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Abstract As direct food contact material, wood is subject to
European regulation no. 1935/2004 of 27 October 2004,
which specifies that materials intended for safe food contact
must not interfere with foodstuff characteristics. In order to
comply with this regulation, it is important to provide an
efficient recovery method so that the microbial load on wood-
en surfaces in direct contact with products can be determined.
This study compares three methods of recovering microor-
ganisms from wooden packaging surfaces: grinding,
brushing, and planing techniques. We chose three microor-
ganism models, at various concentrations, which are well-
known risks in the food industry: Escherichia coli (vegetable
sector), Listeria monocytogenes (dairy sector), and
Penicillium expansum (fruit sector). Tests were carried out
on three types of wooden surface, either dry or wet, and made
of poplar, Scots pine, and spruce, which are commonly used in
France for wooden packaging in the food industry. We iden-
tified which factors influenced microorganism recovery rates:
wood moisture content, contact time, and wooden species.
The grinding technique was the one which delivered the best
recovery yie ld wi th an average of 30 .1 % for
L. monocytogenes on spruce and E. coli on poplar and

30.4 % for P. expansum on poplar at 37 % of wood moisture
content. Planing method was also chosen to be applied to
thicker wooden samples. These most reliable recovery
methods will be used as a basis for the development of a
specific standard to assess the food safety of wooden
packaging.
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Introduction

Since ancestral times, wood has been used for its properties as
a “technological tool” in contributing to the organoleptic
qualities of some products, for instance, in wine barrels
(Gougeon et al. 2009), in vinegar barrels in which vinegars
were found to be related to the wooden species of the barrels
(Callejón et al. 2010), and in cheese ripening shelves (Richard
1997). Because of their lightness, their mechanical resistance
to shocks, and their high tolerance to moisture, manufacturers
now use wooden materials to make crates or boxes for pack-
aging foodstuffs as varied as fruits, vegetables, fish, shellfish,
and cheese. Another situation where direct contact with food
arises is the use of wooden cutting boards in kitchens and
some slaughterhouses. In Europe, as direct food contact ma-
terial, wood is subject to European regulation no. 1935/2004
(Anonymous 2004b), which specifies that materials intended
for safe food contact must not interfere with foodstuff charac-
teristics. In order to prevent food safety issues, the food
industry widely uses the HACCP-based processes to maintain
a high level of hygienic production of foodstuffs.
Microbiological analyses of working material surfaces are a
common, even essential, procedure to reach this objective.
These analyses are generally used to prevent contamination
of foods (Kusumaningrum et al. 2003), to detect a specific
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microorganism on the surface (Beresford et al. 2001), or to
check hygiene procedures like cleaning and/or disinfection
(Joseph et al. 2001).

For this purpose, and in the French Arrêté November 1945
(Anonymous 1945) and the information note of DGCCRF
(Anonymous 2012), three common species of non-treated
wood were tested: poplar, pine, and spruce. Poplar and pine
are widely used for manufacturing wooden packaging, such as
crates for fruits, vegetables, and oysters, while spruce is only
used as wooden shelves for ripening cheese.

Many methods to analyze the microbial contamination of
working or packaging surfaces have been published. Some of
them are quantitative, such as the agar contact plate and the
swabbing methods (Miller 1996; Lortal et al. 2009), and have
been used on wooden surfaces in accordance with the inter-
national standard ISO 18593:2004 (Anonymous 2004a), al-
though these methods gave poor recovery rates on this type of
porous material (Carpentier 1997). Stomacher and ultrasonic
sound methods have also been used, such as in the studies of
(Ak et al. 1994a, b ; McEvoy et al. 2005; Mariani et al. 2007).
Other techniques include the brushing method used in the
study of Mariani et al. (2007), but no standard method has
been described for wooden surfaces because of the difficulty
of recovering microorganisms from this natural material.

The aim of this study is to compare three existing methods
for recovering microorganisms from wooden packaging sur-
faces, which could be used in the field and are easily per-
formed in laboratories. These are the following: (i) the de-
structive method of grinding, (ii) the semi-destructive method
of planing, and (iii) the non-destructive method of brushing
(scrubbing). Themethod that shows the best results in terms of
reproducibility, repeatability, and average rate will be used for
microbial assessment on wood. For instance, wooden pack-
aging surfaces that are in direct contact with cheese, fruit,
vegetable, and meat packaging or processing would be ana-
lyzed following this method.

