Among them, sterile controls samples were
obtained by a thermal treatment (125 �C for 15 min). Each wooden
sample was incubated on a support in a watertight box saturated
with humidity. Before and after inoculation with pathogens, all
boxes were kept at 15 �C so that incubation conditions would
mimic ripening conditions (15 �C and 98% RH).

2.3. Scanning electron microscopy (SEM) of wooden shelves

Wooden samples were fixed for 1 h in a glutaraldehyde solution
(3% vol/vol), rinsed 3 times for 10 min in a sodium cacodylate
solution (0.2 M, pH ¼ 7.4), dehydrated in a succession of three
alcohol baths at different alcohol concentrations (70%, 95% and
100% v/v) for 10 min each and coated with gold in a cathode
vacuum evaporator (Jeol JFC 1102, Tokyo, Japan). The samples were
observed at an accelerating voltage of 10 kV using a Hitachi S-4500
scanning electron microscope (Ibaraki, Japan).

2.4. Inoculation, removal and enumeration of L. monocytogenes on
wooden samples

Listeria monocytogenes strains 162 (serotype 1/2a) and 481
(serotype 1/2b), both isolated from dairy field (respectively cheese
brine and milk), were obtained from the Aerial collection (Illkirch,
France). These two strains were selected among five according to
their behaviour after inoculation on shelves: the most and the least
resistant were selected (data non shown). Long-term stock cultures
were stored at �80 �C in a 20% v/v glycerol solution. Cultures were
obtained by inoculation of 100 mL of Tryptone Soy Broth (TSB,
BioMérieux, France) inoculated at 1% v/v after two sub-cultures of
a frozen inoculum (8h and 24h in TSB at 37 �C). The cultures were
harvested by centrifugation (2500g for 10 min), washed twice in
NaCl (9 g/L), resuspended in TSB diluted 1:20, and was adjusted to
obtain a cell concentration of 1 � 104 CFU/mL. L. monocytogenes
inoculation suspensions were enumerated on the specific Palcam
agar (Merck, Lyon, France). In order to inoculate the wooden
samples, 2 mL L. monocytogenes suspensions were deposited in
a delimited square of 64-cm2. After static impregnation with the
L. monocytogenes suspension for 30 min, the wooden samples were
then re-incubated at 15 �C in boxes with saturated humid air (98%
RH).

After 1 or 12 days of incubation, micro-organisms were
detached from wooden samples for enumeration using a portable
sonicator generating ultrasounds (Branson Ultrasonics, Annemasse,
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France) with a fundamental resonant frequency of w40 kHz, as
described previously (Oulahal-Lagsir, Martial-Gros, Bonneau, &
Blum, 2003). Ultrasound waves were applied for 10s in an active
chamber filled with 15 mL sterilized ¼ strength Ringer’s solution
(Biokar, Beauvais, France) directly on 10-cm2 areas. The suspension
was then homogenized and placed in a sterile flask. L. mono-
cytogenes specific enumerations were performed on Palcam agar.
The absence of the lethality of the ultrawave treatment was
checked for the two Listeria monocytogenes strains (data not
shown). If no colony was present on the agar plates, the threshold
of detection (0.18 log10(CFU/cm2)) was used to perform statistical
analysis. In total, 96 results were recorded (4 farmhouse origins, 2
Listeria strains, 2 states of cleaning-drying, 2 repetitions, 2 days of
incubation and 2 states of biofilm only for the shelves after cleaning
and drying).

2.5. pH and water activity of wooden samples

Eight wooden samples from shelves in contact with cheeses
from origin C before and after cleaning-drying, which half of them
autoclaved, were used to record pH and aw values,. prior to inoc-
ulation (D0, with 2 mL of 1:20 diluted TSB without L. mono-
cytogenes) and at day 1 (D1) and day 12 (D12). The wooden samples
were incubated in the same conditions described above. To deter-
mine the pH, 100 mL of desionised water was poured onto each
mark, and 1 min after deposition, the pH was recorded with a pH
surface electrode (Crison, Allela, Spain). The aw was determined
with a dew point instrument (FA-st/1, GBX Scientific Instruments,
Romans sur Isere, France). The aw value recorded was the mean of
at least three repetitions.

2.6. Statistical analysis

Variance analyses were performedwith “Splus 2000” (Mathsoft,
Seattle).

