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ABSTRACT

Meat contamination by Salmonella enterica is a serious public health concern. Available data have suggested that biofilm
formation at processing plants and contaminated contact surfaces might contribute to meat contamination. Because transfer from
contact surfaces to food products via direct contact has been deemed the most common bacteria transmission route that can lead
to contamination, we evaluated the effect of Salmonella biofilm forming ability, contact surface material, and beef surface tissue
type on Salmonella biofilm transfer from hard surfaces to beef products. Salmonella biofilms developed on the common contact
surfaces stainless steel (SS) and polyvinylchloride (PVC) were transferred consecutively via 30 s of direct contact to either lean
muscle or adipose tissue surfaces of 15 pieces of beef trim. The Salmonella biofilm cells could be effectively transferred
multiple times from the contact surfaces to the beef trim as indicated by quantifiable Salmonella cells on most meat samples.
Biofilm forming ability had the most significant impact (P , 0.05) on transfer efficiency. More cells of Salmonella strains that
formed strong biofilms were transferred after each contact and contaminated more meat samples with quantifiable cells
compared with strains that formed weak biofilms. Contact surface materials also affected transferability. Salmonella biofilms on
SS transferred more efficiently than did those on PVC. In contrast, the two types of meat surface tissues were not significantly
different (P . 0.05) in biofilm transfer efficiency. Beef trim samples that were in contact with biofilms but did not have
quantifiable Salmonella cells were positive for Salmonella after enrichment culture. Our results indicate the high potential of
Salmonella biofilms on common contact surfaces in meat processing plants to cause product cross-contamination.

HIGHLIGHTS

� Salmonella biofilms transferred multiple times from hard surfaces to beef products.
� Strong biofilm formers transferred more bacteria and contaminated more meat samples.
� Biofilms on SS transferred more efficiently than did those on PVC.
� Beef samples in contact with biofilms did not always have quantifiable Salmonella cells.
� Salmonella-negative contact samples were sometimes positive after enrichment culture.
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The many serotypes of Salmonella enterica are
estimated to cause 93.76 million illnesses worldwide
annually (10). In the United States, exposure to Salmonella
results in approximately 1.028 million illnesses, 19,300
hospitalizations, and 400 deaths each year (20). Most
human salmonellosis cases are associated with the con-
sumption of contaminated foods such as red meat and
poultry (19). Cattle are one of the major known animal
reservoirs of Salmonella, and pathogen transfer from hide to
carcass during processing is an established route of product
contamination in meat plants. However, contaminated food
contact surfaces also may contribute to meat product
contamination. Foodborne pathogen contamination was
found more often on subprimals and steaks after 24 h of

chilling than on the original beef carcasses (22), suggesting
that additional contamination events might have occurred
during fabrication, packaging, and distribution. In previous
investigations (11, 23, 27–29, 31), contamination was
attributed to other microbial sources such as bacterial
biofilms in the processing and postprocessing environment.

Biofilm formation is an important strategy that helps
bacteria survive under adverse conditions because cells in
biofilms are much more resistant to sanitizers or other
physical and chemical treatments than are planktonic cells.
Biofilm cells that survive antimicrobial treatments can be a
source of contamination when they detach from food
contact surfaces. The most common transmission route
leading to cross-contamination in the food processing
environment is bacterial transfer from contact surfaces to
food products via direct contact (14). A Salmonella Typhi
infection outbreak that led to 469 cases of typhoid fever in
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Aberdeen, Scotland was traced back to one contaminated
container of delicatessen-sliced corned beef; the pathogen
was transferred from the delicatessen slicer to the deli meats
(5). In our previous study (29), we characterized a wide
collection of S. enterica strains isolated from contaminated
beef trim and found that the vast majority of these strains
were able to develop strong biofilms and had a high
tolerance to common sanitizers. These results suggest that
Salmonella biofilm cell transfer from contact surfaces to
meat products could pose a serious risk to meat safety.