Materials and Methods

Microorganism Strains

Three microorganism models were chosen according to a risk
analysis of agri-food companies that use wooden packaging.
The bacterial pathogen Listeria monocytogeneswas chosen as
a known risk for dairies (Midelet and Carpentier 2002;
Carrascosa et al. 2012; Awang Salleh et al. 2003), which
may also be responsible for cross-contamination of products
because of its great survival on working surfaces (Kang et al.
2007; Cox et al. 1989; Ringus and Moraru 2013). A reference
strain of Escherichia coli was chosen to investigate the be-
havior of a gram-negative bacterium on wooden surfaces
(Dore and Lees 1995; Pangloli et al. 2009; Taylor et al.

2013). It is also a relevant risk issue since outbreaks of
E. coli O157:H7 have been linked to the consumption of
contaminated meat (Banatvala et al. 1996) and fresh produce
like lettuce or apple cider (Beuchat 2002). Arthur et al. (2008)
described the persistence of this bacterium on working sur-
faces in cattle and swine slaughterhouses. The third model is
Penicillium expansum described as a common contaminant of
fruits and vegetables (Snowdon 2010; Yao et al. 1996) and as
a mold producing mycotoxins (Ikeura et al. 2011).

In order to establish the detection threshold of eachmethod,
three concentrations of the inoculum were chosen: 10, 103,
and 104 CFU/cm2. Lyophilized strains of E. coli
ATCC700926 and P. expansum ATCC7861 were rehydrated
according to the ATCC instructions. The L. monocytogenes
SIR436 strain came from the Actalia collection. The bacterial
strains were grown on nutrient agar at 37 °C for 24 h and
subcultured. After confirmation of its identity, the strain was
centrifuged at 5,000g for 20min, suspended in glycerine milk,
and stored in cryo-tubes with porous beads at −20 °C for the
stock collection and in simple cryo-tubes at −80 °C for the
working collection. To prepare E. coli or L. monocytogenes
inoculum solutions, two beads were suspended in 10 mL
Tryptone Soy Casein Broth (TSCB, Biokar) for 24 h at
37 °C incubation and subcultured once. The concentration of
these subcultures was measured by spectrophotometry at an
OD of 620 nm in order to standardize each bacterial inoculum
solution at targeted concentrations by successive dilutions in
sterile water containing 0.9 % NaCl.

The rehydrated mold strain ATCC7861 was inoculated on
malt agar inclined tubes and incubated for 2 weeks at 22 °C/
65 % relative humidity. Spores were then transferred into
sterile water with 0.9 % NaCl supplemented by 0.5 % (v/v)
Tween 80, filtered on sterile gauzes, and centrifuged at 7,500g
for 15 min. This solution of spores was counted on aMalassez
cell to determine its concentration and then diluted in sterile
water containing 0.9 % NaCl to obtain the required concen-
tration of P. expansum inoculum.

Viability Control of the Inoculum Cultures

A viability control of the microorganisms was carried out to
check the concentration of viable cells present in the microbial
solution. The viability of E. coli ATCC700926 and
L. monocytogenes SIR436 was checked by placing 1 mL of
culture on a Petri dish before adding TBX (Biokar) and
ALOA (Biokar) agar and counting colonies after incubation
at 37 °C for 24 h. A complementary test was performed with
the P. expansum recovery solution obtained by the grinding
method on 12 T24 pine samples with 37 % moisture content.
The spores recovered in the 25-mL solution were counted on
Malassez cells and compared to the enumerating malt agar
plate method.
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Preparation and Inoculation of Wooden Samples

Origin of Wooden Samples

Wooden samples measuring 6 by 4 cm (24 cm2) were
selected as reference surfaces. Pinus pinaster, known as
Maritime pine, and Populus euramericana poplar sap-
wood samples, freshly rotary cut, were 0.4 cm thick
(Bois Diffusion, Valanjou, France) while the spruce
sapwood specimens, which were sawn from new ripen-
ing shelves from Actalia’s supplier, had a thickness of
1.5 cm. Every wooden sample was cut in the direction
of the wood grain and untreated. Prior to testing, they
were sterilized by ionization (gamma radiation) at a
dose rate of 25 kGy.