3. Results

3.1. SEM observations of the surface of native wooden samples

The structural morphology as observed under SEM of native
wooden samples at two stages of the cheese ripening process is
Fig. 1. Scanning Electron Microscopy of the surface of ripening shelves: before cleaning-dry
�4000). A and B. Ripening biofilm does not cover the whole surface of the shelf. Some cells a
F. Absence of Geotrichum candidum and bacteria from the area observed. Structure of spruc
presented in Fig. 1. At the end of cheese ripening, bacteria (1e2 mm
cells) and yeasts (>5 mm) were clearly visible onwood fibres and in
cracks, either isolated or in mucoid aggregates (Fig. 1A, B, C). In
accordance with CFU counts, identifiable vegetative Geotrichum
candidum cells could be recognized all over the sample (cylinders
cells of around 10 mm). The presence of long chains of G. candidum
in the wood fibres provided evidence of in situ cells multiplication.
In those experimental conditions, the microbial biofilm did not
cover the entire surface of the shelf. The cleaning-drying procedure
performed at the end of ripening markedly reduced surface
microbial populations on the shelves, as most yeasts and bacteria
were no longer visible by SEM on the surface (Fig.1D, E, F). The fibre
structure of the wood and the punctuation of tracheids (vascular
wood cells) could also be observed.

3.2. pH and aw of the surface of wooden samples

The effects of cleaning-drying and of the presence of biofilm
(native, or heat-killed) were evaluated on the pH and water activity
of wooden shelves (Table 1). The pH values for wooden samples
remained stable at around a neutral pH, and no statistically
significant differences could be found between pH values recorded
at different time points during the ripening cycle and after 12 days
of incubation with the pathogens (P > 0.05).

By contrast, aw values for native wooden samples were signifi-
cantly lower after the cleaning-drying procedure (aw ¼ 0.947 at the
end of ripening down to 0.886 after cleaning-drying, P < 0.05). aw
values for autoclaved wooden samples were significantly lower
than those for native wooden samples (0.901 and 0.910, respec-
tively, P < 0.05) at the day of inoculation (D0). On days 1 and 12, no
statistically significant differences could be found as a function of
thermal treatment or cleaning-drying state (P > 0.05).

3.3. Evolution of L. monocytogenes cells inoculated on wooden
samples

The fate of L. monocytogenes on wooden samples over 12 days
was assessed by comparing fate of the two pathogenic strains on
native or autoclaved wooden samples after cleaning-drying and on
native wooden samples before cleaning-drying after two incuba-
tion times (Day 1 and Day 12) (Fig. 2). All thewooden samples came
from shelves used to ripen cheeses from 4 farmhouse origins.
ing (A: �450; B: �1300; C: �4500) and after cleaning-drying (D: �350; E: �1500; F:
re located in cracks. C. Details of Geotrichum candidum (cylinders) and bacteria. D, E and
e wood fibres, tracheids (D) and punctuations (E).



Table 1
Evolution of pH and water activity (aw) values recorded on the surface of native and autoclaved wooden samples before and after the cleaning-drying procedure.

Native wooden shelves Autoclaved wooden shelves

Meana aw
b,c pHc aw

b,c pHc

Days of
monitoring

before cleaning
(n ¼ 4)

after cleaning
(n ¼ 4)

before cleaning
(n ¼ 2)

after cleaning
(n ¼ 2)

before cleaning
(n ¼ 4)

after cleaning
(n ¼ 4)

before cleaning
(n ¼ 2)

after cleaning
(n ¼ 2)

D0 0.947(cd) 0.886(a) 7.7(a) 7.8(a) 0.910(b) 0.901(ab) 7.1(a) 7.5(a)
D1 0.959(cd) 0.939(c) 7.3(a) 8.0(a) 0.944(cd) 0.940(c) 7.3(a) 6.8(a)
D12 0.970(d) 0.962(cd) 7.1(a) 7.6(a) 0.964(cd) 0.957(cd) 7.2(a) 7.2(a)