Many factors could affect the transfer efficiency of
biofilm cells to food products. The specific properties of the
biofilms, such as cell density, three-dimensional structure,
cell surface expression of extracellular polymeric substanc-
es (EPS), attachment forces between colonized bacteria and
contact surfaces, and the coexistence of other bacterial
species in the mixed biofilm community, would most likely
affect biofilm cell transfer (8, 12, 13, 16, 17). The
composition of the food products also could play a role in
the dissemination of biofilm cells. Some aspects of food
composition, such as high fat and high moisture, could
increase the transfer of Listeria monocytogenes biofilm cells
to salmon products (4). The contact surface material and the
surface hydration also could influence biofilm attachment,
which would in turn affect biofilm detachment and
dissemination of the biofilm cells. In one study, the
attachment of L. monocytogenes biofilms to polyvinyl
chloride (PVC) or polyurethane surfaces was significantly
stronger than attachment to a stainless steel (SS) surface,
and the type of surface substantially affected the detachment
process and the transfer efficiency of the biofilm cells (12).
However, the impact of bacterial biofilm forming ability,
contact surface materials, and red meat surface tissue types
on Salmonella biofilm transfer to beef product has not been
investigated. The objective of the present study was to
evaluate the impact of these factors by quantifying the
Salmonella cells transferred from biofilms on common
contact surfaces (SS or PVC) to beef trim. The effect of
meat surface composition (lean muscle versus adipose
tissue) on biofilm cell transfer efficiency also was evaluated.
We also determined the prevalence of Salmonella in beef
trim samples after brief direct contact with common
surfaces colonized by various levels of Salmonella in
biofilms.

MATERIALS AND METHODS

Bacterial strains, culture conditions, and EPS expression.
Four S. enterica strains of serotypes Anatum and Dublin were
used in this study (Table 1). Two strains (FSIS1500556 and
FSIS1500571) were isolated from contaminated beef trim by the
U.S. Department of Agriculture, Food Safety Inspection Services
(FSIS), and the other two (MARC-MB-836 and MARC-MB-463)
were isolated from enriched samples of postintervention carcasses
at the U.S. Meat Animal Research Center (MARC). All strains had
been screened for their biofilm forming ability on 96-well
polystyrene plates with crystal violet staining (29) and were
identified as strong or weak biofilm formers (Table 1). The
expression by these strains of curli and cellulose fimbriae, the two
major bacterial extracellular polymeric structures associated with
biofilm forming ability and sanitizer tolerance, were tested as
previously described (26) using Congo red indicator plates and
Lennox formula Luria-Bertani (LB) broth agar plates containing
calcofluor dye, respectively.

Biofilm formation on materials commonly used in the
meat industry. For the biofilm formation experiments, bacterial
broth cultures at stationary phase were prepared in LB broth
(Acumedia, Baltimore, MD) without salt (LB-NS) as described
previously (26) then further diluted in fresh sterile LB-NS medium
for each experiment. Biofilm formation by each strain on SS and
PVC contact surfaces commonly used in the meat industry were
quantified with a colony enumeration method on agar plates as
previously described (28). Sterile SS (18 by 18 by 2 mm) and PVC
(14 by 12 by 3 mm) chips were prepared as platforms on which
biofilms were allowed to develop by incubation for 5 days at 78C
in 1:100 diluted overnight (18 to 20 h) bacterial cultures in LB-NS
broth containing approximately 53106 cells per mL. At the end of
the incubation period, each chip was rinsed with 10 mL (5 mL per
side) of sterile phosphate-buffered saline (PBS; pH 7.2; Sigma-
Aldrich, St. Louis, MO). After rinsing, SS chips were transferred
to 50-mL centrifuge tubes each containing 1.0 g of glass beads
(425 to 600 μm; Sigma-Aldrich) in 10 mL of sterile LB-NS broth,
and PVC chips were transferred to 15-mL centrifuge tubes each
containing 0.5 g of glass beads in 5 mL of sterile LB-NS broth. All
tubes were sonicated for 1 min then vortexed at maximum speed
for 2 min to remove the attached biofilm cells. The vortexed
suspensions were 10-fold serially diluted in sterile LB-NS broth,
and the appropriate dilutions were plated onto xylose lysine
deoxycholate (XLD) agar plates (Oxoid, Remel, Lenexa, KS)
without antibiotics for colony enumeration after overnight
incubation (18 to 20 h) at 378C. Because biofilms were formed
on both sides of the chips, biofilm formation by each strain was

TABLE 1. Salmonella enterica strains used to inoculate beef trim, their EPS (curli and cellulose) expression, and biofilm formation on SS
and PVC surfaces

Salmonella serotype Strain

EPS expressiona Biofilm (log CFU/cm2)b

Curli Cellulose SS PVC

Anatum MARC-MB-836 þ þ 4.60 (0.09) A 4.46 (0.11) A

FSIS1500556 � � 3.58 (0.55) BC 3.17 (0.01) C

Dublin FSIS1500571 þ þ 4.73 (0.11) A 4.82 (0.10) A

MARC-MB-463 � � 3.71 (0.48) BC 4.24 (0.02) AB

a EPS expression was determined based on colony morphology on Congo red indicator plates and LB agar plates containing calcofluor
dye.

b Each strain was allowed to form biofilms on SS or PVC surfaces for 5 days at 78C. Values are means (n¼ 3) and standard deviations.
Means followed by different letters are significantly different (P , 0.05).
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calculated from the total CFU recovered from the chip surface
divided by 2 and then divided by the surface area of the chip (3.24
cm2 for SS chips and 1.68 cm2 for PVC chips).