Wetting of the Wooden Samples

Two moisture contents were tested: 18 % (dry packaging
storage conditions) and 37 % (wet packaging storage condi-
tions). To obtain the targeted moisture conditions, the wooden
samples, which initially had a moisture content of around
11 %, were soaked in sterilized distilled water, and then, some
were dried beneath a laminar flow hood as described in
Table 1. The wooden sample was weighed after wetting and
then put in an oven at 103 °C for 48 h to determine its dry
weight. The moisture content of the wooden samples was
determined by calculation on the basis of the weight of mois-
ture contained in the piece of wood (Schirp and Wolcott
2005).

Inoculation of Wooden Surfaces

Then, 0.3 mL of an inoculation solution was spread homoge-
neously in drops of 10 μL (using a multichannel pipette) on
the 24-cm2 sterile wooden surface. The inoculated samples
were immediately submitted to one of the three recovery
methods (T0). The T24-inoculated wooden samples were
stored for 24 h in a climatic enclosure at 20 °C/95 % relative
humidity in order to maintain their moisture level, before
recovery methods were applied.

Grinding Recovery Method

Each inoculated wooden sample was first dry-ground in a
sterile blender for 10 s at 18,000 rpm to crush it into pieces.
Then, 25 mL of 0.9 % NaCl sterile water was added to the
sample pieces, and the mixture was ground again for 5 s at
18,000 rpm to remove the inoculated microorganisms from
the wood to the recovery solution. Next, the recovery liquid
was transferred into stomacher filter bags and homogenized
for 2 min by a stomacher (Le Bayon et al. 2010).

Planing Recovery Method

The planing recovery method was first described by Zangerl
et al. (2010). The inoculated wooden samples were fixed with
a vice to a workbench and were planed with a sterilized Fisher
Darex D102T planer, which contains a 34-mm steel cutting
blade. The planing was done homogeneously on the wooden
specimen at a thickness of 2 mm on average from the surface.
The shavings of each wooden block were weighed into a
stomacher filter bag to obtain 25 g of shavings. These were
then immersed in 25 mL of sterile water with 0.9 % NaCl and
homogenized for 2 min.

Brushing Recovery Method

This method consisted of vigorous scrubbing using a sterilized
hard toothbrush on the wooden surface moistened with 1 mL
of a sterile water solution containing 0.9%NaCl and 5% agar.
Then, the surface was rubbed with squares of wipes (3×3 cm
Bleu Twill) held with sterilized tweezers. Next, the toothbrush
and the wipes were put into a stomacher bag and immersed in
25 mL of sterile water with 0.9 % NaCl and homogenized for
2 min (Mariani et al. 2007).

Microbial Enumeration

In all cases, the recovery solutions obtained were enumerated
on plate count agar directly after stomaching. Following a step
of successive 1/10 mL dilutions in sterile water containing
0.9 % NaCl, 1 mL of the bacterial solutions was plated in
duplicate onto Petri dishes before the medium was added. All
agar media were purchased from Biokar except for the mold.

Table 1 Soaking and drying
times to obtain the targeted mois-
ture content for the different types
of wood samples tested

Moisture content of 18 % Moisture content of 37 %

Soaking time (min) Drying time Soaking time (min) Drying time (min)

Thin poplar samples 1 1 h 40 min 1 –

Thin pine samples 1 2 h 30 min 1 40

Thick spruce samples 20 –
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L. monocytogenes was enumerated on ALOA (Biokar) agar
plates and incubated for 48 h at 37 °C. E. coliwas enumerated
on TBX (Biokar) agar plates and incubated for 48 h at 37 °C.
For P. expansum, 0.1 mL of the solution was plated in dupli-
cate onto the surface of a malt extract agar (Difal). The
inoculated agar plates were spread before incubation at
22 °C/95 % humidity for 3 to 5 days.

Statistical Analysis

Each condition was tested with six wooden samples and
replicated once at a different time. All the results were
expressed in colony-forming unit (CFU)/cm2 and analyzed
with Excel. The four parameters, namely, the microbial recov-
ery method, the wooden species, the inoculated microorgan-
ism, and the moisture content of the wooden samples, were
tested, and the microbial recovery method rates were com-
pared by ANOVA variance analysis and Bonferroni test with
Minitab® statistical software v17 (Minitab® Inc.).

