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Abstract

Background: Salmonella enterica and Campylobacter jejuni are amongst the more prevalent
bacterial pathogens that cause foodborne diseases. These microorganisms are common
contaminants of poultry and poultry products. This study was aimed to evaluate the antibacterial
activity of metallic copper surfaces on these important enteropathogens, and to determine the
potential acquisition of copper by food exposed to this metal.

Results: The antibacterial activity of copper surfaces was evaluated overlying them with
suspensions of 106 CFU/ml of S. enterica and C. jejuni. Bacterial counts obtained after 0, 2, 4 and 8
hours at 10°C and 25°C were compared with those obtained in stainless steel and a synthetic
polymer as control surfaces. The results showed that when these enteropathogens were kept in
contact with copper a significant antibacterial activity was noted, on the contrary when the same
load of pathogen suspensions were tested over the control surfaces it was found that the bacterial
counts remained unchanged or even increased with time. The potential acquisition of copper by
food exposed to this surface was also evaluated. Meat exposed for one hour to a copper surface
adsorbed residual copper in a time dependant manner.

Conclusions: These results shows that metallic copper surfaces have an antibacterial activity
against S. enterica and C. jejuni and suggest its potential application as an inhibitory agent in the
various stages of the food processing operations.

Background

The microbial contamination of foods is an increasing
public health problem, enhanced by the modern necessity
of consuming foods outside the home. Frequently, the
raw materials utilized to prepare food contain live micro-
organisms and some of them may be able to cause dis-
eases in susceptible hosts. Improper manipulation and

cross contamination during industrial processes or
improper handling by the consumer also contribute to the
spread of the dangerous microorganisms. Any effort
aimed at decreasing food contamination would contrib-
ute to safer and better foods.
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The Centers for Diseases Control and the Food and Drug
Administration of the United States of América (USA)
have estimated that over 30 million people each year get
sick due to infections caused by consuming contaminated
foods and of those, about 9,000 die [1,2]. Studies have
shown that S. enterica and C. jejuni are amongst the more
prevalent bacterial pathogens that cause foodborne infec-
tions [1,3,6]. According to official estimates the medical
and productivity losses caused by these two enteropatho-
gens in the USA were over the 3 billion dollars in 1995 [1].
The enteric infections caused by C. jejuni and S. enterica
are frequently associated with the ingestion of meats, eggs
and dairy products. In Chile, as in other countries, chick-
ens are an important reservoir for S. enterica and C. jejuni

[4].

Living organisms requires copper at low concentrations as
cofactors for metalloproteins and enzymes, however at
high concentrations, Cu(Il) induces an inhibition of
growth in bacteria [5,12,13], and have a toxic effect on
most microorganisms. This effect may involve substitu-
tion of essential ions and blocking of functional groups of
proteins, inactivation of enzymes, production of
hydroperoxide free radicals by membrane bound copper,
and alterations of membrane integrity [2,9-11].

Recent studies have shown that metallic copper and cop-
per alloys have antibacterial activity over the harmful bac-
terium E. coli O157:H7 [7] and also inhibits the adhesion
of bacteria on biofilm development [8]. Considering
these antecedents, we aimed this study to the evaluation
of antibacterial activity of copper surfaces on two frequent
bacterial enteropathogens, S. enterica and C. jejuni.

Results

S. enterica showed lower counts on copper surfaces as
compared with those obtained on the control surfaces in
the viability assays at 25°C and 10° C (Figures 1A and 1B).
These differences became significant at 2 hours at 25°C (p
= 0.0001) and at 4 hours at 10°C (p < 0.05) of exposure.
The antibacterial activity of the copper surfaces was clearly
more effective at 25°C for every time of exposure event
(Figure 1A compared to Figure 1B).

Figures 2A and 2B present the results obtained with C.
jejuni exposed to different surfaces. As occurred with S.
enterica, the plate counts of C. jejuni maintained on cop-
per surfaces were lower compared with those obtained
with the control surfaces. The differences in the number of
viable bacteria on copper and control surfaces reached sta-
tistical significance (p < 0.0001) in 4 and 8 hours of expo-
sure at 25°C and 10°C respectively. The inhibitory effect
was again more evident at 25°C.
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These results indicate that copper sheets have an inhibi-
tory effect on S. enterica, and C. jejuni, and control surfaces
have no effect on these two enteropathogens. Data also
suggest that copper surfaces could be utilized to diminish
cross contamination due to the fluids containing these
pathogens in areas like food processing operation sur-
faces. Taking into account that the inhibitory effect was
probably due to the liberation of copper by the sheets, we
wanted to determine if food exposed to this surface could
adsorb some of this metal.