Biofilm cell transfer from contact surfaces to beef trim.
Beef flanks were cut into uniform size and shape (ca. 40 by 50
mm). Each meat sample was placed in a sterile petri dish with
either lean muscle surface or adipose tissue surface facing up and
then treated by direct exposure to UV light for 30 min to reduce
background microflora. Each Salmonella strain was allowed to
develop biofilms on the SS or PVC chips as described above. After
the PBS rinse and 5 min to air dry, each chip was placed on either
the lean muscle or the adipose tissue surface of the meat sample in
each petri dish, ensuring that the entire chip surface was in full
contact with the meat surface. After 30 s of direct contact, the
meat sample was aseptically transferred to a filtered stomacher bag
containing 50 mL of sterile LB-NS broth, and the same meat-
contact side of the chip was placed on the surface of the second
meat sample in a new petri dish and processed following the same
procedure as used for the previous meat sample. This experimental
step was repeated using the meat-contact side of the same chip for
a total of 15 meat samples. The chip-contact meat samples were
then thoroughly homogenized in individual stomacher bags with a
paddle blender stomacher (BagMixer 400 CC, Interscience,
Woburn, MA) by vigorous agitation for 1 min. A 1.0-mL aliquot
was removed from each bag, plated onto XLD agar plates at 100
μL per plate, and incubated at 378C overnight (18 to 20 h) for
enumeration and calculation of the transferred Salmonella cells
after each contact. The transferred Salmonella cells could be
distinguished from the meat surface background microorganisms
by formation of unique black colonies. The Salmonella transfer
rate was determined as the log CFU per square centimeter per
transfer based on the counts on agar plates and the respective chip
surface area. Meat samples without biofilm transfer were included
as negative controls to monitor background microorganisms and to
ensure no Salmonella presence on the noncontact meat samples.

Determination of Salmonella prevalence after biofilm
contact. After the 1.0-mL aliquot was removed from each bag for
enumeration of the transferred Salmonella cells, the stomacher
bags containing the meat samples were enriched at 378C overnight
(18 to 20 h) and then plated onto XLD agar plates to determine
Salmonella prevalence after the enrichment. The negative control
samples without biofilm transfer were also enriched by following
the same procedure. The isolated presumptive Salmonella black
colonies were further confirmed by PCR amplification of the
Salmonella-specific invA target gene (30).

Statistical analysis. Results were analyzed as the mean of
three experimental replicates and three negative controls, which all
were negative for Salmonella both before and after the enrichment
procedure. An analysis of variance (ANOVA) and comparisons of
mean 6 standard deviation biofilm cell density on SS and PVC
surfaces and 95% confidence intervals were performed using
Prism software (GraphPad Software, La Jolla, CA). A one-way
ANOVA was performed with Tukey’s post hoc test.

The number of Salmonella cells transferred to the meat
surfaces from biofilms on SS or PVC surfaces was log transformed
and analyzed as a complete block design with a 23 23 2 (biofilm
forming ability 3 contact surface material 3 meat surface tissue
type) treatment structure. Within each sequential transfer event,
data were analyzed using the PROC GLIMMIX procedure of SAS
(SAS Institute, Cary, NC), and LSMeans were generated for
significant interactions and main effects. Those LSMeans not

involved in higher order interactions were separated with the diff
option. Results were considered significant at P , 0.05.

RESULTS AND DISCUSSION

In the present study, Salmonella serotypes Anatum
(strains FSIS1500556 and MARC-MB-836) and Dublin
(strains MARC-MB-463 and FSIS1500571) were used to
evaluate the effect of biofilm forming ability, contact
surface materials, and meat surface tissue types on the
transferability of Salmonella biofilm cells from colonized
surfaces to beef trim products. Strain selection was based on
the type of biofilm forming ability (strong or weak) and the
expression of EPS (positive or negative). The strong biofilm
formers of each serotype had significantly higher levels (P
, 0.05) of colonized biofilm cells than did the weak biofilm
formers so the impact of biofilm forming ability on bacterial
transfer efficiency could be determined. The biofilm density
(log CFU per square centimeter) of each selected strain also
was not significantly different (P . 0.05) on SS and PVC
surfaces, so the effect of the contact surface materials on
Salmonella biofilm transferability could be determined
(Table 1).