Results

Influence of Different Factors on the Microbiological
Recovery Method Rates

The three methods tested provided results for each
wood timber and microorganism selected for this study
but with varied recovery rates under different
parameters.

Influence of the Microorganism Contact Time
with the Wooden Samples and of the Wooden Species

The microorganism contact time with the wooden samples
demonstrated a large decrease in recovery yield between T0
and T24 hours as shown in Fig. 1.

The wooden species showed a slight influence on the rates
of microbial recovery. Poplar samples seemed to give better
overall results for every method and microorganism tested in
this study. However, this small influence disappeared when
the results were studied microorganism by microorganism as
shown, for example, by the E. coli recovery rates from poplar
and pine samples in Fig. 2.

Repeatability

The ANOVA results showed that there was no significant
difference between the recovery rates obtained by 12 repli-
cates in two sets of repetitions (p>0.05), meaning that the
three tested methods had good reproducibility. For the same
inoculation concentration level, the same method, and the

same moisture level of wooden samples, the microorganism
tested had no statistically significant effects on recovery rate
either, as shown in Fig. 2.

Influence of Wood Moisture Levels

Wetting and drying wooden samples before inoculation pro-
vided the selected moisture contents. Table 2 shows the wood
moisture content obtained for eight wooden standard controls
during the different experiments when the selected moisture
content was 37 %. The standard deviation means for these
spruce samples were 35.7±1.8 % moisture content at T0 and
35.1±1.7 % at T24. For poplar and pine samples, the standard
deviations means were, respectively, 35.6±7.1 and 35.5
±4.1 % moisture content at T0 and 33.1±7.7 and 32.8±
4.4 % at T24. The loss of moisture between samples at T0
and at T24 was not relevant for all the species studied.

However, the degree of wood moisture demonstrated the
highest significant influence on microbial recovery rate
(Fig. 3). Poplar and pine samples at 18 and 37 % moisture
content were used to determine the influence of wood mois-
ture on microbial recovery rates. Figure 3 shows the results
obtained for the grinding method applied to poplar and pine
samples at these two humidity levels after an inoculation of
E. coli or P. expansum solutions at 104 CFU/cm2 (sp/cm2). For
the bacterial model, E. coli, on poplar or on pine, the recovery
rates at 18 % of wooden moisture content are significantly
lower than the value of the recovery rates from wooden
samples with 37 % moisture content. In the case of
P. expansum, the difference in recovery rates from poplar
samples between 18 and 37 % moisture content was the
highest with a loss of 26.7 %.

Recovery Effectiveness of the Three Tested Recovery
Methods

Effectiveness on Microbial Recovery Rates

The second factor showing a high influence on recovery rates
was the method itself. As expected, the destructive and semi-
destructive recovery methods, i.e., grinding and planing,
tended to be more effective than the non-destructive brushing
method.

For the bacterial models, the grinding method gave the
highest recovery rate for E. coli on poplar and pine samples
(Fig. 2) and L. monocytogenes on spruce samples, at a con-
centration level of 104 CFU/cm2 on average and 37 % mois-
ture content of wood. Brushing and planing methods gave
lower recovery rates for the bacterial strains used in this study.
Moreover, according to the Bonferroni test, there was no
difference between both methods for the recovery of these
bacteria at a 95 % confidence level.
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The minimum recovery rate, observed in Fig. 2, was ob-
tained by grinding on pine to recover P. expansum. However,
like the bacterial models, the mold was highly recovered by
the grindingmethod on poplar samples with a similar recovery
yield to that for E. coli as shown in Fig. 2. The highest
Penicillium strain recovery yield was obtained by the grinding
method on poplar samples and by the planing and brushing
methods on pine samples. Moreover, P. expansum gave sim-
ilar recovery rates to bacterial models for the planing method.
However, it should be underlined that the brushing method
was more efficient for the mold model recovery. On pine
samples, although the brushing and planing methods showed
similar results to P. expansum, grinding provided its lowest
recovery rate. This particular result was repeatable and obtain-
ed only under these coupling conditions.