The potential acquisition of copper by food exposed to
this metal was evaluated using pieces of chicken and pork
meat left on copper surfaces for varying periods of time.
These samples were analyzed to measure the copper con-
centrations. The study included 60 samples of meat, 30
from chicken and 30 from pork. As shown in Figure 3 the
copper content (mg/100 g of meat) of chicken and pork
meat pieces increased after exposure to copper surfaces.
After 10 and 50 minutes the copper content of the sam-
ples reached 0.6 and 2.0 mg of copper/100 g respectively.
In order to see if common bacterial contamination of
meat could further increase the copper content, a subset of
3 samples of chicken and 3 samples of pork were experi-
mentally contaminated with E. coli before the exposure to
copper surfaces. Results were similar to those obtained
with uncontaminated meats (data not shown).

Discussion

The objective of this study was to evaluate the antibacte-
rial activity of copper surfaces on two highly prevalent
enteropathogens, S. enterica and C. jejuni. The results
showed that the copper surfaces do have an important
antibacterial activity on these two pathogens, tests were
conducted at 10°C and 25°C, conditions that resemble
those utilized during food processing and after manipula-
tion (during the night) respectively. The control surfaces,
stainless steel and a synthetic polymer, which are materi-
als commonly used by the food industry, showed no anti-
bacterial activity. The inhibitory effect of copper was
dependent on the time of exposure of bacterial suspen-
sions. In most cases, antibacterial activity was already evi-
dent within two to four hours of exposure, and increased
thereafter. Temperature was also an important factor,
since the antibacterial activity was always more effective at
25°C. Figure 1A (25°C) shows that at 2 hours, the
decrease in CFU/ml was about 2 log, enough to reduce the
initial inoculum of S. enterica below the infective dose for
this pathogen. At 4 hours, the inhibitory effect of copper
was remarkable, showing a decrease of 4 log and 6 log
with respect to the initial inoculum (t = 0) and to the con-
trols respectively (Figure 1A). The antibacterial activity on
S. enterica was also present at 10°C (Figure 1B), the
decrease in the viable bacterial concentration was about 2
log at 8 hours with respect to the initial inoculum.
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Survival of suspensions of S. enterica on different surfaces. 3 x 106 /ml bacterial cells/ml were left on copper, steel and
polymeric surfaces, and incubated at 25°C or 10°C. Aliquots were taken at 0, 2, 4 and 8 hours. The plots show the logarithm
of the average from the plate counts (CFU) for each assay. The vertical bars represent the standard error of the mean (SEM)
for each point A) Assay at 25°C. The differences between the bacterial counts from the copper surfaces and the control sur-
faces were significant at the times 2, 4 y 8 hours (P < 0.0001). B) Assay at 10°C. Differences between the bacterial counts from
the copper surfaces and the control surfaces were significant at 4 hours (p < 0.05) and 8 hours (p < 0.0005).
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Figure 2

Survival of suspensions of C. jejuni on different surfaces 3 x |06 /ml bacterial cells/ml were left on copper, steel and pol-
ymeric surfaces, and incubated at 25°C or 10°C. The plots show the logarithm of the average from the plate counts (CFU) for
each assay. The vertical bars represent the standard error of the mean (SEM) for each point. A) Assay at 25°C. Aliquots were
taken at 0, 2, 4 and 8 hours. Differences between the bacterial counts from the copper surfaces and the control surfaces were
significant at 4 and 8 hours (P < 0.0001). B) Assay at 10°C. Aliquots were taken at 0, 4 and 8 hours. Differences between the
bacterial counts from the copper surfaces and the control surfaces were significant at 8 hours (P < 0.0001).
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Figure 3

Copper content in chicken and pork meat after exposure to a copper surface. The plot shows the average of the
copper content (mg / 100 g) of 30 samples each of chicken and pork meat maintained on copper surfaces for 0, 10, 20, 30, 40,

and 50 minutes.