a Letters correspond to statistical groups (P < 0,05).
b aw ¼ water activity.
c Confidence intervals for aw and pH values: 0.0144 and 0.64 respectively.
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No statistically significant differences were found as a function
of farmhouse origin (P > 0.05, data not shown). Whatever the
L. monocytogenes strain tested (strains 162 and 481), a marked
multiplication of pathogenic cells was observed on autoclaved
wooden samples. Twelve days after an initial deposit of 3.1
log10(CFU/cm2), L. monocytogenes strains 162 and 481 reached
contamination levels of 7.4 and 7.1 log10(CFU/cm2), respectively, on
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Fig. 2. Comparison between the evolution of L. monocytogenes strains 481 (A) and 162
(B) inoculated on native and thermally inactivated wooden samples after cleaning-
drying and on native wooden samples before cleaning-drying (means for four farm-
house origins and two repetitions), and after 1 and 12 days of incubation (log10(CFU/
cm2)). No statistically significant differences were found between the four farmhouse
origins. Error bars indicate standard errors of the mean. Letters correspond to different
statistical groups (P < 0.05). The dotted line corresponds to the count of the original
inoculating L. monocytogenes suspension deposited on shelves at Day 0.
autoclaved shelves harbouring heat-kill resident flora (P < 0.05
when compared to the initial inoculation). On the other hand, when
deposit were made under the same conditions on native wooden
samples (live micro-organisms in the resident biofilms), no statis-
tically significant multiplication could be detected between day 1
and day 12 for the two pathogenic strains (P > 0.05). Moreover,
significant decreases were observed on the same interval (P< 0.05)
for the strain 481 on native samples after cleaning-drying (1.85
log10(CFU/cm2)) and on native samples before cleaning-drying
(1,01 log10(CFU/cm2)) and for strain 162 on native samples before
cleaning and drying (1.55 log10(CFU/cm2)).

For strain 162 at day 1, the L. monocytogenes count on native
wooden samples after cleaning-drying (0.38 log10(CFU/cm2) was
significantly lower than the count on wooden samples before
cleaning-drying (2.27 log10(CFU/cm2), P < 0.05). By contrast, at day
12, no statistically significant difference could be found regarding
wooden samples before and after cleaning e drying (0.72 and 0.62
log10 (CFU/cm2), P < 0.05). For strain 481, no statistically significant
differences between counts on wooden samples before and after
cleaning-drying could be found at days 1 and 12 (P < 0.05).

4. Discussion

In this study, we analysed the fate of L. monocytogenes on
wooden shelves used in cheese ripening in presence of their natural
resident microbial biofilms. To our knowledge, it is the first report
of a deliberate contamination with L. monocytogenes of wooden
shelves used for cheese ripening. Whatever the conditions tested,
we observed a significant reduction in the population of the
pathogen on native wooden samples after 12 days of incubation. At
the same time, a clear multiplication occurred when the resident
micro-organisms were heat-inactivated. This effect was observed
onwooden samples harvested before and after cleaning-drying and
on wooden samples in contact with cheeses from different farm-
house origins.

Several reports have already mentioned the inhibition of Listeria
by microbial-induced interactions. The synthesis of inhibiting
molecules by Lactococcus lactis (nisin) or by a multispecies cheese-
ripening consortium (pediocin) has also been implicated in the
reduction in the Listeria population on stainless steel and cheese
(Leriche et al., 1999; Loessner et al., 2003). Moreover, the pH and
acid content, and specifically undissociated forms of acid, may be
involved in the mechanism of L. monocytogenes inhibition in
cheeses (Millet, Saubusse, Didienne, Tessier, & Montel, 2005).
Finally, nutrient competition between micro-organisms has also
been described as a mechanism inhibiting pathogen development.
Thus Zhao et al. (2006) revealed that the applications of competi-
tive-exclusion bacteria (Lactococcus lactis and Enterococcus durans)
could greatly reduce the number of Listeria sp. cells (down to 3.8
log10(CFU/cm2)) in floor drains at 3 �C and 26 �C in a poultry pro-
cessing plant. Gnanou-Besse et al. (2006) demonstrated a “Jameson
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effect” on cold-smoked salmon surface. This so-called Jameson
effect designates the simultaneous cessation of all microflora
growth when the dominant microbial population reaches its
stationary phase (Ross, Dalgaard, & Tienungoon, 2000). This
phenomenon is attributed to nutrient competition. Similarly, the
inhibition of L. monocytogenes fate by the natural biofilmmicroflora
isolated from wooden shelves used in the ripening of soft and
smear cheeses (Guillier et al., 2008) was attributed to nutrient
consumption and exhaustion as no production of antimicrobials
has been detected.

In this study, physicochemical characterization of the wooden
samples during the different steps of the ripening process and
following decontamination treatments indicated that pH and aw
values were not the dominant parameters involved in the observed
anti-Listeria effect. The pH of the shelves remained stable around
neutral values under all the conditions tested, which did not corre-
spond to limiting values for L. monocytogenes that can grow at pH
values within the range 4.4e9.6 (Pearson & Marth, 1990). aw values
of the wooden surfaces differed as a function of the ripening steps,
thermal treatments, and cleaning-drying treatments, but were all
above the minimum aw allowing the growth of L. monocytogenes in
solutions (0.90e0.93) (Augustin, Zuliani, Cornu, & Guillier, 2005)
from Day 1 to Day 12. The only value below that limit was the
measurement performed prior to inoculation on wooden samples
harvested after the cleaning-drying procedure (aw ¼ 0.886).
However, the volume delivered for the artificial inoculation of the
shelves that spent 5 h to seep into the samples as well as the incu-
bation in awater-saturated environmentminimized the influence of
the aw under these conditions.