Sensitivity

The sensitivity of the three methods was tested by the inocu-
lum concentration: 10 and 102 CFU/cm2 or sp/cm2 for the
three microorganisms on the three species at T0 and at 37 %
moisture content of wood. The results obtained on poplar and
pine samples were similar. As described in Fig. 4, every
method enabled the detection of 10 CFU/cm2 on the wooden
surface when the wood moisture content was 37 %. The
grinding method had the best detection threshold for
L. monocytogenes on spruce and for E. coli and P. expansum
on poplar and pine samples, with a detection sensitivity of
2 CFU/cm2 and a quantification sensitivity of less than
60 CFU/cm2 for each model. However, the brushing method
gave similar detection thresholds to the grinding method for

Fig. 2 Recovery rate percentages
(N=6×2 replicates=12) for
E. coli and P. expansum on pine
and poplar samples and
L. monocytogenes on spruce
samples The results were
obtained by three different
methods at an inoculation
concentration of 104 CFU/cm2

and for wooden samples of 37 %
moisture content on average. The
numbers in bold represent yield
values. The letters correspond to
statistical homogenous family of
recovery rates. Numbers that are
followed by the same letter are not
significantly different after the
Bonferroni test at a confidence
level of 95 % (Minitab software)

Fig. 1 Difference in recovery
rates for three microorganisms
from spruce and poplar samples
(N=6 wooden samples×2
replicates=12) of 37 % moisture
content. The inoculum solutions
were at 104 CFU/cm2 on average
±0.1 log10 (CFU/cm

2) for
L. monocytogenes, 104 CFU/cm2

on average ±0.2 log10 (CFU/cm
2)

for E. coli, and 104 CFU/cm2 on
average ±0.5 log10 (sp/cm

2) for
the P. expansum

1242 Food Anal. Methods (2015) 8:1238–1247



the mold while the planing method gave similar results to the
grinding method for E. coli on poplar. This confirms the better
efficiency of the brushing method for the mold than for the
bacterial model.

Discussion

Decrease in Recovery Rate After 24 h of Inoculum Contact

The decrease in the recovery rate values obtained from sam-
ples that were in contact with the microorganisms for 24 h was
observed for the three applied methods and for all tested
microorganisms and wood species. This significant reduction
could be explained by different parameters. First, it could be
the cultivation-based methods used in this study; only culti-
vable cells were detected, and the recovery rate had to be
subjected to this consideration. Moreover, the fact that recov-
ery rates becamemuch lower within a short contact time of the
microorganism with wood, rather than throughout 24 h, could
be explained by the hypothesis of microbial mortality on
inoculated wooden samples. This tendency for microorgan-
isms not to survive on wood was previously shown by
(Milling et al. 2005). In their study, E. coli and Enterococcus
faecium showed a dramatic reduction in recovery by the
swabbingmethod after 24 h on pine chips. Beyond this period,
E. coli was not detectable by either cultivation-based or
cultivation-independent methods on pine and spruce woods.
Enterococcus faecium remained detectable on spruce chips
but with a significant loss compared to the initial cell density
of the bacterial solution. In the same work, wooden samples
were maintained at a moisture content of 37 % for 24 h.
Therefore, the mortality of the tested microorganisms could
not be linked to desiccation due to wood drying, unless the
surface moisture content of the wooden samples decreased,
while the overall moisture content of the wooden pieces
remained at a high level.

In a complementary experiment using six replicates, the
Malassez cell counting of grinding recovery solutions gave a
total count of Penicillium spores, and the difference between
this number and the enumeration on plates showed a loss of
2.2 log10 (sp/cm

2), which means that 2.2 log10 sp/cm
2 became

non-viable and non-cultivable after 24 h on pine surface
samples (data not shown).

We suggest that the antimicrobial effect could increase
when microorganisms are in contact with a wooden surface
for a long time as proposed by Schönwälder et al. (2002). In
this study, Schönwälder et al. demonstrated that the antimi-
crobial properties of pine were responsible for the low survival
rate of P. expansum on pine wooden surfaces. However,
antimicrobial properties were not shown for poplar or spruce
surfaces.