Salmonella biofilm cells were transferred effectively
from either SS or PVC surfaces to beef trim multiple times
via brief direct contact of 30 s (Fig. 1). The 30-s contact
time was based on the observation of mean contact time at
commercial meat plants where beef cuts briefly rested on
contact surfaces during processing. In the present study, the
vast majority of the trim samples had quantifiable
Salmonella cells on either lean muscle or adipose tissue
surfaces after each direct contact with the biofilm-colonized
chips. However, the trim samples consistently received the
highest number of Salmonella cells from the first transfer,
then the number of transferred cells decreased with each
successive transfer event. This pattern differed from that
observed in a previous study in which a dynamic slicing
model was used to investigate transfer of surface-dried L.
monocytogenes biofilms to turkey or salami (8). In that
study, the level of bacteria transferred during the first slice
was consistently lower than the level transferred to the
second slice and beyond. However, in that study L.
monocytogenes biofilms were transferred after prolonged
desiccation (6 or 24 h), and higher levels might have been
transferred after exposure to the contact surface (SS slicer
blades) with moisture from the food product (turkey or
salami) during the first slice and due to the friction from
slicing. In contrast, the Salmonella biofilms in the present
study were transferred without a desiccation period. The
hydration level of the contact surfaces is important for
biofilm transfer, which requires a capillary effect or liquid
bridge between the biofilm cells and the moisture on the
food product surface. In a previous study, the transfer of
Staphylococcus aureus biofilms was more efficient when the
contact surfaces were wet or moist (18). In our study, the
meat samples received the highest number of Salmonella
cells from the first transfer probably because freshly rinsed
Salmonella biofilms were used for the transfer, so that the
hydration level of the chip surface was sufficient and
affected the initial transfer of the biofilm cells. The
differences between the pathogens (Salmonella versus
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Listeria) and the research models (dynamic versus static
contact) used in the two studies might also explain the
differences in the initial transfer patterns, but these
differences require further investigation.

Within each series of 15 consecutive transfer events,
overall higher numbers of trim samples received quantifi-
able Salmonella cells from the strong biofilm formers than
from the weak biofilm formers. Transfer of Salmonella cells
below the level of quantification (,2.7 log CFU) mostly
occurred on trim samples that had been in contact with the
PVC chips colonized by the two weak biofilm formers.
Salmonella Anatum MARC-MB-836 (strong biofilm for-
mer) transferred quantifiable biofilm cells from the PVC
surface to adipose tissue surface of all 15 trim samples,
whereas only 6 adipose tissue samples received quantifiable
Salmonella cells from biofilms of Salmonella Anatum
FSIS1500556 (weak biofilm former) on the PVC surface.
Salmonella Dublin FSIS1500571 (strong biofilm former)
and MARC-MB-463 (weak biofilm former) transferred
quantifiable biofilm cells from PVC surfaces to 13 and 3
trim samples, respectively, on the lean muscle surface. This
observation is consistent with those of a previous study (24)
of transfer of L. monocytogenes to turkey breast and salami

sliced with inoculated SS knives, in which L. monocyto-
genes transfer was quantifiable on up to 30 slices with an
initial inoculum of 108 CFU per blade, whereas blades
inoculated with 105 and 103 CFU yielded quantifiable L.
monocytogenes only up to 20 and 5 slices, respectively. The
strong biofilm formers contaminated higher numbers of
food samples because of the general decrease in the biofilm
cell population after each transfer. Keskinen et al. (9)
investigated the effect of Listeria biofilm forming ability on
bacterial transfer rate during slicing of delicatessen turkey
meat and observed that Listeria biofilm populations
decreased by 3 to 5 log CFU per slice after 16 slices.
Thus, the cell density of the surface colonized bacteria had a
significant impact on the number of food samples that could
be contaminated by contact with surface biofilms.