Copper surfaces also had an important inhibitory effect
on C. jejuni at 25°C, the decrease in the CFU/ml was
about 4 log with 4 hours of exposure to this metal; with 8
hours of exposure the reduction was about 5 log, reaching
a CFU/ml below the infective dose (Figure 2A). At 10°C
the inhibitory effect was less intense (Figure 2A), with a
decrease in the viable C. jejuni cells of about 2 log at 8
hours of exposure to the copper sheets. Absence of the two
hour point in the plot was due to some technical difficul-
ties in the assays, but the available data showed almost no
inhibitory effect at this point. Thus, the antibacterial effect
was similar for S. enterica and C. jejuni at 10°C and was
slightly higher for S. enterica at 25°C. The differences
observed in the inhibitory effect with the temperature
may be due to an increase in the release of Cu(II) ions, or
to an increase in the copper intake by the bacterial cell,
with a higher temperature.

Taking together, these findings suggest that metallic cop-
per may have a potential application in decreasing the
bacterial load in some areas with a high exposure to bac-

terial contamination like that usually found in poultry
slaughterhouses. Thus, the use of copper sheets would be
particularly useful to decrease the cross contamination
caused by bacterial pathogens like S. enterica and C. jejuni.

As we were carrying out the assays, the appearance of the
copper surfaces changed, the metallic aspect of new cop-
per sheets turned a dark brown color. In addition, we real-
ized that the bacterial suspensions were acquiring a pale
blue color, indicative of the release of Cu**ions, which
was deeper with time of exposure. To see the effect of cop-
per ions release in exposed food we tested the content of
this metal in meat samples. The analysis of residual cop-
per showed that effectively, there was an increase in the
copper content of meat pieces with the time, reaching 2
mg/100 g after a 50 minute exposure (Figure 3). Copper
acquisition was faster in the first 30 minutes, being slower
afterwards. Assays done for 2 or more hours of exposure
indicated only a small increase compared to the 50 min-
utes point (data not shown). These results shows that the
copper adsorption by meat due to a continuous exposure
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to a copper surface tends to reach a maximum value of
about 2.5 mg/100 g.

The Recommended Dietary Intake (RDI) for copper is 0.9
mg for adults (19-50 years), while the upper limit of
intake for this metal is 10 mg for the same population. An
excessive copper release is therefore a limiting factor to
take into account. Under normal processing circum-
stances the exposure of food items to the surfaces is nor-
mally short, not more than a few minutes, so copper
acquisition would remain very low. It should be pointed
out that the use of copper surfaces would not be intended
to be the first line of defense against pathogenic bacterial
contamination, or to replace the normal hygiene proce-
dures in a food processing plant. The main application of
copper surfaces would be decreasing the bacterial load
that may remain on it after the daily work, which could
survive the normal cleaning procedures. Copper sheets
may decrease the capacity of harmful bacteria to remain
viable or to form biofilms after some hours on the surface,
and may be useful to reduce cross contamination or to act
as auto-disinfectant surfaces in areas where a continuous
bacterial load is produced.

Future studies will include the utilization of different cop-
per alloys that diminish the copper liberation while main-
taining an antimicrobial activity.

Methods

The antibacterial activity of copper surfaces was evaluated
by overlying suspensions of S. enterica and C. jejuni on
copper surfaces, stainless steel, and a synthetic polymer.
Standardized bacterial suspensions, 3 x 100 cells per ml,
were deposited over the surfaces and bacterial concentra-
tions counted at 0, 2, 4 and 8 hours. The experiments were
performed at 10°C and 25°C, and each assay was carried
out in duplicate. Results were calculated as the average of
five independent assays for each strain and temperature.

Culture media

S. enterica was grown on xylose lysine deoxycholate (XLD)
agar and Brain Heart Infusion broth (BHI). C. jejuni was
grown on Skirrow agar (Columbia agar base supple-
mented with 7% horse blood), and Exeter base broth. All
media were acquired from Oxoid.

Strains

S. enterica (serovar enteritidis) and C. jejuni utilized in this
study were isolated from chicken and identified by stand-
ard biochemical tests and PCR (15, 16). E. coli was iso-
lated from a healthy individual, all strains were
maintained frozen (-20°C).

http://www.biomedcentral.com/1471-2180/4/19

Surfaces

Metallic (electrolytic purity) copper sheets 0.5 mm thick-
ness was used to evaluate copper antibacterial activity.
Stainless steel sheets (0.5 mm) and polyformaldehide
(formalite) obtained locally were used as controls.