Influence of Wood Moisture Content

The difference in recovery rates between wooden samples at
18 and 37 % moisture content, regardless of the method, the
microorganism, or the species tested, was highly significant.
A higher wood moisture content implies better conditions for
survival, and even growth, of bacteria or mold. The low
recovery rates found for samples at 18 % moisture content
could be related to mortality and dryness. Another hypothesis
for the better recovery rate with wooden samples at 37 %
moisture content could be linked to the inoculation method. If
inoculation had been conducted by immersion in themicrobial
solution, the low moisture content would have been hard to
reach. Therefore, the inoculation method by spots on the
surface of the samples was chosen. There is a possibility that
drops of inoculums on dry wooden surfaces (18 % moisture

Table 2 Moisture levels obtained for N=8 wooden control samples
(±standard deviation) during nine experiments

Wooden species Experiment number Sample moisture content (%)

T0 T24

Spruce 1 37.1±3.8 35.7±4.0

2 35.4±4.3 34.6±3.7

3 35.2±5.1 35.2±5.0

4 34.6±2.8 33.4±3.6

5 34.4±4.5 34.4±4.3

6 37.1±4.1 36.2±3.8

7 32.8±3.5 32.3±3.3

8 38.9±4.1 38.1±6.2

9 36±2.4 35.8±2.7

Poplar 1 38.8±6.7 36.3±6.4

2 35.9±8.1 34.9±6.1

3 23.8±5.3 21.3±7.1

4 33.2±2.4 30.6±2.5

5 43.7±2.8 41.9±4.9

6 42.9±2.5 40.3±2.9

7 33.7±2.1 29.8±7.8

8 26.4±2.4 22.1±8.3

9 41.8±3.9 40.3±3.9

Pine 1 29.2±3.9 28.3±4.6

2 35.7±4.7 30.3±11.3

3 41.6±5.1 40±6.4

4 41.7±5.4 40.4±2.1

5 35.4±3.2 32.6±5.6

6 36.1±5.4 31.2±2.3

7 33.1±6.1 30.2±7.8

8 32.2±8.3 29.8±6.7

9 34.4±5.6 32.1±2.4

The samples were wetted by immersion at T0 and maintained at 20 °C/
95 % relative humidity for 24 h (T24)
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content) could penetrate more through the first millime-
ters of the surface than through one saturated with water
(37 % moisture content). This approach could be ex-
plored by further goniometer-based experiments. This
technique measures the penetration speed of the drops
of inoculum into the wooden sample by calculating the
angle contact of the drop with the surface (Bico 2000).
Based on these results, it is clearly important to remem-
ber that during the analysis of ground wooden packag-
ing in the food industry, the sampling step must be
chosen carefully because wood products have varied
moisture contents at the beginning of their manufacture
and at the end of their storage.

Grinding as an Optimal Recovery Method

The grinding method showed the best recovery rate for the
bacterial models E. coli and L. monocytogenes on every tested
wooden species and for P. expansum on poplar samples. Even
at the lowest concentration, 10 CFU/cm2, the method
remained significantly quantitative. As this method destroys
the wooden sample, these results could be explained by a
more in-depth extraction. The semi-destructive planing meth-
od repeatedly scored lower recovery rates but showed better
results for the bacterial strains than for P. expansummold. On
the contrary, the brushing method, which led to similar recov-
ery rates, was better for P. expansum than for bacteria.

Fig. 4 Detection thresholds for the three microbial recovery methods tested (N=6×2 replicates=12) and the threemicroorganisms studied inoculated on
spruce, on pine, or on poplar samples at 37 % moisture content The standard deviations are indicated

Fig. 3 Recovery rate percentages
(N=6×2 replicates=12) for
E. coli and P. expansum on pine
and poplar samples at 18 and
37%moisture content The results
were obtained by grinding
method at an inoculation
concentration of 104 CFU/cm2.
The numbers in bold represent
yield values. The letters
correspond to statistical
homogenous family of recovery
rates. Numbers that are followed
by the same letter are not
significantly different after the
Bonferroni test at a confidence
level of 95 % (Minitab software)
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P. expansum on pine samples was the only case of a low
recovery rate with the grinding method. We suggest that
grinding could release more antimicrobial compounds
(Schönwälder et al. 2002) from pine wood than the planing
or brushingmethods, but this hypothesis does not explain why
this action is not the same for bacteria. Another hypothesis
could be that grinding releases sap or resin compounds from
this resinous species, which could entangle P. expansum
spores that already have a tendency to aggregate. Bacteria
have smaller cell sizes so would be less affected. A comple-
mentary test to explore this hypothesis was carried out as
follows: Dilutions were performed in a grinder according to
the classic protocol and a modified protocol in which Tween
80 was added to the 25 ml of sterile water with 0.9 % NaCl in
order to limit spore aggregation (Carson et al. 1995). No
significant difference was found as shown on Table 3.