Of more significance than the number of trim samples
with quantifiable transferred bacteria was the actual mean
log Salmonella cells detected on the meat surface after each
transfer, which revealed that the biofilm transfer efficiency
was highly strain dependent. Overall, bacterial transfer rate
was proportional to the Salmonella biofilm cell density of
each strain on the chip surface. When the data on the level
of bacteria transferred from each square centimeter of the

A

C

B

C

FIGURE 1. Transfer of Salmonella biofilm cells from SS or PVC surfaces to lean muscle or adipose tissue surfaces of beef trim. Data are
the quantifiable transferred Salmonella biofilm cells at each transfer event separated by biofilm forming ability (A), contact surface
material (B), and meat surface tissue (C). Differences within each sequential transfer event were evaluated with a complete 23 23 2
block design (biofilm ability3 contact material3 meat tissue) as described in the “Materials and Methods.” Data are means6 standard
deviations of three replicates. Asterisks indicate significant differences (P , 0.05) between the two comparators of each transfer event.
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contact surface were pooled and compared between the
strong and weak biofilm formers, on the PVC surface the
biofilm cell density of the weak biofilm former MARC-MB-
463 was not significantly different from that of the two
strong biofilm formers; however, the strong biofilm formers
transferred significantly higher levels of bacteria (P , 0.05)
to the trim samples for the first 10 consecutive transfers and
at transfer events 12 and 13. This finding was consistent
regardless of contact surface material and meat surface
tissue type (Fig. 1A).

Numerous studies of L. monocytogenes biofilm transfer
to various food types have revealed a similar pattern,
indicating that biofilm cell population had the greatest effect
on the level of quantifiable bacteria transferred to beef
products (12), roast turkey breast (9), salmon products (4),
and Genoa hard salami (8). Our observation of no significant
difference (P . 0.05) in level of transferred biofilm cells
between the strong and weak biofilm formers at transfer
events 14 and 15 was likely due to the general decrease in the
biofilm cell population after each transfer. This general
decrease is referred to as the self-cleaning process (8, 9) and
will finally result in low to nonquantifiable levels of
transferred bacteria and will limit the number of food
samples that could be contaminated by the biofilm-colonized
contact surface. Involvement of such a biofilm self-cleaning
process in the potentially biofilm-associated high event
period contaminations (27, 28), which are usually resolved
before any operational correction or specific intervention can
be performed, is being investigated.

Statistical analysis further indicated that the contact
surface material could affect Salmonella biofilm transfer
efficiency. Of the two types of materials that we tested, SS
chips appeared to allow more efficient transfer of Salmo-
nella biofilms to trim samples than did PVC chips. When
the data for transfer of the four Salmonella strains were
pooled and compared between the SS and PVC surfaces, 10
of the 15 direct contacts transferred significantly higher
levels of biofilm cells (P , 0.05) to the trim samples from
each square centimeter of SS surface than was transferred
from the PVC surface (Fig. 1B). No difference (P . 0.05)
between the two types of materials was observed for
transfer events 1 and 2, suggesting that bacterial transfer
from biofilms with sufficiently high cell density would be
much less affected by the contact surface material. During
the initial transfer events, the transferred bacteria were
mostly from the biofilm exterior surface; therefore, the
tightness of adhesion between the biofilms and contact
surface had less of an effect on the transfer efficiency. When
the bacterial cell density decreased after a few transfer
events, the adhesion between the biofilm cells at the bottom
layers of the matrix and the contact surface would have a
greater effect on bacterial detachment.

The influence of material types on the adhesion
(attachment strength) between biofilms and contact surfac-
es, which would in turn affect biofilm detachment and
bacterial transfer was reported previously. The attachment
strength between L. monocytogenes biofilms with poly-
vinylchloride or polyurethane surfaces was found to be
significantly greater than that with stainless steel surface,
which substantially affected the detachment process and the

transfer efficiency of the biofilm cells (12). Similarly,
Rodríguez et al. (17) observed that L. monocytogenes
biofilms on stainless steel surface could transfer higher
amounts of the bacteria to bologna and American cheese
than those on high-density polyethylene surface. Converse-
ly, a more recent study by Jeon et al. (6) reported that L.
innocua biofilm cells were transferred to duck meat more
efficiently from polypropylene surface than those from
stainless steel surface. The different observations are likely
due to the pathogen species, food types, the adhesion
strengths of the microorganisms on the surfaces and the
various experimental methods/conditions that were applied.
Therefore, the impact of contact surface materials on
transfer efficiency of biofilms by the various pathogens
warrants further investigation.