Bacterial suspensions

S. enterica was inoculated in BHI broth from a single col-
ony in a XLD plate and incubated at 37°C overnight, 0.5
ml was then taken and added to 25 ml of fresh broth,
which was incubated with shaking at 37°C for 90 min-
utes. The absorbance at 600 nm of the bacterial growth
was measured, and the culture was adjusted to approxi-
mately 3 x 10¢ bacterial cells/ml by dilution in BHI broth.
C. jejuni was seeded on a Skirrow selective plate, incu-
bated in a reduced oxygen atmosphere in a gas jar with a
gas pack (Campylobacter Gas generating Kit BR60) at
42°C for 18 hours. The bacterial growth was harvested in
Exeter broth and also adjusted to 3 x 10° bacterial cells/ml
as described for S. enterica.

Viability assays on copper and control surfaces

Bacterial suspensions were overlaid on sterile copper and
control surfaces, the viable counts were performed at 0, 2,
4 and 8 hours. Copper, stainless steel, and polyformalde-
hide sheet circles (8.5 cm diameter) were kept in Petri
dishes during the experiments, which are maintained in a
closed plastic box in humid conditions (with wet paper
towels). 1.5 ml of the bacterial suspensions was overlaid
on the center of each circle. Aliquots, 100 pl, were succes-
sively taken in duplicate for each of the conditions
assayed, and diluted in order to obtain suitable plate
counts. 100 pl of each dilution were inoculated on appro-
priate agar plates for each strain. Plate Count Agar was
used for S. enterica, and incubated at 37°C for 24 hours.
C. jejuni was plated onto Skirrow agar plates and incu-
bated at 42°C for 40 hours in microaerophilic conditions.
The colonies were counted, and the results were expressed
as colony forming units per ml of sample (CFU/ml).

Determination of copper content in meat

In order to determine if copper would adsorb to exposed
meats, chicken and pork pieces 2 x 2 cm (4-5 g) were
placed for 0, 10, 20, 30, 40 and 50 minutes on copper
sheets at room temperature (22-26°C). A set of copper
sheets was used several times in these assays. A total of 30
samples of chicken and 30 samples of pork were analyzed.
Prior to the exposure to the copper surfaces, all meat
pieces were kept for few seconds in saline solution
(0.85%) to simulate wet conditions commonly found in
the processing of these products. The copper content in
the meat pieces was determined by atomic absorption
spectrophotometry in duplicate samples, according to the
AOAC procedure [14]. To take into account a potential
effect of the bacterial load on the amount of copper
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detected in the exposed meat, the same procedure was
performed in a subset of 3 samples of chicken and pork,
which were previously contaminated by immersion for 5
minutes in a suspension of E. coli (104 CFU/ml in saline
solution).

Statistical analysis

The data were analyzed using the statistical software Sta-
tistica (Anova/Manova for the statistical parameters of the
averages, and the Scheffe test of multiple comparisons for
the statistical significance). Each point of the results repre-
sents the average of five independent assays, for each time
of exposure to copper.

Author's contributions
G. Faundez participated in the design of the study and per-
formed the viability and microbiological assays

MT carried out the copper determination in meat and
reviewed the paper

PN carried out the copper determination in meat and
microbiological work

G. Figueroa conceived the study and participated in its
design.

Acknowledgements
We thanks to M. Elena Morales for her excellent technical assistance

This study was supported by PROCOBRE-CHILE

References

I.  Butzby JC, Roberts T: ERS update U.S Foodborne Disease
Costs for Seven Pathogens. Food Review 1996, 19:20-25.

2. Mead PS, Slutsker L, Dietz V, et al.: Food-related illness and death
in the United States. Emerg Infect Dis 1999, 5:607-625.

3. Council for Agricultural Science and Technology: "Foodborne
Pathogens: Risks and Consequences". Task Force Report ISSN
01944088, Washington DC 1994, 122:.

4.  Figueroa G, Troncoso M, Toledo M, Lopez C, Lemus S: C. jejuni and
Salmonella spp. in Broilers: a comparison between 1982 and
1996. In: Campylobacter, Helicobacters and Related Organisms Edited
by: Lastovica A, Newell G, Lastovica E. Institute of Child Health, Cape
Town, South Africa; 1998:373-376.