Today, the grindingmethod is already recommended by the
French normNFQ 03-070-1 (Anonymous 1988) for analyzing
microbiological contamination of paper and cardboard used as
food packaging. This method was used, following a protocol
developed by Le Bayon et al. (2010), to compare grinding
with agar contact plates, stomacher, ultrasonic sound, and
vacuum pressure methods on poplar samples. Agar contact,
which is recommended by the international standard ISO
18593:2004 (Anonymous 2004a), and stomacher methods
showed low rates of microbial removal from wood because
of its porosity, which makes the release of microbial contam-
inants difficult (Moore and Griffith 2007). Although the cou-
pling of ultrasonic sound and vacuum pressure methods
showed good results previously showed by Le Bayon et al.
(2010), grinding gave a rather good recovery rate (between 35
and 38%) with a maximum bacterial loss of 0.5 log10. Planing
and brushing techniques were used with the protocol
described by Zangerl et al. (2010) and Mariani et al. (2007),
respectively. Microorganisms that contaminate wooden spec-
imens can be present on surfaces but can also penetrate the
first 2 to 3-mm thickness of the wooden surface, as demonstrat-
ed in previous studies carried out by two laboratories (FCBA,
Actalia) on spruce ripening shelves and confirmed by scan-
ning electron microscopy observations (Abrishami et al.
1994). As destructive methods that enter the first millimeters

of the wooden surface lead to a greater exchange between the
wooden matrix and the microbial recovery solution, these
methods seem to be more relevant than those that only sample
the superficial wooden surface.

From a practical aspect, the grinding method was easy to
handle, like the two other methods tested. It is very suitable for
thin wooden surfaces, but for thicker ones, it should be pre-
ceded by a sampling step such as planing. Tests were per-
formed to determine if a modified protocol of sampling by
planing followed with the grinding recovery method would
lead to an optimized recovery rate. Results showed no signif-
icant difference between the classic and modified protocols.
The granulometry of ground wooden chips could also be
investigated to improve the recovery rates of the grinding
method using more efficient grinders (Milling et al. 2005).

Conclusion

For the first time, three methods for recovering microorgan-
isms from wooden surfaces were compared, and four other
factors related to recovery rates were studied. The type of
microorganism, the type of wooden species, the inoculated
wood moisture content, and the inoculation contact time have
not previously been studied and analyzed together.

We have demonstrated that the grinding recoverymethod is
fast and easy to handle under sterile conditions, as well as
giving a rather better recovery rate than the others. It could be
used to analyze microbiological contamination of wooden
packaging, provided that the thickness is less than 5 mm.
The grinder blades are not suitable for wooden boards that
have a greater thickness. Thus, the planing method could be
more appropriate for thicker wooden working surfaces such as
spruce ripening shelves and wooden chopping boards.

An optimization of this microbial recovery method could
be studied by coupling planing as a wood sampling method
with grinding as the effective recovery method, instead of a
stomacher step using a higher granulometric blender.

The influence of moisture is significant and could be de-
terminant for the level of hygiene in connection with food and

Table 3 Recovery rates of P. expansum from pine samples at 37 % moisture content

Sample
number

Concentration of P. expansum
inoculum (CFU/cm2)

Concentration of P. expansum spores
recovered (CFU/cm2)

Recovery
rates (%)

Means (±standard
deviation)

Grinding with
Tween 80

1 2.9E+04 1.7E+02 0.6 0.7±0.3
2 2.9E+04 1.2E+02 0.4

3 2.9E+04 3.1E+02 1.1

Grinding without
Tween 80

4 2.9E+04 9.9E+01 0.3 0.6±0.3
5 2.9E+04 2.7E+02 0.9

6 2.9E+04 1.1E+02 0.4

The recovery method used was grinding with and without Tween 80
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food contact surfaces as shown by Beyer and Gudbjörnsdottir
(2002). Following those conclusions, grinding and planing
methods will be used in further studies to analyze wooden
packaging and microflora from thick working surfaces. This
could be an important tool for microbial assessment on wood-
en working surfaces used in the agri-food industry.
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