In contrast, the two types of meat surface tissues (lean
muscle and adipose tissue) had no significant effect (P .
0.05) on Salmonella biofilm transfer efficiency. However,
previous report suggest that the characteristics of the food
surface receiving the biofilm cells could affect the
dissemination and transfer of these cells. Higher fat and
moisture contents have been related to the increased transfer
of L. monocytogenes biofilm cells to some meat products (4,
24). Differences in fat globule size and variations in
carbohydrate, protein, and moisture composition of the food
types were associated with the higher transfer efficiency of
L. monocytogenes biofilm cells to chicken and pork bologna
compared with transfer to cheese and hard salami (16, 17).
More relevant to our study, Wang et al. (25) found that the
transfer of Salmonella biofilm cells to five types of meat
products after 30 s of direct contact was highly dependent
upon the product, with bacon and emulsified sausage
receiving higher levels of bacteria than roast pork. Those
authors attributed this finding to differences in the food
surface texture, moisture content, and fat content. However,
that study was conducted with Salmonella biofilms formed
at 208C, whereas we developed Salmonella biofilms at 78C
to simulate meat fabrication conditions. Hydration of the
biofilms (40 min of air drying versus freshly rinsed in our
study) and contact pressure (500 g over the contact area of
10 cm2 versus no added weight in our study) could be the
other factors affecting the differences in these findings.

Compared with the adipose tissue surface, the lean
muscle surface has a higher moisture content, which favors
bacterial transfer due to the capillary effect and presence of
a liquid bridge between the bacteria and food surface (14).
However, in the present study the meat samples were UV
sterilized for 30 min to minimize surface background
microorganisms, which might also reduce the difference in
the moisture content between the two types of meat tissues.
Thus, various factors and their interactions would add
additional unpredictability and variations to these results.

All meat samples without quantifiable Salmonella
(,2.7 log CFU) immediately after contact with the
biofilm-colonized chips were positive for Salmonella in
the overnight enrichment culture, regardless of the biofilm
forming ability of the strain, contact surface material, or
meat surface texture. This high pathogen prevalence after
brief contact with surface-colonized biofilms has also been
reported previously. Possas et al. (15) observed that slicer
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blades inoculated with Salmonella Enteritidis at 108 CFU/
mL could cross-contaminate turkey products for up to 20
slices. In another study (24) of L. monocytogenes transfer to
turkey breast, bologna, and salami products, the pathogen
was found in up to 27 and 15 slices of meat sliced by the
blades inoculated at 105 and 103 CFU/cm2, respectively. In
our study, Salmonella biofilm cell density on SS and PVC
surfaces was ca. 3.5 to 5.0 log CFU/cm2, and the presence
of Salmonella in all 15 transfer events indicates the
efficiency with which Salmonella biofilms can cross-
contaminate meat products from food contact surfaces at
processing plants.

Although we conducted this study with materials and
temperatures commonly applied in the meat industry to
simulate actual processing conditions, other aspects of the
industrial practice and environment can be more compli-
cated due to many factors such as contact surface liquid; the
presence of meat juices (instead of laboratory broth
medium), soil, and various bacteria brought by animals;
and other unpredictable operation disruptions that may
impact biofilm formation and the pattern of bacterial
transfer. Nevertheless, the meat processing environment
and equipment, if not properly cleaned and sanitized, could
become a major harborage for foodborne pathogens such as
S. enterica. Product contamination during meat processing
operations such as fabrication is a serious food safety
concern to the meat industry and consumers; therefore,
much research effort has been directed toward understand-
ing and preventing cross-contamination by pathogens at
commercial meat plants. The potential involvement of
pathogenic biofilms in meat contamination at processing
plants has been suggested previously (23, 27–29, 31).
Numerous studies have been conducted (1, 3, 4, 8, 9, 12, 21)
to investigate the transferability of Escherichia coli
O157:H7 and L. monocytogenes biofilm cells in model
systems simulating dynamic (slicing) or static contact
between food products and biofilm-colonized contact
surfaces.

Available data indicate that many common sanitizers
cannot eradicate mature Salmonella biofilms on food
contact surfaces (2, 7); however, relatively few studies
have been conducted on the transferability of S. enterica
cells from biofilms on contact surfaces to meat products.
Our results revealed the high transferability of Salmonella
biofilm cells from two surface materials to beef trim and the
important impact of biofilm contact on Salmonella preva-
lence in meat products. Thus, S. enterica biofilms, if
present, are highly likely to cause cross-contamination at
commercial meat processing plants. Therefore, proper
sanitization procedures and biofilm control are essential to
prevent contamination and enhance meat safety.
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