Although autoclaving the shelves inactivated the microflora
living on the wood, it could also indirectly promote pathogen
multiplication by thermally alterating nutritional or physico-
chemical shelves properties. However, decontamination by a non-
thermal treatment (ionization) triggered a similar multiplication of
L. monocytogenes (data not shown), suggesting that indirect side
effect of temperature were not incriminate. Therefore, the differ-
ence of fate of Listeria on the resident and thermally inactivated
biofilm clearly demonstrates that the resident microbial biofilm
living on wooden ripening shelves displayed a stable anti-Listeria
effect under experimental ripening conditions.

The stability and reproducibility of this anti-Listeria effect in
various situations (before and after the cleaning and drying
process, independent of the cheese origins) could be linked to the
homogeneity and stability over time of the microbial ecosystem
present on shelves, as described previously (Mariani et al., 2006).
Our observations are in agreement with previously published
papers (Carminati, Neviani, Ottogalli, & Giraffa, 1999; Carminati
et al., 2000) reporting that the presence of abundant and
complex microbial flora on a cheese surface might help to control
L. monocytogenes contamination of the cheese.

The previous study on the shelves of the ripener (Mariani et al.,
2006) revealed that counts of dominant microflora, micrococci and
corynebacteria (w7 log10(CFU/cm2)), and Geotrichum candidum
(w6 log10(CFU/cm2)), as well as the total count (w7.5 log10(CFU/
cm2)) were not influenced by the farmhouse origins of cheeses.
Therefore, in the present study, minority microbial flora may not
have played a key role in the anti-Listeria effect.

In addition, the step after cleaning-drying appeared to have an
anti-Listeria effect which was more marked for strain 481 andmore
rapid for strain 162 than the state before cleaning-drying. Differ-
ences between different steps before and after cleaning-drying
were also observed during the study by Carminati et al. (1999).
Indeed, authors tested the impact on L. monocytogenes of two
bacterial mixtures used as a surface-smear starter at three cheese
ripening steps. They observed differences between cleaning-drying
steps affecting the Listeria effect, mainly explained by differences in
pH values and levels of the microbial population. Listeria growth
was then favoured by an insufficient growth of surface microflora
but was halted at low pH values. The difference in the mechanisms
of the anti-Listeria effect before and after cleaning-drying could also
be enhanced by the difference in the population of Geotrichum
candidum. When describing the microbial ecology of the biofilm,
Geotrichum candidum appeared to be one of the most dominant
microflora (Mariani et al., 2006) and it has previously been
described as inhibiting L. monocytogenes through competition for
nutrients (Goerges, Aigner, Silakowski, & Scherer, 2006). SEM
observations of the shelves revealed that identifiable Geotrichum
candidum was no longer the dominant microflora after cleaning-
drying. Overall, the microbial description of the state after cleaning
and drying revealed a decrease of only 0.5 log10(CFU/cm2) of the
total flora, which means that the biofilm was still important after
cleaning-drying. It is worth noting that the anti-Listeria effect was
more marked for the step after cleaning-drying, at which point the
cheeses were laid out in the ripening room. Indeed, as most Listeria
contaminations in PDO “Reblochon de Savoie” cheese may occur
before the cheeses arrived at the ripening plant, the step after
cleaning-drying is a critical point because the shelves may be
contaminated at the time when cheeses are placed on them.

5. Conclusion

This study clearly demonstrates that the resident microbial
biofilm living on wooden ripening shelves displayed a stable anti-
Listeria effect under experimental ripening conditions. This anti-
Listeria effect was efficient on two strains of L. monocytogenes and
seemed not to be influenced by the different farmhouse origins of
the cheeses ripened on these shelves. The state at which the shelves
were most exposed to L. monocytogenes contamination interest-
ingly also corresponds with the best anti-Listeria effect.

Further research concerning the anti-Listeria effect will be
necessary to explore the complex and multi-factorial mechanisms
of inhibition by the resident microbial biofilms present on wooden
shelves. The objectivewill be to identify the conditions necessary to
preserve this effect (or if necessary to establish it), so that the
biofilms present on wooden shelves can be employed as active
biological agents for the safety of wooden shelves during a tradi-
tional ripening process.
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