5. Gordon AS, Howell LD, Harwood V: Responses of diverse heter-
otrophic bacteria to elevated copper concentrations. Can |
Microbiol 1994, 40:408-41 |.

6. CDC 2000: Preliminary FoodNet Data on the incidence of
foodborne illnesses, selected sites, United States. MMWR
2001, 50:241-6.

7.  Keevil W: "Antibacterial Properties of Cooper and Brass
Demonstrate Potential to Combat Toxic E. coli OI57 Out-
breaks in the Food Processing Industry" (Centre for Applied
Microbiology & Research, UK). In Symposium on Copper and
Health, held in CEPAL, Santiago Chile 2001.

8. Kielemoes ], Verstraete W: Influence of copper alloying of
austenic  stainless steel on multi-species  biofilm
development. Lett Appl Microbiol 2001, 33:148-152.

9. Nies DH: Microbial heavy-metal resistance. Appl Microbiol
Biotechnol 1999, 51:730-750.

10.  Ohsumi Y, Kitamoto K, Anraku Y: Changes induced in the per-
meability barrier of the yeast plasma membrane by cupric
ion. | Bacteriol 1988, 170:2676-2682.

http://www.biomedcentral.com/1471-2180/4/19

I'l.  Rodriguez-Montelongo L, De La Cruz-Rodriguez L, Farias RN, Massa
EM: Membrane-associated redox cycling of copper mediates
hydroproxide toxicity in Escherichia coli. Biochim Biophys Acta
1993, 1144:77-84.

12.  Sani RK, Peyton BM, Brown LT: Copper - induced inhibition of
growth of Desulfovibrio desulfuricans G20: assessment of its
toxicity and correlation with those of zinc and lead. App! Envi-
ron Microbiol 2001, 67:4765-4772.

13. Cervantes C, Gutierrez-Corona F: Copper resistance mecha-
nisms in bacteria and fungi. FEMS Microbiol Rev 1994, 14:121-137.

14.  Sullivan D, Carpenter D: Copper in food. Number 960.40. In
Methods of analysis for nutrition labeling 1993, 14:183.

15.  Baumler AJ, Heffron F, Reissbrodt R: Rapid detection of Salmo-
nella enterica with primers specific for iroB. | Clin Microbiol 1997,
35:1224-1230.

16.  Winters DK, O'Leary AE, Slavik MF: Polymerase chain reaction
for rapid detection of Campylobacter jejuni in artificially con-
taminated foods. Lett Appl Microbiol 1998, 27:163-167.

Publish with BioMed Central and every
scientist can read your work free of charge

"BioMed Central will be the most significant development for
disseminating the results of biomedical research in our lifetime."
Sir Paul Nurse, Cancer Research UK
Your research papers will be:
« available free of charge to the entire biomedical community
« peer reviewed and publishedimmediately upon acceptance
« cited in PubMed and archived on PubMed Central
« yours — you keep the copyright

Submit your manuscript here:

O BioMedcentral
http://www.biomedcentral.com/info/publishing_adv.asp

Page 7 of 7

(page number not for citation purposes)


http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=10511517
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=10511517
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=8069784
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=8069784
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=10.1046/j.1472-765x.2001.00967.x
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=10.1046/j.1472-765x.2001.00967.x
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=10.1046/j.1472-765x.2001.00967.x
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=11472524
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=10.1007/s002530051457
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=10422221
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=3286617
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=3286617
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=3286617
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=10.1016/0005-2728(93)90033-C
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=8347663
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=10.1128/AEM.67.10.4765-4772.2001
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=10.1128/AEM.67.10.4765-4772.2001
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=11571183
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=10.1016/0168-6445(94)90002-7
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=10.1016/0168-6445(94)90002-7
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=8049096
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=9114411
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=10.1046/j.1472-765X.1998.00411.x
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=10.1046/j.1472-765X.1998.00411.x
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=9750320
http://www.biomedcentral.com/
http://www.biomedcentral.com/info/publishing_adv.asp
http://www.biomedcentral.com/

	Abstract
	Background
	Results
	Conclusions

	Background
	Results
	Discussion
	Methods
	Culture media
	Strains
	Surfaces
	Bacterial suspensions
	Viability assays on copper and control surfaces
	Determination of copper content in meat
	Statistical analysis

	Author's contributions
	Acknowledgements
	References

